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INTRODUCTION

During the past three years, The Baltimore Gas and Electric Company
(BG&E) has been developing system transient thermal-hydraulic analysis
capability for the Calvert Cliffs Nuclear Power Plant using the RETRAN
computer code. The first application of this capability was to perform
independent audit analyses of the TRAC Pressurized Therma! Shock (PTS)
Project (Unresolved Safety Issue A-49) funded by the U, S. Nuclear
Regulatory Commission (NRC) (1, 2, 3). Sinc. then, BGXE has performed
other best estimate calculations with RETRAN (4).

The purpose of this topical report is to document the BG&E best
estimate RETRAN thermal-hydraulic analysis capability. The NRC has

stated in Generic Letter No. 83-11 (5 that:

"NRC's experience with safety analyses using large, complex thermal-
hydraulic computer codes such as RELAP and TRAC has shown that a large
percentage of all errors or discrepancies discovered in saiaty analyses can
be traced to the user rather than to the code itself. This realization has
led NRR to place additional emphasis on assuring the capabilities of the
code users as well as on the codes themselves, . . The information we look
for includes comparisons performed by the user of the code results to

experimental data, plant operational data, or other benchmarked analyses."

This topical report was developed to demonstrate the capability of
BG&E analysts to properly develop RETRAN models of Calvert Cliffs,
perform calculations with these models to simulate realistic plant transient

response and compare the results to measured piant data, another best



estimate computer code (TRAC) and experimental data (LOFT),
Furthermore, model enhancement and appropriate sensitivity studies were
performed to gain a greater insight and a better understanding of modeling
Calvert Cliffs with RETRAN. In this manner, BG&E has established both the
competence of our analysts to perform best estimate RETRAN calculations
of Calvert Cliffs and completed an acceptable code verification in
accordance with NRC Generic Letter No. 83-11. The basis for demonstrating
BG&E RETRAN best estimate analysis capability is the comparison of five
plant transients, two TRAC code analyses and two LOFT tests with BG&E

RETRAN calculations.



DESCRIPTION OF CALVERT CLIFFS NUCLEAR POWER PLANT

The Calvert Cliffs Nuclear Power Plant consists of two units located in
Lusby, Maryland on the Chesapeake Bay. Unit | began commercial operation
in 1975 and Unit 2 in 1977. Each unit is currently licensed to operate at a
core thermal power of 2700 Megawatts.

Bechtel Power Corporation was the architect-engineer-constructor of
the facility. Each Nuclear Steam Supply System (NSSS) is a Combustion
Engineering (CE) design pressurized water reactor with a 2x% loop
arrangement: two hot legs and two U-tube steam generators with four cold
legs and four reactor coolant pumps as illustrated in Figure 2-1. The core
consists of 217 l4xl4 CE fuel assemblies. The core is enclosed in a core
shroud and core support barre! within the reactor vessel. The reactor vessel
is typical of other CE plants except that it does not have a thermal shield.

One hot leg of the primary coolant system is connected through a surge
line to a cylindrical pressurizer. The pressurizer regulates primary coolant
system pressure and provides overpressure protection. Pressure regulation is
performed by the pressurizer heaters and spray to maintain saturated steam
and water volumes at thermal equilibrium within the pressurizer. Two power-
operated relief valves and two spring-loaded safety valves mounted on the top
of the pressurizer can discharge steam to the quench tank for overpressure
protection. A small continuous flow is maintained through the spray lines to
keep the spray lines and surge line warm to minimize thermal shock during
transients and to maintain the water chemistry in the pressurizer equivalent
to that of the reactor coolant. Approximately 20% of the pressurizer heaters
are continuously energized through proportional controllers to provide

makeup for steady state heat losses. Auxiliary spray supplied by charging




pumps provides an alternate means of depressurizing the primary coolant
system.

The two U-tube steam generators in each unit transfer heat generated
in the reactor core via the primary coolant system to the secondary system.
The steam generators are recirculating U-tube design. Each steam generator
supplies saturated steam through flow-limiting orifices to the main steam line
leading to the high pressure turbine. After passing through the high pressure
and low pressure turbines, the steam is condensed in the main condensers.
Two Atmospheric Dump Valves (ADVs) discharge steam from the main steam
line directly to the atmosphere when condensers are not available and are
also used in conjunction with the turbine bypass system to maintain a
programmed average primary coolant temperature following turbine trip.
Above 70% power, the ADVs are activated by a quick-open signal, while
below 70% power they are opened by the control system. Sixteen spring-
loaded steam line Safety Relief Valves (SRV) provide steam line overpressure
protection. Four Turbine Bypass Valves (TBVY) are normally used to rapidly
remove eactor coolant system stored energy and limit steam line pressure
following a turbine-reactor trip by exhausting steam directly to the main
condensers. Each of the two main steam lines is equipped with one Main
Steam Isolation Valve (MSIV) which closes in the event of an excessive steam
demand event.

