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LEGAL NOTICE

1

This report was prepared as an account of work sponsored by the U.S. Nuclear

Regulatory Commission, the Electric Power Research Institute, Inc., and the

Westinghouse Electric Corporation. Neither the United States government nor ary

agency thereof, nor the Institute or members thereof, nor the Westinghouse

Electric Corporation, nor any of their employes, makes any warranty, expressed or

implied, or assumes any legal liabili+y or responsibility for any third party's use or

the results of such use of any infon mation, apparatus, product, or process disclosed

in this report or represents that its use by such third party would not infringe

privately owned rights.
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ABSTRACT

This report presents data from the Steam Generator Separate Effects Task of the

Full-Length Emergency Cooling Heat Transfer Separate Effects and Systems
Effects Test Program (FLECHT SEASET). In this task a series of heat transfer

tests were run on a model steam generator operating under simulated locs-of-

coolant conditions. The model steam generator was made up of 32 full-length

U-tubes instrumented with thermocouples to measure secondary fluid, tube wall,
and primary steam temperatures. The separate effects tests measured steam

generator bundle heat transfer with known boundary ccnditions to provide better
understanding of the steam generator behavior in the systems effects tests. The

test results presented in this report will be evaluated in a subsequent evaluation
report.
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SECTION 1

SUMMARY

! As part of the Westinghouse /NRC/EPRI FLECHT SEASET reflood program, a series
of separate effects tests were conducted on the FLECHT SET Phase B steam

generator. The purpose of these tests was to measure and to characterize the

strian generator secondary side to primary side heat release under postulated inlet

fluid conditions for a calculated hypothetical pressurized water reactor loss-of-

coolant accident. This document presents the facility description and test results

for this task in the FLECHT SEASET program.

In this test program, a special heat transfer facility was constructed such that the

steam generator primary side inlet two-phase flow conditions could be varied in a

parametric fashion. Sufficient instrumentation was placed in the steam generator

and flow loop that heat transfer rates witain the steam generator tube bundle could

b3 calculated from the resulting data. In addition, a series of air / water tests were

run using the FLECHT SET Phase B steam generator lower plenum to examine the

radial flow distribution effects at the steam generator tubesheet and to help select

the tube bundle instrumentation locations. The results of these tests will be used
to develop a model or enrrelation which describes the FLECHT SEASET steam

generator heat release characteristics; a separate report will present evaluation of
the data.

1. Conway, C. E., et al., "PWR FLECHT Separate Ef fccts and Systems Ef fects
Test (SEASET) Program Plan," NRC/EPRI/ Westinghouse-1, December 1977.
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SECTION 2

INTRODUCTION

2-1. TASK OBJECTIVES

Tha separate effects test described in the FLECHT SEASET Unblocked Bundle Task
Plan Report (I) concentrated on the rod bundle heat transfer and thermal-

hydraulle behavior. The systems effects tests focus on the entire simulated

thermal-hydraulic response of a pressurized water reactor primary system during

reflood. However, the bundle inlet flooding rate in systems effects tests is

dependent on the transient hydraulic and heat transfer behavior of the whole loop,

which includes the bundle and different system components.

Therefore, to understand the performance of the simulated primary system, the

thermal-hydraulic behavior of the principal components of U e system must be

defined. The oojective of the steam generator separate effects task is to

determine the heat release rate from the larger FLECHT SET steam generator for
various known inlet fluid conditions and secondary side conditions.(2) To meet

this objective, separate experiments on the main components of the simulated

primary system, notably the steam generator, are being performed before the

integral systems tests. In this way, the thermal-hydraulic behavior of these

important components will be better understood.

The first component examined in this task was the steam generator. The FLECHT

SET Phase B tests indicated that, during the reflood portion of a postulated

loss-of-coolant accident (LOCA), not all the incoming entrained liquid flow would

be vaporized in the steam generators, and that droplets could be carried out of the

I
i

1. Hochreiter, L. E., et al., "PWR FLECHT SEASET Unblocked Bundle, Forced
and Gravity Reflood Task: Task Plan Report," NRC/EPRI/ Westinghouse-3,

| March 1978.
I

l 2. Previous FLECHT SET Phase B tests utilized two scaled steam generators.
The larger one represented three PWR reactor steam generators on the
unbroken loops during a postulated loss-of-coolant accident, and the smaller
one represented the steam generator in the remaining broken loop.

|
'
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generator into the cold leg.(I} Carrying entrained liquid through the steam

generators reduces the specific volume of the primary fluid. As the specific
volume decreases, its density increases correspondingly, and a larger mass flow can

be vented through the loops at the same loop pressure drop. Hence, the venting

capacity of the primary system is increase ~d, and steam binding effects are less

severe. The increased venting capacity could result in larger core flooding rates

and correspondingly increased core heat transfer and lower peak cladding

temperatures.

To model steam generator behavior during reflood, detailed knowledge of how the

steam generator releases its heat, where the heat is transferred, and how the

secondary side fluid behaves during the reflood transient must be known. Because

the steam generator and the primary system interact, the easiest way to examine

the steam generator behavior is to isolate it and perform separate component

tests. This is the approach used i. this experiment. Known inlet two-phase flows

wete injected into the generator; the resulting two-phase mixture leaving the

steam generator was separated, collected, and measured. This permitted a primary

fluid energy balance, which can be related to the secondary side energy release.

A number of secondary fluid thermocouples, tube wall thermocouples, and shell

wall thermocouples were installed in the steam generator such that a secondary

side heat release rate could be calculated. Selected tubes were instrumented with
primary side steam probes and differential pressure transducers (probes) to

measure superheat of steam and liquid accumulation in the entrance region of the

tubes. The steam probe data allow an evaluation of thermodynamic nonequilibrium

in the tubes, and the pressure drop transducers allow an evaluation of the mass

storage in the entrance region of selected tubes.

Prior to the steam generator separate effects tests, a series of tests were run on

the inlet plenum using air and water to simulate the two-phase steam mixture. The

objective of these tests was to investigate the effect of the inlet plenum geometry

i

l

l1. Waring, J. P., and Hochreiter, L. E., "PWR FLECHT SET Phase 81 Evaluation
Report," WCAP-8583, August 1975. I

1
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on the flow distribution at the entrance to the steam generator tube bundle. Two

st=m generator inlet plenum geometrics were tested: one of the plenums

duplicated the FLECHT SET inlet plenum, and the other plenum resembled the )
; hemicpherical shape of a plenum in a typical PWR with inverted U-tube steam

generators.

2-2. PARAMETER RANGES AND REFERENCE CONDITIONS

Parameter ranges and reference conditions for the steam generator separate,

effects test were developed in section 4 of the Steam Generator Separate Effects,

Test Task Plan.(I) The parameter ranges and reference conditions are listed in

: table 2-1. It should be nnted that all units in table 2-1 and throughout this report
,

are given in metric units, followed by English units in parentheses.

2-3. DATA REQUIREMENTS
:

i
'

The task data requirements were developed in the steam generator separate

effects test task plan. ) The basic thermal-hydraulic parameters measured to

meet the data requirements are summarized in table 2-2.

A series of bench tests were performed to aid in the design, selection, and
j placement of the steam generator instrumentation. Separate tests were performed
i

to examine tube wall thermocouple mounting, ability to measure pressure drop in a
i

two-phase flow using static probes with a continuous nitrogen purge flow, and the

two-phase flow inlet distribution at the steam generator tubesheet. These tests

were described in section 6 and appendix C of the task plan.(I) The results of
'

these bench tests are presented in appendixec A and B.

.

l

| 1. Hochreiter, L. E., et al., "PWR FLECHT SEASET Steam Generator Separate
Effects Task: Task P!nn Report," NRC/EPRI/ Westinghouse-2, March 1978.
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TABLE 2-1 ,

!

PARAMETER RANGES AND REFERENCE CONDITIONS

Parameter Reference Condition Range

Primary side pressure 0.275 MPa(" 0.138 to 0.414 MPa!

(40 psla) (20 to 60 psia)

Secondary side 5.86 MPa 1.72 to 5.86 MPa

,

pressure (850 psia) (250 to 850 psia)

!
!

Primary side 130.5 C 109 C to 145 Ci

temperature (267 F) (228 F to 293 F)
:

Secondary side 274"F 204 C to 2,4 C

temperature (925 F) (400"F to 525 F)

2 2
Primary side mass 64.9 kg/sec/m 64.9 to 129.9 kg/sec/m

2 2velocity (b) (13.3 lb/sec/ft ) (13.3 to 26.6 lb/sec/ft )

'

Inlet quality 0.80 0.10 to 1.0

Secondary side water 100 % 25% to 100%

level
..

|

3

e. Megapascals
2

b. Total steam plus water mass flow divided by hot leg flow area of 0.0035 m
2

(0.0375 fL )

'
.

2-4 i
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TABLE 2-2

BASIC DATA OOTAINED IN THE STEAM GENERATOR SEFARATE
EFFECTS TASK TO MEET DATA REQUIREMENTS FOR LOOP TEST

Dasired Data Measuring Device Location

Steam generator Fluid thermocouples Various radial locations
: secondary fluid at several different

temperatures levels on the secondary
side of the steam generator

Steam generator tube Wall thermocouples Various locations on the
wall temperatures steam generator tube walls

Steam generator Steam probes Within the steam generator
primary side vapor (aspirating) tubes and inlet plenum
temperatures

Water flow rate Turbine meter Mixer inlet line

Steam flow rate Vortex meters Mixer inlet line, steam
separator outlet linei

System pressure Pressure transducers Steam generator secondary
and transmitters side, containment tank,

and loop piping

Primary loop fluid Therroocouples/ In loop piping
temperatures RTDsta) ,

l

Pire wall temperatures Thermocouples On piping, steam generator
sheli, plenum, and tanks

a. RTD - resistance temperature detector

2-5



TABLE 2-2 (cont)

BASIC DATA OBTAINED IN THE STEAM GENER ATOR SEPARATE
EFFECTS TASK TO MEET DATA REQUIREMENTS FOR LOOP TEST

Desired Data Measuring Device Location

I System pressure drops Dif ferential pressure Hot leg and inlet plenum,
transducers and steam generator inlet tube,
transmitters Inlet to outlet plenum

Separator exit water Differential pressure Steam separator collection
mass rate transducers tanks

:

Mass storage Differential pressure Inlet plenum, water storage
transducer tanks

Secondary side fluid Differential pressure Secondary side of steam
level transducer generator

.

Flow regimes Photography Steam generator inlet and
outlet plenums

:

!

