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: ABSTRACT ,

i

.The Multiloop Integral System. Test, (MIST) is part of=a multiphase p'rogram. [
started.in.1983 to address small-break loss-of-coolant accidents (SBLOCAs) [}

'Ispecific to Babcock & Wilcox designed plants- HIST is sponsored by the-
U. S. Nuclear Regulatory Commission, the Babcock & Wilcox Ovners Group,.the f
Electric Power Research -Institute, and Babcock and Vilcox.- The unique- ]

'

features of'the Babcock & Wilcox design, specifically the hot leg U-bends and.. }
"- steam' generators, prevented the use of existing integral' system data"or- -

' existing integral'. facilities to address the -thermal-hydraulic SBLOCA' '

questions. HIST and- two 'other supporting ~ facilities ~ vere specifically
' designed and constructed for this program, and an existing fa'cility--the Once .
Through. Integral System (OTIS)--vas also used. Data from MIST and th'e other.-

'

facilities vill be used to- benchmark the adequacy of system codes, such as ;

,RELAP5 and TRAC, for predicting abnormal plant transients.' j
,

1:
L . . u

| The MIST Program.is reported in 11 volumes. The program.is summarized in J

Volume 1; Volumes 2 through 8 describes groups of~ tests by test. type, Volume 9 3

|: presents inter-group comparisons, Volume 10 provides comparisons between the
calculations of RELAPS/ MOD 2 and MIST observations, and Volume 11 presents-the
later Phase 4 tests. This Volume 11 pertains to HIST Phase IV tests performed y

L to investigate risk dominant transients and non-LOCA events.
!,
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1. tINTRODUCTIONn
:
A

_ :The- Multiloop Integral! System Test (MIST) Facility'-is a scaled 2-by-4 (two I
hot legs land four. cold legs) - model of sthe Babcock &-_ Wilcox lowered-loop-
~ nuclear steam supply system. The project was' sponsored' by the Nuclear

*

Regulatory Commission, the Electric Power Research Institute, the Babcock &. *

,

Wilcox Owners! Group, and Babcock & Wilcox. Experiments ' performed at' the
Babcock 1&' Wilcox Alliance Research Center provide integral system data to be ;

used in the verification of predictive best-estimate codes. The Phase III
'

test. program, performed from June 1986 'through Aigust 1987, examined - the i

impact .of the. boundary systems, break size and location, feed-and-bleed' a

cooling, steam generator tube -rupture, noncondensible gas, and reactor !

coolant pumps on small-break loss-of-coolant accident (SBLOCA) ' transients.
Additional tests xin the Phase IV program explored the current. operating ;

procedures for mitigating various accident conditions and ' investigated ''

.possible' alternative strategies. j
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 i

generator performance ~, (3) plant transient scaling, and (4) SBLOCA -transi-
ents.'

The MIST facility required modifications for the performance of the Phase IV i

test: matrix. These modifications included (1) adding a scaled' low-pressure 1

injection (LPI) system, (2) installing leak sites to simulate reactor coolant
pump seal leakage, (3) increasing the cooling capacity at the cold ' leg
discharge leak site .and the range of the leak flow rate measurement to

2accommodate break sizes up to a scaled 100 cm , 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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|:n 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 conclusioni of the MIST;

Phase 111 Test Program', and. since; the RanchoiSeco scaling -transient was:the'

only: Phase IV' test:-that required forced circulation,:it was sch6duled-to be

.h - the first test-performed. All 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 to the immediate Report that was written for each
individual test. The initial conditions for the MIST Phase IV transient
tests. are listed in Table l'.2 and the steady-state conditions for theisteam-

-generator performance test are provided in Table 1.3.

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.
,

'
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Table 1.1. ~ MIST Phase'IV-Test Matrix
^

-

_

,

,

Facility Modification .

.
-Immediate Report.

Test "_?_+- Descriotion Tvoe Employed Date W acted ' Neber

4NOML3 Nominal Transient With Distorted SBLOCA Low-pressure injection- Nov. 17, 1987 BAW-2017-

- Core Power

410AT3 10-cm2 SBLOCA Without HPI ATOG Risk dominant . Low-pressure injection- Nov. 12, 1987- .BAW-1973 +w
-

Cooldown and SBLOCA

4109D1 10-cm2 SBLOCA Without HFI Steae Risk dominant . Low-presstrre injection, - Dec.'I. 1987 84W-2019~
>

Generator Blowdown and SBLOCA-
~

l SBLOCA- Leak discharge system .Dec. II.'1987- BAW-2022-'
410082 Larger SBLOCA,100 ca

and low-pressure in- -

jection

45B011 -Station Blackout Transient Risk dominant ~ Leak location at reac . 'Nov. 24, 1987 .BAW-2018-
and SBLOCA - tor coolant pump

45GPF2 Steam Generator Performance Test ' Steam generator Main feedwater Nov. 19. 1987 .BAW-2025

performance

4CR3T2 Crystal River 3 Scaling Transient Scaling --- :Dec. 14,~1987 ,BAW-202'

4SECO2 Rancho Seco Scaling Transient Scaling- --- Sept. 25, 1987 .BAW-2057

:

'

_

.-

---P--' ' ' " * - " * ' ' ' " ' - ''-
''

''
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. Table'l'2. MIST Phase 'IV Test Initial Conditions - ,
_ ..

4NOML3 410AT3 410801 '410082 45B011 4CR3T2 4SEC02 ~
~

Primary Conditions
_

.

Core power, kW 129.2 -133.6 134.6 134.5 -134.8 128.1 ~273.2-

Pressure, psia 1735 1730' 1743. 1743 2004 1908. 2219-

Hot leg inlet temperature, F Hot leg A 591. '592 593 593 '594 587 594
Hot leg B 591 592 594- 594 595 589 594

Core exit subcooling, F 23.4 22.6 24.2 .24.1 42.8 41.7 - 55.0

Reactor vessel inlet temperature, F 545 -544' '544- L544 544 .539 552--
~~

_

Cold leg flow rate, lbs/h Cold leg Al 1717 1747- .1762 1763 1751 -1710 NA* ,;

Cold leg A2' 1676 1708 .1721 '1716 -1704 1673 NA

Cold leg B1 1814 1832 1836; 1833' ''1838 ~ 1818 ' MA ~

Cold leg B2 1762 1784 1793 .1790' 1789 1774 NA

Pressurizer level, ft 22.4 23.0 22.9 22.9 23.0 21.4 24.9

$ Secondary Conditions.

Pressure, psia Steam generator A 1014 1013 1013 1013 1013 986 1071
Steam generator B 1015 1013 1013 '1013 1012'. 985 1075

Level, ft Steam generator A 3.5 4.0 '5.4 4.6- 5.1 9.9 ?7.6-

Steam generator B 3.5 4.2 5.2 4.7 ' 5.4 10.0 9.6

Feedwater flow rate lba/h Steam generator A' 159 165 170 171 167 160 '9**
Steam generator B- 165 172 173 173 172 162 37**

Feedwater temperature, F Steam generator A -122 119 120 123 113 120 459**
Steam. generator B 123 121 121 124' 113. 121. 459**'

Steam flow rate, lbm/h Steam generator A 159- 166' 170 170 168 159 534
Steam generator B 163 169 170 171 170 165 540

Steam temperature, F' Steam generator A 581 .580 580 580 '581. 576 593-
Steam generator B 581 581- 581 581' 582 576- :593

1

| *Downcomer flow rate - 17036 lbm/h.
|

! ** Test 4SECO2 used main feedwater. The other tests in- this table used auxiliary feedwater.
|

|

|
:.

. . . . _ . , . , . , ._.... _ ,, . _c , . .? - , . - -. . _ . _ _ _ , . _ . _ ._ ,._m A___. ...___._,A
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Table 1.3. MIST Phase IV Test 4SGPF2 Steady-State Conditions
.

~ Main Feedwater Tests Auxiliary Feedwater Tests
'

~

SG Level SG Level SG Level SG Level SG Level SG Level SG Level ,SG Level -

19 ft 26 ft 33 ft' 40 ft 40 ft 33 ft '26 ft 19 ft

Erjaary Conditions
~

Core power, kW 258.8. 259.1 258.8 259.4 258.7 ~259.5 258.6 259.3'
Pressure, psia 2246 2245 2245 2246 2246 2245| 2245 2245

Hot leg inlet temperature, F Hot leg A 629 -617 610 602 603 605 607- 607
Hot leg 8 629 616 610 602 603 605 606' 607

Core extt subcooling, F 22.5 35.1 40.9 48.6 47.2 45.2 . 44.2 43.3 .
Reactor vessel inlet temperature, F 542 541 541 535' 542. 542 542 542

Cold leg flow rate, Iba/h Cold leg Al 1772 2124 2373 2502 2687 2608 2559 2525
Cold leg A2 1745 2083 2316 2445 2626 2545 2493- 2470
Cold leg B1 1893 2215 2461 2576 2765 2674 2612 2573
Cold leg B2 1829 2172 2406 2522 2706 2614 2557- 2503

Pressurizer level, ft 24.4 22.0 24.1 22.2 22.3 -22.2 22.1 21.9

Secondary Conditions

Pressure, psia Steam generator A 1015 1005 1012 1007 1009 1009 1012 '1013-
Steam generator B 1009' '1009 1009 1009 1008 1009 1009 1000 .

Level, ft Steam generator A 19.2 26.1 33.3 40.0 40.0 .'33.2 -26.3 119.5 -
Steam generator B 19.9 26.1 33.3 39.9 39.9 33.0- '26.5 19.2 --

Feedwater flow rate ihmVh Steam generator A 466 480 487 500 350 357 349- 351 :
Steam generator B 475 474 485 488 -342, 341 341 340_

Feedwater temperature, F Steam generator A 452 451- 452 454 119 118 117 118-
Steam generator B -452 451 451 453 120 118 118 118

Steam flow rate, Iba/h Steam generator A 467 481 486 501 353 1352 352 353
Steam generator B 485 485 492 497 354 352 353 '350:

Steam temperature, F Steam generator A 630 617 609 593 579 579 577 ~577-
Steam generator B 630 617 608 592- 583 583 583 -583-

_
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2.; FACILITY. DESCRIPTION.
- t

.x. .

,

t -

2.1. Introduction

MIST wasi a scaled, 2 - by.- 4 (2 hot Llegs an'd = 4 cold- legs) model of a B&W,.

lowered-loop, nuclear steam supply.' system (NSSS). MIST 'was designedEto-

operate- at typical plant pressures and.. temperatures.- Experimental ' data't

obtained from this facility during post-S8LOCA testing are'used for computer
N | code benchmarking.

The' reactor coolant-. system of' MIST was scaled according to the- following.s.
"

1 criteria, listed in' order ofz 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-

'
-

sur.izer; 2 hot legs; and.4 cold legs each with a scaled reactor coolant pump. '

,

10ther loop components in _ MIST included a closed secondary system, 4 simulated,
ireactor vessel vent valves-(RVVVs), a pressurizer power-operated relief valve 1

(PORV), hot 11eg and reactor vessel _ upper-head vents, high-pressure injection, j
core flood system, 'and critical flow orifices for scaled leak simulation.- 'I

;GuardIheaters,' used in conjunction with passive insulation to reduce model
,

heat loss,. were included on the steam generator secondaries and on 'all
j

primary ~ coolant components. The - system was also capable of noncondensible I

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.

2-1
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'O' 2.2. MIST Desian-

s
MIST was 'a- scal.ed, full-pressure; experimental facility arranged to represent

, - the : B&W-- lowered-loop plant design.- _Like the pl ant, 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.

lScaling 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
j :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 previously described two-phase characteristics and by
'considering component irr:coverable 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 fluid 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 loop fluid.
Irrecoverable pressure drops were well preserved.

i
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i sThe : MIST : core and steam generators were full-length; subs'ections of their . L

* planti counterparts. L As shown 'on . Figure . 2.2, the core' consisted of 'a- 7-by-71
.

!' array; of 45 full-length, 0.430-inch-diameter heater rods and four simulated - 9
~

N,.

. incore ; guide tubes. - Plant'-typical ' fuel pin pitch and grid geometry were ; ;
'

used;. The . simulated rods were ' capable of- full-scale power output but were
limited .to: approximately 10% of scaled power for the planned ' MIST testing._ l-

j -(The ratio of. plant power to MIST' power was 1:817.) A fixed, axial. heat' flux 1

profile '(peak-to-average flux ratio r 1.25) and a. flat, radialL heat flux'- '

profile were used.

The . steam generators, shown in Figure 2.3, each contained 19. full-length
,

tubest The , tubing:. diameter -(5/8-inch OD), material, and tube bundle's
triangular pitch (7/8' inch,-tube centerline to centerline) were prototypical.
The geometry of the wbe support plant (TSP) was similar to the plant and -(
provided equivalent characteristics of irrecoverable pressure loss, j

i
-The hot legs used 2.5-inch, schedule-80 piping-(2.32 inch ID). -This diameter- 1
admitted bubbly - flow' and approximated the irrecoverable pressure loss of a e

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 i

the hot leg, 'as noted in Figure 2.1, were approximately 1 foot long to - ;s

accommodate the gamma' densitometers. The hot-leg U-bend maintained pipe ;

diameter; a 1.61-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
i . influences the mixing of HPI and RVVV fluid streams. The cold leg horizontal j

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

L
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' | selected: to1 preserve the ratio of fluid | momentum between the: cold leg; and-
HPl.

AHmodel reactor; coolant pump: was mounted in each : cold leg. SuctionL 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
4 under single- and-two-phase conditions. However, the pumps preserved neither

: specific speed .nor the two-phase degradation characteristics of the plant;
pumps..

The ' MIST reactor vessel employed an external annular downcomer, as shown in :
LFigure 2.1. Cold-leg coupling 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 of 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 RVVVs could be controlled individually or in 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 partially 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

o 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- rspresent' th6 two_ plant tanks. The model tank was installed vertically,-

~

withL 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. j

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 'l
by-using -1/4-inch penetrations for most of the instrumentation. Heat losses- j

'

due to : conduction through component supports were minimized by designing the I

+ supports to reduce the cross-sectioned area and by placing ceramic blocks-
3' 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- illus-
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 j
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
temperatures.

. 2-5
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iHowever, the guard heaters. did not compensate for. all'the' loop heat losses.
For. example,1arge Llocal losses at the gamma _ densitometers and viewports were-
not1 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 0.55L of scaled full power. This heat loss was attributable-
to the previously discussed uncompensated heat losses..

2 . 5 .- Instrumentation

The MIST- instrumentation was s'electe'd 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 system 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', press'ure, and differential pressure. Fluid

0 ~1evel 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 traines. 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-

E tion). The allocation of instruments to the steam generatori. resulted from
the judgement that observations of AFW wetting effects and steam generator
heat transfer were of major importance. Several other micro- and multidimen-

Jsional 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.

:
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~ The core and1RVVV< instrumentation. measured ^ fluid L 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, andcradial maldistribu-:
-

tion .of inlet flow was , expected to resultiin' caly minor - ~ variations of',

enthalpy. Therefore, .the trajority of the incore' temperature -instrumentation-

was located- in- a single, -interior flow channel. Radial temperature. varia -
tions' at the core. outlet ware recorded, but with~ a'limitedLnumber of-instru;-
ments.- Th'e core' instrument !allocatica provided core heat input,~ inletL and '

'

- exit. fluid properties, aad fluid gradients within the reactor vessel.. In-
.

t4

addition, collapsed _ lei els rni regional void - fractions : were available. H

S. ingle-phase vent valve mass firsw rates were also available.
.

.Downcomer instruments measured fluid temperature, metal and differential
temperature, . totar guard heater power, Land differential pressures. . Forty
fluid thermocouplesE were - concentrated in . the upper, downcomer, ' detailing
mixing information for the RVVV, core flood, and cold leg streams. Six !

additional fluid thermocouples were spaced uniformly in the lower.downcomer j
to indicate the extent of ' mixing as the fluid left the- upper downcomer.
Downcomer flow rate was measured using a venturi.

Table' 2.1. ' HIST Instrumentation -by Component

Number of #
;

Component- -Instruments ;i

Cold legs - 169-

Core flood 7
,

Hot legs .121

Pressurizer 26

~ Primary boundary systems .75 "

Reactor vessel and core 155 -!
4

Steam generators 259
.

Steam generator feedwater 44
and steam circuit

.

T01AL 856
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]t - Table 2.2 NIST Instrumentation by Measurement Tvoe
,

Nui e of.
1

Measurement Tvoe Insti Anents

Conductivity probes 36'

5 Cooled thermocouple 4-

Differential pressure 136<

Differential temperature 42

h",1 Fluid temperature 392

5 L r,amma densitcmeter 12

Limit switches SD'"

,

Mass flow 9

Metal temperature 69

Miscellaneous 15

Power. 48m

m Pressure 9

Volumetric flow 4'

-

TOTAL 856'

- Cold leg instrumentation provided fluid and metal temperatures, differential
temperature =, total guard heater power, and differential pressures. Gamma

densitometers were also used. Cold leg flow rates were measured using
'

venturis located in the suction piping of each cold leg. For tests requiring" '

' full forced flow, turbines were used in place of the venturis. In addition,"
,

." the reactor coolant pump power, speed, and head rise were measured.
- Special instrument groupings, thermocouple rakes, and gamma densttometers
* were insu11ed in the cold legs upstream and downstream of th( HP1 injection

[ points to indicate thermal stratification, density, and void fraction near
' the junction of the cold legs and downcomer.g
Hotileg instrumentation measured fluid and metal temperatures, differential

[' .
temperatures, total guard heater power, and differential pressures. Voidi

_.measuremen s us ng gamma densitometers and conductivity probes were alsot i
made, in addition, viewports provided visual data to assess the local flow

- regime. The density of the hot leg instruments provided detailed fluid
temperature gradients, loc:1 void fractirns, and overall collapsed level. A;_

..

n

2-8,

- . - - - - -



m
i

O
7

>

'

. conductivity probe, combined with local differential pressures in the Il-bend
'

region, provided additional information regarding loop refill and spillover.
Gamma densitometers in the hot leg horizontals downstream of the reactor
vessel's outlet nozzle and viewports in the 29-foot elevation 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 HPI, LPI, leaks, vents, and gas addi-
. tion, were provided with fluid thermocouples, absolute and dif ferentialt

; pressure transmitters, mass flowmeters, and weigh scales. These inst.uments
provided mass and energy closure for the facility. Additional information
regarding the design and instrumentation of MIST may be found in the facility
Specification 3 and in the Instrument Report.4

,

i
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3. TEST SPECIFICATIONS

The specifications for the-MIST Phase IV tests have been extracted from the
MIST Phase IV 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.

3.1. Test 4NOML3 -- Nominal Transient with Distorted Core Power

Test 4N0HL3 is a repeat of the MIST Phase III Nominal Test with modified
post trip power and ATOG cooldown rates. This test complements the Phase III
results,- as well as the two scaling transient tests that feature the similar,

modified core power conditions. The LPI system, added to the MIST facility
'for Phase IV, will proviae a more realistic simulation of the ECCS during low
reactor coolant system (RCS) pressure than was previously available.

3.1.1. Purpose

This test provides data for a 10-cm2 break LUCA. The test is to be initial-
. ized ~ and performed so .that the results can be compared to the MIST Nominalo

Test. The results will be useful in providing benchmarking data for the code

L analysts and will provide insight into the scaling compromises that are known
to exist in the facility. In particular, the piping and steam generator

b metal masses, the tctal primary system volume, and AFW wetting atypicalities i
"

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 . post-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.

3-1
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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 j
the venturi flowmeters installed and the turbine meters removed. The system

is to be held in stesdy state for 10 minutes or more prior 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 not he interpreted as

control parameters. The primary is to be in subcooled natural circulation at !

~

3.5% of full power plus 0.4% to offset the losses to ambient (see Table 3.2
for conversion factors). This augmentation is the same as was used in the !

Phase III Nominal test but different than that used ir, other Phase IV tests :[
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 4.6-ft level within the .;

pressurizer (22.6 ft relative to the secondary face lower tubesheet (SFLTS)]. |
The pressurizer spray control valve is manually closed. The PORV is in the I

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 550F. 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 end q

*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 f t, 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 i

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 W g. The surge line fluid temperature is to be
within SF of the hot leg temperature. As an indication of steady-state, all r

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

<
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* Tabic 3.1. Test 4N0ML3. Initial Conditions' '

.?

Ouantitv Specification- Tolerance (+/4) Derived *
,

t Core power ** 3.5% 0.05

''] . Primary flow 4%

Primary pressure 1750 psia,

'

; Hot' leg inlet temperature 595F

Cold leg exit temperature '550F-
.

Core exit subcooling 22F 2
4

Pressurizer level *** 22.6 0.2
,

N. : Surge line temperature Hot leg 5
'

temp., F l.
" ' Secondary flow 2%,

Secondary pressure 1010 psia 10
.

!Auxiliary feedwater temperature 110F 20

Secondary levels *** 3.5 1

Core- flood tank pressure 600 psia 10
'

' '

| Core flood' tank level *** 42.8 ft
,

0.3 '

Fluid temperature gradients 0F/h 3 '

'

Metal temperature gradients 0F/h 10 '

[ * 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,
,

***All levels are relative to the secondary face of the lower steam generator
tubesheet, ,

>

Table 3.2. Nominal Test Conversion Factorsv
!

Cori Power 1% Scaled Full Power 33 kW-

Primary Flow 1% Scaled Full Flow 1660 lbm/h-

Secondary Flow 1% Scaled Full Flow 138 lbm/h=

'

:
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3.1.3. 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-tm2 B1 CLD leak. Use the same leak orifice as Test
3109AA.

2. Log the test initiation time.

3. Confirm that the pressur''er heaters have tripped on low level.

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

{ ~ f approximately 20 seconds.o

1. Actuate the auxiliary feedwater system to raise the steam generator
secondary levels 10 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 1 but with a cooldown rate of 74F/h when the tempera-
ture dif ference is greater than 0 but less than 50F, In addition,
the depressurization rate whenever the temperature ' difference is
less than 0F is to be 37 psi / min.

6. Actuate the icw-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 Durina Testina

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

I
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Table 3.3. Test 4NOML3. Post-Trio Power' |
' '

:. ,

| '

'
a'~

Time (min). Power (%). |

!''
'

-0.1 3.9101

O2 3.7990 |

|J 0.3 3.6993-
'

1
;

"
,

!

0.4 3.6098 ;r

o
.

0.5 3.5293
o

to 0.6 3.4568
s- :

1

0.7 3.3912- ,

"
l

0.8 3.3314'.
-0.9 3.2764 e

i' j,

1.0 3.2256 -,
,

^

1.1 ~3.1784 |
'

r .l.2 3.1345 !
>

, . >

i.4 3.0555 |

1.6 2.9860
'

o
-

1.8 2.9237
.

*

2.0 2.8675,

'2.5 2.7496

"'

3.0 2.6579

3.5 2.5867 j
~

4.0 2.5318

5.0 2.4583

6.0 2.3960
'

7.0 2.3369

8.0 2.2828
<

| |-
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11hlt 3.3. Test 4NOML3. Post-Trio Power (Cont'd)

limg_1 min)* Power (%)** [p;
:.

'

9.0 2.2340 ;
'

L 10.0 2.1905 r

20.0 1.9123

40.0 1.6036
'

e 60.0 1.4076 ;

80.0 1.2796 {

100.0 1.1912 :

200.0 0.96734 ;
,

*300.0 0.86843
-)

400.0 0.81359
:

500.0 0.76772 :

|600.0 0.74014

700.0 0.71849 ','

i

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.

.

** Power is calcylated by the relationship

P = P (Time /1.36 + 1.667) {
v

i

i

)

!

I
,
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opening, HPI throttling upon loss of subcooling margin- (SCM), as well as !.

' core flood tank (CFT) isolation are to be performed as. outlined in reference |
I

'
- 6. .

3.1.5. 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.

L into the- test log. The test may be terminated if any of the following
I

conditions are satisfied:

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

2. If 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 is required, then refil1~ 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 spe'cified boundary system control settings are maintained throughout
the test.

4. Test termination is performed as specified.'

5. All 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.

Table 3.5. Additional Critical Instrumentation .

? PI isolation valve limit switchLPLS01 -

LPI total mass flow rateLPMM01 - ,

LPI total massLPMM21 -

LPTC01 - LPI fluid temperature
i

!3-10
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'3.2. Test 410AT3 -- 10-cm2 SBLOCA Without HPI, ATOG Cooldown

i

Test 410AT3 examines an SBLOCA transient without the benefit of the high- :
pressure injection' system (HPI). 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 cm2 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, 410B01, 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 j

test-initiation,
f

3.2.1. Purpose "

This test examines the impact of the absence of HPI system flow on the MIST
Nominal Test i.e., a 10-cm2 B1 CLD leak, full auxiliary feedwater (AFW) and .

LPI, no neAcondensible gas (NCG), reactor coolant pumps (RCPs) not available,
automatic RVVV actuation on differential pressure, automatic guard heater ,

control, constant steam generator 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 teatural 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

;
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Table 3.6'. Test 410AT3. Initial Conditions'

y, Quantity Specification Tolerance (+/-) Derived *
'

Core power **J 3.5% 0.05'

,

Primary .. flow 4%.
.

Primary pressure 1750 psia
n

Hot leg inlet temperature 595F,

Cold leg exit temperature 550F

Core exit subcooling 22F 2

Pressurizer level *** 22.6 ft 0.2

; Surge line temperature Hot leg 5

temp., F
,

Secondary flow 2%-

Secondary pressure 1010 psia 10

Auxiliary feedwater temperature 110F 20
.

1

Secondary levels ***> 5 ft 1

Core flood _ tank pressure 600 psia 10

Core flood tank level *** 42.8 ft 0.3

Fluid temperature gradients 0F/h 3

' stal temperature gradients 0F/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.

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

I
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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 III 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 4.6-ft
;

level within the pressurizer (22.6 ft relative to SFLTS). The pressurizer
spray control mode is 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 550F. 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 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 i

f6edwater 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 subcooling. The

surge line fluid temperature is to be within SF of the hot leg temperature.
As an indication of steady state, all fluid and metal temperatures are to be ;

L 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 following actions:

1. Open the 10-cm2 01 CLD leak.

2. Log the test initiation time, j
..

3. Confirm that the pressurizer heaters have tripped on low level.
I

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.

L

i
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1.- Actuate'the auxiliary feedwater system to raise the-steam generator>

secondary levels to 31.6-ft.t--

L

h 2. ' Actuate the core power decay ramp.