The main feedwater system for each unit consists of two turbine-driven
main feedwater pumps, each of which could support 70% power operation.
Auxiliary Feedwater (AFW) is supplied by up to three AFW pumps on each
unit, drawing on water from the condensate storage tanks. Each unit has two
turbine-driven and one motor-driven AFW pump. One safety grade and two
non-safety grade condensate storage tanks are available as AFW sources for

both units.



The Calvert Cliffs Reactor Protective System (RPS) functions to
protect the core and reactor coolant system pressure boundary by tripping the
reactor core. The parameters which initiate reactor trip are:

High Rate-of-Change of Power
High Power Level

Low Reactor Coolant Flow

Low Steam Generator Water Level
Low Steam Generator Pressure
High Pressurizer Pressure

Thermal Margin/Low Pressure
Loss of Load

High Containment Pressure

Axial Flux Offset

High Differential Steam Generator Pressure

The Engineered Safety Features Actuation System (ESFAS) initiates the
start of equipment which protects the public and plant personnel by
mitigating the effects of design basis accidents (DBAs). The ESFAS
comprises the following functions:

Safety Injection Actuation Signal (SIAS)
Containment Spray Actuation Signal (CSAS)
Containment Isolation Signal (CIS)
Containment Radiation Signal (CRS)
Recirculation Actuation Signal (RAS)

Steam Generator Isolation Signal (SGIS)
Auxiliary Feedwater Automatic Start (AFAS)

Charging and Volume Control Isolation Signal (CVCIS)



The Calvert Cliffs design includes a number of regulatirg systems which
control key primary and secondary parameters to allow safe operation and
ensure high plant availability. These regulating systems control: Control
Element Assembly (CEA) position, boric acid concentration, reactor coolant
pressure, pressurizer level, feedwater flow, primary coolant average
temperature, main steam line pressure, steam generator level, and steam low
to the main turbine generator. Important Calvert Cliffs design parameters

are delineated in Table 2-1.



Table 2-1

Calvert Cliffs Key Design Parameters

(each unit; except as noted)

Current Licensed Core Power:
Core:

Primary Coolant System:

Secondary System:

Primary Coolant System Volume
(Excluding Pressurizer)

Normal Operating Pressure

Normal Operating Cold Leg Temperature
Normal Operating Hot Leg Temperature
Core Coolant Flow Rate

Pressurizer:

2700 MW

217 CE 14x14 Fuel Assemblies

4 cold legs, 2 hot legs, 2- reactor coolant
pumps, 2 U-tube steam generators, reactor
vessel, pressurizer

2 main feedwater

2 main steam lines,

pumps, 3 auxiliary feedwater pumps (2
turbine-driven, | electric), | two-flow high
pressure turbine, 3 two-flow low pressure

turbines, one 3-shell condenser, 2 MSIVs

9601 ft°

2250 psia
548° F
599.4° F

133.9 x 108 Ib/he

3

1500 ft.> volume (600-800 ft.

3

water, 700-

900 ft,” steam)

Proportional and Backup Electrical Heaters

(1500 KW total)

2

2 PORVs (1.354 in“ flow area each)

2 flow area each)

2 SRVs (1.872 in
Normal Spray Maximum Flow - 375 GPM

Auxiliary Spray Maximum Flow - 132 GPM



Steam Generator:

Main Steam Line:

Safety Injection System:

Number per Unit - 2

Number of tubes per steam generator - 8519

Normal Operating Secondary Size Pressure -
859 psia

Steam flow per Steam Generator - 6 x 108
Ib/hr

| Atmospheric Dump Valve (ADV) per line
Total 5% Full Power Steam Flow - for

" both lines

8 Safety Relief Valves (SRVs) per line
Total 100% Full Power Steam Flow -
for both lines

4 Turbine Bypass Valves (TBVs)
Total 40% Full Power Steam Flow

3 High Pressure Safety Injection (HPSI)
pumps (Shutoff head of 1275 psia)

2 Low Pressure Safety Injection (LPSI)
pumps (Shutoff head of 180 psia)

4 Safety Injection Tanks
(operating pressure of 215 psia)

1 Refueling Water Tank (400,000 gallons)



FIGURE 2-1

CALVERT CLIFFS NUCLEAR STEAM SUPPLY SYSTEM LOOP ARRANGEMENT
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3.1

RETRAN CALVERT CLIFFS MODELS

Description of RETRAN

RETRAN is a digital computer code designed to analyze nuclear power
plant thermal-hydraulic transients. RETRAN ras developed from the RELAP
series of codes and sponsored by EPRI since 1975,