I

!

t

I
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SECTION 3
,

;

TEST FACILITY DESCRIPTION+

3-1. DESCRIPTION

Figure 3-1 is a detailed schematic diagram of the separate effects test loop. The

major components in the loop are the boiler, water supply tank, steam / water

mixer, steam generator, steam separator, and containment tank. The boiler and

water supply tank supply steam and water to a mixing chamber, which generates a

two-phase flow in the hot leg upstream of the steam generator. The test facility is

designed to supply the steam generator with a steady-state two-phase mixture.J

The test loop and steam generator response are essentially steady-state except for

the secondary water, which cools down slowly. Steam separators in the steam

generator discharge flow path separate the two-phase effluent from the steam

generator tube bundle to allow each component of the two-phase flow to be

j measured. A bypass line around the steam generator was provided to permit

I monitoring of the mixer effluent during shakedown testing, using the instrumenta-
I tion downstream of the steam generator. An auxiliary steam line from the boiler

to the hot leg was also provided to permit use of the boiler for loop heatup. A vent

; line off the bypass line allowed the two-phase mixture to be dumped to the

atmosphere while test parameters were being stabilized prior to running a test.

The steam / water mixer consists of a liquid spray nozzle located inside the hot leg.

The two-phase flow in the steam generator hot leg and lower plenum is generated

j by spraying saturated liquid into the steam. An alternate liquid injection point was

provided inside the steam generator inlet plenum in four of the matrix tests. Here

i a spray nozzle was used to direct the liquid flow at the tubesheet. The same spray
1

) nozzle arrangement was utilized as in the air-water bench tests described in
1

appendix B.

l
.

| The FLECHT SET steam generator outlet plenum was modified by the addition of

an integral steam separator in the plenum to minimize time delays and energy

.

3-1
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i
Ilosses between the tube bundle exit and the liquid collection site. For most tests,

the outlet plenum was used to collect the separated liquid. For tests where

significant carryover was anticipated, the larger steam generator collection tank

was utilized. Data were collected for a period of 31 minutes - 1 minute of pretest I

data,25 minutes of test data, and 5 minutes of posttest data.

3-2. FACILITY LAYOUT AND COMPONENT DESCRIPTION

The loop shown schematically in figure 3-1 was built using as many of the

FLECHT-SET test :eries loop components as possible. This included the steam

generator, containment tank, and some connecting piping. The detailed piping

layout drawings for the test loop are shown in appendix C.

The major loop components procured for this test included a water supply bnk, a

boiler for supplying steam, a close-coupled water collection tank at the steam

generator outlet, a steam separator and collection tank, and the necessary loop:

valves and piping.

Facility components are descrioed in the following paragraphs.

3-3. Boiler

The facility steam supply is a York-Shipley 1.23 Mw (125 bhp) steam boiler. The

unit has a thermal output rating of 1.225 megawatts (4,184,000 Btu /hr) and an

equivalent steam rating of 1956 kg/hr(4313 lb/hr) at 100 C(212 F). The

boiler is of the package firetube type, equipped with a combination gas / oil burner,

modulating fire capabilities, and automatic controls. Design and construction of
I the boiler is in accordance with the ASME Code, section I. Design pressure is

1.034 MPa (150 psig). The unit was operated at approximately 0.69 MPa(100 psig)

for all tests. At this operating condition, outlet steam quality is rated as better
than 99.5 percent.

3-4. Water Supply Tank

The water supply tank provides the water for the mixer section. The tank is

constructed of 0.61-meter (24-inch) carbon steel pipe with elliptical head closuret.

!

| 3-2
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The capacity is approximately 946 liters (250 gallons). Design and construction

complies with section I of the ASME Code. The vessel is designed for 2.06 MPa

(300 psi) at 343 C (650 F). Strip heaters on the tank wall, along with a mixing

pump, are used to bring the water to the saturation temperature corresponding to

the specified test pressure. A constant nitrogen gas overpressure supplies the

driving head for injecting water into the mixer section.

3-5. Mixer

Water and steam are combined in the mixer section to produce the two-phase flows

entering the steam generator. The mixer section is located in a horizontal run of

hot leg piping upstream of the steam generator. Mixing is accomplished by spray

nozzle injection (figure 3-2). The spray nozzles used are the type supplied by

Spraying Systems Co.
j

Four different size nozzles were used in the mixer section over the course of the

test series. The choice of nozzle size was based on matching the known nozzle

pressure drop versus flow characteristics with the required liquid flow rate for a

given test run. A minimum nozzle pressure drop was established to ensure a fully

developed pray pattern from the nozzle. A maximum nozzle pressure drop was

established to ensure that the pressure limits in the accumulator and piping up-

stream of the mixing nozzle would not be violated. Nozzle pressure drops ranged

from 0.138 MPa (20 psi) to 0.345 MPa (50 psi) in the tests. Specific nozzles used in

each test are identified in table 3-1.

To test the generator's response to uniform inlet flow conditions for four matrix

tests, a right-angle spray nozzle was inserted through one of the generator inlet

plenum window openings and directed at the tubesheet. A deflector screen was

attached to the nozzle to provide a semicircular spray pattern consistent with the

inlet plenum geometry.

|
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TABLE 3-1

.

LIQUID INJECTION SPRAY NOZZLES

! Spraying Systems Co.

Matrix Run No. Nozzle Model No.

i

1,3,4,7,8,10,11,21 1/8 GGD 5

2 3/8 GD 9.5

5 3/8 GD 9.5
,

6 1/2 GGD 16

9 3/4 HD 4

12(a) 1/4 GGA 6.5
)

13(a) 1/4 GGA 6.5

14("} 1/2 GGA 16

15("} 1/2 GGA 16

a. Right-angle spray nozzles used in inlet plenum injection tests>

'
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3-6. Steam Generator

The steam generator used during the separate effects task is the la e steam

generator simulator used in the FLECHT-SET Phase B test program.1) Figure

3-3 shows details of construction of the generator.

Certain modifications were made to the generator for the separate effects task.
1

All but one of the stub tubes previously plugged for the FLECHT SET Phase B test

series were opened. A total of 32 of 33 tubes were needed to preserve, as closely

as possible, the flow area scaling relationship, because of the increased heater rod

bundle flow area in the FLECHT SEASET systems affects test. The tube chosen

for plugging was tube E (sheet 1); this tube would be most strongly affected by

edge effects of the shell on the steam generator secondary side and edge effects of

the inlet plenum on the primary side.

An instrumentation ring with multiple radial penetrations was added between the

tubesheet flange and the lower plenum flange to bring out primary side instrumen-

tation. Two sight glass nozzles were added to the discharge side of the lower

plenum section for viewing and photographic study. An alternate 125-millimeter

(5-inch) discharge nozzle was added to the lower plenum. This serves as an outlet

for steam and also supports an internal baffle assembly. The baffle helps to sep-

arate any entrained liquid carried through the generator. The separated liquid

drains through the old discharge nozzle to a new 3.05-meter-long (10-foot-long)

collection tank made from 152-millimeter (6-inch) pipe. The baffle is illustrated in
figure 3-4.

3-7. Steam Separator

A steam separator located downstream of the steam generator is used to separate

( any remaining entrained liquid so that an accurate single-phase steam flow mea-
l

surement can be made by the vortex meter located downstream of the separator.

|

|

1. Waring, J. P., and Hochreiter, L. E., "PWR FLECHT SET Phare B1 Evaluation
Report,"WCAP-8583, August 1975.
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The separator uses centrifugal force to drive the heavier moisture against the walls

of the vessel, whem it drains to a 76.2-millimeter-diameter (3-inch-diamater) by

2.1-meter-long (7-foot-long) collection tank. The separat or, manufactured by

Vhight-Austin, is a TS-type separator sized for 10.16-centimeter (4-inch) pipe. The

pressure-retaining shell is made from 305-millimeter-diameter (12-inch-diameter)

pipe with 102-millimeter (4-inch) flanged inlet and outlet steam connections. The

unit is designed for 1.03 MPa(150 psi) at 260 C(500 F)in accordance with the

ASME Code, section Vill. The manufacturer rates the separator as capable of

removing 99 percent of all liquid and solid entrainment where the particle sizes
exceed 10-5 meters (3.9 x 10-4 inches). Separator capacity varies with operat-

Ing pmssure. At 0.14 MPa (20 psia), the maximum recommended steam flow rate is
,

' .

|'

1134 kg/hr(2500 lb/hr), and at 0.41 MPa(60 pala), the capacity is 2132 kg/hr(4700 ;

lb/hr). Up to half of the flow can be entrained water.

3-8. Containment Tank

The containment tank is the same vessel ueed in the FLECHT SET test pro-
gram (I} to provide the containment backpressure simulation. The vessel is made

from 0.61-metre-diameter (24-inch-diameter) pipe with elliptical head closures.

Design and construction comply with the ASME Code, section I. The design rating

is 0.7 MPa(100 psi) at 343 C(650 F). The tank has a volume of approximately

1703.3 liters (450 gallons). The containment tank serves as a convenient point at

which to control system pressure. Its large volume helps to dampen any system

pmsaure fluctuations in the test loop.

3-9. Loop Piping

The main loop steam piping from the boiler to the steam generator, including the

bypass line, is fabricated primarily from 76-millimeter (3-inch) standard weight

pipe and weld fittings. The FLECHT SET steam generator inlet piping geometry is
maintained by using the inlet bend section of 76-millimeter (3-inch) schedule 160

|

1. Blaisdell, J. A., Hochreiter, L. E., and Waring, J. P., "PWR FLECHT SET Phase
A Report," WCAP-8238, December 1973.
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piping from the FLECHT SET facility. A short section of pipe teatream of the
l steam separator and from the separator to the containment tank is 102-millimeter

(4-inch) standard weight. Water injection piping from the water supply tank to the

spray nozzle and any auxiliary steam piping is primarily field run and consists of

25A-millimeter (1-inch) standard weight pipe and threaded fittings.

3-10. INSTRUMENTATION DESCRIPTION

Loop instrumentation (figure 3-5)is designed to measure mass and energy transport

! across the primary side inlet and primary sido exit boundaries of the steam gener-

ator. Flow meters in the boiler steam line, liquid supply tank feed line, and steam
i

seperator exhaust. line establish the mass flow rates of steam and liquid in these

lines. The seperator liquid flow rate is measured by the rate of change of liquid

level in the % quid collection tanks. The energy content of the steam and liquid is

calculatPJ from measurements of the fluid temperature and pressure at the collec-

tion and flow measuring points. The difference between the steam generator

primary side inlet quality and the primary side exit quality, for a given constant

msss flow, represents the total energy exchange from the secondary to primary

sidss of the steam generator. Any steam generator exit vapor superheat is also
considered in the overall energy balance.

Within the tube bundle, the heat transfer process is monitored by thermocouples in

the secondary fluid and on the tube wall, and by steam probes inside the tubes. The

steem generator bundle instrumentation locations are shown in figures 3-5 and 3-6.

A summary of the bundle instrumentation la presented in table 3-2. The tube bun-

die instrumentation is specifically designed to measure a radial variation in heat

transfer rate due to expected nonuniform two-phase flow in the inlet plenum.

