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MODELING A NUCLEAR REACTOR FOR EXPERIMENTAL PURPOSES

V. T. Berta
EG&G Idaho, Inc.
PVO. Box 1625
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ABSTRACT

The Loss-of-Fluid Test (LOFT) Facility is a scale model of a
commercial PWR and is as fully functional and operational as the generic
commercial counterpart. LOFT was designed and built for experimental
purposes as part of the overall NRC reactor safety research program. The
purpose of LOFT is to assess the capability of reactor safety syst-^s to
perform their intended functions during occurrences of off-normal
conditions in a commercial nuclear reactor. Off-normal conditions arising
from large and small break loss-of-coolant accidents (LOCA), operational
transients, and anticipated transients without scram (ATWS) were to be
investigated. This paper describes the LOFT model of the generic PWR and
summarizes the experiments that have been conducted in the context of the
significant findings involving the complex transient thermal-hydraulics and
the consequent effects on the commercial reactor analytical licensing
techniques. Through these techniques the validity of the LOFT model as a
scaled counterpart of the generic PWR is shown.

INTRODUCTION

To assure the safety of nuclear reactor systems, the United States NRC
requires all parties wishing to operate a nuclear plant to be licensed.
Before a license is granted, the candidate plant must be shown to have met
the licensing criteria (1) with regard to the performance of emergency
safety features (ESF) during a loss-of-coolant accident (LOCA), an
operational transient, and an anticipated transient without scram (ATWS).
The NRC carries out an extensive research program to better understand the
consequences of an accident and provide data to assess the inherent
conservatisms in the computer codes used to license a nuclear plant. One
specific program is the Loss-of-Fluid Test (LOFT) Program being conducted
at the Idaho National Engineering Laboratory.

The LOFT experimental facility (2) is a 50 MW(t), volumetrically
scaled, pressurized water reactor (PWR) system. The LOFT facility was
designed to study the engineered safety features {ESF) in commercial PWR
systems as to their response to the postulated loss-of-coolant accident
(LOCA). With recognition of the differences in commercial PWR designs and
inherent distortions in reduced scale systems, the design objective for the
LOFT facility was to produce the significant thermal-hydraulic phenomena
that would occur in commercial PWR systems in the same sequence and with



approximately the same time frames and magnitudes. Experiments conducted
in the LOFT fac i l i t y provide "integral" system data for assessment of
analytical licensing techniques and for identif ication of unexpected
thresholds or events that may occur during a LOCA. The term integral
implies that the entire system is modeled and the entire LOCA sequence is
carried out as opposed to separate-effects tests in.which specific
phenomena, components or single systems are studied during a particular
phase of the LOCA.

The LOFT fac i l i t y is also intended for experiments and acquisition of
data on operational transients that may occur in a commercial or generic
reactor. Such transients as loss of feedwater, loss of primary coolant
flow, and loss of steam load may lead to pressure re l ie f valve setpoints
being exceeded. Relief valves then actuate and vent primary system
coolant. Improper re l ie f valve operation can lead to loss-of-coolant
transients as occurred at Three-Mile Island.

This paper describes the LOFT system model of the commercial PWR, a
summary of the experimental results and effects on analytical licensing
techniques up to May 1980, and a brief description of the expectations of
the LOFT Program for the future as they are now envisioned.

LOFT FACILITY DESCRIPTION

The LOFT primary coolant system, shown in Figure 1, consists of an
intact loop containing active components to simulate three unbroken loops
of a four-loop PWR, a reactor vessel containing a nuclear core, and a
broken loop to simulate the single broken loop of a PWR. The broken loop
contains passive steam generator and pump components (simulators) and does
not have appreciable flow prior to loss-of-coolant experiment (LOCE)
in i t ia t ion . The pump and steam generator simulators contain orif ice plates
to simulate the pressure drops of their counterparts. The broken loop
terminates in two quick-opening blowdown valves which simulate the pipe
break. The break area is sized with or i f ice plates located at the break
planes.