RETRAN simulates a nuclear power plant as a series of homogeneous
volumes interconnectad by flow path junctions. The conservation of mass,
energy and momentum are maintained by RETRAN. Double-sided or
adiabatic metal heat slabs and powered heat conductors (reactor core, passive
pressurizer heaters) are explicitly modeled in RETRAN. A nonequilibrium
thermal mode! and a bubble rise model are available for simulating the
pressurizer, reactor vesse! uppar head and steam generator secondary side.
Specific models for reactor coolant pumps, valves, control systems, reactor
trips, critical (choked) flow, DNBR, transport delay, dynamic slip, steady
state initialization, and reactor core neutronics are integral to RETRAN.
RETRAN is described in greater detail in two EPRI reports (6, 7).

In October, 1979 and October, 1981, the Utility Group for Regulatory
Action (UGRA) requested that the U.S. Nuclear Regulatory Commission
(NRC) review two versions of the RETRAN code, RETRAN-01 Mod 003 and
RETRAN-02 Mod 002 (8, 9). A Safety Evaluation Report (SER) for these
codes was issued in September, 1984 (10), in which the NRC approved of the
RETRAN code for performing transiert thermal-hydraulics with certain
restrictions. The Baltimore Gas and Electric Company uses RETRAN-02 Mod
003 to perform the analyses described in this document. The code

modifications made to RETRAN-02 Mod 002 that resulted in RETRAN-02

- 10~



Mod 003 are a direct result of the NRC and EPRI design review and user-
found error correction. Modificatiocns were performed in accordance with the
EI/EPRI RETRAN project Qualivty Assurance Procedures which conforms with
10 CFR 50, Appendix B.

The Calvert Cliffs RETRAN models and calculations discussed in the
following sections were developed, documented and verified in accordance

with BG&E engineering calculation procedures.

Il «



RETRAN One Loop Model of Calvert Cliffs

The one loop. RETRAN model of Calvert Cliffs was developed to
analyze symmetrical transients (i.e., both steam generators, hot legs and all
four cold legs/RCPs respond identically). This model, presented in Figure
3.2-1, consists of 32 volumes, 50 junctions and 41 heat slabs. Typical run
times on the BG&E IBM 308! mainframe computer for this model are equal to
or faster than real (transient) time.

The one loop mode! explicitly simulates the entire primary coolant
system and that portion of the secondary system from the steam generator to
the turbine inlet. The reactor vessel comprises nine volumes which include a
three-volume core, downcomer, lower plenum-head, bypass, upper plenum and
upper head regions. A nonequilibrium volume is used for the reactor vessel
upper head. All heat conductors within the vessel are modeled as RETRAN
heat slabs.

The one loop model single hot leg, cold leg and reactor coolant pump
(RCP) represent the combination of the two hot legs, four cold legs and four
RCPs actually in the Calvert Cliffs design. While the hot leg is a single
volume, the cold leg and RCP are represented as five RETRAN volumes. This
detail allows for an accurate simulation of the loop seal elevation difference;
charging, letdown and safety injection temporal effects; and proper pump
performance characteristics. Detailed RCP performance curves are included
in this model.

The one loop mode!l single U-tube steam generator (representing two
steam generators) consists of eight nodes for the primary side and one node
for the secondary. The U-tubes are modeled with six volumes and the inlet

and outlet plenum as one each. This allows for sufficient detail to better

a i3 -



predict degraded heat transfer if tube uncovery occurs. The single volume
secondary side was found to produce acceptable results without the
convergence problems and associated longer computer run times of a multi-
noded recirculating steam generator secondary side RETRAN model.

The pressurizer system is segmented into three volumes: one for the
surge line, one for the spray line and one nonequilibrium volume for the
pressurizer itself. All pressurizer pressure and level control systems are
explicitly modeled. This includes normal and auxiliary sprays, power operated
relief valves (PORVs), safety relief valves (SRVs) and pressurizer heaters.

