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ABSTRACT

The Loss-of-Fluid Test (LOFT) facility is a highly instrumented,
pressurized water reactor test system designed to be representative of
Targe pressurized water reactors. (LPWRs) for the simulation of loss-of-
coolant accidents (LOCAs). Detailed structural analysis and appropriate
instrumentation (accelerometers and strain gages) on the LOFT system
provided information for evaluation of the structural response of the
LOFT fac%]ity' for 1oss-of-6oo1ant experiment (LOCE) induced loads. 1In
general, the response of the system during subcooled blowdown was sma]]\
with typical structural accelerations below 2.0 G's and dynamic strains
less than 150 x 107°
generator and simulated steam generator flange exceeded LOCE design

m/m. The accelerations measured at the steam

values; however, integration of the accelerometer data at these
locations yielded displacements which were less than one half of the
deéign values associated with a safe shutdown earthquake (SSE), which
assures structural integrity for LOCE Toads. o

Use of the LOFT structural response data for reactor safety and
code qua]ification.is not recommended due to the Complexity of the LOFT
system and to the problems associated with low amplitude data analysis.
The existing measurement system was adequate for evaluation of the LOFT
éystem response during the LOCEs. The conditions affecting blowdown
loads during nuclear LOCEé will be nearly the same as those experienced
during the nonnuclear LOCEs, and the characteristics of the structural
respbnse data in both types'of experiments are expected to be the same.
The LOFT system is concluded to be adequately designed and further
analysis of the LOFT system with structural codes is not required for

future LOCE experiments.



SUMMARY

The following subjects are addressed concerning the structural
response of the LOFT system during subcooled blowdown.

(1) The LOFT system - structural response relative to (a) the
experiment predictions and (b) the LOFT system design.

(2) The quality of the LOFT structural response data and applica-
tions for reactor safety, code qualification, and LOFT
requalification.

(3) The existing measurement system and recommendations for
repositioning and/or addition of new measurements.

(4) Projected4changes in structural response data in nuclear LOCEs
relative to nonnuclear LOCEs.

'(5) The nced for additional analysis of the structural response
data and/or LOFT system with structural codes.

The LOFT facility has been *Hosigned to represent  the m#jnr
component and system thermal hydraulic responses of a LﬁWR during a
LOCA. The test assembly includes five major subsystems which have “been
extensively instruhentedl s0 that‘adesirabje system parameters can be
measured and recbrded durihg a LOCE. These subsystems were instrumented
for structural respohse méasurements for purposes of assurance of the
adequacy of the LOFT structural design and requalification only. No
attempt was made to instrument for purpbses of structural tode
verification. The major subsystems include: (é) the reactof vessel,
(b) the primary coolant (intact) loop (c) the blowdown (broken) lcop,
(d) the blowdown suppression system, and (é) the emergency core coolant

system.
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The L1 test series (nonnuclear blowdown tests) provided information

concerning equipment and system performance, structural adequacy, test
procedures, operator experience, and data for experimental verification
of thermal-hydraulic system behavior prior to nuclear blowdowns. In
particular, Experiments L1-2, L1-3, and L1-3A were used.in this analysis
for addressihg the subjects identified earlier. Structural response
data (accelerometer and strain gage data) in the intact and broken loops
and reactor vessel were reviewed and analyzed for comparison with
predicted and design values to evaluate the system response in these
areas. In general, the response of the system to LOCE loads ~ was small
With typical structural accelerations below 2.0 G and dynamic strains
less than 150 x 10°°
ment L1-3A at the steam‘ generator (AE-PC17-1 and AE-PC17-2) and the
simulated steam generator flange (AE-BL2-1) exceeded the LOCE design

m/m. The measured accelerations from Experi-

values. Quantification of the accelerometer data is highly subjective
since accuracy is poor due to the noise level in the measurements. A
more detailed analysis of the data at these locations (integration of
the acceleration plots) indicated that maximum deflections during sub-
cooled blowdown were less than one half those associated with a safe
shutdown earthquake, ;ssuring structural integrity for LOCE loads since
the system was designed for combined seismic and LOCA induced loads.

Due to the low magnitude of the LOFT structural response data,
quantification for Hireéi comparison with predicted values is of
questionable value (strains only slightly larger than accuracy limits
and high noise level). Use of the data for reactor safety and code
qualification is not recommended due to the system complexity and the
problems involved in data reduction and evaluation. The LOFT data are
applicable for requalification purposes at LOFT but should not be relied
upon solely, due to the problems associated with providing applicable
measurements at all points in the system (tees, welds, junctions, etc).
The requalification program will include a comprehensfve inspection of
welds and components on intervals recommended by fatigue analysis. The
existing measurement system is deemed adequate for the purposes of
evaluating LOFT system structural response, and no recommendations for

repositioning or adding new measurements are -made here. The data



associated with nuclear LOCEs should have the same characteristics as
the nonnuclear LOCE data since those conditions affecting blowdown loads
are nearly the same in either case. Further analysis of the LOFT syétem

with structural codes for LOCE loads is deemed unnecessary.

The horizontal accelerations measured at the top of steam generator
(AE-PC17-1 and -2) for ‘nonnuclear LOCEs are two to -three times the
values predicted .by finite element analysis. This difference can, in
part, be explained by two techniques used in‘modeling the structure 1in
the area of the steam generator. First, the snubber supports as modeled
are loaded with any 1ncremental deTIeCtiéh, while, 1in the physical case,
a finite amount of displacement at the top of the steam generator 1s
required before the snubbers provide any restraint. Thus, lTow-amplitude
vibration can occur at the top‘of the steam generator before lateral,
restraint . occurs, for which the -existing model can not account.
" However, as the-amplitude of vibration increases, the modeled restraint
is a better representation of the physicé] restraint giving rise to
closer agreement between predicted and actual responses. Secondly, the
predicted accelerations are for the center of gravity of the steam
generator rather than at fhe top where the measurements were taken. Any
rotational motion about a horizontal axis Qou1d give rise to higher
acceleration at the top of the steai generator than predicted.