3. Switch. control of the reactor vessel vent valves fromEmanual 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.

3.2.4. Control Durina Testina
'

The boundary system simulations activated during . test initiation are largelyL
. 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. Termination

The test may be terminated based on specific ioop 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. If 7 hours have passed since leak initiation.

For the second condition, the HPl system should be activated to fill the loop
before data acquisition is interrupted in order to complete mass closure
calculations. If HPI is required to accomplish refill, then the MIST HPI
simulation as described in Appendix B of reference 6 should be employed.
Refill of the loop should be attemptet 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.
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3.2.6. 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. All 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 410BD1 -- 10 cm2-SBLOCA Without
HPI. 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 cm2 leak and utilized standard ATOG
control' schemes i.e., constant steam generator secondary level and ATOG
secondary pressure control. In Test 410BDI, 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
L determine that HPI will not be available and that an alternative cooldown
| strategy is necessary. A reactor coolant pump bump will t'e simulated at the
I; end of the test to enhance the current information on this procedure.

3.3.1. Purposg

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-cm2 B1 CLD leak. The test is similar to the MIST
Nominal Test in that a 10-cm2 Bl CLD leak with full AFW and LPI, RCPs
initially unavailable, automatic RVVV actuation, and constant steam generator
level control (after steam generator refill) will be simulated. However, HPI

i

|
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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 to saturation, intermittent and
interrupted loop flow, BCM, refill and post-refill cooldown. However, the j

-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 Protest 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 j

Table 3.7. The primary is to be in subcooled natural circulation at 3.5% of i
'

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 III 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 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 550F, The primary boendary ;

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 650 psia). The steam generator secon-

daries are initialized with auxiliary feedwater. The secondary levels are
3

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

,
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b Table 3.7. ' Test 410BDI. Initial Conditions

[
Ouantity Soecification Tolerance (+/-1 Derived *

L- Core power ** .3.5% 0.05

Primary flow 4%

Prir.iary pressure. 1750 psiao

Hot. leg inlet temperature 595F

Cold leg exit temperature- 550F

' Core exit subcooling 22F 21

Pressurizer level *** - 23.0 ft 0.2

Surge line temperature Hot leg 5
temp.. F

-. Secondary flow 2Y.

. Secondary pressure 1010 psia 10
4

Auxiliary ~feedwater temperature 110F 20
,

Secondtry levels *** 5 ft 1

Core'f1o'od tank pressure 600 psia 10

Core flood tank level *** '42.8 ft 0.3
<-

Fluid temperature gradients 0F/h 3

Metal temperature gradients 0F/h 10
..

* Derived quantities are for information only and should not be interpreted 1as control specifications. L

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

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

''

3.3.3. Initiation

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

l. Open the 10-cm2 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 ks possible i.e., within an elapsed time of approximately 20 - >

fseconds.

1. Actuate the auxiliary feedwater system to raise the steam generator .

secondary levels to ? > f t. l.
.

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 Durina Testina

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. That 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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~ 50-psi / min depressurization is started until positive heat transfer is re->

established. -If the. core exit temperature is greater than the secondary
'

saturation temperature by over .50F, then a constant secondary pressure is
t, maintained. In this test, the normal ATOG control procedure will be followed.

for 30 minutes, at 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 low-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 for the
occurrence of pool BCH cooling phenomena. If BCM occurs, then a 1-hour
countdown should be started after the primary pressure has stabilized for 5
minutes. At the .end of the 1-hour period, if the primary pressure is above
.203 psia, then the power-operated relief valve (PORV) is to be opened until
LPI flow is indicated. The PORV should then be closed and ' returned to the
automatic mode. At this- point in the test, one or more reactor coolant (RC)
pumps are to be bumped (Al and B1). The first pump to be bumped is in the
loop with the highest steam generator secondary level. Fifteen minutes
later, the opposing pump (B1 or A1) 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- ~

I

formed in Phase 111 of the MIST program.

If 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 ECM occurrence, then the
PORV should be opened until LPI flow is ind cated. The PORV should
then be closed and returned to the autontic mode. After the
primary pressure has stabilized and a pool Br.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.

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

3-19
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3.3.5. Termination

,

The test may be terminated based on specific loop conditions, but delayed at ;

i- the discretion of the test engineer. The termination time is to be entered
,

p into the test log. The test may be terminated if: any of the ' following :

conditions are satisfied: ,

d

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

2. If 11 hours have passed since leak initiation.

For the second condition, the HPl synem should be activated to fill the ' loop
before data acquisition is interrupted in order to complete mass closure ;

calculations. If HPI is required to . accomplish refill, then the MIST HPI
simulation as described in Appendix B of reference 6 should be employed.
Refill 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. AtLleast 10. minutes of steady-state data are recorded at the 'specified
Iinitial 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. All critical instrument data as specified in Appendix i of reference 6 [
and Table 3.5 are recorded at intervals of 10 seconds or Hss throughout

,

the test. ;

3.4. Test 4100B2 -- Larger SBLOCA, 100 cm2

: Test 4100B2 is a 100-cm2 SBLOCA transient. The test complements the spectrum

of leak sizes performed in Phase III 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.
Earlier tests with 50-cm2 leak sizes displayed reverse heat transfer in the*

J 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 they

following sections.

1 3 4.1. Purpose

This test-provides data for a 100 cm2 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 anticipated to be experi-
enced. These phenomena include depressurization-to saturation, intermittent
and interrupted loop flow, Boiler-Condenser Mode (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.

3.4.2. 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. The 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

t

3.5% of full power plus 0.57% to e cset the losses to ambient (see Table 3.2

for conversion factors). This augmentation is greater than tht.t used in the
Phase III 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 th'e 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 550F. The primary boundary |
systems are inactive. The reactor vessel vent valves (RVVVs) are manually ;
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![ > Teble 3.8. Test 4100B2. Initial Conditions- F

ff Ouantity Specification Tolerance I+/-1 Derived *
- Core power ** 3.5% 0.05

'

f Primary flow 4%

Primary pressure 1750 psia

Hot leg inlet temperature 595F

-r Cold leg exit temperature 550F
'

, s

|Core exit subcooling 22F 2

Pressurizer level *** 23.0 ft 0.2
_

Surge line temperature Hot leg 5
temp., F

- Secondary flow 2%
%
{ Secondary pressure 1010 psia 10

E Auxiliary feedwater temperature 110F 20
F

_

Secondary levels 5 ft 1
_

[ Core flood tank pressure 600 psia 10

Core flood tank level 42.8 ft 0.3i_

y
_

Fluid temperature gradients 0F/h 3r

Metal temperature gradients 0F/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.
- ***All levels are relative to the secondary face of the lower steam generator
- tubesheet.
-
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closed., The core- flood t'ank is charged to 600 psia using nitrogen as.a cover.-
-

g gas with: a' level.~of 42.8 ft and has- been- recirculated (the MIST core' flood ">

tankcis 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-
wettingL feedwater nozzles. The feedwater tenper ature is approximately 110F,- .

The' primary power-to-flow ratio will be app uximately unity,- obtaining a hot
3 leg 1 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-
.

'
< -adju.ted' to obtain 22F subcooling. The surge-line fluid temperature is'to be

within SF of the hot leg. temperature. As an indication of steady-state, all
- fluidi 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 rinutes of steady-state data.
The test is. initiated by performing the following actions:

1. Open .the' 100-cd B1 cold leg discharge- (CLD) leak..
C 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 tire of approximately 20
seconds. '

l. Actuate i.he auxiliary feedwater system to raise the steam generator
secondary levels to 31.6 ft.

i

2. Actuate the high-pressure injection system.
\

3. Actuate the core power decay ramp. j'

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-pr $ssure injection system.

h 7.. Actuate constant secondary level control. - '

' ,

3.4.4. Control Durina Testina [
.The: boundary system simulations activated during test initiation are largely
automated and will: tie identical to those used on the' MIST Nominal Test,'with [-

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

cnd 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 termini. tion time is to be entered --

into the test 109 The test may be terminatej if any of the following
conditions are satisfied:

1. If the RCS pressure is _less than 200 psia continously for 2 hours. -

2. If 7 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 is required, then retill 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. :All critical instrum.nt data as specified in annendix F of rc.'erence 6
and Table 3.5 are recorded at intervals of 10 seconds or less thrcughout
the test.

.
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13.5. Test 4SB011'-- Station Blackout:
'

1

# .' Test 4SB0ll' examines''the Station Blackout (SBO) transient, This f ansient is,

characterized -as an SBLOCA accompanied by the loss -of allEAC power. As a. tn

result, no HPI ~ or|LPI emergency. core cooling is available. - _ The ' auxiliary j'

feedwater system capacity is reduced by. onc half, with| flow provided by the 1
'steam-driven pump. With the11oss of prwer,'the plant operator must relyion -

the| station batteries to provide powe- to the ' plant's. critical instrumenta- |
-

t

tion. Normal battery life is postulated to be from 2 to. 4' hours, after which j
Ltime , the ; operator .cannot effectively monitor, system conditions .(flows,, R

. temperatures, f and. pressures) and thus is assumed' to make no further adjust- l
% to control _' valve positions. As a result, all controls' are to be left ' I

static position anticipating- DC power depletion. In this ' test, ar

battery life : will not be assumed.-- Instead, the primary system will be: -

controlled until, one or both loops interrupt, at which time the' relevant L |
contro1~ valves will be- maintained in fixed positions. - After 8 hours, . thel AC

f

power is' assumed to be restored and all- ECCS functions are assumed to -be

' enabled. ,The SB0 test is described in detail in-the following sections. !
n

3.5.1. Purpn g

This ' test provides _ data as well as insight into t!'e thermal-hydraulic
behavior of an- SB0 transient. 'The test will replicate, -'as closely 'as - i

practical, the postulated event and one possible procedure for mitigating it. ;

" Many"of rthe major post-SBLOCA phenomena are anticipated to be experienced.

|
These: phenomena include depressurization to saturation, and intermittent and-

L interrupted loop flow. At the conclusion of the station' blackout test and :
-

L

prior to . loop ' refill, additional data on the effect of pump " bumps":wil1~ b'e-

q
'

-obtained.- '

3.5.2. Steady-State Pretest Conditions
a

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 '

q in Table 3.9. The primary is in subcooled natural circulation at 3.5% of
L 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 r

is controlled to obtain approximately 2000 psia primary pressure with a

'

!
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Table 3.9'; Test 4SB011. Initial Conditions, .

.

Quantity Soecification Tolerance- Derived *-
m

Core: power **- '3.5%- 0.05, '

_

Primary flow 4%
'

-Primary pressure. 2000 psia--

Hot' leg. inlet temperature. 595F,

,

: Cold leg exit. temperature 550F'
4e

! Pressurizer level *** 23.0 f t' - 0.2

Surge line temperature Hot leg- 5.
temp., F-,

',

Secondary flow. -- 2% - .

'

Secondary pressure _ 1010 psia 10-

Auxiliary,feedwater~ temperature = 110F 20

, Secondary -level s .5.ft 1-

; Core f_lood _ tank pressure 600. psia 10,

Core flood thsk: level' 42.8 ft 0.3

Fluid temperature gradients 0F/h- 31

; Metal - temperature- gradients 0F/h-~ 10
' '

*DerivedSquantities are for information only a d should not' be interpreted -
as; control ~ specifications.

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

***All levels are relative to the secondary face of the lower steam generator
tube' sheet.

.

-- I

,
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5'.0-ftIlevel Lwithin the_ pre'ssurizerg(23.0 ft relative - to SFLTS). -Th'e; pres :
surizer ' spray) control { valve is manually _ closed. LThe;PORV,~ as described in <

' '
L AppendixL E: of reference ~ 6, is in. the automatic ' overpressure |contro1 mode, j1

EHowever, the opening, ands closing .setpoints are_ modified L for this-- test and. :, ,

will be 2100r and' 2050 psia,. respectively. The modified PORV setpoints' in - f,

* conjunction .with maintaining secondary pressure above 400 psia will ' prevent ,
.

" excessive primary-to-secondary differential' pressure on the; steam generator __
1

-

tubes. ' The primary flow rate will be.approximately 4% of full flow with cold
.

leg temperatures. of - approximately . 550F- (derived quantities). The primary;<,
.

bou'ndary systems are inactive. The RVVVs 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 f

. 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 1er temperature is approximately Il0F, The primary power-to-flow rati_o
?wil, se approximately unity, obtai'ning a hot leg fluid temperature of about

'

<

Y ~595F, The surge line fluid temperature is to be within SF of- the- hot leg
,

temperature. As ' a'n indication' of steady state, all fluid and metal tempera-
tures:are to.be varying less than 3 and 10F/h, respectively.

3.5.3. Initiati.93

The-test 11s started after recording at least 10' minutes of steady-state data. i

:The- test-.is initiated ; by performing the following actions _ as close to
simui taneous as possible i.e., within an olapsed . time of approximttely 20 |

.

secrnds:p- 4 t
..

2J 1. Open the two 0.25-cm . 81 and A2 RCP leaks. This leak size will
result in a leak flow-of approximately 40 gpm/ site at nominal plant '

.

cold leg conditions.!

'2. Manually trip the pressurizer heaters,

f 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.

>

<

c
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automatic;" independent" control (open/close setpoints of 0.125/0.04
psi ) .--

.

t

y 6 '. Log the test initiation time, j

3 '.~ 5 . 4 '. Control Ourina~ Testina |
.. .

_ TheLboundary system simulations activated during test initiations are largely. .v'

-i

automated and many Mill be identical to those used on' the MIST Nominal Test, 1

with the - addition of f the low-pressure injection system characterized; by i>

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 |
'

,

HPI simulations are as described in= reference 6. The core flood tank is not*
-

to be; isolated ur,til at least 8 hours after test initiation, when required
conditions are met. This test will consist of two different periods. In the
first period, which lasts - for. 8 hours, the loss of AC power will be simulat- I

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 f
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- t

sive primary-to-secondary differential pressure. In the event that one-loop
e

should interrupt .and stay interrupted for a 10-minute period - during the 1

initial 8-hour period, a one-loop cooldown should be initiated through the j
following actions:

,

1. Adjust the secondary pressure control valve of the interrupted loop. |
L 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 lbm/h (125 gpm scaled).

i

! 3. Decrease the secondary pressure- of the non-interrupted loop by 100 y

psi from 1010 to 910 psia. ,

The characteristics of interrupted loop flow will be indicated by one or more '

of the following: ,

i,

|
)
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Test 4SB011. Auxiliary Feedwater Characteristics [
_

JL iable 3'.10; l

'
_

:-;'

p ';r 'Secondarv+ Pressure (tisial- .AFW Flow- fibm/h)*2 ;

* .100.0 ' ~432.0 |7
150.0 431.0 > > ,

; ,;

|200.0 429.8
~

"

' ''250.0 '428.3-,

300.0: 426.5- ,}

350.0-: ,424.6. S; j

.' 400.0' 422.4: ',['

#
450.0 419;9~

' c ,

}
' '500.0- :417.-2 :

'

550.0, 414.3 [
F '600.0: 411.1,,

650.0 407.7 t
.. .

'700.0 404.0

x
'

{;; .750.0 400.1-
+-

'o '800.0 396.0

850.0J 392.7- j' '

y ,
,

2
1'

900.0 387.0'
,|

,
> ,

950.0 375.2

.1000.0 360.0

1050.0: 345.6 i

1100.0 324.0 4

I)1150.0 288.0

$; 4 1200.0 252.0 'f'
'

- 1250.0 204.0 ?
-

i 1300.0- 126.0
,

L! 1350.0 0.0 ~ !

|s
'(3

a
:Ph ..*The SB0 AFW flow table is one-half of the MIST Phase III AFW table values,
li; y

t t. _.;
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1 J. - 1he decoupling' of the cold leg :emperatures-. (ClTC06 Land C3TC06'for''

loop A, C2TC06- and C4TC06L for loop B)o from. the corresponding steam-
generator' saturation temperature.

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

3. A decrease 'in secondary pressure control valvef modulation for the,
,

intarrupted loop.

The-uninterrupted loop _ will be indicated by. one or more of the following:-
~

,

1. An increasing temperature difference between the_ hot |and. cold legs.

2. An-.' increase Lin ' loop flow (torresponding toLqualitative indication
.

available.to:the plant operator),
4

~3. AF increase in ArW flow to the uninterrupted loop..

'

1These' observations are to be indicated by the instruments listed in Table
F.18 of reference 6.-

n
' Following < these' ' actions, the remaining automated . systems ,i.e.,J the steam-' j
generator 11evel and-. secondary pressure controls of. the uninterrupted loop, . ')
should be placed - in the . manual mode. The cont'rols 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 1 number of valve motions to facilitate code modeling. After
these adju'stments, no further adjustmerits to the secondary ' pressure and AFW

iflow control valves in either loop are to be made. For.the remainder of-the- l-

: test period, until 8 hours after leak opening, the secondary pressure and
- steam generator level should be allowed to drift from the previouslyLesta-
: blished control points.

. ,

If - both. _lo' ops 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,

q

Eight' hours following leak opening or in the event that the-MIST core limits 1

are exceeded, the first test period is ended and the second test phase is -!

started. The following actions should be taken: ;

)i 1. Isolate the two 0.25-cm2 leaks.
;

i
i
\

'
'
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L L2.1LActivate the-LPI 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 B1). If

'bothc loops = are interrupted, then a pump from the loop with the: highest
y, . secondary level will be selected. The' bump procedure 'i.e., the duration. of
g

.

current . applied ..to the pump motor, should be the'- same as performed on theh

MIST Phase'III Group _36 Tests. F_ifteen~ minutes following the initial RC pump

Lbump, a pump from the ~ opposing. loop will be bumped (RCP B1 or A1). 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:

l '. 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 refilled 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.

2. . Test initiation is performed as specified.
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i 3. .T.ie specified) boundary system control settings jare. maintained throughout :
the test.

4 _ Test termination:is-performed as'specified.
'

E. All- critical instrument data as specified in' Appendix FL of reference 6
and Table 3.5 are recorded at intervals of 10 seconds or less throughout
the test.=

0. 3.6. ' Test 4SGPF2
s

Test 4SGPF2 examines the ' steam generator performance characteristics. This-
' test willE supplement the current understanding- of high-elevation auxiliaryv

i :-

feedwater heat transfer characteristics, as well ast provide data ' on main
feedwater operation. Additional data are needed in order to understandsthe'
primary and secondary interactions when using auxiliary feedwater under the

I-variety of conditions known to exist during an SBLOCA transient.- These data v

are- important in developing code models 'of the B&W once-through steam
; generator' (0TSG) with its complicated geometry and AFW flow patterns. _The |_

_

test is described in detail in the following sections. 'I

-3.6.1' purpose
.

This- test provides steady-state steam generator performance data with either
E 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 I
part will = use the high-elevation minimum-wetting--auxiliary feedwater.- Each

-

'

". part will consist of a series of . steady-state. measurements at varying- 1

secondary levels while the primary side is in'subcooled natural circulation.. - !

.

With all other conditions held constant, the data will directly correlate d
feedwater and wetting conditions to primary natural circulation ~ flow. In the I

first part of. the test, data will be accumulated using the main feedwater
1

system, which has not been utilized in prior MIST testing.
!

-

3.6~2. Test Descriotion.

The loop 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). All primary boundary systems (leak,
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? ' Table 3.11. ' Test 45GPF2. Initial- Co$ditions - . i. ;

,

;,
.

Derived *:- ->;5
'

.

Ouantity- Soecification Tolerance f+/-1~N '

~

, . Core' power **- -7.25%- 0.05b

. Primary pressure' 2200' psia- 50'

hg . ColdLlegiexit, temperature 550F

)' jSecondarypressure- 1010; psia 10|
t 4 o

?AuxiliaryEfeedwater. temperature 110F '20
.

,

'| , Main feedwater temperature. 460F 10,o

k'g .pinidtemperaturegradients1 0F/h' 3
'

.

Metal' temperature gradients 0F/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'.-
_

, .
'

-],

' ( ..

.

e

p h

1
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% w "HPI', LPI, and vents) are inactive. The guard heaters are in. automatic. Core
'

'powerf will bei held: constant at 7.25% of full . power plus .0.57%, to offset the:1,

- ;7

11ossesitof ambient (see Table 3.2 for conversion factus). 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.

3

cl o's ed. The1 secondary side pressures are to be 1010 psia,
,

In the first part of th'e test, the main feedwater system is to be ~used. The-
aspirator flow circuit is active. The nain feedwater temperature is approxi-

'.j

. mately 460F, -_ or the maximum obtainable temperature. The secondary side of _ ;
'

g
4 - 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-andL10F/h,respectively. The control level is then raised to approximately'
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 1 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- i
: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 steady-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 generaMr pressure controls, are largely automated and will

'

be'-identical to those used on the MIST Nominal Test. The single- and two-,

,

phase leak monitoring, reactor 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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I $6.4. Acceotance Criteria

1. At least 30 minutes of steady-state data are recorded at each specified~

.

o7 condition..
,

._2. :The specified- boundary- system control settings are maintained throughout-- |

the test.' '

3. AllE critical | instrument data as specified _in Appendix ~ F- of referencei 6'
' "

h
are recorded at . intervals of 60 seconds or less throughout the test.: The; j

+ -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

3.7. Test'~ 40R3T2 -- Crystal' River 3 Scalina Transient

The Phase IV test.~ matrix includes two . tests that simulate actuhl plant [' -

transients. These tests are the Crystal River Unit 3 Loss-of-Offsite Power

fEvent of June 16, 1981 and the Rancho Seco Loss-of-ICS 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 I

'

- second, . because .they can be' simulated without the addition of hardware' and
control 1 systems to the present~ facility. The Crystal River Unit 3 event will' !

be; simulated-in this test specification. n,

3'.7.1. ' Purpose1

i

This test simulates, as closely as possible, a plant transient on the scaled
- HIST facility. The results - of the test will- be useful in providing bench- a

.' 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 likelihood 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 . Backaroundi
,

'KThe(Crystal River Unit- 3 event occurred on June 16, 1981 with the reactor at.j

100%~ full power and the integrated control system (ICS) in the automatic mode'7

of: operation. - All station power was_ being supplied by the Unit 3 startup-"

~ transformer except- 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' '

W ' 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 apply (startup trans- r

.g
former) already tripped, a 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 i

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 Done. 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 opened and closed four or five q

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 i'

standby conditions. Table 3.12 contains a partial list of the key events and
milestones of the transient. Plots of the available data are presented on j
Figures 3.4 through 3.12. !

i

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

is to be held in steady state for 10 minutes or more prior to test initiation.
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. Table 3.12; Test 4CR3T2. Key Events and Actions 'd

.

'
g !!< > ,

,

,of
.

. -Time ** i
-

.'
Event *i Min. Sec. U

,

; Loss'of offsite power. . :2
-

O. t
d" CRDs trip. -

.

*

Reactor / turbine: trip'.
.RC pumps start coastdown.- , ',
'4160V.engdc safeguards bus |A energized. '17 l

~

'

f(AFW pumpsiassumed.to start.) < 1!
'

'~ s
Letdown: flow terminated. -2

^
=

h
i.HPl: piimp A. started. 3 25- t, ,

4160V engd. safeguards bus. B energized. 4. 18
'

. ,

Steam-driven AFW pump terminated.. ~4 ' 1,
A

'(Flow to steam generator B decreased.) 4
;

. HPI flow verified.
-(HPI pumpic started;). 4 12 7 : t

i

LAFW block'' valve closed.
'

i< r AFW block bypass valves opened and throttled.
. (AFW; flow to: steam generator B increased.) -7 !.

,

AFW flow terminated to. steam generator = A. -8 '

u-

|HPI pump C terminated. 11 29
,

.

5 AFW flow'to steam, generator B terminated. ' 13 1-

o
en ~PORV opens- (first' of four or five times). :20 18 t

o

1

44: PORV reopens three:or four times. -25-40 "

,

* Events-'were extracted from!" Transient Assessment Program Report'on Crystal
: River _ Unit"3 Reactor Trip on June 16, 1981," Report No..CR-3-81-10,
prepared 'by- Florida Power Corporation, B&W.No. 12-1127044-00. '

1

yc" ** Times are relative to the initiating event i.e., loss-of-offsite power on
June 16, 1981 at 23:38:08.'

'
?

i
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T JThe initial conditions for this steady-state period-are listed in Table 3.13.- 1
~

:Theseiconditions coincide with the plant parametersR 90 seconds after the
reactor; trip! when decay heat power is within- the MIST facility limit- and' ~;

,

6' natural; circulation flow has - been established. The primary is . to- be. in .

A s0bcooldd 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 j~
~

c

~4 - is greater .than' thst used in the Phase -III Nominal Test (0.4%) and will' i
m

.. result _in slightly different initial conditions. The secondary pressures are'

:toLbe 980 psia. The pressurizer!is-controlled to obtain approximately 1905? I
g

psia primary pressure with a : 3.3-ft level within the pressurizer (21.3 Eft ,

relative to 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,~except the open and reclose setpoints.are 2400 and,
2350 psig, respectively. The PORV flow orifice size is 6.75 cm2 (scaled 'l-
5/32 in, diameter). The primary flow rate will be approximately'4% of. full. i

primary flow with| cold leg temperatures of approximately 549F. -The primary-
boundary systems are . inactive. The RVVVs are manually closed. The core I#

flood tank is isolated. The steam generator secondaries are initialized wi.th -
U_auxiliary .feedwater. The secondary levels are maintained at-10 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 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 SFfof the hot leg temperature. As an indication of steady state,. l

'all fluid- and metal temperatures are to be varying less than 3 :and MF/h,
respectively.

3.7.4. Initiation- |

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 g

next steps should be performed as simultaneously as possible i.e., within an - ;
'

elapsed time of approximately 20 seconds.

1. t ' 7te the auxiliary feedwater head-versus-flow simulation.
.

.

I

"' '
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/ Table 3.13. Test 4CR3T2. Initial Conditions4

d' Ouantity Specification Tolerance I+/-l Derived *

Core power ** 3.5% 0.05
Primary flow 4%

Primary pressure 1905 psia 10

Hot leg inlet temperature 585F

Cold leg exit temperature 545F

Core exit subcooling 44F

Pressurizer level *** 21.3 ft 0.2
Surge line temperature Hot leg 5

temp., F
Secondary flow 2%

Secondary pressure 980 psia 10

Auxiliary feedwater temperature 110F 20

Secondary levels 10 ft 1

Fluid temperature gradients 0F/h 3

Metal temperature gradients 0F/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.

