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ABSTRACT

Experiment L2-5, simulating a guillotine (complete offset) shear of a
main coolant pipe in a four-loop commercial pressurized water reactor (PWR)
operating at nominal conditions, was completed on June 16, 1982, in the
Loss-of-Fluid Test (LOFT) PWR. Assumptions of loss of offsite power and

3

atypical primary coolant pump coastdown were incorporated into the simula-

tion in an attempt to create core flow stagnation which would prevent the
b

early core-wide quench phenomena observed in earlier accident simulations.

The Experiment L2-5 accident simulation was successful in preventing the
early core-wide quench phenomena. The fuel cladding reached a maximum

temperature of 1077 K (1479 F) at 28.5 s into the transient. The emergency
core cooling system (ECCS) began operation at 17 s into the transient and
reflooded the core and quenched the fuel cladding by 65 s. The Experi-
ment L2-5 simulation showed that the ECCS, as scaled in LOFT, returned the
reactor coolant system to a stable condition in a situation wherein the
peak claading temperature occurred during the reflood phcse of the tran-

sient. The Experiment L2-5 simulation also showed that this highly
improbable scenario of accident events leading to the worst case large
break condition (core flow stagnation), although causing a more severe core
thermal transient than that resulting f rom a main coolant pipe shear only,
dia not result in fuel rod rupture. During plant recovery, utilization of
core exit and upper plenum temperature measurements was shown to be
inadequate as a means of reactor vessel liquid level control.

l
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SUMMARY

loss-of-Fluid Test (LOFT) Experiment L2-5, which was completed on

June 16, 1982, simulated a guillotine (complete offset) rupture of an inlet
pipe in a pressurized water reactor (PWR) and was the third loss-of-coolant
experiment (LOCE) in the LOFT Power Ascension Experiment Series L2. Experi-

,

ment L2-5 differed principally f rom the previous large-break experiments,
Experiments L2-2 and L2-3, in that the primary cnolant pumps were turned

*

: of f and were decoupled f rom their flywheels within 1 s af ter rupture ini-
t

]
tiation in Experiment L2-5 (resulting in an atypically fast coastdown),
whereas pump operation continued throughout Experiments L2-2 and L2-3.

|

:

Experiment L2-5 was initiated from nominal PkR operating conditions by*

j opening the two quick-opening blowdown valves. Within the first I s,

! primary coolant pumps were tripped, the system depressurized to upper
plenum fluid saturation conditions, and the core cladding temperature
started to deviate frcm saturation. The early bottom-up quench that occur-

! red in Experiment L2-3 did not occur in Experiment L2-5, as intended by

.

experiment design. A top-down quench which affected the top half of the
i
i central f uel assembly occurrcd between 12 to 23 s in the transient. The

peripheral f uel assembly temperature remained saturated, except for some
isolated short intervals in some measurements, until approximately 23 s
when they departed from saturation. Accumulator injection initiated at
17 s, refilled the lower plenum by 31 s, and, combined with high- and
low-pressure injection, reflooded the core by 55 s. The core was fully
quenched by 65 s.

d

Core thermal behavior can be characterized by three different cladding
temperature scenarios, each occurring in a different region of the core:

a

1. An immediate and sustained deviation from saturation lasting
,

until final core quench in the lower half of the central fuel ,

assembly

2. An immediate deviation from saturation followed by a top-down

quench and a second temperature excursion in the top half of the
central f uel assembly and the high-power locations in the
peripheral fuel assemblies

iv
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3. A delayed (20 s) temperature excursion in other regions of the
peripheral fuel assemblies.

Conclusions from this preliminary anclysis of Experiment L2-5 are as
follows:

.

1. Primary coolant system hydraulics were consistant with the core
thermal behavior and were similar to the Experiment L2-3 hydrau-
lics. Hydraulic differences between Experiments L2-3 and L2-5

were consistant with the difference in primary coolant pump
operations.

2. Cladding surface thermocouples had only a minor effect on the
core thermal behavior. This is consistant with previously
published data from separate effects tests.

3. No fuel rod rupture occurred during Experiment L2-5, as determined
f rom postexperiment chemical analysis of the primary coolant.
However, the possibility of cladding deformation cannot be ruled
out at this time.

4. Preexperiment calculations of Experiment L2-5 agreed very well
with the measured peak cladding temperature and primary system
pressure. Differences between prediction and data include the
top-down quench (not calculated) and core reflood rate
(calculated low).

5. The Experiment L2-5 simulation also showed that this highly
improbable scenario of accident events leading to the worst case
large-break condition (core flow stagnation), although causing a,

more severe core thermal transient than that resulting from a
main coolant pipe shear only, did not result in fuel rod rupture.,

6. During plant recovery, utilization of core exit and upper plenum
temperature measurements was shown to be inadequate as a means
for reactor vessel liquid level control.

v
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QUICK-LOOK REPORT ON LOFT NUCLEAR EXPERIMENT L2-5

1. Ih1R000CT10N

.