The secondary side flow path begins with a fill junction boundary
condition for the main and auxiliary feedwater flow into the steam generator
shell. The steam generator's steam flows through a three volume steam line
before entering either the turbine or condenser boundary conditions. The
turbine boundary condition is a RETRAN negative fill junction which can be
isolated by the turbine stop valve (TSV). The condenser boundary condition, a
RETRAN time dependent volume, is normally isolated by a closed turbine
bypass valve (TBV) which is actually representing four TBVs in the plant. One
volume upstream of these two flow paths represents the steam header which
would normally be connected to two main steam lines from their respective
steam generators. This volume is isolable by closure of the main steam
isolation valve (MSIV) modeled upstream in the RETRAN model. The next
volume upstream of the MSIV is connected to four safety relief valve (SRV)
flow boundary conditions. They simulate the sixteen SRVs at Calvert Cliffs.
In actuality, there are eight SRVs on each main steam line with four different
opening pressure setpoints for each pair cf SRVs. Thus, each of the four SRVs
in this RETRAN model accurately simulate the opening pressure setpoint and

flow characteristics of four SRVs at the plant. The last main steam line




volume upstream of the SRV volume and downstream of the steam generator
is used to provide the actual physical separation of the atmospheric dump
valves (ADVs) from -the SRVs as well as the flow restrictor at the steam
outlet of the steam generator. The RETRAN model ADV flow boundary
condition actually represents the two ADVs at Calvert Cliffs.

The RETRAN secondary side model includes control systems for steam
generator level, TBV operation controlling pressure, ADV operation
controlling average primary coolant temperature and trips controlling TSV,
MSIV and SRV operation. Along with the aforementioned control systems and

trips, other transient-specific trips have been incorporated into this model.

w Sl



FIGURE 3.

2~-1
RETRAN ONE LOOP CALVERT CLIFFS MODEL
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3.3

RETRAN Two Loop Mode! of Calvert Cliffs

The RETRAN two loop model of Calvert Cliffs was designed to analyze
loop asymmetric transients (i.e., one steam generator and/or associated
primary coolant piping responds differently than the other). The two loop
model, depicted in Figure 3,3-1, used 71 volumes, 111 junctions and 92 heat
slabs, and runs slower than real (transient) time on the BG&E IBM 308l
mainframe computer.

The two loop mode!l explicitly models each steam generator, main steam
line and hot leg at Calvert Cliffs. Two cold legs are modeled, one for each
steam generator, each actually representing two cold !egs and two RCPs.
The number of volumes per hot leg, cold leg, main steam line, steam
generator primary side and for the pressurizer are identical to that used in
the one-loop model.

Increased volume nodalization and detail was incorporated into the
reactor vessel and steam generator secondary side for the two loop model.
The reactor vessel, made up of 15 volumes, was segmented into a split
downcomer, lower plenum, core, and bypass model. Each loop (i.e., hot and
cold leg from a common steam generator) is connected to its own downcomer
- lower plenum - core - upper plenum chain of volumes. All realistic cross
flow and bypass flow paths are included between the two parallel sets of
volumes. This split-core reactor vessel is especially important in analyzing
asymmetric loop effects on reactor vessel thermal-hydraulic response.

The steam generator secondary side is modeled as a four volume
recirculating steam generator with a best estimate recirculation ratio. This
model more accurately predicts steam generator performance, but requires

considerably greater computer run time and modelling skills for a satisfactory
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steady state and transient calculations. All other RETRAN model features
(valves, control systems, trips, pump models, etc.) are identical to the one

loop model described in Section >.2.

“l? =
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FIGURE 3.3-1
RETRAN TWO LOOP CALVERT CLIFFS MODEL
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RETRAN Four Loop Model of Calvert Cliffs

The RETRAN four loop model of Calvert Cliffs, depicted in Figure
3.4-1, explicitly simulates the two hot leg and four cold leg geometry of
Calvert Cliffs. This model utilizes 81 volumes, 123 junctions and 102 heat
slabs, and as expected, is the slowest running model on the BG&E IBM 308!
mainframe computer. This model is only required when individual cold
leg/RCP transients need to be analyzed. In some cases, simplification of this
model may be warranted to reduce computer run times without affecting the
accuracy of results. For example, the pump combination flow test simulation
discussed in Section 4.3 of this report utilizes a steam generator secondary
side energy removal boundary condition in lieu of the five steam generator
volumes and three main steam line volumes per loop. All other features for
the four loop model are identical to the two loop model described in

Section 3.3.
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4.0

4.1

4.1.1

PLANT TRANSIENT COMPARISONS

RETRAN 02 Analysis of a Calvert Cliffs Multiple Secondary Side Malfunction

Event

Description of Plant Event

On October 11, 1983 at 11:36:46 (time T), Unit 2 Steam Generator
Feedwater Pump (SGFP) No. 22 tripped on low oil pressure caused by a loose
lubricating oil connection and oi!l ieakage (11, 12, 13). The operators began
reducing reactor power by inserting control rods and borating while
simultaneously reducing turbine power by partially closing the turbine
governor valves, These actions were intended to bring reactor power down to
a level (70%) that could be supported by one main feedwater pump without
tripping the reactor or exceeding technical specification limits.