The distribution of secondary fluid and tube wall thermocouples is skewed toward

tha bottom of the bundle, beuuse prior FLECHT SET Phase B data showed that

most secondary temperature variation occurred below the 0.61-meter (2-foot)
.

|
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elsvetion. Tha sta:m prubs cxi:1 spacing is bcsed r.n calcul::tions of vapor

temperature versus tube length from a model of the two-phase heat transfer
process in the tubes.(1)

|

The tubes in the inlet side of the tube bundle are instrumented with differential
pressure probes to monitor differential pressure over the zero- to 1.2-meter

(4-foot) elevation. The differential pressure transducers have a range of zero to

6.9 kPa (zero to 1 psi), which is much larger than the calculated frictional or

hydrostatic differential pressure within the tubes, assuming uniform conditions at

the tube entrance. However, a larger than expected differential pressure develops

in the tube entrance when mass accumulation occurs in a tube. The purpose of the
differential pressure probes is to detect this mass accumulation when it occurs. To

prevent spurious differential pressure signals due to liquid migration into the dif-

ferential pressure probe, a continuous nitrogen purge flow is provided. The nitro-

gen flows from the differential pressure cell to the probe and prevents any liquid

from entering the probe. The volumetric flow rate of the nitrogen flowing into the

steam generator tubes, which is much less than 1 percent of the total flow rate, is

neglected in the overall loop mass balance. The effect of the nitrogen purge on the
heat transfer is minimal, because none of the tubes that are instrumented with

thermocouples have differential pressure probes. Also, because of the low nitrogen

purge flow and because the probe only perturbs a local zone within the total
circumference of the tube, the haat transfer effect is minimal. The continuous

purge concept was tested successfully in a single-tube bench test (appendix A).

The steam probes used to measure the primary side steam temperatures are

aspirating-type probes inserted in selected steam generator tubes from the lower

plenum. The probes are constructed of 2.4-millimeter-diameter (0.094-inch-

diameter) outer tubing with a 0.6-millimeter-diameter (0.025-inch-diameter) . inner

sheathed thermocouple. The maximum reduction in steam generator tube flow

area due to the steam probes is less than 10 percent, and the flow area reduction

averaged over the total tube length is less than 2 percent. All steam probes in the

i

|

1. Hochreiter, L. E., et al., "PWR FLECHT SEASET Steam Generator Separate
Effects Task: Task Plan Report," NRC/EPRI/ Westinghouse-2, March 1978,

,

' figure 6-4 and appendix B.
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TABLE 3-2
'

AXIAL DISTRIBUTION OF TUDE WALL AND FLUID THERMOCOUPLES AND STEAM PROBES *

Steam Generator Inlet Steam Generator Outlet
Elevation
in Meters Tube Wall T/Cs Fluid T/Cs Steam Probes Tube Wall T/Cs Fluid T/Cs Steam Probes(Feet) Primary Backup Primary Backup Primary Primary Backup Primary Backup Primary '

'

i

; O 4 2 4 2 - 2 2 3 1 4

0.153 4 - 4 - - 2 - 2 - -

(0,5)

0.305 4 2 4 2 4 2 2 3 1 4
(1) !

I
0.458 - - 4 -

(1.5)
- - - 2 - -

1

0.610 4 2 4 2 4 2 2 3 1 7
"

(2)u

1.220 4 - 4 - 4 2 - 2 - -

(4)
i

1.830 - - - - 4 - - - - -

(6)
'

3.050 2 - 4 - 4 2 - 2 4-

j. (10)
,

I
.

4,575 - - - - 4 - - - - 4
(15)

6.100 2 - 2 - - 2 - 2 - -
| (20)

,

t

- . . - , . - - - _ . . _ _ _. __
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1

TABLE 3-2 (cont)

AXI^L DISIRIBUTION OF 11 JilE WAI.L AND FLUID IHERMOCOUPLES AND STEAM PROBES

Steam Generator Inlet Steam Generator Outlet
Elevation -
in Meters Tube Wall T/Cs Fluid T/Cs Steam Probes Tube Well T/Cs Fluid T/Cs Steam Probes
' (Feet) Primary Backup Primary Backup Primary Primary Backup Primary Backup Primary

8.235 2 - 2 - - - - - - -

(27)

10.675 .2 - 2 - - - - - - -

(35)

Total (a) 28 6 34 6 24 14 6 19 3 23

y- a. Total tube wall T/Cs + fluid T/Cs = 116; total steam probes = 47

$

.
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i

steam generator aspirate less than 3 percent of the total loop mass flow rate.

| Aspirated steam is condensed, collected, and accounted for in the overall loop mass
1

and energy balance.i

!

J
Photographic techniques were used to identify the two-phase flow regime in the

steam generator inlet and outlet plenum. Droplet size and velocity information
was obtained from high-speed movies and still photographs (appendix D). Movies;

and still photographs were taken in each of four different test runs. The movies'

were taken with two Redlake Hycam model 41-0004 high-speed cameras using a
'

25mm lens at an F-stop of 1.4. The light source was a 1000-watt incandescent

lamp. The still photographs were taken with Nikon and Mamiya cameras synchro-
nized with Vivitar model/283 flash units, which have a flash duration of 25

microsec onds.
4

Motion pictures were taken for matrix runs 2,5,6, and 10. Two 400-foot rolls of

! film wem exposed at the inlet pienum window at the beginning and at the end of

I the run. Four 400-foot rolls of film were exposed at the outlet plenum window at-

1,3,5, and 7 minutes into the run. All film was shot at 2500 frames per second to

allow tracking of individual drops in the plenums.
,

.

Still photographs were taken in matrix runs 3,4,9, and 11. Inlet plenum photos
were taken at 1-minute intervals, starting at 1 minute into the test and termi-

; nating at 20 minutes. Outlet plenum photos were taken for 10 minutes at

| 30-second intervals, starting at 30 seconds into the test. High-intensity flash units

wem synchronized with the camera shutter to freeze the droplet action in the;

plenum.

t 3-11. DATA ACQUISITION
;

i

j ~ The f.rst stage of the data processing sequence is the data acquisition system. The

hardwam is a microprocessor-based data logger which can record on either .!

. 21-column paper or digital magnetic tape. The paper readout feature is used to

j. monitor loop heatup and the digital magnetic tape recorder stores data acquired

during a test. Data are recorded in engineering units either from standard con-
version tables for thermocouples and RTDs or from preprogrammed calibration

files for the pressure and flow sensors. Input signals from the loop sensors are

3-25
i'
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conditioned so that the input to the A/D converter is a zero- to 1-volt signal.

These input conditioning cards are specialized for dif ferent types of sensors. Three

A/D converters are used simultaneously to provide a system scan rate of 45 chan-

nels per second. With 212 channels, the data acquisition system is able to scan each

channel every 6 seconds; this scan rate is acceptable for the slow transient re-

sponse in this task. In addition to data collection on magnetic tape, three strip

charts continuously mcorded the signals from 12 test instruments. The strip chart

recorders wem used for operator indication of loop operation during the test and

for recording the cycling of the power to the immersion heater located downstream

of the loop separator. A channel list of the data recorded on the magnetic tape is
shown in table 3-3, and a list of the data recorded continuously on the strip charts

is shown in table 3-4.

Af ter each test, the .gital magnetic tape was processed on the existing FLECHT

computer data F. rJisition system (a Digital Equipment Corporation PDP 11/20). A

printout of n's the data was made immediately following each test so that the test

director ; ,uld evaluate its reliability. A subroutine of the PDP 11/20 compiled

specific data points so that the test director could determine if the test met the
requirements of the test matrix. Finally, the PDP 11/20 produced a data tape

which was processed by the CDC 7600 computer at the Westinghouse Nuclear

Center in Monroeville, Pennsylvania. All of the data reduction and data analysis

was carried out on the CDC 7600.

3-12. PARAMETER CONTROL SYSTEMS

The parameter control systems are described in the following paragraphs.

3-13. Parameter Control Method

Closed loop feedback control systems are provided to control the following five

parameters in the primary loop:

- Steam pressure downstream of valve CV-1(1)

Boiler steam mass flow rate-

1. See figure 3-7 for valve and component locations.

3-26



TABLE 3-3

STEAM GENERATOR SEPARATE EFFECTS TEST CHANNEL LIST

Channel Data

1 Accumulator fluid T/C
2 Water injection line wall T/C
3 Steam line wall T/C
4 Mixer wall T/C
5 Steam generator inlet plenum fluid T/C
6 Steam generator inlet plenum wall T/C
7 Steam generator inlet plenum steam probe
8 Steam generator outlet plenum fluid T/C
9 Steam generator outlet plenum wall T/C
10 Steam generator collection tank wall T/C
11 Steam generator collection tank fluid T/C
12 Steam generator plenum exit fluid T/C
13 Steam separator entrance wall T/C
14 Steam separator entrance fluid T/C
15 Steam separator exit fluid T/C
17 Steam separator wall T/C
18 Steam separator drain tank wall T/C-

19 Steam separator drain tank fluid T/C
20 Superheater wa!! T/C
21 Containment tank top wall T/C
22 Containment tank bottom wall T/C
23 Steam generator plenum flange inlet wall T/C
24 Steam generator plenum flange outlet wall T/C
25 Steam generator 0 f t inlet wall T/C
26 Steam generator 0 f t outlet wall T/C
27 Steam generator 0.5 f t inlet wall T/C
28 Steam generator 0.5 ft outlet wall T/C
29 Steam generator 1.0 f t inlet wall T/C
30 Steam generator 1.0 ft outlet wall T/C
31 Steam generator 1.5 f t inlet wall T/C
33 Steam generator 1.5 ft outlet wall T/C
34 Steam generator 2.0 f t inlet wall T/C
35 Steam generator 2.0 ft outlet wall T/C
36 Steam generator 6.0 f t inlet wall T/C
37 Steam generator 6.0 ft outlet wall T/C
38 Steam generator 15 f t inlet wall T/C
39 Steam generator 15 ft outlet wall T/C
40 Steam generator 27 ft inlet wall T/C
41 Steam generator 27 ft outlet wall T/C
42 Test start /stop
48 Accumulator level (psid)

i 49 Steam generator collection tank level (psid)
! 50 Steam separator drain tank level (psid)

|
!