Experiment L2-5 was successfully completed on June 16, 1982, in the
Loss-of-Fluid Test (LOFT) facility. This experiment simulated a guillotine

'

(complete offset) rupture of an inlet pipe in a pressurized water reactor
(PhR) and was the third experiment in the LOFT Power Ascension Experiment

* Series L2. Experiment L2-5 differed from the previous large-break Loss-
of-Coolant Experiments (LOCEs) L2-2 ,2 and L2-3 ,4 in that the primary1 3

coolant pumps were turned off within 1 s of experiment initiation and were
simultaneously decoupled from their external flywheels. In Experiments L2-2

ano L2-3, primary coolant pump operation was continued throughout. Figure 1
shows the pump speed f or Experiments L2-5 and L2-3. Table 1 summarizes the ,

three large-break experiments. The atypical primary coolant pump operation
in Experiment L2-5 [ approximating a loss-of-coolant accident (LOCA) simul-
taneous with a loss of site power and atypically fast pump coastdown] was

5
specified in an attempt to cause early flow stagnation in the core and
preclude the early bottom-up core-wide rewet which occurred in
Experirrents L2-2 and L2-3.

Experiment L2-5 was initiated, after operating the reactor at
36.0 NW f or 40 effective f ull power hours (EFPH) to build up a fission
decay product inventory, by opening the two quick-opening blowdown valves

(QObVs). The primary coolant pumps were turned off within 1 s. High-
pressure injection system (HP15) and low-pressure injection system (LPIS)
injections were delayed to 24 and 37 s, respectively, to simulate the delay
expected for a PWR emergency diesel to begin delivering power (in response
to the loss of site power). For the purpose of this report, the experiment

was completed when core reflood and fuel cladding quench were achieved.,

The programmatic objectives for Experiment L2-5 were to:,

0
1. Provide experimental data to demonstrate that Appendix K

assumptions result in a conservative prediction of peak cladding

! 1
!

i
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IABLL 1. LOF1 lE51 SERlLS L2 E APERIMENTS PERFORMED 10 DATE

Power
aLevel MLHGR

Date
Experiment Completed NW kW/m kW/ft Description

L2-2 12/9/78 25 26 8 Large-break experiment ini-
t

l tiated from conditions repre- *

sentative of lower PWR power
j
' conditions (s60% normal)

with pumps running throughout.
{

-

| L2-3 5/12/79 37 39 12 Large-break experiment ini-
tiated from conditions repre-
sentative of a PWR operating
at normal power
with pumps running throughout,

t

L2-5 6/16/82 36 40 12 Large-break experiment ini-
tiated from conditions
representative of a PWR opera-
ting at normal power and
coincident with loss of site
power and atypical pump
coastdown.

hlHGR--maximum linear heat generation rate., a.

temperature, even if core hydraulic conoitions were to occur in a

commercial reactor which precluded early return to nucleate boiling
(rewet).

|
2. Provide data to confirm that results f rom earlier LOFT large-break

,

experiments were not being significantly af fected by external cladding '

thermocouples.

To support the programmatic objectives, the following were defined as the
.

do'ecif it objectives for Experiment L2-5:5

*

.

1. To determine if early core rewet occurs following a scaled LOFT 200%

double-ended cold leg break with immediate primary coolant pump trip.

2

_ _ _ _ _ _ _ _ _ _ .
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2. To provide data on core thermal response which can be used to

evaluate computer code predictions and to compare with acceptance

criteria in 10CFR50.46.6

3. To determine system behavior and core thermal response during the
reflood portion of a double-ended cold leg break experiment.

4. To evaluate cladding surface thermocouple effects during blowdown
and reflood by comparing the responses of LOFT fuel bundle
instrumentation.

An evaluation of plant performance for Experiment L2-5 is presented in
Section 2, including a sunmary of specified and measured initial conditions
in lable 2 and a chronological listing of identifiable significant events
in Table 3. Section 3 presents a summary of Experiment L2-5 results and
Section 4 contains conclusions based on these results. Data plots are
presented in Section 5 to support and clarify the experiment chronology of
events in Section 2 and the results and conclusions discussed in Sections 3
ana 4. Also included are comparisons of measured data with preexperiment

acalcu ations performed by EG&G Idaho, Inc., using the RELAP5 computer

| code. The LOFT system geometry for Experiment L2-5 is shown in

| Appendix A.

\

>

>

a. The analysis was performed using RELAPS/ MODI Cycle 17, a production
version of RELAP5/N001 which is filed under Idaho fiational Engineering
Laboratory Computer Code Configuration Management Archival Number F00708.

3
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2. PLAfS1 LVALUA110N

The initial conditions, identifiable signiticant events, and
experimental measurements f or Experiment L2-5 are summarized in this
section.

L

2.1 Initial Conditions

SA sunmary of the specifieo and measured system conditions imme-
diately prior to Experiment L2-5 is given in Table 2. All initial condi-

tions were within the limits specified by Reference 5 except core power (1%
low), core outlet temperature (<1% low) and differential temperature (2%
low), blowoown suppression tank (BST) liquid level (l% high), and BST
pressure (15% high). The out-of-specification values of core power, core
outlet and dif f erential temperatures, and BSI liquid level are not expected
to have af f ected the results of the experiment, since the deviations f rom
specification are small. The BST pressure was much higher than specified,

but should not have adversely affected the transient during the blowdown
phase since break f low was choked during this time. During the reflood
phase, the higher BST pressure may have had an effect, although it is
considerea to be small, since the dif ference between specified and measured
pressure is small compared to primary coolant system pressure during
ref lood. The conclusion that these out-of-specification conditions did not
adversely affect the experiment results will, however, have to be verified
in the postexperiment analysis. The out-of-specification conditions were
of short duration and began with the opening of the broken loop isolation
valves within 1 min of experiment initiation.