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

Table 3.14. Test 4CR3T2 Conversion Factors

i

Core power 31.138 kW - 1% of MIST scaled full power

erimary flow 1607.1 lbm/h - 1% of MIST scaled full flow

Secondary flow 134.64 lbm/h - 1% of MIST scaled full flow

These conversion factors are specific to Crystal River and differ slightly
from those used for MIST Phase 111 tests (reference 9).

I
|
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I 2. 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 HPI simulat.ons are specific to this test and are different fm
* - those used in the MIST Phase 111 tests (see Figures 3.13 and 3.14 and Tables

.. m 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 1537,1bm/h 0 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

L. dictorted in time by a factor of. l.36. This multiplier is the ratio of the
- MIST facility primary system volume to the ideally scaled Crystal River

~ primary volume. . The conversion factors for core power and primary and -
_

p secondary flows to the percentage of full are listed in Table 3.14.

3.7.5. Control Durina Testina

Following test initiation, a series of actions must be performed to reproduce

I sch dule f operator actions to adjus the perf ina of the high-pre ure

injection and auxiliary feedwater systems. A complete list of these actions
-is -provided in Table 3.18. For most of the actions listed in Table 3.18, a'

7 time and a primary pressure 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 the time specified in Table 3.18, the
operator should delay perfeming 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 i 1% of the specified
pr are. If the system pressure stops approaching the specified pressure
for a control action, then the operator should take that control action and

-

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 listed on Table 3.12 by 2
factor of 1.361.e., MIST time = 1.36 x Crystal River time. The majority of

,

operations involve the Hr' end AFW flow rates. ActiJn should be taken to
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Table 3.15. Test 4CR3T2. Auxiliary Feedsater that acteristics* |
,

Secondary Pressure fosia) CR-3 Flow (com)** MIST Flow (1bm/h)***1-

f100- 1057 646

400~ 1050 641 .

600 1025 626'
<

i

789 981 599 (
'

897 926 566
:1

954 887 542 j

1003 850 519 f
.i

'

1068 797 487
>

1106 766 468 -i

1207 667 408 i
.

.

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. ;
.

l'

s

.

f
.

i

i
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"

!, < -Table 3.16. Test 4CR3T2. Hiah-Pressure in.iection' Charteteristics
I'-

RCS Pressure Two-Pump Flow * One-Pump Flow * -
fosia) flbm/h) flbm/h)-

t ,

>

100 645 331

200 636 326
, . 300 626' 321

400 617 317'

500 C07 l'12g

600 596 306
700 585 .'s01

800 574 295

900 563 289

1000 552 283

110n 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 21 .

,

1
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Table 3.17. Test 4CR3T2. Post Trio Power=-

"
'

E 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

0.7 3.0937-

0.8 3.0555

0.9 3.0197

1.0 2.9860

1.1 2.9541

1.2 2.9237

1.4- 2.8675
+

1.6 .2.8167

1.8 2.7708

2.0 2.7293

2.5 2.6422

3.0 2.5745-

3.5 2.5224

1: , 4.0 2.4833

5.0 2.4207

6.0 2.3600

7.0 2.3038

8.0 2.2529

I

3-56

s, -
.



p,
*

4

N'2'ig ,;

. .;
Table 3.17. Test 4CR312. Post-Trio Power (Cont'd),

" Time (min)*~ Power (%)**
a

9.0 2.2073

10.0 2.1668

20.0 1.8987'

,

p
40.0 1.5992''

L

60.0 1.4048

80.0 1.2765

100.0 1.1889p.7
,

200.0 0.96650

300.0 0.86807
|

400.0 0.81325

500.0 0.76751

600.0 0.74000'

700.0 0.71836

800.0 0.69778

900.0 0.67922

1000.0 0.66376 o

-.

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

** Power is calculated by the relationship

P = P ((Time /1.36 + 1.667)).

;
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Table 3.18. Test'4CR3T2. Ooerator Actions

b - F Time * RCS P
Event Min. Sec. osia

Initiate post-trip power function.,

Set steam generator A level to 32 ft. O j

!- Open low steam flow circuit. o
!

!

Set steam generator B level to 11 ft. 41 1895 .|
p ,

Initiate HPI (; pump simulation), 2 31 1892 i
.

H Set steam generator B level.to 9.5 ft. 2 43 1891- !
i

u ,

[ . Increase HPI flow (2-pump simulation). 4 1 1903 ;

. !

P ' Set steam generator B level to 30 ft. 7 29 1963 '

:

Set steam generator A-level control.to 20.7-ft. 8 50 1981 |
'

fHPl 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
I minute 30 seconds. A'" time distortion factor" of 1.36 has been !
applied to the corresponding events from Table-3.12. The testotime is-
computed using the relationship

,

Test Time = 1.36 x (CR3 time - 1.667). ,

,

i

I
2

l

,.

|

,

I

i
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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 j

constant 600 psi until loop conditions tend to raise pressure above this i

setpoint, then return to the simulated 50% ADV/T8V capacity. j
3.7.6. Termination '

The test should be terminated based on the establishment of the stable '

natural circulation cooldown conditions, although termination may oe delayed i

at the discretion of the Test Engineer. These conditions 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

fTable 3.19. The Crystal River transient lasts approximately I hour. Data

should be. saved for approxim1tely I hour after achieving the. terminating
conditions. The test may also be terminated if the plant terminal conditions - !
cannot be achieved in the ilST f cility within 5 hours following test i

initiation. <

3.7.7. Acceptance Criteria i
:

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 spedfied 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 l
adhered to, and the actions performed are sufficiently annotated - to i

permit code modeling. !

l 4. Test termination is performed as specified.

5. All 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 4CR3T2. Final Conditions *

Quantity Anoroximate Values

Core power ** .1%
!

Primary flow 1%

Primary pressure 2200 psia

Hot leg inlet temperature 540F

RC pump inlet. temperature 500F
.

y

Pressurizer level *** 27.1 ft

Secondary flow 1%

3econdary 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.

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

3.8. Test 4SEC02 -- Ranchg_1gcAlc_alina Transient
n

Test 4SECO2 is the second of two Phase IV tests that attempt to simulate
actual plant transients. These tests are the Rancho Seco Loss-of-ICS Power
Event of. December 26, 1985 and the Crystal River Unit 3 Loss-of-Offsite Power
Event of June 16, 1981. 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 dihout the addition of hardware and control
systems to the ptesent 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 pipe and steam generator metal masses, total primary
system volume, and AFW wetting atypicalities are believed to have the '

greatest likelihood of influencing the results of this test. In order to ,

compensate for the excess primary system volume of the MIST facility, a time i

" distortion" will be applied to the post trip power function and the operator :

control actions.

13.8.2. Backaround :

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'1ves to close, thus terminating MFW flow to
' both steam generators. The loss of feedwater flow led to a reactor trip on
high RCS pressure. The ICS failure caused the ADVs, TBVs, and AFW control. i

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 HPI system. Copious amounts of AFW-

were injected until steam generator A completel, filled. During the transi-
ent.two to four reactor coolant pumps were constantly unning. 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 R.CS 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 minute:;, 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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' lable 3.20. Test 4SEC02. Key Events and Actions

Time **
Event *' Min. Sec.

Loss'of ICS power. 0
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.- 8

AFW pump B starts. 14

Reactor, turbine, and generator trip. 16
Pressurizer spray stopped.
Primary pressure reacnes peak (2330 psia).

AFW pump A started. 19
Hot leg temperature peaks at 606.5F.

Letdown flow reduced. 20

Secondary code reliefs lift. 25

HP1 valve A opened (full).*** 38

Secondar't code reliefs close. 39.

HPI pump B started. 1 17

MFW pumps tripped. 2 15

=SFAS-initiated on low RCS pressure (1600 psia). 3 10
Pressurizer level 15 inches.
HPl valve A, B, C, and D throttled.***, ****
AFW SFAS valves opened (full).
AFW pumps B stopped and re-started (half of current flow).

HPI pump A starts. 3 12
-

Pressurizer level goes offscale low. 3 13
Subcooling margin is 75F and increasing.

AFW SFAS valves closed. 3 23

AFW pumps A and B bus changed (full flow resumed). 3 40

Surge _line empties. 5 13
Reactor vessel head reached saturation.
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Table 3.20. Test'4SEC02. Kev Events and Aetions (Cont'd)
O i

Time ** ;

Event * Min. Sec. ;,,

'
. |

MFW flow starts (via' condensate pumps).- 6 33
1

.

!.

HPI valve ~ A throttled.*** 7 0 ,

,o ;RCS pressure reaches minimum (1079 psia). 7 38

Surge line begins to fill. 7 43- |
'

RCS pressure starts to. increase.
|

Secondary ADVs and TBVs closed. 9 0

~ Startup and MFW control valves close. 9 3
"

.*

i- MFW flow stops.

' AFW valve B partially closed. 9 23 -

LHPI pump recirculation opened. 11 43 _;

~AFW valve A closed (full). 12 35

HPI. valves A, B, C, and D throttied *** 13 0 ;

''RC pump C stopped. 14 13 [
RCS temperature at 410F. ,

,

Letdown flow re-established. 14- 56-
,

1 i

HPI' pump A stopped.- 15 12 :,,

.AFW valve A opened (full). 15 53 i

e

HPI valves.C and D closed (full) *** 15 58
1

IMakeup:ptimp stopped. . 16- 0

Pressurizr.r spray started. 19 13 !
,

-AFW valve B closed (full). 19 33 i
.

Steam generator ser.ondary A overfills. 19 53 .|

RCS reaches.390F, 1445 psia. 25 13
,

AFW valve A.raosed '(full). 26 13 |
3

# .. Minimum .c'eam generator ' secondary pressure reached. 26 23 t

- Steam p'snerator A: 236 psia, steam generator B: 217 psia, j

:
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:latile 3,70. lest 4SECO2. Key Events and Actions (Cont'd)'

1

Time ** q

Event * Min. Sec.
~|

f HPl' pump B stopped. 28 55
.,

'

HPI valves A and B closed (full).*** 29 9

!
'HPI pump B started. 30 7 j

,

HPI pump B stopped. 36 32
'

HPI pump B started. 36 43 ,

Secondary blowdown started. 43 0 I

AFW pumps A and B stopped. 54- 0 i

RC pump A stopped. 75 17- ]
HPI pump A. started. 181 0 j

>

HPI pump B stopped. 181 0 ;

I

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

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

** Times are relative'to'ths initiatino event i.e.; loss of iCS on December
26, 1985 at 4:13:47.

.

t

***HPI lines A, B, C, and D correspond to MIST lines A1, A2, BI: and B2,
,

)

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

'

i

i

J
'

"
1

$.

v

i
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'/' 3.83.I Steady-State-Pretest Conditions
, ,

iTh'e loop 'is to be held in steady state for 10 minutes or more prior to test ~ l,

initiation. - The initial conditions for this steady state period are-listed
{in Table 3.21. The primary is to be initialized with ' all four reactor
'

coolantLpumps running... The-test''will simulate the transient 25 seconds (25 i

* Lsecondst 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-

'

b five seconds into the- transient 1 corresponds to the' lift -of the main steam !
safety valves '(MSSVs). . Primary fic is 10% of full flow and core power is

'

7-.5% of full power (see Table 3.22 for conversion factors). This power-to-
flow ratio provides a-lower than typical temperature difference across the

,

core of approximately 42F. To compensate for the decreased core outlet and
,

reactor vessel upper head temperatures, the upper head guard heater power-is ;

4to be increased to -provide a typical head temperature of approximate 1y'610F.
iThe 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 i
4

: level 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 -

Linches. The. pressurizer spray control valve is manually nosed. The-PORV is' -

in the automatic overpressure control mode. The primary boundary systems are I

.inactiva. The RVVVs: are manually- closed. The core flood tank is isolated. I
The steam generator secondaries are initialized with main feedwater flow of- '

7.5% (see -Table '3.22 for conversion factors) using the aspirator flow circuit
to preheat the feedwater to near saturated conditions. The secondary 1
-pressures are 1075 psia. The feedwater temperature is approxinately 460F.
The secondary levels are- initialized with 36% more inventory than at the '

plant in order 'to compensate for . the. excess primary system volume. The

initial secondary levels are 29.1 ft and 30.7 ft for steam generators 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,'

o core flood, LPI, anJ leak measuring systems are not required to simulate this
transient. The HFI and AFW head-versus-flow characteristics (Figures 3.37

l - and 3.38) as well as the core power function are Rancho Seco-specific and
,

different from those used in the MIST Phase III tests (see Tables 3.23,

[- 3-86
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|" -Tabl e 3 t 21. Test'4SECO2. Initial Conditions 1o

[ {/[ Ouantity: Specification- Tolerance- ' Derived * ' ','

. . . - . ,

no're power **- 715% 0.05 1
1 Primary flow. 10.0% 0.5- i

'

: ' Primary pressurel 2215 psia. 25 l
Primary! average. temperature 582F' P, i

Up LHot legiinletitemperature 603F- j
.,

RC pump; inlet-temperature 561F j
, Pressurizer level *** ' 25;9'ft. 0.2 a

Secondary flow? 7.5%:,

[' ' Secondary pressure **** 1075 psia- [

Mainifeedwater temperature' 460F 10, -

L uxiliary feedwater temperature 110F 20A
,

Secondary-level At 29.1 ft' O5 .

o o
e Secondary level B 30;7 ft 0.5 .

.c

* Derived: quantities are provided for information only and are redundant of'. . ,

% other' system specifications.

'** Augment core power by 0.5/% to compensatt for heat losses to ambient.
1 '

-***All' levels are ' relative to: the seco- t ry face of the lower steam.

K generator;tubesheet..
7m
(.~ **** Adjust secondary' pressure to obtain 582F primary average temperature.

U, Table 3.22. Test 4SECO2. Conversion Factors ,

iy ,

i Core power 33.929 kW - 1% of. MIST scaled full power '

Primary flow- 1689.1 lbm/h~ - 1% of MIST scaled full flow {
= Secondary flow |143.94 lbm/h - 1% of MIST scaled full flow

'These conversion' factors are specific to Rancho Seco and differ slightly frr,
. those used for MIST Phase III tests (reference 9). i

1

I .,
;

> >
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Test 4SE' 02. Hiah-Pressure liiection'Charact' eristics ")i CTabl e ' 3. 23.-

i * '
;RCS Pressure fo' sial- Total HPI Flow (1bm/h) <-

1
,

100.0 590.3967895
'

Fe >

.i
200.0; 580.8267822- 1'

300.0 -571.2567749
f

"- '

-400.0? 561.6867675 y,

500.0' 552.2075195:

1 '600.0' .542.6016845-

:700.0 532.40209961

800.0 521.8264770-

900.0~ 511.0899963 q
t

'

11000.0- :500,1382751
,

1100.0 489.01434321 q

1200.0- 477.6096191 t>

.
'

'1300.0 465.8493652
>i

1400.0 453.4620056- (
t
'

i 1500.0 439.7718200

1600.0 ~425.0508422,

1700'0 409.2896423.

-1800.0 392.9772033

'1900.0 377.8009338-
.

l

2000.0 361.9666137 , !

.,;

o 2100.0 342.0123291

2200.0. 319.8964843-
a

2300.0 298.3320312.

.

2400.0 275.8500061

,
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v .i+M L3.24, and! 3.25)'.- _ The conversion' factors for ; coref power ' and primaryi and' :

secondary flows [to_ the percentage of full- are listed in ; Table 3.22..* ~

.
.

-

-

3.8.4. Initiation. -

t

y The~ test .is! started-after recording at least 10 minutes of steady-state data. -t

'Although the initiating event is the opening of the highJsteam flow circuit 1a

, , / valves _ simulating 1the~ main steam safety ' valves, this will be preceded by the
< initia' tion' of' the ramp up of RC pump flow and ramp down of core power by 1y

*% 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 safety '
;

'. valves opened.>
,

4

-The Rancho Seco- main steam safety valves have a capacity of 3924 lbm/s at .

1100 : psia, which scales to approximately 17,300 lbm/h total capacity for'-

'

MIST.: .The MIST high steam flow circuit is reported to have a total capacity y

. of 19,900 lbm/ heat the same pressure. To simulate the plant's safety valve
Loperation', the. high steam- flow circuit is to be fully opened at 1075 psia i,

. secondary pressure and closed at 1040 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 f

-be: started at the - point corresponding to 0.55 minutes (33 seconds) on the
distorted-(MIST) timescale. Therefore, the core power function to be-

.s
" 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
Ac full speed. Approximately I second later, in rapid sequence the remainder of

,

g the initiation actions listed in Table 3.27 are to be performed. This .

'' ' consists of fully opening the high steam flow circuit control valves,
terminating main feedwater flow, initiating auxiliary feedwater flow, and
opening'the low steam flow circuit control valves. I

I
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(4 , , [ fTa61e 3.24. > Test 4SEC02. juxiliarv Feedwater Characteristics: |
' ~

~

,i< * >

i
NN

'
AFW' Flow' flbm/hi'Sbcondarv Pressure' osia)

,.u,
.

% ,

qs
, ,

100.0- 837.5. Iqw '
.

-. . . rm; ,

' ' " ' 150.0 837.0
( ,

,,

> 4 200.0 835.0- :'

>
.,

'k'

E 250.0L -830.5 i'

j -

,
, ,

' '

300.0' 825.0 >

(<: ,

.350.0' 820'.0-
~

q

j400.0 915.0-
t
s

,(:' ~ ~

450.0-- 804.8 '

500.0' '792.5-_.
!

.

-o

550.0 '779.8 ;}
,

600.0- '765.b|
|

1

650.'O 746.~3 }
'

s

700.0 725.0
o

750.0 ~703.6-
-

800.0 677.5 't'

i

W.y c_ ~850.0- ~644.2
,

900.0 600.0-
:!

950.0 546.9 1

i

1000.0 465.0
,

t

1050.0 357.2
s

1100.0 157.5

1124.0 0.0

i
r
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Table 3.25'. - Test '4SECO2. Post-Yrio Power1 ..

m... >

' un
'8 jime imin) Power (%)'-

'
,

'i0.0 7.5000:q:
'

O.55. -7.5000
'

0.60 7.0244o

0.70 5.9728:
'' O.80 5.3557:

[O ' O.90 4.9264';

1;00 4.5685- .

' 'l.20 4.0277

[, l.40: 3.6022 ;
''

1.60 3.2934. l
..d0 3.0520

2.00 2.8386-

3.00 2.3885:

4.00 2.1264 1

5.00 1.9936

6.00 1.9116-

8.00 1.7570'

10.00? 1.6735

20.00 l'.5031 :

30.00 l'.3868:

40.00 1.2947-
,

50.00 1.2210 |
60.00 1.1617

'" '80.00 1.0746
,

o,

100.00 l'.0164 1

200.00 0.9057 ]
300.00 0.8918 .I

a

<, 400.00 0.8726 j
500.00 0.8576

,
.

600.00 0.8439 +

800.00 0.8177

1000.00 0.7939
i

!

*

,
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-1 . Table 3.26;. ' Test' 4SEC01. Core Power Vs T me'for MIST and Rancho ~SecoL i.
r

, ,

'RanchA Seco Time-'(min)- MIST Time (min). Rancho Seco 0 (%):.1 :

R.
0.0; _0.000- ~75.0007-

0.257 0.350 75.000

0.270- 0.367 60.846-
<

~

0.282 0.383 46.639'

' ~

0.400 34.9510.294-

::,. L0.331 0.45c 14.581-

0.368 0.500- 8.7425-

0.404- 0.550: 7.7891-
.,

,0.441 O.600 7.0244'

0.515 0.-700- 5.9728

0.588 0.800 5.3557

0.662: 0.900 4.9264- -

?
'

'

0.735 1.000- 4.5685

O 882 1.200 4.0277

l'.029- 1.400 .3.6202

1.176 1.600- 3.2934

1.324:- 1.800, 3.0520. q

.1.471 2.000 2.8386

.2.206 3.000 2.3885- j

.2.941 4.000- 2.1264

3.676- 5.000 1.9936
. t 4.412 6.000 1.9116

5.882 8.000 1.7578

7.353' 10.000 1.6735.

:14.706 20.000- 1.5031 q
'

,

'
.

22.059 30.000 1.3868
r 29.412 40.000 1.2947
, ,

,

3

i
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Table 3.27. Test 4SECO2. Operator Actions

Time * RCS P Sec. P
Event Min. Sec. osia osia

Open high steam flow circuit control valves. 33 1075

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). 34 865

Start HPI flow (38% H versus Q).** 52 2036

Close high steam flow circuit control valves, 1 1 1040

Increase HPl flow (68% H versus Q). 1 45 1936

Increase HPI flow (100% H versus Q). 4 18 1600

Decrease AFW A and B flow 50% of cur int value. 4 18 1600

Increase AFW A and B flow 100% of current Step 10 + 20 secs,
value.

Start MFW (full). 8 54 865

Close low steam flow circuit control valves. 12 14 1089

Stop MFW. Steam generator A level -
4.0 ft, steam generator B
level = 7 ft

Decrease AFW B flow 50% of current value. 12 46 1106

Decrease HPI flow (86% H versus Q). 15 56 1263

Close AFW valve A (full). 17 7 1348

Decrease HPI flow (53% H versus Q). 17 41 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 1622

Start pressuri2er spray. 26 8 1601

3-97
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1pble 3.27. Test 4SECO2.~00erator Actions (Cont'd)'
4.

Time * ..RCS P' -Sec. P'- |L9'
''

Event ' ' Min. Sec. osia osia .i"

s

Close' AFWavalve B (full).. 26- 35 ;1601~ :

p.
Close AFW valve _ A. (full). 35- 39: 1445 .io

:

j
-

? = Stop. al.1 HPI Lflow. 39 20 1378

?
m .- . Start secondary blowdown.**** 58 29 981

.

;

.Stop'RC' pump A (MIST C1). ~102 23' 785 ]-
-

i
'' * 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.

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

L

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

- ****Contro1Lsecondary pressure to 350 psia. If pressure greater than 350
. psia then blowdown at 100Ffh rate. If less than:or equal to 350: psia set--

'

to constant pressure' control of 350 psia.

,

,[,
'

.

1
'

<

'

IL

$
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LThe Rancho 1S_eco ADV and TBV capacity is 28%. During the event, the ADV and-
' 1

,, ,

TBV1 demand wa~s .50% ' for about 9 minutes; that is,L their capacity wasE14%.4g -

|f This capacity;is~ approximately 2100 scaled ibm /h at 1060 psia.. The MIST low
steam flow circuit' has a. capacity of approximately 1000 lbm/h at 1100 psia
(choked flow | limited). As a result, the ADV and TBVs can be simulated by
positioning the ' low' 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 Durina Testina
L

- Following test- initiation, a series of actions aust be performed to reproduce-
those taken' by the plant operator. The test simulation require's a complex

i schedule of ' operator actions to adjust the performance of the high-pressure
N in'jectio'n a'nd 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 'l
time - and Ta < p.ressure (either primary or secondary) are listed. The test '!''operator ~ should .take the prescribed action when the specified pressure isg

reached.- If the pressure for the action is not reached in the 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 j
lthe control action, the action .may be taken when the pressure is within 1%-
'

of -the specified pressure. If the system pressure stopo - approaching the f
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 i

Table 3.20 by a factor of 1.36 1.e., MIST time = 1.36 x Rancho Seco time, d,

1 This multiplier is the ratio of the MIST facility primary system volume to
the. ideally scaled Rencho Seco primary volume. The majority of operations {
involves the HPI and 'AFW flow rates. Table 3.27 and~ Figure 3.41 indicate the
: target flow rate when controlling HPI flow. Figure = 3.42 indicates the i

!desired flow for the AFW' adjustments. At a secondary pressure of 86E psia,- ].MFW flow is to be re-initiated. In the Rancho Seco transient, MFW flow |

i ' reached a maximum of 8.8% of full flow over 2-1/2 minutes before it was
iterminated. The main feedwater flow resulted in an increase in secondary 1

level of 4.2 and .7 ft in steam generators A and B, respectively. Therefore, I

the MIST secondary level is raised similarly at this time. At 14 minutes 56
| '.
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seconds',L thif Rancho: Seco operators . re-established letdown: flow in order- to
.

4 . control the increasingTpressurizer . level. Since the MIST. facility does~ not.

have-letdown fflow capability, additional throttling of HPI may. be required:to -j .

M : control ; the pressurizer level to prevent 'its complete fillingi The. pres ,
~

4
surizerflevel ':hould be limited to a maximum of 26.5 ' ft to allow an ~ adequate
margin.; The 'pressucizer 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' app 'imately 350 psia secondary pressure.

1

S 3.8.6. Termination
.

:

The: test' should be terminated based on the establishment of the " soak"
conditions established at-' Rancho Seco, although termination mayibe- delayed at
the discretion ~of the' Test Engineer. Tnese conditions are primary pressure
of'785 psia',. primary flow? of approximately 50% (2 RCPs running), secondary

'

pressure of. 350 psia, and no' secondary flow. .0ther approximate conditions
are listed in Table 3.28. The' Rancho Seco transient lasts approximately 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

1. Atileast.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. Because of-the. complexity and number of operator actions, the.

test is acceptable provided that the gener:1 control specifications are
adhered to, and the actions performed are sufficiently annotated to

1

permit code modeling.

4. ' Test termination is performed as specified.

5. All critical instrument data as specified in Appendix F of reference 6 is
recorded at intervals of 10 seconds or less throughout the test. Since 4

the Rancho Seco event did not lead to two-phase conditions in the cold
li ' . legs,- the Category B instruments should include those necessary to

monitor RC pump operation but exclude the gamma densitometers. No

i
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h'' changes.tofCategory C-insttument classifications:are necessary, withLthe'
'

f exceptioniiof L thosel-instruments ' previously addressedi by|-.the Programi j-

t

--Management' Group. y
'

Igble 3.28. Test -4SECO2, Final Conditions *I

: Ouantitv1 Aqpr.oximate Values
.

.
. .

3 ' Core | power ** 1%
,

( Primary flow 50%
,

Primary,pressuro 785 psia '

F Hot. leg inlet temperature '436FK R
t

jy' RC pump' inlet temperature 435F'
i' Pressurizer level *** :21.3 ft i

.' Secondary flow- 0% j
Secondary n%ure. 350 psia ]

1 Secondary level A decreasing q
'

,

t '

1 Secondary level B decreasing-
'

!:

*This table is provided for information only'and not as 'a specification of ~j
the actual final conditions during the test. 1

. . !