The emergency core cooling system (ECCS) consists of the same three
systems currently in commercial PWRs - - the high pressure injection system
(HPIS), the accumulator, and the low pressure injection system (LPIS). The
systems are actuated similarly to their generic counterparts and inject
scaled amounts of emergency core coolant (ECC) typical of the ECC delivery
behavior in commercial PWRs. The LOFT ECCS has the capability of injecting
ECC to any of several locations including the intact loop hot or cold legs,
and the reactor vessel downcomer, lower plenum, or upper plenum. An
identical backup ECCS is also available which functions separately from the
ECCS used in a LOCE.

The LOFT fac i l i t y was scaled to generic PWRs by maintaining the system
and component coolant-volume-to-total-power ratio whenever possible (3).



Inherent in scaling are some compromises of geometric similarity. Scaling
compromises must be such as to not adversely affect the requirements for
typicality, as defined in Table 1, that must exist between the LOFT model
and the generic PWR. The LOFT scale model of the generic PWR that resulted
is summarized:in Table 2 which contains comparisons of geometric and
physical parameters between LOFT and commercial PWRs. The physical
parameters listed are for nominal operating conditions in the Westinghouse
4-loop ZION PWR and in the LOFT model prior to the LQCE designated L?-3.

The 1.7 -m-long LOFT reactor core is about one-half the length of
typical reactor cores (3.7 m long) in commercial plants. However, this is
the only compromise made in the nuclear fuel for the LOFT core. PWR fuel
rod assemblies are used in the geometry shown in Figure 2. The triangular
corner assemblies are partial square assemblies for simulation of a more
circular core. The outer four square fuel assemblies have reactor control
rods in the guide tubes. The center fuel assembly is the most heavily
instrumented assembly with instruments placed in the vacant guide tubes as
well as on the fuel rods. The LOFT fuel assemblies are complete with upper
and lower end boxes and fuel rod spacer grids at five elevations. More
specific detail of the LOFT core design is contained in Reference 2.

The LOFT nuclear core can be considered to be a segment of a generic
PWR core which is subjected to the same transient or off lormal conditions
that a generic PWR would undergo in the event of a LOCA t operational
transient. Thus, the core geometric size, peaking factor , and power
generation lead to primary coolant system volumes via the -riteria of
maintaining, as close as possible, the coolant volume-to- otal core power
ratio in order to create the same transient and off-norn-a conditions that
a generic PWR core would be subjected to. This view of tf 2 LOFT model was
explicit in the early planning and design (4).

The values listed in Table 2 indicate that the cool a', t volume-to-total
core power ratio is not exactly the same between LOFT and !ion. The
differences are due to the design compromises that were made. However, as
will be shown, the design objective of producing the significant
thermal-hydraulic phenomena in the same sequence and with approximately the
same magnitudes and time frames was achieved.

The LOFT facility is augmented with an extensive "experimental"
measurements system (2) in addition to the normal PWR instrument systems
for reactor operation and control. State measurements of the coolant in
the primary system provide the capability of following the redistribution
of mass and energy in the primary coolant system following the initiation
of a transient. Extensive thermal measurements in the nuclear core provide
detailed information on the thermal response of the fuel cladding. Nuclear
measurements in the core assist in determining the initial or steady-state
energy distribution. The philosophy followed on measurement locations in
the nuclear core, as shown in Figure 2, was to instrument one-half of the
core on a circular symmetry basis with emphasis on the center fuel
assembly. The intent is to permit determination of the thermal and
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Figure 1. LOFT System Configuration

TABLE 1- PWR TYPICALITY REQUIREMENTS FOR
THE LOFT MODEL DESIGN

Item Reason

System volume to core power ratio

Break area to system volume ratio

Length-to-diameter ratios
(system resistance)

Elevations

Surface area to volume ratios

Core power distribution

Distribution of energy

Depressurization and event time
similarities

Pressure drop balance

Pressure distribution (reflood)

Heat transfer distribution

Thermal response
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TABLE 2. LOFT - COMMERCIAL PWR COMPARISONS

Item

Reactor Vessel
Oulet Plenum
Core and Bypass
Lower Plenum
Dbwncomer arid

I n l e t Annul us

Subtotal

I n t a c t Loopa

Hot Leg Pipe
Cold Leg Pipe
Pump Suction Pipe
Steam Generator
Pump

Subtotal

Broken Loop
Cold Leg t o Breakb

Vessel t o Steam
generator

Steam Generator
Pump
Addi t iona l

Volume Part
of Out le t Plenum

Addi t iona l Volume
Part of In le t
Plenum

Subtotal

Pressurizer

Total

Volume

0.
0.
0.

