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The Multiloop Integral System Test (MIST) is part of a multiphase program
started in 1983 to address small-break loss-of-coolant accidents (SBLOCAs)
specific to Babcock & VWilcox designed plants MIST is sponsored by the

U. 8. Nuclear Regulatory Commission, the Babcock & Wilcox Owners Group, the
Electric Pover Research Institute, and Babcock and Vilcox. The uridque
features of the Babcock & Wilcox design, specifically the hot leg U-bende and
steam generators, prevented the use of existing integral system data or
existing integral facilities ro address the thermal-hydraulic SBLOCA
questions. MIST and two other supporting facilities were specifically
designed and constructed for this program, and an existing facility--the Once-
Through Integrai System (OTIS)--was also used. Data from MIST and the other
facilities will be used to benchmark the adequacy of system codes, such as
RELAP5S and TRAC, for predicting abnormal plant transients.

The MIST Program is reported in 11 volumes. The program is summarized in
Volume 1; Volumes 2 through 8 describes groups of tests by test type, Volume 9
presents inter-group comparisons, Volume 10 provides comparisons between the
calculations of RELAP5/MOD2 and MIST observations, and Volume 11 presents the
later Phase 4 tests. This Volume 11 pertains to MIST Phase 1V tests performed
to investigate risk dominant transients and non-LOCA events.
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1. INTRODUCTION

The Multiloop Integral System Test (MIST) Facility is a scaled 2-by-4 (two
hot legs and four cold legs) model of the Babcock & Wilcox lewered-loop
nuclear steam supply system. The project was sponsored by the Nuclear
Regulatory Commission, the Electric Power Research Institute, the Babcock &
Wiliox Owners Group, and Babcock & Wilcox. Experiments performed at the
Babcock & Wilcox Alliance Research Center provide integral system data to be
used in the verification of predictive best-estimate codes. The Phase 1]
test program, performed from June 1986 through Aigust 1987, examined the
impact of the boundary systems, break size and location, feed-and-bleed
cooling, steam generator tube rupture, noncondensible gas, and reactor
coolant pumps on small-break loss-of-coolant accident (SBLOCA) transients.
Additional tests in the Phase IV program explored the current operating
procedures for mitigating various accident conditions and investigated
possible alternative strategies.

The Phase IV test matrix, shown on Table 1.1., was composed of eight indivi-
dual tests. The tests included (1) risk dominant transients, (2) steam
generator performance, (3) plant transient scaling, and (4) SBLOCA transi-
ents.

The MIST facility required modifications for the performance of the Phase IV
test matrix. These modifications inciuded (1) adding a scaled low-pressure
injection (LPI) system, (2) installing leak sites to simulate reactor coolant
pump seal Tleakage, (3) increasing the cooling capacity at the cold leg
discharge leak site and the range of the leak flow rate measurement to
accommodate break sizes up to a scaled 100 em?, and (4) simulating main
feedwater (MFW) for flows of approximately 7% of scaled full-power.

The MIST Phase IV testing was performed from September 1987 through December
1987. The Rancho Seco scaling transient was the initial Phase IV test that
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was conducted. This transient was a forced circulation test, used the
reactor coolant pumps, and required the turbine flowmeters for flow rate
measurement, These flowmeters were in use at the conclusion of the MIST
Phase 111 Yest Program, and since the Rancho Seco scaling transient was the
only Phase 1V test that required forced circulation, it was scheduled to be
the first test pe~formed. A1)l loop modifications and the replacement of the
turbine flowmeters with the venturi flowmeters were performed after the

Rancho Seco test and before the remaining seven Phase IV tests were con-
ducted.

The Phase IV test matrix provided on Table 1.1 identifies the test type, date
conducted, and the test facility modification employed for the test. In
addition, reference is made Lo the Immediate Report that was written for each
individual test. The initial conditions for the MIST Phase IV transient

tests are listed in Table 1.2 and the steady-state conditions for the steam
generator performance test are provided in Table 1.4.

This report provides a description of the MIST test facility, test specifica-
tions, test conduct, observations obtained from each test, test comparisons,
and a summary of the MIST Phase IV Test Program.




Tabie 1.1. MIST Phase IV Test Matrix

Facility Modification Immediate Report

Test Number

Description

Type

_Employed

Date Conducted — Nymber

4NOML3

410AT3

410801

410082

458011

4SGPF2

4CR3TZ
4SECO2

Nominal Transient With Distorted
Core Power

10-cm? SBLOCA HWithout HPI ATOSG
Cooldown

10-cm? SBLOCA Without HPI Steam
Generator B8lowdown

Larger SBLOCA, 100 cm?
Station Blackout Transient
Steam Generator Performance Test

Crystal River 3 Scaling Transient

Rancho Seco Scaling Transient

SBLOCA
Risk dominant
and SBLOCA

Risk dominant
and SBLOCA

SBLOCA

Risk dominant
and SBLOCA

Steam generator
performance

Scaling
Scaling

tow-pressure injection

Low-pressure injection

Low-pressure injection

Leak discharge system
and low-pressure in-
Jection

Leak location at reac-
tor coolant pump

Main feedwmater

Nov. 17, 1987

Nov. 12, 1987

. 1, 1987

. 11, 1987

. 28,

BAN-20i7

BAW-1973

BAW-2019

BAN-2922
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Primar ition
Core power, kW
Pressure, psia

Table 1.2.

MIST Phase IV Test Initial Conditions

Hot leg inlet temperature, F Hot leg A

Core exit subcooling, ©

Hot leg B

Reactor vessel inlet temperature, F

Cold leg flow rate, 1bm/h

Pressurizer level, ft
ndary Conditi

Pressure, psia

Level, ft

Feedwater flow rate 1bm/h
Feedwater temperature, F
Steam flow rate, ibm/h

Steam temperature, F

Cold leg Al
Cold leg A2
Cold leg Bl
Cold leg B2

Steam generator
Steam generator

Steam generator
Steam generator

Steam generator
Steam generator

Steam generator
Steam generator

Steam generator
Steam generator

Steam generator
Steam generator

*Downcomer flow rate = 17036 lbm/h.

**Test 4SECO2 used main feedwater.

> o» P>» mB>» o> |M>

4NOML3 4]0AT3 410BD1 410082 4SBO01] 4CR3T2 4SECO2
129.2 133.6 134.6 1345 1348 1'28.1 273.2
1735 1730 1743 1743 2004 1908 2219
591 592 593 593 594 587 594
591 592 594 594 595 589 594
23.4 22.6 24.2 24.1 42.8 41.7 55.0
545 544 544 544 544 539 552
1717 1747 1762 1763 1751 1710 NA*
1676 1708 1721 1716 1704 1673 NA
1814 1832 1836 1833 1838 1818 NA
1762 1784 1793 179¢ 1789 1774 NA
22.4 23.0 22.9 22.9 23.0 21.4 24.9
1014 1013 1013 1013 1013 986 1071
1015 1013 1013 1013 1012 985 1075
3.5 4.0 5.4 4.6 5.1 9.9 27.6
3 4.2 52 4.7 5.4 10.0 9.6
159 165 170 171 187 160 -
165 172 173 173 172 162 -
122 119 120 123 113 120 459**
123 121 121 124 113 121 459**
159 166 170 170 168 159 534
163 169 170 171 170 165 540
581 580 580 580 581 576 593
521 581 581 581 582 576 593

The other tests in this table used auxiliary feedwater.




Table 1.3. MIST Phase IV Test 4SGPF2 Steady-State Conditions

— Hain Feedwater Tests Auxiliary Feedwater Jests
S6 tevel S6 tevel S& tevel S& Level S6 Level SG Level SG Level 56 Level

19 ft _26 ft 33 ft 40 ft 4c ft 33 ft 26 ft 19 ft

Primary Conditions

Core power, kW
Pressure, psia

Hot leg inlet temperature, F Hot leg A
Hot leg 8

Core exit subcooling, F
Reactor vessel inlet temperature, F

Cold leg flow rate, 1bm/h Cold leg Al
Cold leg A2
Cold leg BI
Coid leg B2

Pressurizer level, ft

Secondary Conditions
Pressure, psia Steam generator A
Steam generator B

tevel, ft Steam generator
Steam generator

Feedwater fiow rate lbm/h Steam generator
Steam generator

Steam generator

Steam flow rate, Tbm/h Steam generator
Steam generator

Steam temperature, F Steam generator

A

B

A

B

Feedwater temperature, F Steam generator A
B

E

B

-

Steam generator 8




2. FACILITY DESCRIPTION

2.1. Introduction

MIST was a scaled, 2-by-4 (2 hot legs and 4 cold legs) model of a B&W,
lowered-loop, nuclear steam supply system (NSSS). MIST was designed to
operate at typical plant pressures and temperatures. Experimental data

obtained from this facility during post-SSLOCA testing are used for computer
code benchmarking.

The reactor coolant system of MIST was scaled according to the following
criteria, listed in order of descending priority: elevation, post-SBLOCA
flow phenomena, component volume, and irrecoverable pressure drop. MIST
consisted of two 19-tube, once-through steam generators; reactor; pres-
surizer; 2 hot legs; and 4 cold legs each with a scaled reactor coolant pump,

Other loop components in MIST included a closed secondary system, 4 simulated
reactor vessel vent valves (RVVVs), a pressurizer power-operated relief valve
(PORV), hot leg and reactor vessel upper-head vents, high-pressure injection,
core flood system, and critical flow orifices for scaled leak simulation.
Guard heaters, used in conjunction with passive insulation to reduce model
heat loss, were included on the steam generator secondaries and on all

primary coolant components. The system was also capable of noncondensible
gas addition at selected loop sites.

The approximately 850 MIST instruments were interfaced to a computer-control -
led, high-speed data acquisition system. MIST instrumentation consisted of
measurements of temperature, pressure, and differential pressure. Fluid
level and phase indications were provided by optical viewports, gamma
densitometers, conductivity probes, and differential pressures. Mass flow
rates in the circulation loop were measured using venturis or turbine meters
and at the system boundaries using Coriolis flowmeters and weigh scales.
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MIST was a scaled, full-pressure, experimental facility arranged to represent
the B&W lowered-loop plant design. Like the plant, MIST was a 2-by-4
arrangement with 2 hot legs and 4 cold legs, as shown in Figure 2.1. MIST

was designed for prototypical fluid conditions, with emphasis on being leak-
tight and minimizing heat loss.

M ign

Scaling of MIST followed the approach and priorities used for oTIs); that is,
elevation, post-SBLOCA phenomenon, component and piping volumes, and irre-
coverable pressure losses. MIST was at full elevation throughout. The only
elevations compromised were the top of the pressurizer, the top plenum of the
reactor vessel, the inlet and outlet of the steam generator plenums, and
several incidental, stagnant fluid zones. Key interfaces were maintained --
these included the hot-leg, U-bend spillover; upper and lower tubesheets of
the steam generator (secondary faces); cold-leg low point; pump discharge;

cold- and hot-leg nozzles; core (throughout); and points of emergency core
cooling system (ECCS) injection.

Two-phase behavior during voiding of the hot-leg U-bend and flow interruption
was sufficiently prototypical; that is, both the plant and the model were
expected to encounter phase separation early in the post-SBLOCA transient.
Hot leg pipes in MIST were large enough to admit bubbly flow.

Fluid volume was 40% larger than power-to-volume scaling would dictate; the
hot legs, cold legs, and upper downcomer were oversized. This atypicality
was imposed by the pre\iously described two-phase characteristics and by
considering component irr ~overable pressure losses. The excess volume of
the hot leg slowed the rate of level decrease for power-scaled draining and
similarly retarded the rate of level increase for power-scaled injection.
Although the excess volume of loop “luid delayed system heatup and cooldown,
this effect was minor compared to the long-term impact on system energy of
leak versus high-pressure injection (HPI) cooling. The concentration of
excess volume in the piping runs decreased fluid velocities in the hot legs
and cold legs and therefore lengthened the transit time of Tloop fluid.
Irrecoverable pressure drops were well preserved.




The MIST core and steam generators were full-length subsections of their
plant counterparts. As shown on Figure 2.2, the core consisted of a 7-by-7
array of 45 full-length, 0.430-inch-diameter heater rods and four simulated
incore guide tubes. Plant-typical fuel pin pitch and grid geometry were
used. [he simulated rods were capable of full-scale power output but were
limited to approximately 10% of scaled power for the planned MIST testing.
(The ratio of plant power to MIST power was 1:817.) A fixed, axial heat flux
profile (peak-to-average flux ratio = 1.25) and a flat, radial heat flux
profile were used.

The steam generators, shown in Figure 2.3, each contained 19 full-length
tubes. The tubing diameter (5/8-inch 0D), material, and tube bundle’s
triangular pitch (7/8 inch, tube centerline to centerliine) were prototypical.
The geometry of the iube support plant (TSP) was similar to the plant and
provided equivalent characteristics of irrecoverable pressure loss.

The hot legs used 2.5-inch, schedule-80 piping (2.32 inch ID). This diameter
admitted bubbly flow and approximated the irrecoverable pressure loss of a
plant hot leg. With the schedule-80 piping, the metal-to-fluid volume ratio
in MIST was only 20% greater than that of the plant. The horizontal runs in
the hot leg, as noted in Figure 2.1, were approximately 1 foot long to
accommodate the gamma densitometers. The hot-leg U-bend maintained pipe
diameter; a ].61-foot bend radius was used to conform to the model system
layout. The elevation of the hot leg U-bend spillover was prototypical.
Phase separation at the U-bend was predicted to occur at approximately 18% of
full power versus 8% in the plant. Beyond the U-bend, the hot leg piping in
the model extended 12 feet (versus 1.5 feet in the plant) to span the height
of the plant steam generator’s inlet plenum.

The four cold legs preserved elevation throughout. Two-inch, schedule-80
piping (1.939-inch ID) was used primarily to match irrecoverable pressure
drop. This piping size also preserved the cold-leg Froude number, which
influences the mixing of HPI and RVVV fluid streams. The cold leg horizontal
piping runs were shortened, but the slope of the plant cold leg discharge
piping was approximately maintained. HPI was injected into the sloping pipes
at the appropriate elevation; the diameter of the model HPI nozzle was
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selected to preserve the ratio of fluid momentum between the cold leg and
HPI.

A model reactor coolant pump was mounted in each cold leg. Suction and
discharge orientations were prototypical. The pumps delivered single-phase
scaled flows at plant-typical heads, allowed for simulated pump bumps by
matching the plant pump spinup and coastdown times, and permitted operation
under single- and two-phase conditions. However, the pumps preserved neither

specific speed nor the two-phase degradation characteristics of the nlant
pumps.

The MIST reactor vessel employed an external annular downcomer, as shown in
Figure 2.1. Cold-leg coupiing was restricted by using fins in the downcomer
annulus to form quadrants, as noted in Figure 2.4. The annular gap was 1.4
inches; the gap at each fin was 0.4 incnes. Each downcomer quadrant was
connected to a separate RVVV simulation and cold leg. The two nozzles on the

core flood tank were connected at the interface between two downcomer
quadrants,

The geometry of the model downcomer was annular down to the elevation ot the
top of the core. Just above the top of the core, the downcomer was gradually
reconfigured to form a single pipe for the remaining elevation. The lower
downcomer region obtained roughly power-scaled fluid volume over the eleva-
tion of the core. Four model RVVVs were used to simulate eight plant
valves.2  The MIST RVWs could be controlled individually or 1in unison.
Individual controllers provided automatic actuation of the valves on the
upper plenum to downcomer-quadrant pressure differences. The MIST RVVVs thus
provided the head-flow response of the plant valves. But partizally open
operation was not possible in MIST; therefore, detailed valve dynamics of the
plant flapper valves were absent.

The MIST pressurizer was power-to-volume scaled and contained heaters and
spray. The lower pressurizer elevations were prototypical, as were those of
the surge line. The model pressurizer height was reduced from that of the
plant to increase the diameter, thus lessening atypical fluid stratification
and the likelihood of spray impinging the vessel wall.
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One core flood tank was used in MIST. This tank was power-to-volume scaled
to represent the two plant tanks. The model tank was installed vertically,
with the bottom of the tank at a prototypical elevation. The injection line
from the tank to the nozzle on the downcomer was sized to preserve plant-
typical irrecoverable losses, and the nozzle was sized to maintain the plant

ratio of (core-flood) injected fluid momentum to the downcomer fluid momen-
tum.

2.3. Boundary Systems

The MIST boundary systems were sized to power-scale the plant boundary
conditions, HPI, LPI, and auxiliary feedwater (AFW) head-flow characteris-
tics were based on composite plant characteristics Scaled model vents were
included in each hot leg and in the reactor vessel upper head. Controlled
leaks were located in the cold leg suction and discharge piping and at the
upper and lower elevations of steam generator B (for tube rupture simula-

tion). The desired vent and leak flow rates were obtained using critical
flow orifices of power-scaled areas.

2.4. Heat Losses and Guard Heaters

MIST was designed to minimize heat losses from the reactor coolant system,
Fin effects (instrument penetrations through the insulation) were minimized
by using 1/4-inch penetrations for most of the instrumentation. Heat losses
due to conduction through component supports were minimized by designing the
supports to reduce the cross-sectioned area and by placing ceramic blocks
between load-bearing surfaces. The reactor coolant system piping and vessel
were covered with passive insulation, guard heaters, and a sealed outer
Jacket (to prevent chimney effects). The insulation arrangement is i1lus-
trated in Figure 2.5. The guard heaters were divided into 42 zones, each
controlled by a zonal temperature difference and a pipe metal temperature.
This system provided a differential temperature control as a function of
temperature. Detailed finite-difference analysis of the insulation system
indicated that heat loss was strongly dependent on metal temperature and
weakly related to fluid state. The control temperature difference required

to minimize heat losses was determined experimentally at several loop
temparatures.
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However, the guard heaters did not compensate for all the loop heat losses.
For example, large local losses at the gamma densitometers and viewports were
not compensated. Had these local losses been compensated, the requisite
increased metal temperature would have generated atypically large metal
stored energy. The total MIST primary system heat loss at 650F was approxi-
mately 18 kW or 0.55% of scaled full power. This heat loss was attributable
to the previously discussed uncompensated heat losses.

2.5. Instrumentation

The MIST instrumentation was selected and distributed based on the input from
experimenters and code analysts. This instrument selection process consider-

ed the needs of code benchmarking, indication of thermal-hydraulic phenomena,
and svstem closure.

The approximately 850 MIST instruments were interfaced to a computer-control-
led, high-speed, data acquisition system. MIST instrumentation consisted of
measurements of temperature, pressure, and differential pressure. Fluid
level and phase indications were provided by optical viewports, conductivity
probes, differential pressures, and gamma densitometers. Mass flow measure-
ments at the system boundaries were made using Coriolis flowmeters and weigh
scales. Mass flow rate measurements in the loop were performed with venturis

or t oines. Tables 2.1 and 2.2 provide a summary of the MIST instrumenta-
tion by component and instrument type.

The largest grouping of instrumentation was in the two steam generators.

About 250, or 30%, of the instruments were located in these two components.
The steam generator instrumentation provided for the measurement of fluid
temperature, metal and differential temperature, total guard heater power,
differential pressure, gauge pressure, and conductivity (for void determina-
tion). The allocation of instruments to the steam generator. resulted from
the judgement that observations of AFW wetting effects and steam generator
heat transfer were of major importance. Several other micro- and multidimen-
sional phenomena were also of considerable interest: noncondensible gas
blanketing of primary tubes, intermictent radial advancement of condensation

fronts in the region of the AFW nozzle, and boiler-condenser heat transfer in
the region of the secondary pool.




The core and RVVY instrumentation measured fluid temperature, metal and
differential temperature, total guard heater and core power, conductivity
(for void determinatiun), and gauge and differential pressures. The core
instrument distribution concentrated on the axially varying parameters. A
flat, radial heat flux profile was used in the core, and radial maldistribu-
tion of inlet flow was expected to result in enly minor variations of
enthalpy. Therefore, the rajority of the incare temperature instrumentation
was located in a single, interior flow channel. Radial temperature varia-
tions at the core outlet wire recorded, but with a limited number of instru-
ments. The core instrument allocatien provided core heat input, inlet and
exit fluid properties, and fiuid gradients within the reactor vessel. In
addition, collapsed le'els oni regional void fractions were available.
Single-phase vent valve mass fluw rates were also available.

Downcomer instruments measured fluid temperature, metal and differential
temperature, tota: guard heater power, and differential pressures. Forty
fluid thermocouples were concentrated in the upper downcomer, detailing
mixing information for the RVVWV, core flood, and cold leg streams. Six
additional fluid thermocouples were spaced uniformly in the lower downcomer

to indicate the extent of mixing as the fluid left the upper downcomer,
Jowncomer flow rate was measured using & venturi.

Table 2.1. MIST Instrumentation by Component

Number of
Component Instruments

Cold legs 169
Core flood 7
Hot legs 121
Pressurizer

Primary boundary systems

Reactor vessel and core

Steam generators

Steam generator feedwater

and steam circuit

TOTAL




Table 2.2 MIST Instrumentation by Measurement Type

N 9+ of
. Measurement Type Inst) aoents
! Conductivity probes 16
; Cooled thermocouple 4
% Differential pressure 136
: Differential temperature 42
fluid temperature 392
fiamma densitcmeter 12
Limit switches &0
Mass flow 9
Metal temperature 69 _
: Miscellaneous 15 i: "
i Power 48 % -
Pressure 9 %
Volumetric flow 4 s
" TOTAL 856

Cold leg instrumentation provided fluid and meta) temperatures, differential

temperaturec, totai guard heater power, and differential pressures. Gamma

| densitometers were also used. Coid leg flow retes were weasured using g
f venturis locuted in the suction piping of each cold leg. For tests requiring i
T full forced flow, turbines were used in place of the venturis. In aadition,

- the reactor coolant pump power, speed, and head rise were measures,

Special instrument groupings, thermocouple rakes, and Gamm: densitometers
were ins. :1led in the cold legs upstream and downstream of the HPI injection
points to indicate thermal stratification, density, and veid fractron near
the junction of the cold legs and downcomer.

Hot leg instrumentation measured fluid and metz] temperatures, differential
temperatures, total guard heater power, and diffevential pressures. Void
measurements using gamma densitometers and conductivity probes were also ]
made. In adaition, viewports provided visual date to assess the local flow
regime. Tne density of the hot Teg instruments provided detailed fluid
temperatnure gradients, loc:l void fracticrns, and overall collapsed level. A




4

conductivity probe, combined with local differential pressures in the ‘-bend
region, provided additional information regarding loop ref<1) and spillover.
Gamma densitometers in the hot leg horizontals downstream of the reactor
vessel’'s outlet nozzle and viewports in the 29-foot elevition and at the U-
bend high points provided information regarding fluid state and flow condi-
tions, A fifth and sixth viewport in the hot leg horizontals near the
densitometers probed the developing flow regimes upstream of the vertical hot
leg piping.

The boundary systems, which included WPI, LPI, leaks, vents, and gas addi-
tion, were provided with fluid thrermocouples, absolute and differential
pressure transmitters, mass flowmeters, and weigh scales. These inst.uments
provided mass and energy closure for the facility., Additional ‘nformation
regarding the design and instrumentation of MIST may be found in the Facility
Spe(if\cation3 and in the Instrument Report.‘
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3. TEST SPECIFICATIONS

The cpecifications for the MIST Phase IV tests have been extracted from the
MIST Phase !V Test Specifications, BAW-2020, April 1988 (reference 5). The
test specifications in this section are presented in the same order as the
test observations are presented in section 5.

- - -

Test 4NOML3 is a repeat of the MIST Phase 111 Nominal Test with modified
post-trip power and ATOG cooldown rates. This test complements the Phase 1!1
results, as well as the twoe scaling transient tests that feature the similar
modified core power conditions. The LPI system, added to the MIST facility
for Phase IV, will provice a more realistic simulation of the ECCS during low
reactor coolant system (RCS) pressure than was previcusly availabie.

.11, Purpose

This test provides data for a 10-cm? break LUTA. The test is to be initial-
ized and performed so that the results can be compared to the MIST Nomina)
Test. The results will be useful in providing benchmarking data for the .ode
analysts and will provide insight into the scaling compromises that are known
to exist in the facility. In particular, the piping and steam generator
metal masses, the tctal primary system volume, and AFW wetting atypicalities
are believed to have the greatest likelihood of influencing the test results,
In order to compensate for the excess primary fiuid volume of the facility, a
time distortion will be applied to the core power function. Many of the
major ponst-SBLOCA phenomena are anticipated to be experienced. These
phenomena include depressurization to saturation, intermittent and interrupt-
ed loop flow, BCM, refill, and post-refill cooldown. However, the timing for
each phenomenon and the mechanisms by which the transient is concluded are
expected to be dissimilar to those of the Nominal Test,
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3.1.2. Steady-State Pretest Conditions

The loop is to be in the natural circulation testing configuration i.e., with
the venturi flowmeters installed and the turbine meters removed. The system
is to be held in steidy state for 10 minutes or more prinr to test initia-
tion. The initial conditions for this steady-state period are listed in
Table 3.1. Specified as well as derived conditions are provided. The
derived conditions are for information only and should nut he interpreted as
control parameters. The primary is to be in subcooled natural circulation at
3.5% of full power plus 0.%% to offset the losses to amhient (see Table 3.2
for conversion factors). This augmentation is the same as was used in the
Phase 111 Nominal test but different than that used - Lther Phase IV tests
and will result in slightly different initial conditions. The secondary
pressures are to be 1010 psia. The pressurizer is contrelled to obtain
approximately 1750 psia primary pressure with a 4.6-ft leve! within the
pressurizer [22.6 ft reletive to the secondary face lower tubesheet (SFLTS)].
The pressurizer spray control valve is manually closed. The PORV is in the
automatic overpressure control mode as described in Appendix E of reference
6. The resulting primary flow rate will be approximately 4% of full primary
flow with cold leg temperatures of approximately S5S50F. The primary boundary
systems are inactive. The RVVVs are manually closed. The core flood tank is
charged to 600 psia using nitrogen as a cover gas with a level of 42.8 ft and
has been recirculated (the MIST core flood tank is kept isolated until the
primary system depressurizes below 650 psia). The steam generator secon-
daries are initialized with auxiliary feedwater. The secondary levels are
maintained at 3.5 ft, using the high-elevation minimum-wetting feedwater
nozzles., The feedwater temperature is approximately 110F. The primary
power-to-flow ratio will be approximately unity, obtaining a hot leg fluid
temperature of about 595F. The initial primary subcooling is then the
saturation temperature at 1750 psia (617F) less the hot leg tempcrature, or
22F. If the actual initial hot leg temperature results in an initial
subcooling other than 22F, then the initial primary pressure is to be
adjusted to obtain 22F subcoc' :.g. The surge linc fluid temperature is to be
within 5F of the hot leg temperature. As an indication of steady-state, all

fluid and metal temperatures are to be varying less than 3 and 10F/h,
respectively.
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Quantity

Core power**

Primary flow

Primary pressure

Hot legy inlet temperature
Cold leg exit temperature
Core exit subcooling
Pressurizer level**+

Surge line temperature

Secondary flow

Secondary pressure

Auxiliary feedwater temperature
Secondary levels**+

Core flood tank pressure

Core flood tank level***

Fluid temperature gradients

Metal temperature gradients

22F
22.6

Hot leg
temp., F

1010 psia
110F

3.5

600 psia
42.8 ft
0F/h

0F/h

0.

10
20
1

10
0.
3

10

2

3

&%

1750 psia
595F

550F

2%

*Derived quantities are for information only and should not be interpreted

as control specifications.

**Augment core power by 0.4% to compensate for heat losses to ambient.

***A11 levels are relative to the secondary face of the lower steam generator

tubesheet .
Tavle 3.2. Nominal Test Conversion Factors
Cor. Power 1% Scaled Full Power = 33 kW
Primary Flow 1% Scaled Full Flow = 1660 1bm/h
Secondary Flow 1% Scaled Full Flow = 138 1bm/h
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2.1.3. Initiation

The test is started after recording at least 10 minutes of steady-state data.
o The test is initiated by performing the following actions:

1. Open the 10-cm® Bl CLD leak. Use the same leak orifice as Test
2109AA.

2. Log the test initiation time,
yY | 3. Confirm that the pressu.‘ar heaters have tripped on low level.
N

After the pressurizer has drained to 18.9 ft (SFLTS), the following actions
should be performed as simultaneous as possible i.e., within an elapsed time
3 of approximately 20 seconds.

1. Actuate the auxiliary feedwater system to raise the steam generator
secondary levels to 31.6 ft.

2. Actuate the high-pressure injection system.

3. Actuate the core power decay ramp.

4. Switch control of the reactor vessel vent valves from manual to
automatic "independent" control (open/close setpoints of 0.125/0.04
psi).

