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FOREWORD

s document is intended to provide, at an early stage, definition of
test obiectives, confiquration, initial conditions, measurement
requirements, and scenario for the L7-1/L2-3 Loss-of-Fluid Test (LOFT)
Experiment. In addition, a discussion of special conditions and
requirements to meet test ohiectives is provided. The information provided
in this document should be used to initiate the Experiment Prediction (EP)
ind Fxperiment Safety Analysis (ESA) and to initiate planning of instrument
and data acquisition requirements and system confiquration modifications.
An Experiment Operating Specification (E0S) will be forthcoming to finalize

the speci 1] test re ']‘jX‘Y’“‘m(’“tgv
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EDD

[OFT EXPERTMENT DEFINITTON DOCUMENT
ANTICTPATED TRANSTENT WITH MULTIPLE FATLURES
TEST SERIES LI
NUCLEAR TEST L9-1/L3-3/L3-1A

1. INTRODUCT TON

In the event that a large pressurized water reactor {LPWR) experiences
1 loss of main feedwater and auxiliary feedwater is unavailable, an
overpressurization of the primary coolant system (PCS) results as steam
generator (SG) secondary heat removal capability degrades. No automatic
emergency core cooling (ECC) actuation signal is initiated because PCS
pressure remains above the ECC initiation setpoint. Furthermore, PCS
pressure remains above the shutoff head of low head-hich pressure injection
system (HPIS) pumps and retards significantly the injection rate of safety
arade injection HPIS pumps. A small hreak loss-of-coolant accident (LOCA)
will result as the power operated relief valves (PORVs) open to relieve PCS
pressure. If no action is taken to mitigate the loss of heat sink event,
the PORVs will cycle repeatedly thereby removing decay heat and reducing
PCS mass inventory until the core is uncovered. This transient mav prove
to be more severe than the normally analyzed design basis accidents.

Test L9-1 is designed to simulate a loss-of-feedwater induced
loss-of-coolant accident (LOFW-LOCA) through the PORV. Cfode calculations
indicate that without timely operator intervention engineered safety
features (ESF) alone are insufficient to prevent core damage in the ahsence
of auxiliary feedwater availability. The initiating event for Test L9-]
will he a manual trip o’ the main feedwater pump (!MFP).

Test L2-2 is desianed to simulate a tvpical LPWP LOFW-LOCA recovery
scenario with the exception that emergency core cooling actuation is
L e o R S . .
inhibited. Analysis indicates that core damage is averted by holding
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open the POPYs within a specified maximum time after SG dryout. The
initiating event for Test L3-3 is positioning the test PORV control switch
to "open". The test PORY capacity may he insufficient to prevent PCS
repressurization after holding open the test PORV and allowing the PCS to
depressurize to saturation. Therefore, the secondary heat sink will he

restored in Test L3-3 by refilling thr

|A-1A is intended to explore core thermal response under deqgraded core
coolinag conditions. The combination of operator actions described above is
expected to reduce PCS pressure such that ECC accumulator injection can
of fectively recover the plant. However, in order to attempt an independent
s1ow core uncovery divorced from the L9-1/L3-3 scenario, ECC accumulators
will be valved out commencing with holding open the test PORV. The
initiating event for test L8-1A will be 30°F superheat as evidenced by core
clatding thermocouples. During tnc core uncovery primary coolant pumps
(PCPs) will be restarted prior to final P°S recovery to assess their
ability to reestahlish flow in high void conditions and, subsequently, to
asscss the effectiveness of two-phase high quality forced convection on
core conling. The ECC nigh pressure injection system (HPIS) and low
pressure injection system (LPIS) will be inhibited throughout the combined

test scenario until final PCS recovery.

2. TEST OBJECTIVES

L9-):

The major proqgrammatic ohjective of Test L9-1 is to investigate a
multiple failure scenario potentially more severe than design basis

mmalysis. The test specific objectives are as follows.

1. To evaluate uncertainties in predicted primary and secondary
thermal-nvdraulic response associated with SG dryout during
delayed scram.
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o To evaluate the adequacy of the PORV to provide cverpressure
protection in a loss of feedwater accident (LCOFA).

0f the L3 Series objectives documented in the LOFT Experimental

Program Document (LEPD), those series obiectives addressed by L3-3 are:

To determine the important plant thermal, hydraulic, operational,
and neutronic phenomena during a variety of small break
loss-of-coolant accident (LOCA) tests in the LOFT facility.
Identify and explain unexpected behavior.