2.2 Chronology of Events -

Table 3 contains a list of identifiable events measured in Experi- .

ment L2-5 and compares the measured times with those precicted and with
those measured in Experiment L2-3. An annotated primary system pressure
curve is shown in Figure 2. The experiment was initiated by opening the

4
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TABLE 2. INITIAL C0hDITIONS FOR EXPERIMENT L2-5

a-Parameter Specified Value Measured Value
<

Primary Coolant System

Core AT (K) 35.8 2 33.1 4.3b
i* (*F) 64.5 2 59.6 1 7.7

fiot leg pressure (MPa) 14.95 1 0.1 14.94 1 0.06
(psia) 2168 15.0 2167 9.

Core outlet temperature (K) 592 2 589.7 i 1.6b
( F) 605 0 4 601.8 1 2.9

556.6 4.0Cold leg temperature (K) --

( F) 542.2 7.2

192.4 7.8Mass flow rate (kg/s) --

6(lbm/hr x 10 ) 1.53 0.06

Baron concentration (ppm) As required to maintain 668 15 ppm '

reactor critical
|

Reactor Vessel

Power level (MW) 37.5 2 1.0 36.0 1.2b
,

! Maximum linear heat
40.0 3.0generation rate (kW/m) --

(kW/ft) 12.2 0.9'

Control roo position
(above f ull-in position) (m) 1.37 0.01 1.38 0.01

(in.) 54.0 2.0 54.3 0.4

Steam Generator Secondary Side
i

! Water level (m) 0.19 0.05 0.23 0.06 ,

| (in.) 7.5 2.0 9.16 2.4 ;

542.4 4.1Water temperature (K) -

516.1 7.4( F) -

,

5.85 0.06Pressure (MPa)
-

--

848 8.7(psia) --

.

20.5 1.4Mass flow rate (kg/s) --

45.2 3.1(lbm/s) -

547.1 0.6Saturation temperature (K) --

525.1 i 1.1( F) --

f

5<

l
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TABLE 2. (continued)
- - - - --

_ Parameter Specified Value Measured Value

Pressurizer

Liquid volume (m3) -- 0.61 0.02
d 21.5 0.7(ft ) - .

3 0.32 0.02Steam volume (m ) --

d 11.3 0.3(ft ) -- ,

Liquid level (m) 1.13 0.18 1.14 0.03
(in.) 44.5 7.0 44.8 1 1.2

615.0 0.3$aturation temperature (K) --

647.3 0.54(*F) -

Broken Locp

Cold leg temperature (K) As close as practical to 554.3 4.2
( F) intact loop temperature 538.3 7.6

Hot leg tenperature (K) As close as practical to 563 4

(*F) intact loop temperature 552 7

Suppression Tank

b
Liquid level (m) 1.27 + 0.127 1.41 0.06

-0
(in.) 50.0 + 5 55.5 2.36

-0

6as volume (m3 -- 51.7 2.1
(f t ) -- 1825 74

Water ten;perature (K) 356 ! 5 358.4 3.0
(*F) 181 2 9 185.4- 5.4

Pressure (gas space) (MPa) 0.08 0.005 0.097 0.007b
(psia) 12.5 0.7 14.1 1.01

Boro, concentration (ppm) >3000 3687 15
,

ECC Accumulator A

Gas volume (m3 -- 0.91 0.01 -

(f t ) -- 32.1 0.3

3Liquic volume m -- 2.85 0.01
100.6 0.3ft) --

F"2t,ure (MPa) 4.2 0.2 4.29 0.06
(psia) 612 25 622 7

6
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TABLF. 2. (continued)

aParameter Specified Value Measured Value

ECL Accumulator A (continued)

Liquid temperature (K) 306 3 303 3

(*F) 90 5 86.4 5-

Liquid level (m) 2.045 0.025 2.04 t 0.01
(in.) 80.5 t 1.0 80.3 0.4,

Standpipe
position (m) 1.245 1 0.025 1.24 0.03

(in.) 49 1 49 t 1

High-Pressure Injection System

Flow rate (cm3/s) 760 63 740 20
(gpm) 12 1 11.7 0.3

Liquid temperature (K) 303 3 302 1

( F) 85 5 84.2 1.8

Q w-Pressure Injection System

Liquid temperature (K) 303 3 302 1

(*F) 85 5 83.8 1.8

Flow rate (t/s) 5.5 t 0.5-

(gpm) 73 7--

Borated Water Storage Tank

Liquia volume (m3 >83.3 92.7 0.2
(ft ) >2940 3274 7

Liquid temperature (K) 303 3 302 1

( F) 85 5 83.9 1.8

a. Listed values are specified in the Experiment Operating Specification
(E05). If no value is listed, that parameter is not specified by the EOS.

,

b. These values are outside the band specified by the E05. The out-
of-specification conditions are considered to not have adversely affected the
experimental results.o

7



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ -

J

TABLE 3. CHR0h0 LOGY OF EVENTS FOR EXPERIMENT L2-5

Time af ter Experiment Initiation
(s)

Event Prediction Experiment L2-5 Experiment L2-3

Experiment initiateda 0 0 0 .