The acceleration measured in the eést-west direction at the simu-
lated steam generator flange (AE-BL2-1) exceeds the predicted LOCE value
by 17%. This difference 1is felt to be within.the allowable range df
accuracy associated with quantifying and cqmparing the measured data

with that predicted using finite element analysis.

Underprediction of the LOCE accelerations at the steam generator
coﬁ1d give rise to questions concerning the predictéd_response fbr com-
bined LOCA and seismic.activity er which the LOFT system is designed.
Review of the combined LOCA and seismic analysis of the.;hobile test
assembly revea]é’ fhat response to those loads is two to three times és
severe as that measuredlduring the nonnuc1ear‘LOCEs.’ Inspectibn of pre-

dicted load data for combined LOCA and seismic activity indicates the
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elastic factor of safety of the steam generator support beams is greater
than six. It is felt that this Tlarge factor of safety allows the

~existing structure ‘sufficient margin to accomodate any additional load

which may not have been predicted with the existing model.
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I. INTRODUCTION

The presentation of the loss-of-fluid test (LOFT) system structural

response during subcooled blowdown is addressed by the following:

(1) The response of the LOFT system relative to (a) experiment
predictions and (b) system design.

(2) The qua]it& and magnitude of LOFT accelerometer and strain
gage data (structural response data).

(3) The applicability of LOFT structural response data for reactor
safety and/or structural ~code qualification and LOFT
requalification. '

(4) The quality, QUantity,b and position of existing and/or

proposed measurements.

(5) The differences in structural response data from nonnuclear to -

nuclear LOCEs.

(6) The need for further analysis of the existing structural
response data and/or the LOFT system with structural codes.

This analysis concerns only the prfmary coolant system and blowdown
loop to the quick-opening blowdown valves (QOBVs) of the LOFT facility
as described in Section II of this report. Structural ‘reépbnse data
acquired with ~the instruments described 1in Sectioﬁ III for the
nonnuclear series Experiments L1-2, L1-3, and L1-3A[]’2’3’4’5] were
reviewed. A brief description of the experiment conditions is included
in Section IV. A complete set of accelerometer and strain gage. data
from the L1-3A experiment is presented in Section V with an evaluation
and discussion.



II. SYSTEM CONFIGURATION

The LOFT facility has been designed to simulate the major
components and system thermal hydraulic responses of a large pressurized
water reactor (LPWR) during a loss-of-coolant accident (LOCA). The.test
assembly is comprised of five major subsystems which have been
instrumented such that desirable system parameters can be measured and
recorded during a 1oss-of—coo1§nt,experiment (LOCE). These subsystems
were instrumented for structural response measurements for purposes of
assurance of the adequacy of the LOFT structural design and for
requalification only. No attempt was made to instrument for purposes of
structural code verification. The subsystems include: (a) the reactor

vessel, (b) the primary coolant (intact) loop, (c) the blowdown (broken)
loop, (d) the blowdown suppression system, and (e) the emergency core

cooling system (ECCS).

The LOFT reac£or vessel simulates the reactof vessel of a LPWR. It
has an annular downcomer, a lower plenum, ]owerACOre support plates, a
core simulator, and an upper plenum. The downcomer connects with the
cold '1eg. of both the intact and.brokén loops and cbntains two experi-
mental instrument stalks; the upper plenum connects the hot leg of both
the intact and the broken ftoops. The core simulator contains an experi=
menféT instrument stalk and hydrad]fc orifice plate assembly to simulate
the flow resistance of a nuclear core which will be installed for non-
nuclear LOCE L1-5.

The intact loup simuldles Lhe unbruker 1oops'of a LPWR. This loop
contains ‘a steam generétor, two circulating coolant pumps connected in
parallel, a pressurizer, a venturi flowmeter, and connebting piping.
For Experiment L1-3A, the primary side steam generator inlet and outlet
plenums contained square-edged orifice plates sized for 1low resistance
or core flow area scaling. Thus these orifices provided a similar
pressure drop at scaled flow rates around the LOFT intact 1loop
(excluding the reactor vessel) as exists in a LPWR operating loop. The

secondary side of the steam generator was filled to a predetermined



level and isolated from the. remainder of the secondary coolant system.
The intact loop circulating coolant pumps were used to bring the system
to the initial test temperature of 282°C.

The " broken loop simulates the broken Toop of a LPWR. It consists
‘basically of hot and cold legs that are connected to the reactor vessé]
and the blowdown suppression tank header. Each leg consists of a break
'p1ane‘orifiée which determines the break size to be simulated, a quick-
opening blowdown valve (QOBV) which simulates a pipe break, a recircula-
tion line, an isolation valve; and connecting piping. The recirculation
Tines establish a small flow from the broken loop to the intact loop to
maintain these loop temperature§ approxiﬁate]y equal prior to the blow-
down. These recirculation paths are secured just prior to blowdown

initiation.

Experiments L1-2, L1-3, and L1-3A simulated a 200% double-ended
shear break in a cold leg of a LPWR operating 1oop.’ In this configura-
tion, the broken loop hot 1leg contained, in addition to the above
mentioned components, steam generator and pump simulators. These
simulators have hydraulic orifice plate assemblies installed which have
similar (passive) resistaﬁces to flow as a real pump and steam
generator. The break flow area (break plane orifice area) in this con-
figuration is 0.0084 m2; this is 100% of the possible break flow area in

each line.