'

'
|
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TABLE 3-3 (cont) I

STEAM GENERATOR SEPARATE EFFECTS TEST CHANNEL LIST

Channel Data

51 Steam generator secondary level (psid)
52 Steam generator inlet plenum pressure (psid)
53 Steam generator outlet plenum pressure (psid)
54 Steam generator hot leg pressure (psid)
55 Steam generator plenum inlet / outlet pressure (psid)
56 Water injection line pressure (psig)
57 Mixer pressure (psig)
58 - Steam generator secondary side pressure (psig x 10)
59 Superheater power (kw)
64 Steam supply fluid RTD
65 Steam exhaust fluid RTD
66 Water injection fluid RTD
67 Steam before mixer fluid RTD
68 Mixer fluid RTD
80 Steam supply pressure (psia)
81 Steam exhaust pressure (psia)
82 Steam supply flow (Ibm /sec)
83 Steam exhaust flow (lbm/sec)
84 Containment tank prqssure (psig)
85 Generator tube B-7(al,0 - 2 f t pressure (psid)
86 Generator tube B-7, 2 - 4 ft pressure (psid)
87 Generator tube C-6,0 - 2 ft pressure (psid)'

88 Generator tube C-6, 2 - 4 ft pressure (psid)
89 Generator tube E-5,0 - 2 ft pressure (psid)
90 Generator tube E-5, 2 - 4 f t pressure (psid)
96 Steam supply vortex meter (cfm)
97 Steam exhaust vortex meter (cfm)
98 Injection water flow turbine meter (gpm)
257 Generator 0 ft inlet tube B-6 wall T/C
258 Generator 0 ft inlet tube C-4 wall T/C
259 Generator 0 f t inlet tube D-4 wall T/C
260 Generator 0 ft inlet tube E-3 wall T/C
261 Generator 0 ft inlet secondary B-6 fluid T/C
262 Generator 0 f t inlet secondary C-4 fluid T/C

; 263 Generator 0 ft inlet secondary D-4 fluid T/C
264 Generator 0 ft inlet secondary E-3 fluid T/C
265 Generator 0.5 ft inlet tube B-6 wall T/C
266 Generator 0.5 ft inlet tube C-4 wall T/C
267 Generator 0.5 f t inlet tube D-4 wall T/C
268 Generator 0.5 ft inlet tube E-3 wall T/C
269 Generator 0.5 ft inlet secondary B-6 fluid T/C
270 Generator 0.5 f t inlet secondary C-4 fluid T/C
271 Generator 0.5 ft inlet secondary D-4 fluid T/C,

a. This pressure transducer was not connected to the data acquisition system.
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TABLE 3-3 (cont)

STEAM GENERATOR SEPARATE EFFECTS TEST CHANNEL LISTi

|

| Channel Data

273 Generator 0.5 f t inlet secondary E-3 fluid T/C
274 Generator 1 ft inlet tube B-5 wall T/C
276 Generator 1 f t inlet tube D-4 wall T/C
277 Generator 1 f t inlet tube E-3 wall T/C
278 Generator 1 ft inlet secondary B-6 fluid T/C
279 Generator 1 f t inlet secondary C-4 fluid T/C
280 Generator 1 ft inlet secondary D-4 fluid T/C
281 Generator 1 f t inlet secondary E-3 fluid T/C
282 Generator 1 ft inlet primary B-6 steam probe
283 Generator 1 f t inlet primary C 4 steam probe
284 Generator 1 ft inlet primary D-4 steam probe
285 Generator 1 f t inlet primary E-3 steam probe
286 Generator 1.5 f t inlet secondery B-6 fluid T/C
287 Generator 1.5 f t inlet secondary C-4 fluid T/C
289 Generator 1.5 f t inlet secondary D-4 fluid T/C
290 Generator 1.5 f t inlet secondary E-3 fluid T/C
291 Generator 2 f t inlet tube B-6 wall T/C
292 Generator 2 f t inlet tube C-4 wall T/C
293 Generator 2 f t inlet tube D-4 wall T/C
294 Generator 2 f t inlet tube E-3 wall T/C
295 Generator 2 f t inlet secondary B-6 fluid T/C
296 Generator 2 f t inlet secondary C-4 fluid T/C
297 Generator 2 f t inlet secondary D-4 fluid T/C
298 Generator 2 f t inlet secondary E-3 fluid T/C
299 Generator 2 f t inlet primary B-6 steam probe
300 Generator 2 f t inlet primary C-4 steam probe
301 Generator 2 ft inlet primary D-4 steam probe
302 Generator 2 f t inlet primary E-3 steam probe
303 Generator 4 f t inlet tube B-6 wall T/C
305 Generator 4 f t inlet tube C-4 wall T/C
306 Generator 4 f t inlet tube D-4 wall T/C
307 Generator 4 f t inlet tube E-3 wall T/C l

308 Generator 4 f t inlet secondary B-6 fluid T/C !
309 Generator 4 f t inlet secondary C-4 fluid T/C
310 Generator 4 f t inlet secondary D-4 fluid T/C 1

311 Generator 4 f t inlet secondary E-3 fluid T/C |

312 Generator 4 ft inlet primary B-6 steam probe
313 Generator 4 f t inlet primary C-4 steam probe
314 Generator 4 f t inlet primary D-4 steam probe
315 Generator 4 f t inlet primary E-3 steam probe
316 Generator 6 f t inlet primary B-1 steam probe
317 Generator 6 f t inlet primary C-2 steam probe
318 Generator 6 ft inlet primary D-2 steam probe j
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TABLE 3-3 (cont)
,

STEAM GENERATOR SEPARATE EFFECTS TEST CHANNEL-LIST |
1

Channel Da ta !

319 Generator 6 ft inlet primary E-3 steam probe i

321 Generator 10 ft inlec tube B-6 wall T/C |

322 Generator 10 ft inlet tube E-3 wall T/C
323 Generator 10 ft inlet secondary B-6 fluid T/C
324 Generator 10 ft inlet secondary C-4 fluid T/C
325 Generator 10 f t inlet secondary D-4 fluid T/C

1 tor 10 ft inlet secondary E-3 fluid T/C326 '-

327 ve rrator 10 ft inlet primary B-1 steam probe
328 Generator 10 ft inlet primary C-2 steam probe
329 Generator 10 f t inlet primary D-2 steam probe
330 Generator 10 ft inlet primary E-3 steam probe
513 Generator 15 ft inlet primary B-1 steam probe

,

514 Generator 15 ft inlet primary C-2 stea'm probe'

515 Generator 15 ft inlet primary D-2 steam probe
516 Generator 15 ft inlet primary E-3 steam probe

,

517 Generator 20 ft inlet tube B-6 wall T/C
518 Generator 20 f t inlet tube E-3 wall T/C
519 Generator 20 ft inlet secondary C-4 fluid T/C
520 Generator 20 ft inlet secondary E-3 fluid T/C
521 Generator 27 ft inlet tube B-6 wall T/C
522 Generator 27 ft inlet tube E-3 wall T/C;

523 Generator 27 f t inlet secondary C-4 fluid T/C'

524 Generator 27 f t inlet secondary E-3 fluid T/C
525 Generator 35 ft inlet tube B-6 wall T/C
526 Generator 35 ft inlet tube E-3 wall T/C
527 Generator 35 f t secondary C-4 fluid T/C
529 Generator 35 ft secondary E-3 fluid T/C

: 530 Generator 20 ft outlet tube G-4 wall T/C
! 531 Generator 20 ft outlet tube J-6 wall T/C

532 Generator 20 f t outlet secondary F-8 fluid T/C,
533 Generator 20 ft outlet secondary J-6 fluid T/C
534 Generator 15 ft outlet primary F-8 steam probe
535 Generator 15 ft outlet primary G-2 steam probe
536 Generator 15 ft outlet primary H-2 steam probe

. 537 Generator 15 ft outlet primary J-1 steam probe
1 538 Generator 10 ft outlet tube G-4 wall T/C

539 Generator 10 ft outlet tube J-6 wall T/C
540 Generator 10 ft outlet secondary F-8 fluid T/C
541 Generator 10 ft outlet secondary J-6 fluid T/C
542 Generator 10 f t outlet primary F-8 steam probe
543 Generator 10 ft outlet primary G-2 steam probe
545 Generator 10 ft outlet primary H-2 steam probe
546 Generator 10 ft outlet primary J-1 steam probe
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TABLE 3-3 (cont)

STEAM GENER/$ TOR SEPARATE EFFECTS TEST CHANNEL LIST

Channel Data
,

547 Generator 4 ft outlet tube G-4 wall T/C
548 Generator 4 f t outlet tube J-6 wall T/C
549 Generator 4 ft outlet secondary F-8 fluid T/C
550 Generator 4 f t outlet secondary J-6 fluid T/C
551 Generator 2 ft outlet tube G-4 wall T/C
552 Generator 2 f t outlet tube J-6 wall T/C
553 Generator 2 ft outlet secondary F-8 fluid T/C
554 Generator 2 f t outlet secondary G-4 fluid T/C
555 Generator 2 ft outlet secondary H-4 fluid T/C,

Location J-6 for runs before run 21001
556 Generator 2 ft outlet primary F-8 steam probe
557 Generator 2 f t outlet primary G-2 steam probe
558 Generator 2 ft outlet primary G-4 steam probe
559 Generator 2 f t outlet primary H-2 steam probe
561 Generator 2 ft outlet primary H-4 steam probe
562 Generator 2 f t outlet primary J-l steam probe
563 Generator 2 ft outlet primary J-6 steam probe
564 Generator 1.5 f t outlet secondary F-8 fluid T/C
565 Generator 1.5 f t outlet secondary J-6 fluid T/C
566 Generator 1 f t outlet tube H-4 wall T/C,

Location G-4 for runs before run 21001
567 Generator 1 f t outlet tube J-6 wall T/C
568 Generator 1 f t outlet secondary F-8 fluid T/C
569 Generator 1 f t outlet secondary G 4 fluid T/C
570 Generator 1 f t outlet secondary H-4 fluid T/C,

Location J-6 for runs before run 21001
571 Generator 1 f t outlet primary F-8 steam probe
572 Generator 1 ft outlet primary G-4 steam probe
573 Generator 1 f t outlet primary H-4 steam probe
574 Generator 1 f t outlet primary J-6 steam probe
575 Generator 0.5 it outlet tube G-4 wall T/C
577 Generator 0.5 ft outlet tube J-6 wall T/C
578 Generator 0.5 f t outlet secondary F-8 fluid T/C
579 Generator 0.5 ft outlet secondary J-6 fluid T/C
580 Generator 0 f t outlet tube G-4 wall T/C
581 Generator 0 ft outlet tube J-6 wall T/C
582 Generator 0 f t outlet secondary F-8 fluid T/C
583 Generator 0 ft outlet secondary G-4 fluid T/C
584 Generator 0 f t outlet secondary J-6 fluid T/C
585 Generator 0 ft outlet primary F-8 steam probe
586 Generator 0 ft outlet primary G-4 steam probe
587 Generator 0 ft outlet primary H-4 steam probe
588 Generator 0 f t outlet primary J-6 steam probe
768 Steam supply mass flow (Ibm /sec)
769 Steam exhaust mass flow (Ibm /sec)
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TABLE 3-4

I STEAM GENERATOR SEPARATE EFFECTS TEST

CONTINUOUS STRIP CHART CHANNEL LIST

Channel Data

82 Boiler mass flow rate4

98 Liquid mass flow rate

83 Exhaust steam mass flow rate

53 Liquid level, outlet plenum

49 Liquid level, steam generator collection tank
i 50 Liquid level, loop separator collection tank

51 Liquid level, steam generator secondary

59 Power to loop superheater

i 57 Loop pressure at mixer

84 Containment tank pressure
;

48 Liquid level, liquid supply tank
(a) Bypass loop pressure.-

;

a. Recorded on strip chart but not on tha data acquisition system.1

:

,
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Liquid supply tank mass flow rate-

Bypass line loop pressure-

- Containment tank pressure

The steam supply is controlled by valves CV-1 and CV-2. CV-1 provides a

constant pressure supply, thus isolating the loop from fluctuations in boiler

pressure. A pressure transmitter (channel 80) supplies feedback for controlling

C V-1. C V-2 controls the inlet steam mass flow rate to the required fl( rate

specified in the test matrix. The steam mass flow is calculated from the vortex

meter (channel 96) by multiplying the vortex meter signal by the steam density,

which is determined from the steam temperature and pressure, recorded on

channels 64 and 80.