End of subcooled blowdown <0.2 0.043 0.01 0.05

Reactor scrammed 0.103 0.24 1 0.2 0.103
*

\

Cladding temperatures 0.8-1.0 0.91 0.2 0.96
initially deviate f rom

saturation
'Primary coolant punp dis- 1.0 0.94 0.5 -b

connected f rom flywheel

End of subcooled break 2.1 3.4 1 0.5 3.0
f low (cola leg)

,

|

Top-down quench initiated ..c 12.1 1.0 16 |

Pressurizer emptied 13.8 16.3 2 14

Accumulator injection 14.3 17.3 0.7 17
initiated

End of top-dcwn quench -.c 22,7 1 22

HPIS injection initiated 22 24.0 i 1 14

Maximum cladding 6.6 28.5 0.5 4.95
temperature reachea

Lower plenum refill 45 31.2 ld 35
complete

LPIS injection initiated 35 37.0 0.5 29

Accumulator empty 46.8 49.4 1 49
|

*

Core reflood completea -c 55.3 1 1.5d 55

Core claading quenched 78 65 2 61 -

BST maximum temperature 10.0 72.5 1 70
reached

8



TABLE 3. (continued)

Time after Experiment Initiation
(s)

Event Prediction Experiment L2-5 Experiment L2-3

LPIS injection manually -.c 107.1 1 0.7 -e
' stopped

hPIS injection manually ..c 144 2 -e
3 stopped

HPIS injection reinitiated -c 274 2 -.e

LPIS injection reinitiated -C 347 i 2 -e

a. Experiment initiation defined to be when the QOBVs are opened.

b. Primary coolant pumps were operated by intent throughout Experi-
ment L2-3.

c. hot calculated,

d. Based on liquid level conductivity probe data which define liquid to
cover the voio f raction range f rom 0 to 0.2.

e. Event did not occur during Experiment L2-3.

two QOBVs. The primary coolant pumps were turned off and the primary
coolant system depressurized to saturation, both within 1 s. The core

claading temperatures in the central fuel assembly departed from saturation
within 2 s. A top-down partial quench of the central fuel assembly began
at 12 s. Accumulator injection began at 17 s. The maximum cladding

temperature of 1077 K (1479 F) was reached at 28.5 s, just prior to the
completion of lower plenum refill at 31 s. LPIS flow initiated at 37 s,

and combined with accumulator f low to reflood the core by 55 s.
,

2.3 Instrumentation Performance
.

The instrumentation used for Experiment L2-5 was similar to that used
for Experiments L2-2 and L2-3 with the following changes:

9.



1. The instrumented central f uel assembly was replaced. The new
fuel assembly had fuel surf ace and centerline thermocouples,

embedded cladding thermocouples, an axial string of self-powered
neutron actectors, core inlet drag disc-turbine transducers, and

core inlet and exit ultrasonic densitometers in addition to the
instrumentation which existed in the previous fuel assembly.

,

2. Break flow was measured in the broken loop using.a two-range drag
disk assembly in conjunction with a gamma densitometer. In

*

Experiments L2-2 and L2-3, break flow was measured using a,

! single-range drag disk, a turbine meter, and a densitometer.

During the experiment, several parameters were monitored in real time
on cathode ray tubes in the control room, visitor display room, and techni-
cal support center to determine the thermal and hydraulic state of the
plant. The monitor systems include:

;

1. Safety parameter display system (SPDS) (15 primary and secondary,

system parameters): The primary coolant system parameters
monitored by the SPDS were displayed and available for diagnosis
prior to initiation of the transient if desired. All aspects of
this portion of the SPDS worked as expected except for periodic
display problems. There were some calibration difficulties with
secondary system parameters.

2. Automated data qualification (ADQ) (a subset of cladding tempera-
tures): The ADQ display did not activate until 1-1/2 min after
experiment initiation. When the display was activated, however,
it functioned properly.

.

There were 616 instruments recorded for evaluation of the experimental
; results. Of the number examined at this time, 95% performed satisfactorily.

:
e

10
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3. RL50L15 FROM EXPERIMENT L2-5

The preliminary analysis presented in this section is based on data
processed and available within the first 2 weeks f ollowing Experiment L2-5.
In certain instances, the results discussed reflect the degree of incom-
pleteness of the analysis this soon after the experiment. Analysis of the

'

data will continue, and complete analysis results of the experiment will be
reperted in future documents.

,

3.1 Core Thermal Response

The core thermal response during Experiment L2-5 varied as a function
of location within the core. This response can best be characterized by
examining three core regions:

1. The lower half of the central f uel assembly

2. The upper half of the central fuel assembly plus the high-power
regions in the peripheral fuel assemblies (that is, those portions
of the peripheral fuel assemblies adjacent to the central fuel
assembly ano that are near the peak power elevation of 0.66 m,

26 in.)