At T + 48 seconds, pressurizer pressure peaked at 2306 psia (159 MPa)
due to a reactor power to steam flow mismatch caused by excessive
throttling of the turbine governor valves. Subsequently, pressurizer level
peaked at 254 inches (6.5 m) at T + 60 seconds. At T + 62 seconds, reactor
trip occurred on low steam generator level (-50 inches/-1.3 m) resulting from
the power to steam mismatch. At T + 66 seconds, SG 22 secondary pressure
peaked at 1030 psia (71 MPa) because the reactor power exceeded steam flow
due to the rapidly closing Turbine Stop Valve (TSV) and relatively slower
opening TBVs and ADVs. The peak pressure was sufficient to lift some of the
main steamline safety valves.

Following reactor trip, No. 21 FRV failed to ramp down to its

programmed 5% flow position and remained fully open instead. Also, No. 21
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SGFP governor valve stuck on high speed stop causing maximum 21 SGFP
flow. These feedwater malfunctions caused SG 2! level to reach its
maximum measurable \;'alue at T + 180 seconds while SG 22 level reached its
minimum measurable value at T + 90 seconds. The operators isolated 2!
SCFP at T + 340 seconds.

Upon reactor trip, the TSV rapidly closed, and the TBVs and ADVs
opened. Although programmed to close at 870 psia (60 MPz), one of the TBVs
failed to close at that pressure, remaining partially open until it was isolated
by the operators at T + 300 seconds. This partially open TBV caused a
continued cooldown and depressurization of the primary and secondary
coolant systems. The operators later initiated Auxiliary Feedwater (AFW) to
SG 22 and isolated AFW to SG 21 while using the Steam Generator Blowdown
System (SGBS) to lower SG 21 level.

During the transient, a minimum pressurizer pressure of 1659 psia
(114.4 MPa) and level of 18.5 inches (0.5 m) were reached at T + 244 and T +
258 seconds, respectively. Primary coclant loop 2i cold leg temperature
dropped to a minimum value of 509°F (538 K) at T + 233 seconds representing
a 49°F (27 K) drop in 184 seconds. Safety Injection Actuation Signal (SIAS) on
1725 psia (119 MPa) occurred at T + 175 seconds, but no High Pressure Safety
Injection (HPSI) pump flow occurred because HPSI shutoff head is 1275 psia
(88 MPa). After isolacing 21 SGFP and the stuck open TBV, the operators
restored normal pressurizer pressure and level, primary coolant system
temperatures, and steam generator levels.

In summary, the October 11, 1983 event at Calvert Cliffs Unit 2 was
initiated by the loss of one main feedwater pump which was later compounded
by failures in the other feedwater pump. This condition caused the overfill of

one steam generator and the underfill of the other steam generator following
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a reactor trip on low steam generator level. This asymmetric cooldown-
depressurization transient was further exacerbated by one turbine bypass

valve failing to close.

Event Specific RETRAN Modeling Changes

The BGXE RETRAN model of Calvert Cliffs used for this analysis is the
two loop model depicted in Figure 3.3-1. Several model refinements were
added for this analysis. A stack of three heat ~onductors were incorporated
into the pressurizer to account for heat transfer between the vapor-liquid
volumes and the metal walls which has been shown to be important (14, 15).
The spray line volume fluid was initialized at its actual measured
temperature which is about 7°F (4 K) less than the cold leg temperature due
to ambient heat losses from this relatively stagnant pipe (16). A realistic
time delay of two minutes was added to the pressurizer heater model to
account for the thermal time lag constant of these electrical heating
elements (17). Other model changes were made to simulate plant initial
conditions and the transient specific malfunctions and operator actions.