0.

0.
0.
0.
1.
0.

6.
0.
0,
0,

0,

0

0

7

LOFT

(m3)

95
31
71

69

35
37
33
,45
20

.16

.15

.52

.05

.19

.22

.96

.63

% Total

12.
4.
9.

9.

34.

4.
4.
4.

18.
2.

35.

2.

1,
6,
0,

2,

2

17

12

100

51
12
32

00

95

60
,85
,38
,97
,60

,40

.16

.98

.88
• 72

.46

.83

.03

.62

.00

, , TROJAN ,

%,Total Volume (m3)

15.95
7.50
8.58

5.89

37.95

1.94
2.08
3^09

26.40
1.96

35.47

1.72

0.65
8.80
0.65

N/A

N/A

11.17

14.7

100.00

55.47
26,05
29.73

20.42

6.71
7.22

10.70
91.49
6.80

5.97

2.24
30.50
2.27

N/A

N/A

50.97

346.60



TABLE 2. (continued)

Item LOFT

Core (LOFT L2-3, ZION nominal conditions included)

Fuel rod number
Length (m)
Inlet flow area (m2)
Coolant volume (tn̂ )
Maximum linear neat generation
rate (KW/m)

Coolant temperature rise (K)
Power (MM)
Peaking factor
Power/coolant volume (MW/m3)
Core volume/system volume
Mass flux (Kg/s-m2)
Core mass flow/system volume

(Kg/s-m3)

ZION

ncluded)

1300
1.68
0.16
0.295

39.4
32.2
36.7
2.34

124.4
.038

1248.8

39372
3.68
4.96

20.227

39.4
32.2

3540.5
1.60

175.0
.057

3707.3

25.6 51.7

a. TROJAN values are for three loops combined
b. Includes pump suction piping
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mechanical effects of instrumentation on the fuel rods during
post-irradiation analysis. Utilizing circular symmetry simplified the core
structure by permitting identical fuel assemblies to be used in core
locations 2, 4, 6̂  in locations 1 and 3, and in locations 7 and 9.
Experimental measurements are also located on the ECC systems, the
secondary coolant system, the pressure suppression system, and on
components such as pumps, valves, and control rod drive mechanisms for
mechanical operation measurements during a transient.

LOFT EXPERIMENTAL PROGRAM i .

The planning of the experimental program centered on the accident
postulated to be the most severe in its consequence on the nuclear core.
The accident was postulated to be a complete offset shear of the primary
coolant pipe between the pump and the reactor vessel (5). Loss-of-coolant
experiments (LOCE) leading up to and including nominal PWR initial
conditions with this accident simulation were given the highest priority.

The types of experiments that could be conducted in the LOFT Facility
were placed in seven categories as defined in Table 3. The experiments
leading to and including the most severe accident simulation were placed in
the first two categories and were to be conducted first. Each category
consisted of several experiments which, in general, represented, in order
of conduct, an orderly approach to the experiment where the initial
conditions were the PWR nominal operating conditions. Prior to and
following each LOCE calculations were made with analytical techniques (that
are intended for licensing activities) in order to predict the transient
effects in the LOCE and to develop the techniques to include new findings
from the LOCE for more accurate predictions of succeeding LOCE transient
effects.

The experimental program was well in progress and the LOCE with the
most severe large break from nominal PWR operating conditions, LOCE L2-3,
being in the preparation phase when the Three-Mile Island (TMI-2) accident
occurred. Following this accident the small break experiments (L3 series)
and the operational transient experiments (L6 series) were given priority
and preparations were made to perform these experiment as soon as
possible. In the interval from TMI-2 to the present three small break
experiments have been performed and other experiments of both types are
planned for 1980 and 1981.

A history of the LOFT experiments is shown in Table 4. The
experimental program has been in progress for slightly over four years.
During this time, significant advancements were made in analytical
technique capability as well as in understanding ,pf the large break LOCA
event. Similar progress in small break LOCAs is now being made.