3. The lower-power regions of the peripheral fuel assemblies.

Cladding tcmperatures in the first region departed from saturation
within the first 2 s af ter experiment initiation. Cladding temperatures
initially rose quickly in response to degraded cooling, reached a plateau
within 10 s, and then remained at approximately those levels f or an addi-

,
tional 20 s (see Figure 3). The maximum measured cladding temperature of
1077 K (1479*F) occurred during this time. At approximately 30 s, a

.
gradual cooling trend initiated as emergency core cooling system (ECCS)
water fillec the lower plenum. The gradual cooling trend continued until
all fuel rods were quenched by 65 s. This thermal behavior differed from
that which occurred during Experiment L2-3 in that the early rewet in
Experiment L2-3 did not occur in Experiment L2-5 (see Figure 3). Figure 3

11
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|

compares maximum cladding temperatures which occurred at different eleva-
tions. The apparent difference in quench resulted from this difference in

j elevation.

i

A markeoly different thermal response was measured in the second
region. As shown in Figure 4, the cladding temperatures were similar to

.

those in the first region for nearly 15 s. At this time, there was a

top-down quench, which lasted for up +o 5 s, followed by a second cladding
*temperature excursion with a generally lower peak value. Final quench

,

; cccurred during core reflood as in the first region. The top-down quench
! in this region is similar to the top-down quench which occurred somewhat
j later in Experiment L2-3, as shown in Figure 4.

| In the third region there was a general cooling which was sufficient
i to maintain the cladding quenched until after 20 s, as shown in Figure 5.
~

Some cladaing temperatures in this region departed from saturation momen-
1

tarily as shown in Figure 6, but followed the general trend, and underwent-

a sustained departure from saturation only after 20 s. The thermal behavior

] in this region was very similar to that which occurred in Experiment L2-3,
.

as shown in Figure S.

In summary, the core thermal behavior in Experiment L2-5 was very
similar to that which occurred in Experiment L2-3 except for those phe-
nomena which can be uniquely linked to differences in primary coolant pump
operation during the experiments; that is, the early bottom-up core-wide
rewet which occurred in Experiment L2-3 but not in Experiment L2-5, and the
top-down quench which occurred earlier in Experiment L2-5 than in L2-3.
Cladding temperature time histories are shown as a function of axial and
radial core locations in Figures 7 and 8, respectively.

.

The effect of the cladaing thermocouples on the thermal behavior of
the core during Experiment L2-5 was small. Figure 9 is a comparison of

,

fuel centerline temperatures in fuel rods with and without cladding thermo-
couples. As shown in the figure, the fuel rods with cladding thermocouples;

quenched approximately 5 s prior to the rods with no cladding thermocouples.

'

12
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i

| Figure 10 compares five fuel pellet offset temperatures from rods with and
! without cladding thermocouples. The times at which these fuel rods quenched

differea by less than 5 s due to the presence or absence of cladding thermo-
i couples. Measurements f rom the axial motion detectors also support this

conclusion. The transitory temperature decrease for one measurement noted
,

| on the figure occurred simultaneously with a momentary cladding quench on
,-

j the same fuel rod down to the peak power axial location of 0.66 m (26 in).
In summary, the effects of cladding thermocouples on core thermal response

f' auring Experiment L2-5 was small, and this is consistent with previously
reported results from other experiments.9|

i

j A fluid sample was taken from the BST subsequent to Experiment L2-5,

and analyzed for fission products. The results indicate that no fuel clad-

i ding rupture occurred. Figure 11 shows measured fuel rod cladding tempera-

j ture plotted versus pressure differential across the cladding. Differential
pressure is the difference between fuel rod internal pressure, calculated
using FRAP-T6 ,10 and measured cladding temperatures, and measureda

1

} reactor vessel pressure. Also included, for reference, are fuel rod clad-
ding rupture data from separate effects testing.II As shown in the

j figure, a possibility exists that some cladding deformation occurred.
Therefore, it is concluded that, although no fuel rod rupture occurred

;

during Experiment L2-5, some cladding deformation may have occurred. This2

,

] conclusion will be confirmed when the fuel module is subsequently removed

I ano visually inspected.

1

i 3.2 Hydraulic Response

i

; Figure 12 shows the upper plenum pressure response from Experi-
1

1 ments L2-5 and L2-3. As shown, the pressure responses for these two

f. experiments are very similar. This similarity in pressure response
1

;-

:

a. The version of the FRAP-T6 computer code used is filed under Idaho
hational Engineering Laboratory Computer Code Configuration Management

,

j Archival Number F00900.
!

"

1
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resulted in similar times for initiation of accumulator injection, as shown
in Table 3. Thus, pump operation had little effect on primary system
depressurization.

The core fluid density variations during Experiment L2-5 can be
inferred from measurements taken by seven in-core self-powered neutron

.

detcctors (5PNDs). Figure 13 shows the response of one SPhD in a peri- '

pheral fuel assembly. As shown, the coolant density increased suddenly in
.this fuel assembly at approximately 10 s. This density increase was also

measured by all other peripheral SPhDs. In addition, smaller density
increases were measured at this time in the central fuel assembly. At
approximately 15 s, the density decreased, which was a precurser to the
general cladding temperature excursion at approximately 20 s. Starting at
approximately 40 s, the SPhDs measured a cyclic core fluid density which
has been described elsewhere as gravity reflood oscillations.I2 These.

oscillations were also measured during Experiment L2-3.