RETRAN simulation of this event used measured main feedwater flow
to each steam generator and core thermal power as temporal boundary
conditions. The purpose of this analysis was to analyze the NSSS primary and
secondary thermal-hydraulic response to these boundary conditions along with
other systems actuating (e.g., TBV, pressurizer spray, etc.). The core thermal
power and main feedwater flow boundary conditions are presented in Figures
4.1-1 and 4.1-2.

The TSV closing and TBV-ADV opening times were inferred from

reactor trip time (plant data on reactor power and steam generator level). At
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is due to this pre-trip power-steam flow mismatch., A good overall agreement

exists after 160 seconds. Possibly higher run-out AFW pump flow rates and
lower post-trip MFW temperatures could cause the more rapid cooldown after
160 seconds in plant data. The difference between RETRAN and plant data in
this later period is the reason for RETRAN having higher minimum
pressurizer pressure and leve! in Figures 4.1-3 and 4.l-4 which are due
primarily to the lower temperature coolant density change.

Figures 4.1-7 and 4.1-8 show comparisons of steam generator secondary
side pressure and narrow range level. Steam generator pressure response was
identical for both generators with the exception that their pressures differ by
their initial values throughout the transient, thus only SG 22 is shown in
Figure 4.1-7. RETRAN predicts a peak pressure very close to plant data both
in magnitude and time with a good agreement in the post-trip
depressurization phase of the transient. Differences in the comparison of SG
pressure are attributed to the exact timing of TSV closing, TBV/ADV opening
and the subsequent characteristics of the one TBV that failed to close at 870
psia (60 MPa). The plant data in Figure 4.1-7 indicates that the stuck-open
TBV did not simply maintain a half open position until isolated by the
operators at 300 seconds, but rather varied its position. Also, the RETRAN
model does not account for miscellaneous steam ioads (e.g., MFW pump and
AFW pump turbine). This can account for 1% of full power steam flow or
10% of a single TBV's flow. The difference in SG pressure response accounts
for differences in primary coolant system cooldown after 160 seconds. Figure
4.1-8 shows close agreement between RETRAN and plant data for SG narrow
range level. RETRAN results indicate similar timing for SG 22 underfill and
SG 21 overfill as well as showing the effect of later AFW to SG 22 and the

subsequent rising level.
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G.1.4

RETRAN calculated hot and cold leg temperatures for the two loops
demonstrate the asymmetry of this cooldown transient. The two legs differ
by 3°F (1.7 K) for the hot leg and 8°F (4.4 K) for the cold leg. Data for the
other loop was not available from the plant computer for this event.

Table 4.1-1 shows a comparison of sequence of event timing between
plant data and RETRAN., RETRAN calculated timing agrees closely with
plant data. Table 4.1-2 compares key thermal-hydraulic parameters which
also show good agreement between KRETRAN and plant data. The
comparisons in Table 4.1-2 should be evaluated in the context of the accuracy
of measured plant data (19) presented in Table 4.1-3. RETRAN calculated
values fall within the measured plant data tolerances for peak pressurizer
pressure, steam generator pressure and loop 21 peak hot and cold leg
temperatures. Values are reasonably close for peak pressurizer level,
minimum pressurizer pressure and minimum loop 2! cold leg temperature,
The differences in minimum pressurizer level and minimum loop 21 hot leg
temperature are significant. These parameters occur about 4-5 minutes into
the transient and are a direct result of the stuck-open TBV-induced
cooldown. As previously mentioned, the RETRAN simulation assumed this
TBV at half its normally open area until isolation whereas a time varying flow

area most probably existed.

RETRAN Model Sensitivity Study

A sensitivity study was performed with the RETRAN pressurizer model
to evaluate the effects of model changes on calculated peak pressure and
level during the insurge portion of the transient. The RETRAN pressurizer

sensitivity study for this event evaluated the effects of the following
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features: spray junction model, rainout velocity, interface heat transfer
coefficient, heat conductors, initial spray line temperature, and number of
pressurizer volume nodes. Based on this sensitivity study, the following
conclusions are made regarding RETRAN pressurizer modeling for rapid

insurge transients (0.8 inches/sec or 2.0 cm/sec):

1. Spray junction model, rainout velocity, and presence or noding of heat
conductors have no significant effect on peak pressurizer pressure ( |
psi or .07 MPa) or level.

2. Best estimate initial spray line fluid temperature will slightly reduce (2
psi or .14 MPa) peak pressurizer pressure.

3. Two node pressurizer results in slightly higher peak pressure (3.4 psi or
.23 MPa) and higher peak level (5.2 inches or .13 m).

4. Large values of surge line loss factor significantly reduce peak pressure
(28 psi or 1.90 MPa for a tenfold increase).