The blowdown suppressidn system simulates the containment back
pressure of a LPWR.  This system is comprised of the blowdown
suppression- tank header, the blowdown suppression tank (BDST), the
nitrogen pressurization system, and the blowdown suppression tank spray
system (BDSTSS). The blowdown header is connected to the suppression
tank by four suppression tank downcomers that extend inside the tank and
discharge below the water level established as a test initial condition.
The nitrogen pressurization system 1is supplied by the LOFT inert gas
system and utlizies a remote controlled pressure regulator to establish
and maintain the specified BDST initial pressure. The spray system

consists of a centrifugal pump which discharges through a heatup heat



‘exchanger and either three spray headers or a pump recirculation line
that contains a cooldown heat exchanger. The spray pump suction can be
aligned to either the BDST or the borated water storage tank (BWST).
The three spray headers have 0.0013-, 0.0038-, and 0.0139 m3/s flow rate
capacities and are located in the BDST along the upper centerline. To
model the containment ‘back préessure of a LPWR, predetermined initial
conditions are established in the BDST. '

The LOFT ECCS simulates the ECCS of a LPWR. The accumulator, the
high-pressure injection system (HPIS), and the low-pressure injection
system (LPIS) were used during the L1-3A experiment. Each system was
configured to inject scaled volumetric flow rates of ECC directly into
the lower plenum of the reactor vessel. To provide these scaled tiow
rates, accumulator ACC-A, HPIS pump A, and LPIS pump A were utilized.
Accumulator ACC-A was preset to inject ECC at a system pressure of
4.22 MPa. HPIS pump A was preset to inject at 0.001 m3/s and to
initiate by LOCE control at 22 s after the initiation ofvb1owdown; LPIS
pump A was adjusted to initiate by LOCE control at 3575 s afier the

initiation of blowdown.

A detailed description of the LOFT facility can be found in
Reference 6. Only the first three subsystems mentioned above are

discussed and a pictorial view is included in Figure 1.
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III. MEASUREMENTS AND INSTRUMENTATION

The LOFT instrumentation system was designed to measure and record
the important parameters that occur during a LOCE. The .accelerometér
and strain gage data from the locations summarized in Tables I and II
are considered sufficient for'use in the analysis presented herein.
Information on the calibration factors, accuracy; and resbonse of
specific instruments is given in Reference 7. Reference 6 .should be
consulted tor details of instrument design and locations.



TABLE 1

ACCELEROMETER LOCATIONS

Device Number

AE-BL2-1
AE-BL2-2
AE-BL3-1
AE-BL4-1
AE-BL5-1
AE-PC3-1
AE;PCB-é
AE-PC3-3

AE-PC6-1
AE-PC6-2
AEchs-g
KE-PC7-1
AE-PCT7-2

- AE-PC7-3

Direction

East-West
North-South
Vertical
North-South
North-South
East-West
North-South
Verticéﬁ
East-West
North-South
Vertical )
East-West

North-South

Vertical

Location

Simulated steam generator
flange

Simulated steam generator
flange

Simulated steam generator
top

Quick-opening blowdown
valve, cold leg

Quick-opening blowdown
valve, hot leg

90-degree-elbow downstream
of primary coolant pumps

90-degree-elbow downstream
of primary coolant pumps

90-degree-elbow downstream
of priamry coolant pumps

45-degree-elbow between
reactor vessel and steam
generator

45-degree-elbow between
reactor vessel and steam
generator

45-degree-elbow between
reactor vessel and steam
generator

90-degree-elbow between
reactor vessel and steam
generator

90-degree-elbow between
reactor vessel and steam
generator

90-degree—-elbow between
reactor vessel steam

. generator



TABLE I (continued)

Device Number

Direction

AE-PC16-1

AE-PC16-2
AE-PC16-3
AE-PC17-1
AE-PC17-2
AE-PC18-1

AE-PC18-2 .

AE-PC18-3

AE-PC19-1"

AE-PC19-2

AE-PC19-3

AE-RV1-1]

AE-RV1-2

AC-RV1- 3

AE-RV1-4

AE-RV1-5

AE-RV1-6

East-West

North-South

Vertical

East-West

North-South

tast-West

North-South

Vertical

East-West

‘North-South

-Vertical

East-West

East-West

Vertical

North-South

North-South

Vertical

Location

Primary coolant pump %naet
Primary coolant pump in]ét
Primary coolant pump inlet
Steam generator, north side
Steam geherator, north side

Primary coolanL pump 1,
north side

Primary coolant pump 1,

north side

Primary coolant pump 1,
‘north side '

Primary coolant pump 2,
north side -

Primary coolant pump 2,
north side

Primary coolant pump 2,

north side

Reactor vessel bottom, west
side

Reactor vessel -bottom, west
side

‘Reactor vessel bottom, west

side

Reactor vessel bottom, north

side

Reactor vessel bottom, north

side

‘Reactor vessel bottom, north

side




TABLE II

STRAIN GAGE LOCATIONS

Device Number

Position

SE-BL8-1
SE-BL8-2
SE-BL8-3
SE-BL8-4
SE-BL8-5
SE-BL8-6
se-gLg-7L2]
SE-BL8-8
SE-BL8-9
se-gLs-10k2]
SE-BLS-1]
SE-BL8-12
SE-BLO-1
SE-BL9-2
SE-BL9-3
SE-BL9-4
SE-BL9-5
SE-BL9-6
se-Lo-702]
se-BLo-gla]
se-gL27-1(2]