ﬁ 5. Actuate the ATOG secondary pressure control as described in Appendix
N C of reference | but with a cooldown rate of 74F/h when the tempera-
ture difference is greater than 0 but less than 50F. In addition,
the depressurization rate whenever the temperature difference is
less than OF is to be 37 psi/min

6. Actuate the low-pressure injection system,

7. Actuate constant secondary level control when secondary levels reach
31.6 ft,

The core power decay function (see Figure 3.1 and Table 3.3) is modified,

distorting time by a factor of 1.36, which is the MIST-to-ideal primary fluid
volume ratio.

3.1.4. Control During Testing

The boundary system simulations activated during test initiation are largely
automated and will be identical to those used on the MIST Phase III Nominal
Test, with the addition of the low-pressure injection system characterized by
Figure 3.2 and Table 3.4. Manual control of the PORV after automatic
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Table 3.2. Test 4NOML3, Post-Trip Power (Cont’'d)

Line (min)* r (%)
9.0 2.2340
10.0 ?2.190%
20.0 1.9123
40.0 1.6036
60.0 1.4076
80.0 1.2796
100.0 1.1912
200.0 0.96734
300.0 0.8A843
400.0 0.81359
500.0 0.76772
600.0 0.74014
700.0 0.71849
300.0 0.69791]
900.0 0.67932
1000.0 0.66385

*Time zero is actual decay power at 1 minute 40 seconds after reactor trip
divided by 1.36.

**Powey 16 calculated by the relationship

PeP (Time/1.36 + 1.667)
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opening, WPl throttling upon loss of subcooling margin (SCM), as well as
core flood tank (CFT) isolation are to be performed as outlined in reference
6.

L.1.5. Termination

The test may be terminated based on specific loop conditions, but delayed at
the discretion of the test engineer. The termination time is to be entered
into the test log. The test may be terminated if any of the following
conditions are satisfied:

1. If the RCS pressure is less than 200 psia continuously for 2 hours.
2. 1f 11 hours have passed since leak initiation.

The entire loop should be refilled prior to termination in order to complete
the mass closure calculations. Therefore, if the second termination criteri-
on 1s required, then refill of the loop should be attempted for 30 minutes
using the available boundary system simulations. If refill is not achieved
after 30 minutes, then the primary system is to be refilled without regard to
the constraints of the boundary systems,

3.1.6. Acceptance Criteria

1. At least 10 minutes of steady-state data are recorded at the specified
initial conditions.

2. Test initiation is performed as specified.

3. The specified boundary system control settings are maintained throughout
the test.

4. Test termination is performed as specified.

§. A1l critical instrument data as specified in Appendix F of reference €
and Table 3.5 are recorded at intervals of 10 seconds or less throughout
the test.

Table 3.5. Additional Critical Instrumentation

LPLSO1 - ‘Pl isolation valve limit switch
LPMMO1 - LPI total mass flow rate

LPMM2]1 - LPI total mass

LPTCO]l - LP] fluid temperature
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3.2. Test 410AT3 -- 10-cm? SBLOCA Without WP1, ATOG Cooldown

Test 410AT3 examines an SBLOCA transient without the benefit of the high-
pressure injection system (HP1). The ultimate refill and stabilization of
the loop must be accomplished by the core flood and LPI system, which has
been added to the MIST facility for Phase IV testing. The Phase IV test
matrix includes two tests of this type. The first test, 410AT3, will include
a 10-ca? leak and utilize standard abnormal transient operating guideline
(ATOG) control schemes i.e., constant steam generator secondary level and
ATOG secondary pressure control. In the second test, 410BD1, a different
steam generator secondary pressure strategy will be employed. The operator
will start a 50-psi/min blowdown of the secondary system 30 minutes after
test initiation.

3.2.1. _Pyrpose

This test examines the impact of the absence oi HPI system flow on the MIST
Nominal Test i.e., » 10-cmé Bl CLD Teak, full auxiliary feedwater (AFW) and
LPI, no ne condensible gas (NCG), reactor coolant pumps (RCPs) not available,
automatic RVVV actuation on differential pressure, automatic guard heater
control, constant steam generatsr level control (after steam generator
refill), and symmetric steam generator cooldown. The test is to be initial-
ized and performed so that the results can be compared to the MIST Nominal
Test. Many of the major post-SBLOCA phenomena are anticipated to be experi-
enced. These phenomena include depressurization to saturation, intermittent
and interrupted loop flow, BCM, refill, and post-refill cooldown. However,
the timing for each phenomenon as well as the mechanisms by which the
transient is concluded are expected to be dissimilar to those of the Nominal
Test.

3.2.2. Steady-State Pre*est Conditions

The loop is to be in the natural circulation testing configuration i.e., with
the venturi flowmeters installed and the turbine meters removed. The system
is to be held in steady state for 10 minutes or more prior to test initia-
tion. The initial conditions for this steady-state period are listed in
Table 3.6. The primary is to be in subcooled natural circulation at 3.5% of



S—— 1) AR

Core power** 3.5%

Primary flow

Primary pressure

Hot leg inlet temperature

Cold Yeg exit temperature

Core exit subcooling 22F

Pressurizer level*** 22.6 ft

Surge 1ine temperature Hot leg
temp., F

Secondary flow

Secondary pressure 1010 psia

Auxiliary feedwater temperature 110F

Secondary levels*** 5 ft

Core flood tank pressure 600 psia

Cere flood tank level**+ 42.8 ft

Fluid temperature gradients 0F/h

hetal temperature gradients OF/h

0.2

10
20
1
10
0.3
3
10

@

1759 psia
595F

550F

*Derived quantities are for information only and should not be interpreted

as control specifications.

**Augment core power by 0.57% to compensate for heat losses to ambient.

***A11 levels are relative to the secondary face of the lTower steam generator

tubesheet .
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full power plus 0.57% to offset the losses to ambient (see Table 3.2 for
conversion factors). This augmentation is greater than that used in the
Phase 111 Nominal Test (0.4%) and will result in slightly different initial
conditions. The secondary pressuces are to be 1010 psia. The pressurizer is
controlled to obtain approximately 1750 psia primary pressure with a 4.6-ft
Tevel within the pressurizer (22.6 ft relative to SFLTS). The pressurizer
spray control mode is described in Appendix E of reference 6. The resulting
primery fiow rate will be approximately 4% of full primary flow, with cold
leg temperatures of approximately S550F, The primary boundary systems are
inactive. The RVVVs are manually closed. The core flood tank is charged to
6N0 psia using a nitrogen cover gas with a level of 42.8 ft and has been
vecirculated (the MIST core flood tank is kept isolated until the primary
system depressurizes below 650 psia). The steam generator secondaries are
initialized with auxiliary feedwater. The secondary levels are maintained at
5 ft using the high-elevation minimum-wetting feedwater nozzles. The
feedwater temperature is approximately 110F. The primary power-to-flow ratio
will be approximately unity, obtaining a hot leg fluid temperature of about
595F. The initial primary subcooling is then the saturation temperature at
1750 psia (617F) less the hot leg temperature, or 22F. If the actual initial
hot leg temperature results in an initial subcooling other than 22F, then the
initial primary pressure is to be adjusted to obtain 22F suhcooling. The
surge 1ine fluid temperature is to be within 5F of the hot leg temperature.
As an indication of steady state, all fluid and metal temperatures are to be
varying less than 3 and 10F/h, respectively.

3.2.3. Initiation

The test is started after recording at least 10 minutes of steady-state data.
The test is initiated by performing the folluwing actions:

1. Open the 10-cm? B1 CLD leak.
2. Log the test initiation time.
3. Confirm that the pressurizer heaters have tripped on low level.

After the pressurizer has drained, the following actions should be performed
as simultaneous as possible i.e., within an elapsed time of approximately 20
seconds.
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Actuate the auxiliary feedwater system to raise the steam generator
secondary levels to 31.6 ft,

Actuate the core power decay ramp.

Switch control of the reactor vessel vent valves from manual to
sutomatic "independent" control (open/close setpoints of 0.125/0.04
psi).

Actuate the ATOG secondary pressure control as described in Appendix
C of reference 6.

5. Actuate the low-pressure injection system,
6. Actuate constant secondary level control.

3.2.4, Control During Testing

The boundary system simulations activated during test initiation are largely
automated and will be identical to those used on the MIST Nominal Test, with

the addition of the low-pressure injection system characterized by Figure 3.2
and Table 3.4.

3.2.5. Jermination

The test may be terminated based on specific (oop conditions, but delayed at
the discretion of the test engineer. The termination time is to be entered

into the test log. The test may be terminated if any of the following
conditions are satisfied:

1. If the RCS pressure is less than 200 psia continuously for 2 hours.

2. 1f 7 hours have passed since leak initiation,

For the svcond condition, the HPl system should be activated to fill the loop
before data acquisition is interrupted in order to complete mass closure
calculations. If HP1 is required to accomplish refill, then the MIST HPI
simulation as described in Appendix B of reference 6 should b2 employed.
Refill of the loop should be attempte* for 30 minutes using the available
boundary systems simulations. If refill is not achieved after 30 minutes,

then the primary system is to be refilled without regard to the constraints
of the boundary systems.




1. At Teast 10 minutes of steady-state data are recorded at the specified
initial conditions.

2. Test initiation is performed as specified.

3. The specified boundary system contro) settings are maintained throughout
the test.

4. Test termination is performed as specified.

5. A1l critical instrument data as specified in Appendix F of reference 6
and Table 3.5 are recorded at intervals of 10 seconds or less throughout
the test.

3.3. Test 410BD]1 -- 10-cm? SBLOCA Without
—HPl, Steam Generator Blowdown _

Test 410BD1 is the second of two tests that examine an SBLOCA transient
without the benefit of the HPI system. The ultimate refill and stabilization
of the loop must be accomplished by the core flood and LPI system, which has
been added to the MIST facility for Phase IV testing. The first test, 410AT3
described in Section 3.2, included a 10-cm? leak and utilized standard ATOG
control schemes 1i.e., constant steam generator secondary level and ATOG
secondary pressure control. In Test 410BD1, a different steam generator
secondary control strategy will be employed. The operator will start a 50-
psi/min blowdown of the secondary system 30 minutes into the transient. The
30-minute wait approximates the time required for a plant operator to
determine that HPI will not be available and that an alternative cooldown
strategy is necessary. A reactor coolant pump bump will be simulated at the
end of the test to enhance the current information on this procedure.

3.3.1. Purpose

This test examines the impact of a more aggressive depressurization of the
secondary system in place of the normal ATOG secondary pressure control
scheme following a 10-cm® Bl CLD leak. The test is similar to the MIST
Nominal Test in that a 10-cm® B8] CLD leak with full AFW and LPI, RCPs
initially unavailable, automatic RVVV actuation, and constant steam generator
Tevel control (after steam generator refill) will be simulated. However, HPI
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flow will be unavailable as in Test 410AT3. The test is to be initialized
and performed so that the results can be compared to the MIST Nominal Test.
Many of the major post-SBLOCA phenomena are anticipated to be experienced.
The phenomena include depressurization te saturation, intermittent and
interrupted loop flow, BCM, refill and post-refill cooldown. However, the
timing for each phenomenon and the mechanisms by which the transient is
concluded are expected to be dissimilar to those of the Nominal Test.

3.3.2. Steady-State Pretest Conditions

The loop is to be in the natural circulation testing configuration i.e., with
the venturi flowmeters installed and the turbine metars removed. The system
is to be held in steady state for 10 minutes or more prior to test initia-
tion. The initial conditions for this steady-state per‘od are listed in
Table 3.7. The primary is to be in subcooled natural circulation at 3.5% of
full power plus 0.57% to offset the losses to ambient (see Table 3.2 for
conversion factors). This augmentation is greater than that used in the
Phase 111 Nominal Test (0.4%) and will result in slightly different initial
conditions. The secondary pressures are to be 1010 psia. The pressurizer is
controlled to obtain approximately 1750 psia primary pressure with a 5.0-ft
level within the pressurizer (23.0 ft relative to SFLTS). The pressurizer
spray cortrol valve is manually closed. The PORV iz in the automatic
overpressure control mode as described in Appendix E of reference 6. The
resulting primary flow rate will be approximately 4% of full primary flow,
with cold leg temperatures of approximately S5S50F. The primary boundary
systems are inactive. The RVVVs are manually closed. The core flood tank is
charged to 600 psia using a nitrogen cover gas with a level of 42.8 ft and
has been recirculated (the MIST core flood tank is kept isolated until the
primary system depressurizes below 65C psia). The steam generator secon-
daries are initialized with auxiliary feedwater. The secondary levels are
maintained at 5 ft using the high-elevation minimum-wetting feedwater
nozzles. The feedwater temperature is approximately 110F. The primary
power-to-flow ratio will be approximately unity, obtaining a hot leg fluid
temperature of about 595F, The initial primary subcooling is then the
saturation temperature at 1750 psia (617F) less the hot leg temperature, or
22F. 1f the actual initial hot leg temperature results in an initial
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Jable 3.7. Test 410BD1, Initia) Conditions

Quantity specification Tolerance (+/-)  Derived*
Core power** 3.5% 0.05%

Primary flow

Priiary pressure

Hot leg inlet temperature

Cold leg exit temperature

Core exit subcooling 22F
Pressurizer level*#+ 23.0 ft

Surge line temperature Hot leg
temp., F

Secondary flow

Secondary pressure 1010 psia

Auxiliary feedwater temperature 110F 20
Second .ry levelg**+ 5 ft ]
Core flood tank pressure 600 psia 10
Core flood tank level**+ 42.8 ft 0.3

Fluid temperature gradients OF/h 3

Metal temperature gradients OF/h 10

*Derived quantities are for information only and should not be interpreted
as control specifications.

**Augment core power by 0.57% to compensate for heat losses to ambient.

***A11 leveis are relative to the secondary face of the lower steam generator
tubesheet.




subcooling other than 22F, then the initial primary pressure is to be
adjusted to obtain 22F subcooling. The surge line fluid temperature is to be
within 5F of the hot leg temperature. As an indication of steady state, all
fluid and metal! temperatures are to be varying less than 3 and 10F/h,
respectively.

2.3.3. Initiation

The test is started after recording at least 10 minutes of steady-state data.
The test is initiated by performing the following actions:

1. Open the 10-cm® Bl CLD leak.
2. Log the test initiation time.
3. Confirm that the pressurizer heaters have tripped on low level.

After the pressurizer has drained, the following actions should be performed
as simultaneous &s possible 1.e., within an elapsed time of approximately 20
seconds.

1. Actuate the auxiliary feedwater system to raise the steam generator
secondary levels to ® . ft.

2. Actuate the core power decay ramp.

3. Switch control of the reactor vessel vent valves from manual to
automatic "independent" control (open/close setpoints of 0.125/0.04
psi).

4. Actuate the ATOG secondary pressure control as described in Appendix
C of reference 6.

5. Actuate the low-pressure injection system.

6. Actuate constant secondary level control.

3.3.4. Control During Testing

The boundary system simulation for this test will differ from prior tests
only by the steam generator pressure control procedure. Previously, the ATOG
pressure control logic was followed. Thet is, when the core exit temperature
is greater than the secondary saturation temperature by less than 50F, the
secondary pressure is controlled to maintain a cooldown rate of 100F/h for
the primary system. When the core exit temperature falls below the secondary
saturation temperature (reverse primary to secondary heat transfer) then a
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5C-psi/min depressurization is started unti) positive heat transfer is re-
established. If the core exit temperature is greater than the secondary
saturation temperature by over S50F, then a constant secondary pressure is
maintained. In this test, the normal ATOG control procedure will be followed
for 30 minutes, a* which time the 50-psi/min blowdown of the secondary
pressure of both steam generators will be started regardless of the core
exit-to-secondary saturation temperature difference. The remaining boundary
system simulations activated during test initiation are largely automated and
will be identical to those used on the MIST Nominal Test. with the addition

of the Tow-pressure injection system characterized by Figure 3.2 and Table
3.4.

After LPI flow has been injected into the loop for the first time, the
primary and secondary steam generator levels are to be monitored €or the
occurrence of pool BCM cooling phenomena. If BCM occurs, then a 1-hour
countdown should be started after the primary pressure has stabilized for §
minutes. At the end of the 1-hour period, if the primary pressure is above
203 psia, then the power-operated relief valve (PORV) 1s to be opened unti)
LP1 flow is indicated. The PORV should then be closed and returned to the

automatic mode. At this point in the test, ona or more reactor coolant (RC)
pumps are to be bumped (Al and Bl). The first pump to be bumped is in the
loop with the highest steam generator secondary level, Fifteen minutes
later, the opposing pump (Bl or Al) is to be bumped. If only one primary
loop is interrupted, then the pump in the interrupted loop is to be bumped.
The pump bump procedure shall be the same as utilized in Test 360199 per-
formed in Phase 111 of the MIST program.

It additional BCM phenomena occur, then 5 minutes following primary pressure
stabilization a 30-minute countdown should be started. At the end of this
period, perform one of the following:

1. If the PORV was not opened in the prior LCM occurrence, then the
PORV should be opened until LPI flow is ind cated. The PORV should
then be closed and returned to the automitic moce. After the
primary pressure has stabilized and a pool B°M has existed in both
steam generators for 30 minutes, a second pump bump is to be
performed using the same procedure as outlined above.

If the PORV was opened in the prior BCM occurrence, then perform a
second pump bump of one or more RC pumps outlined above.




3.3.5. Jermination

The test may be terminated based on specific loop conditions, but delayed at
the discretion of the test engineer. The termination time is to be entered
into the test log. The test may be terminated if any of the following
conditions are satisfied:

1. 1f the RCS pressure is less than 200 psia continuously fer 2 hours.
2. 1f 11 hours have passed since leak inftiation.

For the second condition, the HPl sy..em should be activated to fill the ‘o0p
before data acquisition is interrupted in order to complete mass closure
calculations. If HPI 1s required to accomplish refill, then the MIST HPi
simulation as described in Appendix B of reference 6 should be employed.
Refi11 of the loop should be attempted for 30 minutes using the available
boundary systems simulations. If refill is not achieved after 30 minutes,
then the primary system is to be refilled without regard to the constraints
of the boundary systems.

3.3.6. Acceptance Criteria

1. At least 10 minutes of steady-state data are reccrded at the specified
initial conditions.

2. Test initiation is performed as specified.

v

The specified boundary system control settings are maintained throughout
the test.

4, Test termination is performed as specified.

§. A1) critical instrument data as specified in Appendix r of reference 6
and Table 3.5 are recorded at intervals of 10 seconds or 12ss throughout
the test.

3.4, Test 410082 -- Larger SBLOCA, 100 cm?

Test 4100B2 is a 100-cm® SBLOCA transient. The test complements the spectrum
of leak sizes performed in Phase IlI and the break size is large enough to be
considered a large-break loss-of-coolant accident (LOCA). The LPI system,
added to the MIST facility for Phase IV, will provide a more realistic
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simulation of the ECCS during low RCS pressure than was previously available.
Farlier tests with 50-cm? leak sizes displayed reverse heat transfer in the
steam generators due to the rapid depressurization of the primary. However,
the large leak size used in this test will clearly dominate the mass and

energy depletion of the loop. The test is described in detail in the
following sections.

3.4.1. Purpose

This test provides data for a 100-cm? break LOCA. The test is to be initial-
ized and performed so that the results can be compared to the MIST Nominal
Test. Many of the major post-SBLOCA phenomena are anticinated to be experi-
enced. These phenomena include depressurization to saturation, intermittent
and interrupted loop flow, Boiler-Condenser Mode (BCM), refill, and post-
refil)l cooldown. However, the timing for each phenomenon and the mecharisms

by which the transient is concluded are expected to be dissimilar to those of
the Nominal Test.

3.4.2. Steady-State Pretest Conditions

The loop is to be in the natural circulation testing configuration i.e., with
the venturi flowmeters installed and the turbine meters removed. The system
is to be held in steady state for 10 minutes or more prior to test initia-
tion. ne initial conditions for this steady-state period are listed in
Table 3.8. Specified as well as derived conditions are provided. The
derived conditions are for information only and should not be interpreted as
control parameters. The primary is be in subcooled natural circulation at
3.5% of full power plus 0.57% to ¢ (set the losses to ambient (see Table 2.:
for conversion factors). This augmentation is greater than thi' used in the
Phase 111 Nominal Test (0.4%) and will result in slightly different initial
conditions. The secondary pressures are to be 1010 psia. The pressurizer is
controlled to obtain approximately 1750 psia primary pressure with a 5.0-ft
level within the pressurizer (23.0 ft relative to the SFLTS). The pres-
surizer spray control valve is manually closed. The PORV is in the automatic
overpressure control mode as described in Appendix E of reference 6. The
resulting primary flow rate will be approximately 4% of full primary low,
with cold leg temperatures of approximately B550F. The primary boundary
systems are inactive. The reactor vesse) vent valves (RVVVs) are manually
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Quantity

specification Tolerance [+/-]1 Derived *

Core power*#

Primary flow

Primary pressure

Hot l1eg inlet temperature
Cold leg eait temperature
Core exit subcooling
Pressurizer lTevel*+*+

Surge line temperature

Secondary flow

Secondary pressure

Auxiliary feedwater temperature
Secondary levels

Core fiood tank pressure

Core flood tank level

Fluid temperature gradients

Metal temperature gradients

3.5%

22F
23.0 ft

Hot leg
temp., F

1010 psia
110F

5 ft

600 psia
42.8 ft
0F/h

OF/h

0.05

20
1
10
0.3
3
10

a%
1750 psia
595F

$50F

*Derived quantities are for information only and should not he interpreted

as control specifications.

**Augment core power by 0.57% to compensate for heat losses to umbient.

“**A1]1 levels are relative to the secondary face of the lower steam generator
tubesheet.




closed. The core flood tank is charged to 600 psia using nitrogen as a cover
gas with a level of 42.8 ft and has been recirculatec (the MIST core flood
tank is kept isolated until the primary system depressurizes below 650 psia).
The steam generator secondaries are initialized with auxiliary feedwater.
The secondary levels are maintained at 5 ft using the high-elevation minimum-
weiting feedwater nozzles. The feedwater terjperature is approximately 110F,
The primary power-to-flow ratio will be app. ximately unity, obtaining 2 hot
leg fluid temperature of about 595F. The initial primary subcooling is then
the saturation temperature at 1750 psia (617F) less the hot leg temperature,
or 22F. If the actual initial hot leg temperature results in an initia)
subcooling other than 22F, then the initial primary pressure is to be
adjusied to obtain 22F subcooling. The surge line fluid temperature is to be
within 5F of the hot leg temperature. As an indication of steady-state, all
fluid and metal temperatures are to be varying less than 3 and 10F/h,
respectively.

3.4.3. Initiation

The test is started after recording at least 10 minutes of steady-state data.
The test is initiated by performing the following actions:

1. Open the 100-c=’ Bl cold leg discharge (CLD) leak.
2. Log the test initiation time.
3. Confirm that the pressurizer hezters have tripped on iow level.

After the pressurizer has drained, the following actions should be performed

as simulianeous as possible i.e., within an elapsed time of approximately 20
seconds.

1. Actuate the auxiliary feedwater system to raise the steam generatoer
secondary levels to 31.6 ft.

2. Actuate the high-pressure injection system.
3. Actuate the core power decay ramp.

4. Switch control of the reactor vessel vent valves from manual to
automatic "independent" control (open/close setpoints of 0.125/0.04
psi).

5. Actuate the ATOG secondary pressure control as described in Appendix
C of reference 6.
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6. Actuate the low-prossure injection system.

7. Actuate constant secondary level control.

3.4.4. Control During Testing

The boundary system simulations activated during test initiation are largely
automated and will be identical tc those used on the MIST Nominal Test, with
ihn addition of the low-pressure injection system characterized by Figure 3.2
and Table 3.4.

3.4.5. Termination

The test may be terminated based on specitic loop conditions, but delayed at
the discretion of the test engineer. The torminition time is to be entered
into the test log. The test may be terminate! if any of the following
conditions are satisfied:

1. If the RCS pressure is less than 200 psia continously for 2 hours,
2. 1f 7 hours have passed since leak initiation.

The entire loop should be refilled prior to termination in order to complete
‘he mass closure calculations. Therefore, if the second termination criteri-
on is required, then reiill of the loop should be attempted for 30 minutes
using the available boundary system simulations. If refill is not achieved
after 30 minutes, then the primary system is to be refilled without regard to
the constraints of the boundary systems.

3.4.6. Acceptance Criteria

1. At least 10 minutes of steady-state data are recorded at the specified
initial conditions.

2. Test initiation is performed as specified.

3. The specified boundary system control settings are maintained throughout
the test.

4. Test termination is performed as specified.

5. A1l critical instrum.nt data as specified in Annendix F of rzlerence 6
and Table 3.5 are recorded at interv2is of 10 seconds or less thrcughout
the test.
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3.5, Test 458011 -- Station Blackout

Test 45BO1]1 examines the Station Blackout (SBO) transient. This .-ansient is
characterized as an SBLOCA accompanied by the loss of all AC power. As a
result, no HPI or LPI emergency core cooling is available. The auxiliary
feedwater system capacity is reduced by onz half, with flow provided by the
steam-driven pump. &ith the loss of prwer, the plant operator must rely on
the station batteries to provide powe: ‘v the plant’s critical instrumenta-
tion. Normal battery life is postulaied to be from 2 to 4 hours, after which
time the operetor cannot effectively monitor system conditions (flows,
temperatures, and pressures) and thus is assumed to make no further adjust-
* to control valve positions. As a result, all controls are to be left
static position anticipating DC power depletion. In this test, a
batiery life will not be assumed. Instead, the primary system will be
controlled until one or both loops interrupt, at which time the relevant
control valves will be maintained in fixed positions. After 8 hours, the AC
power is assumed to be restored and all ECCS functions are assumed to be
enabled. The SBO test is described in d2tail in the following sections.

3.5.1. Purpose

This test provides data as well as insight into the thermal-hydraulic
behavior of an SBO transient. The test will replicate, as closely as
practical, the postulated event and one possible procedure for mitigatiny it.
Many of the major post-SBLOCA phenomena are anticipated to be experienced.
These phenomena include depressurization to saturation, and intermittent and
interrupted loop flow. At the conclusion of the station blackout test and
prior to loop refill, additional data on the effect of pump "bumps" will be
obtained.

3.5.2. Steady-State Pretest Conditions

The loop is to be held in steady state for 10 minutes or more prior to test
initiation. The initial conditions for this steady-state period are listed
in Table 3.9. The primary is in subcooled natural circulation at 3.5% of
full power plus 0.57% to offset the losses to ambient (see Table 3.2 for
conversion factors). The secondary pressures are 1010 psia. The pressurizer
is controlled to obtain approximately 2000 psia primary pressure with a
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Table 3.9. Test 4SBOil, Initial Conditions

Quantity Specification Tolerance  Derived*
Core power** 3.5% 0.0%
Primary flow 4%
Primary pressure 2000 psia
Hot leg inlet temperulure 595F
Cold leg exit temperature 550F
Pressurizer level*** 23.0 ft 0.2
Surge line temperature Hot leg 5

temp., F

Secondary flow 2%
Secondary pressure 1010 psia 10
Auxiliary feedwater temperature 110F 20
Sec.ndary levels 5 ft 1
Core flood tank pressure 600 psia 10
Core flood tank level 42.8 ft 0.3
Fluid temperature yradients OF/h 3
Metal temperature gradients 0F/h 10

*Derived quantities are for information only a'.d should not be interpreted
as control specifications.

**Augment core power by 0.57% to compensate for heat Tosses to ambient.

***A1]1 levels are relative to che secondary face of the lower steam generator
tubesheet.
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5.0-ft level within the pressurizer (23.0 ft relative to SFLTS). The pres-
surizer spray control valve is manuaily closed. The PORV, as described in
Appendix E of reference 6, is in the automatic overpressure control mode.
However, the opening and closing setpoints are modified for this test and
will be 2100 and 2050 psia, respectively. The modified PORV setpoints in
conjunction with maintaining secondary pressure above 400 psia will prevent
excessive primary-to-secondary differential pressure on the steam generator
tubes. The primary flow rate will be approximately &% of fu)l) flow with cold
leg temperatures of approximately S550F (derived quantities). The primary
boundary systems are inactive. The RVVWVs are manually closed. The core
flood tank is charged to 600 psia with a level of 42.8 ft and has been
recirculated (the MIST core flood tank is kept isolated until the primary
system depressurizes below 650 psia). The steam generator secondaries are
initialized with auxiliary feedwater. The secondary levels are maintained at
5 ft using the high-elevation minimum wetting feedwater nozzles. The
fee ‘er temperature is approximately 110F. The primary power-to-flow ratio
wil. e approximately unity, obtaining a hot leg fluid temperature of about
595F. The surge 1ine fluid temperature is to be within 5F of the hot leg
temperature. As an indication of steady state, all fluid and metal tempera-
tures are to be varying less than 3 and 10F/h, respectively,

3.5.3. Initiation

The test is started after recording at least 10 minutes of steady-state data.
The test s ini‘iated by performing the following actions as close to
simu taneous as possible i.e., within an elapsed time of aporoximetely 20
seccnds:

1. Open the two 0.25-cm? Bl and A2 RCP leaks. This leak size will
result in a leak flow of approximately 40 gpm/site at nominal plant
cold leg conditicns.