To evaluate the effectiveness of current plant recovery methods
to handle a small LOCA.

1. To determine the effectiveness of typical LPWR process
instruments in providing accurate information on transient plant

conditions.

To provide data to develop and test and Operatinnal Diagnostic
and Display System (0ODDS) by operation of the system during each

test.

The major proarammatic ohjective of Test L3-3 is to evaluate the

effectiveness of the PORV in mitigating the corsequences of LOFAs. The

tost specific obhjectives are as follows:

§s To investigate uncertainties in system response during PORY

imposed small break with loss of secondary heat sink.

To assess uncertainties in small break performance predictions
J
identified in NUREG 0623°.
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A. INTITIAL CONDITIONS

Initial core power level will be 50 MW. PCS pressure will be
2171 psia (14,97 MPa). PCS flow will be 2.8 x 106 Ibm/hr (478.8 KG/sec)
it a cold leg temperature of 542.5°F (5¢6.8 K). Pressurizer liquid level
will be A0 inches (1.0146 m). Steam generator level will be 126 inches

(2.7 m) above the tube sheet.
5. MEASUREMENT RENUIREMENTS

The following measurements are considered adeouate to characterize the

transient.

Nensities Upstream of Test PCFV
Intact Loop Hot Leg
Intact Loop Cold
Broken Loop Hot Leg

Broken Loop Cold Leg

Miss Flow Rates Upstream of Test POPV
Intact Loop Hot Leg
HPTS
LPIS
Feedwater
ECC Accumulator
Main Steam

Pressures Upstream & Downstream of Test PORV
Pressuri zer
Intact Loop Hot leg
ECC Accumulator
lpper Plenum

Feedwater

Steam Generator




Pressurizer (Liquid and Vapor Space)

. Temperatures Upstream & Downstream of Test PORV

Intact Loop Hot Leg

Intact Loop Cold Leg

Feedwater

Steam Generator (Primary and Secondary)
Cladding Thermocouples

Reactor Vessel (lpper and Lower Plenums)

Differential Pressures Primary foolant Pumps
Test PORY
Liquid levels Steam Generator

Blowdown Suppression Tank
Pressurizer
Accumumulator

Reactor Vessel

‘ Power /Peactivity Power Range Nuclear Instruments

Pretest.]

Pretest .2

L9-1.1

19-1.2

Intermediate Range Nuclear Instruments

Transient Reactivitv Meters

6. SENUENCE OF EVENTS

Operate at 50 MW for a duration sufficient to establish a decay

heat level not less than that corresponding to a minimum of

113 KW at 4000 seconds after shutdown.

Inhibit HPIS and LPIS on the LOCE control panel.

Initiate the test by tripping the MFP.

Allow the plant to scram under automatic PPS control on High Hot

Leqg Pressure or High Hot Leg Temperature.



L9-1.4

L3-3.1

L3-3.2

L8-1A.1

LB-1A.2

L8-1A.3

. L8-1A.4
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Upon scram initiation allow CV-PA-10 (steam control valve) to

operate automatically.

Allow pressurizer sprays and test PORV to cycle automatically.
Decnergize pressurizer heaters prior to holding test PORV open.

Hold open test PORV at a hot leg temperature of ~ 636°F such
that the resulting depressurization to saturation (~ 2000 psig)
will result in a PCS pressure greater than the ECC initiation
setpoint (1896 psiq). Then trip PCPs and allow them to coast
down on their flywheels. PCP injection will not be initiated
during the coastdown. Valve out ECC accumulators upon holding
open the test PORV.

Close the test PORV and initiate steam generator refill to avert
core uncovery above ECC accumulator pressure and allow the PCS

to depressurize to approximately 300 psig. Then reopen the test
PORV.

Mserve slow core uncovery as evidenced by 30°F superheat on any

two core cladding thermocouples.

Allow core inventory to deplete until mixture level recedes to
approximately 20 inches above core bottom as evidenced by 30°F
superheat on any two core cladding thermocouples within

20 + 4 inches or until the higheit reading core cladding

thermocouple on either PLSS or LECS indicates 1000°F.

Initiate PCP injection, close the test PORV and restart PCPs
within 10 seconds of satisfying the requirements of L8-1A.2
above. Continue PCP speed increase until core cooling is
indicated by decreasing cladding temperatures or until a PCP
limit is attained.