SE-BL27-2
se-gL27-3L2]
SE-BL27-4

SE-BL27-5

Top-longitudinal
Top-45 degrees
Top-circumferential
Right-longitudinal
Right-45 degrees
Right-circumferential
Bottom-longitudinal
Bottom-45 degrees
Bottom-circumferential
Left-longitudinal
Left-45 degreeé
Left-circumferential
Top-longitudinal
Right-longitudinal
Right-45 degrees
Right-circumferential
Bottom-longitudinal
Left-longitudinal.
Left-45 degrees
Left-circumferential

South-longitudinal
South-longitudinal
South-circumferentia]
East-longitudinal

North-1longitudinal

Location
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold Teg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, cold leg
Broken loop, hot leg n
Broken loop, hot leg n
Broken loop, hot leg n
Broken loop, hot leg n
Broken loop, hot leg n
Broken loop, hot leg n
Broken loop, hot leg n
Broken loop, hot leg n

Between pump and steam

generator simulator

Between pump and steam
generator simulator
Between pump and‘steam
generator simulator
Between pump and steam
generator simulator

Between pump and steam

- generator simulator

nozzle
nozzle
nozzle
nozzie
nozzle
nozzle
nozzle
nozzle
nozzle
nozzle
nozzle
nozzle
ozzle
ozzle
ozzle
ozzle
ozzle
ozzle
ozzle
ozzle



TABLE IT (continued)

Device Number

Position

Location

SE-BL27-6
se-gre27-702]
SE-BL27-8

SE-PC4-1
SE-PC4-2
se-pca-3Lal
SE-PC4-4
SE-PC4-5
se-pca-6l3]
SE-PC4-7
SE-PC4-8
SE-PC5-1
SE-PC5-2
SE-PC5-3
SE-PC5-4
SE-PC5-5
sg-pc5-6LPA
se-pcs-7LP]
SE-PC5-8
SE-PC5-9
SE=PC5-10
SE-PC5-11
SE-PC5-12
se-pc14-1L2]
SE-PC14-2
SE-PC14-3
SE-PC14-4
SE-PC14-5

North-45 degrees
North-circumferential
West-longitudinal

Top-longitudinal
Right-Tongitudinal
Right-45 degrees
Right-circumferential

Bottom-Tongitudinal

‘Left-longitudinal

Left-45 degrees
Left-circumferential
Top-1ongitudiha1
Top-45 degrees
Top-circumferential
Right-longitudinal
Right-45 degrees
Right-circumfereﬁtia]

Bottom-1longitudinal

Bottom-45 degrees

Bottom-circumferential
Left-Tongitudinal
Left-45 degrees
Left-circumferential
Right-longitudinal
Rigﬁt-45 degrees
Right-circumferential
Top-]ongitudjna]

- Top-45 degrees

10

Between pump and steam
generator simulator
Between pump and steam
generator simulator
Between pump and steam
generator simulator
Intact loop, cold leg
cold
cold
cold
cold
loop, cold
cold
cold
cold
hot
hot
hot
hot
hot
hot
hot
hot
loop, hot
hot
loop, hot

Intact 706p,
Intact
Intact
Intact . loop,
Intact
Ihtact
Intact
Intact
Intact
intact
Intact
Intact
Intact
Intact
Intact
Ihtact
Intact
Intact
Intact
Steam

leg
loop, leg
loop, leg
leg
leg
loop, leg
loop, leg
loop, leg
loop, leg n
loop, leg n
Toop,

100p,

leg n
leg n
loop, leg n
loop, leg n
loop, leg n
lég n
leg n

loop,

toop, leg n

leg n
generator inlet

Steam generator inlet

Steam generator inlet

Steam generator inlet

Steam generator inlet

nozzle
nozzle
nozzle
nozzle

nozzle

nozzle

nozzle
nozzle
nozzle
ozzle
ozzle
ozzle
ozzle
ozzle
ozzle
ozzle.
0zzle
ozzle
ozzle
ozzle
nozzle
hozzle
nozzie
nozzie

nozzle



TABLE II (continued)

11

pump o

Device Number Position Location
SE-PC14-6 -Top-circumferential Steam generator inlet nozzle
SE-PC14~7 Left-longitudinal Steam generator inlet nozzle

. SE-PC14-8 Left-45 degrees Steam generator inlet nozzle

- SE-PC14-9 Left-circumferential Steam generator inlet nozzle .
SE-PC14-10 Bottom-longitudinal Steam generator inlet nozzle
SE-PC14-]1[aJBottom-45 degrees Steam generator inlet nozzle
SE-PC14-12 Bbttom-circumferentia] Steam generator inlet nozzle
SE-PC15-1 North-longitudinal Steam generator outlet nozzle
SE-PC15-2 North-45 degrees Steam generator outlet nozzle
SE-PC15-3 North-circumferential Steam generator outlet nozzle
SE-PC15-4 East-longitudinal Steam generator outlet nozzle
SE-PC15-5 East-45 degrees Steam generator outlet nozz]ei
SE-PCi5-6 East-circumferential Steam generator outlet nozzle
SE-PC15-7[a] South-longitudinal Steam generator outlet nozzle
SE-PC15-8 South-45 degrees Steam generator outlet nozzle
SE-PC15-9 South-circumferential Steam generator outlet nozzle
SE-PC15-10 West-longitudinal Steam generator odt]et nozzle.
SE-PC15-11  West-45 dégrees Steam generator outlet nozzle
SE-PC15-12 West-circumferential Steam generator outlet nozz]e'
SE-PC18-13 Bottom-longitudinal Primary coolant pump outlet
SE-PC18-14 Bottom-45 degrees - Primary coolant pump outlet
SE-PC18-15 Bottom-circumferential Primary coolant pump outlet
SE-PC18-16 Left-longitudinal Primary coolant pump outlet
SE-PC18-17 Left-45 degrees Primary coolant pump outlet
SE-PC18-18 Left-circumferential Primary coolant pump outlet
SE-PC18-19 Top-]onéitudina] Priamry coolant pump outlet
SE-PC18-20[C]Top-45 degrees Primary coolant pump outlet
SE-PC18-21  Top-circumferential Primary coolant pump outlet
SE-PC18-22  Right-longitudinal Primary -coolant pump outlet
SE-PC18-23 Right-45 degrees Primary coolant utlet