The required liquid flow rate specified in the test matrix is maintained by control

valve CV-3. The feedback control signal for the valve comes directly from the

turbine meter (channel 98) in the feedline.

Two control valves (C V-4 and C V-5) are provided for loop pressure control. CV-4

controls pressure in the bypass line prior to the test initiation, when the steam

generator isolation valves are closed. During the test, loop pressure is controlled

by CV-5. Both valves are driven by controllers which have upstream pressure

transmitters as sensors in the feecback control loop.

3-14. Controller Operation

The five air-operated control valves (CV-1 through CV-5) utilized on the Steam

Generator Separate Effects Task test facility were each controlled with Fisher

model TL-101 three-mode (proportional, reset, and rate) controllers. Each of the

valve controller settings was adjusted during shakedown testing to provide the best

process control at the reference run steady-state flow rnd pressure conditions;

allowances were made for minor control parameter porturbations.

During heatup for a matrix test run and during an actual run, adjustments were

made to the various valve controller proportional band, reset, and rate settings as

desmed necessary to improve valve response or control. For example, the con-

troller rate adjustment was normally kept at zero(its minimum value) on all

i

'

3-33

. . -



-- . _

_

valves, because of the tendency for its rate control action (valve response is pro-

portional to the time rate of change of the process variable) to cause severe valve |
and control parameter cycling with even small abrupt changes in the process.

However, the containment tank backpressure control valve, C V-5, controller rate

setting was increased at the start of each test to help improve valve response when

the loop solenoid valves were realigned from the bypass leg to the steam generator

inlet. The rate setting on this valve controller was readjusted to zero after the

initial containment pressure transient had been brought under control.

Proportional band adjustment was never made during the course of a test run,
I because of the sensitivity of this setting. Even minor adjustments would result in

; large changes to the desired process variable setpoint.

1

Controller reset adjustment was changed during the course of a test run to help

minimize the time for the process variable to return to its setpoint.

Underadjustment of any of the above mentioned controller functions would lead to

sluggish valve response; overadjustment could produce either limit cycling or other'

erratic behavior. During the loop shakedown test period, experience was gained in
'

setting the controller adjustments to achieve stable parameter control. In the test

program, no tests were invalidated because of controller behavior.4

3-15. FACILITY OPERATION'

To perform a steam generator separate effects experiment, the facility and the

steam generator must be brought to the desired initial conditions. The steam

generator secondary side was heated using electrical strip heaters on the steam

generator shell and lower flanges. Previous FLECHT SET Phase B experi-
ments(I) have shown that this method of heating produces a uniform temperature

on the steam generator secondary side. In addition, a low-pressure recirculation

pump was utilized to eliminate any stratified temperature distributioni

i

,

.

1. Waring, J. P., and Hochreiter, L. E., "PWR FLECHT SET PH ASE B1 Evaluation
Report," WCAP-8583, August 1975.

;
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which might be present from the pre :eding day's test. During heatup, thet

secondary side temperature was monitored, and the strip heaters at a given

elevation were deenergized when that elevation reached the desired temperature.

The primary side piping was heated to the primary side saturation temperature

using bleed steam from the boiler. While the system was being heated, the

instrumentation channels were checked, flow meters and differential pressure

transducer cells were zerced, and solenoid valves were cycled. Once the systein

had been heated, the steam and liquid flows were adjusted to their desired values

at the mixer, and the resulting two-phase flow was bypassed to the drain while

these conditions were being established. When the desired inlet flow conditions had

been established, the inlet two-phase flow was directed into the steam generator

by proper alignment of the loop solenoid valves. Loop pressure and inlet flow were
maintained constant by the control valves.

A pressure reducing valve, CV-1, was used to control the upstream pressure at the

boiler vortex meter and to minimize system instabilities caused by boiler pressure

fluctuations. The pressure drop of 0.28 to 0.52 MPa (40 to 75 psid) across CV-1

also helped to ensure a single-phase steam flow at the boiler vortex meter and the

mixer. Steam flow control was accomplished with control valve CV-2; feedback to
the valve was supplied by the boiler vortex meter.t

Water flow to the mixer was controlled by valve CV-3. The turbine meter was used
to measure the flow and provide feedback to the control valve.

-Two-phase fluid leaving the generator primary side tubes went through a first stage
of separation in the lower plenum section of the steam generator. An internal

baffle assembly was used to separate the liquid, which was collected and measured

in the outlet plenum or collection tank located below the plenum. The remaining
steam passed through a commercial separator of the same type used in the
FLECHT low flooding rate test series. The separator removed any remaining

2. Lilly, G. P., et al., "PNR FLECHT Cosine Low Flooding Rate Test Series
Evaluation Program," WCAP-8838, March 1977.
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entrained liquid, which was then collected ead measured in the separator drain
tank. Each collection tank is equipped w'th a solenoid drain valve which could be |
activated to drain the tanks as needed during low-quality test cons.

i

Dry steam leaving the separator passed through the exhaust vortex flowmeter prior

to entering the containment tank. An immersion heater, inserted upstream of the

flowmeter, was used to ensure that single-phase flow was being rreasured by the -

meter. The exhaust valve (CV-5), located downstream of the cortainment tank,

controlled the system backpressure. Control feedback to the valve was supplied by
a pressure transmitter located on the containment tank.

The following is a simplified test operating procedure for water injection in the
mixer section:

(1) Begin with all valves closed.

(2) Fill the steam generator and accumulator with water and heat up to desired
conditions.

(3) Fire boiler. Open V-1, S V-1, V-5, V-6, and CV-5. Use steam to heat up

steam generator primary side, separator, collection tank, containment, and
interconnecting piping. Adjust backpressure with CV-5 and control steam
flow with V-1.

(4) Open CV-1, CV-2, SV-3, and CV-4 and use boiler steam to heat up piping
from boiler through mixer and steam generator bypass line. Control flow with
CV-2 and backpressure with CV-4.

(5) When all loop components have reached desired conditions, set the desired test

steam flow through the bypass line by using CV-1 to control FM-1 upstream

pressure and CV-2 to control steam flow. Control bypass line backpressure
with C V-4.

(6) Open V-3 and set water flow to mixer by appropriate adjustment of CV-3.

I

3-38

'

!



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

|

(7) To establish flow through the steam generator, close SV-1, SV-3, and CV-4
and open SV-2. Control backpressure with C V-5. |

(8) To terminate the test, isolate the system by closing SV-2 and opening SV-3

and C V-4. Close C V-3 and shut down the boiler.

Appendix E contains the detailed test procedure used to run each test.

3-16. FACILITY TESTING

Shakedown testing of the test facility and instrumentation calibration are discussed

in appendix F. A leak which was discovered across the steam generator lower

pl:num divider plate, and its subsequent repair and testing, are covered in I

appendix G.

"

,

1

l
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SECTION 4

RUN CONDITIONS AND TEST RESULTS
!

4-1. TEST MATRIX AND RUN CONDITIONS

|

The test matrix of steam generator separate effects tests included runs 1 through
15 of the proposed test matrix in section 7.2 of the task plan ( } plus a single-

phase steam and an isothermal (secondary temperature = primary temperature)

test. Test mns 16 through 19 in the proposed test matrix could not be run because

the required air / water tests with the spray nozzle in the inlet plenum duplicating

the hemispherical plenum flow distribution were not successfully completed. The

hemispherical plenum air / water flow distribution at the tubesheet was extremely

| nonuniform and it appeared to be highly unlikely that a nozzle mounted in the

FLECHT inlet plenum could have reproduced the hemispherical plenum dis-

tribution. For this reason, tests 16 through 19, which would have used the inlet

plenum nozzle to reproduce the hemispherical plenum distribution in the FLECHT

steam generator, were not run. The test matrix for the steam generator separate
effects test is shown in table 4-1. Table 4-2 presents the actual run conditions for

each valid test, and summary test results. Summarized in table 4-2 are the

time-averaged test boundary conditions (total inlet flow, quality, and loop pressure)

and the test initial conditions (steam generator secondary liquid temperature and

level). More detailed test run conditions are presented in appendix H.

Table 4-2 includes three mns (21001,22415, and 23005) in which one of the

controlled test parameters was outside of the allowable range for a valid test.

Since the data from these tests are valid for the actual test run parameters, they

can be thought of as a test at an off-nominal test condition. For this reason, they
are included in the data report with results of the 17 valid runs at nominal test

conditions.

The five-digit mn number in table 4-2 contains a 2 as the first digit, signifying a

steam generator matrix test; the second and third digits indicate the sequence

number of the test; and the fourth and fifth digits are the test matrix run number.

Test parameters for each matrix test are given in table 4-1.

1. Hochreiter, L. E., et ut.,"PWR FLECHT SEASET Steam Generator Separate i
Ef fects Task: Task Plan Report," NRC/EPRl/ Westinghouse-2, March 1978. l
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TABLE 4-1

TEST MATRIX FOR STEAM GENERATOR SEPARATE EFFECTS TEST

Primary SG Secondary SG Secondary

Flow Rate Pressure Temperature Level
Run No. Run Description [kg/sec (Ib/sec)] [MPa (psia)) Quality ( C ( F)] (%)

1 Reference run 0.23 0.28 0.80 274 100

(0.5) (40) (525)
:

2 Flow sensitivity 0.45 0.28 0.80 274 100

(1.0) (40) (525)

3 Pressure sensitivity 0.23 0.14 0.80 274 100

k (0.5) (20) (525)',

4 Pressure sensitivity 0.23 0.412 0.80 274
.

100

(0.5) (60) (525) !

5 Quality sensitivity 0.23 0.28 0.50 274 100

(0.5) (40) (525)

6 Quality sensitivty 0.23 0.28 0.20 274 100

(0.5) (40) (525)

s

7 Secondary temperature 0.23 0.28 0.80 204 100

sensitivity (0.5) (40) (400)

_ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ .
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TABLE 4-1 (cont)

TEST MATRIX FOR STEAM GENERATOR SEPARATE EFFECTS TEST

Primary SG Secondary SG Secondary
Flow Rate Pressure Tpmperature Level

Run No. Run Description [kg/sec (Ib/sec)] [MPa (psia)] Quality L C ( F)] (%)

8 Secondary level 0.23 0.28 0.80 274 25
sensitivity (0.5) (40) (525)

9 Po:tbundle quench 0.45 0.28 0.10 274 100
(1,0) (40) (525)

.,

10 Replication of 0.23 0.28 0.80 274 100
_ reference rm (0.5) (40) (525)
a
6

11 Replication of 0.23 0.28 0.80 274 100
'

reference run (0.5) (40) (525)

12(a) Reference run 0.23 0.28 0.80 274 100
(0.5) (40) (525)

13(a) Flow sensitivity 0.45 0.28 0.80 274 100 t

(1.0) (40) (525)

14(a) Quality sensitivity 0.23 0.28 0.50 274 100
(0.5) (40) (525)

a. Runs with a liquid spray nozzle in the steam generator inlet plenum

9
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TABLE 4-1 (cont)

TEST MATRIX FOR STEAM GENERATOR SEPARATE EFFECTS TEST

Primary SG Secondary SG 5econdary
Flow Rate Pressure Temperature Level

Run No. Run Description [kg/sec (Ib/sec)] [MPa (psia)] Quality [ C ( F)] (%)

,

15(a) Quality sensitivity 0.23 0.28 0.20 274 100

(0.5) (40) (525)

16 to 19 Deleted from test matrix

20 Single-phase steam 0.23 0.28 1.0 274 100

(0.5) (40) (525)
.