2. Manually trip the pressurizer heaters.

3. Actuate the auxiliary feedwater system to raise the steam generator
secondary levels to 20.7 ft (50% of the startup range).

4. Actuate the core power decay ramp.

5. Switch control of the reactor vessel vent valves from manual to
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automatic "independent" control (open/close setpoints of 0.125/0.04

psi).
6. Log the test initiation time.
3.5.4. Control During Testing

The boundary system simulations activated during test initiations are largely
automated and many will be identical to those used on the MIST Nominal Test,
with the addition of the low-pressure injection system characterized by
Figure 3.2 and Table 3.4. The core post-trip power, RVVV, guard heater,
steam generator constant level, secondary pressure, core flood system, and
HP1 simulations are as described in reference 6. The core flood tank is not
to be isolated urtil! at least 8 hours after test initiation, when required
conditions are met. This test will consist of two different pericds. In the
first pe~iod, which lasts for 8 hours, the loss of AC power wiil be simulat-
ed. During this time, the HPI and LPI systems are inactive. The AFW is
available at one half of normal capacity (see Figure 3.3 and Table 3.10). At
the beginning of this period, the steam generator level is controlled to a
constant 20.7 ft (50% of plant operate range) until the subcooled margin
decreases below 20F, at which time the control level is increased to 31.6 ft
(95% of plant operate range). The secondary pressure control is set to a
constant 1010 psia. For this test, the secondary pressure will be prevented
from decreasing below 400 psia in order to protect the facility from exces-
sive primary-to-secondary differential pressure. In the event that one loop
should interrupt and stay interrupted for a 10-minute period during the
initial 8-hour period, a one-loop cooldown should be initiated through the
following actions:

1. Adjust the secondary pressure control valve of the interrupted loop

to its position prior to the onset of interruption to establish
steam flow,

2. Decrease the AFW flow to the steam generator in the interrupted loop
to approximately 76 1bm/h (125 gpm scaled).

3. Decrease the secondary pressure of the non-interrupted loop by 100
psi from 1010 to 910 psia.

The characteristics of interrupted loop flow will be indicated by one or more
of the following:
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lable 3.10. Test 4SB011, Auxiliary Feedwater Characteristics

AFW Flow (1bm/h)*

secondary Pressure (psia)
100.0 432.0
150.0 431.0
200.0 429.8
250.0 428.3
300.0 426.5
350.0 424.6
400.0 422.4
450.0 419.9
500.0 417.2
550.0 414.3
600.0 411.1
650.0 407.7
700.0 404.0
750.0 400.1
800.0 396.0
880.0 392.7
900.0 387.0
950.0 375.2
1000.0 360.0
1050.0 345.6
1100.0 324.0
1i50.0 288.0
1200.0 252.0
1250.0 204.0
1300.0 126.0
1350.0 0.0

*The SBO AFW flow table is one-half of the MIST Phase 111 AFW table values.
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l. The decoupling of the cold leg "emperatures (C17C06 and C3TCO6 for
loop A, C21C06 and CATCO6 for loop B) from the corresponding steam
generator saturation temperature.

2. The decrease in AFW flow to the interrupted loop.

3. A decrease in secondary pressure control valve modulation for the
intsrrupted loop.

The uninterrupted loop will be indicated by one or more of the following:
1. An increasing temperature difference hetween the hot and cold legs.

2. An increase in loop flow (corresponding to qualitative indication
available to the plant operator).

3. A increase in A*W flow to the uninterrupted loop.

These observations are to be indicated by the instruments listed in Table
F.18 of reference 6.

Following these actions, the remaining automated systems i.e., the steam
generator level and secondary pressure controls of the uninterrupted loop,
should be placed in the manual mode. The controls should be adjusted to
maintain approximately constant conditions. The AFW flow rate to the active
steem generator should be adjusted to maintain a constant level. The change
from automatic to manual control should be performed as quickly as possible
with a minimum number of valve motions to facilitate code modeling, After
these adjustments, no further adjustmerts to the secondary pressure and AFW
flow control valves in either loop are to be made. For the remainder of the
test period, until 8 hours after leak opening, the secondary pressure and
steam generator level should be allowed to drift from the previously esta-
blished control points.

If both loops interrupt during the initial phase of the test or one-looo
natural circulation cannot be maintained, then steps 1 and 2 as described for
the one-loop cooldown shall be performed on both steam generators.

Eight hours following leak opening or in the event that the MIST core limits
are exceeded, the first test period is ended and the second test phase is
started. The following actions should be taken:

1. Isolate the two 0.25-cm? leaks.
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2. Activate the LP] system.

3. Perform an RC pump "bump."

The RC pump selected is dependent on whether one or both primary loops were
interrupted at the end of the first test period. If one-loop circulation
exists, then a pump in the interrupted loop is to be used (RCP Al or Bl). If
both loopys are interrupted, then a pump from the loop with the highest
secondary level will be selected. The bump procedure i.e., the duration of
current applied to the pump motor, should be the same as performed on the
MIST Phase 111 Group 36 Tests. Fifteen minutes following the initial RC pump
bump, a pump from the opposing loop will be bumped (RCP Bl or Al). Fifteen
minutes ‘ollowing the second bump, the HPI system with MIST nominal charac-
teristics should be initiated to refill the loop.

3.5.5, Termination

The test may be terminated based on specific loop conditions, but delayed at
the discretion of the test engineer. The termination time is to be entered

into the test log. The test may be terminated if any of the following
conditions are satisfied:

1. The loop has refilled and both the hot leg inlet temperature and the

RCS pressure are continuously 50F subcooled and less than 400 psia,
respectively, for 2 hours.

2. If 11 hours have passed since leak initiation.

The entire loop should be rcfilled prior to termination in order to complete
the mass closure calculations. Therefore, if the second termination criteri-
on is required, then refill of the loop should be attempted for 30 minutes
using the available boundary system simulations. If refill is not achieved

after 30 minutes, then tne primary system is to be refilled without regard to
the constraints of the boundary systems.

3.5.6. Acceptance Criteria

1. At least 10 minutes of steady-state data are recorded at the specified
initial conditions.

Test initiation is performed as specified.




T.e specified boundary system control settings are maintained throughout
the test.

Test termination is performed as specified.

A1l critical instrument data as specified in Appendix F of reference 6

and Table 3.5 are recorded at intervals of 10 seconds or less throughout
the test.

3.6. Test 4SGPF

Test 4SGPF2 examines the steam generator performance characteristics. This
test will supplement the current understanding of high-elevation auxiliary
feedwater heat transfer characteristics, as well as provide data on main
feedwater operation. Additional data are needed in order to understand the
primary and secondary interactions when using auxiliary feedwater under the
variety of conditions known to exist during an SBLOCA transient. These data
are 1important in developing code models of the B&W once-through steam

generator (OTSG) with its complicated geometry and AFW flow patterns. The
test is described in detail in the following sections.

3.6.1. Purpose

This test provides steady-state steam generator performance data with either
the main or auxiliary feedwater systems. The test will be performed in two
parts: The first will utilize the main feedwater system while the second
part will use the high-elevation minimum-wetting auxiliary feedwater. Each
part will consist of a series of steady-state measurements at varying
secondary levels while the primary side is in subcooled natural circulation.
With all other conditions held constant, the data wil) directly correlate
feedwater and wetting conditions to primary natural circulation flow. In the

first part of the test, data will be accumulated using the main feedwater
system, which has not been utilized in prior MIST testing.

3.6.2, Test Description

The Toop is to be in the natural circulation testing configuration i.e., with
the venturi flowmeters installed and the turbine meters removed. The primary
system will be initialized and maintained in subcooled natural circulation
throughout the test (see Table 3.11). A1l primary boundary systems (leak,




Table 3.11. Test 4SGPF2, Initial Conditions

Quantity Specification Tolerance [+/-1 _Derived*

Core power*® 7.25% 0.05
Primary pressure 2200 psia 50
Cold leg exit temperature

Secondary pressure 1010 psia 10
Auxiliary feedwater temperature 110F 20
Main feedwater temperature 460F 10
Fluid temperature gradients 0F/h 3

Metal temperature gradients 0F/h 10

*Derived quantities are for information only and shou'd not be interpreted
as control specifications.

**Augment core power by 0.57% to compensate for heat losses to ambient.




HPI, LPI, and vents) are inactive. The guard heaters are in automatic. Core
power will be held constant at 7.25% of full power plus 0.57% to offset the
losses to ambient (see Table 3.2 for conversion facti.s). This augmentation
is greater than that used in the Phase III Nominal Test (0.4%) and will
result in slightly different initial conditions. The pressurizer is control-
led to obtain approximately 2200 psia primary pressure. The pressurizer
spray control valve and reactor vessel vent valve controls are manually
closed. The secondary side pressures are to be 1010 psia.

In the first part of the test, the main feedwater system is to be used. The
aspirator flow circuit is active. The nain feedwater temperature is approxi-
mately 460F, or the maximum obtainable temperature. The secondary side of
the steam generator is set to the minimum level, which still maintains the
primary loop in stable natural circulation conditions and steady-state data
are to be recorded for 30 minutes at 10-second intervals. As an indication
of steady state, all fluid and metal temperatures are to be varying less than
3 and 1CF/h, respectively. The control level is then raised to appreximately
26, 33, and 40 ft and data are recorded for 30 minutes at each level.

In the second phase of the test, the minimum-wetting high-elevation auxiliary
feedwater system will be used with a feedwater temperature of approximately
110F. The steam generator secondary level will be initially 40 ft. The loop
is held in steady state for at least 30 minutes and data are collected at 10-
second intervals. The control level is then decreased to 33 and 26 ft and at
least 30 minutes of sceady-state data are obtained at each level. The level
is to be decreased further to the minimum, which maintains the core exit
temperature 22F subcooled and data are recorded for 30 minutes.

3.6.3. Control Systems

The boundary system simulations used during the test i.e., constant secondary
level and steam genera‘ar pressure controls, are largely automated and will
be identical to those used on the MIST Nominal Test. The single- and two-
phase leak monitoring, reuctor vessel vent valve control, core flood tank,
and PORV systems are not required. Similarly, the high- and low-pressure
injection simulations are not required.
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3.6.4. Acceptance Criteria
1. At least 30 minutes of steady-state data are recorded at each specified
condition.

2. The specified boundary system control settings are maintained throughout
the test.

3. A1] critical instrument data as specified in Appendix F of reference 6
are rocorded at intervals of 60 seconds or less throughout the test. The
instrumentation in the systems not used during this test i.e., single-
and two-phase leak, continuous vent, core flood tank, gas addition, leak
enthalpy, and HPI systems, may be excluded from the critical instrument
list.

3.7, Test 4CR3T2 -- Crystal River 3 Scaling Transient

The Phase 1V test matrix includes two tests that simulate actual plant
transients. These tests are “he Crystal River Unit 3 Loss-of-Offsite Power
Event of June 16. 1781 and the Rancho Seco Loss-of-1CS Power Event of
December 26, 1985 (see section 3.8). These transients have been selected for
two reasons. First, because they are well documented (reference 7 and 8) and
second, because they can be simulated without the addition of hardware and
control systems to the present facility. The Crystal River Unit 3 event will
be simulated in this tes® specification.

3.7.1. Purpose

This test simulates, as closely as possible, a plant transient on the scaled
MIST facility. The results of the test will be useful in providing bench-
marking data for the code analysts and will provide insight into the scaling
compromises that are known to exist in the facility. In particular, the pipe
and steam generator metal masses, total primary system volume, and AFW
wetting atypicalities are believed to have the greatest 1likelihood of
influencing the results of this test. In order to compensate for the excess
primary system volume of the MIST facility, a time "distortion" will be
applied to the post-trip power function and the operator control actions.
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3.7.2. Background

The Crystal River Unit 3 event occurred on June 16, 1981 with the reactor at
100% full power and the integrated control system (ICS) in the automatic mode
of operation. A1)l station power was being supplied by the Unit 3 startup
transformer exce)t the reactor coolant pumps, which were powered by the unit
auxiliary transformer. At 23:38:08, lightning struck the 230-kV feeder line
between the fossil plant switchyard and the Unit 2 startup transformer,
causing the breakers to open and a loss of the 4160 VAC unit and 4160 VAC ES
power buses. As a result, power was lost to the control rod drives that led
to a reactor and turbine trip. The turbine trip caused a loss of the 6900-
VAC feed to the RC pump buses and with the alternate .pply (startup trans-
former) already tripped, & loss of primary system flow occurred. The RC
pumps coasted for approximately 3 minutes and natural circulation flow was
established. A loss of instrument air to the steam generator startup control
valves resulted in excessive auxiliary feedwater flow, and both generators

were overfilled. The secondary levels were raised to approximately 80% on

the operating range (28.0 ft relative to the SGLTS). The plant operators
manually throttled the emergency feedwater block bypass valves to control the
secondary levels, Following the overfill, the steam-driven AFW pump was
terminated and feedwater was supplied by the motor-driven pump .‘one. HPI
flow was manually initiated to prevent the loss of pressurizer le 1. The
HPI flow exceeded the contracting rate, causing primary pressure to increase
to the PORV setpoint of 2450 psig. The PORV openeu and closed four or five
times over a 20-minute period. The transient portion of the event lasted
approximately 1 hour and was followed by an 8-hour period of stable natural
circulation cooldown. The reactor coolant pumps were re-started 9 hours
after the initial loss of power, and the plant was maintained in normal hot
standby conditions. Table 3.12 contains a partial 1ist of the key events and

milestones of the transient. Plots of the available data are presented on
Figures 3.4 through 3.12.

3.7.3. Steady-State Pretest Conditions

The loop is to be in the natural circulation testing configuration i.e., with
the venturi flowmeters installed and the turbine meters removed. The system
ie to be held in steady state for 10 minutes or more prior to test initiation.




Jable 3.12. Test 4CR3T2, Key Events and Actions

Time**

Event* Min. _Sec.
Loss of offsite power. 0
CRDs trip.
Reactor/turbine trip.
RC pumps start coastdown.
4160V engd. safeguards bus. A energized. )
(AFW pumps assumed to start.)
Letdown flow terminated. ~2
HPI pump A started. 3 25
4160V engd. safeguards bus. B energized. 4 18
Steam-driven AFW pump terminated. ~4
(Flow to steam generator B decreased.)
HPI flow verified.
(HPI pump C startec.) 4 27
AFW block valve closed.
AFW block bypass valves opened and throttled.
(AFW flow to steam generator B increased.) 7
AFW flow terminated to steam generator A. “8
HPI pump C terminated. 11 29
AFW flow to steam generator B terminated. ~13
PORV opens (first of four or five times). 20 18
PORV reopens three or four times. ~25-40

*Events were extracted from "Transient Asse

prepared by Florida Power Corporation, B&W No. 12-1127044-00.

**Times are relative to the initiating event i.e.,

June 16, 1981 at 23:38:08.
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Crystal River 3 Event of 6716781
Pressurizer Level vs Time

? 268 - v - . . = . .

‘o =

j 248 4 i
: 220 4
i

: 209 | ]
J 180 7
i C

{ w o

" '

i > -

‘:1 e _—— l 69 3 -
) ~

f o \
J .

i 1490 +—

120 1

180

"

; £ - _”’*/,,4

) ’ v v . .
IR S e wee B TR i e e b

Time , Minutes — Start = 38:08

3? 38 39 £ 1%)

Figure 3.7 Pressurizer Level Vs Time

fue Feo i6 @9 27-31 1988 przl plot

S - A




Ev-¢

1% % -

Crystal River 3 Event of 6716781
Secondary Level vs Time

-

-

B

70 1

ol 4

%
e

50 -

Level,

49

30 -

28

//

10 A

—«-ﬁ‘~”\“L\\\“‘—__—*’///‘

|

fue Feb 16 @9-22-19 1988

41

42 43
Time

a4

45

v

46

@ A
, Minutes - Start = 38:08

Figure 3.8 Secondary Level Vs Time

33

secl.piot




N

bv-¢

Level,

Crystal River 3 Event of 6716781
Pressurizer Level vs Time

v

-

250

eS|

1725 4

158

125 A

(1% %)

16 @3-52-36 1988

. 2

88
Minutes

194
- Start

Figure 3.9 Pressurizer Level Vs Time

= 38:08

~

136

przi.pit



Crystal River 3 Event of 6716781
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The initial conditions for this steady-state period are listed in Table 3.13.
These conditions coincide with the plant parameters 50 seconds after the
reactor trip when decay heat power is within the MIST facility limit and
natural circulation flow has been established. The primary is to be in
subcooled natural circulation at 3.5% of full power plus 0.57% to offset the
losses to ambient (see Table 3.14 for conversion factors). This augmentation
is greater than thizt used in the Phase 11l Nominal Test (0.4%) and wiil
result in slightly different initial conditions. The secondary pressures are
to be 980 psia. The pressurizer is controlled to obtain approximately 1905
psia primary pressure with a 3.3-ft level within the pressurizer (21.3 ft
relative to SFLTS). The pressurizer spray control valve is manually closed.
The PORV 1is ir the automatic overpressure control mode as described in
Appendix E of reference 6, except the open and reclose setpoints are 2400 and
2350 psig, respectively. The PORV flow orifice size is 6.75 cm? (scaled 1-
5/32 in. diameter). The primary flow rate will be approximately 4% of full
primary flow with cold leg temperatures of approximately S549F. The primary
boundary systems are inactive. The RVVVs are manually closed. The core
flood tank is isolated. The steam generator secondaries are initialized with
auxiliary feedwater. The secondary levels are maintained at 10 ft using the
high-elevation minimum-wetting feedwater nczzles. The feedwater temperature
is approximately 110F. The primary power-to-flow ratio will be approximately
unity, obtaining a hot leg fluid temperature of about 585F. The initial
primary subcooling is then the saturation temperature at 1905 psia (629F)
less the hot leg temperature, or 44F. The surge line fluid temperature is to
be within 5F of the hot leg temperature. As an indication of steady state,
all fluid and metal temperatures are to be varying less than 3 and 'JF/h,
respectively.

3.7.4. Initjation
The test is started after recording at least 10 minutes of steady-state data.
The initiating event is the initiation of the core power decay ramp. The

next steps should be performed as simultaneously as possible i.e., within an
elapsed time of approximately 20 seconds.

1. £- ‘ate the auxiliary feedwater head-versus-flow simulation.
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Table 3.13. Test 4CR3T2, In‘tial Conditions

Quantity Specification Tolerance [+/-]1  Derived*
Core power** 3.5% 0.05
Primary flow &%
Primary pressure 1505 psia 10
Hot leg inlet temperature 585F
Cold leg exit temperature 545F
Core exit subcooling 44F
Pressurizer level*** 21.3 ft

Surge line temperature Hot leg
temp., F
Secondary flow

Secondary pressure 98C psia
Auxiliary feedwater temperature 110F
Secondary levels 10 ft
Fluid temperature gradients OF/h
Metal temperature gradients OF/h

*Derived quantities are for information only and should not be interpreted
as control specifications.

**Augment core power by 0.57% to compensate for heat losses to ambient.

**%A11 levels are relative to the secondary face of the lower steam generator
tubesheet.

Table 3.14. Test 4CR3T2, Conversion Factore

Core power 31,138 kW = 1% of MIST scaled full power
rrimary flow 1607.1 1bm/h = 1% of MIST scaled full flow
Secondary flow 134.64 1bm/h = 1% of MIST scaled full flow

These conversion factors are specific to Crystal River and differ slightly
from those used for MIST Phase III tests (reference 9).




Switch control of the rector vessel vent valves from manual to
automatic "independent" control (open/close setpoints of 0.125/0.04
psi).

3. De-energize the pressurizer heaters,
4. Actuate/open the low secondary pressure circuit,

The AFW and HP1 simulat.ons are specific to this test and are different fr..
those used in the MIST Phase 111 tests (see Figures 3.13 and 3.14 and Tables
3.15 and 3.16) The secondary pressure control should simulate the Crystal
River ADV/TBV systems at 50% of their rated capacity (one-half capatity of
CR-3 capacity is 1537 Ybm/h @ 1025 psia). The post-trip power function
(Figure 3.15 and Table 3.17) is the same as used in the MIST Nominal Test but
diztorted in time by a factor of 1.36. This multiplier is the vatio of the
MIST facility primary system volume to the ideally scaled Crystal River
primary volume. The conversion factors for core power and primary and
secondary flows to the percentage of full are listed in Table 3.14.

3.7.5. Control During Testing

Following test initiation, a series of actions must be perfnrmed to reproduce
those taken by the plant operator. The test simulation requires a complex
schedule of operator actions to adjust the performance of the high-pressure
injection and auxiliary feedwater systems. A complete list of these actions
is prov‘ded in Table 3.18. For most of the actions iisted in Table 3.18, a
time and a onrimary pressure are listed. The test operator should take the
prescribed action when the sperified pressure is reached. If the pressure
for the action is not resched in the time specified in Table 3.18, the
operator should delay perf..ming the action as long as the specified pressure
is being approached. Once beyond the specified time for the control action,
the action may be taken when the pressure is within 3 1% of the specified
pt wre. If the system pressure stops approaching the specified pressure
for a control action, then the operator should take that control action anc
proceed to the next step. The operator actions listed in Table 3.18 must be
performed in the sequence specified. The times listed on Table 3.18 are
delayed or distorted from the corresponding event Tisted on Table 3.12 by :
factor of 1.36 i.e., MIST time = 1.36 x Crystal River time. The majority of
operations involve the Hr' 2nd AFW flow rates. Actiisn should be taken to
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lable 3.15. Test 4CR3T2. Auxiliary Feedvater Characteristics*
secondary Pressure (psia) LR-3 Flow (gpm)** __ MIST Flow (1bm/h)***

100 1057 646
400 1050 64)
600 1025 626
789 981 399
897 926 566
954 887 542
1003 850 519
1068 197 487
1106 766 468
1207 667 408
1269 599 366
1308 554 338
1413 399 244

*Data are from reference 10.
**Flow is per steam generator.

**«MIST flow is scaled by a factor of 817.
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RCS Pressure Two-Pump Flow* One-Pump Flow*
(psia) (1bm/h) {1bm/h)
100 645 331
200 636 326
300 626 321
400 617 317
500 97 A2
600 596 306
700 585 01
800 574 295
900 563 289
1000 552 283
1170 540 277
1200 527 270
1300 514 264
1400 500 256
1500 485 250
1600 470 242
1700 455 234
1800 438 226
1900 420 216
2000 400 206
2100 378 195
2200 354 183
2300 329 171
2400 302 157

*Flow is the total to the RCS.

**Data are from reference 1.
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lable 3.17. Test 4CR372, Post-Trip Power

Time ‘min)* Power (%)**
0.1 3.3912
| 0.2 3.3314
| 0.3 3.2764
0.4 3.2256
0.5 3.1764
. 0.6 3.1345
; 'E 0.7 3.0937
\ % 0.8 3.0555
;? 0.9 3.0197
- 1.0 2.9860
‘ 1.1 2.954)
; 1.2 2.9237
% 1.4 2.8675
2 1.6 2.8167
%} 1.8 2.7708
ﬁ 2.0 2.7293
2.5 2.6422
3.0 2.5745
3.5 2.5224
4.0 2.4833
'-i 5.0 2.4207
4 6.0 2.3600
7.0 2.3038
8.0 2.2529
356




Jable 3.17. Test 4CR3'2, Post-Trip Power (Conti'd)
Time {min)* ____ Power (%)**

9.0 2.2073

10. 2.1668

20. 1.8987

40. 5992

60. 4048

80. 2765
100, .1889
200. .96650
300. .86807
400, 81325
500. 76751
600. .74000
700. .71836
800. 69778
900, 67922
1000.0 66376

*Time zero is the actual decay power at 1 minute 40 seconds.

**Power is calculated by the relationship

PeP [(Time/1.36 + 1.667)].




Table 3.18. Test 4CR3T2, Operator Actions

Lvent H*mnw—m‘ ;:Lf
Initiate post-trip power function.
foan Tow soum fiow clrentt. 5
Set steam generator B level to 11 ft. 4] 1895
Initiate HPI (.-pump simulation). 2 31 1892
Set steam generator B level to 9.5 ft. 2 43 1891
Increase HPI flow (2-pump simulation). 4 1 1903
Set steam generator B level to 30 ft, 7 29 1063
Set steam generator A level control to 20.7 ft. 8 50 1981
HP1 pump C terminated (1-pump simulation). 13 35 2237
Set steam generator B level control to 20.7 ft. 15 38 2262

*Times are relative to the initiating event i.e., loss-of-offsite power plus
1 minute 30 seconds. A "time distortion factor" of 1.36 has been
applied to the corresponding events from Table 3.12. The test time is
computed using the relationship

Test Time = 1.36 x [CR3 time - 1.667).
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prevent the secondary pressure in either steam generator from decreasing
below 600 psia at any time during the transient. Control steam pressure at a
constant 600 psi until loop conditions tend to raise pressure above this
setpoint, then return to the simulated 50% ADV/TBV capacity.

3.7.6. Termination

The test should be terminated based on the establishment of the stable
natural circulation cooldown conditions, although termination may pe delayed
at the discretion of the Test Engineer. These conditiuns are secondary
pressure equal to 700 psia, and the secondary levels controlled to 50% on the
operating level (20.7 ft SFLTS). Other approximate conditions are listed in
Table 3.19. The Crystal River transient lasts approximately 1 hour. Data
should be saved for approximitely 1 hour after achieving the terminating
conditions. The test may also be terminated if the plant terminal conditions
cannot be achieved in the YIST f cility within § hours following test
inftiation.

3.2.7. Acceptance Criteria

1. At least 10 minutes of steady-state data are recorded at the specified
initial conditions.

2. Test initiation is performed as specified.

3. The spezified boundary system control settings are maintained throughout
the test. Because of the complexity and number of operator actions, the
test is acceptable provided that the general control specifications are
adhered to, and the actions performed are sufficiently annotated to
permit code modeling.

4. Test termination is performed as specified.

6. A1l critical instrument data as specified in Appendix F reference 6 is
reccrded at intervals of 10 seconds or less throughout the test. Since
the Crystal River 3 event did not lead to two-phase conditions in the
cold legs, no changes to Category C instrument classifications are
necessary, with exception to those instruments previously addressed by

the Program Management Group.
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Table 3.19. Test 4CR312, Final Conditions*

LQuantity Approximate Yalues

Core power** 1%

Primary flow 1%

Primary pressure 2200 psia

Hot leg inlet temperature 540F

RC pump inlet temperature 500F
Pressurizer level®#* 27.1 ft
Secondary flow 1%
secondary pressure 700 psia
Secondary level 20.7 ft

*This table is provided for information only and not as a specification of
the actual final conditions during the test.

**Augment core power by 0.57% to compensate for heat losses to ambient.

***A11 levels are relative to the secondary face of the lower steam generator
tubesheet.

3.8. Test 45€C02 -- Rancho Seco Scaling Transient

Test 4SECO02 is the second of two Phase IV tests that attempt to simulate
actual plant transients. These tests are the Rancho Seco Loss-of-1CS Power
Event of December 26, 1985 and the (rystal River Unit 3 Loss-of-Offsite Power
Event of June 16, 198]1. These transients have been selected for two reasons:
First, because they are well documented (references 7 and 8) and second,
because they can be simulated “ichout the addition of hardware and control

systems to the present facility. The second scaling test, the Rancho Seco
Event, will be simulated in this test specification.

3.8.1. Purpose

The purpose of this test is to simulate, as closely as possible, a plant
transient on the scaled MIST facility. The results of the test will be
useful in providing benchmarking data for the code analysts and will provide
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insight into the scaling compromises that are known to exist in the facility.
In particular, the ;ime and steam generator metal masses, total primary
system volume, and AFW wetting atypicalities are believed to tave the
greatest likelihood of influencing the results of this test. In order to
compensate for the excess primary system volume of the MIST fac’lity, a time
"distortion” will be applied to the post-trip power function and the operator
control actions.