TABLE IT (continued):

Device Number . Position Location

SE-PC18-24- Right-circumferential - Primary coolant pump outlet

[a]l] Plots not included due to signal failure.
[b] Plots to 1.0 second not included due to calibration problem.
[c] PYots not included due to calibration problem.

Ul



IV. EXPERIMENT CONDITIONS

]

The parameters affecting blowdown loads for Experiments t1-2, L1-3,
and L1-3A are summarized in Table III. For a detailed description of
the experiment configuration, operation, and conditioné for each of the
above mentioned experiments, the reader 1is directed to References 1
and 2. The conditions affecting blowdown loads in the intact and broken
loops remain the same for the nuclear experiments as seen in the above
mentioned L1 series experiments.



vl

LOFT L1-SERIES EXPERIMENT CONDITIONS

TABLE 111

Experiment Break Opening
Designation Brezk Size Break Type Time
L1-2 fu1l[a] cold teg nominal
break area
L1-3 full cold leg nominal
break area
L1-3A full cold leg nominal

break area

System ECC
AP Injection
high cold leg
(delayed)

Tow lower

plenum

Tow Tower

plenum

Primarvy coolant temperature - 282°C

Primary coolant mass flow - 272 Kg/s

Nominal break opening time - 17.5 +2.5 ms

(b]

Pressurizer

Pressure (MPa)

15.6

15.6.

15.6

[a] Full break area corresponds to simulation of a non-comminicative double-ended break of an LPWR
main primary coclant pipe.

[b] Nominal break opening time is the expected time interval for propagation'of a full circumferential
break in the main coolant pipe of an _PWR.
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V. DATA PRESENTATION AND DISCUSSION

Accelerometer and strain gage data from Experiment L1-3A are
included in Figures 2 through 172 which are included in total at the end
of this section. The characteristics of this set of data are similar to
those from Experiments L1-2 and L1-3, except in the —case of
accelerometer data from Experiment L1-2 which was considered to be
unusable due to nohzero average traces'and spurious noise.. Review of
L1-3 acceleration data to 0.2 s revealed amplitude of acceleration and
frequency content similar to the included L1-3A acceleration data. The
strain gage data for all three experiments were reviewed to 0.2 s, and
it was concluded that the L1-3A strain gage data were representative of
the strain gage data from all three experiments. Strain gage data to
1.0 s were reviewed since, in a few cases; the maximum dynamic strgin

did not occur in the time during which subcooled conditions existed.

Review and comparison of accelerometer data from Experiment L1-3A
~with predicted and design accelerations, as summarized in Table IV,

indicates the following:

(1) In general the data are characterized by a high degree of
noise in the form of preblowdown system vibration and/or hfgh
frequency 1localized accelerations which are amplified due to
resonance in the accelerometers (Figure545, 1, 15, 17, 20,
21, 22, 23, 24, and 25). These characteristics make quantifi-
cation of the recorded accelerations difficult and highly

subjective;

(2) In many cases the low frequency (tess than 110 Hz) amplitude
of the'recorded signal is estimated to bé less than the
accuracy 1limits of the accelerometer which is on the order of
+0.20 G (Figures 7, 13, 17, 21, 23, 26, 27, 28, 29, 30,
.and 31).

15



(3) Some of the data are characterized by a shift in the average
value of the signal and/or are highly nonsymmetrfc which, upon
integration, would indicate unbounded displacements in the
system (Figures 6 and 14).

(4) With the problems in 1 through 3 above in mind, the data
review and comparison indicate in most cases that accelera-
tions in the frequency range less than 300 Hz are below the
predicted and design values. Accelerations at frequencies
greater than 300 Hz are believed to be local rather than gross
structural response and/or noise and give rise to deflections
less than 0.025 mm (Figures 2, 3, 10, 11}, 12, 15, 16, 18, 19,
20, 21, 22, 23, 24, and 25).

(5) The measured accelerations at AE-PC17-1 and AE-PC-17-2 (on the
steam .generator, north side) exceed the .LOCE design values by
nearly a facter of two. However, integration of the data
yielded deflections which were less than half those associated
with seismic loads. Since the system is designed for combined
seismi¢ and LOCA 16ads, the LOCE 104ds will nét present a

structural problem.

(6) The accelerometer data at AE-BL2-1 (simulated steam generator
flange) indicate that the measured accelerations are sTightly
higher than predicted and design. values. Integration of data
at this location yielded deflections less than half those for

seismic loads assuring structural adequacy for LOCE loads.