When core thermal trends have steadied initiate plant recovery
in accordance with ESA.
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7. DISCUSSION

fest L9-1 is designed primarily to address concerns stemming from
LOFW-LOCA analyses on LPWRs with minimum PORV capacity. Such analyses
indicate that in LOFA induced loss of secondary heat removal capability,
operator action is required to hold open PORVs within a specified maximum
time after SG dryout in order to avert a slow core uncovery ac.ident. The
distinguishing characteristic of this scenario is the magnitude of the
resulting P"S inventory depletion without subsequent depressurization to
FCC injection. Test L3-3 is initiated by a typical recovery scenario from
a postulated LOFW-LOCA. The test PORV will be held open allowing the PCS
to depressurize to saturation. The timing will be such that the resulting
PCS pressure will be above ECC initiation setpoint. The various
considerations leading to the development of the L9-1/L3-3 scenario
together with special operating conditions and scaling comparisons are

discussed in subsequent paragraphs as outlined below:

i Break Tvpe, Size, and Location

5 Delayed Scram Criteria

PORY Setpoints

g, Surge Line Configuration

5. LOFT/LPHR Scaling Comparison

6. LOFT/LPWR Heat Sinks/Sources Comparison.

7.1 Break Type, Size and Location

The Test L9-1 simulates a POPY induced LOCA. A 104.95 1bm/hr/MW
.caled PORY, geometrically similar to LPWR PORVs, will be installed
downstream of an instrumented spoolpiece. This valve size corresponds to

n
‘ an equivalent LPWR PORV flow area of 0.0182 ft.’
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7.2 Delayed Scram Criteria

At test initiatinn the MFP will be tripped and steam generator level
will be steamed down to reduce steam generator level to a minimum before
scram. The plant will scram on a high hot leg pressure or high hot leg
temperature trip due to loss of steam generator secondary side heat

transfer area.

The corresponding LPWR transient would trip on a low steam generator
water level signal. However, due to LOFT's lower than scaled power to
volume ratio equalling approximately two-thirds LPWR ratios, and LOFT's
lower than equilibrium decay heat level, it becomes necessary to deplete
steam generator inventory without reducing PCS enthalpy in order to
preserve the basic pressurizer insurge characteristic of this transient.
Al though other means of depleting steam generator inventory were
investigated, none were feasible. Therefore, the steam generator will be
steamed down with the reactor at power.

7.2 PORV_ Setpoints

The LOFT test PORV setpoints will be set to agree with LPWR PORY
setpoints; namely, 1ift at 2335 psig, reseat at 2315 psig. These setpoints
will allow easier correlation of break flow data to LPWR conditions. The
LOFT plant PORV {CV-P130-5-4) setpoints remain unchanged; namely, 1ift at

2810 psig, reseat at 2390 psig.

Since the corresponding LPWR transient would initially trip on steam
goenerator low level, the PORV would not actuate until steam generator
dryout subsequent to reactor shutdown. The intent of not allowing L2-1 to
trip on steam generator level is to advance the onset of steam generator
dryout with the reactor at power as discussed in Section 7.2. Therefore,

the relationship of the PORV setpoint to the hiah pressure scram setpoint
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1s not as critical as the typicality of the test PORV setpoint pressures.
Hence, the LOFT test PORV setpoint will not be reset below the high

ressure trip setpoint for Test LO-1.
|

7.4 Surge Line Configuration

The LOFT pressurizer surge line attaches vertically at the hot lea
centerline while that in the corresponding Westinghouse (W) LPYR attaches
horizontally at pipe midplane. The net effect of this atypicality is that
phase separation effects at the surge line will occur earlier in LOFT than
in W LPWRs. The LOFT transient, therefore, would contribute a higher
quality fluid to the surge line than would the LPWR during corresponding

periods after the hot leqg begins *o void.

7.5 LOFT/LPWR Scaling Comparison

e scaling criteria for the various LOFT systems for Test L9-1 are as

follows:

7.5.1 Break Size

The break size for L9-1 is not inherently scaled to LOFT geometry.
Rather, a relief capacity of 104.25 1bm/hr/MW was used corresponding to
minimum relief capacity in a generic Westinahouse (W) LPWR design. Data
from WCAP OZAA] indicates a W minimum PORV capacity of 358,000 1bm/hr at
7135 psiq and an equivalent flow area of 0.0182 ft.P

Since,

m G A, and G_ = G (x,P),
C

10



critical mass flow rate

critical mass flux
flow area

X quality

ind ascuming 1dentical upstream conditions and a test POFY relief setting

! ' 33 v']'.';‘ then

r

.
, 1.967 x 10" 1bm/ar/fte.