** Augment core power by'O.57% to compensate for heat losses to ambient. . ~!-

***All levels are relative to the secondary face of the lower steam generator--
-tubesheet,

i

,

t

i

|
j

.
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4. PERFORMANCE |
:

'

The4 acceptability.' of t each test was determined by examining both the~ conduct.-
,

# Lof the Ltest| and the performance -of the measurement systems.' The; acceptance {
'

V 4. criteriat for each 7 test were defined - in the corresponding ' test procedure, I
~

,

. which was: based on' the 'MISTL Test Specifications.5 ' Any condition, action, or : Ij
measurement.that 'did not meet the acceptance criteria 'was evaluated for its j
' impact, on test, acc'eptability. '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 section.
;

9The review of test conduct included the following. checks for each testi, ~'

.e System. conditions and' stability just prior to test initiation: j

e Sequence and timing of the test -initiation actions I
y -

,

:s. Performance of the manual- and automatic control functions (,
" J

#eJTest-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-

,,

I 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 measarements-

and derived quantities

4-1
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iLTheiappropriateLmeasurement uncertainties were used to assess the individua'11
'

'

e

me'asurements.a Thenimpact of the individual' out-of-specification conditions
g -

Pwas; assessed.- The deviations of. the critical: measurements of those: tests>

that7 were detsrmined-to be accept'able are noted in section:4.2..

14 '.1. Conduct:
,

Thertestsispeified were performed according to the following _ test- proce-
dures:,,

|

Test Procedure''

g

a-
410AT3- ARC-TP-770
4NOML3- ARC-TP-777-
410BD1 ARC-TP-771.
4100B2- ARC-TP-766

"4SB011 ARC-TP-776-
4CR3T2 ARC-TP-781-
4SECO2 -ARC-TP-769
4SGPF2 ' ARC-TP-767

L ,

, All. of the ' tests above were acceptable as' performed. Initial conditions were'

:

: all acceptable.: The performance of all controls through the tests 'was
, acceptable,cand ' excursions are- detailed in Section 4.1.3. Test initiations:g _

and -terminationst were acceptable for all tests. Test 410AT3 was terminated

/ ]accordingti rocedure, b'ut' 4 hours earlier than-was specifled in the' test
specifications. :The impact of' the aarly termination was discussed with:the-
PMG',-and.it did wot' warrant repeat , one test. Test 410BD1 was extended by

4 hoursL to- examine :several .phet.aena that may have occurred in the -latter
part of Test 410AT3.

i

4.1.1. Initial Conditions

W ' Initial; conditions for MIST Phase IV tests were defined by the governing test
'

procedures listed above and are repeated in Table 4.1 along> with the. actual
values- from each test. . All initial conditions were met.

?4.1.21 Test-Initiation

:The:? test ' initiation actions were performed acceptably for all the tests in

i this group. In this text, each test is referenced to the test zero time,
whichi is defined as the last steady-state scan before leak opening (410AT3,

-

410BDI, 4N0ML3, 4100B2, and 4SB011), or before the start of the core powers

i.
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. ramp (4CR3T2), or before the high steam circuit control valves were fully'
open (4SECO2). The zero time for Test 4SGPF2 is the starting time of'the' fi data save. '

Tests 410AT3 and 410BD1 were initiated by opening the 10-cm2 cold leg i

discharge ~(CLD) leak. When the pressurizer drained to approximately 18.9 ft,
|

th9 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. All . initiation actions were performed within tue =pecified 20 sec-
ond window.,

i

Tests 4NOML3 and 410082 were initiated by opening the 10-cm2 -(4NOML3) and -

100-cm2 (410002) cold leg discharge leaks. When the pressurizer drained to
"

approximately 18.9 ft, the test initiation actions started with the secondary
fill, activation cf the high-pressure injection (HPI) and core power decay, '

transfer of the RVVV control to automatic, and activation of steam generator-

r

abnormal transient operating guideline (ATOG) pressure control., All ..Ctia- '

tion actions were-performed within the 20-second window.

Test 4SB011 was initiated by opening the reactor coolant pump seal leaks in
cold legs B1 and A2, manut',1y tripping the pressurizer heaters, beginning '

refill for both. steam generators, initiating the core power decay ramp, and
transferring the reactor vessel vent valve control to automatic. All

,

initiatica actions were performed within the -specified 20-second time
inte; val; howe mr, at 7.05 minutes a flow blockage at both leak sites was
noted and alternate leak sites were actuated. This leak flow blockage did-,

L not impact test initiation ar.ceptability, since test initiation actions were
'no' keyed on pressurizer level as normally was the case for MIST transient

L tests. An estimated 10 lbm of fluid would have drained through the leak site
'

between test initiation and 7.05 minutes, which would result in a 0.4-ft
p decrease in pressurizer level. This pressurizer level difference would not
|

F 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

L tripping the pressurizer heaters, and opuing the low steam flow circuit
|

*
i

L
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control valves .to predetermined positions. All initiation actions were
performed within the 20 second time interval, as required. |

1
'Test 4SECO2 was initiated by fully opening both high steam flow circuits,

simultaneously bringing all reactor coolant pumps to 100% speed, beginning
4

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 positions. All initiation
.

actions were performed as exoected. ;

Test 45GPF2 was started by establishing steady-state conditiens at the ;
"minimum achievable steam generator level for at least 30 minutes. The

minimum steam 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 Durina Testina

The performance of the automatic control systems and manual interact. ions j

during the test transients is described in this section. The controls for .

HPI, low-pressure injection jlPI), core flood tank (CFT), -pressurizer niain [
heaters, auxiliary feedwater (AFW) and main feedwater (MFW) for steam

*generators A and B, core power, power operated relief valve (FORV), steam
pressure, reactor coolant pump, leak and vent, and luel control for steam
generato;a A and B performed acceptably for .all the tests in this group
except as noted in the following text. |
Steam Gec3rator Secondary level Centrol

,

'Steam. generator constant level control was used in Tests 410AT3, 410BDI,
4NOML3, and 4100B2 to maintain the levels at 31.6 i 1 ft. Steam generator

b

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 level controls performed acceptably. There were isolated deviations
above and below the Jesired control tclerance. These deviations were short

'

in duration, small in maghitude, and were observed during the loop transi-
ents. However, in Tests 410B01 and 4100B2, notable deviatior were observed

'

during the 50-psi / minute steam generator blowdown period. In Test 4100B2,

the secondary level in both gcnerators variad between 27 and 34 ft for about

4-4
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16 minutes, whereas in Test 410BD1 the secondary levels varied between 26.5
and 34.5 ft for about 75 minutes.

In Test 4SB011, the levels of steam generators A and B were controlled to ;

20.7 i 1 ft from the initial fill through 36 minutes, except for a brief ,

undershoot in both generators (minimum of 19.1 ft in steam generator A and }
19.3 feet in steah, generator B). At 36 minutes, the primgry subcooling ;
(RVRF21) decreased to 20F and levels 47& increasad to 31.6 it, as desired.
Both steam generator. secondary leven were controlled with'n the desired 31.6 ,

i 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 ard 166 minutes for steam generator B). |

iIn ' Test 40R3T2, 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 i 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. f

Then, after the test was initiated, the B SG 1evel setpoint was adjusted to ,

11, 9.5, 30, and 20.7 ft at 25 seconds, 30 seconds,11.5 minutes, and 15.9 ;

:ninutes, 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 i 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 iacreasing as
expected. After 15.9 minutes, the B-SG secondary was maintaired at the

;

desired setpoint of 20.7 i 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 beh w:

l

!

.
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' Periods,: Feedwater Steam Generator A, Steam Generator B,
' _ Minutes Syst em ft ft

0 30 Main 19.3 19.2 i

328 358' . Main 26.1 26.1-
519 549 Main 33.3 33.2
767 798 Main 40.0 39.9 i

917-950 AFW 40.0 39.9 |
'1091-1123 AFW 33.2 33.0 |

1291kl320 AFW 26.2 26.5
~1478-1500 'AFW 19.5 19.2 I-

Constant steam generator level control was not required for Test 4SE(.02.

Steam Pressure Control

The ATOG steam pressure control was used in Tests 410AT3, 4NOML3, 4100B2, and i

410B01 (on'iy 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. According to^the tempera-- |
ture- difference (DT), the followine control was required during the four ;

. tests mentioned above: :

1. If the DT was greater than or equal to 50F, secondary steam pressure a

control was maintained constent.
.

2. If the DT was-loss than 50 but i;: eater inan 0F, a secondary cooldown-
rate of 100F/h was activated (74F/h for Test 4NOML3) and maintained j

until the DT increased to '.,0F, at which time constant pressure :-

control was invoked.

3. If the DT was less than 0F, 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, i

The control system performed as intended in these four tests. In Test I
'

410AT3, -control modes 1 and 2 were called for and no anomalies were noted, j

for the first 90 minutes of the test, while control mode 1 was invoked, steam
generators A'and B depressurized about 709 psia due to AFW overcooling, as is l
normally observed.

During the first 30 minutes of Test 410BDI, control mode I was active and AFW i

overcooling masked ATOG 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 '

e
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psi /Ninute untti 42 minutes w. den the generator A and B steam valves- were -..

fully open. Both steam valves remained fully open until 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 p. essure. Control mode 3 was invoked at 16.5 minutes when DT
decreased below 0F. Both steam valves were fully open within 6 minutes and
before the specified blowdown rate was achieved. Blowdown rates reached 45
psi / 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 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 4NOML3, control modes 1, 2, and 3 were activated several times. The
longest period during which control mode I was active was between 130 and 495
minutes. During 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 generators
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 4SB0ll, steam pressure for both generators was maintained at the
specified 1010 psia from test initiation 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

47
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steam valve to the last sustained valve position prior to loop interruption.
.Both' tasks were accomplished at 150 minates, 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 80% 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,

1respectively.

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 lbm/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 little impact on' steam
generator B (on constant level 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 (SSLS03) indication was
incorrect (indicator showed that the switch did not close until 13.9 min-
utes). At 13.9. minutes, a 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 i 3.0 lbm/h was established in generator A at
about 16 minutes, and a steam flow of 27.0 i 2.0 lbm/h was established in
generator B at about 15.9 minutes. A steam generato: 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 never attained the specified setpoint of
981 psia.

In Test 45GPF2, steam generator A and B pressures were within the allowable
control band (1010 i 10 psia) during all steady-state periods, as desired.

|
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Steam Generator Main Feedwater Control !

The main feedwater was only used in Tests 4SECO2 and 45GPF2. In these two
tests,' the MFW control performance was acceptable. In Test 4SECO2, 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
fbased 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 n.,i reached. The value of the steam generator B secondaYy level was ;

19.4 ft and increasing. The main feedwater to generator A was restarted anti
stopped as was expected.

In Test 45GPF2, the main feedwater valve was used to establish steady-state !
conditions at 19, 26, 33, and 40 ft, as required. Note that the 19-ft ;

elevation is the minimum steam generator level achieved in order to establish
a 20 1 2F subcooling in the primary loop.

Steam Generator Auxiliary Feedwater Control o

_

The performance of the AFW control for all tests in thi; 3roup was accept-
able. '

In Tests 410AT3, 410BDI, 4NOML3, and (10082, 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 D achieved the required flow rate during all the tests remaining within i
| 10 to i 15 lbWh (i 1.3 to i 1.9%) of the required head / flow characteristic

during the steam generator refill. However, for one scan (5 seconds) .

following the transfer to head / flow AFW control, delivered feedwater exceeded -

the required flow rate by 25.9 to 163 lbWh.

In Test 4SB011, 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 measted
flow rate was within 8 lbm/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 lbm/h for less than 3 scans (<l5 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, as intended.
At -168.3 minutes, the AFW of generator 8 was also adjusted to establish 76
lbm/h flow into the generator, as desired. This action followed the. loop A'

and B interruptions at 166 minutes.

In Test 40R3T2, the full-capacity AFW' flow into generator A war started at
test initiation until 12.3 minutes (start of generator A boildown), as
inteaded. The full-capscity 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 i 5 ]
and i 20 lbm/h (1 1% and i 3%) of the required head / flow characteristics. !

Following AFW initiation, delivered feedwater exceeded required feedwater by ;

as much as 180 to 190 lbm/h (29% to 36%). These excursions lasted between 5 l

to 25 seconds. !

In Test 4SECO2, the steam generator auviliary control for steam generator B
I was acceptable during the test. Steam generator A auxiliary feedwater !

control did not perform as desired in that it supplied only 57.7% of the i

desired flow due to erroneous evaluation of the controller setpoints.g

However, all actions to adjust the generator B AFW flow were taken, as >

'

L required. Most of these actions were taken based on time. The performance

of the generator A AFW control was acceptable since the feedwater flow was
7

L known and can'be modelled.
'

In Test 4SGPF2, the AFW valve was manually adjusted to establish the desired

steam generater secondary level.

,

Power-Operated Relief Valve

The PORV control for all tests was acceptable. In Tests 410AT3, 410B01, j
4NOML3, 4100B2, and 4SB0ll, primary pressure remained below the 2350 psia
actuation pressure, and the PORV did not automatically actuate. However, in |

|
Test 410BDI, the PORV was manually opened to lower the primary pressure, as |''

called for in the test prccedure. In Test 4SGPF2, 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

7
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actuation! was performed manually. to keep the primary-to-secondary pressure
difference below 1800 psia. In Test 4SECO2, the PORV actuated automatically' f

-

as the primary pressure increased -to 2350 psia. *In addition, the PORY was
activated manually to keep the primary-to-secondary pressure difference below

{:1800 psia. !

Hiah-Pressure In.iection
>

The performance o_f the HPI control for all tests was acceptable. HPI was not !

required for Tests 410AT3, 410B01, 4SB011, and 45GPF2. In Tests 4NOHL3 and l

410082, HPI was manually and automatically controlled according to the i
following:'

1. Maintenance of the full head / flow characteristic for all times'when :fsubcooling was less than 70F.

2. Automatic HPI throttling to control subcooling between 70 and 80F.
i

3. Manual interruption when core exit subcooling (RVRF21) exceeded I

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 5 lbm/h ;

(0.75%). Control modes 2 and 3 were also active in both tests, as expected. I

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 n 225 lbm/h (50% head / flow characteristic) until 4.1
| minutos. In this period, HPI occasionally deviated from the desired flow I

'

L ' rate, but the variation in flow rate was acceptable. Between 4.1 and 15.7
1 r nutes, HPI was maintained at 450 i 10 lbm/h (100% head / flow characteris-

|L tics), as required. After 15.7 minutes and until test termination HPI was >

maintained between 120 and 190 lbm/h (desired was approximately 155 lbm/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 limit at 1.08 minutes and a loop pressure of 2037 psia. Then, e

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 about
12.8 minutes when the primary was about 1779 psia. Based on time criteria,

,
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HrI was . reduced- to 86%,_53%, and 27% of head / flow limit at 15.5, 17.3, and j
20.2 minutes, : respectively. HPI was terminated based on tiu, at _ approxi-

mately 38.4 minutes when the primary pressure recorded just above 1900 p ia. i

Following the HPI' flow rate setpoint adjustment, peak-to-peak oscillations of ;

310, 300, and 200 lbm/h were noted at approximately 2.33, 3.7, and 15.37 ;

minutes. Other d' <iations between desired and delivered HPI flow rates were ;

'also noted, but they were all acceptaoie.
t

Low-Pressure Iniection Conttpl
:

The low Pressure injection system was manually isolated for Tests 4SECO2, 7

!4CR3T2, 4SGPf2, and 4SB011. As for Tests 410B01, 410AT3, 4100B2, and 4NOML3,

the LPI system was active and the control performance was acceptable despite !

a few minor excursions. The introduction of LPI to the primary started as i

the loop pressure decreased to about 203 psia. Initially, the presence of -

LPI increased the primary loop depressurization rate, rapidly increasing the
required injection rate. During periods when the required LPI setpoint was 4
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 lbm/h (8.9% of full capacity). ;

During periods when pr_imary pressure was nearly stable, the LPI flow rate was
controlled within 150 to 180 lbm/h of setpoint (3.75-4.00% of head-flow LPI

at runout). An offset of this magnitude results from the combined impact of I

using an existing transmitter (RVGP01) ranged from 0 to 2500 psia for control
neasurements in the range of 120 to 205 psi and the steep slope of the - ;

required LPI head-flow curve in this range.
1

-

Reactor Vessel Vent Valve Control
P

The reactor vessel 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. ;,

L
The RVVV actuation differential pressures were evaluated at the beginning and ;

u

L 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,

g

|.
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Core Flood Tank |

The core flood tank (CFT) control was satisfactory for all tests. For Tests 1

4CR3T2, 4SECO2, and 4SGPF2, the core flood tank was manually isolated, as i

expected. The CFT water inventory was discharged into the loop during Tests ,

410AT3, 410BDI, 4NOML3, and 410082. The CFT isolation valves opened when [
primary pressure was between 635 and 650 psia. In Test 4SB011, the CFT j
remained isolated since the primary pressure remained above the actuation !

' pressure. ;

In Test 410AT3, the CFT control was left on auto until test termination. In ;

Test 4NOML3, the CFT ,was manually isolated when the core exit subcooling ;
,

'

exceeded 50F and the primary pressure was less: than 715. psia. In Tests
L 410BD1 and 4100B2, the CFT was automatically isolated on low level. |

Pressurizer .tigin Heaters

The pressurizer main heaters were tripped off on low pressurizer level at I
test initiatien for . Tests 410AT3, 410BDI, 4NOML3, 410082, and 4SECO2. In- j
Tests 4CR3T2 and 4SB0ll, the pressurizer main heaters were manually tripped !

at test initiation. In Test 4SGPF2, the pressurizer heaters remained
energized during the entire test, as desired.

,P

Core Power ,

'

The core-power decay ramp was activated at test; initiation in all tests in
t

this group except 4SGPF2.

L The core powcr control performed satisfactorily during each test. Core power

was maintained within 1.5 kW of the intended core power decay curve through- ;

out the tests. In Test 4SECO2, the core power briefly deviated from the !

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 45GPF2, core power control was maintain 3d
'

constant at 258.8 i 1.5 kW, as required, until test termination.
:

Leak and Vent System Control

For all tests in'this group, all leaks and vents were actuated in accorence'

to the test procedures. The single-phase leak system was inactive for Tests ;

4SEC02, 4CR3T2, and 4SGPF2. The active leak for Tests 410AT3, 410801, and e

L
4NOML3 was the 10-cm2 cold leg discharge leak. The active leak for Test

,
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: 410082 was the=100-cm2 cold leg discharge leak. Test 4SB011 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. Listed
below are the measured throat diameter of the leaks used in the MIST Phare IV
tests:

Measured Leak Size
L Test Nominal leak Sire location Throat ID - Inches

410AT3 scaled 10 cm2 B1 CLD 0.0475
410B01 scaled 20 cm2 B1 CLD 0.0475

-4NOML3 scaled 10 cm2 B1 CLD 0.0475i

410082 scaled 100 cm2 B1 CLD 0.1558-
4SB0ll scaled 0.25 cm2 A2 RCP 0.0080, and

B1 RCP 0.0080
4SB011 scaled 0.25 cm2 Al RCP 0.0093, and

B2 RCP 0.0097

In.all tests'except 4SECO2, 4CR3T2, and 45GPF2, the hot leg high-point vents
and the reactor vessel upper head vent were used after test termination, as
indicated by V2MM03 and V2MM02.

In Test 41'00B2, 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 flowu

was subcritical, limited by Euler pressure loss through the single-phase leak
system. Ideal modeling of the 100-cm2 leak required critical flow to be
maintained until 43 minutes when leak temperature decreased belw 21H.
After this time, the orifice Euler number governed leak flow. Te o accept-
ability was not impacted since an accurate measurement of leak flow was
'available for the entire test, permitting code modelling.

Reactor Coolant Pumo 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
initiation, as specified. Then, all four pumps were brought up simultaneous-
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ly to 100% speed in less than 10 seconds. The pump coastdown occurred, as

required, at 101.83. minutes for the Al reactor coolant pump (RVGP01- was i

| 1955.5 psia), and at 18.3 minutes for the B1 pump, when the p''imary pressure ;

registered a value of 2009.1 psia. Both these actions were executed properly 'I

based on time due to the approac' to ti.; orimary pressure value. The' reactor

| coolant pump for A2 cold leg tripped off unscheduled at approximately 87 .f
minutes due to voltage surge in the input power line, and was off for about
15 minutes. This event did not-impact test Acceptability.

;

In' Test 410B01,- the B1 reactor coolant pump was bumped as specified at 945 i

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 a

seconds, as expected. The ; pump co stdown for the B1 and Al pumps was j
' initiated at 7 seconds and 3 sect,. ids, respectively, after each pump 'had >}

reached 100% speed during rampup. The coastdown of both pumps was success- i

ful. :

i4.1.4. Termination
i

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

,-. Test 410BD1 was terminated after completing the second reactor coolant pump
,

i bump. Test 410AT3 was terminated according to procedure, but 4 hours earlier |
L than. was indicated in the test specifications. This early termination did :

L not warrant repeating the test since a similar test (410BD1) was performed. |
'Test 410BD1. 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 410AT3, were
observed in Test 410B01.

'

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 4SECO2 and 4SGPF2 were terminated after completing all scheduled
operator actions. ;

Test 4CR3T2 was terminated at 225 minutes, approximate 1y 75 minutes earlier [
~

than specified. The early termination wa; authorized by the B&W IST 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 IF/h. No change in these conditions was expect-
ed so the test was terminated to limit stress on the facility.

Test 4SB011 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 i

the test for the purposes of examining the effect of mitigating actions- i

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 '

,

L. - 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

'

L 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 manus 1 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

j termination as summarized below: ;

Time of Performance !
.'

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,

L

ZEROS Zero check of instrument transmitters x x

RANGE Validity of instrument measurement x x x,

as compared to expected range|

|
! CONSIS Instrument and derived quantity x x

consistency check

,
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As a result of these manual and automatic data qualification checks appl.ied
to the measurements and derived quantities in the test data base, the.

critical instruments identified in Table 4.3 were determined to be invalids

during all or part of the: test. In most instances, there was sufficient

redundancy in the group of cri".ical instruments so that the i. ividual

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 zero check (defined in the
Immediate Report for each- test), the magnitude of the failure was small
enough that measurement performance was not deraded to a condition that
warranted repeat %g the test. The instrumentation performance during these,
' tests was fully acceptable based upon this check..

4-17-
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Table 4.1. Test Initial Conditions for MIST Phase IV Test Series -
-

a t.4ualmc

$ntra Parameter VTA8 ttntis Desired Tolerance U0At3 _2*P?iL3 410501 410882 458011 eta 3t2 45tc02 45GPf2
_

.

frican
Pressere RVCPol psia (a) (a) 1730 1735

1750 (a) 1743' 1743
2004

2000 410
1905 110/-0 1908

2217.1
^25 2246.52215 +

2200 150

Hot le9 (b) &gi 22.0 32 21.2 21.8 _ 22.7 22.4 L(c) (t) (c) 23.5

subcooting

Core power. RTWM20 ftW 134.31 31.65 133.6 134.61 134.47 134.75

128.70 +1.65 129.23
127.8 it.65 -128.1

273.2
273.3 31.65 259.11
258.80 1.65

Pressurizer P2LV20 ft 23.0 (d) 23.8 22.9 22.9 23.0

level 22.6 (d) 22.5
23.421.3 (d) 24.93 25.1 (d)

" 23.0 (d) .
--

24.3 'e

tevel variatten act speclutation for all tests.*

Pressortier P2TC01 egi Match MITC11 15 MITC11 MITCll MITCll - Mlitti NITCll MITCil HITC11 (t)
-4.5 -4.8 +1.4 s 2.7 -2.9 -I.2 +0.98

sorga line
fluid 110 for 4SECO2
temperature

RV wpper RYTC23 deg F 601 +3/-10 (t) (c) (t) (t) (c) (c) -- 598.44 (t)
he.d
temperature

.

A
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Table 4.1. Test Initial Conditions for MIST Phase IV Test Series (Cont'd) A"

_act aLVa!= sSystee Parqualer VTAB' (Mits Desired 'Telerance 4104f3 48Kuut3 410901 1006J 459011,- . # _45tt02 45GjPf

Fluid / metal (e) dag F ' Varying less than' For all tests, field and uptal temperature earlath A speelfication.
~ temperatures 3F/h fee fluid '

and 10F/h for
sotal during a,

.30-einste intenal.

% sW tlTA20 rse 352.0 adjust to 9et (c) (c) (c) (ci (c) (c) ' 291.3 (c)
02TA20 349.0 desired doun- 300.4
C3TAZO 353.0 comer flow rate. 298.3
(41A20 350.0~ 289.8

LIF34f.I
Pressure SIGP01 psia 1010 110 1013 - 1014 1013 1013 1013 1016 -

52GP01 1013 1015 -' 1913 1013 10!2 2009

$1GP01 990 ~+10 996
52EP01 985

a SIGP01 1975 25 1010
{ 52GP01 1075

tevel SitV20 ft 5.0 18.0 4.0 5.4 4.6 5.1
52tV20 4.2 5.2 4.7 5.3

SILV20 3.5 t! .4 3.5
52tV20 3.4 10 3.51

SitV20 10.0 11.0 9.9
52tV20 10.0

SitV20 27.9 0.5 27.7+
52tV20 29.6 25 29.60

SILV20 (f} 19.3 -
s2tV20 (f) 19.2

,

..

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

Actual Valyg3
_ 459011 4CR3f2 e5R02 45[,MSystem Par ameter VT48 tfnits b ered Tolerance 410*f3 a*)"L3 410001 410g2

Aemtllary SFRT01 dag F !!0 220 119.0 121.5 119.6 122.9 312.2 120.0 (c) (c)
feedwater 5fRT02 121.0 122.9 - 120.8 123.9 '113.2 121 I (c) (c)
temperatere

Main feed STRT03 dag i 450 110 (c) (c) (c) (c) (c) (c) 459.3
temperature 57RT04 (c) (c) (c) (c) (c) .(c) 458.6

452.05FRT03 (g)
STRT04 451.5

Male feed STOROF Ibm /h 540 236 (c) (c) (c) (c) (c) (c) 528.9 (c)--
(c) (c) 536.9 (c)flow STOR08 (c) (c) (c) (c) -

Core Flood Tank

Pressere CFGrol psia 600 ilo . 601.0 595.5 599.9 600.9 604.0 - (c) (c) (c)

13 43.0 43.0 42.9 43.0 43.0 (c) (c) (c).level CTtV20 ft 42.8 0

p (a) Pressure must be adjusted to give a bot leg subcooling of 2212T as given by the dif ference between MITCll and RVRF20 (which is the saturation teseeratore
m based on RVGP01).
O

(b) Hot leg subcooling was defined by tne difference tetween MITCil and RVRF20 (the saturatten temperature based en RVGP01).
%

(c) Not appitcable for this this test.