TABLE 3 LOFT EXPERIMENT CATEGORIES

Category

LI

L2

L3

L4

L5

L6

L7

Type of Experiments

Nonuclear LXE

Nuclear LOCE double-ended cold leg break

Nuclear LOCE small-break

Nuclear LOCE alternate ECCS

Nuclear LOCE intermediate size break

Nuclear non-LOCE

Nuclear LQCE with steam generator tube
rupture

TABLE 4 HISTORY OF LOFT EXPERIMENTS

Experiment Date

11-1

11-2

L1-3A

LI -4

3/4/76

5/10/76

6/28/76

7/15/76

5,3/77

Description Objectives

In i t ia l experiment with least
severe conditions of pressure
(9.1 MPa) break area (scaled 0.5
PUR pipe area). PCS isothermal
at 555 K, hot leg break
location

Cold leg break with scaled area
equal to PWR f u l l pipe area break.
Conditions: Isothermal 555 K,
pressure at 15.6 MPa.

Cold leg break with scaled area
equal to PWR f u l l pipe area break.
Conditions: Isothermal 555 K,
pressure at 15.6 MPa.

Cold leg break with scaled area
equal to PUR f u l l pipe area break.
Conditions: Isothermal 556 K,
pressure at 15.5 MPa.

Cold leg break with scaled zrea
equal to PUR f u l l pipe area break.
Conditions: Isothermal 552 K,
pressure at 15.7 MPa.

Principle objectives of these
experiments were:

1. Evaluate the LOFT fac i l i t y
systems performance in the
absence cf nuclear heat
source (core simulator
in place of the nuclear core).

2. Obtain information on PWR
blowdown and vessai r e f i l l
hydraulic phenomena for
isothermal conditions and
with a range of component
( ie . PCP) and system (ECC)
operational conditions.

Information Report

TREE-NUREG - 1025

TREE-NUREG - 1026

TREE-NUREG - 1065

TREE-NUREG - 1027

TREE-NUREG - 1084



TABLE 4 (continued)

Ll-5

Date

4/25/78

L2-2 '2/9/79

Oescription Objectives

First experiment with the nuclear
core installed. Cold leg break with
scaled area equal to PUR fu l l pipe
area. Conditions: No core heat
source, system Isothermal at 555 K,
pressure at 15.6 MPa

First experiment with nuclear core
heat generation. Cold leg break
with scaled area equal to PWR ful l
pipe area. Conditions:

Information Report

TREE-NUREG - 1215Evaluate the mechanical response
of the core, control rod drives, and
associated instrumentation and
mechanical components to blowdown
and core reflood.

Obtain information on the influence
of the nuclear core (without heat
generation) Ln hydraulic phenomena
during blowdown and reflood
under ECCS operation.

Evaluate thermal-hydraulic NUREG/CR - 0492
phenomena in the f i rs t PWR ful ly TREE - 1322
integrated effects experiment.

MLHGR 25 .25 KW/m
960.7 K
557.7 K

15.64 MPa

U-3 5/12/79 First experiment for nominal PWR
derating conditions. Cold leg break
with scaled area equal to PWR fu l l
pipe area. Conditions:

MHGR 39.4 KW/m
TK 592.9 K
Tc 560.7 K
P 15.06 MPa

Determine the fuel rod-to-coolant
heat transfer in the p o s t e r i t i e s !
heat f lux regime for an MLHGR
reduced to 7SX of nominal PWR
conditions.

Obtain Information on PCS, SCS,
and ECCS hydraulics, core thermal
response, and thermal-hydraulic
interactions for a large break
transient in i t ia ted from nominal
PWR conditions.

NUREG/CR - 0792
TREE- 1326

L3-0 5/31/79 First small break experiment. Break
simulated in pressurizer PORV
similar to TM1. Conditions
were core decay heat of 4.2 KW, PCS
nearly isothermal at 558.2 K and
pressure at 14.74 MPa.

L3-1 11/20/79 First small break experiment with
the nuclear core at power and the
f i r s t experiment with the core at
maximum PWR MLHGR ra t ing . Single
ended break In the broken loop cold
leg with scaled area equal to 4"
diameter area in PWR in le t pipe.
Conditions were:

MLHGR 51.7 KW/m
Th 574 K
Tc 554 K
P 14.85 MPA

Obtain information on system NUREG/CR - 0959
hydraul ies from t h i s type of TREE - 1390
accident for a n a l y t i c a l code
assessment.