Additional hydraulic information is shown in Figures 14, 15, and 16,
which show the core liquia level in the central assembly, a peripheral fuel
assembly, and the downcomer and lower plenum. As shown, refill of the
lower plenum startea at 22 s and was completed by 31 s. In this and other
liquid level measurements made using conductivity probes, liquid is con-
sidered to be present at a given elevation when the void fraction is less

,

than 0.20, ana is indicated on the figures by an "X". In Experiment L2-5,
reflood of the core was initiated at 37 s and was completed by 55 s, a
reflood rate of 0.093 m/s (3.7 in./s). This, again, is very close to the
times and rate measured in Experiment L2-3 (see Table 3). During reflooa,
preliminary examination of hot leg densities in the broken and intact loops
indicates very high void f ractions. The upper head could be causing
significant deentrainment.

-

In summary, the primary coolant hydraulics were consistent with the
.

core thermal response. These hydraulics in Experiment L2-5 were similar to
those measured during Experiment L2-3 with the exception of the core-wide

bottom-up density surge in Experiment L2-3 (wherein the primary coolant
pump operation was different) which did not occur during Experiment L2-5.

14
i
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3.3 Comparison of Experimental Data with Experiment Prediction i
;

s
,

1

In this section, the measured experimental data are compared with

1
preexperiment calculations, including core thermal and primary coolant ,

' t

j system hydraulic response. Event time comparisons are shown in Table 3. ,

'
3

I. '

] Figure 17 shows a comparison of measured and calculated cladding
temperatures f or the hottest core location. The calculated maximum peak

;

cladding temperature was 1082 K (1488*F) compared to the measured maximum#

:

i peak claading temperature of 1077 K (1479'F), or a difference of 5 K
j (9*F). As also shown, both measured and calculated temperatures exhibited

fI a cooling trend prior to quench due to ECCS injection. The calculated time

{ of cladding quench was also very close (within 3 s) of measured. However,

| 3 the top-down quench, which was measured in parts of the core, was not cal- '

j culated. Also, the delayed (beyond 20 s) departure from saturation

j (measured in the peripheral fuel assemblies) was not calculated. The
4 calculation of the maximum peak temperature is the most important calcula-

tion from a fuel rod damage viewpoint, and in this regard the calculation

{! is good though the peak was calculated to occur 22 s earlier than in the
1

measured data.*

I

! Figure 18 shows the measured and calculated upper plenum pressure.
;

The calculated pressure was within 1 MPa of the measured pressure. Thei

calculated pressure, lower than measured, resulted in a calculated time for

) accumulator injection of 14 s, compared to 17 s measured. !

i

!

! The calculated reflood rate was approximately 0.04 m/s (1.5 in./s),

| compared to the measured reflood rate of 0.083 m/s (3.7 in./s). This dif-

| ference, which may be caused by incorrect calculation of emergency core

i, coclant (ECC) bypass and/or entrainment, will be investigated during

; postexperiment analysis.

i

in summary, the preexperiment calculation of Experiment L2-5 correctly+

;

j predicted the peak cladding temperature and primary system pressure. The
analysis of the differences between calculated and measured system

! hydraulic phenomena and the effects on core thermal response, as discussed
above, is preliminary.

i

i 15
!

!
i
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3.4 Postexperiment L2-5 Plant Recovery

Subsequent to the core reflood and quench described in Sections 3.1
and 3.2, the ECCS flow was terminated and an attempt was made to control

the reactor vessel liquid level below the nozzles by cycling the HPIS and
;

LPIS flows to maintain liquid inventory. The ECCS flow cycling was based
.

on operator observation of coolant thermocouples in the upper plenum. This
was done to provide operating experience in preparation for the recovery

,

phase of the next large break experiment, Experiment L2-6, where the
reactor vessel liquid level af ter core reflood is to be controlled below
the nozzles in order to minimize the transport of fission products. This
procedure was not included as part of the Experiment L2-5 programmatic
objectives and, therefore, was not included in the preexperiment
calculations.

During this recovery phase, the liquid level dropped into the core
region starting at approximately 190 s and continued to drop, due to a
decay heat-induced boil-off, at a rate of approximately 0.03 m/s
(1 in./s). hPIS and LPIS flows were reinitiated at 274 and 347 s,
respectively, in an attempt to reflood the core and turn the temperature
excursion around. The combined flows reflooded the core at an average rate
of 0.03 m/s (1 in./s), and the core was fully quenched by 430 s (see
Figure 19). The temperature information observed by reactor operators for
liquia level control and also coolant temperature information at the core
exit are shown in Figure 20. Comparing this information with that in
Figure 19, clearly shows that these temperature measuren.ents are not -

adequate for liquia level control and, hence, maintaining adequate core
cooling.

.

e
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4. CONCLUSIONS

The conduct of Experiment L2-5 and the data acquired concerning inte-
gral system response to the experiment are considered to have met the
specific objectives as defined by Reference 5 and listed in Section 1.

,

Cladding thermal response varied within the core with three general
scenarios: (a) immediate and sustained departure from saturation which

* occurred in the lower half of the central fuel assembly, (b) immediate
ceparture from saturation followed by top-down quench (14 to 17 s), and a
second departure f rom saturation occurring in the upper half of the central
fuel assembly and high-power regions of the peripheral fuel assemblies, and
(c) delayed departure (20 s) from saturation in the rest of the peripheral
fuel assemblies.

The effect of the external cladding thermocouples on the core thermal
behavior was small and was consistant with previously reported results from
separate effects tests. ho evidence of fuel rupture was detected, though
some cladding deformation may have occurred. This will be confirmed by
visual inspection after the fuel assembly is removed.