(d) The tolerance oF the p**ssertrer level 15:

e level should be within 1 0.2 ft for all tests. except for test 45GPF2 (tolerance is i 1.5 ft).

e level variation must be less than 1 6 ft/h0

(e) The following fisid and metal temperature seasurements were used to define steady. state (eintaue time interval of 30 winutes without test overster erwsal
control adjustwats):

Fluid: M'RT01. H2RT01. PIRf02. P2RT02.
Metal: P2MT01. CIM104. C2MYO4. C3MYO4. C4MT04. RVM?24. evMf 25.

(f) Stear- generator secondary levels must tw adjusted to give a het leg subcooling of 2212F as given by the differenca between MITCll and RVRF20 (which is the
saturation temperature based on RVGP01).

(g) The sein feedmeter temperatore required for Test 45fM2 is the sextems achieveele by the MIST mein feeduster heater control system.

_ . ,- _ ,, , _ - . _ , . . . . - - - . _ . _ _ _ . . . . . - . . - . , - . . . . , . - - , . . . - _ . . , . . _ , . .m__
.
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. Table 4.2. Critical Instruments for the MIST Phase _JV Test Series [~

Critical Ins'p ts
AM.!L!.gngt lastrument3_lo these of fests_41PW1 or 410Af3

- ,$ommt Instrument Tree Test 410801.' 410AT3 em04L3 410052 458011 4tR3f 2 45ECO2 4%Pf 2
'

' -i

Reactor Asumeter MM01 - - - - - -- - J-~

Vessel Condectivity Probe RVCP01-04 - - '- - - M . -

Differential Pressere RVDP01.03-09 - RWDP02 - RVDP02 ' RVDP01-05 (Only) RVOPOI 04V ; -'-

Differential Temperature RVDT01-04,23 . - - - - - -

Pressere Transmitter RVGPOI : . - - - - - -

Limit Switch RVt501-04 - - - RVt509 - M
Metal Thermocouple RVM701 04.23 RVM724.25 - RTM124.25 RVWT24.25 -Rv4T24.25 -

RVM705-22 (12 of 18) -' - - - - -

fluid Thermocouple RTTC01.02 (1 ef 2) - - - - - - -

M TC16-20 - - - - - -

RVTCO3-15 (9 of 13)' - -
.

- - -

RVTC21-23 (2 of 3) + - - - - -

Voltmeter RVVM01 - - - - - - -

Pomer Controller - - - - - RVWM01-04.23 -

Hot legs Conductivity Probe HICP01-10 (5 of 10) - - - - - M'
H2CP01-10 (5 of 13) - - - - - M --

Differential Pressure 41DP01-04.09-12.14 .
- - (1) HIDP05-08.13.15' HIDP05-09.13.15 HIDP01.14 OutV

H2DP01-04.09 12.14.16 - - (1) H2DP05-08.13.15 H2DPO5-08.13.15 H2DP01.02.14.16 04LY
Differential Temperature MIDT01-04 - - - - - -

H20T01-04 - - - - - -

timit Switch MIt501.H2tS01 - - - - - M3
e Matal Thermoccuple HIMTOI-04 - - - - - -

ru
. H24T01-04 - - - - - -

'"* Resistance Temp. Detector HIRT01 er HlfC01 - - - - - -

H2RT01 er HZTCOI - - - - - -

fisid thermocotiple NITCO2-09 (5 of 8) - - - - - -

H2TC02-09 ($ of 8) - - - - - -

HlfC1012 (I of 3) - - - - - -

HZTC10-12 (1 er 3) - - - - - -

HITCl3-19 (5 of T) - - - - - -

H2TCl3 19 (5 of 7) - - - - - - -

Power Controller - - - - - 31weOl-04 M
- - - - - H2Wel-04 m

.

.e
,
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Tabl'e '4.2. ' Critical Instruments for the MIST Phase IV Test' Series (Cont'd) -

Q111c t __.init_rustalsl
Adh#1 instrumeets to these of Tests 4)DyDI er 410413

_ _

Component- Instrument free Test 410901. 4104T3 (NORL3 4100B2 458011 4CR312 45ECO2 45GPf2 -

-_ - - - 51DP02 -
4Steae Differential Pressure P1DP04.51DP01.03

Cenerator A Differential Temperature $10T01-05' - - - - - - R

Pressere Transmitter FIGP01.51GP01: 4 - - - - -

Metal Thermocouple $1MT01-05 - -- - PIMT01 PIMT01 FIMT01 :R.
-

Resistance Temp. Detector PIRT01.02 ~
'

- - - -

- - - - - - -

fluid thermocouple PITC01-03.13-16.23-26.5 - -

PITC33-36 (10 of l$) . ,- - - - - - .

' - - PITCl2PITC18.27.28.37.38 {3 of 5) ~
-- -' - - -

- - - -

FliC09-12.19-22.29-32
(8 of 12)

511001.02.26 (2 of 3) - - -

- - -

s1TCO3-12 (7 of 10) - -. - - - -

$1TC13-23.25 (8 ef 12) - - - - - -

s11C24 - < - - - -

Power Centro 11er - - - - - $11 moi 05 m' -

Limit Switches - SILS02 -- SIL502 Sits 02.03 - SitSO2.03 -

Steam Conductivity Probe 52CP01-12 (6 ef 12) - - - - - M
Generator B Differential Pressere P2DP06.52DP01,52CP12 - - - - - -

52DP02-Il (5 of 10) - - - - - -

Differential Temperatore $2DT01-05 - - - - - -

Pressure franseltter P2GP01.$2GP01 - - - - - - -

A Metal Thermocouple $2MT01-05 - - P2MT01 P2MY01 P2MTOI -

k Resistance Temp. Detector P2RT01.02 - - - - - -

m Fluid Thermocouple P2TC01 13 (9 of 13) - - - - - -
'

P2TCl4 28 (10 of 15) - - - - - *

P2TC29-43 (10 of 15) - - - - - -

P2TC44-53 (7 of 10) - - ' - - - -

52TC01-08.55 (6 of 9) - - - - - -

521009-19 (7 of II) - - - - - -

52fC20 33.54 (10 ef 15) - - - - - -

$21034-53 !?; of 20) -- - - - - -

Power Centro 11er - - - - - $21m01 05 m
Limit Switch - $21502 - $2L502 $2t$02.05 52L502-05 m

!

-

-
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Table 4.2. ' Critical Instruments for the MIST Phase IV Test Series -(Cont'd)

Critical Instr - tm
Assittanal Inst, ^s in O' - of tests 4188h' ar 41MT3_

Commenant" fantrummet Twee Test 410E1. 4184T3 4010uu einant 4 sag 11 4'_R312 atsr at osapF2

Colo legs . Differential Pressere CIDP01-04.06-08- -- - . - CIDP05 CIOP91.92.97.9B* , -
(n-l.2.3.4) C2DP01-04.06-09 - - C2DPO5 C2DP91.02.07-09'.(4)

C3DPJ2-04.06-08 -- - C30PO5 C30 Pol.02.07.90* -
C40P02-04.06-08 -- - C40POS C4DP91.02.OT.00* -

Differential Temperature CnDTDI-031
~

CdfT04 CastT04 CWIT94 -

- - - - -

Metal Themocouple Crd'T01-03 - - -

Reststance Temperature CnRT01.02 - - - - '- -

Fluts Thermocouple - CnTCO2 - - - - -

CnTC03-06 (3 of 4) - - - - - -

CnTC07-10 (3 ef 4) - - - ' - - -

CnTC11-14 (3 of 4) - - - - - -

Terbine seter -- - - - - CnTM81 4
Watteeters - - - *I.C2tPIO4 - CatBIDI-84 M.

Amet ers - . - - C1.C2fulOI - CamIOl M
Tachemeters - - --- C1.C2TA01 - CnTA01-03 m

C1.CITA02
Cl.C2TA03
Cl.C2TA20

Liett Switch - Ent$03 - CnL503 - - IIR
CnLSD4 - CnLSO4
CnL505 - Cats 06

Reactor Differential Pressure DCDP 01.C2.05-08 DCDPO4 - DCDPO4 DCDPO4 DCDPO4 -

N Vessel Differential Temperature DCDT01-03 - - - - - -

W Downcoet r Metal Thermocouple DCMT01-03 - - DutT04 DCM04 DCM04 -

Resistance Temp. Detector DCRT01 - - - - - -

Fluid Thersecouple DCTC01-04 - - - - - -

OCTC05-12 (5 ef 8) - - - - - --

DCTC13-40 (19 of 28) - - - - - -

DCTC41-46 (4 of 6) - - - - -- -

Power Controller - - - - D08181-03 RR

Pressurizer Differential Pressure PZDP01.02 - - - - - ' -
Differential Temperatore P2DT01.02 - - - PZDT83 PZDT03 -

Pressere Transmitter Plf. Pol - - - - - -
'

i
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' ' Table 4.2. Critical Instruments for the MIST Phase IV Test Series 1 Cont'd) .

Critita1_ Inlin-. Is
A@li2"all*MLit lhese of leit1.4109QI er 4!04f 3

_QL'yonent Instruste M voe Test 410901. 410AT3 4a0ML3 4109B2 458011 4CR372 45t"02 4%Pf 2

Presswrtrer Metal Thermocouple PZMT01,02 - - PZMT03 . PIMT03 FIMf03 -
'

~- - - - - -

Resistance Temp. Detector PZRT01 or PITC09
PITC09 PZTC09-IO .PZTC09-19 -

Fluid Thermocouple PITC01.02 . . - PZTC09 . --

PITC04-08 (4 of 5) - - - - - -

Po=*r Contt.41er PIwN - - - . - - Plwe01-03 -
-

HPI Differential Pressure NPDPCI - e - - - tut

Flowerter HPuB401-05 - - - - - M

Tield Thermocompt.i HPTCOI - - - - - M

M M lut
LPI limit Switch (PtsCI - fut -

Flomeeter (PMM01 - - - IWt M M

Fluid Thermoco.spie LPTCOI - - - M M MR

Single- toad Cell VitCC1,02 - - - M M- IWt

Phase Vent limit Switch VitS01,02,07 - FILSO6 VltSil-14 M IWt IWt

System Ilaid ThermocouP e VITCO/
' HPTCCI VITCll-14 M M fut -

l
-

Floumeter Vlt901 - (2) (3) ist IFt - M

teak Pressere Transmitter 10crol - - .- sut leR sWt

Quality Floumeter 10MM01' - - - M M set

7 Systee fluid Tharnoccuple (QTC01-05 . - - Et M sut

** iso-Phase lead Cell VZlC01-04 .- - - - - Mro

Vent tfelt Switch V2t2 'a - - - - - IWt

Systee Flowmeter V295'01 03 - - - - - Ist

Fluid thermocouple V21Cel-04 - - - - - M

. ore flood Differential Pressure CFDP01 - - - fut M IWt

vant Pressure Transmitter CFGPO! - - - IWI M Ist

timit Switch . CFt501.02 (I of 2} - - - 8Wt -M sut

Fluid Tharsocoopte CT TCol - - - - est M sut

CTTC02.03 (I of 2) M - M IWt M fut

e

-

9
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Table'4.2. Critical Instruments for the MIST Phase IV Test Series (Cont'd)'
-

Critical Ins 1_ritments
M al Instruments to those of fests 419601 er 410413

_-

,Cgaponent -Instrument Trpe Test 4103DI. 410AT3 esFJML3 410092 458011 4(R312 45tC32 4%Pf 2

Gas Fluid Thermocouple- GATCO2-04 - -

- . - - -
~

Add 4tton

Aust11ery Differenttal Pressure' SFDP31-06 - - - - - - -

Feedwater Desistance Temp. Detector -SFRT01,02 e - - - - -

Circuit timit Switch - - - . - - 51.521502 '

main DP transmitter - - -- - - SFDPC7,08 - SFDP07.08
Teodwater RTD - - - - - STRT03.04 STRT03.04
Circuit Fluid Thermocouple - - - - - - SFTC03.04 - SIL503.521505 -

~

Limit Switch - - - - - -

Steam Differentisi Pressure.. 55DP01-06 . - - - 55DP07.06 -

Circuit Pasistam e T*=p. Detector 552701.02 - - - -

F1mid Temperature $57001-03 (1 of 2) - - -. - - -

551f.02.04 (I of 2) - - - - - -

Miscel- Resistanc.e Tmps iture . .

laneous Detector Shent MSRF01 - - - - - -

Referente Owen Temperature MSTC01-07 - - - - -

A. }yneoh:

h flR: means instrumet feet required
*: e*ans that is the ent;f required instrument

'l) These instrumants. HI & It2DP02. 03, are not required for Test 458011.

(2) These instrumpets. Vil507 and blTCO2. are not regelred for Test 4100B2.

(3) This instrument. VITCO2. is not required for. Test 4580!!.

(4) This instrument. C2DP09, is not required for Test 45GPF2.

,

c
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Table 4.3. Critical Instruments Not' Available for the MIST IV Test Series'
-8ackup

Inst. _ t Descriotion 410AT3 4moK3 4tonD1 4tocal asanil 4Casir 4 treat esspfy Amattable

* * * * * * *' * **
C10T01 Guard heater zone 1 looo Al control at 2.60 fi

* * **
C10T02 Guard heater zone 2 loop Al control at 17.30 ft

* * * * * *" * * ***
C30703 Guard heater zone 3 loop A2 control at 23.48 ft

~ * * * *' * *** ^* *
C40T01 Guard heater rene I loop 82 control at 2.59 ft
C4DT03 Guard heater zone 3 loop 82 control at 23.47 ft - * * * - * * * * * **

C2TC04 Pump section fluid tesperature at 2.36 ft .
m yes

* * **
NIDT01 Gaard heeter rene 14 control at 29.63 ft
HICP02 Hot leg fluid conductivity probe at 28.54 ft x s a s a u yes

MICPO4 Not leg fluid conductivity probe at 43.45 ft a .m a m yes

tilCP05 Hot leg fluid conductivity probe at 50.71 ft a yes,

HICP06 Het leg fluid conductivity probe at 59.72 ft x x 3 I E R yes

H1CPDF Hot leg fleid conductivity probe at 63.56 ft a m x x a x yes.
x yesHICP09 Hot leg fluid conductivity probe at 66.65 ft

H2CP01 liot leg fluid conductivity probe at 23.14 ft x x yes

H2CP02 Hot leg fluid conductivity probe at 28.52 ft a a a m a u a yes-
H2CP03 Hot leg M eld conductivity probe at 36.13 ft a yes

H2CPO4 Not leg fluid conductivity probe at 43.41 ft x a n a u x yes
H2CP05 Hot leg fleid conductivity prebe at 50.68 ft x x n x x x yes
H2CP06 Hot leg fluid conductivity probe at 59.69 ft x a a m x a yes

]H2CP07 Not leg fluid conductivity probe et 63.56 ft x x x x x x

H2CP08 Hot leg Maid conductivity probe at 65.65 ft a a a a m a a
' ****

H2CP10 Hot leg fluid conductivity probe at 65.65 ft a a a a a m

Jn PITC09 Generator A primary M uid temperature at $1.06 ft a m a a u x yes
8 PITCIO Generator A primary finid touperature at 50.56 ft a a a m a a yes

$ PITCll Generator A primary M uid temperature at 50.06 ft r x x x x x yes

PITCl2 Generator A primary fisid temperature at 49.06 ft N yes
u m x x x x- yesPITCl4 Generator A primary fluid tesperature at 43.06 ft -

PITC15 Generator A primary fluid temperature at 39.06 ft x x x a z a yes
;
! PITC16 Generator A primary fistd temperature at 35.06 ft x x yes

PITCIS Generator A primary fluid temperature at 23.06 ft x a yes
PITC30 Generator A primary fluid temperature at 50.58 ft s x x x x x- E a yes
PITC35 Generator A primary fluid temperature at 39.08 ft r a R R R R N N yes
P2TC01 Generator 8 primary finid temperature at 50.50 ft r x x a a m x a . yes
PZTCl2 Generator 8 primary fluid temperature at 49.50 ft a m x x x x~ x x yes

P2TC29 Generator 8 primary fluid temperature at 29.25 ft n a yes
P2TC30 Generator 8 primary fluid temperature at 29.25 ft x x x x x a. E a yes
PZTC32 Generator 8 primary M uid temperature at 26.25 ft x x x x x x a . yes
P2TC40 Generator 8 p-imary fluid temperature at 14.25 ft x x x x x a m x yes

* * * * * * * * ***
RVDT01 Core inlet gua rd heater control DT at 1.88
RWTC09 Core fluid te eerature (mid-bur. die) at 15.23 ft x x x x x x x yes

***
RVCPol Conductivity prote below hot leg nozzle at 21.12 ft a a

***
RVCP02 Conductivit5 probe above hot leg nozzle at 21.32 ft x x *m

***
DVCPO4 Conductiv 6 y probe above RVVV line at 24.22 ft a a
SITC04 Generate < A secondary fluid tesperature at 11.07 ft a yes '
SITC16 Gener, tor A secondary field temperature at 38.19 ft a yes
52CPO4 ".eerator 8 secondary fluid temperature at 30.04 ft x x x x x a .I y*S
12CP10 Generator 8 secondary fluid temperature at 33.c3 ft a M

x instrument was not available.
Itetal temperature used for guard heater centrol in place of the differential temperature.*

Approval for test performance without this instrument received per PHG Transmittal fees. 566 and 606."

Approval for test performance without this instrument received per PHG Transmittal ite. 716.-***

Approval for test performance without this *nstrument received per PHG Traeseittal ite. ES9.****

, _. ,. ~, - ~. . . . , _ . . - > - - . - . -~ ..e - - . - - ---- .- - . . _ . ~ ,. _ -. . _ - , _
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5. OBSERVATIONS

5.1. Observations of Test 4NOML3

Test 4NOML3 was an SBLOCA test that had a scaled 10-cm2 leak in the cold leg
B1 discharge, used time distorted core power, and employed the simulated
high-pressure injection and low-pressure injection emergency core coeling
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 Ill Nominal Tests and was appa-
rently 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. Reful of the secondary side of the steam
genr rators to 31.6 ft (See 1, Figure 5.2) resulted in a decrease of the
secondary side pressure to approximately 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 1, 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 III
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

{
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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, HPl 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 2, " as\

the reactor vessel level began increasing (See Figure $e

reactor vessel level approached and exceeded the hot leg .
the discharge of steam irto the hot legs ceased (thus decreas-
loop driving head) and the primary system repressurized (See 3, ,.

This repressurization peaked at approximately 610 psia as the leak and HPl
flows equalized (See 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 loop occurred in an asymmetrical manner, with the loop A hot leg
i her and stub levels increasing at a greater rate than those in loop B (See
1, Figure 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
'tta;ns the elevation of the guard heater control thermocouple, thus quench-a

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.

5-2
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Eventually, the hot leg A riser 1 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 occurred. 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 tha core exit temperature subcooled, the steam generator
pressure control automatically initiated a blowdown (See 5, Figure 5.6) and
HPI 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 HPl 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, HP1 was actuated (See 4,
Figure 5.7). This sequence of events repeated three more times (See 6,
Figure 5.6).

The HPI was not terminated on the last aforementioned 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, as 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 LPI 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 rector 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 muration criteria (the test was actually extended
beyond the maximum test durr. tion criteria in anticipation of LPI actuation).

5-3
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5.2. Observations of Test 410ATI

Test 410AT3 was an SBLOCA test without the benefit of the high-pressure ~

injection system that had a scaled 10-cm2 leak in the cold leg B1 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, Fiiire

5.14). The initial effect of no HPI was a more rapid depletion of p-imary
system inventory than observed in the Phase 111 Nominal Test. The depletion
was followed by the complete voiding of all fou cold leg discharge pipes
(See 1, Figure 5.15) and primary loop flow e,terruption (See 1, Figure 5.16).

_

The voiding of the nold legs resulted ia voided conditions at the leak site

and a decreased leak flow rate (See 1, figure 5.17). Both steam generator
secondary pressures responded in a symmetrical manner (decreasing to approxi-
t ately 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 core exit temperature
and the steam generator secondary saturation temperature was greater than
50F. Therefore, the control function for the AT0G cooldown did not actuate

early (remained set at 1010 psia) in Test 410AT3, whereas in the Phase ill
Nominal Test, the control function for the AT0G 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 Ill Nominal Test. Thus, a sign 1ficantly 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 to repressurize, while losing inventory, until
the primary level in steam generator A descended to the sacondary pool

) 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
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ns s a' ,3, ; FigureL 5!18) and subsequently; heat transfer +as' also established. in steam .|
<

mA generator B.3 j.

[ The~ establishment of steam generator heat transfer resulted in'an . increase .in
~

3
' ~

' the_ sedindary pressure: (See: 5, Figure 5.14)s (thereforefincreasings the. steam' -
<

f;' ' gene'ratorisecondary saturation temperature)E and a decrease in the primary. ]
[*' pressure Gherefore decreasing the core exit temperature that was saturated). -

r

Eventually. .' the difference between ' the core exit and the steam generator ;
'

,.

.secor.dary . saturation temperature reached 50F- and thel ATOG cooldown commenced - j, ,

'(See6, Figure:5.14). LI
o .

.; - The: cooldown resulted in a depressurization of the primary system (See 1,t* 4

''

Figure 5.19), . which eventually led to CFT and- LPI actuation; During this
,y

f*, 'depressurization, . allr four cold leg discharge pipes remained voided- (See ?., . |
s .. ',

Figure 5.15) ._ the- cold ' leg set bn pipts- began voiding (See 1, Figure '5.20),..
,

'
,

.

M and; little,. - if any, - forward pi %ary soop ' flow was' observed , ' in - fact,' ':

(.y [ preliminary .indicationse are that badflow may have existed in ecch cold leg- ;j
4'W i .(See 1, Figure E.?.1).

I' When LPI.. actuated' (See"il,; Figure 5.22), a rapid. increase of the primary
'

,

a a
j W ? system inventory -- occurred. All four cold leg discharge and . suction > pipes -y

[# refilled . 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 . )
w. . t

C valve elevation (See 1,' Figure 5.23), the pressurizer surge line filled (See
_

L a 1, Figure- 5.24), and' the _ hot leg riser and steam generator primary levelsr

also increased but did not refill 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' '9ee 3, Figure
5.19), apparently due.to the stored eneiny in the system, the w .aase in the-.

leak energy as a result of subcooling the leak site, and the -decreased steam ;

generator heat transfer. LPI subsequently terminated due to the increasing ,

primary system pressure (Sec 2, Figure 5.22). Apparently, circulation was
,.

not' established because of the lack of a sufficient driving head to initiate
'

,, ,

forward .lcop flow.
*

.

'

|'
|
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The core'' region then |bega.1 a- heatupL (See: 2; Figure 5.26)~ that resulted in' a:
Wsimilar systre :ponse to the'repressurization that- occurred .earlyr in the- '

,

!' transient. Th; cnaracteristic response and: phenomcna; observed: in the Phase -

[,.o~E III Mapping; Tests were also.. observed during the repressurization: phases of f.

-Test 410AT3, i .e;, lower: region voiding, ' hot leg ' eatup, estab_lishment of:n

head " to : ot 'wi n.. . forwcrd loop flow, lower region void-' sufficiat. driving.
collapse, lo.s of driving _ head and therefore forward loop flow interruption,~ >

a core'heatup, and then the phenomena above repeat a number of times.''

.

Theiprimary . syster. pressure attained approximately 725 psia during"this ,

i repressurization phase of, the transient .(See 4, Figure ' 5.59). The - primary

system continued to lose inventory during the repres ,urization phase. iThe1

q
steam ' generator primary levels _ eventually descended to the secondary pool .)
elevation (See 1, Figure 5.27), steam generator heat transfer was establish- J

edL and a slight. 'depressurization was: observed (See 5, Figure 5.10). The j

, test was terminated at.this time. d

5.3. Observations of Test 410BD1 ''

wassan SBLOCA transient that was-also performed without the high-Test 4108 4,

pressure -. b iection system. The test used a scaled ' 10-cm2
'

cold leg ' B1 a
'

.g . discharge lleak, low-pressure injection and a 50-psi / min blowdown .of' the
Esecondary' system. A PORV actuation and reactor coolant pump bumps were also -!

'

performed during the test conduct.

$ The primary systerr depressurized-rapidly ur in opening the leak (See 1, Figure
" f5.28). The initial effect of no HPI rec.aited 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 B1
M also occurred (See 1, Figure 5.30), and primary loop flow interrupted (See 1,

b Figure 5.31). The steem generator s xondary pressures initially responded in
' a ' symmetrical manner,- however, a slight amount of heat transfer occurred in

steama 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 1, Figure 5.33) that eventually esta-
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$ ~ blished a: sufficienti amount ~ of driving head,: and a .ow pulse resulted < (See

) T . 2, figure 5.31) .- The. flow pulses- that resulted from the. hot leg';heatups'
J alternated between loops, i'.e., the first flow pulse occurred in: loop- A,-the j,-

-

,

@ second in loop B,- and. the: third in-loop A (See 3,- Figure 5.31).- The repres-
|> |

t surization and the phenomena that occurred d" ring the repressurization were j
similar-to those observed during the Mappi,ng Tests and. Test 410AT3. In fact,

~

4 - the primary : system pressure responses for the first 37 - minutes of Tests i
~

410AT3 and 410B01Lare almost identical (See 1, Figure 5.34).
!W ' At 30: minutes, the loop operator actuated the 50-psi / min steam generator
|

blowdowre control.. The control function for the blowdown control - began to l.

- decay from. its initial setpoint (1010 psia);_ however, both steam generators
,

!were _at a lower prescure than 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 . observed prior to the opening of the steam.
| valves and the initiation < of the steam generator depressurications-(See .5,
Figure 5~.28).

E-

A hot leg heatup was in progress when the steau 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 initiated fir.st . and apparently- had ' no j
effect on the primary system pressure response. The hot leg heatup continued.
and a. fim pulse in loop A caused primary to-secondary' heat transfer (See 7, i

: Figure 5. # Primary system flow, .however, interrupted again (See 4, Figure
r 5.31), the primary system repressurized (See 8, Figure 5.28), and hot leg [

''

h'eatup commenced-(See 2, Figure-5.33). '

|
' 'aring th'e 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 ste'am generator secondary side levels decreased during this time
(See 2, Figure- 5.32) as appav anny more secondary side liquid flashed to
steam' than was being replenished by AFW flow.

The hot leg heatup eventually resulted in the establishment of sufficient '

C driving . head to cause primary system flow (See 5, Figcre 5.31). At this

[ ' time, the AFi! flow rate exceedid the steam flow rate in brth steam generators
(See 1, Figures 5.35 and 5.36) artd when pr hs loop flow began, primary-to-

.
secondary heat- transfer occurred (See 9, Figure 5.28) that re.sulted in a

L
L.