Obtain information on thermal
hydraul ics phenomena fo r t h i s
type of break.

Provide operator training in
performing small break experiments
and evaluate the performance of
fac i l i ty systems.

Obtain thermal-hydraulic NUREG/CR - 1145
Information for analytical code EGG - 2007
assessment.

Evaluate ECCS performance and
effectiveness of process Instruments
in Indicating true system conditions

Obtain Information on thermal-
hydraulics and core response fur
a small break wherein break
flow always exceeds HP 15 flow.

L3-2 2/6/80 Snail break experiment at PWR
maximum rated MLHGR. Single
ended break in the broken loop cold
leg with scaled area equal to 1"
diameter area break in PWR inlet
pipe. Conditions were:

MLHGR 52.2 KW/m
Th 576 K
Tc 558 K
P 14.85 MPa

Obtain Information on thermal- NUREG/CR - 1311
hydraulics and core response for EGG - 2016
a small break wherein break flow
Is approximately equal to HPIS
flow ss system pressure stabilizes
later in the transient

Obtain Information for assessment
of major systems effectiveness,
process Instrument system Indications,
and operator actions and recovery
procedures.

Obtain Information for analytical
code assessment for this type
of small break transient



SIGNIFICANT FINDINGS

The analyses of the large break experiments described in Table 4 have
appeared in numerous publications (6, 7, 8, 9, 10, 11). Analysis of the
small break experiments is currently underway with publications beginning
to appear (6, 12). Here, a summary of the technical progress in LOCA
understanding for large area pipe breaks will be given with emphasis on the
significant findings that illustrate the validity of the LOFT scale model
of the generic commercial PWR,

Experiment L2-3 simulated the large break LOCA wherein the break
occurred between the pump and reactor vessel and the reactor was initially
operating at nominal PWR conditions. The LOFT system configuration and
initial condition values for this experiment are given in Table 5. L2-3
represents the culmination of over three years of large break LOCA
investigation and is the completely integrated system experiment wherein
all nuclear, thermal, and hydraulic phenomena are present along with the
actual PWR plant recovery mechanisms (ECCS) operating in accordance with
PWR design. Consequently, this experiment can be used by itself to
illustrate the validity of the LOFT scale model.

Experiment L2-3 is described by the chronology of events shown in
Table 6. The entire transient takes place within one minute. The nature
of the transient is such as to require that the ECC systems actuate
automatically and that, in reality, the PWR facility must recover or reach
a controlled safe shutdown automatically. Information of most significance
from L2-3 is shown in Figure 3. With reference to the event chronology,
the transient resulting from the large break exhibits self-limiting core
thermal response characteristics. The temperature rise of the fuel
cladding is stopped by approximately 5 s. The fuel cladding on all
measured fuel rod surfaces subsequently quenched to coolant saturation
temperature by 8.5 s. This occurs before the actuation of any of the ECC
systems. Subsequent to the core-wide return to saturation other cladding
temperature excursions take place all of which, however, are lower in
amplitude than the first. The ECC systems effectively reflood the core,
quench the fuel cladding, and maintain the core in a safe shutdown mode by
55 s.

The calculations of the L2-3 transient phenomena with an analytical
technique representative of those techniques used in licensing are shown
also in Figure 3. The calculations represent three years of development in
the understanding of the physics of large break LOCAs and in the capability
of analytical techniques to calculate the transient phenomena. To digress
for a moment, the transformation of the physics that describe large break
LOCA thermal-hydraulic phenomena into mathematics results in a large and
complex definition of the LOCA problem. Solutions must be obtained via
computers and this requires assembling the mathematics and associated
numerical solution techniques in computer language form. These efforts
result in the "analytical techniques" that are identified by name and which
consist of the LOCA physics in computerized form. If the LOCA physics are



TABLE 5 SYSTEM CONFIGURATION AND INITIAL CONDITIONS
FOR NUCLEAR LOCE L2-3

Parameter

Pipe break;
Location
Size
Opening time (ms)

Primary system pump operation

Broken loop pump simulator

ECCSs

ECC in ject ion location

ECC actuation mode:

Accumulator
LPIS
HPIS

Steam generator secondary:

Pressure (MPa)
Flow rate (kg/s)

Primary system:

Pressure (MPa)
Temperature (K):