Review of the strain gage data indicates that the dynamic strains
at all measurement locations are less than 150 x 10_6 m/m. The strain
data are characterized by a gradual build up of the signals corre-
sponding to response to pressure relaxation during blowdown. Dynamic
fluctuations about the gradual build up correspond to response to
dynamic excitations, and the half range magnitudes are much Tlower than
those associated with pressure relaxation. The accuracy level of the
strain gage data is on the order of 10 x ]0“6 m/m which is 25 to 50% of

16



the half range magnitudes of the dynamic fluctuations. Since the
dynamic fluctuations are small (giving rise to stresses less than
1.12 x 107 N/m2) and not much larger than the accuracy level of the
signal, reduction of the strain gage data to component loads for

comparison with predicted data is deemed unnecessary.

In general, the magnitude and noise 1level of the structural
response data make quantification for direct comparison with predicted
‘and design values highly subjective. It is felt that the data are
applicable only to the LOFT facility due to the complexity of the system
and are not applicable to LPWRs in general. Use of the data for
structural code qualification is not recommended due to the problems
involved in quantifying the recorded signals (low amplitudes, high noise
.]eve1). It is felt that the data can be used but should not be relied
upon solely for LOFT requalification due to the problems associated with
obtaining meaningful measurements at all critical structural points in.
the system (welds, joints, tees, etc.). A comprehensive inspection
program for welds and components at intervals based on fatigue analysis
will be 1included = for requalification of the system. The present mea-
surement system is deemed adequate for the purposes of LOFT structural
response determination and evaluation, and additional insturments or

repositioning of measurements is felt to be unnecessary.

Hydraulic loads aséociated with nuclear LOCEs should be ho more
severe than those arising from nonnuclear LOCEs since the system flow
rates for each case (assuming equal break areas) are the ‘same. Decom-
pression Jloads for nuclear LOCEs should be somewhat smaller than those
for nonnuclear LOCEs, because the saturation pressure in the upper
plenum 1is higher for nuclear experiments (11.44 MPa 'nuclear LOCE,
6.62 MPa nonnuclear LOCE). It is concluded that no major differences in

structural response data are expected in the data from nuclear tests.
Results of this analysis indicate the subject system is adequate

for LOCE loads and further analysis with structural codes is deemed

unnecessary.
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TABLE IV

"+ SUMMARY OF ACCELEROMETER DATA
FOR EXPERIMENT L1-3A

Measured Détaga]» ‘ Predicted. Design
Device Acceleration, Frequency Acceleration, Acceleration
Number, ) (G). {Hz) (G) (G)

AE-BL2-1 0.7 30 0.6 0.67
ag-BL2-1LP] 1.6 500
AE-BL2-2. 0.6 10 1.2 1.63
Ag-BL2-2[P1. 1.9 - - 600
ae-gL3-1L¢] data invalid 1.3 8.60
Ag-gL4-1L9] data invalid. 2.3 4.86
ag-8L5-1L¢] . data invalid 2.1 5,55
AE-PC3-1 0.2 20 2.1 10.8
AE=PL3=]+ 0.8 125 2:1: 10.8
AE-PC3-1LP] 1.9 300
AE-PC3-2 0.9 40 2 13.1 -
ag-pc3-2001 2.3 300
ng-pca-3kel 0.3 - 60 S 10:9
Ag-pc3-3LP-e] 1.4 300
AE-PC6-1 1.8 00 .8 ' 7.0
ag-pce-1LP] 3.1 700
ne-pee-2Led 0.9 200 N 8.54
AE-PC6-2LP €] 4.2 900
AE-PC6-3 0.8 40 1.8 236
Ag-pce-3LP] 3.2, 400
AE-PC7-1- 0.2 - 25 1:4- 3.00 -
ag-pc7-2k¢d.. © -~ data, invalid 1.6 4.28
AE-PC7J3[TJ.‘ ... data invalid 1.6 2.59
ae-pcie-1891 . g5 80, 2.1 9.93
ag-pc16-1LP2€:91" 4 g 1000
AE-PC16-2 0.5 . 40 - L2+ 149
Ag-pc16-2LP] 0.9 300
ae-pci16-2LP] 1.2 500
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TABLE IV (continued)

. Measured Datal?] Predicted Design
Device Acceleration  Frequency- Acceleration Acceleration
Number (G). (Hz) (G) (G)
ae-pcis-3t€:91 g 3 30 1.0 1.3
Ae-pc16-3L0:€:91 5 g 400
AE-PC17-1 0.3 15 0.1 0.18
AE-PC17-1 0.1 100 0.1 ~0.18
AE-pc17-1LP] 2.8 700
AE-PC17-2 0.6 25 0.3 0.34
AE-pC17-2LP] 7.8 1000
ag-pc1g-109] 0.2 30 0.6 1.79
ag-pcig-1P:91 4 ¢ 800
AE-pC18-209] 0.4 60 0.7 - 2.15
ae-pcig-2[P:91 5 g 1000
ag-pc18-3L9] 0.3 25 0.4 3.57
ae-pc1g-3tP-91 4 5 600 -
AE-PC19-1L9] 0.2 100 0.6 2.08
ae-pc1o-100-91 g g 400
a-pc1o-1LP-93 4 ;4 700
AE-PC19-2L9] 0.4 50 0.8 2.49
aE-pc19-2tP291 5 g goo
Ag-PC19-3L9] 0.4 30 0.4 5.77
ae-pc19-3th:91 3 a00 . |
AE-RV1-) 0.2 20 0.1 0.21
ag-rv1-1LP] 1.6 . 350 |
Ag-Rv1-2LM] 0.3 13 0.0 0.21
Ag-Rv1-2LP] 1.8 350 '
AE-RV1-3 0.1 15 | 0.3 0.42
AE-Rv1-3LP] 2.0 350
AE-RV1-4 0.1 30 0.4 0.42
Ag-Rv1-4LP] 1.6 300 i
AE-RV1-5 0.1 13 0.4 0.42
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TABLE IV (continued)

Measured Data[a] Predicted Design
Device Acceleration  Frequency Acceleration Acceleration
Number (Q) (Hz) (G) ' (G) )

AE-Rv1-5LPT- 1.5 300 | |

AE-RV1-6 0.3 100 0.3 0.42

AE-Rv1-6LP] 2.1 . 350

fal Accuracy of tabulated data is poor due to its low magnitude rela-
tive to noise level.