*
6

21 Isothermal 0.23 0.28 0.80 130 100

(0.5) (40) (267)

I a. Runs with a liquid spray nozzle in the steam generator inlet plenum
' i



-___

l

\

l i

S
'

Time-Averaged
Boundary Conditions

Total Flow Pressure Tempera
Run No. (Ib/sec) Quality (psig) ( F)

20904 0.494 0.798 45.7 522
21001 0.499 0.779 25.3 525'
21121 0.488 0.801 25.4 26T
21711 0.494 0.800 25.2 520
21806 0.500 0.200 25.3 52@
21909 0.946 0.105 25.8 522
22010 0.503 0.801 25.3 522
22112 0.496 0.799 25.6 52S

i 22213 0.991 0.797 25.3 526
22314 0.499 0.495 25.4 52@
22415 0.614 0.345 25.3 526
22503 0.494 0.798 5.2 523
22608 0.495 0.796 25.3 523
22701 0.495 0.798 25.3 528
22920 0.493 1.00 25.1 523>

23005 0.754 0.671 26.7 52$
23207 0.504 0.801 25.2 400
23315 0.495 0.201 25.2 52D
23402 0.989 0.799 25.3 52S
23605 0.494 0.496 25.1 523

|

a. English units
b. Temperatures above 1 foot _ _ _ __ __

Total from beginning to end of test. See appendix qc.

f

f
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TABLE 4-2A(a)

RUN CONDITIONS AND TEST RESULTS
-

dam Generator Outlet
Second:ry Plenum Total Mass
Initicl_ Outlet Plenum Liquid Energy Balance

Conditions Steam Temperature Collected Transport (c) Error
..

Srs(b) Level T Time T Time
(IY (sec) ( (sec) (Ib) (Btux10 ) (%)F 6(ft)

32.4 499 162 345 1584 7.26 0.142 -0.8
32.5 498 79 325 1524 8.6 0.177 -3.1
33.1 269 - 269 - 115.9 - -

32.4 498 103 333 1543 4.7 0.141 -0.2
32.7 490 11 268 1691 143.8 0.406 1.5
33.9 477 84 268 1560 790.5 0.415 -3.0
33.6 499 150 333 1620 7.01 0.146 0.0

'

34.0 500 90 333 1560 5.02 0.151 -1.3
33.7 502 78 296 1560 2.0 0.321 -2.0
34.2 498 85 289 1573 17.6 0.307 -0.8
33.6 492 0 269 1632 146.0 0.430 -1.0
33.6 498 12 319 1500 8.8 0.150 -1.1

7.7 495 24 312 1482 10.1 0.161 -1.1
33.0 500 18 334 1488 9.87 0.168 -1.1
32.5 498 12 444 1494 0.0 0.068 -2.0
33.3 497 12 289 1505 17.6 0.359 -2.1
32.2 388 12 284 1488 5.71 0.132 -0.4
32.3 494 12 267 1505 37.9 0.418 3.2
32.1 500 12 301 1494 10.9 0.313 -1.6
33.6 499 18 289 1476 22.2 0.321 -2.0

d;ta summary sheets for the duration of each test.

t

1
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,

d

!

Time-Averaged
Boundary Conditions

Total Flow Pressure Temper
Run No. (kg/sec) Quality (MPa) (OC

20904 0.224 0.798 0.315
21001 0.226 0.779 0.174 ;

21121 0.221 0.801 0.175
21711 0.224 0.800 0.174 ;

21806 0.227 0.200 0.174 ;

21909 0.429 0.105 0.178 :

22010 0.228 0.801 0.174 :

12112 0.225 0.799 0.176 3

22213 0.450 0.797 0.174 ;

22314 0.226 0.495 0.175 :

22415 0.279 0.345 0.174 ;

22503 0.224 0.798 0.036 :
22608 0.225 0.796 0.174 5

22701 0.225 0.798 0.174 5

22920 0.224 1.00 0.173 ;

23005 0.342 0.671 0.184
23207 0.229 0.801 0.174 :
23315 0.225 0.201 0.174 ;

23402 0.449 0.799 0.174 ;

23605 0.224 0.496 0.173

a. Metric units
b. Temperatums above 30.5 cm .. __.__

Total from beginning to end of test. See appendix ic.
_

,

b
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TABLE 4-2B(a)

RUN CONDITIONS AND TEST RESULTS

L; m Generator OutletS:condary Plenum Total Mass
Initial Outlet Plenum Liquid ._ Energy Balance

Conditions Steam Temperature Collected Transport (c) Error

iture(b) Level T Time T Time
(E'hn (sec) (kg) (Mw-sec) (%)(ET (sec)(m) CC

74 10.6 259 162 174 1584 3.29 150 -0.8
74 10.7 259 79 163 1524 3.90 187 -3.1
?1 10.9 132 132 52.6- - - -

71 10.6 259 103 167 1543 2.13 149 -0.2
/1 10.7 254 11 131 1691 65.2 429 1.5
74 11.1 247 84 131 1560 358.6 437 -3.0
74 11.0 259 150 167 1620 3.18 154 0.0
L

1 11.1 260 90 166 1560 2.28 159 -1.373
73 11.1 261 78 147 1560 .907 338 -2.0
14 11.2 259 85 143 1573 7.98 324 -0.8
73 11.0 256 0 132 1632 66.2 453 -1.0
74 11.0 259 12 159 1500 3.99 158 -1.1
|

1 2.5 257 24 156 1482 4.58 170 -1.174
'

73 10.8 260 18 168 1488 4.48 177 -1.1
73 10.7 259 12 229 1494 0.0 72 -2.0
72 10.9 258 12 143 1505 7.98 378 -2.1
04 10.6 198 12 140 1488 2.59 139 -0.4
73 10.6 257 12 131 1505 17.2 441 3.2
73 10.5 260 12 149 1494 4.94 330 -1.6
73 11.0 259 18 143 1476 10.1 338 -2.0

4 d:ta sumrrary sheets for duration of each test.

t
I
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4-2. TEST RESULTS

,

!The summary test results in table 4-2 include the maximum and minimum steam

temperature in the outlet plenum, the mass of liquid collected in the outlet plenum

or collection tank, the total energy absorbed by the primary flow, and the mass,

f balance error. More detailed test results are presented in appendix H.

The maximum and minimum outlet plenum steam temperature was measured by the

fluid thermocouple (chann,el 12)in the plenum exit downstream from the moisture
-

caparator in the outlet plenum. The liquid collection was measured with a

differential pressure cellin the outlet plenum or liquid collection tank, which
! collects the liquid separated out by the outlet plenum moisture separator.
I

j The total energy transfer was calculated from the difference between the energy

flow in the outlet and inlet plenums, integrated over the duration of the test.
! Energy flow was taken to be mass flow times enthalpy. Mass flow rates and
' enthalpy of the steam and liquid phases at the inlet and outlet plenums were

derived from the measured data. The increase in energy flow from the inlet to

outlet plenum was computed to get the rate of heat transfer in the tube bundle,!

and this rate was integrated over the test time to get the total reported in

table 4-2.

.,

The mass balance error reported in table 4-2 was calculated from the difference

between the mass flow into the test loop and the mass flow out of the test loop

plus the liquid collected in the liquid collection tanks. The amount of steam that

was lost to the aspirating steam probes was condensed and collected in a bucket; it

was accounted for in the mass balance. The hot leg was drained after the test, and

the liquid drained from the hot leg was weighed and accounted forin the mass

balance. A negative mass balance error implies that the mass flow out of the test

loop was larger than the mass flow into the test loop.,

!

In appendix ! the expected mass balance error is calculated. The expected mass

,

balance error was calculated from the instrument accuracy information supplied by
b

the instrument vendor. The lastrument accuracy data are stated in terms of the

instrument output, such that the instrument error is assumed to always be less than

a given range. To completely define the instrument error, the distribution of the

error within the error band must be known. The assumption is made in appendix 1 *
i

'

4-9,
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that the error distribution is uniform (that is, all errors within the error range are |

equally likely), and that the error distribution is symmetrical about zero (that is,
1

positive and negative errors are equally likely). A consequence of these assumptionj
is that the calculated mass balance error has a mean value of zero (in any given

test, positive and negative errors are equally likely). The mass balance error

calculated in appendix I is the standard deviation of the mass balance error

distribution.

The average of the 19 mass balance errors in table 4-2 is -0.89 percent, with a

standard deviation of 1.5 percent. The 95-percent confidence interval on the mean

mass balance error is -0.12 to -1.64 percent. Since the confidence interval on the

mean error does not contain zero, it is likely that some of the sources of error werG

not symmetrically distributed about zero but systematically perturbed the mass
balance in the same direction in each test. Also, the standard deviation of the mas;

balance error (1.5 percent) is somewhat larger than the estimated error standard

deviation of 0.7 percent in table I-4.

A systematic mass balance error can be caused by a systematic error in a flowmets

the failure to account for mass entering or leaving the system. Two potential sourg

mass flow into the bundle that are not accounted for are nitrogen from the continu)1
purged differential pressure probes in three tubes in the tube bundle inlet region, aa

moisture carryover from the boiler. The nitrogen purge flow rate was regulated to .

value much smaller than 1 percent of the outlet plenum steam flow and can be safel

neglected. Boiler carryover was detected during the shakedown test program, but

chemical cleaning of the boiler was found to be an effective means of eliminating

carryover. Although the boiler was cleaned periodically, boiler carryover could ham

contributed to the mass balance error.

In the error analysis in appendix I, estimates of the error in the overall primary

side energy balance and in the local tube wall heat flux are calculated. A check ox

the primary side energy balance could have been made by comparing the change in

stored energy in the bundle from beginning of test to end of test with the primary

side energy balance, integrated over the test time. However, to compute the final

bundle stored energy, the bundle temperature distribution must be known. During

the tests, a large temperature gradient developed in the axial direction. The

precise location of the gradient at the end of the test would have to be known to

accurately calculate the residual bundle stored energy. Since, in most tests, this

4-10
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exlal temperature gradient would be located above the 1.22-meter (4-foot)

elsvation, where most of the thermocouples were located, the check on the

primary side energy balance was not calculated. From the appendix 1 error

analysis, the primary side energy balance standard deviation is 3.3 percent.