5. Large values of interface heat transfer coefficient (IHTC) (10,000 to
50,000 Btu/Hr-th-F or 56,780 to 283,900 W/ MZ-K) significantly reduces
peak pressure (26-56 psi or 1.8-3.8 MPa) and increases peak level. Such
values of this parameter also reduce the time of peak pressure anc level.

The final RETRAN pressurizer model used for this analysis utilized best
estimate initial spray line fluid temperature, "spray” junction option, a stack
of three vertical heat conductors each segmented into 100 equal width nodes,

single volume node, and an interface heat transfer coefficient of 32,400

Btu/Hr-th-F (183,967 W/MZ-K) based on recommendations for the TOPS

code (20). This very large value of IHTC, although not realistic, accounts for

steam condensation which is not adequately modeled in RETRAN. The

greater condensation causes lower peak pressure, higher level and moves both
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of these peaks back to an earlier time which more closely corresponds to
plant measured data.

Even with the high IHTC, RETRAN predicts about 72% of the
pressurizer level swell from plant data. This points to the caiculation of less
steam condensation than actually occurred. Investigation of spray
effectiveness with RETRAN involved a case in which the spray was
deactivated. This resulted in a peak pressurizer pressure of 2411 psia (166.3
MPa) which was limited by PORV opening at 2400 psia (165.5 MPa). This
spray effectiveness of 73 psia (5 MPa) in 33 seconds is within the range set by
CE and confirmed during Calvert Cliffs startup tests (21).

The actual spray flow rate is not tested but has been shown to be as
much as twice the design flow in some CE plants. A RETRAN case with
twice design rated spray flow resulted in a peak pressurizer of 2300 psia.
Another RETRAN case was run in which the spray was set to open to its fully
rated flow at 2300 psia (158.6 MPa) rather than its programmed flow
characteristic of opening at this pressure, but not reaching fully rated flow
until 2350 psia (162 MPa). This case resulted in a peak pressure of 2314 psia
(159.6 MPa) and a peak level of 246.3 in. (6.3 m). The performance of spray
valves is not tested to ensure the linear flow increase between 2300 psia
(158.6 MPa) and 2350 psia (162 MPa) that is assumed in the RETRAN model.

One process which may not be adequately simulated is the condensation
of insurge induced superheated steam in the vapor space onto the pressurizer
metal walls. These walls are modeled with RETRAN in fine heat conductor
nodes ( .05 in. or .0014 m thick). The surface heat transfer coefficient is
internally calculated by RETRAN using a range of available correlations.
During the insurge, RETRAN selected the Collier correlation (22, 23) which

resulted in a heat transfer coefficient on the order of 300-400 Btu/Hr-th-F
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4.1.5

(1703 to 2271 W/MZ-K). Steam condensation experimental data indicates
values of 700-2500 Btu/Hr-Ft2-F (3975 to 14195 W/M?-K) (24, 25, 26). Saedi
and Kim (14, 15) have shown that heat condut;.tion to the pressurizer walls
substantially reduces pressure during insurge transient. Calculations of the
possible condensation effect of the ambient heat loss and balancing
continuous spray show that they would only account for less thar [% of the
difference between RETRAN peak level and plant data.

Finally, the presence and amount of non-condensible gases in the
pressurizer vapor and liquid space were investigated. For oxygen scavenging
purposes, a concentration of 25-50 cc hydrogen per Kg of primary coolant
water is maintained. This along with smaller quantities of other dissolved
gases corresponds to less than 1% mass fraction in the vapor space (27). The
effect of this concentration of non-condensible gases in the pressurizer vapor

space has been shown to be insignificant by Leonard (28).
Summary of Resuits

BG&E performed a RETRAN analysis of the asymmetric cooldown
transient which occurred at Calvert Cliffs Unit 2 on October 11, 1983.
Comparisons with measured plant data for pressurizer pressure and level, hot
and cold leg temperature, and steam generator secondary side pressure and
level all showed excellent agreement in both peak values and overall trends.
The uncertainty in stuck open TBV position affected the RETRAN simulation
of the later phase of the cooldown.

A sensitivity study was performed to evaluate RETRAN pressurizer
models for rapid pressurizer insurge transients (0.8 inches/sec or 2.0

cm/sec). This study indicated that large interface heat transfer coefficients
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or large values of surge line loss factor significantly reduce the magnitude
and time of peak pressurizer pressure and increase peak level. Spray junction
model, rainout velocity, presence and noding of heat conductors, realistic
initial spray line fluid temperature, and a two node model of the pressurizer
had a small or insignificant effect on pressure and level for this type of
transient.