Therefore, applying the scaling factor of 104.95 1bm/hr/MW,

104.9° ( 4 .2
A - : 668 x 10 ft
iled , T
| { x 10
o, Primary Coolant System Flowrate
S . : v 6 ‘ .
ne nitial | flowrate of 3.8 x 10 Ibm/hr is higher than the
1led LPAR flowrate to conform with safety analysis requirements.

Preliminary analysis has shown that this difference does not significantly

nfluence overall system hehavior following break initiation.

1]
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7.2.5 Pressurizer Spray

e LOFT pressurizer volumetric spray flow rate of 20 qpm results in a
volumeric spray flow rate-to-pressurizer vapor volume ratio which is fifty
percent greater than LPWP ratios. LOFT's larger than scaled spray flow
increases spray effectiveness thus reducing dependence on the test PORV.
Mis effect is somewhat offset by LOFT's higher spray temperature.

7.5.6 Inlet Temperature

3,4,5,6 : .
used an inlet temperature of 530°F

LPWR audit calculations
and a AT of 5°°F. Since this AT cannot be matched in LOFT at the required
high flowrate, the inlet temperature was chosen to give a TAVE which

matched the audit calculations.

LOFT AT 4°F (at 3.8 x 106 Ibm/hr), and in the Audit Calculations,

&1 ? £n g°
IAV} 0 + ?— or § 5°F.

34 <
Therefore TIUL‘T LOFT = 559.5 - = = SM2.5°F.

5.7 Control Rod Position

The control rod position of 54 inches withdrawr provides peaking
factors representative of typical LPWPs and is consistent with rod heiahts

of previous tests.

7.5.8 Secondary Coolant System

Secondary heat transfer will be minimized during Test L9-1. The

following considerations affect the typicality of steam generator heat
transfer effects during SG refill in L3-3 and necessitate delayed scram

criteria for L9-1.



EDD

1. The LOFT steam generator tubes are too short to be prototypical,
‘ but the tube heat transfer area has been volume scaled to an LPWR.

2. The LOFT secondary coolant volume is approximately 30% larger

than the scaled LPWR volume.
i One LOFT steam generator represents four LPWR steam generators.
LOFT's Targer than scaled secondary coolant volume and smiiler than
scaled power-to-volume ratio necesr{tate depleting SG inventory as much as

possible before scram to conserve PCS energy.

7.6 Comparison of LOFT/LPWR Relative Heat Sources/Sinks

There is a potential that the size of the LOFT facility and the
scalirq of the LOFT components in relation to an LPWR will result in
nonprototypical results during an anticipated transiert/small break
loss-of-coolant accident test due o the effect of the verious heat sources

. or sinks in LOFT and their »slatiye magnitudes. A complete study of these
effects has not heen performed; however, selected heat sources and sinks
and their relative effect on results are discussed in this section.

7.6.1 Decay Heat

LOFT's lower than scaled decay heat and hicher than scaled structural
surf.ce area-to-fluid volume ratio comoine to produce a ‘rinsient which is
less severe thermally and places less demand on alternate means of energy
removal ; i.e., less dependence on the test PORY.

7.6.2 Energy Loss From Break

The LO-1 test PORV flow area was scaled to be representative of a

particular LPWR PORV capacity-to-core thermal powe= design ratio. Sinco
LOFT's break flow-to-decuy heat ratio will be higher than scaled due to

14
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LOFT's lower than scaled decay heat ratio and larger volume-to-power ratio,

a smaller fraction of PCS enerqy will be removed per unit mass of break

flow than in an LPWR,

'.6.3 Heat Loss

or Gain From the LOFT Piping and Structurals

LOFT has a higher relative structural and piping heat capacity than an

LPWR. This higher capacity will mean that the LOFT system heat source to
the primary from piping and structurals will be greater in the long term

transients than for an LPWR. This will have the effect of compensating to

LOFT

.

ome deqgree for the lower decay heat and higher environmental losses.

'.6.4 Heat Source From Primary Coolant Pumps

e LOFT primary ccolant pumps will be running during the test L°-]
blowdown. Heat will be imparted to the primary coolant during this phase
of the experiment, but it will be neaqliqible when compared to the core
decay heat. Imitially, the power to the primary coolant from the pumps
will he about 75 kW compared to an initial decay heat of about 4000 kW.

Primary coolant pumps will not be running during Test L3-3.

15
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