,
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h brapid!depressurization .of the primary" system (See 10, Figure 5.28).- .The MIST '

_

;w ' steam! dives | fullytopened; however, the steam generation rates were greater
. .

-. .:o m ..

than' the flow? capacity of the steam lines. .Thus,- the. secondary' side pres-
ggg"?sures? increased (See19,; Figure 5.28)

-

and .the' 50-psi / mini blowdown? controlm

m-
1could'not|be1 achieved (See,11,-Figure 5.28).-

a s 1| Whens primary'-to-secondary heat transfer was established, thel AFW flow rate =

j0:q exceede'd the head / flow capacity as| the control system attempted to maintain .a
.

"c::nstant level (theiMIST ' facil.ity was designed to perform in! this manner).

M Therefore, had the AFW head / flow characteristics t,een. adhered to, a reduction a

,Cin; secondary, side inventory would have occurred (the extent' of _ the inventory" -

:y plossicannot; tse; determined as both the steam ande AFW flow- rates exceeded the
'

i # range ' 6f! thel instr smentation) . The' primary system' pressure response. may be =
'

. !affected by thisc method:.9f controi because if an inventory reduction had.
''

9 occurred,tAFW flow would'have to be maintained over an extended periodithus:
increasing 'the potential for heat transfer and depressurization of . the : i

,

jpfimary,. system. j
'

j[[ .Subsequcnt' to the rapid'depressurization of the primary -system, an oscilla-
.

'

4Ltory decre'asing Jpressure responss occurred (See 11, Figure 5.-28), nThe-

' oscillatory; 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 (Sen 1,;-

Figure _5.38). The~ rapid depressurization quickly Ldecreases the-~saturatior
temperature of . ti;e . primary system. However, the downcomer mehl cannot l

dirsipete 'its stored energy as rapidly, i.erefore aturated steam J charged
_ _

,

through the; reactor vessel vent valves be . mas uperheated in the downcomer. |
|

The superheated steam flows | backward in the cold leg, impedes, and eventually J
-11 'errupts - flow. The leak discharge also indicated - periods of superheated
conditions:(See 1, Figure 5.39) cnd resulted in reduced leak flow rates:(See. j

^ 1,iFigure 5.40). The varying leak fluid conditions appear to have caused the i

'orcillatory primary system pressure response.

- When .a rapid depressurization occurs, the fluid in the -primary system is I>

- highly- susceptible to flashing. ijuring the rapid primary system depressuri-
zation and the subsequent minor depressurizatior.s that occurred in an

5-8
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* * ' oscillatory manner, the-core region fluid flashed as observed by the decrease:

- |

iin thee core region collapsed liquid ~ level'(See 1 , Figure 5.41). - Although'-[; - = -

. -

core |uncovery was indicated ;by: the collapsed liquid level, core cooling was-
maintained as ind:cated by;tne_ core exit' temperature,~which did not superheat !

, . but remained saturated (See '1, Figure 5.42). Flashing' was also observed in'
'

both loo'p B' cold leg. suctions pipes during these depressurizations-(e.g., See
1,: Figure 5.43).-

The! primary system pressure decreased to 'approximately 290 psia (See.1,
Figure 5.44), all. four cold leg discharge pipes had completely voided-(See 1,;
Figures 5.45 and 5'.46), and when the loop B cold leg suction pipes began to l

-
,

void (See 1, Figure 5.47), the primary system repressurized (See 2, Figure
.

,a

5.44). Since the primary pressure did not decrease to the LPI retpoint, 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 -!
pressdret apparently displaced the colu, .. liquid. me hot leg riser level j!

( .alse ' increased Tapparently. a manometric balance in a loop). The cold leg
sGtion voiding alternated ~ between loops and caused the hot leg riser and !

steam | generator primary levels to (1) increase in the loop whose cold leg
suction voided and ' (2) decrease in the loop whose cold leg suction 'did not

q
'

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 1

-secondary pool elevation and the loop B hot leg. riser and steam generator ;
iprimary levels began a continuous descent (See 3, Figure 5.48). During the

entire repressurization, steam and AFW flow existed in both steam generators
(Figures' 5.49 cnd 5.50) and a condensing surface was available (Figure 5.48),

-!
tSus ino.icating 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 secondary pool elevation, primary-to- 4

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
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TS.52). The-primary system then 'depressurized (See 3, Figure Si44), and when,

. -

]je ~ th'e pressure descended to the LPI setpoint (See 4, Figure 5.44), LPIJ flow was
.

pm Lidiated -(See 1, Figure 5.53). The, rapid ~depressurization associated with

V LPliflow also results in the flashing of primary fluid.. For Test 410BD1,'the" 3

core | region. flashed but thelcold leg suction ~ did not flash.. This flashing. !
s

& ' differs from: Test; 410AT3, where= the cold leg suction flashed and was depen- :

E dent" on the secondary side conditions when LPI actuated, ~i.e., lower secon-
,

B Ldary! side ' pressure results in colder fluid temperatures" in L the col _dsleg<

suction,n therefore,' the fluid is more subcooled and less 1ikely to flash.: 1
m.

Subsequent to the LPI actuation,-the primary system repressurized in a manner JT '

% 3,imilar toc that observed in Test. 410AT3. The maximum pressure attained-was'
i

'

approximately 625 psia (See 5, Figure 5.44).
.

.

.!

The 5 hot leg. riser and steam generator; primary level responso was similar- to: ~!

that ? observed during the first repressurization, i.e., the loop A' levels 4

44 :descendeda to .the secondary poo1~ elevation before the loop B levels -(See 1,1
* : Figure 5.54)'. When 'the -loop; B levels descended to the secondary poo'

' " elevation, primary-to-secondary heat transfer was e blished and the primary .

-

-system depressurized (See 6, Figure 5.44).

Phen the loop-operator felt that the primary system pressure was stabilizing,
,

the PORV was actuated'(See 7, figure 5.44) and remained open approximately 14 t

minutes. The primary system depressurized- as a result of the open PORV and
>

LPI 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. i-

The primary system repressurized to approximately 530 paia (See. 9, Figure-
5.44) and then - depres.murized when, as observed in the previous similar

Y 1depressurizations, the level'in the loop B steam generator primary descended
to tra pool elevation (See 2, Figure 5.54). When the loop operator. felt that

'' the palmary system pressure was stabilizing, the reactor coolant pump in cold ,

leg B1 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 LPI actuation was similar f

to the previous occurrences. A second reactor coolant pump bump (A1) was
im

"i,e
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, Jerformed (See:ll,; Figure 5.44); however, little, if any, effect was observed
.

y, |since the' test was terminated approximately 2 minutes later,

j ~Y!; iThe duration of Test!410BDl was' 961 minutes. Core. power augmentation may
"

thaveLa significanti ef.fect onf the repressurizations observed ' during the'
~

g ,
~

. transient E and . theE test: duration. At test : termination, 'the" core power,
" augmentationL was approximately 50% of the total core power. Through reduc;

;

tions in the core power augmentation, the magnitude of the repr~essurizations
may be ' rduced and the . > potential for: establishing natural circulation

; .

ctoldown may.be enhanced. Sea section 6.1 for additional discussion on this ,

rubject.
!p 7

,14. ~ 0bservations of Test 4100B2-

Test -4100B2 had a scaled ;100-cm2 leak in the cold -leg B1 discharge and-
en ple3 ad the simulated : high-pressure injection and' low pressure' injection .

- emergency core cooling systems.

Theo primary system - depressurized rapidly
+,

..
.

upon opening the large (100-crJ
. >

scaled) leak (See 1, Figure 5.55). HPI actuated (See 1, Figure 5.56) and AFW
Lactuated, -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 a.1d
.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 leg 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 lb/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
l' was filled to 31.6 ft (See 2, Figure 5.55). Upon completion of the secondaryf

6 ' side fill, the steam generator pressur.% stabilized at approximately 650 psia
-(See 3, Figure 5.55). The prim ey pressure, however, continued decreasing -

.
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(See- 4j[ Figure |5.55): as the leak flow: exceeded the ' PI flow (See. 5 Figure:H

[ 5.56). ' Thel primary system ~ depressurization _ resulted in . the: flashing- of '>

'

~

'~ iliquid? to steam' intthe hot leg risers and steam: generator primary. The
_

(flashing;of the liquid resulted 14 the~ complete voiding _of the; hot leg risers'
z,,,

(See' 1, Figure 5.63) and- a1 collapsed liquidilevel |of approximatelys14 ft in

// _ the- steam generator primary. The voiding of the hot leg riserst n conjunc-i
.

-tion withf thef pipe metal heat and,, potentiai .'y, the guard heaters', resultid'

,

in Lsuperheated conditions _over.' the entire length: of' the hot legs (See:1,-e

Figures. 5.64,5.65,_and;5.66). '

[ - The' rapid' primary side depressurization prevented the AT0G cooldown (100F/h) y
'

of the~ steam generators from becoming effective, _ i.e.. . the -steam generator >

control pressure = remained above the actual ' steam generator pressure,- therei "

fore ithe steam valves : remained closed. The primary pressure decreased to, a
,

value lessuthan the secondary side pressure--(See 5, Figure 5.55). At this-
,

,

time,. the AT0G steam generator control was placed in the blowdown mode (50| 1

psi / min)'. : !!owever, the AT0G contro11 pressure was still greater than the"
actual stera generator' pressure andia delay of, approximately.' 5 minutes. was

~

'

observed prior. to the opening = of the steam valves that' initiated the blowdown
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-

_

primary, existed (See 7, Figure 5.55). |
1

As the steam generator blowdown commenced, the primary system depressurized Un

at essentially ~ the same rate as the ' secondary side -(See 8, Figure 5.55).

S ;This' rapid _ depressurization resulted - in the flashing _ of liquid to steam .in'

.P the cold leg suction pipes (See 2, Figures 5.60 and 5.61) and in the reactor
vesseli-(See 2, Figure 5.59). Metal heat, apparently from the reactor coolant j
pumps, resulted in the superheating of fluic in the cold legs (See 1, Figures

j -5.67-and 5.68). Superheated fluid conditions were also observed in the upper j

y downcomer, but only in quadrant A2 (See 1, Figure 5.69).
L

U The voiding of the . lower regions apparently resulted in the displacement of g

liquid into the hot leg risers and the steam generator primary as indicated
K by.the increase in their levels (See 2, Figure 5.63).

, .

As thL primary- system pressure decreased, the core flood tank drherged
. '

ix ofluid into the ~ primary system (See 1, Figure 5.70), HPI flow evenNally

u .
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sexceeded thE. leak flow'(See 6. Figure 5.56),. and LPI actuated ~(See 7, Figure
,

7 ,

5.56). These' actions resulted in aniincrease in the primary system inventoryi
~

~

-

,(See'1,: Figure'5.71).|
,

o

L Q 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 flown (See 9, Figure' 5.56), and -
'

' primary system ' inventory ' continued Eto increase (See .2, Figure 5' 71). The.
;

cold;1eg suction pipesiin both. loops remained voided: w 3,. Figures SM0 'and
. 5.61)' and did not refill .until an intra-cold leg flow pulse occurrei ihe

L intra-cold legiflow occurred - first . in loop A (See 2, Figure 5.62) and-
K '

. occurred approximately 30 minutes:later.in loop ~B (See 3, Figure 5.62).. The
'

Lhot leg risers apparently refilled to Pe U 5end spillover elevation (See 3, !
|

j Figure 5.63), however, sustained natural. circulation was not established.
W - The inabi.lity' of the primary system to astablish sustained natural circula-

t: tion appears to be.~ related to the collapse of- the cold leg suction voids ;
* '

I
(t' hat caused the hot . leg levels to descnd below the U-bend spillover ;o

o

-elevation, See 4, Figure 5.63) and the dimirished natural circulation driving 1

' head resulting from the termination' of cee steam ~ production as - the core
i 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 ll,

,

Figure 5.56) ..when 100F 'subcooling was attai_ned. - The reductions in HPI flow i
'

: 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).

Thel primary system pressure decreased to approximately 125 psia (See 9,
Figure 5.55).and then repressurized to approximately 160 psia (See 10, Figure '!
5.5" 's-leak /HPI and/or LPI equilibrium was established. The primary system

,

then remained essentially constant until test termination (See 1,|presi ,

Figo~ 5.72). The fluid temperature in the hot legs apparently governed the '

Lprimory system pressure as these temperatures continued near saturation while

the remainder of the primary system was generally experiencing a cooling
4

trend. -

t
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When theitest was .termin'ated (based upon-the criteria offthe pressure being
.less than 200; pstai for. 2 hours), the hot leg. A riser and stub' wasl filling- M

while the B: levels Lwerel essentially constant and-lower than those in' loop' A1

y t (See: 1, Figure 5.73). Primary loop ' flow had not' been established when the~- y

test.was terminated.'
,

l
~ M'

' 5 . 5 ~. Observations of Test 45B011:'

.
.

;e v .

' Test 4SB011 wasTan SBLOCA accompanied by the-loss of all AC' power (station: j
blackout). The' test simulated reactor coolant pump 1 seal leakage by incorpo- j

, ,

ratingla: scaled'O.25 cm . leak in each of-the Al and B2 reactor coolant pumpst j2
'

.'
High- and' low-pressure injection was unavailable and'the auxiliary feedwater :)

h ' 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 B1 had plugged). The loop operator closed the valves for; , j

1
leak sites in A2 and B1 and opened the valves for the alternate leak sites 'in" j

reactor coolant pumps Al and. B2. Leak flow was then observed. Therefore,
-|

1eak 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.

1The: steam generator secondary side levels were initially raised to 20.7 ft-
7

(See 1, ~ Figure '5.76) according to the - procedure using one-half AFW flow J.

capacity. Although the ' steam flow decreased and eventually ceased (See 1, 'a
_ x

Figure' 5.77), a sufficient amount of primary-to-secondary heat transfer
occurred duringL 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 - al:o . increased the loop driving head and a
" slight increase in the cold leg flow rates ' over the initial ' steady-state t'

.,

t values was observed (See 1, Figure 5.78). The primary loop flow rates then''

remained nearly censtant during the refill to 20.7' ft (See 2, Figure. 5.78).
When the'1evel 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
i flow-were re-established (See 3, figure 5.77), and the primary loop flow rate

y
*
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g 1 essentially stabilized. at a 1teady-state value that was l'ess' than the inM ,al~
,

'
,1 steady-statef flow ~ rate' (Seei3, Figure 5.78). Tho' decreased primary. loop flow
| rate :was aidirect result of the decaying core power as a function of time, l

( i.e.,- lower core power resulted in lower natural-circulation flow rates.

;The primary system continued to lose inventory and depressurized -(See 3, i
Figure 5.74). The depressurization resulted in a decrease 'in the saturation-

,

'

temperature and when. the core. exit temperature attained: 20F subcooled, the - >

loop operator (as perEthe procedures) increased the secondary . side level of

Y {4.ha steam generators .to 31.6 ft (See 3, Figure 5.76). The primary system
f?cw rate responded ~.in a manner identical to the increased AFW flow (See 4,

L ' Figure 5.78) as was - observed during the level increase : to 20.7 ft. The

L primary system flow rate response highlighted the significance of the AFW'for j
b establishing natural circulation driving head, whereas the difference -in the
p ' 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 continued depressurization until
the fluid temperature at the' core exit saturated (See 4, Figure 5.74). A

. gradual repressurization then commenced (See 5, figure 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-4

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 III
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 gradLal oecrease -in
1the cold leg flow rates (See 5, Figure 5.78). As the level h the downcomer
rapproached the cold leg nozzle elevation, backflow began to occur in the cold f

L leg ~ discharge pipe. When the level in the downcomer descended to the cold
L leg nozzle elevation, steam was discharged into the cold leg discharge pipes
L and intra-cold leg flow was established (See 6, Figure 5,78). Cold legs Al

and B1 flowed backward while cold legs A2 and B2 flowed forward,

t-
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,- y - Subsequently, flow interrupted in each cold: leg ;in; a sequential manner. (Bl',
Al',t then' A2 'and B2 interruptedisimultaneously) : The response | observed during-

the voiding of'the downcom r-is also similar to the response: observe! during
, , . ,the Phase III: Mapping Tests.;

'

During:the._ voiding; of the downcomer-(discussed above) and prior to complete^

hp flow interruption, the primary loop flow goes through periods-_of intermittent'
-

flow,* alternating from ciie loop and then the other loop-(See 7, Figure 5.78).'

The-loop opera' tor, according to the test procedure, was to establish 'a scaled
125' gpm1 AFW flow rate and set the steam -valve position upon: loop . flow;-

7' interruption. The' 1oop _-operator had : difficulty determining lloop flow:
interruption during this period of intermittent alternating loop flow. - When j
the;1oop4 operator determined that the flow interruption criteria had'been met o

,

~in loop A,,he performed the necessary actions-for steam generator A. At~this-
~

time, the steam flow was less than t .e specified AFW ficw -rate and. steamL-

* - generator A secondary side level began to: increase (See 4, ' Figure 15.76).
p Approximately 20- minutes- -later,. the loop operator determined that flow-

interruption :also occurred in loop B. He performed the prescribed, actions d'

and st'eam generator B secondary side level began to increase (See S, Figure-

5.76). 7
1

Subsequent to performing the prescribed actions on steam generator A - and i
' priorE to .the operator performing them on ' steam generator 1 B., the primary ]-

system repressurized (See 6, figure 5.74) and. a hot leg heatup commenced.
iThe steam generator secondary sides depressurized (See 7, Figure 5.74) as a j
2 combined result of the lack of- primary-to-secondary' heat transfer and the AFW 'l
flow . rate exceeding the steam flow rate, l

1

The:hotsleg heatup eventuaily resulted in sufficient driving head and a flow !,

pulse occurred in both loops (See -8, Figure 5.78). In response to the flow
pul se. the primary system- depressurized rapidly (See 8, Figure 5.74), the .;

-voias 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

b . primary-to-secondary heat transfer was established in both steam generators
,,

-(See 9, Figure 5.74).

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

k
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jinterrupted (See. 9, Figure 5.78). _ Lower region voiding and hot leg heatup
-

u -

j,

.

,[[''then: commenced. Three more occurrences ~of the phenomc ia associated with flow.-- 4

t

g [ pulses-were observed (See 10, Figure 5.78) that resulted in loop _ flow in loop : :>

B' for' thi first Lflow pulse, loop A for the second, and both loops for the 'm,
,

third.- '

, s

+> ..

/ DuNng _ this time, both'~ steam 'ganerator secondary - side' levels continued .
'

Lincreasing-(Sce 6,- Figure 5.76)_ 'as a result of Lthe integrated AFW flow' rate |

[ . exceeding'.the integre+ed steam flow rate. Since the steam valve position was
fixed,L.according to procedure, the maximum steam flow rate w?s limited. When^-

s .

K theJ secondary side _ level became relatively full (See 7, Figure 5.76)? and a1
C '

flow pulse occurred in= 1oop A (See 11,- Figure 5.78), primary-to-secondary:

h' eat transfer was established. The~ fixed steam valve position did not permit' !'

a' sufficient amount of flow to be discharged from the steam generator and 7-

s

steam generator A secondary side pressure excursion occurred (Sec 10, Figure l1 4

5.74). The pressure excursion was of sufficient magnitude that the facility j-

. design limit _for the steam' generator was exceeded.'

.

The loop operator then a;iticipated the next f:aw pulse, and when it occurred, ,

>,.
'

hefmanually 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 isock) . Steam generator B also experienced a 1

usecondaryJside pressure excursion at this time (See 11, Figure 5.74). The.;

oloop' operator then terminated.the test before causing..any physical' damage ton

the; test: facility. *

5.6. Observations for the Steac';<-State Tests 1;

L Usina~ Main Feedwater of -Test 4SGPF2
. 't

-

1

' A' series ' of tests m performed to provide steady-state steam generator !

L performance data using main feedwater. The tests were conducted at various
steam generator secondary levels with the primary system in a subcooled i

natural circulation condition.

The'ste'ady-state tests that used main feedwater (MFW) were performed at steam
< generator secondary- levels of approximately 19, 26, 33, and 40 ft. MFW st

approximately 450F was supplied to the simulated steam generator downcomer.
TheEsimulated aspiration ports (at eleva* on 32 ft) provided fluid frc,m the ;

,

L -steam generator tube bundle region that mixed with the MFW, thus preheating
;,

'
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Lthe fluid.in.the steam generator |downcomer. :The preheated. fluid inithe steam; ]:
4

gene'rator -downcomer then . enters the steam generator tube bundle . region ;>

approximattly 0.5 ft above.the lower tubesheet. - For.the steady-stateLtests ,c,

: that were cor; ducted witil seconc h + s at119, 26, and 33 ft,> the fluid' -I
'

'
'

conditions.in;thettube bundle a :mulated aspirator; port elevation M re-

i eitherJsuperheated-'or saturatec cam. The mixing of the fluid _ passing'. 1

:through the aspirator 1.ine with the MFW resulted in the' preheating of the.MFWL i

J -to'a saturated condition. Thus, the entire tube bundle llength was devoted to t

boiling and superheating the MFW.

For the MFW tests with the secondary levels' at 19,' 26,H and 33 ft, the ' lower .j
, region of the' steam generator. contained saturated liquid.- Thus', the steam-o.

1generator primary outlet ~ temperature remained essentially constant and was
equivalent to the secondary side saturation temperature.

-

:The steady-statei MFW test that was conducted with the steam generatorf }_

secondary level at' approximately 40 ft resCted in the aspirator;: port !-

.

| elevation beingL covered >by either saturated liquid or by lower quality. steam j
'han occurred for'the;other MFW tests. The result was that the mixing.of the
iluid passing through the aspirator line with the main feedwater was not- i
capable of maintaining a saturated fluid condition at the MFW' injection -

location.. The MFW temperature at the-injection location was approximately j
10F subcooled.. Therefore,.the steady-state MFW test with the steam generator-
level atJapproximately 40 ft differed from the ~other MFW tests in that a
portion of the_ tube bundle length was devoted to raising the MFW temperature
to saturation, thus cecreasing 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.
7

|-

|- 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 levels resulted in significant variations in primary loop flow
rate and corresporMing variations in the core outlet temperature. The

L variation in the primary loop flow rates and core exit temperature versus the
~

h steam generator secondary level for the steady-state tests using MFW is shown- s

I

!
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W ~on" Figure 5'.83. Asp expected, the primary . loop flow rate: increased as 'the

~

steam' generator secondary level: increased, due to.the increased driving head,
and the 'corefexit temperature. decreased as primary loop flow increased. An-*'

,

,||" Lapproximately 175-lb/h difference in . the loop A ' and B flow rate- was also--
observed, withithe' loop B flow always being greater.

For steam generator B, theLresults from the'MFW steady-state tests indicate
,

5 -that the . primary fluid axial temperature distributions between the steamg

'|.-E - generator tubesj are; essentially equal over the entire tube length (Figures
5.84 through 5.87). A comparison of the steam generator secondary side axials
fluid temperature distribution also indicated similar temperatures indepen- '1

4g i

~ dent of cell location (Figures- 5.84 through 5.87). The uniformity 'of the . !

_ primary andL secondary axial temperature distributions independent of either
tube: or- cell locationt (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.s

y .The ' output of1the . pitot tubes indicated similar flow rates (Figures 5.89 !

through 5.92) in:the five instrumented tubes (the instrumented tubes travers- j
j 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 1

.the cold leg-venturi meters.
|
'

Ine MFW steady-state tests also showed that essentially symmetrical perfor-
mance was obtained in both steam generators. Although the instrumentation in
steam generator A - was limited, a comparison of the primary and secondary ;g

'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: i

,

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

e The four steam line (two steam lines per steam generator) teiperatures
were essentially equal' (Figure 5.97).

5-19

),

.
|

<



' 1, { [
' '
; ,

; e 4 1

R
'

9 ;e1The steam temperature- varies with the steam generatcr ' secondary level-m
'

."
The lo' west steamf generctor. secondary level.:resulted -in the highest-

-

y !;r - steam. temperature (Figure 5.97). .
'

-e The MFW steady _-state -tests performed with: the: steam generatorf secon-
dary-levels at approximately 19 and: 26 ft resulted Lin- secondary side-

cell! and steam line; temperatures that were approximately. equal to the.."

steam 7 generator : primary fluid = inlet temperature (Figures 5.84 ands
5.85). . Both of these tests: have an excess. of tube length devoted to-

Jsuperheating the' secondary fluid. Therefore, essentially no; heat -,

|> l- : transfer occurs in the upp. region of the steam generators.-

e The MFW steady-state -tests: performed with' the steam-generator-levels;
-

at! approximately' 33 and 40 ' ft resulted in: secondary side-' cell and
,' L steam line temperatures that were.. lower than; the steam . generator?

primary fluid inlet temperature (Figures 5.C6 and 5.87|<

a

e;The: primary > loop natural. circulation driving head- for. Ine MFW steady-
state testsL was provided strictly L by the steam generator secondary

. level. A difference of approximately 1500 lb/h in the primary loop
flow was -observed Lfor the 'approximately 20-ft variation in' thet

,

U -secondary -level?(Figure' 5.83) .,

$ '5.7. .Observationsifor:the Steady-State Tests-

@ Usino Auxiliary Feedwater of Test 4SGPF2~

A 1 seriesi of tests ) was performed to provide steady-state si.eam ' 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 primary 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 obtained from the AFW steady-state tests indicated that the'

primary loop flow rates are relatively independent of the steam generator
'

secondary level. The injection of cold auxiliary feedwater near the top of
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;the : steamf generator Presulted - in essentially ai constant | drivkg headf that 1

yielded an almost constant. primary: loop flow rate' and core exit temperature
.

-(the naximum difference in. primary loop flow betweer. the maximum and. minimum' j
. steam generator secondar; levels tested was approximately. 400 lb/h and!the-

' , . corresponding ' difference in the core exit temperature was approximately 4F:
(Figure 5.98i. - As observed during the MFW tests', a' difference'in the loop A l.

and B flow rates was also observed for the AFW tests ~ The loop B flow; rate r
. .

j was1approximately In lb/h veater than the loop A flow rate. ,

'f; -Since steam - generator C was instrumented to. a greater extent than csteam. )
E : generator A, the following discussion of the observationt was based on'thez
[, ' instrumentation in steam generator B. However,- note that' for tubes J and R, ;7

[. th'e axia1' temperature profile o'n the primary side was very similar for b'oth.
'

steam. generators. Therefore,- both steam generators appear to' have operated,

in a symmetrical manner.