[b] Acceleration believed to be local and/or high level noise, not
structural as displacements are less than.0.25 pm.

[c] Data have a bias zero sh1ft and/or the signal is h1gh1y nonsym-'
metric (indicating unbounded displacements). '

[d] Signal appears to be 60-Hz noise.

[e] Data are highly questionable due to nonsymmetric characteristics.

[f] Signal failed.

[g] High degree.of noise prior to time zero has definite effect -on
signal- after time zero, making results of data reduction. .
questionahle:

[h] Integration of the data -yields déflections which increase:in maghf*

tude: throughout the  subcooled blowdown state 1nd1cat1ng the data:

are invalid:
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Fig. 43 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-2).

41



UIN/IN

STRAIN

S0.

25.

-, d

-0.05 - 0.00 0.05 0.10 0.15 0.20
TIME AFTER RUPTURE (SECONDS)

Fig. 44 Strain at reactor vessel broken loop hot Teg nozzle (SE-BL9-4).
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Fig. 46 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-5).
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Fig. 47 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-6).
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Fig. 53  Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-1).
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Fig. 55 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-4).
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Fig. 56 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-5).
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Fig. 57 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-7).
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Fig. 60 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-2).
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Fig. 61 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-3).
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Fig. 64 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-6).
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Fig. 65 Strain at reactor vessel intact lToop hot leg nozzle (SE-PC5-7).
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Fig. 66 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-8).

40.
30.
L8 A ML B
> 1 |
T en !
4
- ]
D
L J
Z 0.
e
@
-
wn
0.
-10.
-0.05 0.00 0.05 0.10 0.15 0.20

TIME AFTER RUPTURE (SECONDS)

Fig. 67 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-9).
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Fig. 68 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-10).
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Fig. 69 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-11).
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Fig. 70 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-12).
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Fig. 71  Strain at steam generator inlet nozzle (SE-PC14-2).
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Fig. 72 Strain at steam generator inlet nozzle (SE-PC14-3).
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Fig. 73 Strain at steam generator inlet nozzle (SE-PC14-4).
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Fig. 74  Strain at steam generator inlet nozzle (SE-PC14-5).
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Fig. 75 Strain at steam generator inlet nozzle (SE-PC14-6).
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Fig. 76 Strain at steam generator inlet nozzle (SE-PC14-7).
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Fig. 77 Strain at steam generator inlet nozzle (SE-PC14-8).
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Fig. 78 Strain at steam generator inlet nozzle (SE-PC14-9).
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Fig. 79  Strain at sfeam generator inlet nozzle (SE-PC14-10).
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Fig. 80 Strain at steam generator inlet nozzie (SE-PC14-12)
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Fig. 81 Strain at steam generator outlet nozzle (SE-PC15-1).
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Fig. 82 Strain at steam generator outlet nozzle (SE-PC15-2).

150.
A
n ! ¥
100. < L
JA vy
1”
50. f
v
< 0. A _
LA 3 v
-50.
-0.05 0.00 0.05 0.10 0.15

TIME AFTER RUPTURE (SECONDS)

Fig. 83 Strain at steam generator outlet nozzle (SE-PC15-3).
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Fig. 84 Strain at steam generator outlet nozzle (SE-PC15-4).
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Fig. 85 Strain at steam generator outlet nozzle (SE-PCI15-5).
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Fig. 86 Strain at steam generator outlet nozzle (SE-PC15-6).
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Fig. 87 Strain at steam generator outlet nozzle (SE-PC15-8).
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Fig. 88 Strain at steam generator outlet nozzle (SE-PC15-9).
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Fig. 89 Strain at steam generator outlet nozzle (SE-PC15-10).
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Fig. 90 Strain at steam generator outlet nozzle (SE-PC15-11).
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Fig. 91  Strain at steam generator outlet nozzle (SE-PC15-12).
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Fig. 92 Strain at primary coolant pump outlet (SE-PC18-13).
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Fig. 93  Strain at primary coolant pump outlet (SE-PC18-14).
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Fig. 94 Strain at primary coolant pump outlet (SE-PC18-15).
2s5.
0.
Al
-25.
3
$
-50. | R
1
1 v
~75.
-0.05 0.00 0.05 0.10 0.15 .20

TIME AFTER RUPTURE (SECONDS)

Fig. 95 Strain at prima?y coolant pump outlet (SE-PC18-16).
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Fig. 96 Strain at primary coolant pump outlet (SE-PC18-17).
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Fig. 97 Strain at primary coolant pump outlet (SE-PC18-18).
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Fig. 98 Strain at primary coolant pump outlet (SE-PC18-19).
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Fig. 99 Strain at primary coolant pump outlet (SE-PC18-21).
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Fig. 100 Strain at primary coolant pump outlet (SE-PC18-22).
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Fig. 101 Strain at primary coolant pump outlet (SE-PC18-23).
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Fig. 102 Strain at primary coolant pump outlet (SE-PC18-24).
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Fig. 103 Strain at reactor vessel broken 1odp cold leg nozzle (SE-BL8-1).
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Fig. 104 Strain at reactor vessel broken loop cold leg nozzle (SE-BL8-2).
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Fig. 105 Strain at reactor vessel broken loop cold leg nozzle (SE-BL8-3).
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Fig. 106 Strain at reactor vessel broken loop cold leg nozzle (SE-BL8-4).
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Fig. 107 Strain at reactor vessel broken loop cold leg nozzle (SE-BL8-5).
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Fig. 108 Strain at reactor vessel broken loop cold leg nuzzle (SE-BL8-6).
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Fig. 109 Strain at reactor vessel broken loop cold leg nozzle (SE-BL8-8).