3.8.2. Background

The Rancho Seco event occurred with the reactor at 75% full power and the ICS
in the automatic mode of operation. A loss of ICS power caused the startup
and main feedwater (MFW) block v lves to close, thus terminating MFW flow to
both steam yenerators. The loss of feedwater flow led to a reactor trip on
high RCS pressure. The ICS failure caused the ADVs, TBVs, and AFW control
valves to fail open to 50% demand. The AFW system and the secondary system
safety valves quickly reduced secondary pressure. An excessive amount of AFW
flow to both generators overcooled the primary system. The SFAS was actuated
on low RCS pressure which started the HPl system. Copious amounts of AFW
were injected until steam generator A completel;, filled. During the transi-
ent two tu four reactor coolant pumps were constantly cunning. The overcool-
ing and contraction of the RCS resulted in the formation of a saturated fluid
volume within the reactor vessel head region, Large amounts of HPI flow in
combination with low RCS pressure resulted in the PTS envelope being violat-
ed. Ultimately, the AFW flow was terminated and the HPI flow was throttled,
resulting in the repressurization and stabilization of the plant. The
thermal-hydraulic transient lasted approximately 90 minutez, although the
official event lasted much longer. Table 3.20 contains a partial list of the
key events and milestones of the transient. Plots of the available data are
presented on Figures 3.16 through 3.36.
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Loss of ICS power.

Startup and MFW control valves close to 50%.
AFW control valves, TBVs and ADVs open to 50%.
MFW block valves close.

MFW flow decreased to zero.

Pressurizer spray started.

AFW pump B starts.

Reactor, turbine, and generator trip.
Pressurizer spray stopped.
Primary pressure reacnes peak (2330 psia).

AFW pump A started.
Hot leg temperature peaks at 606.5F.

Letdown flow reduced.

Secondary code reliefs 1ift.

HP1 valve A opened (full), o+*

Secondar' code reliefs close.

HPI pump B started.

MFW pumps tripped.

SFAS initiated on low RCS pressure (1600 psia)
Pressurizer level 15 inches.

HPI valve A, B, C, and D throttled, o%* wies
AFW SFAS valves opened (full).

AFW pumps B stopped and re-started (half of current flow).
HPI pump A starts.

Pressurizer level goes offscale low.
Subcooling margin is 75F and increasing.

AFW SFAS valves closed.

AFW pumps A and B bus changed (full flow resumed).

Surge line empties.
Reactor vessel head reached saturation.




Table 3.20. Test 4SEC02, Key Events and Actions (Cont'd)

Event* mn.“w.m
MFW flow starts (via condensate pumps). 6 33
HPI valve A throttled.*** 7 0
RCS pressure reaches minimum (1079 psia). 7 38
§‘c‘§°:r11'23.-2'212.‘-t§°t1' Tia. / gy
Secondary ADVs and TBVs closed. 4 0
3§3r§¥§w'2202:? control valves close. 9 3
AFW vilve B partially closed. 9 23
HP1 pump recirculation cpened. 11 43
AFW valve A closed (full). 12 35
HPI valves A, B, C, and D throttled.**+ 13 0
RC pump C stopped. 14 13
RCS temperature at 410F,
Letdown flow re-established. 14 56
HPI pump A stopped. 15 12
AFW valve A opened (full). 15 53
HP! valves C and D closed (full), w++ 15 58
Makeup pump stopped. 16 0
Pressurizer spray started. 19 13
AFW valve B closed (full). 19 33
Steam generator se~ondary A overfills. 19 53
RCS reaches 390F, 1445 psia. 25 13
AFW valve A riosed (full). 26 13
Minimum s.exm generator secondary pressure *eached. 26 23

Steam o.nerator A:

236 psia, steam generator B:
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Table 3,20, lest 4SECO2, Key Events and Actions (Cont'd)

Event* Hin.Iil..'Sg;‘
HP1 pump B stopped. 28 55
HP1 valves A and B closed (full).*+ 29 E
HPI pump B started. 30 7
HP1 pump B stopped. 36 32
HP1 pump B started. 36 43
Secondary blowdown started. 43 0
A*W pumps A and B stopped. 54 0
RC pump A stopped. 7§ 17
HP1 pump A started. 18] 0
HP1 pump 8 stopped. 181 0

*Events were extracted from "Trip Report #75, Reactor Trip on December 26,

1975, Loss of ICS Power," prepared by Grant Simmons.

**Times are reiative to the initia ina event i.e.. loss of (CS on December

26, 1985 at 4:13:47,

***HPI lines A, B, C, and D correspond to MIST lines Al, A2, Bi

****The HP1 control valves are pre-throttled for SFAS conditions.
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Rancho Seco Event of 12726785
High Pressure Injection rlow vs Time

i ‘:‘1 S g
20 13 @
Time , Minutes — Start = 13:47

Figure 3.18 High-Pressure Injection Flow Vs Time

74 53 19688




89-¢

Rancho Seco Event of 12726785
High Pressure Injection A Flow vs Head
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Rancho Seco Event of 12726785
High Pressure Injection C Flow vs Head
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Ranchc Seco Event of 12726785
High Pressure Injection D Flow vs Head
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Rancho Seco tvent of 12726785
High Pressure Injection Pump Operation vs Time
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Rancho Seco Event of 12726785

High Pressure Injection Valve Positicns vs Time
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Rancho Seco Event of 12726785
Ruxiliary Feedwater System B Flow vs Head
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Rancho Seco Event of 12726785
Auxiliary Teedwater Pump Operation vs Time
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Rancho Seco Event of 12726785
Reactor Csolan. Pump Operation vs Time
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Rancho Seco Event of 12/726/85
Pressurizer Spray Valve Position vs Time
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Ranche Seco Event of 12726785
Main Feedwater Pump Operation vs Time
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Rancho Seco Even
Makeup Pump Operation vs Time
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Rancho Seco Event of 12726785

Secondary Pressure Control Valve Positions vs Time

ag v

1
r
~ 5
0
Lad
4]
(&)
—
(&
" 2
o
>
L
z
.3
O
0
©
©
O 4
2
c
0
e
)
0
a 1
2
2

Fri Feo i2 B7-36-21 1988

v * =

20 40 60 89 l%'u

Time , Minutes — Start = 13:47

Figure 3.35 Secondary Pressure Control Valve Positions Vs Time

122

secvs.plot



3010 2@ BEGT 20:57:4D 21 W4 144

awL| SA |2A3] A4epuodas 9g'g a4nbi4

(PiE] = 34R1G - SaINuUL ‘ Bwi]
e 3 22

|

| @A) abuey || N4

Ul

awij] SA [3A27] AuepuU033g
GB-32/21 30 2U2A] 0035 OyduRy




3.8.3. Steady-State Pretesy Conditions

The loop is to be held in steady state for 10 minutes or more prior to test
initiation. The initial conditions for this steady-state period are 1isted
in Table 3.21. The primary is to be initialized with all four reactor
coolant pumps running. The test will simulate the transient 25 seconds (25
seconds R-S time is 34 seconds MIST time) after main feedwater trip and 9
seconds after turbine, generator, and reactor trip (see Table 3.20). Twenty-
five seconds into the transient corresponds to the 1ift of the main steam
safety valves (MSSVs). Primary f1. 1is 10% of full flow and core power is
7.5% of full power (see Table 3.22 for conversion facters). This power-to-
flow ratio provides a lower than typical temperature difference across the
core of approximately 42F. To compensate for the derreased core cutlet and
reactor vessel upper head temperatures, the upper head guard heater power is
to be increased to provide a typical head temperature of approximately 610F.
The core power is to be augmented by 0.57% to off:et losses to ambient that
are not compensated for by the MIST guard heating system. The pressurizer
Tevel is controlled to obtain a primary pressure of approximately 2215 psia
with a 7.9-ft level (25.92 ft SFLTS), which represents a plant level of 220
inches. The pressurizer spray control valve is manually ciosed. The POKV is
in the automatic overpressure control mode. The primary boundary systems are
inactiva. The RVVVs are manually closed. The core flood tank is isolated.
The steam generator secondaries are initialized with main feedwater flow of
7.5% (see Table .22 for conversion factors) using the aspirator flow circuit
to preheat the feedwater to near saturated conditions. The secondary
pressures are 1075 psia. The feedwater temperature is approximately 460F.
The secondary levels are initialized with 36% more inventory than at the
plant in order to compensate for the excess primary systam volume. The
initial secondary levels are 29.1 ft and 30.7 ft for steam genarators A and
B, respectively. The initial conditions will result in a cold leg suction
temperature of 561F. a hot leg inlet temperature of 603F, and an average
primary temperature of 582F (47F subcooled). The reactor vessel vent valves,
core flood, LPI, ani leak measuring systems are not reguired to simulate this
transient. The HFI and AFW head-versus-flow characteristics (Figures 3.37
and 3.38) as well as the core power function are Rancho Seco-specific and
different from those wused in the MIST Phase IIl tests (see Tables 3.23,
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Table 3.21. Test 4SEC02, Initial Conditions

. Quantity Specification Tolerance Derived*
ore power** 7.5% 0.0%
Primary flow 10.0% 0.5
Primary pressure 2215 psia 25
Primary average temperature 582F ?
Hot leg inlet temperature 603F
RC pump inlet temperature 561F
Pressurizer level*** 25.9 ft 0.2
Secondary flow 7.5%
Secondary pressure**** 1075 psia
Main feedwater temperature 460F 10
Auxiliary feedwater temperature 110F 20
Secondary level A 29.1 ft 0.5
Secondary level B 30.7 ft 0.5

*Derived quantities are provided for information only and are redundant of
other system specifications.

**Augment core power by 0.5/% to compensa®* for heat losses to ambient.

***A11 levels are relative to the seco ry face of the lower stcam
generator tubesheet.

**x*Adjust secondary pressure to obtain 582F primary average temperature.

Table 3.22. Test 4SEC02, Conversion Factors

Core power 33.929 kW = 1% of MIST scaled full power
Primary flow 1689.1 1bm/h = 1% of MIST scaled full flow
Secondary flow 143.94 1bm/h = 1% of MIST scaled full flow

These conversion factors are specific to Rancho Seco and differ slightly frcn
those used for MIST Phase III tests (reference 9).
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Rancho Seco Event cf 12/26/85
Total High Pressure Injection Flow vs Head
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Rancho Seco Event of 12726785
Auxiliary Feedv ' 2r Head vs Flow
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3.24, and 3.25). The conversion factors for core power and primary and
secondary flows to the percentage of full are listed in Table 3.22.

3.8.4. Initiation

The test is started after recording at least 10 minutes of steady-state data.
Although the initiating event is the opening of the high steam flow circuit
valves simulating the main steam safety valves, this will be preceded by the
initiation of the ramp up of RC pump flow and ramp down of core power by 1
second. Since the MIST pumps reach full speed in approximately 1 second, the
core power ramp down function shown in Figures 3.39 and 3.40 is specified
such that upon completion of this rapid pump ramp, the power-to-flow ratio
matches that of the Rancho Seco plant at the time the main steam safetv
valves opened.

The Rancho Seco main steam safety valves have a capacity of 3924 1bm/s at
1100 psia, which scales to approximately 17,300 1bm/h total capacity for
MIST. The MIST high steam flow circuit is reported to have a total capacity
of 19,900 1bm/h at the same pressure. To simulate the plant’s safety valve
operation, the high steam flow circuit is to be fully opened at 1075 psia
secondary pressure and closed at '040 psia.

As discussed in Section 3.8.1, a time distortion is to be applied to the
post-trip core power ramp down function to compensate for the MIST facility
excess primary system volume. Table 3.26 shows the relationship between
Rancho Seco core power and time, and the corresponding distorted timescale
that results from the volume compensation. The core ramp down function is to
be started at the point corresponding to 0.55 minutes (33 seconds) on the
distorted (MIST) timescale. Therefore, the core power function to be
provided in MIST is specified in Table 3.25.

The test is to be initiated by starting the core power ramp down function and
simultaneously starting the ramp up for the four reactor coolant pumps to
full speed. Approximately 1 second later, in rapid sequence the remainder of
the initiation actions listed in Table 3.27 are to be performed. This
consists of fully opening the high steam flow circuit control valvas,
terminating main feedwater flow, initiating auxiliary feedwater flow, and
opening the low steam flow circuit control valves.
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Secondary Pressure psia) _ AFW Flow (1bm/h)

100.0 837.5
150.0 837.0
200.0 835.0
250.0 830.5
300.0 825.0
350.0 820.0
400.0 815.0
450.0 804.8
500.0 792.5
§50.0 779.8
600.0 765.0
650.0 746.3
700.0 725.0
750.0 703.6
800.0 677.5
850.0 644.2
900.0 600.0
950.0 546.9
1000.0 465.0
1050.0 3567.2
1100.0 157.5
1124.0 0.0
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Rancho Seco Event of 12726785
POST-TRIFP POWER VERSUS TIME
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Rancho Seco Event of 12726785
MIST POST-TRIP POWER VERSUS TIME
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Table 3.26. Test 4SECO1, Core Power Vs Time for MIST and Rancho Seco

| Rancho Seco Time (min) MIST Time (min) Rancho Seco 0 (%)
| 0.0 0.000 75.000
; 0.257 0.350 75.000
1 0.270 0.367 60.846
! 0.282 0.383 46.639
0.294 0.400 34,951
0.331 0.4% 14,581
0.268 0.%00 8.7425
0.404 0.550 7.7891
| 0.441 0.600 7.0244
| 0.515 0.700 5.9728
§ 0.588 0.800 5.3557
; 0.662 0.900 4.9264
i 0.735 1,00 4.5685
ﬁ 0.882 1.200 4.0277
“ 1.029 1.400 3.6202
“ 1.176 1.600 3.2934 5
| 1.324 1.800 3.0520 i
j 1.471 2.000 2.8386 !
| 2.206 3.000 2.3885
| 2.941 4.000 2.1264
! 3.676 5.000 1.9936 ]
| 4.412 6.000 1.9116 |
| 5.882 8.000 1.7578 !
. 7.353 10.000 1.6735
14.706 20.000 1.5031
< 22.059 30.000 1.3868 ;
| 29.412 40.000 1.2947 |

e ;.géi 3’96




Table 3.27. Test 45tC02, Operator Actions

_Time* RCS P Sec. P
Event Min. _Sec. psia _ psia

Open high steam flow circuit control valves. 33 107%

Start post-trip power function. 33

Start RC pump ramp to simulate reactor trip. 34

Trip MFW flow. 34
Open low steam flow circuit control valves.

Start AFW flow (100% H versus Q). 34
Start HPI flow (238% H versus Q).** 52
Close high steam flow circuit control valves. 1
Increase HPI flow (68% H versus Q). 45
Increase HPI flow (100% H versus Q). 18
Decrease AFW A and B flow 50% of cur. nt value. 18

Increase AFW A and B fiow 100% of current
value.

Start MFW (full). 8 54

Close 1ow steam flow circuit control valves. 12 14 1089

Stop MFW. Steam generator A level =

4.7 *t, steam generator B
level = 7 ft

Decrease AFW B flow 50% of current value. 12 46 1106
Decrease HPI flow (86% H versus 1), 15 56 1263
Close AFW valve A (full). 17 7 1348
Decrease HPI flow (53% H versus Q). 17 4] 1391
Stop RC pump C (MIST C2). 19 20 1510
Decrease HPI flow (27% H versus Q). *** 20 40 1592
Open AFW valve A full (100% H versus Q). 21 36

Start pressurizer spray. 26 8




Table 3.27. Test 4SECO2, Operator Actions (Cont'd)

he RCS P Sec. P

Evant Min. __Sec. psia psia_
Close AFW valve B (full). 26 35 1601
Close AFW valve A (full). 35 39 1445
Stop all HPI flow. 39 20 1378
Start secondary blowdown, **** 58 29 981
Stop RC pump A (MIST C1). 102 23 785

*Times are relative to the initiating event i.e., loss of ICS/MFW. A

"time distortion factor" of 1.36 has been applied to the corresponding

events from Table 3.20.

**The HPI cortrol valves are pre-throttled for SFAS conditions.

***Additional throttling may be required for pressurizer level control.

**‘*Control secondary pressure to 350 psia. If pressure greater than 350
psia then blowdown at 100F h rate. If less than or equal to 350 psia set

to constant pressure control of 350 psia.
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The Rancho Seco ADV and TBV capacity is 28%. During the event, the ADV and
TBV demand was 50% for about 9 minutes; that is, their capacity was 14%.
This capacity is approximately 2100 scaled Ybm/h at 1060 psia. The MIST low
steam flow circuit has a capacity of approximately 1000 1bm/h at 1100 psia
(choked flow Timited). As a result, the ADV and TBVs can be simulated by
positioning the Tow steam flow circuit to fully open. The HPI system is
activated at 52 seconds at 38% of the full head flow curve.

3.8.5. Control During Testing

Following test initiation, a series of actions aust be performed to reproduce
those taken by the plant operator. The test simulation requires a complex
schedule of operator actions to adjust the performance of the high-pressure
injection and auxiliary feedwater systems. A complete list of these actions
is provided in Table 3.27. For most of the actions listed in Table 3.27, a
time and a pressure (either primary or secondary) are listed. The test
operator should take the prescribed action when the specified pressure is
reached. If the pressure for the action is not reached in tte time specified
in Table 3.27, the operator should delay performing the action as long as the
specified pressure is being approached. Once beyond the specified time for
the control action, the action may be taken when the pressure is within + 1%
of the specified pressure. If the system pressure stop: approaching the
specified pressure for a control action, then the operator actions listed in
Table 3.27 must be performed in the sequence specified. The times listed on
Table 3.27 are delayed or distorted from the corresponding event listed on
Table 3.20 by a factor of 1.36 i.e., MIST time = 1.36 x Rancho Seco time.
This multiplier is the ratio of the MIST facility primary system volume to
the ideally scaled Rancho Seco primary volume. The majority of operations
involves the HPI and AFW flow rates. Table 3.27 and Figure 3.41 indicate the
varget flow rate when controlling HPI flow. Figure 3.42 indicates the
desired flow for the AFW adjustments. At a secondary pressure of 86¢ psia,
MFW fiow is to be re-initiated. In the Rancho Seco transient, MFW flow
reached a maximum of 8.8% of full flow over 2-1/2 minutes before it was
terminated. The main feedwater flow resulted in an increase in secondary
level of 4.2 and 7 ft in steam generators A and B, respectively. Therefore,
the MIST secondarv level is raised similarly at this time. At 14 minutes 56
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Rancho Seco Event of 12726785
High Pressure Injection Flow vs Head
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seconds, the Rancho Seco operators re-established letdown flow in order to
control the increasing pressurizer level. Since the MIST facility does not
have letdown flow capability, additional throttling of HPI may be required to
control the pressurizer level to prevent its complete filling. The pres-
surizer levei chould be limited to a maximum of 26.5 ft to allow an adequate
margin. The pressurcizer spray is activated at an RCS pressure of 1601 psia.
At a primary pressure of 981 psia, blowdown of the steam generators begins at
a rate of 100F/h to apg nately 350 psia secondary pressure.

3.8.6. Termination

The test should be ierminated based on the establishment of the "soak"
conditions established at Rancho Seco, although termination may be delayed at
the discretion of the Test Engineer. Tnese concitions are primary pressure
of 785 psia, primary flow of approximately 50% (2 RCPs running), secondary
pressure of 350 psia, and no secondary flow. Other approximate conditions
are listed in Table 3.28. The Rancho Se~o transient lasts appro.imately 100
minutes after the initial loss of main feedwater. Data should be saved for
approximately 1 hour after achieving the terminating conditions.

3.8.7. Acceptance Criteria
I. At least 10 minutes of steady-state data are recorded at the specified
initial conditions.

2. Test initiation is performed as specified.

3. The specified boundary system contro) settings are maintained throughout
the test. Because of the complexity and number of operator actions, the
test is acceptable provided that the general control specifications are
adhered to, and the actions performed are sufficiently annotated to
permit code modeling.

4. Test termination is performed as specified.

5. A1l critical instrument Jata as specified in Appendix F of reference 6 is
recorded at intervals of 10 seconds or less throughout the test. Since
the Rancho Seco event did not lead to two-phase conditions in the cold
legs, the Category B instruments should include those necessary to
monitor RC pump operation but exclude the gamma densitometers. No
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changes to Category C instrument classifications are necessary, with the

exception of those instruments previously addressed by the Program
Management Group.

Table 3.28. Test 4SEC02, Final Conditions*
Quantity Approximate Values

Core power®** 1%
Primary flow 50%
Primary pressure 785 psia
Hot leg inlet temperature 436F
RC pump inlet temperature 435F
Pressurizer level*** el.3 ft
Secondary flow 0%
Secondary nvZ.sure 350 psia
Secondary level A decreasing
Secondary level B decreasing

*This table is provided for information only and not as a specification of
the actual final conditions during the test.

**Augment core power by 0.57% to compensate for heat losses to ambient.

***A11 levels are relative to the secondary face of the lower steam generator
tubesheet.
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4. PERFORMANCE

The acceptability of each test was determined by examining both the conduct
of the test and the performance of the measurement systems. The acceptance
criteria for each test were defined in the corresponding test procedure,
which was based on the MIST Test Specifications.5 Any condition, action, or
measurement that did not meet »he acceptance criteria was evaluated for its
impact on test acceptability. The tests reported herein are only those that
were determined to be acceptable. Any specific deviations of these tests
from the acceptance criteria are described in this sectien,

The review of test conduct included the following checks for each test:
e System conditions and stability just prior to test initiation
e Sequence and timing of the test initiation actions
¢ Performance of the manual and automatic control functions
e Test termination criteria and the sequence of actions

The impact of out-of-specification conditions or actions was assessed. The
deviations of those tests that were determined to be acceptable are described
in section 4.1,

The following pretest and post-test data qualification checks were performed
for each test:

e The acquisition of the critical measurements
e The operation of the measurement systems within their calibrated range

e The acquisition of instrument readings within their expected range of
operation

e Self-consistent measurements, considering both comparable measJrements
and derived quantities
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The appropriate measurement uncertainties were used to assess the individual
measurements. The impact of the individual out-of-specification conditions
was assessad. The deviations of the critical measurements of those tests
that were determined to be acceptable are noted in soction 4.2,

The tests srocified were performed according to the following test proce- L
dures: Ei‘
Test Procedure §:$
410AT3 ARC-TP-770
4ANOML3 ARC-TP-777
4108D1 ARC-TP-771
410082 ARC-TP-766
458011 ARC-TP-776 5
4CR3T2 ARC-TP-781 i
4SECOZ ARC-TP-769 é
4SGPF2 ARC-TP-767 §
-k
A11 of the tests above were acceptable as performed. Initial conditions were e
all acceptable. The performance of all controls through the tests was

acceptable, and excursions are detailed in Section 4.1.3. Test initiations
and terminations were acceptable for all tests. Test 410AT3 was terminated
according t. rocedure, but 4 hours earlier than was specified in the test
specifications. The impact of the early termination was discussed with the L
PMG, and it did not warrant repeat  une test. Test 410BDl1 was extended by

4 hours to examine several phei..ena that may have occurred in the latter
part of Test 410AT3,

4,1.1. Initial Conditions

Initial conditions for MIST Phase IV tests were defined by the governing test
procedures 1isted above and are repeated in Table 4.1 along with the actual
values from each test. All initial conditions were met.

ni ion
The test initiation actions were performed acceptably for all the tests in ?
tnis group. In this text, each test is referenced to the test zero time, e

which is defined as the last steady-state scan before leak opening (410AT3,
410BD1, 4NOML3, 4100B2, and 4SB0l11), or before the start of the core power
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ramp (4CR3T2), or before the high steam circuit control valves were fuly
open (4SECO2). The zero time for Test 4SGPF2 is the starting time of the
data save.

Tests 410AT3 and 410BD) we-c initiated by opening the 10-cm? cold leg
discharge (CLD) leak. When the pressurizer drained to approximately 18.9 ft,
thi test initiation actions started with the AFW secondary fill, activation
of 'he core power decay ramp, transfer of the reactor vessel vent valve
(RVVV) control to automatic, and activation of steam generator ATOG pressure
control. A1l initiation actions were performed within tue <pecified 20-sec-
ond window,

Tests 4NOML3 and 410082 were initiated by opening the 10-cm? (4NOML3) ard
100-cm2 (4100B2) cold Teg discharge leaks. When the pressurizer drained to
approximately 18.9 ft, the test initiation actions started with the secondary
fi11, activation c€ the high-pressure injection (HPI) and core power decay,
transfer of the RVVV control to automatic, and activation of steam gen--ator
ébnormal transten: operating guideline (ATON) pressure control. AIl .aftia-
tion actions were performed within the 20-second window.

Test 4SBO11 was initiated by opening the reactor coolant pump seal leaks in
cold legs Bl and A2, manus'ly tripping the pressurizer heaters, beginning
refill for both steam generators, initiating the core power decay ramp, and
transferring the reector vessel vent valve control to automatic. All
initiati,o actions were performed within the specified 20-second time
inte.val; howe or, at 7.05 minutes a flow blockage at both leak sites was
noted and alternzte leak sites were actusted. This leak flow blockage did
not impact test initiation arceptability, since test initiation actions were
nct keyed on pressurizer level as normally was the case for MIST transient
tests. An estimated 10 1bm of fluid wourld have drained through the leak site
between test initiation and 7.05 minutes, which would result in a 0.4-ft
decrease in pressurizer level. This pressurizer level difference would not
significantly impact the transient.

Test 4CR3T2 was initiated by starting the refill of steam generator A,
transferring reactor vessel vent valve control to automatic, manually
tripping the pressurizer heaters, and opu-ing the low steam flow circuit
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control valves to predetermined positions. A1l initiation actions were
performed within the 20-second time interval, as requirrd.

Test 4SECO2 was initiated by fully opening both high steam flow circuits,
simultaneously bringirg all reactcr coolant pumps tc 100% speed, beginning
core power ramp, initiating fuil auxiliary feedwater flow to both steam
generators, terminating main feedwater to both generators, and opening the
low steam circuit control valves to predetermined posivions. A1l initiation
actions were performed as exnected.

Test 4SGPF2 was started by establishing steady-staie condititns at the
minimum achievable steam generator level for at least 30 minutes. The
minimum steawm generator level, which was about 19 ft, was obtained by
adjusting the main feedweter flow in order to establish a 22 & 2F subcooling
in the primary loop.

4.1.3. Control During Testing

The performance of the automatic control systems and manual interactions
during the test transients is described in this section. The controls for
HPI, low-pressure injection (LPI), core flood tank (CFT), pressurizer main
heaters, auxiliary feedwater (AFW) and main feedwater (MFW) for steam
generators A and B, core power, power-operated relief valve (FORV), steam
pressure, reactor coclant pump, leak and vent, and 1zvel control for steam
generato.. # and B performed acceptably for all the tests in this group
except .s noted in the following text.

Steam generator constant level control was used in Tests 410AT3, 4108BD1,
4NOML3, and 4100B2 to maintain the levels at 31.6 + 1 ft. Steam generator
constant level control was activated shortly after test initiation, when the
generators were refilled to 31.6 ft. In these tests, steam generator A and B
constant ‘evel controls performed acceptably. There were isolated deviations
above and below the Jesired control trierance. These deviations were short
in duration, small in magnitude, and were observed during the loop transi-
ents., However, in Tests 410Bu]l and 4100B2, notable deviatior were observed
during the 50-psi/minute steam generator blowdown period. In Test 410082,
the secondary level in both generators varied between 27 and 34 ft for about
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16 minutes, whereas in Test 410BD] the secondary levels varied between 26.5
and 34.5 ft for about 75 minutes. {

In Test 4SBO1)1, the levels of steam generators A and B were controlled to
20.7 + 1 ft from the initial fi11 through 36 minutes, except for a brief
undershoot ‘n both generators (minimum of 9.1 ft in steam generator A and
19.3 feet in stean generator B). At 36 minutes, the primary subcooling
(RVRF21) decreased to 20F and levels w..« increased to 31.6 .t, as desired.
Both steam generator secondary leveis were controlled with' n the desired 31.6
¢ 1 ft until the level control was deactivated according to the test proce-
dure on the loss of natural circulation flow (147 minutes for steam generator
A ar’ 166 minutes for steam generator B).

In Test 4CR372, the steam generator A constant level control was invoked at
12.4 minutes as the primary pressure reached 1981 psia. The steam generator
steamed down from 24.6 ft to the desired level of 20.7 ft in about 18.1
minutes. The generator A secondary level was controlled within the desired
range of 20.7 & 1 ft for the duration of the test. The steam generator B
secondary (B-SG) level was held at 10.0 ft prior to the test initiation.
Then, after the test was initiated, the B-SG level setpoint was adjusted to
11, 9.5, 30, and 20.7 ft at 25 seconds, 30 seconds, 1).5 minutes, and 15.9
minutes, as expected. Between 25 seconds and 30 seconds, the steam generator
level was increasing, as desired. Between 30 seconds and 11.5 minutes, the
secondary level was maintained within ¢+ 2 ft of the desired value. This
amount was larger than specified ¢+ 1 ft due to the relatively large AFW and
steam flow rates and low water levels during this time interval. Between
11.5 minutes and 15.9 minutes, the B-SG secondary level was 1icreasing as
expectad. After 15.9 minutes, the B-SG secondary was maintaiied at the
desirad setpoint of 20.7 + 1 ft.