Hot leg
Cold leg

Core power (MW)
MLHGR (KW/m)
Mass f low (kg/s)
Boration (ppm)

ECCS accumulator:

Pressure (MPa)
Temperature (K)
Boration (ppm)
Injected volume (m3)
Gas volume (m3)

LOCE L2-3 Measured Value

Cold Leg
200%
17.2

Power to To + 200 s

Operating pump simulation

HPIS, LPIS, and accumulator

Intact loop cold leg

Pressure
Pressure-level
Pre ssure-1 eve 1

6.18 + 0.08
19.5 + 0.4

15.06 + 0.03

592.9 + 1.8
560.7 + 1.8

36.0 i 1.0
39.4 + 3.0

199 + 6.3
679 + 4

4.18 + 0.05
307.8 + 3
3281 + 17
1.7T + 0.03
0.96+ 0.03



TABLE 6 CHRONOLOGY OF EVENTS FOR NUCLEAR LOCE L2-3

Time After LOCE I n i t i a t i o n (s)

Event LOCE L2-3

LOCE i n i t i a t ed

Subeooled blowdown endeda

Reactor scram signal received at control room

Earl iest departure of cladding temperature from
f l u i d saturation temperature

(Tclad > T sa t )

Control rods completely inserted

Subcooled break flow endedb

Maximum cladding temperature attained

Earliest core-wide return of cladding temperature
to fluid saturation temperature

HPIS injection initiated

Pressurizer emptied

Accumulator injection initiated

LPIS injection initiated

Lower plenum filled with liquid

Saturated blowdown ended

Accumulator liquid flow ended

Core volume reflooded

0

0.

0.

0.

06

103

96

1.

3.

4.

8.

14

14

16

29

35

40

45

55

683

0

95

5

a. End of subcooled blowdown is defined as the occurrence of the first
phase transition in the system other than at the pipe break location

b. End of subco-'ed break flow is defined as the completion of subcooled
fluid discharge from the break (hot and cold legs) in the broken loop;



t .5 1 .5

- 0 . 5
0.0 10.0 20.0 30.0

TIME AFTER RUPTURE 1*1

INTACT LOOP COLO LEG DENSITY

-0.5
0.0 10.0 20.0

TIME AFTER RUPTURE l»l

BROKEN LOOP COLD LEG DENSITY

30.0

at

500.

250.

•X

-250.

L2-3 E»p«rimint
L2-3 RELAP4/M0D&

^^^'••lilHHlllJfrflaiffl

0.0 10.0 20.0

TIME AFTER RUPTURE 1*1

30.0

INTACT LOOP COLD LEG MASS FLOW RATE

0>

500.

0 .

i

a
A

i

L2-3
L2-3

E>p«rIn«n t
RELAP4/M03&

i

0.0 10.0 20.0

TIME AFTER RUPTURE l»l

30.0

BROKEN LOOP COLD LEG MASS FLOU RATE

500.

0)

a.

o

us

0. -

-500.

L2-3 Eaptrlntnl
L2-3 f<ELAP4/H0D«>

1250

0.0 10.0 20.0

TIME AFTER RUPTURE (si
30.0

DIFFERENCE BETWEEN INTACT LOOP AND BROKEN
LOOP COLD LEG MASS FLOW PATES

250.
0.0 10.0 20.0

TIME AFTER RUPTURE l»l

30.0

CLADDING TEMPERATURE IN THE PEAK POWER
REGION

Figure 3. LOFT L2-3 Data and RELAP4/M0D6 Calculations



:^4^

incomplete or not exactly defined, then the computer codes reflect these
conditions by being unable to calculate observed phenomena. The
RELAP4/MQQ6 (13) code represents a st?,ge of development pf,;the RELAP series
of codes which contains the LOCA physics and understanding to a degree that;
results in calculations that are considered to represent verywell the LOCA
transient from a large break as shown by the comparisons in Figure 3. The
development of the large break LOCA ca1tulatibnaV':ibtVity;:is:;"c6ntihuing;and
refinements will continue to be made. However, the major part of large
break LOCA understanding is considered to be achieved. Research is now
focused on understanding the fuel cladding-coolant Jieat transfer mechanisms
and the sensitivities of the mechanisms to the coolant state and the
presence of thermocouple instrumentation.