The measured primary coolant hydraulics were consistant with the core
thermal behavior and were similar to the hydraulics measured during Experi-
ment L2-3 excepting those directly related to primary coolant pump
operation. Preexperiment calculations correctly predicted the peak
cladding temperature and primary system pressure during Experiment L2-5.
Additional efforts will be required to correctly calculate detailed core
thermal behavior and core reflood.

The Experiment L2-5 simulation also showed that this highly improbable,

scenario of accident events leading to the worst case large-break conditions
(core flow stagnation), although causing a more severe core transient than

,

that resulting from a main coolant pipe sheer only, did not result in fuel
rod rupture.

During plant recovery, utilization of core exit and upper plenum
temperature measurements was shown to be inadequate as a means of reactor
vessel liquid level control.

17
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5. DATA PRESENTATION

This section presents selected preliminary data f rom Experiment L2-5.
Experimental data are overlayed with results f rom the preexperiment cal-
culations made using the RELAP5/M001 computer code.7 A listing of the
data plots is presented in Table 4. Table 5 gives the nomenclature system

,

used in instrumentation identification. A complete list of the LOFT
instrumentation and data acquisition requirements for the experiment is

*

given in Reference 5.

The maximum (2a) uncertainties in the report data are:

|

Fluid temperature - 4 K ( 7'F)

Fuel centerline temperature - 179 K ( 142 F)
!
I

f Fuel pellet offset temperature - il8 K ( 32*F)
!

Pressure - 0.26 MPa ( 21 psi)

Liquid level 0.17 m ( 0.56 ft)-

|

Reactor power 2 MW.-

l

|

|

.

e

18
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'nBLE 4. LIST OF DATA PLOTS

Measurement
Figure Title Identification Page

1. Comparison of primary coolant pump RPE-PC-1 22
f requencies f or Experiments L2-5 and L2-3

2. Response of primary system pressure during PE-PC-5 22-

Experiment L2-5

3. Comparison of maximum cladding temperatures TE-5H6-24 23,

for Experiments L2-5 and L2-3 (L2-5)
: TE-5E8-15

(L2-3)

4. Comparison of cladding temperatures in the TE-5H7-41 23
upper half of the central fuel assembly for
Experiments L2-5 and L2-3

5. Comparison of cladding temperatures in a TE-4G8-21 24

peripheral fuel assembly for Experi-
ments L2-5 and L2-3

6. Cladding temperature in a peripheral fuel TE-6H15-41 24

assembly for Experiment L2-5

7. Axial three-dimensional plot of cladding TE-5H5-2 25
temperature in the central fuel assembly TE-5H7-8
for Experiment L2-5 TE-5H5-15

TE-5H6-24
TE-5G6-30
TE-5H6-37'

TE-5H7-41
TE-5H5-49
TE-5H7-58
1E-5G6-62

8. Radial three-dimensional plot of cladding TE-4H2-32 26
temperature at the 0.81-m (32-in.) eleva- TE-4F8-32
tion for Experiment L2-5 TE-4H14-32

TE-5H6-32
TE-6H14-32
TE-6F8-32
TE-6H2-32~

9. Comparison of fuel centerline temperatures TC-5C07-27 27
on fuel rods with and without surface clad- TC-5007-27-

ding thermocouples for Experiment L2-5 TC-5009-27
TC-5D10-27

19
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TABLE 4. (continued)

MeasurementFigure Title Identification Page

10. Comparison of fuel surface temperatures on TF-5F12-26 27
fuel roas with and without surface cladding TF-5H10-26
thermocouples f or Experiment L2-5 TF-5J08-26 .

TF-5F08-26
TF-5Il0-26

11. Maximum cladding temperature versus clad- TE-5H6-24 28
.

aing differential pressure compared with PE-luP-1A
fuel rod aamage data

12. Comparison of upper plenum pressure for PE-lUP-1A 28Experiments L2-5 and L2-3

13. Response of SPhD in a peripheral fuel NE-6H8-26 29
assembly for Experiment L2-5

14. Liquid level in the central f uel assembly LE-5Kil 30
for Experiment L2-5

15. Liquid level in a peripheral fuel assembly LE-3F10 31for Experiment L2-5

16. Liquid level in the downcomer and lower LE-1ST 32
plenum f or Experiment L2-5

17. Comparison of maximum cladding temperature TE-5H6-24 33
with prediction f or Experiment L2-5

18. Coaparison of upper plenum pressure with PE-luP-1A 33 |preaiction for Experiment L2-5 '

19. Ccmparison of cladding temperatures at TE-5H07-008 34
different elevations during second core TE-5h06-024
heatup for Experiment L2-5 TE-5H07-041

20. Comparison of core exit and upper plenum ST-10P-111 34
fluid temperatures with saturation TE-5UP-014
temperature for Experiment L2-5 TE-3UP-012

.

|

1
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TABLE 5. h0MEhCLA1URL FOR LOFT INSTRUMENTATION

Designations for the Different Types of Transducers
,

TE - Temperature element FE - Coolant flow transducer
i

| TF - Fuel pellet offset temperature TC - Fuel centerline tempera-
| element ture element
|, PE - Pressure transducer DE - Densitometer

PaE - Differential pressure transducer ME - Momentum flux transducer
LE - Coolant level transducer FT - Flow rate transducer

}' ST - Saturation temperature
based on pressure

Designations for the Different Systems, Except the huclear Core

PE - Primary coolant intact loop LP - Lower plenum
BL - Broken loop ST - Downcomer stalk
RV - Reactor vessel P120 - Emergency core coolant
SV - Suppression tank system
UP - Upper plenum P128 - Primary coolant

addition and control

Designations for Nuclear Core Instrumentation

Transducer location (inchies f rom bottom of fuel rod)
Fuel assembly row
Fuel assembly column
Fuel assembly numter
Transducer type

I 1 ,

TE-3Bil-28

g

d. Includes only instruments discussed in this report. j

.