The appendix ! error analysis also estimates the error in the local tube wall heat;

flux measurement. Although no independent calculation can be made to check the

tube wall heat flux measurement, the local tube wall heat flux integrated over the
; total bundle heat transfer area should agree with the primary side overall energy

briance. In the test data reported in the summary sheets for each run in

; rppendix H, this comparison is presented in the form of integrals over time from

| beginning of test to the time the 1.22-meter (4-foot) tube wall thermocouples
quenched.

] The local tube wall heat flux and primary side vapor temperature were used in a

local energy balance within the tube to calculate the local nonequilibrium quality.
Computer-generated tables of local quality at discrete times in the test run are

presented in appendix H.
o

4-3. DATA REDUCTION HARDWARE

The initial data reduction stages, from the Consolidated Controls Corporation

(CCC) data logger (which recorded the test data on magnetic tape during the test
'

run) to the creation of a permanent retrievable data file on the CDC-7600
j computer system at the Monroeville Nuclear Center (MNC), are !!!ustrated in

figure 4-1. The CCC data logger recorded the test data in engineering units by4

'

converting the bundle and loop instrument output voltage using preprogrammed

calibration files. Each flowmeter, pressure sensor, and differential pressure
*

transducer had unique calibration coefficients. The bundle and loop thermocouple

data were converted to temperature units ( F) using a common thermocouple cal-

ibration function and the five loop resistance temperature detectors (RTDs) were

also converted to temperature units ( F) using the same calibration function.

The CCC data logger can print the output of selected data channels directly in

engineering units on a paper tape. This capability was used to monitor the warmup
of loop components prior to a test run. All test data were recorded on the

! mrgnetic tape and processed as shown in figure 4-1.

4-11
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The information on the magnetic tape includes the test data during the test run,

for a period of 1 minute immediately prior to the test, and for a 5-minute period
immediately following the test, plus one scan of reference data. Reference data

were taken on all pressure and flow instruments with the loop isolated; the test

parameter used in the data reduction was the parameter change from this

reference value. The reference data indicated only small differences in instrument
'

output when the known input condition was zero. The order of magnitude of the

reference data from each test was compared to that of the reference data from

other tests. A large change in the reference value of an instrument between runs

invalidated the data from that instrument.

The intermediate data reduction on the Digital Equipment Corporation PDP 11/20

at the test site provided a printout of all the test data, usually within 24 hours of a

test run. This printout of all the data channels, along with the printout of a PDP
| 11/20 data validation program and the data recorded on the strip charts, was used
i
i for preliminary data validation. The PDP 11/20 also generated a magnetic tape

| copy of the data logger tape after converting the data format from hexadecimal to
decimal notation.

t

The PDP 11/20 data tape was copied to a permanent retrievable data file using the

CDC-7600 file manager system by a program called SGCATALOG. The

SGCATALOG program applied one correction to the RTD data. In this correction,
~

the five RTD data channels (channels 64 through 68) were converted from,

resistance to temperature units using individual calibration coefficients for each

RTD rather than the one common RTD calibration coefficient used by the CCC

data logger. The data tape generated by the SGCATALOG program was used for

all test data reductions.

4-4. DATA REDUCTION SOFTWARE

'

The steam generator test data reduction sof tware includes computer programs to

(1) plot the test data versus time,(2) perform an overall mass and energy balance

on the steam generator,(3) interpolate the tube bundle temperature date, and (4)

calculate the local bundle heat flux and quality from the bundle temperatures. The

data reduction is illustrated schematically in figure 4-2. Tne output file from each
|

| program except the SGPLOTS program is permanently stored in the CDC-7600 file

manager system.

| 4-12
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Reduction Hardware
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PDP 11/20 DATA TAPE
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,
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SGPLOTS OVERALL MASS AND BUNDLE TEMPERATURE
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Figure 4-2. Steam Generator Test Data Reduction Sof tv are
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The SGPLOTS program plots the data from each channel on microfiche. The plot

time scale was adjusted to time =0 at the beginning of the test, with the pretest

data included in a zone of negative time. The primary Y-axis units a.e SI; the

equivalent Enqllsh units are plotted on the right-hand Y-axis of the plot. The

pressure and flow data were adjusted for the reference signal using the following
equation:

plotted value = recorded value - reference value

The SCFLOWS program performs an overall mass and energy balance on the steam

generator. Mass and energy flow at the inlet plenum tubesheet interface was

calculated from the measured boiler and liquid supply tank flows and

temperatures. Steam condensation or liquid evaporntion at the steam / water mixer

and liquid storage in the hot leg and inlet plenum were accounted for in calculating

conditions at the inlet plenum tubesheet. Mass and energy flow at the outlet

plenum tubesheet interface were calculated from measured steam flow and liquid

occumulation in the outlet plenum and liquid separator collection tanks. Liquid
evaporation in the superheater upstream from the containment tank flowmeter was

counted as liquid in the outlet plenum. From the calculated mass and energy flow
'

in the inlet and outlet plenums, the rate of loss of stored energy in the secondary

side metal and fluid was calculnted. The total loss in secondary side stored energy,

calculated by integrating the nbove energy loss rate, was computed by SGFLOWS.

The energy loin is reported in table 4-2.

The SGFLOWS program computes nn overall loop mass balance by comparing the

total mass flow into the Inop to the total mass exhaust flow plus all liquid

accumulation in the loop. This computer mass balanen is not able to account for

the steam that aspirates through the steam probes. A correction to the SGFLOWS

mass balance that accounts for the steam probe steam was done by hand; the

results of the calculation are presented in table 4-2. In this hand calculation, the

liquid accumulation in the hot leg, inlet plenum, and tube bundle inlet was taken

from the mass of liquid drained from the hot leg after the test rather than from
the installed dif ferential presr,ure cells.

4-16
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The SGTEMPS data reduction program takes the measured bundle primary side

sterm probe and tube wall and secondary fluid temperatures, and interpolates the

test data to determine the temperature at each nodal point in the bundle. From

tha four imtrumented tubes with thermocouples at 12 axial elevations, the tube

bundle was segregated into 116 nodes with the midpoint of each node located at a

thermocouple location or an interpolated data location. The tube bundle

nodalization is illustrated in figure 4-3. The SGTEMPS interpolation strategy uses

Lagrangian interpolation for axial interpolations. using three data points adjacent

1 to the point being determined.

Before the Lagranglon interpolation, the independent variable (the distance from

the tube inlet) was transformed to the log of the distance. This transformation

made the intervals l'etween instrumentation elevations more nearly uniform. With

uniform intervals in the independent variable distance, the Lagranginn

interpolation was less likely to generate an oscillation in the axial temperature
profile.

For elevations with partial instrumentation, simple interpolation or extrapolation

of the data at that elevation was used to estimate the temperature at the

uninstrumented radial location. The program has two options to accommodate

f ailed thermocouples. Dnta from any existing thermocouples can be transferred to

the location of the failed thermocouple, or the failed thermoenuple location can be

added to the unimtrumented locations and the remaining data adjacent to the

failed thermocouple interpolated to supply the missing data.

The data reduction program SGFLUX takes the bundle temperatures from the

SGTEMPS program and calculates the local quality and heat flux, the heat flux

integrated over the tube hundle heat transfer area, and the total heat transfer rate

integrated over the time interval of the test. The local heat flux was calculated
,

from the secondary side fluid and tube wall temperatures using a natural

convection film conf ficient from Eckert and Jackson:

Nu, = 0 .021 (Gr + Pr) 0.40 (4,y)

Eckert, E. R. G., and Jackson, T. W., " Analysis of Turbulent Free-Convection
Gnundary Layer on Flat Plate," NACA-1015,1951.

4-17
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whtra

No, secondary side Nusselt number=

Gr secondary side Grashof number=

Pr secondary side Prandtl number=

i The Grashof number is defined as

g6 (T - T ) xA
fGr =
24

where

secondary fluid densityp =

acceleration of gravityg =

6 volume coefficient of expansion=

T = secondary fluid temperatureg

T tube wall temperature=

distance from the leading edge of the boundary layerx =

secondary fluid viscosityp =

The parameter x in the Grashof number was computed by subtracting the nodal

distance from the tube entrance from the distance from the tube entrance of the
next tube sup art plate farther away from the entrance. This definition of x
% ..ies t....c the boundary layer for heat transfer begins at the tube support plate

elevation and flows downward on the inlet side of the tube bundle (because of
secondary cooling) and upward on the outlet side of the tube bundle (because of

cacondary heating). The determination of x is illustrated in figure 4-4.

'

In this calculation, the tube wall temperature was corrected by a linear function of

the v.all heat flux. The tube wall correction factor was determined from a series
of single-phase liquid and steam heat transfer tests that were run during the

, shakedown test program. In these shakedown tests, the heat flux and tube wall

temperature were calculated from the primary and secondary side fluid
temperatures. The difference between the calculated and measured tube wall

,

temperature was correlated with the calculated tube wall heat flux. A

straight-line fit to these data was determined for each nodal location in the tube

bundle. This linear function of the wall heat flux was subtracted from the l

4-19
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measured tube wall temperature to calculate the tube wall heat flux in the two-phase

matrix tests. The uncertainty in this calculation includes the error due to thermocouple

measurements (estimated in appendix !) plus additional uncertainty due to the tube wall

temperature correction factor and the uncertainty due to the temperature interpolation

to provide data at uninstrumented nodal locations. Although all of these uncertainties

ore not estimated in appendix I, the data presented in the summary sheets comparing the4

tutae wall flux integrated over heat transfer area and time with the overall energy

balance integrated over time permit an estimate of the time-averaged uncertainty in the
tube wall heat flue calculation. These data are presented in the summary sheets for

each run in appendix H. The comparison shows that the uncertainty is relatively small

for the high-quality runs for the time interval before the tube quench reaches the

|
1.2-meter (4-foot) elevation. Beyond this time or for low quality tests, the uncertainty

in measured wall heat flux can be large.

From the measured heat flux in the four instrumented tubes, the total bundle heat

transfer rate was calculated by multiplying the instrumented tube heat transfer by a
~

weighting factor, which represented the number of uninstrumented tubes assumed to

respond like the instrumented tube. The weightinq factors were determined from a

series of air / water tests on the inlet plenum. These tests measured the flow distribution

of air and water at the tubesheet.

In the alr/ water tests, the air and water volumetric flow rates were equated to the

steam and water volumetric flow rates in the matrix tests. The weighting factor

represents the number of tubes with inlet flow conditions close to the inlet flow of the
instrumented tube. The weighting factors developed from the air / water tests are

.

presented in appendix B.

In the SGFLUX program, the local tube wall heat flux in the two-phase matrix tests is

calculated from the simultaneous solution of the following two equations:

1 h, (T - T + AT) (4-2)Q =
g

and

AOy+B (4-3)AT =

4-21
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where

|
O tube wall heat flux (calculated)=y

turbulent free convection film coefficient (calculated fromh, =

eq. 4-1)

secondary fluid temperature (measured)T =f
T, tube wall temperature (measured)=.