.The. results frw the _ AFW steady-state tests indicate that the primary fluid ''

axial temperature - distributions between the steam generator tubes? are not:

[ tequal (Figures 5.99 through 5.102) and are dependent upon their relative.
i

location with respect to the AFW nozzle. (Figure 5'.88). For these tests, the -

m. ilowest observed primary fluid ; temperature occurred in the 2"J" tube, the tube
,

E i
.s closest to the AFW nozzle. The central tube, "A " was also affected by.the

i AFW' injection. The primary fluid temperature in tube A was greater than:that>
<

i ' observed in tube J - over approximatelyJthe uppermost .8 ft of tube length,
- Below 'this elevation, the primary fluid . temperatures in t' bes A' and J were ig ur

f Lessentially 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
41so affected by the injection of AFW (Figures 5.09 through 5.102). The

fluid temperature in cell A-B-C, near ti,e center tube (A), consistently

exhibited the greatest amount of subcooling. 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
:ascit entered the tube bundle resulted in a greater penetration depth of the
AFW. The greater penetration depth in conjunction with me relative dif- ,

ference in the elevation of the AFW nozzle and the thermoccuples resulted in :,
,

N

%

3
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a higher indicated (subcooling in the cell nearf the center tube, cell A-B-G.
- ItL is' believed that if- the thermoco'uples were--located at a higher elevation
so that all L 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- 1

sponse, ,i.e.,- maximum subcooling occurs in the cell nearest the AFW nozzle
q

~and decreases:a's the tube bundle is traversed. This response can be observed .

by. examining Lthe cell temperature resnonses during the transition period
between the MFW and the AFU 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 cell temperature responses -(Figures i,

; 5.104 L and 5.105) are representative of the previously discussed explanation
.regarding the indicated subcooling in the cells. 1

- 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 I

- (See ' 1, Figure 5.105) . At an elevation' of 50 f t, the' fluid temperature in
the A-B-G cell R2TC44) stabilized but the subcooling decreased to approxi-

,

mately 5F (See 2, Figure.5.105). *

"The -variations observed in the primary fluid temperature between tubes
implies 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-
kited the highest indicated flow rate. The indicated flow rates in tubes J,

' C, 2nd A showed that essentially the same flow rate existed in these tubes.
'The monitude of the pitot tube indicated flow rate appears high (as observed
in the MFW steady-state tests where the results showed that the indicated
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'[ Eflow ri. yhhbyafactorofl'.5)'.c If ituis' assumed'that.the indicated,
i pdtoi:Ltuut flow rates..are.high by 50%, a flow distribution between the tubesj .

can be determined (that yields vary good agreement with- the measured venturi-
~

' ' ~

1 flow; rates for each AFW = steady-state test. Thel tub'e flow distribution that .
[ resulted in the best agreement was
s'

m s' ' Six = tubes have -a flow rate equal to.the flow rate of tube J.

Eight. tubes hwe a flow rate equal to the flow rate of tube F.',

' m:;
Five tubes have'ai flow rate equal to the flow rate of tube R.

This; proposed. flow distribution is shown on Figure 5.110. Steam generator A
'y ~ l,, . . ,

The axial' temperature' profile on the primary jb had thermocouples- in tube N.

.n . side for tube N' was similar to.that for tube R. ' Therefore, the flow rate in- J

= tubes N and R'should be similar, thus providing : additional justification for4

the: proposed flow distribution, i

q 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.
"4 ' generator secondary le' vel . . As the steam generator secondary level increased,

!
<

", Lthe flow in these ttubes increased (Figure 5.111), thus' indicating that the l
driving : head for these tubes was directly related to the steamigenerator
secondary: level . The flow rate in the tubes nearest the AFW nozzle (tubes J,3

e.
: C, and- A), 'however, responded inversely to the' steam generator secondary-

;i

& . 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:
I

e Axial temperature profiles in the steam generator A tubes were similar.
'

to those observed in the steam generator B tubes (Figures 5.112
.

through 5.115),.therefore exhibiting symmetric steam generator perfor- i
mance,

a For the test conditions investigated, the effect of AFW was observed
- on the center tube (tube A). Therefore, the AFW penetrated at least-,

three rows into the tube bundle.

e 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).

.

I
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e The secondary fluid temperatures ~ in the ' cell near. tubefJ (cell- B-J-H)m. , z
-

A' = were4either subcooled (nearothe- AFW nozzie elevation) or saturated
~

,l
", ; * 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:re.ading was1 observed- at 29.3 ft (Figure 5.116), with .the
temperature. varying from saturation to approximately 5F superheat.

1
'

^ Le Based upon the available-steam' generator secondary side thermocouples,
. the fluid; temperatures in the cell near tube . A (cell . A-B-G) werea-

1 e eitherisubcooled (near the AFW nozzle elevation) or saturated over the -!'

Lentire - tube length for. -the AFW steady-etata t' t with the Jsteam ' '
v~

-

-

generatorE secondary , level at 40 ft (Figur! 5.99). For. the .. test : 1,

A , Eperformed with E the steam generator seddary . , level at 33 ft, , an J
unstableLthermocouple reading was observed at 38.2 ft (Figure 5.117)

m and .forLthe tests performed w"i the steam generator secondary level
;

;t 'at.:26 and:19 ft,. unstable thermocouple readings were observed atL both H
jy 38;2:and.32.21ft;(Figures 5.118 through 5.121).-

J,
.,

le -The secondary; fluid temperature in the . cell: near tube. R- (cell E-P-R)
.

appears to be:affected only slightly near the AFW nozzle elevation,. 1
-

and ; saturation temperature:was not attained over the- portion of .the '

tube' thatt was' above the _ steam generator secondary level for all the
- AFW ! steady-state c tests - (Figures 5.99 through' 5.102) . No unstable' ''-

. thermocouple; readings were observed in the E-P-R cell . j
'

. e' The' occurrence of the unstable thermocouple readings in the B-J-H andL
O 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 level-

-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 3too the 29-ft elevation in cell B-J-H and down to the - 32.2-ft
elevation;incellA-B-G.

|>

| e A reheat of the secondary fluid occurs above the AFW nozzle elevations
L .as the steam line temperatures (elevation 51.6 ft) are . greater than
L+ the temperature of' the secondary fluid at or below the AFW nozzle
E (elevation 50.8' ft) (Figures 5.99 through 5.102).
' 'o The o steam temperature remained essentially constant for all steamr'' 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 1

. farthest away. from the AFW nozzle indicated the lowest terperature i

A :(Figure 5.97).

e 'The injection of relatively cold AFW at 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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'5.'8. ~ Observations'of Test 4CR3T2
|

Test 4CR3T2 wasi an; attempt '_at simulating the Crystal _ River Uniti 3- (CR-3)?
'

,,,

' loss-of-offsite powerc eventithat occurred on June- 16, 1981. The CR-3| plant-
,

transient) was'} selected because no hardware or control modifications to the:
MIST- facilityL were- Nguired and documentation : (ref erence 7) ' existed from j'- ~

which test boundary cartions could be established. Iu

w Numerous. MIST!1oop operator. actions were required in attempting to simulate .
the ~ plant transient. These ~ actions .resulted from .the' interpretation of the:

.-actions performed by the; plant operators during the_ actual plant transient |as? |;

identified in reference 7.-- q
.i

~ ~ direct: assessment-:of;the ability 'of the MIST facility to simulate a plant . j
transient' cannot- be"made from the' results~ of Test- 4CR3T2. The response ~of'

'

-

,

this L test LdifferEd significa2tly from- the response of the plant transient.'

:

* (figures. - included inc Section 3.7, Test Specifications, depic.t 'the actual ;
~ *

. plant transient response and can be used- for comparative purposes). The-

y different- response of this test from that of the plant transient can be *

Lattributed .to differences in the boundary conditions. The major boundary 1

condition differences that were identified were .the HPI flow ' rate, AFW flow l
rater and the steam generator secondary pres'sure 1The observations: described i

in this section. address the test as it was performed. J

MIST-Test 4CR3T2 was' initiated by activating the core power decay heat ramp
(See 1, Figurr 1.1?3), thus simulating a _ reactor. trip as a result of a' loss
of'offsi_te.pc er. Full head flow AFW Was initiated to stea;n generator A (See

L 1, Figure .5= 124) to fill the secondary side to 32 ft, and steam generator B q,.

was set.= to maintain constant level control at approximately 10 ft (See 1, I

Figure 5.125)'. The steam valves for both steam generators were opened to
simulate the turbine b'; css system and the atmospheric dump valves. Both !
. steam generators begat 'eaming (See 2, Figure 5.124 and See 1, Figure 5.126)
and' AFW actuated th st ean generator B (See 2, Figure 5.126) in either an

.

attempt to maintain a ntsnstant level or establish an increased control i

4 setpoint (as specified based upon primary pressure). The steam flog rate - i

exceeded the AFW flow rate in steam generator A (See 3, Figure 5.124); thus, j
the desired refill -of steam generator A was not attained (See 2, Figure

'

'5-25



,,
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

i

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 result of primary-to-secondary heat transfer (See 1,
Figure 5.127). During the initial primary system depressurization, the loop
operator initiated HPl 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 HP1 pirp (See 1, Figure 5.128) . At approximately 4 minutes
after test it<itiat io. , the loop operator actuated, based upon the timing

criteria, two simubted HPl pumps (See 2, Figure 5.128). During this time,

the primary sy:, tem depressurized to approximately 1725 psia (Sne 2, Figure
5.127) and both ste m gener tors 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 test 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-
secondary pressure differential .

The simulated two HPI pumps inventory addition to the primary system continu-
ed until appi oximately 15.4 minutes (See 3, Figure 5.128), at which time the
flow rate was decreased to a simulation 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 maintained 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 limit, the loop-- ,

operator. manually opened. 'the PORY (See'1, Figure 5.131). The primary
Lpressure1 decreased -(See 6, Figure . 5.127) in response _ to the discharge of

V : steam.through the PORV. "

'

.The continued addition of inventory to the primary system by means of the one-
'HPl" pump simulation resulted in numerous - automatic PORV actuations '(See 2,
Figure 5.131) and the : complete refill of the pressurizer (Sco 2, . Figure - a

-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 simulat4n and
'

,1 A 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 est'ablished. .

' Numerous' MIST loop operator actions were required in attempting to simulate
:the plant transient. These actions resulted- from the interpretation of the
. actions , c (formed by the plant operators during the actual plint transient as
identified in reference 12.

;' ..

|
1

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 |

.

Hthis ~ test differed significantly from the response of the plant transient,

,- _(figures included - in Section 3.8, Test Specifications, ' depict the actual- |
1' 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

L| conditions that appear to have affected the transient response were:< >

|

- -' The MIST simulation of the plant safety valves.

|
|

o, .
,

L
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mh Reduced AfW flow: rat'e in ' steam. generator A. j
'

,

'

. The MISTJ simulation of the. atmospheric: dump valves;and turbine bypass -

Lvalves.

; Thel simulation of _ the| plantL safety valves appears ' to - have -resulted in a-" ,
_

3.c ' , choked flow condition downstream of the flow control valve and,- as such,: the!
. .,

._'f / steam' relief capacity was less than desired.'. The AFW. flow rate for steam- y

ej[ 1generato.rfA was-approximately 57% of the' desired flow during the entire test- ,

duration 1 and was a result' of an erroneous evaluation of the- AFW controller.. El

j[ 'setpoints.. The design of the MIST steam lin'esiresulted -in an interaction- 1

< E between .the- simulated plant safety valves and the simulation of the ' atmos- 1

h , :pheric dumpfvalves. and turbine bypass. valves. - The result was a reduced flow..

rate through'the simulated atmospheric-dump valves' and turbine bypass valves.

d' These discrepancies affected the secondary side heat- removal capability,
which ~ provided less than that desired, and ' resulted -in a primary systeme

-

,

I ipressure - response .that was of considerably higher magnitude than observed '

during the plant transient.

1 The observations - described in this section address ' the test as it- was
performediand ;no attempt was made to verify the specified boundary conditions' -i

.
during the remainder of the test.,

'

MIST _ Test 'cCO2 was- initiated by the loop operators manually performing the '

: \ following .ac ions at essentially the same' time:

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

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

speed.
s .

- Ac'.uate the core power decay ramp. -

- Start AFW flow to both steam generators..

|| --Terminate' main faedwater (MfW) flow to both steam generators.

- For each steam generator, open the control valve for the low flow
steam lines to a predr.termined position that simulates the flowy ,

capacity of the turbine oypass system and the atmospheric dump valves.
.
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The Linitiating actions, were _ performed as intended and ' were verified Lby the ' 't
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- i

e - and 5.133). The reactor. coolant pump. tachometers indicated that the speed _of
each pump increased from approximately 10% to 100% shortly after test i

initiation (See 1, Figure 5.134). The core power decay ramp began upon test J
'

' initiation (See1, Figure 5.135). AFW was actuated upon test initiation _(See |I
>

1 on Figures ~ 5.136 and 5.137) and MFW was terminated (See 2 on Figures 5.136< 4

and.5.137),upon test initiation. Although no positive indication exists forz

;
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:_

13' on Figures 5.136 and 5.137) indicates that the control valves had been
.

opened. further prior to approximately 1.5 minutes; therefore, the r.umerous !
"

'

operator . actions required to initiate Test 4SECO2 were performed satisfac- '

torily. ;,

In ' addition to L the L initiating operator actions discussed above, the loop '

.

operators:were required to open one isolation valve in each high flow steam
.

line- These :are hand-operated valves that were required to be closed, as a :.

= result lof 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 observed asym-

metry appears to be a result of opening 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 5, Figure
, .5.138). t

:The. Rancho Seco transient of December 26, 1985 resulted in a depressurization
of the' primary system that attained a minimum pressure of approximately 1050 '

- psig about 8 minutes after the transient occurred. During this period, the
:
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steam generator pressures-had decreased to approximatel'y.400'psig;-therefore,
thesinitiali response of MIST 1 Test 4SECO2 did not replicate the Rancho. Seco.

transi ent'..''

L Based upon a comparison of the' primary and secondary system pressu're response-
for the: test. and the plant transient, the design and-physical arrangement 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 observed during the initial'

M phase of the transient when the . steam safety valves were simulated.. During-
' the time when the' safety . valvss '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 control 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 ; l
:TBVs). TheLlow 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
. g

rate'decreaseo on-test initiation (See 4 on Figures 5.136 and 5.137) and then 1

increased--(See 5 on Figures- 5.136 and 5.137) approximately 1.3 minutes aft'er
test initiation- f.

;

L A ' schematics 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. j
:

| for flow measurement. The piping for the high flow and the low flow steam
| ,

I. circuits . join- together downstream of the control valves. When the control
1
'

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 :

theslow 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 valve in the low flow steam circuit

decreased. The decreased backpressure permitted the re-establishment of;
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L critical flow through- thetlow 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

,

Y * Lsteam ccircuit's, aL reduction in the flow rate - (approximately 20% of the
. intended flow < rate) L through this steam circuit occurred. Thus, during the
| initial .approximately 1.3 minutes of the test, the simulation of:the steam

, ,

1 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.--

'lm, |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

Linitial' steam generator blowdown from being achieved. .j
~

;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' s

approximately 8 minutes, resulted in a steam generator pressure that 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 less-than-desired AFW flow rate supplied to steam
generator /.. Due to an erroneous evaluation of the controller setpoints, j

'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

L for 'both steam ''nerators over the initial 8 minutes of the test (Figure |
L _5140) 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 1

1
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| physical _ arrangement of the steam circuits and-concernsL 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 imposingL a _ backpressure-

effect ofs 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-

Lside response could be a result of the following factors:-

e 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 ;;enerator Bit,

steam circuits.-
|

e A steam generator A AFW flow rate that was less than desired for the 1
MIST test. 'I

e 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% of demand. These valves may have .

-

opened further; thus, the steam flow may have been greater than that '
expe'cted 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-

4 ' these ' valves -are normally isolated to prevent a rapid cooldown. should
the ICS experience 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 rather than 14% if only two- ADVs-

L opened.

'e A combination of the factors listed above.
!

As.the primary system pressure decreased to approximately 2036. psia, the loop
'

operator actuated HPI (See 1, Figure 5.141) according to the test procedure.i

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

ifull . head-flow (See 3, Figure 5.141). As the primary system continued to
depressurize to approximately 1936 psia, the loop operators increased the HPI

I
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flow rate, L per. the test procedure, to approximately 68% of full head-flow-
(See' 4, Figure 5.141).- Again,~ the HPI flow rate was very unstable subsequent -

. to the changelin'~ the control . setting - (See a, Figure 5.141) and: then stabi-
-

"lized at approximately 68% of full! head-flow (See 6, Figure 5.141)'. The,
,

.

_

unstable . response in the HPI -flow 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 operator 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 HPl flow rate.

As the test progressed, the primary system pressure decreased, but at a much
lower rate than that observed durir.g 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.

Dt,ing the plant transient, 100% head-flow HPI was initiated at 1600 psia
about 3.6 minutes after the loss of ICS power. MIST. Test 4SECO2 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. Thesa oprator actions consisted of changes in steam generator. A
and B nFW flow rates, initiation and termination of MFW flow to both steam
generators, and-the closing of the steam valves in both steam generators to a
position that produced.a steam flow rate of approximately 25 lb/h.

With tte reactor coolant pumps operating, the loop flow rates are of large
rnagnitude such that the primary system responded in an essentially isothermal

_

_ reanner, 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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pn Lof the: ste'am generators!was of- sufficient magnitude that the: primaryf system

.

wasc essentially isothermal at - the steam generator saturation temperature.-'
-

W LTherefore, .as . the stm: generators depressurized, the primary Lsystem fluid'

temperature. decreased. The decrease in the primary fluid temperature
t resulted 'in { the: contraction of the primary fluid volume, which caused' the
depressurizationL of? the primary systemi As the steam generator pressure ;

decreased, .the energy remov'.1 capability of the steam' generators also
I decreased, . whic 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- 1

, system pressure- occurred (See 2, Figure 5.143). The loop operator then .t
increased the AFW flow rate to both steam generators, attaining approximately 1

!
| the same. flow rate as prior; to the reduction in AFW flow (See 2.on Figures

[ - 5.'144 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 3 on Figures' 5.144 and2

!

5.145). This action resulted in a significant reduction in the energy

removal c.apdility 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 wasL;

$ 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. I

i

During this initial time period of MIST Test 4SEC02, the loop operators i

t 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
1the timing criteria.rather than the pressure criteria.

At approximately 19 minutes, the reactor coolant pump in cold leg B1 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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i , ' coolantLpump was - tripped,_ a pressure. gradient: developed at -the cold. leg i

' nozzle elevation and a flow path through~ the upper downcomer was established.
L

!This : observation was deduced from the fliiid 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 ]
temperPtures at the 23.8-ft elevation. immediately decreased (See 2, Figure - 1

'[5.146) and then tracked the cold leg fluid temperature (See 3, Figure 5.146).
'

Although the: fMd temperature in each quadrant of the downcomer decreased
and attained t'- _old leg fluid temperature, this occurred in the sequential-
manner'B2, B1, A2, A1 (See 1, Figure 5.147).

After the- B1 reactor coolant pump was tripped, the flow in cold leg B1.

reversed and the flow rate in the other three cold lys increased (See 1 on
Figures 5.148 through 5.151). 5

During this initial phase of the test, the steam generator secondary side 11

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 to and maintained at,

approximately 100 lb/h. The pressurizer level responded with a graduallyu

.increae'79 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 i

initiated pressurizer spray (See 1, Figure 5.154). The . pressurizer ~ spray j

continued through test termination. The spraying of cold leg fluid into the
I

. 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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. as in progress;_thus, a-rapid increase in'the primary pressure occurred (See> w

8,1 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.-

AFWLwas terminated when' the steam generators completely refilled. Steam

generator B refilled ' at approximately 26 minutes (See 2, Figure 5.152), and - i

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- '|

isteam generators decreased further and was limited to the -energy removal
capability of approximately 25 lb/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). %e continuously increasing steam generator pressure
aided the test fa m design limit _ for primary-to-secondary pressure '

differentit mus pere ting an. increasingly higher primary system pressure. ,

e 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 wre .nitiated (See 1, 1

Figure-5.156). The steam valve then opened, resulting in an: increased steam

g 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 depressurisation commenced (See 3, Figure 5.155).
;

During the initial phase of the steam generator cooldown, asymmetric condi- 1

tions' uere established in the steam generators. The steam flow rate -for-

;

steam generator A attained a maximum value 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 loopi B.;
Thus,11oop A had a higher potential for primary-to-secondary heat transfer..t

'
'

.

The; primary system pressure decreased rapidly whLt primary-to-secondary heat*
. .

j transfer was established. However, when the saturation temperature' decreased'

and' attained the reactor vessel upper head temperature (See 1, Figure 5.158)',j
the reactor vessel head voided, thus causing a decrease in the primary system
depressurization rate (See 4, Figure 5.155).2-

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 generator A continuously decreased in an essential 1h linear a
manner (See 3, Figure 5.157). The steam flow rate for steam generator A also q

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 L then -

. increase .(See 5, Figure 5.157). -The magnitude of the steam flow rate from. 1

steam generator: B ' then exceeded that of steam generator A. During this j
cooldown of the' steam generators, AFW was unavailable.. Therefore, the steam I

generator secondary levels decreased (See 2, Figure-5.156) and the steam flow q
rates decreased towards zero (See 6, Figure 5.157) as the secondary side .|

-
1

inventory boiled off. Both steam generators appear' to have eventually dried y

;out as the measured liquid level indicated zero (See 3, Figure 5.156). f,

3

Essentially, the complete loss of secondary side inventory and the lack of j
AFW terminated .the energy removal capability of the steam generators. The ,

primary system had been depressurizing as the steam generators were being j
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 j
Lthe inhibition -of primary to-secondary heat transfer and the primary system
r'epressurized (See 2, Figure 5.159). The ' test facility design limit for the.

primary-to-secondary 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 loop opera--

y tors. The A2- pump trip resulted in backflu 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 ~1oop. flow was observed in cold leg B2, the reactor'
-

.

b coolant pump was operating (See 2, Figure 5.151), a decrease .in backflow was
observed in cold. leg B1, the reactor coolant pump.was tripped '(See 2, Figure
5.149). !0ther -than the effects observed above, the inadvertent trip of the
A2 reactor coolant pump did not affect the-transient respons.e.

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 reactor. coolant pump was off and he
then restarted'the A2 pump (See 3, figure 5.160). The pump trips.and restart

~

n ~ 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- j

.ing steam - generator pressure. Therefore, primary and secondary ' pressures ]f

were diverging and-the decision was made to terminate the test.
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6. TEST COMPARISONS

- ,

i several of' the MIST Phase- IV tests lend themselves to comparative purposes

t# with either other ~ Ph'asc' IV tests or . previously conductedE Phase III' tests'.- -

: 1 Selected data; comparisons have been: performed for tests that have :somewhat
,

' similar ; primary and-' secondary boundary conditions (various nominal tests,
~

_ larger SBLOCA tests, station blackout, and mapping tests). Data comparisons.-

- are also presented - that' delineate the effects of variations Lin primary and;
s .' secondary boundary conditions'on the transient response.

6.1. . : Comparison of: Phase IV. Nominal _ Test' With'

Phase'lll Nominal Tests 3109AA and 311000

.A; comparison of t e primary system pressure response for these three nominal.h

tests indicated.that| Test:4NOML3 was more representative of Test'311000 than*

m

ofcTest 3;09AA. Through approximately the first 50 minutes of th'ese transi-
ents, the py imary system pressure response of Test 4NOML3 was similar to' that

$ of LTest 311MO- (See 1, Figure ~ 6.1) . Test 4NOML3 saturated at a higher.
pressur_e (as a result of the higher core power level)- and the'n depressurized.. ,

$ by means of ' leak-HPI cooling. Test 311000 had periods of steam. generator B-
_

heatL transfer 1 during this time (resulted from the initiation of sthe ' A10G
cooldown-in steam generator B). However, the impact of the steam generator B

dg heat transfer was minimal (the primary pressures for Tests 311000 and.4NOML3
diverged approximately 60 psi. during this time), therefore the depressuriza-

'

I4 tion for Tests 311000 was also predominantly leak-HPI cooling,

y The primary pressure response for Test 3109AA differed significantly from the
YN other Nominal Tests during this same period. During the first approximately
C '6 minutes of the transient, the primary pressure response for both Phase III

7

j.* Nominal Tests was identical (See 2, Figure 6.1). However, a comparison of
w

-the loop- B flow rates 'after-approximately 6 minutes for each test shows that
for Test 3109AA, both cold leg B flow rates were approximately equal (See 1,
Figure' 6.2), whereas Test 311000 indicated asymmetric cold leg B flow rates

-

g
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:(See - 1, figure; 6.3)' The magnitude of the cold leg B flow rates was also.-

# significantly higher for Test 3109AA. Test 3109AA maintained flow in loop B
.

g and resulted - in a f subcooled ' natural circulation condition in loop B that
depressurized the primary system.

At' approximately 5 minutes, the ATOG controller initiated a cooldown ramp in
.

| Test 3109AA. The continued flow in loop B maintained primary-to-secondary;
heat transfer' (See 1, Figure 6._4). ! nen the steam generator B pressure
equaled the AT0G control pressure, the steam valve opened and a cooldown of-

'

100F/h began.(See 2, Figure 6.4). Therefore, steam generator B heat transfer
was established that1 enforced the ' predominant flow path in loop B. The ATOG

cooldown continued in an intermittent manner as- the difference- between the
core exit temperature and the steam generator saturation temperature fluctu-
'ated|about the control setpoint of 50F (AT0G cooldown is initiated when the
temperature difference is equal to or less than 50F). A heatup of the core
occurred and when the core exit saturated, the ATOG cooldown terminated and
:the primary system depressurization rate decreased (See 3, Figure 6.1). The -

'

depressurization was then by means of leak-HPI cooling.

When the AT0G' cooldown was' initiated in both steam generators, each test
exhibited an increase-in the depressurization rate (See 4, Figure 6.1). Test
4NOML3 quickly depressuri7ad to the secondary side pressure and followed the
ATOG cooldown rate (See 5, Figura 6.1). Both Phase III tests 'did not
depressurize to ' the secondary side pressure. The minimum pressure attained

Eduring the depressurization for each test and the time at which it occurred
' were as follows:

3109AA. 560 psia 89 min
311000 465 psia 83 min
4NOML3 490 psia 109 min

The additional time required: to reach the minimum pressure for Test 4NOML3
appears to be a result of the reduced AT0G cooldown rate (75F/h).