In Test 4SGPF2, the steam generator level control was acceptable. Steam
generator A and B fluid levels were held within 1 ft of the required eleva-
tions for at least 30 minutes as indicated below:
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Periods, Feedwater Steam Generator A, Steam Generator B,
Minutes Systen

ft f1

0-30 Main 19.3 18.2
328-358 Main 26.1 26.1
§19-549 Main 33.3 33.2
767-798 Main 40.0 39.9
917-950 AFW 40.0 39.9
1091-1123 AFW 33.2 33.0
12911320 AFW 26.2 25.3
1478-1508 AFW 19.5 19.2

Constant steam generator level control was not required for “est 4SECO2.

Steam Pressure Control

The ATOG steam pressure control was used in Tests 410AT3, 4NOML3, 4100B2, and
410B01 (oniy for the first 30 minu’es) for the entire test duration.
Performance of the ATOG steam pressure control was examined using the
temperature difference between the core outlet and the maximum of the two
steam generator secondary saturation temperatures. Accovding to the tempera-
ture difference (DT), the followin~ control was required during the four
tests mentioned above:

1. If the DT was ,ieater tha: or equal to 50F, secondary steam pressure
control was maintained constont,

2. If the DT vas laess than 50 but g-eater inan OF, a secondary cooldown
rate of 100F/h was activated (74F/h for Test 4NOML3) and maintained
until the DT increased to “OF, at which time constant pressure
control was invoked.

3. If the DY was less than OF, a secondary blowdown rate of 50 psi/min
(37 psi/min for Test 4NOML3) was activated and maintained until the
DT increased to 50F, at which time constant pressure was invoked.
The control system periormed as intended in these four tests. In Test
41CAT3, control modes 1 and 2 were called for and no anomalies were noted.
For the first 90 minutes of the test, while control mode 1 was invoked, steam
generators A and B depressurized about 707 psia due to AFW overcooling, as is
norrally observed.

During the first 30 minutes of Test 410BD1, control mode 1 wes active and AFW
overcooling masked ATuG steam pressure control. The 50-psi/minute blowdown
was activated for both steam generators from the current ATOG setpoint at 30
minutes, as required. Blowdown rates for both generators were 50.0 ¢ 2.5
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psi/minute until 42 minutes w.en the generator A and B stear valves were

fully open. Both steam valves remained fully oper unti) after test termina-
tion.

At the init ation of Test 4100B2, DT was less than 50F. Test operators noted
that both steam pressure setpoints began ramping immediately after the
transfer to ATOG control. As is normally the case, AFW overcooling masked
ATOG steam pcessure. TControl mode 3 was invoked at 16.5 minutes when DT
decreased below OF. Both steam valves were fully open within 6 minutes and
before the specified blowdown rate was achieved. Blowdown rates reached 45
pii/minute and had averaged 37 psi/minute for both steam generators by the
time the steam valves were fully open. The deviation from the desired
50-psi/minute blowdown rate for bo*h steam generators occurred in part
because the blowdown started at a relatively low secondary pressure. The

observed blowdown rate is explainable and can be modelled, therefore test
impact is minimal.

In Test 4NOML3, control modes 1, 2, and 3 were activated several times. The
longest period during which control mode | was active was between 130 and 495
minutes. ODuring this time, the pressure in steam generators A and B dropped
by about 95 psia due to heat losses in the steam generators. Control mode 2
was activated at test initiation for about 2 minutes. then at 35 minutes it
was triggered again for about one hour. During this period, both generaturs
depressurized at a rate of 76 F/h, as expected. Control mode 3 was activated
first at 495 minutes and again at 560 minutes. During both periods, the
pressures of steam generators A and B were below 225 psia and the 37-psi/min
blowdown rate was not established in either steam generator by the time the
steam valves were fully open. The deviation from the desired 37-psi/minute
blowdown rate for both steam generators occurred in part because the blowdown
started at a relatively low secondary pressure. The observed blowdown rate
is explainable and can be modelled, therefore test impact is minimal.

In Test 4SBO11, steam pressure for both generators was maintained at the
specified 1010 psia from test initiaticn through primary flow interruption at
147 minutes, except for the expected brief auxiliary feedwater overcooling
during refill. At 147 minutes, loop A interrupted, calling for the reduction
of steam generator B pressure to 910 psia, and adjustment of the generator A




steam valve to the last sustained valve position prior to loop interruption,
Both tasks were accomplished at 150 minutes, and the noted generator A steam
valve position was 95.5% closed. At 166 minutes, both loops were interrupted
and the generator B steam valve was set to B0% closed (which was the last
sustained valve position prior to loop interruption). Due to the two-phase
conditions at the steam orifice, the steam flow rate measurements of steam

generators A and B were not reliable after 150 minutes and 166 minutes,
respectively.

At initiation of Test 4CR3T2, the steam valves of steam generators A and B
were opened to the pre-determined position and resulted in the desired total
steam flow of approximately 1400 1bm/h at 950 psia. At 6.8 minutes, steam
pressure in both generators decreased to approximately 600 psia. At that
point, the steam pressure was to be controlled at approximately 600 psia
until test termination to avoid the facility limit on primary-to-secondary
pressure differential. The procedure called for the steam valves to be
manually closed, then switched to automatic constant pressure control at 600
psia. Instead, the steam pressure control was switched to constant pressure
at 600 psia, which resulted in a gradual reduction in steam flow rather than

the intended abrupt decrease. This deviation had littie impact on steam

generator B (on constant leveil control at 9.5 ft) and steam generator A
(Filling from 9.5 toward 32.0 ft).

In Test 4SECO2, the high steam circuits were closed at 1.32 minutes, as
expected; however, the generator A limit switch (SSLSO3) indication was
incorrect (indicator showed that the switch did not close until 13.9 min-
utes). At 13.9 minutes, @ rapid achievement of 25 lbm/h steam flow rate in
both generator was called for. However, due to steam valve control limita-
tion, steam flow of about 26.0 ¢+ 3.0 1bm/h was established in generator A at
about 16 minutes, and a steam flow of 27.0 + 2.0 1bm/h was established in
generator B at about 15.9 minutes. A steam generator secondary cooldown rate
of 104F/h (desired 100F/h) was initiated between 58.9 and 59.8 minutes based

on time because the primary pressure ne.2r attained the specified setpoint of
981 psia.

In Test 4SGPF2, steam generator A and B pressures were within the allowable
control band (1010 + 10 psia) during all steady-state periods, as desired.




T v

Steam Generator Main Feedwater Control

The main feedwater was only used in Tests 4SECO2 and 4SGPF2. In these two
tests, the MFW control performance was acceptable. In Test 4SEC02, the main
feedwater was used to establish steady-state conditions. During the transi-
ent, the main feedwater to steam generator B was restarted at 13.9 minutes
based on time criteria and was stopped a minute later. This action was taken
because the desired trigger conditions, secondary levels between 6.5 and 7.5
ft, were r.. reached. The value of the steam generator B secondary level was
19.4 ft and increasing. The main feedwater to generator A was restarted and
stopped as was expected.

In Test 45GPF2, the main feedwater valve was used to establish steady-stute
conditions at 19, 26, 33, and 40 ft, as required. Note that the 19-ft
elevation is the minimum steam generator level achieved *n order to establish
a 2¢ + 2F subcooling in the primary loop.

Steam Generator Auxiliary Feedwater Control

The performance of the AFW control for al!l tests in thi roup was accept-
able.

In Tests 410AT3, 410BD1, 4NOML3, and “100B2, the AFW control was used to
maintain the feedwater flow rate at the full head/flow characteristic during
the secondary fill transient. In these four tests, the AFW to generators A
and B achieved the required flow rate during all the tests remaining within +
10 to £ 15 1bm/h (4 1.3 to & 1.9%) of the required head/flow characteristic
during the steam geierator refill.  However, for one scan (5 seconds)
following the tran<fer to head/flow AFW control, delivered feedwater exceeded
the required flow rate by 25.9 to 163 1bm/h.

In Test ASBO1l, the AFW was used to fill the generators at half head/flow
capacity at test initiation, and later at 36 minutes when primary subcooling
decreased to 20F. During both steam generator refill periods, the meas' ed
flow rate was within + 8 1bm/h (+ 2%) of the intended head/flow characteris-
tics, except for a few isolated spikes when delivered flow exceeded required
feedwater by 190 to 265 1bm/h for less than 3 scans (<15 seconds). At 147
minutes, when single-loop cooldown was initiated, the AFW control valve was
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manually adjusted to establish a 76-1bm/h flow into generator A, «s intended.
At 168.3 minutes, the AFW of generator B was also adjusted to establish 76
1bm/h flow ints the generator, as desired. This action follo<ed the loop A
and B interruptions at 166 minutes.

In Test 4CR3T2, the fu)l-capacity AFW flow into generator A wa® started at
test initiation until 12.3 minutes (start of generator A boildown), as
intecded. The full-capacity AFW of generator B was activated at 0.5 minutes
for 40 seconds and again from 11.6 minutes to 16 minutes, as required. The
AFW activation actions of generator B were taken as the primary pressure
increased to 1895 psia (at 0.5 minutes) and 1963 psia (at 11.6 minutes).
During the AFW injection periods, the measured AFW flow rate was between t 5
and + 20 1bm/h (+ 1% and & 3%) of the required head/flow characteristics.
Following AFW initiation, delivered feedwater exceeded required feedwater by
as much as 180 to 190 1bm/h (29% to 36%). These excursions lasted between 5
to 25 seconds.

In Test 4SECO2, the steam generator auviliary control for steam generator B
was acceptable during the test. Steam generator A auxi'iary feedwater
control did not perform as desired in that it supplied only 57.7% of the
desired flow due to erroneous evaluation of the controller setpoints.
However, all actions to adjust the generator B AFW flow were taken, as
required. Most of these actions were taken based on time. The performance
of the genevator A AFW control was acceptable since the feedwater flow was
known and can be modelled.

In Test 4SGPF2, the AFW valve was manually adjusted to establish the desired
steam generatcy secondary level.

Power-Operated Relief Valve

The PORV control for all tests was acceptable. In Tests 410AT3, 410B0I,
4NOML3, 4100B2, and 4SBO11, primary pressure remained below the 2350-psia
actuation pressure, and the PORV did not automatically actuate. However, in
Test 410BD1, the PORV was manually opened to lower the primary pressure, as
called for in the test prciedure. In Test 45GPF2, the PORV was manually

closed as expected. In Test 4CR3T2, the PORV actuated a total of 754 times,
controlling the primary pressure between 2330 and 2400 psia. The first
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actuation was performed manually to keep the primary-to-secondary pressure
difference below 1800 psia. In Test 4SECC2, the PORV actuated automatically
as the primary pressure increased to 2350 psia. In addition, the PORV was
activated manually to keep the primary-to-secondary pressure difference below
1800 psia.

High-Pressure Injection

The performance of the NP1 control for al) tests was acceptable. HPI was not
required for Tests 4i0AT3, 410BD1, 4SBO11, and 4SGPF2. In Tests 4NOML3 and
410082, HP1 was manually and automatically controlled according to the
following:

1. Maintenance of the full head/flow characteristic for all times when
subccoling was less than 70F,

2. Automatic HPI throttling to contro) subcooling between 70 and 80OF,

Mangal interruption when core exit subcooling (RVRF21) exceeded
100F.
During activation of control mode 1 in both tests, the maximum deviation of
the HPI flow rate from the head/flow characteristic was about § 1bm/h
(0.75%). Control modes 2 and 3 were also active in both tests, as expected.

In Test 4CR3T2, HPI was first activated at 0.42 minutes as the primary
pressure decreased to 1892 psia. HPI was delivered at 0.92 minutes, and flow
rate was controlled s 225 Ybm/h (50% head/flow characteristic) until 4.1
minutes. In this period, HPI occasionally deviated from the desired flow
rate, but the variation in flow rate was acceptable. Between 4.1 and 15.7
P autes, HPI was maintained at 450 & 10 1bm/h (100% head/flow characteris-
tics), as required. After 15.7 minutes and until test termination, HPI was
maintained between 120 and 190 1bm/h (desired was approximately 155 Tbm/h,
50% of the head/flow characteristics).

In Test 4SEC02, the HPI flow was adjusted based on primary loop pressure or
time criterion. Based on pressure criteria, HPI flow was started at 38% of
the head/flow 1imit at 1.08 minutes and a loop pressure of 2037 psia. Then,
at 3.7 minutes, and loop pressure of 1917 psia, HPI was increased to 68% of
head/flow. HPI was further increased to 100% of the head/flow limit at ahout
12.8 minutes when the primary was about 1779 psia. Based on time criteria,



Wr( was reduced to B6%, 53%, and 27% of head/flow limit at 15.5, 17.3, and
20.2 minutes, respectively. HPI was terminated based on tima, at approxi-
mately 38.4 minutes when the primary pressure recorded just above 1900 p-ia.
Following the HPI flow rate setpoint adjustment, peak-to-peak oscillations of
310, 300, and 200 1bm/h were noted at approximately 2.33, 3.7, and 15.37
minutes. Other ¢ ,fations beilween desired and delivered HPI flow rates were
also noted, but chey were all acceprapie.

Low-Pressure_Injection Control

The low pressure injection system was manually isolated for Tests 4SECO2,
4CR3T2, 4SGPF2, and 4SBO11. As for Tests 410BD1, 410AT3, 4100B2, and 4NOML3,
the LP1 system was active and the control performance was acceptable despite
a few minor excursions. The introduction of LPI to the primary started as
the loop pressure decreased to about 203 psia. [Initially, the presence of
LP1 increased the primary loop depressurization rate, rapidly increasing the
required injection rate. During periods when the required LPI setpoint was
rapidly changing with primary pressure, delivered LPI flow lagged behind the
desired setpoint by approximately 15 seconds, causing a deviation between
desired and actual LPI flow rate of about 400 1bm/h (8.9% of full capacity).
During periods when primary pressure was nearly stable, the LP] flow rate was
controlled within 150 to 180 1bm/h of setpoint (3.75-4.00% of head-flow LPI
at runout). An offset of this magnitude results from the combined impact of
using an existing transmitter (RVGPO1) ranged from 0 to 2500 psia for control
neasurements in the range of 120 to 205 psi and the steep slope of the
required LP1 head-flow curve in this range.

Reactor Vesse) Vent Valve Control

The reactor vecsel vent valves (RVVVs) were in independent automatic control
mode for all tests in this group, except for Tests 4SECO2 and 4SGPF2. In
these two tests, the RVVVs were manually closed during the entire tests.

The RVVV actuation differential pressures were evaluated at the beginning and
at the end of the MIST Phase IV Test Program, and the vent valve performance
was acceptable. The RVVV opening and closing differential pressures (desired
open/close = 0.125/0.04 psid) recorded in the data base for this test program
were acceptable.
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Core Flood Tank

The core flood tank (CFT) control was satisfactory for all tests. For Tests
4CR3T2, 4SECO2, and 4SGPF2, the core flood tank was manually fsolated, as
expected. The CFT water inventory was discharged into the loop during Tests
410AT3, 410BD1, 4NOML3, and 4100BZ. The CFT isolation valves opened when
primary pressure was between 635 and 650 psia. In Test 4SBO11, the CFT
remained isolated since the primary prescure remzined above the actuation
pressure.

In Test 410AT3, the CF7 control was left on auto until test termination. In
Tes* 4NOML3, the CFT was manually isolated when the core exit subcooling
exceeded SOF and the primary pressure was less than 715 psia. In Tests
410BD] and 410082, the CFT was automatically isolated on Tow level.

Pressurizer Main Heaters

The pressurizer main heaters were tripped off on low pressurizer level at
test initiation for Tests 410AT3, 410BD1, 4NOML3, 4100B2, and 4SECO2. In
Tests 4CR3T2 and 4SBO11, the pressurizer main heaters were manually tripped
at test initiation. In Test 4SGPF2, the pressurizer heaters remained
energized during the entire test, as desired.

Core Power

The core power decay ramp was activated at test initiation in all tests in
this group except 4SGPF2.

The core powrr control performed satisfactorily during each test. Core power
was maintained within 1.5 kW of the intended core power decay curve through-
out .he tests. In Test 4SECO2, the core power briefly deviated from *e
specified curve by as much as -9.3 kW (-9%) to about +2.5 kW (2.3%) during
the start of the ramp. In Test 4SGPF2, core power control was maintainsd
constant at 258.8 + 1.5 kW, as required, until test termination.

|g.! .Dd me' S!ﬂﬂm anI[Q“
For all tests in this group, all leaks and vents were actuated in accor. .ce
to the test procedures. The single-phase leak system was inactive for Tests

4SECO2, 4CR3T2, and 4SGPF2. The active leak for Tests 410AT3, 4108BD1, and
ANOML3 was the 10-cmé cold ley discharge leak. The active leak for Test



.

A100B2 was the 100-cm cold leg discharge leak. Test 4SB0O11 was initiated
using the A2 and Bl cold leg reactor coolant pump seal leak sites. However,
these two leak sites were plugged, and at 7.05 minutes the Al and B2 leak
sites were activated. The 7 minutes without leak flow did not impact the
acceptability of the test as discussed earlier in Section 4.1.2. Llisted

below are the measured throat diameter of the leaks used in the MIST Phace 1V
tests:

Measured Leak Size

Test Nominal leak Size  location Throat 1D - Inches
410AT3 scaled 10 cm? Bl CLD 0.0475
41080] scaled iC cml Bl CLD 0.0475
4NOML3 scaled 10 cm? Bl CLD 0.0475
410082 scaled 100 cm? Bl CLD 0.1558
45B01) scaled 0.25 cm? A2 RCP 0.0080, and
Bl RCP 0.0080
458011 scaled 0.25 cm? Al RCP 0.0093, and
B2 RCP 0.0097

In all tests except 4SECO2, 4CR3T2, and 4SGPF2, the hot leg high-point vents

and the reactor vessel upper head vent were used after test termination, as
indicated by V2MMO3 and V2MMO2.

In Test 410082, the leak flow saturated 95 seconds after opening and remained
saturated until 35 minutes when LPI fluid filled the cold leg discharge
piping past the leak elevation. As leak subcooling was restored and began
increasing, leak flow rapidly increased. Shortly after 35 minutes, leak flow
was subcritical, limited by Euler pressure loss through the ~ingle-phase leak
system. Ideal modeling of the 100-cm® leak required critical flow to be
maintained until 43 minutes when leak temperature decreased belov 717t
After this time, the orifice Euler number governed leak flow. Te sccept -
ability was not impacted since an accurate measurement of leak flow was
available for the entire test, permitting code modelling.

Reactor Coolant Pump Control

The reactor coolant pumps (RCPs) were only active for Tests 410BD1 and
4SECO2. In these two tests, the reactor coolant pump control was acceptable.

In Test 4SEC02, the pumps operated at less than 10% speed prior to test
inftiation, as specified. Then, all four pumps were brought up simultaneous-
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1y to 100% speed in less than 10 seconds. The pump coastdown occurred, as
required, at 101.83 minutes for the Al reactor coolant pump (RVGPOl was
1955.5 psia), and at 18.3 minutes for the Bl pump, when the p imary pressure
registered a value of 2009.1 psia. Both v\nese actions were executed properly
based on time due to the approac! 1o tu. orimary pressure value. The reactor
coolant pump for A2 cold leg tripped off unscheduled at approximately 87
minutes due to voltage surge in the input power iine, and was off for about
15 minutes. This event did not impact test acceptability.

In Test 410B01, the Bl reactor coolant pump was bumped as specified at 945
minutes, and the Al reactor coolant pump was bumped at 960 minutes, as
required. The pump bump was needed to induce LPI and refill the primary.
When the pumps were bumped, the rampur to 100% speed was completed in 16
seconds, as expected. The pump co stdown for the Bl and Al pumps was
initiated at 7 seconds and 3 sec.ads, respectively, after each pump had
reached 100% speed during rampup. The coastdown of both pumps was success-
ful.

4.1.4. Termination

Test termination activities were acceptable for all the tests ir this group.

Test 410BD1 was terminated after completing the second reactor coolant pump
bump. Test 410AT3 was terminated according to procedure, but 4 hours earlier
than was indicated in the test specifications. This early termination did
not warrant repeating the test since a s:.milar test (410BD1) was performed.
Test 4108D]1 demonstrated the same primary pressure trend with nearly identi-
cal loop conditions. Primary repressurization and boiler-condenser-mode
cooldown, which would have occurred after terminating Test 410AT2, were
observed in Test 410BD1.

Test 4NOML3 was terminated due to maximum time duration (11 hours). Test
4100B2 was terminated 2 hours after primary pressure dropped below 200 psia.
Tests 4SEC02 and 4SGPF2 were terminated after completing all scheduled
operator actions.

Test 4CR3T2 was terminated at 225 minutes, approximately 75 minutes earlier
than specified. The early termination wa. authorized by the B&W ISY Program
Manager. At 225 minutes, the primary system had been filled with water, with
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the PORV actuating at 15- to 20-second intervals, and the primary fluid
cooldown rate was less than 1F/h. No change in these conditions was expect-
ed, s0 the test was terminated to 1imit stress on the facility.

Test 4SBO11 was terminated at 226 minutes when the steam generator A steam
valve was manually opened in anticipation of exceeding the secondary pressure
facility limit. This early termination did not impact the acceptability of
the test for the purposes of examining the effect of mitigating actions
during the station blackout transient.

In all tests, the loop was refilled and the reactor vessel upper head void
was removed prior to the termination of acquiring data.

4.2. Instruments

Each of the eight tests in the AIST Phase IV test group series used a common
set of instrumentation. The critical instruments in this set are defined in
Table 4.2. The measurements obtained from the instrumentation were checked
to assure acceptable operation during the tests. Checks on instrument
measurements were performed by computer-automated data qualification activi-
ties and manual examination of the analysis plots, Data qualification
activities for each test in this group were performed at steady-state,
pretest initial conditions, during the test transient, and after test

termination as summarized below:
__Ij.m_n_t_m.tmns%._
Before During After

Check Purpose _Test Test Test

NOREAD Definition of instruments not X X X
acquiring data

ANDCHK Calibration check of the Analogic X X
data acquisition system

ZERQOS Zero check of instrument transmitters X X

RANGE Validity of instrument measurement X X X

as compared to expected range

CONSIS Instrument and Jerived quantity X X
consistency check
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As @& result of these manual and automatic data qualification checks app)ied
to the measurements and derived quantities in the test data base, the
critical instruments identified in Table 4.3 were determined to be invalid
during all or part of the cest. In most in;itances, there was sufficient
redundancy in the group of cri ical instruments so that the {1 {vidual
failure did not violate the requirements of the Critical Instrument .st. In

the other cases, the existence of the failed critical instrument did not
warrant repeating the test.

Prior to and after completion of the test, a "zero" reading was obtained for
all differential pressure and pressure transmitters, mass flow meters, weigh
tank load cells, and reactor core voltage and current measurements. For
those critical instruments that failed the zere check (defined in the
Immediate Report for each test), the magnitude of the failure was small
enough that measurement performance was not dey-aded to a condition that
warranted repeating the test. The instrumentation performance during these
tests was fully acceptable based upon this check.




Table 4.1. TJest Initial Conditions for MIST Phase IV Test Series

Actual Valwes

System Parameter Sjooez  esBOLl

Pr mary

Precsure

Hot leg
subcoo Ling

Core power

Pre<surizer P71 ¥20
Tovel

lovel variation met speci, ication for all tests

Pressurizer PO deg ¥ Match MITCH) 5 wITCH mn LIRSS ®TH wiTon
surge |ine 5 LR «1 4 2.7 z29
fluid ) a«sETe?

temperature

RY upper

heoad
temperature




Table §.1. Test Initial Conditions for MIST Phase IV Test Series (Cont’d)

61~

_Acleal Valyes <
System Parameter VIAR  Umits Desired __Jolergnce  QJOAI3  NOWML) 410801 @ €j0087  &SBOjL _&50E02  &5ehig
Fluid/metal {e) deg f Varying less than For all tests, fluid and metal temperature variat:. . sper Wication.
temperatyres IF/h for fluid
and 10 /% for
wetal during 3
30 minute interval.
Pomp ipeed CITA20 rpm %20 Adjust te get {c) {c) <) tc} (<i tc) %13 te)
£2TR20 345 0 desired down- 300 ¢
C3TAZ0 353 0 comor flow rate M3
eTArn 3560 M3 8
Pressure siero psta 1010 +10 1 1914 1013 1013 013 1016
s26Pel 1912 1018 1013 013 o2 1009
51690 30 419 B
S2€PO1 M
516901 1075 .25 1079
526901 1078
Leve] Sitv2o ft 50 s1.0 0 54 5 S
s2Lv20 ¢ 2 5.2 47 53
$11¥20 15 sg 35
s21v2o 34 s1.0 3s
Siv2e 0.0 10 9
szivze we
Suvze 27.9 05 .7
S21%20 2% 05 2
suvzo (82 193
s2tv2o () %2



02-v

System  Parameter = VIAB  Umits ==

A ‘Tiary
foedwatar
temperature

Main feed
temperature

Main foed
flow

Flood Tank
Pressure

Level

Table 4.1. Test Initial Conditions for MIST Phase IV Test Series (Cont’d)

SkaTel
SFRve?

CFGPOI
CFLY29

Aoy

dog ¢

Tom/®

psia
LA

A E R T ____Actual Valwes
_Desived =~~~ Tolerance Q1013 eNOWL3  4j08D) 610087 45801
e «20 1190 1218 119 6 1220 2.7
121.0 122.9 1208 1739 1.2
160 +10 (<) (<) {c) tc) {c}
(<) {c) (<) {c) (<)
{9)
Se0 +36 () () (<) (<} {<)
t<) (<} () (<) (<}
500 10 601 9 $35.5 599 © &0n 3 50¢ 0
@8 03 @0 a0 LF ] w0 [ER]

1200
1211

()
(<)

(<)
{c)

(<)
{c}

(<)
<)

<)
{c)

1 WCA3IZ w5600 43

(<)
{c}

ta)

b)
{c)
{9

(e)

f)

(g)

Pressure must be adjusted to give a hot leg subcooling of 27 & 2F a5 given by the difference between WITCI] and RVRF20 (which is the saturation lemperature

basad on RVGPO1) .
Hot leg subrooling was defined by twe difference between HITCI! and PVRF20 (the saturstion temperature based on RVGPOI).

Mot applicable for this this test.