The RETRAN models for pressurizer spray heat transfer are a
reasonable representation. The condensation heat transfer coefficients
calculated by RETRAN for heat transfer from the vapor space to the walls
appear to be low. The inability of RETRAN to model a steady state in which
continuous spray flow and heater operation exist does not significantly affect
its transient simulation capability.

Results of the pressurizer spray sensitivity analysis in Section 6.0
indicate that actual plant spray flow at 2300 psia (158.6 MPa) is greater than
that assumed in the RETRAN model. The actual plant continuous spray flow
is seventeen times larger than the value reported in the FSAR (29). This
larger initial spray valve open area would result in full spray flow delivery at
a lower pressure than the programmed 2350 psia (162 MPa). It should be
noted that there are no tests performed to confirm spray flow vs pressurizer
pressure. This higher spray flow at 2300 psia (158.6 MPa) would reduce
RETRAN calculated peak pressurizer pressure and increase peak l».el to

more closely agree with plant data.
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Table 4.1-1

October 11, 1983 Calvert Cliffs 2 Event Timing Comparison

Time, seconds (normalized to |1:36:46)

Event Plant Data RETRAN

SGFP 22 Trip 0 0

Peak Pressurizer Pressure 48 53
Peak Pressurizer Level 60 66
Reactor Trip on Low SG Level 62 62
Peak Loop 21 T-Hot 64 64
Peak SG 22 Pressure 66 69
Peak Loop 21 T-Cold 70 79
SG 22 at Minimum Level 920 116
SIAS 175 191
SG 21 at Maximum Level 180 206
Minimum Pressurizer Pressure 244-256 261
Minimum Pressurizer Level 258 261
Open TBV Isolated 300 310
SGFP 21 Isolated 340 340

w3l -



Table 4.1-2

Tolerance of Calvert Cliffs Plant Computer Data

Pressurizer Pressure

Pressurizer Level

Hot/Cold Leg

Core Thermal Power
Steam Generator Level

Steam Generator Pressure

+ 2.0%
+2.5%
+ 2.5°F
+3.0%
+ 2.0%
+2.5%

Main Feedwater Flow

+ 2.0%

Table 4.1-3

Comparison of Key Event Parameters

Peak Pressurizer Pressure
Peak Pressurizer Level
Peak Loop 21 T-Hot

Peak Loop 21 T-Cold
Peak SG 22 Pressure
Minimum Pressure
Minimum Level

Minimum Loop 21 T-Hot

Minimum Loop 21 T-Cold

Plant Data

2306 psia/159 MPa
254 in./6.5 M
597.1°F/586.9 K
558.7°F/566.0 K
1030 psia/71 MPa
1659 psia/l14.4 MPa
18.5 in./0.47 M
513.7°F/540.6 K

509.5°F/538.6 K

-

RETRAN

2338 psia/l61 MPa
264.4 in./6.2 M
597.5°F/587.2 K

561 °F/566.9 K

1034 psia/71.3 MPa
1717 psia/118.4 MPa
61.2 in./1.55 M
526.2°F/547.6 K

513.6°F/540.6 K
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FIGURE 4.1-2
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FIGURE 4.1-4
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FIGURE 4.1-8
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4.2

4,21

4.2.2

“.2.3

Calvert Cliffs Unit | Startup Test - Four Pump Coastdown From 20% Power

Description of Event

This startup test was used to obtain reactor coolant system (RCS) flow
data during a four pump coastdown at 20% of full power (30). The transient
was initiated using the trip pushbuttons on the reactor protective system
panels. Measurements were made of the total RCS flow for the first 55

seconds after reactor trip.
Event Specific RETRAN Modeling Changes

Both the one loop and four loop RETRAN models described in Sections
3.2 and 3.4 were used to simulate this four pump coastdown transient. The
RETRAN model was initialized at 20% of 2560 MWt and with key thermal-
hydraulic parameters at the measured plant values delineated in Table 4.2-1.
These key parameters are: hot and cold leg temperature, pressurizer pressure

and level, steam generator pressure and level.
Comparison of RETRAN Results to Plant Data

Figure 4.2-1 presents a comparison of RETRAN calculated total RCS
flow with measured plant data. Both the one loop and four loop RETRAN
model predicted flow coastdown closely following the measured plant data for
the first 55 seconds after RCP trip. RETRAN calculat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>