Each test also repressurized to approximately 625 psia as leak-HPI equili-
brium was established (See 6, Figure 6.1).

A comparison of the Phase IV Nominal Test (4NOML3) to Phase III Nominal Tests4

3109AA and 311000 revealed that a relatively symmetric performance of the
steam generator secondary sides occurred in the Phase IV test that was not

6-2 1
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V observed .for : either' of the ' Phase III tests. ' For _ Test' 4NOML3, the steami l
generatori A- secondary- pressure decreased in a similar manner as observed in
' thi Phase-- III tests (See_1,-- Figure 6.5) as -the secondary side- level was '
increased'to 31'.6 ft. However, upon completion of the secondary sideLrefill,_ I_

the steam generator A secondary pressure increased (See 2, Figure 6.5) and 1

'stabil.ized 'at - approximately 800 psia -(See 3, Figure 6.5) for Test ' 4NOML3. ,
,

,This response was significantly different from that observed'in either of the
Phase III Nominal Tests. . A heatup of. hot leg A had occurred-that apparently
created aisufficient: amount of driving head to cause _ flow (See- 1, - Figure* '

) 6.6), therefore,: primary-to-secondary heat transfer occurred and resulted in
.the increase of the steam generator A secondary pressure. 4

'

'The steam generator: B secondary pressure for Test 4N0ML3 responded in a
'

manner similar to that observed for Test 311000_ (See 3, Figure 6.4)' but [
'

repressurized to a lesser extent. Both steam generators A and B stabilized-
at approximately the same pressure for Test 4NOML3.

<

The response'of the steam generators for Test 4NOML3 appears to be related to-
. the' increased core power that (1) causes the primary system ta saturate at a. '

higher pressure and <(2) causes flow to occur in both loops after the refill
of the Lsteam generator secondary side was completed, therefore resulting. in-
an increase in the secondary side pressure for both steam generators. The-

'

combination 1of theE two' effects above delays the initiation of the AT0G-

cooldown- for Test-4NOML3 when compared to the Phase III Nominal Tests.

A comparison of the primary system pressure and the secondary pressure _ for ;

each steam ' generator for the duration of each Nominal Test is shown on

Figures 6.7, 6.8, and 6.9. The test duration for Test 4NOML3 appears -to have'

been _ extended as a result of the increased core power level. - Each Nominal
'

' Test exhibited a similar response during the refill of the hot legs (the hot
_

leg A riser refilled to the spillover elevation, a heatup of the hot leg
:

,' commenced, and when a sufficient amount of driving head was established a
flow pulse occurred in loop A that subcooled the core exit temperature). For

L the three Nominal Tests examined, the time when the phenomena above first
occurred appears to be directly related to the core power level. The ,

sequence of this occurrence is Test 311000 (See 1, Figure 6.7), Test 3109AAg

. (See 2, Figure 6.7), and 4NOML3 (See 3, Figure 6.7). The core power level-

6-3
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|, for each test is'shown|on Figure 6.10. As'can~be observed from this figure,
the: test,.that' exhibited this phenomenog first (311000) had the' lowest core
power level and the test that exhibited this phenomenon last (4NOML3) had.the
- highest power level. Also, the core power _ when the phenomenon occurred was-

approximately equal for these-three tests.
'

-The difference - between -the core power for Test 4NOML3 and all ' other MIST
tests is: small (Figure 6.10). Therefore, if this small difference 'affectedt <

4 the test, duration time, the impact'of core. power augmentation (0.4 to 0.57%:
* ' of full - power)_ would have a greater effect on test duration time. 'For:

example, between 200 and 700 minutes, the core power augmentation is approxi-
mately 30 to 37%' (augmentation of 0.4% of full power) and 37 to 46%-(augmen-
~ tation of'O.57% of full power) of the total core power. Since _the loop fluid
temperatures decrease with time, the uncompensated heat losses also decrease.g

'Therefore, if the core power- augmentation were reduced during this time, it
,

_.

appears -that .the hot _ leg refill process would : occur earlier and the time
required..tc depressurize the primary system should decrease. Thus, the test
duration time should also decrease. However, the decreased core power will:
' alter the loop driving head and may inhibit the ability to establish natural.
circulation flow in the primary loops.

6.2. : Comparison of Phase IV Tesgs 4NOML3 (Nominal Transient With Distorted
-Core Power)', g10AT3-(10-cm SBLOCA Without HPI, ATOG Cooldown), and-
410B01 (10-cm SBLOCA-Without HPI, Steam Gene {ator Blowdown)

These tests were initiated at approximately the same conditions. Subsequent

=to test initiation only Test 4NOML3 exhibited a continuous -depressurization
,

trend as' a result of having HPI available (See 1, Figure '6.11). The other
- two tests exhibited repressurization trends (See 2, Figure 6.11) as a result
of: the unavailability of HPI. When some form of steam -generator heat
transfer was established, the primary system pressure also decreased for
Tests 410AT3 and 410BD1 (See 3, Figure 6.11).

-The -nominal test then established a leak-HPI equilibrium condition (See 4,
'

Figure 6.11), while the two tests without HPI eventually depressurized to the
LPI setpoint, approximately 200 psia (See 5, Figure 6.11). The LPI actuation
rapidly increased the primary system inventory, however, the lack of a

sufficient temperature gradient between the hot leg and the steam generator
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primary prevented the establishment of a positive driving head. Thus,

natural circulation was not established and the primary system repressurized
for both tests where HPI was not available.

The results of these tests indicate that, under the conditions experienced on

the MIST facility, LPI by itself cannot establish natural circulation and the
primary system will experience repressurization cycles.

Had HPI been available after the actuation of LPI in these two tests (410AT3
and 410B01), complete refill of the primary system may have occurred and the
subsequent heatup may have established a sustained natural circulation
condition. Additionally, as discussed previously in Section 6.1, considera-
tion should be given to the reduction of the core power augmentation for
ambient heat losses. The reduced power may aid the refill process and the
potential f > tfm establishment of natural circulation may be enhanced.

The poter?ial for removing energy from the steam generators was limited for
Tests 410Ai1 end 410BD1 after completion of the ATOG cooldown and blowdown
phases. ifter the completion of these phases of the tests the steam genera-
tor secoadary pressures were very low (See 1, Figures 6.12 and 6.13) and,
therefore, the ability of the operator to initiate a cooldown or a blowdown

of the steam generators is significantly limited. Consideration should be
given to allow repressurization of the steam generators subsequent to the
loss of primar/-to-secondary heat transfer, thereby increasing the potential
for removing Energy from the steam generators when primary-to-secondary heat
transfer is re-established.

The primary and secondary pressures for Tests 4N0ML3 and 410BD1 are compared

on Figures 6.14 through 6.16. The test termination time limits the compari-
son of these two tests. The primary system pressure response indicates that
a continuous addition of liquid inventory is required to result in an

essentially decreasing primary system pressure trend. Therefore, the use of

HPI accomplishes this trend; however, LPI alone results in intermittent

inventory addition and repeated repressurization cycles that are controlled
by the leak size and the core power. Had a decay heat system been simulated

on the MIST facility, the depressurization of both tests may have been

enhanced. However, plant-typical fluid conditions that permit the startup of
the decay heat system were not attained prior to test termination.

6-5



26.3. ComparisonofPhaseIVTest4100g2(100cm)
and Phase 111 Test 320202 (50 cm )

The primary system pressure response of the Phase 111 and IV transient tests
that employed larger leak sizes exhibited similar trends (Figure 6.17). Each

test experienced the same phenomena, with the major difference being the
timing when the events occurred.

2The scaled 100-cm2 leak depressurized more rapidly than the scaled 50-cm
leak (See 1, Figure 6.17). Both tests experienced a period of reverse heat
transfer (secondary-to-primary), which was then followed by an ATOG blowdown
(50 psi / min) of the steam generator secondary that resulted in a primary
system depressurization (See 2, Figure 6.17).

The Phase IV test incorporated both HPI and LPI, whereas the Phase III test
had only HPl available. As the primary system depressurized, due to the
steam generator blowdown, a lower minimum primary system pressure was
attained in Test 4100B2 and LPI actuated. However, the 100-cm2 leak test

2then repressurized and attained essentially the same pressure as the 50-cm
leak test (See 3, Figure 6.17).

The Phase 111 50-cm2 leak test achieved a leak-HPI equilibrium condition and,
2 leak test achieved a leak-HPI and/or LPI equilibriumsimilarly, the 100-cm

condition as the primary system pressure for these tests converged.

Steam generator A and B secondary side pressure response for these two tests
also showed similar trends (Figures 6.18 and 6.19), however, the Phase IV
test exhibited a more symmetric behavior between steam generators A and B.

Both tests were terminated prior to the complete refill of the primary

system. If future testing is performed it should consider extending the test
duration until complete refill of the primary system occurs and natural
circulation is established in both loops.

6.4. Comparison of Phase IV Station Blackout Test (4SB0ll)
and Phase III Manoina Test With HPI Inactive (3004C0)

These tests were very similar in trend and phenomena observed through the
flow interruption and the subsequent repressurizat.on phase. The major

differences between these tests were the initial conditions, core power, leak

6-6
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'size and leak location. Test' 4SB011 was initialized at' a higher ' pressure
f(2000 psia). than Test |3004CC. (1750 psia). The initial' decay heat; power forl 1

Testt 4SB011 was' greater than that for Test. 3004CC (3.5% versus 1%).. Test

4SB011 had'' two. scam '0.25-cm2 leaksL n the reactor coolant pumps -(one~ leaki
in pump A11and another in pump B2) while Test 30040C had a scaled 1-cm2: leak l

in the lower downcomer-to-reactor- vessel line. HP1 was not available for q
either test.- i

'

t

- The- primary system pressure response (Figure 6.20) was similar for both'
tests, with. the major difference being the timing of events. The difference !

;inL the timing of. events was a direct result of the previously discussed '

differences in the test' boundary conditions. Both tests experienced inter- r

i mittent loop flow (Test 300400, See 1 and Test 4SB011, See 2 on' Figure 6.20)
prior to-complete flow interruption (See 3 on Test 3004CC, and See 4 on Test
4SB011 of Figure 6.20). '

Subsequent to ficw in erruption, the secondary side boundary conditions were
'

altered for1 Test 4SB011 to investigate one possible procedure for mitigating
a' station blackout event. The results from these tests indicate that without "

steam ' generator control -instrumentation and the- imposition of a fixed AFW
flow rate and steam relief capability, the potential for steam generator '

overfill exists. When hot leg. heatups that are sufficient to establish '

natural circulation occur, primary-to-secondary heat transfer can result in -
rapid: increases in the steam generator secondary side pressure (Figures 6.21.

.and 6.22) that~can result in lifting the' safety valves and discharging liauid
through these valves. Based upon the results of' th'ese tests, .further
: investigation of procedures to mitigate a station blackout event is-required.

4
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7. SUMMARY j-

!

!

l

. The' MIST Phase IV Test Program complemented the Phase III Test Program by !

providing additional insight on SBLOCA transient response and phenomena, j

Each of the Phase _ IV' tests, provided data that can be used for computer code4

benchmarking purposes. The' Phase IV Test Program also provided:,,

e Information on a larger break size (100 cm ) |
2

1

e Performance characteristics of the model 19-tube OTSG using. main *

feedwater and auxiliary feedwater
. 7

1

'e' Transient response for a simulated station blackout event

e Valuable experience in understanding the necessity to precisely. )
establish the primary and secondary boundary conditions when at.tual :

plant transient simulatio'es are attempted on a model test facility i

such as MIST. ;
,

A number of the- MIST Phase IV tests employed a simulated LPI system. These i
tests indicated that actuation of the LPI system resulted in a rapid but !

incomplete refill of the primary system. With only LPI available (HPI ;

unavailable) natural' circulation cooldown was not established and repeated <

primary system repressurizations occurred. ,

|
' '.The MIST Phase IV tests, including the nominal test (4NOML3) with HPI,

' highlighted the similarity of the flow interruption phenomena with that ,

observed for the Phase III Mapping Tests (Group-30). The flow interruption ;

phenomena were observed to be a direct result of the loss of a positive
natural circulation driving head. The loss of the positive driving head'was j
caused by increases in the primary loop flow rate, which result from various

"

reasons, and thus a fluid density distribution in the reactor vessel and hot
4leg (s) results that either decreases primary loop flow or cannot maintain

- primary loop flow. Core region fluid was therefore diverted to the cold legs |

L- ' via' the reactor vessel vent valves and the downcomer, th;s further diminish- !
'

L ing or eliminating the ability of re-establishing a positive natural circula-
i- -

.

I
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tion driving head in'the primary loop. These occurrences eventually resulted
in primary loop flow interruption, voiding of the cold legs, and the esta-
blishment of reverse (or intra-cold leg) flow in the cold legs.

The Phase IV tests also highlighted the significance of hot leg heatups to
re-establish a positive natural circulation driv.ing head and, thus, primary
loop flow. As discussed in Section 2.2, the scaling criteria used for the
MIST facility resulted in oversized hot legs, cold legs, and' upper downtomer.
The excess volume in the cold legs and the upper downcomer may have retarded

-the voiding of the cold legs. The excess volume in the hot legs retarded the
' hot leg _heatup rate 'and, therefore, affected the establishment of a positive.
natural circulation driving head.

Therefore, the phenomena associated with flow interruption, the establishment
of primary loop _ flow and, thus, the loss or establishment of primary-to-
secondary heat transfer may have been affected by the oversized hot legs,
cold legs, and upper downcomer. A reassessment of the scaling criteria and
the effect of these oversized components on the transient response appears

-warranted.

The following sections provide a summary of the individual MIST Phase IV
-tests.

7.1. Test 4NOML3 -- Nominal Transient With Distorted Core Power

MIST Test 4NOML3 was a repeat of the MIST Phase III Nominal Test with
modified post-trip core power and a reduced ATOG cooldown rate. In general,
Test 4NOML3 was more similar to Test 311000 than to Test 3109AA. Slight
differences in the timing of events occurred during the initial 150 minutes
of these tests. The differences appear to be a result of the modified core
power and redLced cooldown rate.

. Test 4NOML3 established sustained natural circulation in loop A subsequent to
refill._ As a result of the loop A circulation, the primary system depres-
surized sufficiently to actuate LPI. The loop B hot leg riser and steam
generator primary initially flashed, as a result of the depressurization, and

:then began to fill subsequent to the LPI actuation. The complete refill of
loop B did not occur prior to test termination. Natural circulation flow was

!
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!

!

) maintained in loop A and intra cold leg flow was established in loop B prior !

to test termination. |

The time distortion imposed on the core decay heat for Test 4NOML3 did not
affect the typical small-break loss of-coolant phenomena observed in the MIST .

test prograt Only the timing of events was altered. During the refill of

Jthe primary system, the increased core power appeared to have lengthened the ;
test time as'a result of prolonging the refill process.

4 - Core power augmentation, to account for uncompensated heat losses, should be-
decreased at some later time in these tests. The augmentation is baced upon

,

heat losses when the fluid temperatures are approximately 550F, As these .

Itests progress, fluid temperatures decrease, therefore the heat losses also
decrease. By decreasing the core power augmentation, perhaps as a function

,

of ~ temperature, the test duration times should decrease, the ability to l

refill the loops should be enhanced, and the potential for establishing
natural circulation cooldown in both loops may increase.

1

7.2. Test 410AT3 -- 10-cm2 SBLOCA .
'

Wilhout HPI. ATOG Cooldown

' MIST Test 410AT3 examined the effect of no HPI flow on the MIST Phase III [

Nominal Test. The response of this test differed significantly from that
observed on the MIST Phase III or Phase IV Nominal Tests. The lack of HPI
flow resulted in the voiding of the cold leg discharge pipes and the leak.

;

, site early-in the transient, which subsequently resulted in a repressuriza-
tion of the primary system and significantly delayed the actuation of the
AT0G cooldown.c

|

The primary system inventory decreased and steam generator heat transfer
,

occurred when the steam generator primary levels descended to the secondary
pool elevation. The repressurization then terminated and a depressurization
of the primary system occurred. This depressurization resulted in the

,

actuation of the ATOG cooldown and the primary system continued depressuriz-
,

| ing as it essentially tracked the secondary side pressure. i

The primary system depressurized sufficiently to actuate LPI and a rapid
increase of the primary system inventory occurred. However, primary loop

flow was not established and the primary system repressurized, which termi-l'

7-3
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nated LPI flow. The ' primary system continued to lose inventory and repres-
surized until the steam generator primary level descended to the steam
generator secondary level. Steam generator heat transfer was wn esta-
blished and a' slight depressurization was observed. The test was terminated

'

at this time.
!

This test highlighted the flashing of liquid in the cold leg suction pipes
when the primary' system was depressurizing and tracking the steam generator ;

secondary pressure. The flashing of liquid in the primary system cai, occur {
'during a depressurization (high depressurization rates increase the potent ali

for flashing). The flashing of liquid can be a violent perturbation that I

could . result ' in water hammer and high dynamic loads on the primary system {
components.

;

Test 410AT3 exhibited the same phenomena ibserved in the MIST Phase III :

Mapping Tests during the repressurization phases of the test.

=7.3. Test 410BD1 - 10 cm2 SBLOCA Without i
HPI. Steam Generator Blowdown

MIST Test 410BD1 examined the effect of no HPI flow in conjunction with a f
more aggressive depressurization of the secondary system on a 10-cm2 small-

'

break LOCA transient. The actuation of a 50 psi / min blowdown of the steam '

generator secondary side 30 minutes after test initiation identified the j
| inability of this action, by itself, to induce primary-to secondary heat
|- transfer. The primary fluid conditions must be such that a positive natural ;

circulation driving head exists in the primary loop prior to the establish- .

ment of primary loop flor. When the steam generator blowdown was actuated, !
. the~ primary fluid conditions did not yield a positive natural circulation i

driving . head; therefore, primary-to-secondary heat transfer was not esta- i

j blished. Subse.luently, a hot leg ,heatup provided the necessary reduction in <

L the hot leg fluid density, and a positive natural circulation driving head
was established that resulted in primary loop flow. The primary loop flow

|- established primary-to-secondary heat transfer and a rapid depressurization
of the primary system occurred. This rapid depressurization caused flashing

'
| and superheating of primary system fluid.

When Test 410BD1 is compared to Test 410AT3 (ATOG 100F/h cooldown), the ;

primary system pressure initially decreased more rapidly; however, due to the

L
'
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|
2

|
.superheating of the leak site, the minimum pressure attained was considerably )

'

higher for Test 410BD1 and LPI did not actuate. The response of Test 410B01 j,

indicates that a reduced cooldown rate would permit the primary system to !

depressurize in a more controllable manner and minimize and perhaps eliminate j
flashing and superheating of primary system fluid. The " elimination of these i
conditions may enhance the MIST test facility's ability to achieve natural .|

j circulation cooldown conditions. )1 ;

. Test 410BD1 exhibited the same phenomena as were observed in the MIST Phase 2

III Mapping Tests and Test 410AT3 during the repressurization phases of' the i
test. As discussed previously for Test 4N0ML3, core power augmentation may'

:

have had a significant effect on the repressurizations observed during ' Test f
*

,

410BDI. Through a reduction of the core power augmentation, the magnitude of !

the repressurizations may be reduced and the potential for establishing :

natural circulation cooldown may be enhanced.

The test provided useful information on the effects of no HPI, steam genera- |
tor secondary side blowdown,. PORV actuation, and reactor coolant pump bump.

,

The ability to actuate LPI by means of the PORV actuation and the reactor ,!

coolant pump bump was also demonstrated.
'

7.4. Test 4100B2 -- Larger SBLOCA, 100 cm2

1

MIST Test 4100B2 provided information and data for a larger break size,100 )

em2 scaled. The test depressurized rapidly, initially as a result of the .

L large leak size and then as a result of the steam generator blowdown, and ,

actuated LPI. The primary system pressure remained below the LPI setpoint
and leak /LPI equilibrium was established and maintained through the test

-termination. Complete refill of the primary system was not attained and i

natural circulation flow was not established prior to test termination.
,

'

Subsequent to establishing leak /LPI equilibrium, the primary system pressure
remained essentially constant and appeared to be governed by the . fluid :

temperature in the hot legs. The hot leg fluid temperatures remained near .,

I satu' cation while the remainder of the primary system was generally experi- ,

encing a cooling trend.
.

,

| The rapid depressurization obtained during this test highlighted the flashing

| 5
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[ - of primary fluid and' the contribution of metal heat to the superheating. of
primary fluid within various components of the primary system.

7.5. Test 4SB011 -- Station Blackout

MIST Test 4SB011 examined the thermal-hydraulic behavior of a station
blackout transf.ent and investigated one possible procedure for mitigating it.
The response of this test was similar to the response observed for the Phase
Ill Mapping Tests (in particular MIST Test 3004CC).

Initially, the primary system depressurized. When the core region saturated,
the primary system repressurized. Loop flow continued on a decreasing
magnitude trend until the cold leg discharge pipes began voiding. Intra-cold
leg flow was established and cold leg flow interruption then occurred in a
sequential manner, eventually resulting in complete flow interruption. The

primary system then repressurized at a faster rate. The procedure used to
mitigate the station blackout transient resulted in the fill of- the steam
generator secondary side, and during periods of primary-to-secondary heat
transfer, secondary side pressure excursions occurred. When the magnitude of
the pressure excursions repeatedly exceeded the facility design limit, the
test was terminated.

Upon test termination, the primary system pressure appeared to be on an
increasing trend while the secondary side pressures were on a decreasing
trend.

The test highlighted the need to model the secondary side safety valves to
prevent exceeding facility design limits. However, the procedure used for
mitigating the station blackout transient resulted in the refill of the steam
generator secondary side. Therefore, the safety valves (prototypical or
model) must be capable of handling both steam and liquid discharge to prevent
secondary side pressure excursions.

Had the test continued beyond the termination time, it appears that, based
upon the trends of the primary and secondary pressures, the primary-to-
secondary differential pressure design limit of the test facility would have
been exceeded. Therefore, even if the secondary safety valves were modelled,
the test also would have been terminated prematurely.

7-6
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Consideration should be given to revising the procedure employed for sitigat- |

ing the station blackout transient, the modeling of the secondary side safety )
valves in'the MIST facility, and the reduction of core power augmentation as

L .a function of time' or_ temperature (as discussed previously for Test 4 NOM'.3) .(
prior to determining the disposition of the station blackout test. |

"

'7.6. Test 45GPF2 -- Steam Generator Performance !
!

Test 4SGPF2. provided steady state steam generator performance data. The .|
tests provided information regardirJ the effect of using main or auxiliary !

. feedwater on the primary system nh' ural circulation flow rate with various - I

steam generator secondary levels. '

The results obtained from those steady-state tests indicated that for the MFW l

steady-state tests, the primary system natural circulatioa flow rate was ;

highly dependent upon the driving head established by the steam 89erator I
secondary side level. For the AFW steady-state tests, the primary system I

natural circulation flow rate was essentially independent of the driving head '

established by U e steam generatar secondary side level. ;

;

..The . injection of relatively cold AFW at 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. '

Relatively symmetrical loop performance was observed for the MFW and AFW f
steady-state tests. A maximum variation of approximately 200 lb/h was
observed between the loop A and loop B flow rates, thus attesting to the loop

'

L symmetry. Symmetrical performance was also observed between the steam !

generators as highlighted by similar primary and secondary fluid axial ;

! temperature distributions, feedwater and steam flow rates, and steam tempera-
tures.

| The MFW steady-state tests resulted in primary fluid axial temperature
. profiles that were similar for each instrumented steam generator tube. ,

Therefore, similar flow rates were obtained in each steat.i generator tube. ,

| ' The AFW steady-state tests resulted in primary fluid axial temperature
'profiles that varied dependent on the relative location of the tube with

respect to the AFW nozzle. Therefore, the tubes that were wetted by the AFW

*
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spray. had higher flow rates than the tubes that were not wetted by the AFWj

spray. The effect of the AFW, for the conditions tested, was observed to.
. descend to approximately the 29 ft level in the 9-J.H cell and the 32-ft
level in the A B-G cell, i.e., the effect was observed over approximately 20
ft of the tube length.

.The data obtained from the MFW and AFW steady-state tests can be used to
,.

verify natural. circulation driving heLds, loop pressure drop, and the effect
of wetting, when using AFW, on the primary flow distribution within.the steam
generator tubes.

7.7. Test 4CR3T2'-- Crystal River 3 Scalina Transient

MIST Test 4CR3T2 was intended to simulate a plant transient on the scaled
M13T facility. The results from the test were to provide insight into the
scaling compromises that are known to exist in the facility.

The response of this test differed significantly from the response of the
plant transient. The primary and secondary pressure and the pressurizer
. level response indicated that the specified test boundary conditions did not
represent the actual conditions that occurred during the plant transient.
Therefore, a direct assessment of the ability of the MIST facility to
simulate a plant transient cannot be made from the results of Test 40R3T2.

The test initiation simulated a loss-of-offsite power event. The steam

generator secondary side was blown down in excess of that experienced during
the plant transient and the AFW flow rate was less than that which occurred
at the plarf. The inventory added to the primary system via HPI exceeded
that which occurred during the plant transient. The effect of these dif-
ferences resulted in the observed deviations in the primary and secondary
pressure response that occurred during the initial approximately 15 minutes
of the test. The excess inventory addition resulted in the filling of the
pressurizer and repeated PORV actuations as the primary pressure stabilized
at the PORV setpoint after approximately 15 minutes until test termination.

7.8. Test 4SECO2 -- Rancho Seco Scalina Transient

MIST Test 4SECO2 was intended to simulate a plant transient on the scaled
MIST facility. The results from the test were to provide insight into the
scaling compromises that are known to exist in the test facility.

7-8 ;
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The response of MIST Test 4SEC02 differed significantly from the response of
the plant transient. The pressure response of both the primary and secondary !

systems indicated that the test boundary conditions did not represent the
actual conditions that occurred during the plant transient. Therefore, a .|
direct assessment of the ability of the MIST facility to simulate a> plant !

transient cannot be made from the results of Test 4SEC02. O !

The test initiation simulated a loss of ICS power event. The steam generator
,

Idepressurization rate was less than that experienced during the plant
transient. The difference was apparently caused by the design of'the MIST I

steam lines and the less than desired steam generator A AFW flow rate. The

inventory added to the primary system was apparently greater than that which f

occurred during the plant transient. The excess inventory in conjunction
with the lack of sufficient primary to secondary heat transfer resulted in a ]
liquid full primary system and numerous PORY actuations, neither of which ;

occurred during the plant transient. !
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