The tolerance of the pressurizer leve! is:

-

@ level should be within + 0.2 7t for all tests, except for test ASGPFZ (tolerance is « 1.5 ft),

e level variation sust be iess than 0.6 ft/h

The following fluid and metal temperature measurements were used to define steady state (minimum time interval of 30 minutes without test sperstor manna!
contro! adjustments):

Fluid: #'RIOL. H2WT01, PIRTOZ, P2RTOZ

Metal: PZRTOL, CIMIDR, (2MT04. CINTOR, CEMTOL. RVNT24, RIS

Stear

The main feedwater temperature required for Test €56P72 is the maximus achievadle by the MIST main fesdwater heater comtrel system

genarator secondary levels must be adjusted to give a hot leg subcooling of 22 & 2F as given by the differenc. between WITCII and RVRF20 (which i3 the
s.turation lemperature based on RVGPO1).
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=5 Critical jastryments s

Lomponent =~ Instrument Type Vest €j0BD], €JOATI  4NOM3 2 &]j0082  e58011 =
Reactor Aot o wVano )
Vesse) Conductivitly Probe R¥C201 04 - - - - ~
Differential Pressure R/YDPO1.03 09 BYDPO? - eyDPO? - RYDPO] 05 (Only) RYDPOI DMLY
Differential Temperature PYDI0I 08,23 . - - . . =
Pressure Transmitter ByePo - <
Limit Switch RVLSO1 08 - av150° - L
Metal Thermocoup!s RYNTOL 04 73 |VsTZR. 25 EYMI2¢ 25  RWWIZe 7S RymT4. 25 -
RYNTOS-22 (12 of i8) ; . ' .
Fluid Thermocouple RYTCO1,02 (1 of 2) ;
RYTC16-20 =
PNTE03-15 (S of 13) -
BVIC21-23 (2 of 3) . - . -
Voltmetor RYYMO] - - . -
Power Controller - - - R0 08 23
Wot Legs Conductivity Probe HICP01-10 (S of 10) . -
H2CPO1-10 (5 of 19) k -
Differential Pressure HI0P01 08,09 12 14 n HIDPOS-0R 13,15 HIDPXS. 08 13,15 WIDPOT_ 1¢ OM Y
H20P01 04.09-12.14.16 (£3] HZDPOS 08, 13,15 H20POS - 08.13.15  HZDPO1.02,14.16 oMY
Pifferential Temperature wipte: oe -
H2DTD1 D4 - . =
Limit Switch HILSO1 K21 501 . . . -
Motal Thermocouple HIMTO] 08 . - . . . .
HIWID: 08
Resistance Temp. Detector HIRTD] eor HITCO1,
HIRIDE or W2TCON
Fluid Thermocouple HITCOZ 09 (S of 8)
H27C02 0% (5 of B)
HITCI0-12 () of 3}
H2TC10 12 {1 of 3)
HITCI3-19 (S of 7) -
W3-8 (Sef 1) -
Power Controller REL ) ~e
HIWee] 04 L
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Table 4.2. Critical Instruments for the MIST Phase IV Test Series (Cont’d)

Test 8}08DI. 4)0AT

Component  [nstrument Type

Steam Differential Pressure

Generator A Differential Temperaturs
Prossure Trassmitter
Meta! Thermocouple
Resistance Temp. Detector
Fluid Thermocouple
Power Comtroller
Limit Switches

Steam Conductivity Probe

Generator B8 Differential Pressore

Differential Temperature
Pressure Transmitter
Metal Thermocouple
Resistance Temp. Detector
Fluid Thermocoupie

Power Lontroller
Limit Switch

PIDP0%, 510P01,03
51070105

FIGPOL  SIGPO1
514191 €S
PiRTo! 02
PITE01-03.13-16,23-
P1TC33-36 (10 of

susez

S2CP01-12 (6 »f 12)
P20POS , SZ0P01 , S20P12
S20P0Z-11 (S of 10)
520701 05

Siwmo; 05
SHsez.03

S2wm0) 0%
S21502-05
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Cola Legs
(n=1,2,3.0)

Reactor
Vesse!
Downc sme

Pressurizer

Differential Pressure

Differential Tesperature
Moial Thermocoupls
Resistance Temperature
Fluig Thermocouple

Turbine meter
Wattmetors
Amwmet v 5
Tachometers

Limit Switch

Differantia)l Pressure
Different 131 Temperature
Met2i Thermocouple
Resistance Temp. Detector
Flgid Thermocouple

Power Controller

Differential Pressure
Differential Temperature
Pressure Tramsmitter

PIOPOL .02
70701, 02
PI6POI1

SRR TR TR

Cni 503
Cnt 505

TR U T

o e




Table 4.2. Critical Instruments for the MIST Phase IV Test Series {Cont’d)

‘;: (ritical instryments
! Additronal instrumerts to these of Teits 810801 er €104 .
Component Jastrumeat Type Test 410801, €I0AT3  @NOW3  €j0982  &580i) eCRIT2 a5t 02 A56PF 2 !
A Pressurizer Mot a2l Thersmocouple prmTIn} 02 (Fe k] PRI PWIO3 :
g Resistance Temp. Detector PIRID] or PITCOS d
' | Fluid Thermocouple PIYCo: 07 PITCO% PITLO9 PIVCOS- 10 770919
) P7TCOC 08 (4 of S :
] Power Cont _iler g rremo) -0
uet Differential Prescure HEDPO | e
; P lowmeter wpoR0 1 05 -
Fluid Thermocoup! P10} N
191 Limit Switch PSSO N© g L ~ !
1 losmet or | peman | LS L N “
fluid Thermorsuple 1PTEM 'S N NE 4;
4 Single tnad Cell yice: 02 e N nE i
: Phase VYen! mit Switch vi1501,.02,.07 Vi1 506 YIS 18 L e NE % 4
& Sy.tem f lurd Thermocouple ¥i1i(o HPTLOL vITCll-1e ~i wNe ~E |
“ 1 owmet or LA Ll (2 £} N NT L0 ,}
i
% | mak Preossure Transmitter 1 0GP0 L L ~ “
Quality Flowmeter L e} L N N i
E .b Syttem flyid Thermocouple 1101 05 N NT i
| ~ ;
i = Two Phase Load Cell v2iC01-08 e :
- Vent Limit Switch V2isw. wo ~
T System f lowmetor yoEmn ) 0 L ”
. fluid thermocouple v7TI001 04 L )
| are Flood Ditferent tal Pressure CFOPO} 5. NT L
" 1 ank Pressuyre Transmittser CFaPol N ~L ~NL
i Limit Switch CFLS01.02 () of 2) L NC NE
fluid Thermorouple CFIC01 ~E N L
H (FIC02.0% (1 of 2) ~E L NE N L !
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Test 4106D], €)0AT3

Lomponent  instruseat Type 4580} 1 __&R3T7 m
Gas Fluid Thermncouple GATCD2-04 - .
Addition
Ruxiliary Ditforential Pressuyre SFDPO1 06 -
Feodwator Resistance Temp. Detector SFRTO] 02
Circuit Limit Switch S1,521502
"ain DP transmitter SFoPe7 o8 SFoPaY 08
Feadwater RTD - STRTO3. 06 SFRTO: 0¢
Circuit Fluid Thermncouplte SETCO3. 00 SILSe3, 521 505
Limit Switch -
Stoam Differential Pressure 550001 -08 S50PQ7 08
Circuit Resistance Tome Oetector SSRTD1.02 .
Flyid Temperature S57el 03 () of 2)
SSIOZ. 0% (] of 2)
Miscel - Resistance Temp. ature
1 aneous Detector Shant WSRFO1 :
Reference Oven Temperature nSTC01-07
Symbo s
MR means instrumen® not required

")
i2)
(3)
(4)

means that is the oni, required instrument

These instruments, H1 & H2DPOZ, 03, are not required for Test 453011
These instruments, VILSOT and V11002, ave not required for Test 410082
This instrument, VITC0Z, is not required for Test 458011

This instrument, C2DP0S, is mot required for Test 4SGPF2
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instrument Description
C10701 Guard heater zone | loop A! contrel at 2 60 F. -~ - -
ciprez Guard heater rone 2 loop Al contral at 17.30 ft =
€30703 Guard heater zone 3 loop A? control at 23 48 ft d - o
{40781 Guard heater rone | loop 82 conirol at 2.59 ft ot . -
capT03 Guard heater zone 3 loop B2 comtrol &t 23 .47 i - -
2700 Pump suction fluid temperature at 2 36 ft
wioTol Guard heater zone i€ _ontrol at 29 .63 ft
HiCPO2 Hot leg fluid conductivity probe at 28 54 1 x = »
HICPOR Wot leg fluld conductivity probe at 43 85 ft x x x
HICPOS Hot leg “luid conductivity probe at 50.7]1 ft
HICPOS Hot leg fluid conductivity probe at 59.72 7t x x x
wiCPO7 Hot Teg fluid conductivity probe at 63 56 ft x x x
HICPOS Hot leg flutd conductivity probe at 86 65 ft
HZCPO1 Mot leg fluid conductivity probe at 23.16 x
H27PO2 Hot leg fluid conductivity probe at 28.52 ft x x x
H2CP03 Hot leg fluid conductivity probe at 36.13 ft
H2CPO4 Hot leg fluid conductivity probe at €3 61 ft x x x
H2CPOS Hot leg fluid conductivity probe at 50 68 ft x x »
H2CPOE Hot leg fluid conductivity probe at 59 69 ft x * x
w2cro? Hot leg fluid conductivity probe »t 53 55 ft x x x
H2CP03 Mot leg fluid conductivity probe at 65 65 €t x x x
nzeens Hot leg fluid condactivity probe at 65 65 ft x » x
pricos Generator A primary fluid temperature at 5] .06 #t x x
(ZRI81 Generator A primary fluid temperature at 50 55 fu x x
PITCE Generator A primary fluid tempecature at 50 06 #t x x
PITCI2 Generator A primary fluid temperature at 49 06 ft
PIICIA Generator A primary fluid temperature at 43 06 ft x x
PITCIS Generator A primary fluid temperature at 39 .06 x x
PITCE6 Generator A primary Fluld temperature at 35.06 ft x
piTCI8 Generator A primary fluid temperature at 23 .06 ft x
PITC39 Generator A primary fluid temperature at 50.58 ft « x x
PITC2S Generator A primary Tluid temperature at 35 08 7t x x x
P27C0! Generator B primary fluid temperature at 50 .50 ft » x x
PZTCI2 Generator 8 primary fluid temperature at 49 50 ft x x x
P27C29 Generator 8 primary fluid temperature at 29.25 ft
P27C30 Generator B primary fluid temperature at 29 .25 #t x x x
P2TC32 Generator B primary fluid temperature at 26.25 x x x
P2TC40 Generator 8 p imary fluid temperature 2t 13.25 fi x x x
RVETC! Core inlet gui rd heater control 07 at | 88 - . -
RVICO9 Core flytd te perature (mid bundle) at 15.23 #t x x x
avCeol Conductivity probe below hot leg nozzie at 21.17 #t
RVCPO2 Conductivit' probe above hot leg mozzie at 21 32 1t x
avCPos Conductivi .y probe above RYWY line at 24 22 ft
S1TC04 Generatr A secondary fluid temperature at 11 07 1
SI1TC16 Gener_cor A secondary Tluid temperature at 3819 ft
S2CPO4 ~ _aerator B secondary fluid temperature at 30 .04 ft x x .
52CP10 Generator 8 secondary fluid temperature at 33.23 ft
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instrument was not available

Approval for test performance without this instrument received per PMGC Tranmsmittal Mo, 716
Approval for test performance without this ‘nstrument received per MG Transmittal No. 689




5. OBSERVATIONS

5.1. Observations of Test 4NOML3
Test 4NOML3 was an SBLOCA test that had a scaled 10-cm® leak in the cold leg

Bl discharge, used time distorted core power, and employed the simulated

high-pressure injection and low-pressure injection emergency core cocling
systems.

The primary system depressurized rapidly upon opening the leak (See 1, Figure
5.1). When the core exit saturated, the primary system pressure stabilized
(See 2, Figure 5.1). This stabilization occurred at a higher pressure for
Test 4NOML3 than was observed in the Phase 111 Nomina) Tests and was appa-

rertly a direct result of a higher core power due to the time distortion
applied to the decay heat function.

The steam generator secondary pressure response for both steam generators was
very similar during this time. Refil] of the secondary side of the steam
gencrators to 31.6 ft (See 1, Figure 5.2) resulted in a decrease of the
secondary side pressure to appreximately 630 psia in steam generator A (See
3, Figure 5.1) and 730 psia in steam generator B (See 4, Figure 5.1).

Subsequent to the refill of both steam generator secondary sides, primary
flow existed in both loops (See !, Figures 5.3 and 5.4) and primary-to-
secondary heat transfer resulted in an increase in the secondary side
pressure of both steam generators. Both steam generators then stabilized at
approximately 800 psia (See 5, Figure 5.1). These secondary side pressure
responses are significantly different from those observed in the Phase 111
Nominal Tests where asymmetric steam generator responses were observed.

The primary system continued to lose inventory (See 1, Figure 5.5), esta-
blished intra-cold leg flow in both loops (See 2, Figure 5.3 and 5.4), and
depressurized (See 6, Figure 5.1) as a result of leak-HPI cooling. The
decreasing core exit temperature, which was a result of the depressurization




as the core exit temperature remained saturated, eventually initiated the
steam generator ATOG control function and established a cooldown rate of
approximately 75F/h (See 1, Figure 5.6).

As the primary pressure decreased, HPI flow eventually exceeded the leak flow
(See 1, Figure 5.7) and some fluid from the CFT was discharged into the
primary system (See 1, Figure 5.8). Primary system refill had therefore

begun as observed by the increasing primary system total fluid mass (See 1,
Figure 5.9).

The rate of primary system depressurization decreased (See ¢, "

the reactor vessel level began increasing (See Figure

reactor vessel leve)l approached and exceeded the hot leg .

the discharge of steam into the hot legs ceased (thus decreas

loop driving head) and the primary system repressurized (See 3, - ol

This repressurization peaked at approximately 610 psia as the leak and HPI
flows equalizeu (Sce 2, Figure 5.7).

The primary system pressure then remained relatively stable (approximately
275 psi higher than the secondary pressure) for the next six hours of the
test (See 4, Figure 5.6). A gradual decrease in the primary system pressure
occurred over this time and appears to be a result of the core power decay.
Also during this time, the primary system refilled as indicated by the
increase in primary system mass (See 2, Figure 5.9). The refill of the
primary 1nop occurred in an asymmetrical manner, with the loop A hot leg
rieer and stub levels increasing at a greater rate than those in loop B (See
1, Higure 5.11). Preliminary indications are that the refill of the hot leg
riser and stub is governed by the quenching of the piping in these regions.
The refill rate also appears to increase when the collapsed liquid level
atta.ns the elevation of the guard heater control thermocouple, thus quench-
ing the pipe, reducing the thermocouple temperature, and decreasing the guard
heater power. The hot leg stub region appears to govern the refill process
as it is the last region of the hot leg to refill. The asymmetric refill of

the two hot legs, however, may be strictly due to the leak being located in
loop B.




Eventually, the hot leg A riser l.vel approached the U-bend spillover eleva-
tion (See 2, Figure 5.11) and when the loop A driving head increased suffi-
ciently, a significant increase in the loop A flow ovcurred. This abrupt
increase in flow caused highly subcooled fluid, which resided in the down-
comer (See 1, Figure 5.12), to enter and subcool the core (See 2, Figure
5.12). When the core exit temperature subcooled, the steam generator
pressure control automatically initiated a blowdown (See 5, Figure 5.6) and
HP1 was throttled (terminated) by the loop operators (See 3, Figure 5.7).
Therefore, the primary system inventory decreased as a result of the leak
flow exceeding the HPI flow (See 3, Figure 5.9).

The subcooling of the core region and the hot leg resulted in the loss of
driving head and flow interrupted. The core region began to heat up and when
the core exit temperature attained 50F subcooling, HP] was actuated (See 4,

Figure 5.7). This coquence of events repeated three more times (See 6,
Figure 5.6).

The HPl was not terminated on the last aforemeniioned occurrence but was
throttled (automatically) to approximately one-third of its initial value
(See 5, Figure 5.7). Loop A flow was maintained at this time, 2s indicated
by forward flow in both the Al and A2 cold legs (See 1, Figure 5.13), and the

primary system depressurized (See 7, Figure 5.6) as primary-to-secondary heat
transfer was established in loop A,

This depressurization apparently resulted in the flashing of liquid in the
hot leg B riser and steam generator primary as indicated by the decreasing
levels (See 3, Figure 5.11). The primary pressure decreased below 200 psia
(See 8, Figure 5.6) and (Pl actuated (See 6, Figure 5.7). The LPI actuation
resulted in the refill of the downcomer (See 2, Figure 5.10) and the refill
of the ractor vessel to an elevation above the reactcr vessel vent valves
(See 3, Figure 5.10). the hot leg B riser and stub level stabilized at
approximately the steam generator upper tubesheet elevation (See 4, Figure
5.11). Flow in loop A was maintained and intra-cold leg flow was established
in the B cold legs (See 2, Figure 5.13). The test was then terminated based
upon the maximum test _uration criteria (the test was actually extended
beyond the maximum test dur-tion criteria in anticipation of LPI actuation).




2.2. QObservations of Test 410AT3

Test 410AT3 was an SBLOCA test without the benefit of the high-pressure
injection system that had a scaled 10-cm€ leak in the cold leg Bl discharge,
utilized the standard abnormal transient operating guideline (ATOG) control
schemes and employed the simulated low-pressure injection system.

The primary system depressurized rapidly upon opening the leak (See 1, Fi, re
5.14). The initial effect of no HPl was a more rapid depletion of p-imary
system inventury than observed in the Phase 111 Nomina)l Test. The depletion
was followed by the complete voiding of all fo., cold leg discharge pipes
(See 1, Figure 5.15) ard primary ioop flow - cerruption (See 1, Figure 5.16).
The voiding ~f the -old legs resulted 1. voided conditions at the leak site
and a decreased ieak flow rate (See 1, Figure 5.17). Both steam nenerator
secondary pressures responded in a symmetrical manner (decreasing to approxi-

rately 750 psia, See 2, Figure 5.14) as the secondary levels were filled by
AFw to 31.6 ft (See 1, Figure 5.18).

When the flew interrupted, the difference between the zore exit temperature
and the c<team generator secondary saturation temperature was greater than
50F. Therefore, the control function for the ATOG cooldown did not actuate
early (remained set at 1010 psia) in Test 410AT3, whereas in the Phase 11]
Nominal Test, the control function for the ATOG cooldown became active in
steam generator B. This activity apparently permitted periods of steam
generator heat transfer which, along with HPI, aided primary depressurization
in the Phase IIl Nominal Test. Thus, a significantly different primary
system pressure response occurred early in the transient. Test 410AT3
repressurized at this time (See 3, Figure 5.14) as a result of no HPI and no
steam generator heat transfer. The repressurization and the phenomena that

occurred during the repressurization were similar to those observed during
the Phase 111 Mapping Tests.

The primary system continued tec repressurize, while losing inventory, unti)
the primary level in steam generator A descended to the sacondary poo)
elevation (See 2, Figure 5.18). Steam generator heat transfer was esta-
blished and resulted in a depressurization of the primary system (See 4,
Figure 5.14). The steam generator B primary level continued to decrease (See




3, Figure 5.18) and subsequently heat transfer was 21so established in steam
generator B.

The establishment of steam generator heat transfer resulted in an increase in
the serondary pressure (See 5, Figure 5.14) (therefore increasing the steam
generator secondary saturation temperature) and a decrease in the primary
pressure | -herefore decreasing the core exit temperature that was saturated).
Eventuully, the difference between the core exit znd the steam generator
secordary saturation temperature reached 50F and the ATOG cooldown commenced
(See 6, Figure 5.14),

The cooldown resulted in a depressurization of the primary system (See 1,
Figure 5.19), which eventually led to CFT and LPI actuation. During this
depressurization, all four cold leg discharge pipes remeined voided (See ?,
Figure 5.15), the cold leg s.~t' .n pip.s began voiding (See 1, Figure 5.29),
and little, if any, forward pr‘mary ioop flow was observed -- in fact,
preliminary indications are that ba.kflow may have existed in each cold leg
(See 1, Figure £.11).

When LPI actuated (See 1, Figure 5.22), a rapid increase of the primary
sys‘em inventory occurred. A1l four cold leg discharge and suction pipes
refi11.d completely (See 3, Figure 5.15 and See 2, Figure 5.20), the down-
comer and the reactor vessel levels increased to near the reactor vessel vent
valve elevation (See 1, Figure 5.23), the pressurizer surge line filled (See
1, Figure 5.24), and the hot 'eg riser and steam generator primary levels
&lso increased but Zid not yefill completely (See 1, Figure 5.25).

The LPI actuation subcooled the core exit temperature (See 1, Figure 5.26)
and decreased the primary system pressure approximately 25 psi (See 2, Figure
5.19). The primary system, however, began to repressur’ ‘See 3, Figure
5.19), apparently due to the stored enercy in the system, the u. case in the
leak energy as a result of subcooling the leak site, and the decreased steam
generator heal transfer. LPI subsequently terminated due to the increasing
primary system pressure (Sec 2, Figure 5.22). Apparently, circulation was
not established hecause of the lack of a sufficient driving head to initiate
forward lcop flow.
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The core region ther vegan a heatup (See 2, Figure 5.26) thal resulted in a
similar syste ;ponse to the repressurization that occurred early in the
transient. Th. cnaracteristic response and phenomcna observed «n the Phase
111 Mapping Tests were also observed during the repressurization phases of
Test 410AT3, i.e , lower region voiding, hot leg neatup, establishment of
sufficieat driving head to ou 4in forwird loop flow, lower region void
collapse, lo.s of driving head and therefore forward loop flow interruption,
a core heatup, and then the phenomena avove repeat a number of times.

The primery syster pressure attained approximately 725 psia during this
repressurization phase of the transient (See 4, Figure 5.i9). The primary
system continued to lose inventory during the repres urization phase. The
steam generator primary levels eventually descended to the secondary pool
elevation (See 1, Figure 5.27), steam generator heat transfer was establish-
ed, and a :light depressurization was observed (See 5, Figure 5.19). The
test was terminated at this time.

5.3. Observations of Test 4108D]1

Test 4106 , was an SBLOCA transient that was also performed without the high-
pressure i iection system. The test used a scaled 10-cm® cold leg Bl
discharge leak, Tlow-pressure injection and a 50-psi/min blowdown of the
secondary system. A PORV actuation and reactor coolant pump bumps were 21so0
performed during the test conduct.

The primary system depressurized rapidly u n opening the leak (See 1, Figure
5.28). The initial effect of nuv HPI recuited in a rapid depletion of primary
system inventory. Voiding of all four cold leg discharge pipes occurred !See
1, Figure 5.29), partial voiding of the suction pipe in cold legs Al and Bl
also occurred (See 1, Figure 5.30), and primary loop flow interrupted (See 1,
Figure 5.31). The steam generator : ..ondary pressures initiaiiy recponded in
a symmetrical manner, however, a slight amount of heat transfer occurred in
steam generator B that caused the pressures to diverge slightly (See 2,
Figure 5.28) as the secondary levels were filled by AFW to 31.6 ft (See 1,
Figurc © 32).

Upon flow interruption, the primary system repressurized (See 3, Figure
5.28), hot leg heatup commenced (See !, Figure 5.33) that eventually esta-
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blished a sufficient amount of driving head, and a ow pulse resulted (See
2, Figure 5.31). The flow pulses that resulted from the hot leg heatups
alternated between loops, i.e., the first flow pulse occurred in loop A, the
second in ioop B, and the third in loop A (See 3, Figure 5.31). The repres-
surization and the phenomena that occurred d ring the repressurization were
similar to those observed during the Mapping Tests and Test 410AT3. In fact.
the primary system pressure responses for the first 37 minutes of Tests
410AT3 and 410BD1 are almost identical (See 1, Figure 5.34).

Pt 30 minutes, the loop operator actuated the 50-psi/min steam generator
blowdowr control. The control function for the blowdown control began to
decay from its initial setpoint (1010 psia); however, both steam generators
were at a lower presrture ihan 1010 psia at this time (See 4, Figure 5.28).
Therefore. delays of approximately 3 minutes for steam generator B and 5
minutes for steam generator A were ohserved prior to the opening of the steam
valves and the initiation of the steam generator depressurizations (See 5,
Figure 5.28).

A hot leg heatup was in pragress when the steai: generator blowdown began (See
6, Figure 5.28). The predominant flow path for this heatup was loop A. The
blowdown of steam generator B was initiited first and apparently had no
effect on the primary system pressure response. The hot leg heatup continued
and a flow pulse in loop A caused primary-to-seconda’y heat transfer (See 7,
Figure 5. Primary system flow, however, in‘errupted again (See 4, Figure
5.31), the primary system repressurized (See 8, Figure 5.28), &nd hot leg
heatup commenced (See 2, Figure 5.33).

“aring the hot leg heatup, both steam generators continued to blow down and
no impact was observed on the primary system pressure response (see 8, Figure
5.28). The steam generator secondary side levels decreased during this time
(See 2, Figure 5.32) as appay n'ly more secondary side liquid flashed to
steam than was being replenished by AFW flow.

The hot ieg heatup eventually resulted in the establishment of sufficient
Griving head to cause primary system fiow (See 5, Fig.»e 5.31). At this
time, the AF:Y flow rate exceed.d the steam flow rate in bcth steam generators
(See 1, Figures 5.35 and 5.36) ard when pri=+  loop flow began, primary-to-
secondary heat transfer occurred (See 9, Figure 5.28) that resulted in a
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rapid depressurization of the primary system (See 10, Figure 5.28). The MIST
steam valves fully opened; however, the steam generation rates were greater
than the flow capacity of the steam lines. Thus, the secondary side pres-
sures increased (See 9, Figure 5.28) and the 50-psi/min blowdown control
could not be achieved (See 11, Figure 5.28).

When primary-to-secondary heat transfer was established, the AFW flow rate
exceeded the head/flow capacity as the control system attempted to maintain a
constant level (the MIST facility was designed to perform in this manner).
Therefore, had the AFW head/flow characteristics Leen achered to, a reduction
in secondary side inventory would have occurred (the extent of the inventory
loss cannot be determined as both the steam and AFW flow rates exceeded the
range of the instrumentation). The primary system pressure re-ponse may be
affected by this methou »f controt because if an inventory reduction had
occurred, AFW flow would have to Ye maintained over an extended period, thus
increasing the potenti2] for heat transfer and depressurization of the
primary system.

Subsequent to the rapid depressurization of the primary system, an oscilla-
tory decreasing pressure response occurred (See 11, Figure 5.28). The
osciliatory response resulted from brief periods of heat transfer in steam
generator A. During the rapid depressurization and the subsequent depres-
surizations that occurred in an oscillatory manner, superheated conditions
were observed in the downcomer (See 1, Figure 5.37) and cold legs (See 1,
Figure 5.38). The rapid depressurization quickly decreases the saturatior
temperature of tne primary system. However, the downcomer metal cannot
dizsipate its stored energy as rapidly, ..erefore -aiturated steam . ‘charged
through the reactor vessel vent valves be .mes uperheated in the downcomer.
The superheated steam flows backward in the cold leg, impedes, and eventually
i: ‘errupts flow. The leak discharge also indicated periods of superheated
conditions (See 1, Figure 5.39) and resulted in reduced leak flow rates (See
1, Figure 5.40). The varying leak fluid conditions appear to have caused the
orcillatory primary system pressure response.

When a rapid depressurization occurs, the fluid in the primary system is
highly susceptible to flashing. Uuring the rapid primary system depressuri-
zation and the subsequent minor depressurizatiors that occurred in an
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oscillatory manner, the core region fluid flashed as observed by the decrease
in the core region collapsea liquid level (See 1, Figure 5.41). Although
core uncovery was indicated by the collapsed liquid level, core cooling was
maintained as inulcated by tie core exit temperature, which did not superheat
but remained saturated (See 1, Figure 5.42). Flashing was also observed in

both lToop B cold leg suctions pipes during these depressurizations (e.g., See
1, Figure 5.43),

The primary system pressure decreased to appreximately 290 psia (See 1,
Figure 5.44), all four cola leg discharge pipes had completely voided (See 1,
Figures 5.45 and 5.46), ard when the loop B cold leg suction pipes began to
void (See 1, Figure 5.47), the primary system repressurized (See 2, Figure
5.44). Since the primary pressure did not decrease to the LPI setpoint, LPI
did not actuate during the initial blowdown of Test 410BD1.

During the repressurization, the voidi ~ of the cold leg suction pipes
resulted in an increased steam gener primary level as the increased
pressare apparently displaced the colu . liquid. e hot leg riser level
alsc increased (apparently a manometric balance in a loop). The cold leg
st'vtion voiding alternated between loops and caused the hot leg riser and
steam generator primary levels to (1) increase in the loop whose co'd leg
suction voided and (2) decrease in the loop whnse cold leg suction did not
void (See 1, Figure 5.48). This response .ontinued until the steam generator
A primary level descended to the secondary pool elevation (See 2, Figure
5.48). When this descent occurred, the loop A levels stabilized at the
secondary pool elevation and the loop B hot leg riser and steam generator
primary levels began a continuous descent (See 3, Figure 5.48). During the
entire repressurization, steam and AFW flow existed in both steam generators

(Ffgures 5,49 .nd 5.50) and a condensing surface was available (Figure 5.48),

thus inaicating that core-generated steam did not flow up the hot legs to the
steam generators.

When the levels in loop A descended to the secondary pool elevation, no
increase in primary-to-secondary heat transfer was observed. However, when
the levels in loop B descended to the secendary pool elevation, primary-to-
secondary heat transfer occurred in both loops, as indicated by the increase
in AFW and steam flow in both steam generators (See 1, Figures 5.51 and




§.52). The primary system then depressurized (See 3, Figure 5.44), and when
the pressure descended to the LPI setpoint (See 4, Figure 5.44), LPI flow was
initiated (See 1, Figure 5.53). The rapid depressurization associated with
LPI flow also results in the flashing of primary fluid. For Test 410BD!, the
core region flashed but the cold leg suction did not tlash. This fiashing
differs from Test 410AT3, where the cold leg suction flashed and was depen-
dent on the secondary side condition: when LPl actuated, i.e., lower secon-
dary side pressure results in colder fiuid temperatures in the cold leg
suction, therefore, the fluid is more subcooled and less likely to flash,

Subsequent to the LPI actuation, the primary system repressurized in a manner
«imilar to that observed in Test 410AT3. The maximum pressure attained was
agproximately 625 psia (See 5, Figure 5.44).