To determine if the LOFT scale model experiment simulation of the
large break LOCA is indicative of the LOCA transient in a commercial PWR,
the RELAP4/M006 code was applied to the ZION PWR. The initial conditions
assumed for ZION were the nominal full power operating conditions which
closely matched those in LOFT for Experiment L2-3. The results of the ZION
large break LOCA calculations are shown in Figure 4 compared to the same
LOFT L2-3 data as shown in Figure 3. The comparisons show that the LOFT
scale model produces the significant phenomena in the same time frame that
would occur in ZION for a large pipe break. The compromises in the LOFT
model design that result in the geometric and physical differences shown in
Table II do sat adversely affect or inhibit the dominant physical phenomena
that occur it. a large break LOCA. In direct consequence of this result,
the conclusion car? be made that the experiments with the LOFT scale model
of the generic PWR and the associated development of the LOCA transient
calculational techniques have provided the understanding of the large break
LOCA and have enhanced the confidence in the analytical' techniques for
commercial PWR licensing for this type of accident. Also evident in the
information shown in Figures 3 and 4 and rable 2 is the conservatism in the
LOFT scale model and L2-3 experiment relative to the severity of the core
thermal response. Indications are that the core thermal response, in terms
of maximum temperature attained, will be less in the commercial PWR than in
the LOFT scale model.

FUTURE LOFT UTILIZATION

Preparations for Experiment L2-3 were underway when the accident at
Three Mile Island (TMI-2) occurred. Planning and scheduling of small break
experiments and also operational transient experiments began immediately
for the LOFT experimental program. The objective was to begin acquiring
information on small break LOCAs as soon as possible after experiment L2-3
was completed consistent with facility readiness. Since the conduct of
Experiment L2-3 three small break experiments have been conducted the first
of which was nonnuclear. The two nuclear experiments, L3-1 and L3-2, are
illustrated by the annotated pressure transients shown in Figures 5 and 6.
Figures 5 and 6 illustrate the different nature of a small break LOCA as
compared to a large break LOCA such as L2-3 simulated. Transient durations
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are much longt.* and provide time for operator intervention that can change
the course of events. Plant recovery to safe shutdown conditions is not
automatic.

Utilization of the LOFT scale model for future reactor safety research
is now taking on the added dimensions of operator information augmentation,
man-machine interfacing, and operator actions for plant recovery
procedures. Initial analyses of the first three small break
experiments (12) have provided information in these areas that is forming
the planning basis for future experiments and for development and
assessment of analytical techniques for licensing calculations.
Experiments in the 13 and L6 categories will continue through 1981.
Expectations are that the level of understanding of these types of
accidents will be equivalent to that for large break LOCAs at that time.
Long range plans call for experiments in the L4 and L7 categories and
additional experiments in the L2 category.

CONCLUSIONS

The LOFT scale model of the commercial PWR has produced, through LOCA
simulation experiments, the dominant thermal hydraulic phenomena that would
be expected to occur in a commercial PWR for a large pipe break LOCA.
Verification of the LOFT scale model was made with the RELAP4/M0D6 computer
code which had been developed to a degree that calculation of LOFT LOCA
simulation experiment transients agreed wel1 with exper went data, and
which showed that expected commercial PWR large break LOCA transients were
essentially the same as those simulated in LOFT. A direct consequence of
the verification of the LOFT scale model is that large break LOCA phenomena
are now understood. The mechanisms that result in self-limiting core
thermal response characteristics are known and can be calculated by
computer codes that have been developed from observed phenomena in the LOFT
experiments.

Models of energy systems, such as the PWR, designed for evaluation of
off-normal transient conditions can use as a design basis the concept of
volumetric scaling with the criterion that the volume-to-total power ratio
of the full size system be maintained as closely as possible for the scale
model system and the scale model components. This design basis is
considered to be valid for transient simulations in which the principle
measured variables exhibit amplitude variations in the time frames shown
here for PWR large pipe break LOCAs. Information for study on extending
the design basis -o include very slow transients is being acquired from the
small break LOCA experiments and the operational transient experiments.
Expectations based on initial analyses of the results of the small break
experiments conducted thus far is that the LOFT scale model will produce
the significant or dominant phenomena that would occur in commercial PWRs
for these categories of accidents.
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