74



75.
|
i %

S50. 4
b4
> 25. 1
= L
= T
° L)
rd
— 0.
< 1
['4
-
" 1

-25. -

-50. -

-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0l7 0.8 0.9 1.0

TIME AFTER RUPTURE (SECONDS)

Fig. 110 Strain at reactor vessel broken 1oop cold leg nozzle (SE-BL8-9).
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Fig. 111 Strain at reactor.vesse1 broken loop cold leg nozzle (SE-BL8-11).
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Fig. 112 Strain at reactor vessel broken loop cold leg nozzle (SE-BL8-12).
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Fig. 113 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-1).
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Fig. 114 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-2).
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Fig. 115 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-3).
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Fig. 116 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-4).
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Fig. 117 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-5).
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Fig. 118 Strain at reactor vessel broken loop hot leg nozzle (SE-BL9-6).
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Fig. 119 Strain between pump and steam generator simulator (SE-BL27-2).
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Fig. 120 Strain between pump and steam generator simulator (SE-BL27-4).
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Fig. 121 Strain between pump and steam generator simulator (SE-BL27-5).
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Fig. 122 Strain between pump and steam generator simulator (SE-BL27-6).
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Fig. 123 SLrain between pump and steam generator simulator (SE-BL27-8).
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Fig. 124 Strain at reactor vessel intact loop cold leg nozz]é (SE-PC4-1).
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Fig. 125 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-2).
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Fig. 126 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-4).
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Fig. 127 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-5).
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Fig. 128 Strain at reactor vessel intact loop cold Teg nozzle (SE-PC4-7).
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Fig. 129 Strain at reactor vessel intact loop cold leg nozzle (SE-PC4-8).
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Fig. 130 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-1).
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Fig. 131 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-2).
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Fig. 132 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-3).
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Fig. 133 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-4).
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Fig. 134 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-5).
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Fig. 135 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-8).
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Fig. 136 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-9).
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Fig. 137 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-10).
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Fig. 138 Strain at reactor vessel intact-1oop hot leg nozzle (SE-PC5-11).
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Fig. 139 Strain at reactor vessel intact loop hot leg nozzle (SE-PC5-12).
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Fig. 140 Strain at steam generator inlet nozzle (SE-PC14-2).
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Fig. 141 Strain at steam generator inlet nozzle (SE-PC14-3).
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Fig. 142 Strain at steam generator inlet nozzle (SE-PC14-4).

100.

75.

50.

‘“‘in#___

25.

-295.
-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

TIME AFTER RUPTURE (SECONDS)

Fig. 143 Strain at steam generator inlet nozzle (SE-PC14-5).
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Fig. 144 Strain at steam generator inlet nozzle (SE-PC14-6).
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Fig. 145 Strain at steam generator inlet nozzle (SE-PC14-7).
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Fig. 146 Strain at steam generdtor inlet nozzle (SE-PC14-8).
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Fig. 147 Strain at steam generator inlet nozzle (SE-PC14-9).
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Fig. 148 Strain at steam generator inlet nozzle (SE-PC14-10).
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Fig. 149 Strain at steam generator inlet nozzle (SE-PC14-12).
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Fig. 150 Strain at steam generator outlet nozzle (SE-PC15-1).
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Fig. 151 Strain at steam generator outlet nozzle (SE-PC15-2).

95



UIN/IN

STRAIN

UIN/IN

STRAIN

100.

S0.

~-50.

60.

S0.

40.

30.

20.

10.

-10

Fig. 153 Strain at steam generator outlet nozzle (SE-PC15-4).
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Fig. 152 Strain at steam generator outlet nozzle (SE-PC15-3).
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Fig. 154 Strain at steam generator outlet nozzle (SE-PC15-5).
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Fig. 155 Strain at steam generator outlet nozzle (SE-PC15-6).
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Fig. 156 Strain at steam generator outlet nozzlie (SE-PC15-8).
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Fig. 157 Strain at steam generator outlet nozzle (SE-PC15-9).
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Fig. 158 Strain at steam generator outlet nozzle (SE-PC15-10).
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Fig. 159 Strain at steam generator outlet nozzle (SE-PC15-11).
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Fig. 160 Strain at steam generator outlet nozzle (SE-PC15-12).

10.

-20. —1

-3C.

-40.
-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
TIME AFTER RUPTURE (SECONDS)

Fig. 161 Strain at primary coolant pump outlet (SE-PC18-13).
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Fig. 162 Strain at primary coolant pump outlet (SE-PC18-14).
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Fig. 163 Strain at primary coolant pump outlet (SE-PC18-15).
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Fig. 164 Strain at primary coolant pump outlet (SE-PC18-16).
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Fig. 165 Strain at primary coolant pump outlet (SE-PC18-17).
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Fig. 166 Strain at primary coolant pump outlet (SE-PC18-18).
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Fig. 167 Strain at primary conlant pump outlet (5E-PC18-19)
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Fig. 168 Strain at primary coolant pump outlet (SE-PC18-21).
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Fig. 170 Strain at primary coolant pump outlet (SE-PC18-23).
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Fig. 171 Strain at primary coolant pump outlet (SE-PC18-24).
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