The hot leg riser and steam generator primary level response was similar to
that observed during the first repressurization, i.e., the loop A levels
descended to the secondary pool elevation before the loop B levels (See 1,
Figure 5.54). When the loop B levels descended to the secondary poo’
elevation, primary-to-secondary heat transfer was < =" blished and the primary
system depressurized (See 6, Figure 5.44),

¥hen the Toop operator felt that the primary system pressure was stabilizing,
the PORV was actuated (See 7, Figure 5.44) and remained open approximately 14
minutes. The primary system depressurized as a result of the open PORV and
[Pl actuated (See 8, Figure 5.44). The operator then closed the PORV and the
primary system responded in a manner similar to that observed after the first
LPI actuation.

The primary system repressurized to approximately 530 p ia (See 9, Figure
5.44) and then depres-urized when, as observed in the previous similar
depressurizations, the level in the loop B steam generator primary d2scended
to te pool elevation (See 2, Figure 5.54). When the loop operator felt that
the p~imary system pressure was stabilizing, the reactor coolant pump in cold
leg Bl was bumped (See 10, Figure 5.44), The primary system pressure
decreased and LPI actuated for the third time during this transient. The
primary system pressure response subsequent to the LP] actuation was similar
to the previous occurrences. A seccend reactor coolant pump bump (Al) was



performed (See 11, Figure 5.44); however, little, if any, effeci was observed
since the test was terminated approximately 2 minutes later.

The duration of Test 410BD1 was 961 minutes. Core power augmentation may
have a significant effect on the repressurizations observed during the
transient and the test duration. At test termination, the core power
augmentation was approximately 50% of the total core power. Through reduc-
tions in the core power augmentation, the magnitude of the repressurizations
may be r.lucec and the potential for establishing natural circulation
ccoldown may be enhanced. See¢ section 6.1 for additional discussion on this
cubject.

9.1. Observations of Test 410082

Test 4100B2 had a scaled 100-cm? leak in the cold leg Bl discharge and
enplc, >d the simulated high-pressure injection and low-pressure injection
emergency core cooling systems.

Tne primary system depressurized rapidly upon opening the large (100-cr
scaled) leak (See 1, Figure 5.55). HPI actuated (See 1, Figure 5.56) and AFW
actvated, increasing the steam generator secondary side levels to 31.6 it
(See 1, Figure 5.57).

As a result of the rapid depressurization, the core exit fluid quickly
attained saturated conditions (See 1, Figure 5.58), the reactor vessel axd
the downcomer voided with the downcomer level descending to the nozzle
clevation (See 1, Figure 5.59), and core-generated steem was discharged into
the cold Teg discharge pipes, thus voiding the cold legs (See 1, Figures 5.60
and 5.61) and interrupting primary loop flow (See 1, Figure 5.62).

The leak flow rate was approximately 8000 1b/h shortly after the leak was
opened (See 2, Figure 5.56). The leak flew rate decreased rapidly (See 3,
Figure 5.56) as the primary system depressurized and decreased further when
the leak site fluid conditions saturated and then voided (See 4, Figure
5.56).

The steam generator secondary side pressures decreased as the secondary side
was filled to 31.6 ft (See 2, Figure 5.55). Upon completion of the secondary
side fill, the steam generator prescu: 5 stabilized at approximately 650 psia
(See 3, Figure 5.55). The pri: v pressure, however, continued decreasing

wn
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(See 4, Figure 5.55) as the leak flow exceeded the HPI flow (See §, Figure
5.56). The primary system depressurization resulted in the flashing of
liquid to steam in the hot leg risers and steam generator primary. The
fiashing of the liquid resulted in the complete voiding of the hot leg risers
(See 1, Figure 5.63) and a collapsed Tiquid level or approximately 14 ft in
the steam generator primary. The voiding of the hot leg risers in conjunc-
tion with the pipe metal heat and, potentiai.y, the guard heaters, resulted
in superheated conditions over the entire length of the hot legs (See 1,
Figures 5.64, 5.65, and 5.66).

The rapid primary side depressurization prevented the ATOG cooldown (100F/h)
of the steam generators from becoming effective, i.e., the steam generator
control pressure remained above the actual steam generator pressure, there-
fore the steam valves remained closed. The primary pressure decreased to a
value less than the secondary side pressure (See 5, Figure 5.55). At this
time, the ATOG steam qgenerator control was placed in the blowdown mode (50
psi/min}). iowever, the ATOG control pressure was still greater than the
actual steas. generator pressure and a delay of approximately 5 minutes was
observed nrior to the opening of the steam valves that initiated the blowdowr
of the secondary sides (See 6, Figure 5.55). This delay resulted in a period
of approximately 7 minutes wherein reverse heat transfer, secondary-to-
niimary, existed (See 7, Figure f.55).

As the steam generator blowdown commenced, the primary system depressurized
at essentially the same rate as the secondary side (See 8, Figure 5.55).
This rapid depressurization resulted in the flashing of liquid to steam in
the cold leg suction pipes (See 2, Figures 5.60 and 5.61) and in the reactor
vessel (See 2, Figure 5.59). Metal heat, apparently from the reactor coolant
pumps, resulted in the superheating of fluiu in the cold legs (See 1, Figures
5.67 and 5.68). Superheated fluid conditions were also observed in the upper
downcomer, but only in quadrant A2 (See 1, Figure 5.69).

The voiding of the lower regions apparently resulted in the displacement of
liquid into the hot leg risers and the steam generator primary as indicated
by the increase in their levels (See 2, Figure 5.63).

As the primary system pressure decreased, the core flood tank dr.-hzrged
fluid into the primary system (See 1, Figure 5.70), HPI flow eventually
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exce.ded the leak flow (See 6, Figure 5.56), and LPI actuated (See 7, Figure
5.56). These actions resulted in an increase in the primary system inventory
(See 1, Figure 5.71).

When LPI actuated, the fluid conditions at the leak site became subcooled and
the leak flow rate increased (See 8, Figure 5.56). The summation of the LPI
and HPI flow remained greater than the leak flow (See 9, Figure 5.56), and
primary system inventory continued to increase (See 2, Figure 5.7i). The
cold leg suction pipes in both loops remained voided \-v~ 3, Figures 5.¢0 and
5.61) and did not refill until an intra-cold leg flow pulse occurrsi. . %e
intra-cold leg flow occurred first in loop A (See 2, Figure 5.62) and
occurred approximately 30 minutes later in loop B (See 3, Figure 5.62). The
hot leg risers apparently refilled to **e U “end spillover elevation (See 3,
Figure 5.63), however, sustained natural circulation was not established.
The inability of the primary system to »stablish sustained natural circula-
tion appears to be related to the collapse o the cold leg suction voids
(that caused the hot leg levels to desc-:4 below the U-bend spillover
elevation, See 4, Figure 5.63) and the diminished natural circulation driving
head resulting from the termination of c. e steam production as the core
region fluid subcooled (See 2, Figure 5.58).

The subcooling of the core region fluid was a result of the LPI flow rate.
The loop operating procedures required throttling HPI (See 10, Figure 5.56)
when the core outlet subcooling attained 75F and terminating HPI (See 11,
Figure 5.56) when 100F subcooiing was attained. The reductions in HPI flow
occurred in coincidence with the primary system attaining leak/HPI-LPI
equilibrium, and the primary system rate of inventory increase was markedly
reduced (See 3, Figure 5.71).

The primary system pressure decreased to approximately 125 psia (See 9,
Figure 5.55) and then repressurized to approximately 160 psia (See 10, Figure
5.57" s leak/HPI and/or LPI equilibrium was established. The primary system
pr: then remained essentially constant until test termination (See 1,
Figure §.72). The fluid temperature in the hot legs apparently governed the
primery system pressure as these temperatures continued near saturation while
the remainder of the primary system was generally experiencing a cooling
trend.



When the test was terminated (based upon the criteria of the pressure being
less than 200 psia for 2 hours), the hot leg A riser and stub was filling
while the B levels were essentially constant and lower than those in Toop A
(See 1, Figure 5.73). Primary loop flow had not been established when the
test was terminated.

5.5. Observations of Test 4SBO11

Test 45B011 was an SBLOCA accompanied by the loss of all AC power (station
blackout). The test simulated reactor coolant pump <zal leakage by incorpo-
rating a scaled 0.25 em® leak in each of the Al and B2 reactor coolant pumps.
High- and low-pressure injection was unavailable and the auxiliary feedwater
system capacity was reduced by one-half,

Upon initiation of the transient, the primary system pressure decreased (See
1, Figure 5.74). The loop operator, however, observed that leak flow had not
been established (apparently, the leak orifices in reactor coolant pump
locations A2 and Bl had plugged). The loop operator ciosed the valves for
leak sites in A2 and Bl and opened the valves for the alternate leak sites in
reactor coolant pumps Al and B2. Leak flow was then observed. Therefore,
leak actuation for this test was delayed approximately 7 minutes from test
initiation (See 1, Figure 5.75). The delayed leak actuation did not impact
the typical phenomena observed during SBLOCA tests.

The steam generator secondary side levels were initially raised to 20.7 ft
(See 1, Figure 5.76) according to the procedure using one-half AFW flow
capacity. Although the steam filow decreased and eventually ceased (See 1,
Figure 5.77), a sufficient amount of primary-to-secondary heat transfer
occurred during the refill to maintain the steam generator secondary pres-
sures near the control setpoint of 1010 psia (See 2, Figure 5.74). The
refill of the secondary side alzo increased the loop driving head and a
slight increase in the cold leg flow rates over the initial steady-state
values was observed (See 1, Figure 5.78). The primary loop flow rates then
remained nearly ceastant during the refill to 20.7 ft (See 2, Figure 5.78).
When the level attained 20.7 ft (See 2, Figure 5.76), AFW was terminated (See
2, Figure 5.77). Primary-to-secondary heat transfer continued, steam and AFW
flow were re-established (See 3, Figure 5.77), and the primary loop flow rate



essentially stabilized at a steady-state value that was less than the in  .al
steady-state flow rate (See 3, Figure 5.78). The decreased primary loop flow
rate was a direct resull of the decaying core power as a function of time,
i.e., lower core power resulted in lower natural circulation flow rates.

The primary system continued to lose inventory and depressurized (See 3,
Figure 5.74). The depressurization resulted in a decrease in the saturation
temperature and when the core exit temperature attained 20F subcooled, the
loep operator (as per the procedures) increased the secondary side level of
*ha steam generators to 31.6 ft (See 3, Figure 5.76). The primary system
f*ow rate responded in a manner identical to the increased AFW flow (See 4,
Figure 5.78) as was observed during the level increase to 20.7 ft. The
primary system flow rate response highlighted the significance of the AFW for
establ ishing natural circulation driving head, whereas the difference in the

secondary pool level had little, if any, effect on the natural circulation
driving head.

The continued loss of inventory resulted in the voiding of the reactor vessel
upper head region (See 1, Figure 5.79) and a con.inued depressurization until
the fluid temperature at the core exit saturated (See 4, Figure 5.74). A
gradual repressurization then commenced (See 5, igure 5.74),

During this repressurization, the primary system continued to lose inventory
(See 1, Figure 5.80), the reactor vessel and the downcomer levels continued
to void (See 2, Figure 5.79), and the characteristic reactor vessel vent
valve cy ‘ling occurred as the pressure equalized between the reactor vessel
and the downcomer (See 1, Figure 5.81). The cyclical behavior of the reactor
vessel vent valve was similar to that observed during the MIST Phase 111
Mapping Tests.

As the downcomer voided, the increased back pressure at the cold leg nozzle
affected the primary loop flow rate as observed by the gradual cecrease in
the cold leg flow rates (See 5, Figure 5.78). As the level in the downcomer
approached thc cold leg nozzle elevation, backflow began to occur in the cold
leg discharge pipe. When the level in the downcomer descended to the cold
leg nozzle elevation, steam was discharged into the cold leg discharge pipes
and intra-cold leg flow was established (See 6, Figure 5 78). Cold legs Al
and Bl flowed Dbackward while cold legs A2 and B2 flowed forward.



Subsequently, flow interrupted in each cold leg in a sequential manner (Bl,
Al, then A2 and B2 interrupted simultaneously). The response observed during

the voiding of the downcomer is also similar to the response observe . during
the Phase 111 Mapping Tests.

During the voiding of the downcomer (discussed above) and prior %o complete
flow interruption, the primary loop flow goes through periods of intermittent
flow, alternating from Sne loop and then the other loop (See 7, Figure 5.78).
The loop operator, according to the test procedure, was to establish a scaled
125-gpm AFW flow rate and set the steam valve position upon loop flow
interruption. The loop operator had difficulty determining loop flow
interruption during this period of intermittent alternating loop flow. When
the loop operator determined that the flow interruption criteria had peen met
in Toop A, he performed the necessary actions for steam gene,ator A. At this
time, the steam flow was less than t e specified AFW flcw rate and steam
generator A secondary side level began to increase (See 4, Figure 5.76).
Approximately 20 minutes later, the loop operator determined that flow
‘nterruption also occurred in loop B. He performed the prescribed actions

and steam generator B secondary side level began to increase ‘See §, Figure
5.76).

Subsequent to performing the prescribed actions on steam generator A and
prior to the operator performing them on steam geéneyator B, the primary
system repressurized (See 6, Figure 5.74) and a hot leg heatup commenced.
The steam generator secondary sides depressurized (See 7, Figure 5.74) as a

combined result of the lack of primary-to-secondary heat transfer and the AFW
flow rate 2vceeding the steam flow rate.

The hot leg heatup eventuaily resulted in sufficient driving head ard a flow
pulse occurred in both lovps (See 8, Figure 5.78). In response to the flow
pulse. Lhe primary system depressurized rapidly (See 8, Figure 5.74), the
voius in the cold leg discharge pipes collapsed (See 1, Figure 5.82), the
reactor vessel and downcomer levels increased (See 3, Figure 5.79), and

primary-to-secondary heat transfer was established in bLoth steam generators
(See 9, Figure 5.74).

The flow pulse resulted in a differen* fluid density distribution around the
loops that was unable to provide a sufficient amount of driving head and flow




interrupted (See 9, Figure 5.78). Lower region voiding and hot leg heatup
then commenced. Three more occurrences of the pheromcna associated with flow
pulses were observed (See 10, Figure 5.78) that resulted in loop flow in loop
B for the first flow pulse, loop A for the second, and hoth loops for the
third.

During this time, both steam g¢anerator secondary side levels continued
increasing (Sce 6, Figure 5.76) as a result of the integrated FW flow rate
exceeding the integre*ed steam flow rate. Since the steam valve position was
fixed, according to procedure, the maximum steam flow rate w's limited. When
the secondary side level becume relatively full (See 7, Figure 5.76) and a
flow pulse occurred in loop A (See 11, Figure 5.78), primary-to-secondary
heat transfer was established. The fixed steam valve position did not permit
2 sufficient amount of flow to be discharged from the steam generator and -
steam generator A secondary side pressure excursion occurred (Sec 10, Figure
5.74)  The pressure excursion was of sufficient riagnitude that the facility
design limit for the steam generator was exceeded.

The loop operator then ».ticipated the next flow pulse, and when it occurred,
he manually opened (fully open) steam valve A. The pressure excursion in
steam generator A again exceeded the facility design limit (as indicated by
the entry in the operator’s log wuok). Steam generator B also experienced a
secondary side pressure excursion at this time (See 11, Figure 5.74). The
loop operator then terminated the test before causing any physical damage to
the test facility.

5.6. Observations for the Steac -State Tests

. VUsing Main Feedwater of Test 4SGPF2

A series of tests »:5 performed to provide steady-state steam generator
performance data using main feedwater. The tests were conducted at various
steam generator secondary levels with the primary system in &« subcooled
natural circulation condition.

The steady-state tests that used main feedwater (MFa) were performed at steam
generator secondary levels of approximately 19, 26, 33, and 40 ft. MFW 13t
approximately 450F was supplied te the simulated steam generator downcomer.
The simulated aspiration ports (at eleva’ on 32 ft) provided fiuid from the
steam generator tube bundle region that mixed with the MFW, thus preheating
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the fluid in the steam generator downcomer. The preheated fluid in the steam
generator downcomer then enters the steam generator tube bundle region
approximately 0.5 ft above the 'ower tubesheet. For the steady-state tests

that were corducted wiitn secor at 19, 26, and 33 ft, the fluid
conditions in the tube bundle lated aspirator port elevation were
either superheated or saturat: m. The mixing of the fluid passing

through the aspirator line with the MFW resulted in the preheatina of the MFW
to a saturated condition. Thus, the entire tube bundle length was devoted to
boiling and swoerheating the MFW.

For the MFW tests with the secondary levels at 19, 26, and 33 ft, the lower
region of the steam generator contained saturated 1iquid. Thus, the steam
generator primary outlet temperature remained essentially constant and was
equivalent to the secondary side saturation temperature.

The steady-state MFW test that was conducted with the steam generator
secondary level at approximately 40 ft resuited in the aspirator port
elevation being covered by either saturated liquid or by lower quality steam
“han occurred for the other MFW tests. The result was that the mixing of the
.luid passing through the aspirator line with the main feedwater was not
capable of maintaining a saturated fluid condition at the MFW injection
location. The MFW temperature at the injection location was approximately
10F subcooled. Therefore, the steady-state MFW test with the steam generator
‘evel at approximately 40 ft differed from the other MFW tests in that a
portion of the tube bundie length was devoted to raising the MFW temperature
to saturatior. thus aecreasing the boiling and superheating lengths. The
subcooled pool also increased the driving head on the primary side; thus,
direct comparisons of this test with the other three MFW tests must account
for the differences imposed on the secondary side fluid conditions when the
level covers the aspiration port elevation.

The core power level and the primary and secondary pressures were maintained
essentially constant for each MFW steady-state test. Thus, the variations in
the secondary leve's resulted in significant variations in primary loop flow
rate and correspording variations in the core outlet temperature. The
variation in the primary loop flow rates and core exit temperature versus the
steam generator secondary level for the steady-state tests using MFW is shown
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on Figure 5.83. As expected, the primary loop flow rate increased as the
steam generator secondary level increased, due to the increased driving head,
and Lhe core exit temperature decreased as primary loop flow increased. An
approximately 175-1b/h difference in the loop A and B flow rate was also
observed, with the loop B flow always being greater,

For steam generator B, the results from the MFW steady-state tests indicate
that the primary fluid axial temperature distributions between the steam
generator tubes are essentially equal over the entire tube length (Figures
5.84 through 5.87). A comparison .f the steam generator cecondary side axial
fluid temperature distiibution alsc indicated similar temperatures indepen-
dent of cell location (Figures 5.84 through 5.87). The uniformity of the
primary and secondary axial temperature distributions independent of either
tube or cell location (See Figure 5.88 for tube and cell locations) implies

that the primary loop flow rate was essentially equally distributed among the
19 tubes within the steam generator.

The output of the pitot tubes indicated similar flow rates (Figures £.89
through 5.92) in the five instrumented tubes (the instrumented tubes travers-
ed the cross section of steam generator B and were located in tubes J, C, A,
F, and R). However, the magnitude of the pitot tube measured flow rates
appears excessively high (by a factor of 1.5), if it is assumed that the flow

rate in each tube is equal, when ccmpared to the loop flow rate obtained from
the cold leg venturi meters.

Tne MFW steady-state tests also showed that essentially symmetrical perfor-
mance was obtained in both sieam generators. Although the instrumentation in
steam generator A was limited, a comparison of the primary and secondary
fluid axial temperature distributions indicates similar results for both
steam generator A and B (Figures 5.93 through 5.96).

The following observations can also bc made regarding the MFW steady-state
tests:

e Secondary side axial temperature distributions are well de"ined with
regard to subcooled, saturated, and superheated regions (Figire 5.87).

@ The four steam line (two steam lines per steam generator) teiperatures
were essentialiy equal (Figure 5.97).




The steam temperature varies with the steam generater secondary level.
The lowest steam generctor secondary level resulted in the highest
steam temperature (Figure 5.97).

The MFW steady-state tests performed with the steam generator secon-
dary levels at approximately 19 and 26 ft resu ted in secondary side
cell and steam l1ine temperatures that were approximately equal to the
steam generator primary tluid iniet temperature (Figures 5.84 and
5.85). Both of these tests have an excess of tube length devoted to
superheating the secondary fluid. Therefore, essentially no heat
transfer occurs in the up, . region of the steam generators.

The MFW steady-state tests performed w .0 the steam generator levels
at approximately 33 and 40 ft resuited in secondary side cell and
steam line temperatures that were lower than the steam gen2iaior
primar: €luid inlet temperature (Figures 5.C6 and 5.87’

The primary loop natural circulation driving head for tne MFW steady-
state tests was provided strictly by the steam generator secondary
level. A difference of approximately 1500 1b/h in the primary loop
flow was observed for the approximately 20-ft variation in the
secondary level (Figure 5.83).

5.7. Observations for the Steady-State Tests
Using Auxiliary Feedwater of Test 4SGPF2

A series of tests was performed to provide steady-state sieam generator
performance data using auxiliary feedwater. The tests were conducted at
various steam generator secondary levels with the primary system in a
subcooled natural circulation condition.

The steady-state tests that used auxiliary feedwater were performed at steam
generator secondary levels of approximately 19, 26, 33, and 40 ft. AFW at
approximately 120F was injected into the steam generator through the minimum
wetting nozzle. The elevation of the injection location was approximately
50.8 ft (1 ft 3 in. below the upper tubesheet), and the orientation of the
steam generator tube bundle to the nozzle is shown on Figure 5.88.

The core power level and the pri.ary and secondary pressures were maintained
essentially constant for each AFW steady-state test. The variations in the
secondary levels resulted in slight variations in primary loop flow rate and
corresponding slight variations in the core exit temperature (Figure 5.98).

The results ohtained from the AFW steady-state tests indicated that the

primary loop flow rates are relatively independent ot the steam generator
secondary level. The injection of cold auxiliary feedwater near the top of




the steam generator resulted in essentially a constant drivi'g head that
yielded an almost constant primary loop flow rate and core ex t temperature
(the maximum difference in primary loop flow betweer the maximum and minimum
steam generator secondar: ievels tested was approximately 400 1b/h and the
corresponding difference in the core exit temperature was approximately 4F
(Figure 5.98). As observed during the MFW tests, a difference in the loop A
and B fiow rates was alto observed f . the AFW tests. The loop B flow rate
was approximately 1ZS 1b/h yveater than the lcop A flow rate.

-

Since steam generator bt wa., instrumented (o a greoter extent than steam
generator A, the following discussion of the observations was based on the
instrumentation in steam generator B. However, note that for tubes J and R,
the axial temperature profile on the primary side was very similar for both
steam generators. Therefore, both steam generators appear to have operated
in a symmetrical manner.

The results fron the AFW steady-state tests iudicate that the primary fluid
axial temperature distributions between the steam generator tubes are not
equal (Figures 5.99 through 5 10Z) and are dependent upon their relative
location with respect to the AFW nozzle (Figure 5.88). For these tests, the
lowest observed primary fluid temperature occurred in the "J" tube, the tube
closest to the AFW nozzle. The central tube, "A," was also affected by the
AEW injection. The primary fluid temperature in tube A was greater than that
observed in tube J over approximately the uppermost 8 ft of tube length.
Below this elevation, the primary fluid temperatures in tubes A and J were
essentially equal. The farthest tube from the AFW nozzle, tube "R," exhi-
bited the least effect on the primary fluid temperature.

The steam generator secondary side axial fluid temperature distribution was
o'so affected by the injection of AFW (Figures 5.09 through 5.102). The
fluid temperature in cell A-B-(, near the center tube (A), consistently
exhibited the greatcst amount of subcocling. A possible expectation could be
that the fluid temperature in cell B-J-H, near the AFW nozzle, should
indicate the greatest amount of subcooling. However, the velocity of the AFW
as it entered the tube bundle resulted in & greater penetration depth of the
AFW. The greater penetration depth in conjunction with “e relative dif-
ference *n the elevation of the AFW nozzle ard the thermoccuples resulted in
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a higher indicated subcooling in the cell near the center tube, cell A-B-G.
It is believed that if the thermocoupies were located at @ higher elevation
so that all the cell thermocouples were in the AFW flow stream, the maximum
subcooling would occur in the cell nearest the AFW nozzle, and the subcooling
would decrease as the AFW traversed the tube bundle. Similarly, reduced AFW
flow rates would decrease the penetration depth and the indicated subcooling
in the cells at the instrumented elevation would also exhibit a similar re-
sponse, 1.2., maximum subcooling occurs in the cell nearest the AFW nozzle
and decreases as the tube bundle is traversed. This response can be observed
by examining the cell temperature resronses during the transition period
between the MFW and the AFL' steady-state tests with the steam generator level
at approximately 40 ft. During this time, AFW was initiated and gradually
increased, Figure 5.103. The observed cel’ temperature responses (Figures
5.104 and 5.105) are representative of the previously discussed explanation
regarding the indicated subcooling in the cells.

The response of the thermocouple S2TC47 in the A-B-G cell at 50.5 ft indi-
cates that a relatively localized subcooled region exists and that this
region is rather unstable; subcooling varies from approximately 35 to 89F
(See 1, Figure 5.105). At an elevation of 50 ft, the fluid temperature in
the A-B-G cell (°27C44) stabilized but the subcooling decreased to approxi-
mately 5F (See 2, Figure 5.105).

The variations observed in the primary fluid temperature between tubes
impiies that the flow rate through the tubes was not uniform. The tubes that
experienced the least effect of the AFW, tubes farthest removed from the AFW
nozzle, would also have the least flow. The tubes that experienced the
greatest effect of the AFW, those nearest the AFW nozzle, would have the
greatest flow. The results obtained from the pitot tubes confirm that
variations in tube flow rates existed, Figures 5.106 through 5.109. The tube
farthest from the AFW nozzle (R) consistently exhibited the lowest indicated
flow rate, while the tube closest to the AFW nozzle (J) consistently exhi-
“ited the highest indicated flow rate. The indicated flow rates in tubes J,
C, 'nd A showed that essentially the same flow rate existed in these tubes.
The me 'nitude of the pitot tube indicated flow rat~ appears high (as observed
in the MFW steady-state tests where the results showed that the indicated
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flow ra gh by a factor of 1.5). 1If it is assured that the indicated
pito' tu.e flow rates are high by 50%, a flow distribution between the tubes
can bv determined that yields vary good agreement with the measured venturi

flow rates for each AFW steady-state test. The tube flow distribution that
resulted in the best agreement was

Six tubes have a flow rate equal to the flow rate of tube J.
Eight tubes have a flow rate equal to the flow rate of tube F.
Five tubes have a flow rate equal to the flow rate of tube R.

This proposed flow distribution is shown on Figure 5.110. Steam generator A
had thermocougles in tube N. The axial temperature profile on the primary
side for tube N was similar to that for tube R. Therefeore, the flow rate in

tubas N and R should be similar, thus providing additional justificatiun for
the proposed rlow distribution.

The pitot tube results also indicated that the flow rate in the tubes
farthest from the AFW nozzle (tubes F and R) were affected by the steam
generator secondary level. As the steam generator secondary level increased,
the flow in these tubes increased (Figure 5.111), thus indicating that the
driving head for these tubes was directly related to the steam generator
secondary level. The flow rate in the tubes nearest the AFW nozzle (tubes J,
C, and A), however, responded inversely to the steam generator secondary

level, i.e., as the level increased, the flow rate in these tubes decreased
(Figure 5.111).

The following observations can also be made regarding the AFW steady-state
tests:

® Axial temperature profiles in the steam generator A tubes were similar
to those observed in the steam generator B tubes (Figures 5.112

through 5.1i5), therefore exhibiting symmetric steam generator perfor-
mance.

@ For th= test conditions investigated, the effect of AFW was observed

on the center tube (tube A). Tnherefore, the AFW penetrated at least
three rows into the tube bundle.