4
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Figure 1. Comparison of primary coolant pump frequencies for
Experiments L2-5 and L2-3.
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Figure 2. Response of primary system pressure during Experiment L2-5.
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Figure 17. Comparison of maximum cladding temperature with prediction for
Experiment L2-5.
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APPEhDIX A ,

LOFT SYSTEM GEOMETRY

The Loss-of-Fluid Test (LOFT) system geometry is shown in Figure A-1.
Figure A-2 shows the LOFT pressurizer and instrumentation. Figure A-3
shows the location of all LOF1 cladding surface thermocouples, and
Figure A-4 is a map of the central fuel assembly showing the location of
all instrumentation.,

.

W

39

_ _ _ _



Intact loop Broken loop
A

r , ,

BL1 Ouick opening
experimental valve (2)

\measurement

PC-2 , %$ne ator
ulator

experimental . .

Break [M ['measurement
station plane

Steam v
. s

generator N,1 a -

s

R. 2 Isolation
,

,

'
k ' Break p a e

ruer

'

t simu ator

ECC cold leg ex perimentalA -a
(g#,' v i injection measurementO

' 8'i " 5 '* ' ' "N
experimentaly

' "N measurement
p
experimental N

- kb-
,

measurement
~

'i'' Reactort.

station vessel ~,

Suppression
vessel

Downcomer - -

Core %.
I
;

'
Lower plenum | 2

-'
| t

INEL-L2-5-1505 Reactor vessel

Figure A-l. Axonometric projection of LOFT system.

. . .



Spray inlet line

r S

Pressure relief line MZT_T_-[f
"|

7 .
.

/ ey 'e, \'

s ( N
'

#
, /// ; (

, .

,-

~ y a,
L + Pressurizer pressure.,

j7 x7 measurement PE-PC-4
f' hgi '( PT P139-5-1

kL I
-

-': 1
: .

-E ( E. &7,
'

: Measurement for liquid
Vapor temperature

( ) level (3 places)(typical)
thermocouple ; :s LD-P139-6, PdT-P1394

/ J :h LD P139 7, PdT-P139-7TE P139-19 .

f LD-P 139-8, PdT P139-8
'

Liquid temperature [ , s .

thermocouples ( ^O
'

TE-P139-20 '

'
i jTE P139-20-1 *

oak* * /N2 o

o q
12 electrical 8'"' -j N
heaters (4 kW each)

Y; ,/,- - ~

- y

' 'I
t i,

IN EL-L2-5-7500

*i ,

|' W= Surge nozzle

Figure A-2. LOFT pressurizer and instrumentation.

41



2

c d eg h eg

4 5 6
-

'"J,"t'y n X 8

Mnte;;;eng g g@gg gg
,33 m-

Identification number

,. 3,3. Height of thermocouple above3

core bottom (in.) ,,4 i

Thermocouple

$

@
GSOe@@@@

4 5

@ @da

@@@@ @ce s@e @ e@@ @@@@cesegg@es@s
333@ 4 @ g

@ @ @ g g
(NEL-L2-5 7001

Figure A-3. LOFT fuel rod cladding thermocouples.

- < . .



, ,. ,

O Fuel rod (204)
1

] Noninstrumented guide tube (12)
2 /PP

e, r, t <w a3 j ] Cladding surface thermocouple (49)(j (j go; y y

(PP Q Dummy thermocouple (23)
4

rw v, rw5 () A4 () C Cladding embedded thermoccuple (5)
(hYM n YMYMYM Y1("h6 (fbJ "bQ b4 kJk) h Pellet surface thermocouple (6)

'

YNYN 77 TT r7 ? '77 epbMbJ kJ A4 b>b4 h Centerline thermocouple (5)
U8 YY EJ DJ EJ 18 h Plenum pressure and temperature detector (10)(9)
") b Y'9 "

e3a <fc+e,m nrw @ ^*'a' m " a detect '(3)
so ()V/ \/\/\/" \d()"

Guide tube thermocouple (8)

D O
3 ggg g3 Neutron detector (4)
v qj qj

/'T /7 ,m 4,/'T /'T Neutron flux scan tube (2)e

%) %) \* a'%) %)o
14 PPqj

15 0 Upper plenum coolant thermocouple (12)
A B C D E F G H I J K L M N O

h Stable density fuel (2)

180* A Inlet flowmeters (2)
225'

90* gg Thermocouple Radial Location
270* and Core Orientation N . Ultrasonic density detector (2)

p45* 315' INEL-L2-5-17 500
,

Figure A-4. LOFT central fuel assembly instrumentation.