® The primary fluid temperature versus elevation in both tubes J and A

was essentially independent of the steam generator secondary level
(Figures 5.99 through 5.102).




o The secondary fluid temperatures in the cell near tube J (cell B-J-H)
were either subcooled (near the AFW nozz.e elevation) or saturated
over the entire tube length for the AFW steady-state tests that had a
steam generator secondary side level equal to or greater than approxi-
mately 26 ft (Figures 5.99 through 5.101). For the test performed at
a steam generator secondary level of approximately 19 ft, an unstable
thermocouple reading was observed at 29.3 ft (Figure 5.116), with the
temperature varying from saturation to approximately 5F superheat.

o Based upon the available steam generator secondary side thermocouples,
the fluid temperatures in the cell near tube A (cell A-B-G) were
either subcooled (near the AFW nozzie elevatiun) or saturated over the
entire tube length for the AFW steady-c<*ate t ,t with the steam
generator secondary level at 40 ¢ (Figurr 5.99), For the test
performed with the steam generator seccicary level at 33 ft, an
unstable thermocouple reading was observed at 38.2 ft (Figure 5.117)
and for the tests performed w’'a the steam generator secondary level
at 26 and 19 ft, unstable thermocouple readings were observed at both
38.2 and 32.2 ft (Figures 5.118 through 5.121).

e The secnondary fluid temperature in the cell near tube R (cell E-P-R)
appears to be affected only slightly near the AFW nozzle elevation,
and saturation temperature was not attained over the portion of the
tube that was above the steam generator secondary level for all the
AFW steady-state tests (Figures 5.99 through 5.102). No unstable
thermocouple readings were observed in the E-P-R cell.

o The occurrence of the unstable thermocouple readings in the B-J-H and
A-B-G cells and non-occurrence in the E-P-R cell implies that the
unstable temperature was a result of the effect of AFW and not leve)
swell of the steam generator pool. Therefore, for the core power
level and the AFW flow rate tested, the effects of AFW were observed
down to the 29-ft elevation in cell B-J-H and down to the 32.2-ft
elevation in cell A-B-G.

® A reheat of the secondary fluid occurs above the AFW nozzle elevations
as the steam line temperatures (elevation 51.6 ft) are greater than
the temperature of the secondary fluid at or below the AFW nozzle
(elevation 50.8 ft) (Figures 5.99 through 5.102).

e The steam temperature remained essentially constant for all steam
generator secondary levels tested., However, a variation of 4F between
the two steam line temperatures in the same steam generator was
observed to occur in both steam generators. The steam line that was
farthest away from the AFW nozzle indicated the lowest terperature
(Figure 5.97).

e The injection of relatively cold AFW a2t a high elevation in the steam
generator resulted in the establishment of a driving head that
provided primary loop flow rates in excess of those obtained from the
MFW steady-state tests over the entire range of steam generator
secondary levels investigated (Figure 5.122).
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$.8. Observations of Test 4CR3T2

Test 4CR3T2 was an attempt at simulating the Crystal River Unit 3 (CR-3)
loss-of-offsite power event that occurred on June 16, 1981. The CR-3 plant
transient was selected because no hardware or control modifications to the
MIST facility were ' :quired and documentation (reterence 7) existed from
which test boundary c¢ca. tions could be established.

Numerous MIST loop operator actions were required in attempting to simulate
the plant transient. These actions resulted from the interpretation of the
actions performed by the plant operaters during the actual piant transient as
identified in reference 7.

A direct assessment of the ability of the MIST facility to simulate a plant
transient cannot be made from the results of Test 4CR3T2. The response of
this test differed significa 'tly from the response of the plant transient
(figures included in Section 3.7, Test Specifications, depict the actual
plant transient response and can be used for comparative purposes). The
different response of this test from that of the plant transient can be
attributed to differences in the boundary conditions. The major boundary
condition differences that were identified were the HPI flow rate, AFW flow
rate, and the steam generator secondary pressure. The observations described
in this section address the test as it was performed.

MIST Test 4CR37T2 was initiated by activating the core power decay heat ramp
(See 1, Figur: T .'23), thus simulating a reactor trip as a result of a loss
of offsite pc er. Full head flow AFW was initiated to stean generator A (See
1, Figure 5..24) to fill the secondary side to 32 ft, and steam gencrator B
was set to maintain constant level control at approximately 10 f* (See 1,
Figure 5.125). The steam valves for both steam generators were ovpened to
simulate the turbine ' ss system arnd the atmospheric dump valves. Both
steam generators bega: eaming (See 2, Figure 5.124 and See 1, Figure 5.126
and AFW actuated fr si2a» generator B (See 2, Figure 5.126) in either un
attempt to maintain a -~onstant level or establish an increased control
setpoint (as specified based upon primary pressure). The steam flow -ate
exceeded the AFW flow rate in steam generator A (See 3, Figure 5.124); thus,
the desired refill of steam generator A was not attained (See 2, Figure
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5.125). AFW flow to steam generator B terminated (See 3, Figure 5.126) when
the loop operator reduced the level control setpoint to 9.5 ft (as specified
based upon primary pressure).

The primary system pressure decreased initially as a result of a decrease in
core power and then as a rasult of primary-to-secondary heat transfer (See 1,
Figure 5.127). During the initial primary system depressurization, the loop
operator initiated HPI based upon a specified criteria of either absolute
pressure or timing. At approximately 1 minute after test initiation, the
loop operator actuated, as specified based upon primary pressure, the
simulated one HPI pimo (See 1, Figure 5.128). At approximately 4 minutes
after test firitiatio., the loop operator actuated, based upon the timing
rriteria, two simul=ted HP! pumps (See 2, Figure 5.128). During this time,
the primary sy.tem depressurized to approximately 1725 psia (See 2, Figure
5.127) and both steam generotors depressurized (See 3, figure 5.127;.

Subsequent to the start of the simulated second HPI pump, the rate at which
inventory was added to the primary system increased (See 1, Figure 5.129),
the pressurizer level began to increase (See 1, Figure 5.130), and a primary
system repressurization commenced (See 4, Figure 5.127). Both steam genera-
tors continued to depressurize and at approximately 7 minutes, the pressure
had decreased to approximately 600 psia (See 5, Figure 5.127). As according
to the iest procedures, the secondary pressure was to be controlled at 600
psia for the remainder of the test to avoid the facility limit on primary-to-
secendary pressure differentiai.

The simulated two HPI pumps inventory addition to the primary system continu-
ed until appioximately 15.4 minutes (See 3, Figure 5.128), at which time the
flow rate was decreased to a simuiation of one HPI pump (as specified based

upon primary pressure). The simulation of one HPI pump continued through the
remainder of the test.

The steam generator secondary levels increased to approximately 25 ft in both
generators {(See 3, Figure 5.125), and the steam generator level control
setpoint was reduced to 20.7 ft (as specified based upon primary pressure).
Both steam generator levels eventually decreased to the control setpoint (See
4, Figure 5.125) and were maintainad through the remainder of the test.
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The primary system pressure continued to increase, and when the primary-to-
secondary pressure difference approached the facility 1limit, the loop
operator manually opened the PORV (See 1, Figure 5.131). The primary
pressure decrcased (See 6, Figure 5.127) in response to the discharge of
steam through the PORV.

The continued addition of inventory to the primary system by means of the one
HPI pump simulation resulted in numerous automatic PORV actuations (See 2,
Figure 5.131) and the complete refill of the pressurizer (See 2, Figure
5.130). Subsequent to the complete refill of the pressurizer, the primary
system stabilized in a steady-state natural circulation mode at approximately
2400 psia, with irventory addition from the one HPI pump simulation and
inventory discharge through the PORV. The test was terminated at 225
minutes,

5.9. Observations of Test 4SEC02

Test 4SECO2 was an attempt at simulating the Rancho Seco loss of integrated
control system (ICS) power event of December 26, 1985. The Rancho Seco plant
transient was selected because no hardware or control modifications to the
MIST facility were required and documentation (reference 12) existed from
which test boundary conditions could be established.

Numerous MIST lToop operator actions were required in attempting to simulate
the plant transient. These actions resulted from the interpretation of the
actions = r~formed by the plant operators during the actual plint transient as
identified in reference 12.

A direct assessment of the ability of the MIST facility to simulate a plant
transient cannot be made from the results of Test 4SEC02. The response of
this test differed significantly from the response of the plant transient
(figures included in Section 3.8, Test Specifications, depict the actual
plant transient response and can be used for comparative purposes). The
different response of this test from that of the plant transient appears to
have occurred immediately after test initiation and appears to be attribu-
table to differences in the secondary side boundary conditions. The boundary
conditions that appear to have affected the transient response were:

- The MIST simulation of the plant safety valves.
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- Reduced AFW flow raite in steam generator A.

- The MIST simulation of the atmospheric dump valves and turbine bypass
valves.

The simulation of the plant safety valves appears to have resulted in a
choked flow condition downstream of the flow control valve and, as such, the
steam relief capacity was less than desired. The AFW flow rate for steam
generator A was approximately 57% of the desired fiow during the entire test
duration and was a result of an erroneous evaluation of the AFW controller
setpoints. The design of the MIST steam lines resulted in an interaction
between the simulated plant safety valves and the simulation of the atmos-
pheric dump valves and turbine bypass valves. The result was a reduced flow
rate through the simulated atmospheric dump valves and turbire bypass valves.

These discrepancies affected the secondary side heat removal capability,
which provided less than that desired, and resulted in a primary system
pressure response that was of considerably higher magnitude than observed
during the plant transient.

The observations described in this section address the test as it was
performed and no attempt was made to verify the specified boundary conditions
during the remainder of the test.

MIST Test ~©C02 was initiated by the loop operators manually performing the
following ac..ons at essentially the same time:

- Fully open the simulated plant safety valve steam Tines (high flow
steam lines) for both steam generators.

- Increase the speed of all four reactor coolant pumps from 10% to 100%
speed.

- Ac’uate the core power decay ramp.

- Start AFW flow to both steam generators.

- Terminate main fa2edwater (MFW) flow to both steam generators.

- For each steam generator, open the control valve for the lTow flow

steam lines to a predetermined position that simulates the flow
capacity of the turbine vypass system and the atmospheric dump valves.
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The initiating actions were performed as intended and were verified by the
data plots. The limit switches for the high flow steam circuits indicated
that the control valves opened upon test initiation (See 1 on Figures 5.132
and 5.133). The reactor coolant pump tachometers indicated that the speed of
each pump increased from approximately 10% to 100% shortly after test
initiation (See 1, Figure 5.134). The core power decay ramp began upon test
initiation (See 1, Figure 5.135). AFW was actuated upon test initiation (See
1 on Figures 5.136 and 5.137) and MFW was terminated (See 2 on Figures 5.136
and 5.137) upon test initiation. Although no positive indication exists for
the action relative to the increased opening of the control valves in the low
flow steam circuits, the observed increased magnitude of the steam flow (See
3 on Figures 5.136 and 5.137) indicates that the control valves had been
opened further prior to approximately 1.5 minutes; therefore, the rumerous
operator actions required to initiate Test 4SEC02 were performed satisfac-
torily.

In addition to the initiating operator actions discussed above, the Toop
operators were required to open one isolation valve in each high flow steam
Tine. These are hand-operated valves that were required to be closed, as a
result of excess leakage through the control valves, and were opened prior to
performing the required initiating actions.

On test initiation, the primary system pressure decreased rapidly from 2220
to 2035 psia (See 1, Figure 5.138). The primary system then rapidly repres-
surized to approximately 2100 psia (See 2, Figure 5.138) before beginning a
gradual depressurization that attained a minimum of approximately 1780 psia
(See 3, Figure 5.138). Upon test initiation, the steam generators repres-
surized in an asymmetrical manner (See 4, Figure 5.138). The nbserved asym-
metry appears to be a result of cpening the control valves either at slightly
different times or they may have different stroke rates. The pressure in
both steam generators then converged and a gradual depressurization commenc-
ed, attaining a minimum pressure of approximately 500 psia (See §, Figure
5.138).

The Rancho Seco transient of December 26, 1985 resulted in a depressurization
of the primary system that attained a minimum pressure of approximateiy 1050
psig about 8 minutes after the transient occurred. During this period, the
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steam generator pressures had decreased to approximately 400 psig; therefore,
the initial response of MIST Test 4SEC02 did not replicate the Rancho Seco

transient.

Based upon a comparison of the primary and secondary system pressure response
for the test and the plant transient, the design and physical arrangemert of
the MIST steam circuits appear to have affected the desired boundary condi-
tions. The steam circuits appear to have limited the steam flow rate and as
a result, primary-to-secondary heat transfer was limited. The limited flow
capability of the MIST secondary side was first cbserved during the initial
phase of the transient when the steam safety valves were simulated. During
the time when the safety valves were open, the simulation of the turbine
bypass valves (TBVs) and the atmospheric dump valves (ADVs) opening to 50%
cepacity was to occur. The loop operators opened the contrul valves to the
predetermined positions on the high flow steam circuits (simulated safety
valves) and the low flow steam circuits (simulated 50% capacity of ADVs and
TBVs). The low flow steam circuit had been in use during the steady-st ‘e
period prior to test initiation, and at test initiation, the loop operators
opened the control valves further. An expected increase in the steam flow
through the low flow steam circuit did not occur. Instead, the steam flow
rate decreaseo on test initiation (See 4 on Figures 5.136 and 5.137) and then
increased (See 5 on Figures 5.136 and 5.137) approximately 1.3 minutes after
test initiation.

A schematic of the steam flow circuits is shown on Figure 5.139. The low
flow circuit contains a flow orifice and a control valve. The high flow
circuit contains only a control valve and has no flow orifice or provisions
for flow measurement. The piping for the high flow and the low flow steam
circuits join together downstream of the control valves. When the control
valve in the high flow steam circuit was opened, the backpressure at the
control valve in the low flow steam circuit increased. The backpressure on
the low flow steam circuit was apparently higher than the critical pressure
and therefore a reduction in the flow rate was observed (See 4 on Figures
5.136 and 5.137). When the control valve in the high flow steam circuit was
closed, the backpressure at the control alve in the low flow steam circuit
decreased. The decreased backpressure permitted the re-establishment of
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critical flow through the low flow steam circuit; thus, an increase in the
flow rate was observed (See 5 on Figures 5.136 and *.137). Therefore, even
though the loop operators further opened the control valves in the low flow
steam circuits, a reduction in the flow rate (approximately 20% of the
intended flow rate) through this steam circuit occurred. Thus, during the
initial approximately 1.3 minutes of the test, the simulation of the steam
discharged through the ADVs and TBVs did not occur. The reduced flow rate
through the low flow steam circuits contributed to the observed difference in
the steam generator pressure between the test and the plant transient.

Although no flow measurement was available for the high flow steam circuit
(simulated safety valves), the steam flow was also suspected to be limited by
an unanticipated high backpressure that was provided to the steam circuit by
the condensate backpressure control valve in the secondary circuit. The high
backpressure may have limited the steam flow, thus preventing the desired
initial steam generator blowdown from being achieved.

When the simulated safety valves closed, the steam generator pressure for
Test 4SECO2 was approximately 50 psi greater than that observed during the
plant transient. As the test progressed, the steam generator pressure
continued to diverge from that observed during the plant transient and at
approximately 8 minutes, resulted in a steam generator pressure *hat was
approximately 280 psi greater than observed during the plant transient.
Thus, the continued divergence of the steam generator pressure for the plant
transient and the test implies that the secondary side boundary conditions
for the MIST test, subsequent to the closure of the simulated safety valves,
did not replicate those that occurred during the plant transient,

Another factor that contributed to this observed difference in the steam
generator pressure was the iess-than-desired AFW flow rate supplied to steam
generator /. Due to an erroneous evaluation of the controller setpoints,
only approximately 57% of the desired AFW flow rate was supplied to steam
generator A throughout the entire test. A comparison of the AFW flow rate
for both steam - 'nerators over the initial 8 minutes of the test (Figure
5.140) highlights this discrepancy in the AFW flow rates.

Potentially, a fourth factor may have limited the steam generator depressuri-
zation rate for the MIST test. This factor also relates to the design and
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physical arrangement of the steam circuits and concerns the combining of the
steam lines from steam generator A with those of steam generator B (Figure
5.139). This arrangement has the potential for imposing a backpressure
effect of one steam generator on the other and can occur throughout the
entire test.

The inability of the MIST facility to simulate the plant transient secondary
side response could be a result of the following factors:

o The MIST simulation of the safety valves may not have provided suffi-
cient steam flow to simulate the actual plant steam flow.

e Interaction of the MiST high flow and low flow steam circuits.

e Interactions between the MIST steam generator A and steam jenerator B
steam circuits.

e A steam generator A AFW flow rate that was less than desired for the
MIST test.

® The MIST simulation of the ADVs and TBVs may not provide sufficient
steam flow to simulate the actual plant steam flow.

e When the ICS power was lost during the plant transient, the ADVs and
the TBVs are supposed to open to 50% cf demand. These valves may have
opened further; thus, the steam flow may have been greater than that
expected when the control valves are 50% open.

e The Rancho Seco plant had three ADVs per steam generator. Each valve
has the steam-relieving capability of 3-1/2% full power. Four of
these valves are normally isolated to prevent a rapid cooldown should
the ICS er~erience certain single failures. These failures would have
opened all the TBVs and ADVs. If the loss of ICS power opened all six
of the ADVs to the 50% demand position, the steaming capability would
have been 20% steam dump capacity rether than 14% if only two ADVs
opened.

® A combination of the factors listed above.

As *he primary system pressure decreased to approximately 2036 psia, the loop
operator actuated HPI (See 1, Figure 5.141) according to the test procedure.
The HPI flow was to be equivalent to 38% of full head-flow capacity. As can
be observed on the figure, the measured HPI flow rate was initially very
unstable (See 2, Figure 5.141) and then stabilized at approximately 38% of
full head-flow (See 3, Figure 5.141). As the primary system continued to
depressurize to approximately 1936 psia, the loop operators increased the HPI

5-32



flow rate, per the test procedure, to approximately 68% of full head-flow
(See 4, Figure 5.141). Again, the HP] flow rate was very unstable subsequent
to the change in the control setting (fee ., Figure 5.14]1) and then stabi-
lized at approximately 68% of full head-flow (See 6, Figure 5.141), The
unstable response in the HPI fiow rate occurred throughout the entire test
whenever a change (either an increase or a decrease) in the HPI flow rate was
made (Figure 5.142), and in many cases, required loop opera‘or intervention
to stabilize the HPI flow rate. This unstable response in the HPI flow rate
highlights the need to investigate the MIST HPl system, controls, and flow
measurement instrumentation, particularly if the MIST facility is to be used
to simulate plant transients that have numerous changes in the HPI flow rate.

As the test progressed, the primary system pressure decreased, but at a much
lower rate than that observed during the plant transient. The reduced
primary-to-secondary heat transfer, apparently as a result of the previously
discussed discrepancies in the secondary system boundary conditions, resulted
in a primary system pressure response that attained a minimum pressure of
approximately 1780 psia about 13 minutes after test initiation (See 1, Figure
5.143). The plant transient attained a minimum primary system pressure of
approximately 1036 psia about 8 minutes after the loss of ICS power occurred.
Dicing the plant transient, 100% head-flow HPI was initiated at 1600 psia
about 3.6 minutes after the loss of ICS power. MIST Test 4SEC02 did not
depressurize to 1600 psia and when the loop operator noted that the primary
system pressure was apparently stabilizing at a pressure greater than 1600
psia, 100% head-flow HPI was initiated (See 1, Figure 5.142).

When the HPI flow rate was increased to 100% head-flow, the test procedure
required the loop operators to perform a number of actions in a relatively
short time. Thecc oporator actions consisted of changes in steam generator A
and B AFW flow rates, initiation and termination of MFW fiow to both steam
generators, and Lhe closing of the steam valves in both steam generators to a
position that produced a steam flow rate of approximately 25 1b/h.

With tte reactor coolant pumps operating, the loop flow rates are of large
magnitude such that the primary system responded in an essentially isothermal
manner, i.e., the primary loop delta-T was approximately zero. During the
initial approximately 13 minutes of the test, the energy removal capability
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of the steam generators was of sufficient magnitude that the primary system
was essentially isothermal at the steam generator saturation temperature.
Therefore, as the st-.-. generators depressurized, the primary system fluid
temperature decreased. The decrease in the primary fluid temperature
resulted in the contraction of the primary fluid volume, which caused the
depressurization of the primary system. As the steam generator pressure
decreased, the energy remov'l capability of the steam generators also
decreased, whi. eventually resulted in the stabilization of the primary
system pressure. When the loop operator decreased the AFW flow rate to both
steam generators (See 1 on Figures 5.144 and 5.145), the energy removal
capability of the steam generators decreased and an increase in the primary
system pressiure occurred (See 2, Figure 5.143). The loop operator then
increased the AFW flow rate to both steam generators, attaining approximately
the same flow rate as prior to the reduction in AFW flow (See 2 on Figures
5.145 and 5.145). The energy removal capability of the steam generators
therefore increased and the primary system pressure again stabilized (See 3,
Figure 5.143). The loop operators then reduced the steam flow rate to
approximately 25 1b/h for each steam generator (See 5 on Figures 5.144 and
5.145). This action resulted in a significant reduction in the energy
removal rapability of the steam generators and a primary system repressuriza-
tion commenced (See 4, Figure 5.143).

When the primary pressure increased to approximately 2100 psia, the MIST test
facility design limit for the primary-to-secondary pressure difference was
approached and the loop operators manually opened the PORV (See 5, Figure
5.143). Subsequently, a number of manual PORV actuations were performed (See
6, Figure 5.143) to preclude exceeding the test facility design limit.

During this initial time period of MIST Test 4SEC02, the loop operators
realized that the actual response of the test was entirely different from the
expected (plant transient) response. A decision was then made to perform the
remaining operator actions, as specified by the test procedure, based upon
the timing criteria rather than the pressure criteria.

At approximately 19 minutes, the reactor coolant pump in cold leg Bl was
tripped (See 2, Figure 5.134). Prior to the pump trip, an essentially
stagnant fluid region existed in the upper downcomer. When the reactor
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coolant pump was tripped, a pressure gradient developed at the cold leg
nozzle elevation and a flow path through the upper downcomer was established.
This observation was deduced from the fluid thermocouple responses in the
downcomer, The downcomer fluid temperatures at the 23.8-ft elevation
(approximately 2.5 ft above the cold leg nozzle elevation) were decreasing
gradually and did not follow the cold leg fluid temperature response prior to
the pump trip (See 1, Figure 5.146). When the pump was tripped, the fluid
temperstures at the 23.8-ft elevation immediately decreased (See 2, Figure
§.146) and then tracked the cold leg fluid temperature (See 3, Figure 5.146).
Although the f’~id temperature in each quadrant of the downcomer decreased
and attained v old leg fluid temperature, this occurred in the sequential
manner B2, Bl, A2, Al (See 1, Figure 5.147).

After the Bl reactor coolant pump was tripped, the flow in cold leg Bl
reversed and the flow rate in the other three cold le3s increased (See 1 on
Figures 5.148 through 5.151).

During this initial phase of the test, the steam generator secondary side
levels initially decreased and when the AFW flow rate exceeded the steam flow
rate, the levels increased (See 1, Figure 5.152). The time difference when
steam generators A and B began filling was a direct result of the reduced AFW
flow rate (erroneous control setpoint) for steam generator A. -

When the primary system pressure began increasing, the pressurizer level also
started increasing (See 1, Figure 5.153). The rate at which the pressurizer
level increased (See 2, Figure 5.153) was observed to respond to changes in
the HPI flow rate. The HPI flow rate was then decreased io and maintained at
approximately 100 1b/h. The pressurizer level responded with a gradually
increac'ng trend (See 3, Figure 5.153) resulting from the HPI and the heatup
of the primary system fluid. At approximately 26 minutes, the loop operator
initiated pressurizer spray (See 1, figure 5.154). The pressurizer spray
continued through test termination. The spraying of cold leg fluid into the
top of the pressurizer condensed steam in the pressurizer and a slight
depressurization of the primary system occurred (See 7, Figure 5.143). The
pressurizer spray also resulted in an increase in the rate at which the
pressurizer level increased (See 4, Figure 5.153). The pressurizer eventually
filled and the primary system was now water solid, HPI was on, and a heatup
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was in progress; thus, a rapid increase in the primary pressure occurred (See
8, Figure 5.143). The loop operator then terminated HPI (See 2, Figure
5.142). The primary system pressure, however, continued increasing as the
primary system heatup continued.

AFW was terminated when the steam generators completely refilled. Steam
generator B refilled at approximately 26 minutes (See 2, Figure 5.152) and
steam generator A refilled at approximately 36 minutes (See 3, Figure 5.152).
Subsequent to the termination of AFW, the energy removal capability of the
steam generators decreased further and was limited tc the energy removal
capability of approximately 25 1b/h from each steam generator. The steam
generators then began to repressurize (See 9, Figure 5.143).

The test facility primary-to-secondary differential pressure design limit was
again approached and the loop operator manually opened the PORV four times
(See 1, Figure 5.155). ™he continuously increasing steam generator pressure
aided the test fari” design limit for primary-to-secondary pressure
differentic  «nus per. .ting an increasingly higher primary system pressure.
Eventually, the primary system pressure increased to the PORV opening
setpoint and a number of automatic PORV actuations occurred (See 2, Figure
5.155).

At approximately 58 minutes, the loop operator initiated a steam generator
cooldown of 100F/h. The cooldown was accomplished by permitting the boil-off
of steam generator secondary inventory. The steam generator secondary side
levels indicated approximately full when the cooldown wr¢ nitiated (See 1,
Figure 5.156). The steam valve th.n opened, resulting in an increased steam
flow rate from both steam generators (See 1, Figure 5.157). The increased
steam flow rate resulted in a higher steam generator energy removal capabili-
ty and a primary system depressuri~ation commenced (See 3, Figure 5.155).

During the initial phase of the steam generator cooldown, asymmetric condi-
tions were established in the steam generators. The steam flow rate for
steam generator A attained a maximum vaiue that was greater than that for
steam generator B by a factor of approximately 1.6 (See 2, Figure 5.157).
The observed asymmetry in the steam generator steam flow rates was apparently
a result of asymmetrical primary loop flow rates that was caused by the
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operation of two reactor coolant pumps in loop A and only one in lcop B.
Thus, loep A had a higher potential for primary-to-secondary heat transfer.

The primary system pressure decreased rapidly whea primary-to-secondary heat
transfer was established. However, when the saturation temperature decreased
and attained the reactor vessel upper head temperature (See 1, Figure 5.158),
the reactor vessel head voided, thus ceusing a decrease in the primary system
depressurization rate (See 4, Figure 5.155).

Coincident with the reactor vessel head voiding, the steam flow rates for
each steam generator began decreasing (See 2, Figure 5.157). The steam flow
rate for steam gerasrator A continuously decreased in an essentially linear
manner (See 3, Figure 5.157). The steam flow rate for steam generator A also
decreased in a stair-step manner. The cause of this response appears to be
related to the response of the control valve to the control signal as it
attempted to maintain the specified cooldown rate. The steam flow rate for
steam generator B was observed to decrease (See 4, Figure 5.157) and then
increase (See 5, Figure 5.157). The magnitude of the steam flow rate from
steam generator B then exceeded that of steam generator A. During this
cooldown of the steam generators, AFW was unavailable. Therefore, the steam
generator secondary levels decreased (See 2, Figure 5.156) and the steam flow
rates decreased towards zero (See 6, Figure 5.157) as the secondary side
inventory builed off. Both steam generators appear to have eventually dried
out as the measured liquid level indicated zero (See 3, Figure 5.156).

Essentially, the complete loss of secondary side inventory and the lack of
AFW terminated the energy removal capability of the steam generators. The
primary system had been depressurizing as the steam generators were being
steamed and descended to a pressure of approximately 1150 psia (See 1, Figure
5.159). The inability of the steam generators to remove energy resulted in
the inhibition of primary-to-secondary heat transfer and the primary system
repressurized (See 2, Figure 5.159). The test facility design limit for the
primary-to-secondar: differential pressure was again approached and the loop
operators manually actuated the PORV repeatedly (See 3, Figure 5.159) to
prevent damage to the test facility.

Shortly after the primary system repressurization discussed above began, an
inadvertent reactor coolant pump trip in cold leg A2 occurred (See 1, Figure
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5.160). This reactor coolant pump trip was not observed by the ioop opera-
tors. The A2 pump trip rcsulted in backfl.s in cold leg A2 (See 2, Figure
5.150) and an increase in the cold leg Al flow rate (See 2, Figure 5.148).

The cold leg B flow rates also responded to the A2 pump trip as a slight
increase in forward loop flow was observed in cold leg B2, the reactor
coolant pump was operating (See 2, Figure 5 151), a decrease in backflow was
observed in cold leg Bl, the reactor coolant pump was tripped (See 2, Figure
5.149). Other than the effects observed above, the inadvertent trip of the
A2 reactor coolant pump did not affect the transient response.

At approximately 102 minutes, the loop operator tripped the Al reactor
coolant pump (See 2, Figure 5.160) as per the test procedure. At this time.
the loop operator noticed that the A2 reactur coolant pump was off and he
then restarted the A2 pump (See 3, Figure 5.160). The pump trips and restart
appear to have had a negligible effect on the transient response.

As previously discussed, the test facility design limit for primary-to-
secondary pressure differential required that the loop operator manually
actuate the PORV. The lack of secondary side inventory resulted in decreas-
ing steam generator pressure. Therefore, primary and secondary pressures
were diverging and the decision was made to terminate the test.
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