AT tube wall temperature correction (calculated)=

! A and B coefficients in tube wall correction factor equation, determined=

from single-phase shakedown tests

The solution of equations (4-2) and (4-3) shows that for the case where 1/A is less

than h , the value of Oy will be negative for positive values of (T - T)s f
and B. Since this solution is not correct, an alternate solution was used to

calculate the heat flux if 1/A was less than h,. In this case, the primary side;

flow regime is assumed to be dispersed flow with no liquid film on the walls. The
primary side film coefficient was calculated from the Dittus-Boelter correlation.

The overall heat transfer coefficient and local heat flux were then calculated from
the following equations:

1 1-+ b+1- (4-4)=

OVERALL h, h h
t p

Q =UOh!RALL ( f ~ p) (4-5)1

where

U verall heat transfer coef ficient=
OVERALL

h, secondary side turbulent free convection film coefficient=

fi tube wall equivalent heat transfer coefficient=
t

h = primary side turbulent forced convection film coefficientp
T primary side temperature=

p

4-22



Finally, the local heat flux as calculated by equations (4-2) and (4-3) was compared

to an upper limit heat flux calculated from equations (4-4) and (4-5), with the

assumption that the primary side film coefficient is infinite and that the primary
sida temperature is saturated. The local heat flux was taken to be the lesser of

two values: the upper limit heat flux or the heat flux as calculated from
equations (4-2) and (4-3).

The local tube wall heat flux, the primary steam temperature, and the individual

tube inlet flow distribution data from the alr/ water test were combined to
calculate local quality in the tubes. From a nodal energy balance on the primary
side of a tube, the following equation is written:

dT

QA1-M C * g("o ~ "I ) + Wfg (H - H ) (4-6)1 w p d g f

wh:sre:

Q measured nodal tube wall heat flux=
1

A = tube wall nodal heat transfer areay

M tube wall nodal mass=
w

C tube wall heat capacity=
p

dT /dt rate of increase of tube wall temperature=
w
W primary side steam mass flow rate at the entrance to the noda=

g
H steam enthalpy at the node exit=
g

H; steam enthalpy at the node entrance=

Hf enthalpy of saturated liquid=

W rate of liquid evaporation in the node=

From the steam probe data, the primary steam enthalpy was determined. The rate

of change of tube wall temperature was calculated from the tube wall

thermocouple data and the tube wall heat flux was calculated from the measured

secondary fluid and tube wall thermocouples. The individual tube inlet steam flow

w:s derived from the alr/ water test data. The remaining unknown in equation (4-6)
is Wfg, the rate of liquid evaporation in the node. By starting at the first nodal
elevation, where the inlet steam mass flow rate was known from the air / water

|

tests, equation (4-6) was used to compute the liquid evaporation in the node. From

this calculation the inlet steam flow to the next node could be found and equation
(4-6) could again be used to compute the liquid evaporation in the second node. The

4-23 |
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calculation was continued for all the calculational nodes. From the local nodal,

steam flow and the total tube mass flow (assumed to be constant), the local quality

is found. Computer-generated tables of local tube wall heat flux and local quality;

are presented in appendix H. An uncertainty analysis on the local quality could in

general be performed following the method described in appendix I. However, this;

analysis would require an estimate of the error introduced by applying the
>

air / water test data to the steam water test, and an estimate of the error

introduced by using interpolated steam probe temperature to determine local

quality. An alternate method to evaluate the accuracy of the local quality
calculation is to compare the calculated tube bundle exit quality with the measured

outlet plenum quality, shown in the data plots in appendix H. In general, these

; local quality calculations indicate that the local quality is being underpredicted.
The error is least in the high quality runs (x above 50%) and increases as the inlet
quality decreases.

1

l

i

.

I

,
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:
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!

!

! SECTION 5

!

CONCLUSIONS

The steam generator separate effects tests were successfully carried out, and the

data obtained are expected to be useful for reflood model development and

verification. In particular, the heat release rates in the steam generator tube

bundle can be determined from the installed bundle thermocouples. A heat

transfer calculational method using bundle thermocouples has been developed and

will be used in subsequent systems effects tests to determine the bundle heat

transfer. The tests also demonstrated that a small amount of liquid coexists with

; superheated steam in the primary side of the steam generator tube bundle, and can
! be collected Iri the outlet plenum.

i
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I
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1
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APPENDIX A

INSTRUMENTATION BENCH TESTS

Two bench tests were run to demonstrate the adequacy of the tut'e bundle wall

thermocouple installation method and the primary side tube inlet region differ-

ential pressure probe installation for measuring tube wall temperature and pressure
drop.

In the tube wall thermocouple bench test (figure A-1), several thermocouple

mounting concepts were tested. They varied from a purely mechanical

spring-loaded mounting concept to a typical sheathed thermocouple mounted

perpendicular to the tube wall, to a pad-type thermocouple tack-welded to the '

tube wall. These thermocouples were mounted to a short section of Inconel tube.

Two thermocouples embedded in the tube wall served as references. In these tests

the thermocouple that was silver-soldered perpendicular to the tube wall was

conristently in closest agreement with the thermocouples buried in the tube wall.

A second series of bench tests were then run with thermocouples silver-soldered to

the tube while the tube was in a mockup of a section of the 32-tube bundle. The

purpose of this test was to verify that the existing dimensional clearance between

the tubes was large enough to permit silver-soldering thermocouples to tubes in the

tube bundle. After four thermocouples had been installed, the thermocouple
response was measured in the bench test. The difference between the silver-

soldered thermocouples and the thermocouple embedded in the tube wall, plotted

against the tube wall heat flux, is shown in figure A-2. The heat flux was imposed
on the tube by passing cold water 10 C (50 F) through the tube while it was

immersed in a hot water bath approximately 82 C (180 F) . Aftersteady-state
conditions had been reached, thermocouple output was recorded. Figure A-2

illustrates that the thermocouple bias varies linearly with heat flux and that each

thermocouple response is different. The data trend in figure A-2 indicates that

thermocouple installation may affect the thermocouple response and that an

individual thermocouple calibration test should be run in the steam generator
shakedown tests.

A-1
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1

i
}

! The objective of the differential pressure probe bench test (figure A-3) was to
! demonstrate that such a probe inside the tube would function properly in a

two-phase flow environment. In this test,' the two-phase flow was simulated with
i air and water. The simulated steam generator tube was transparent to allow visual
i observation nf the flow regime inside the tube. The concern was that the static
4

| pressure probe in the two-phase mixture could accumulate liquid, which would then

cause an erroneous dif ferential pressure signal.
!
i .

- A reference set of pressure taps was installed externally on the tube wall and '

| connected to two differential pressure transducer cells. These reference

j differential pressure transducers had a water-solid external reference leg. The
j reference differential pressum was compared to differential pressure readings
i

; from the cells with sensing lines inside the tube. The internal differential pressure

cell did not use a water solid reference leg, but used a nitrogen purge to ensure
. that the sensing lines did not accumulate water.
t
; e

j The results of the differer. sal pressure bench test (table A-1) show that the purge
! flow can keep the instrument lines f ree of liquid even for low void fractions, where

the tube is essentially filled solid with water. Based on this test, it was concluded
i

that the continuous purge of tFe differential pressure cell probes would prevent,

i

i liquid accumulation in the probes. The indicated dif ferential pressure could then
4

: be used to calculate the void fraction in the tube.
I

4

7

.

!

1

I

4

i.
'

,

.

i
-

!
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APPENDIX B

STEAM GENERATOR INLET PLENUM

AIR / WATER FLOW DISTRIBUTION TEST

B-1. AIR / WATER INLET PLENUM TEST OBJECTIVES

The objectives of the alr/ water inlet plenum tests were as follows:

To measure the radial variation in the liquid and air volumetric flow rates at-

the tubesheet of the FLECHT cteam generator inlet plenum. The air and

liquid volumetric flow rates cimulated steam and liquid volumetric flow rates

from the test matrix.

To measure the radial variation in liquid and air flow rates as above, with the-

spray nozzle mounted inside the FLECHT inlet plenum. The purpose of the

internal spray nozzle was to attempt to achieve a uniform liquid distribution

at the tubesheet.

To measure the radial variation in liquid and air flow rates as above, using an-

inlet plenum geometrically similar to a typical pressurized water reactor plant
steam generator inlet plenum.

|

To experimentally determine a configuration for the internal nozzle that-

reproduces the scaled plenum distribution above.

To measure the single-phase air flow distribution at the tubesheet.-

1

B-2. TEST DESIGN AND INSTRUMENTATION

The simulated tubesheet used in the alr/ water tests had a short section of tube

with an orifice in the end of the tube to simulate the hydraulic resistance of a

,

B-1
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.

full-length tube. The standard isothermal frictional pressure drop and orifice

pressure drop equations can be solved for orifice diameter in terms of the pipe

parameters. The equation is

d - I!4 )
9. = I
d 2

.C f L/D.

where

d orifice diameter=
g

d pipe diameter=

C orifice=

f friction factor in pipe=

L/D pipe length-to-diameter ratio=

For the above calculation, a friction factor of 0.02 and an orifice flow coefficient

of 0.69 were used. A typical orifice simulating a steam generator tube is shown in

figure B-1.

ORIFICE ID = 107cm (0.421in.)

I';3 til

TUDE OD = 2.22cm (0.875 in.)
8D -'87'"(0775ial-7.s2= -mi

W4 VA
SIMULATED TUBESHEET

Figure B-1. Orifice Simulation of Steam Generator Tube Friction

i

During the alr/ water tests the air and liquid flow rates in the tube shown in figure

! B-1 were measured. For this measurement, the orifice shown in figure B-1 was

removed, and the instrument shown in figure B-2 was connected to the tube. With
l this instrument and a Pitot tube, the air / water mixture in the tube was separated,

and the flow rate of each component was measured. During a test, the instrument

was moved from tube to tube sequentially to get the data necessary to map the

B-2
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~30.5cm (~1 ft) LONG FLOW RATE

MEASUREMENT
L} h (0-1 ft/ min)

AIR / WATER 1/2"m
' "

MIXTURE 7 C a

TUBE WITH 0.453-
INCH ORIFICE

AIRTIGHT
SEALS N ,t

%

s s
,

.. ..

dL + AIR FLOW 2~-n-- -

2.22cm (7/8 in.) -- --

[ SEALED CALIBRATED{ OD TUBE
BEAKER FOR LIQUlO7.62cm -

(3 in.) ^'" ~ ~

AIR FLOW
n- - (VOLUME:--

.

APPROXIMATELY--- . .

3

/
_ 500 cm )' w~ ~-

)n

WATER ACCUMULATION
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flow distribution across the tubesheet. While the individual tube measurements

were being made, the air and water flow to the inlet plenum was held constant.

The orifice on the tube in the calibrated beaker was slightly larger than the

ocifices in the uninstrumented tubes to compensate for the added resistance of the

instrument itself.

An overall loop schematic diagram for the air / water test is shown in figure B-3.

The liquid flow rate was controlled with a throttling valve in the liquid supply line
,

to control the pressure to the spray nozzle. The flow rate was measured with a

direct-reading rotameter.

The air flow was supplied by the large air compressor and was regulated by

bleeding a given amount of air from the compressor supply line. The air flow to

the inlet plenum was measured with an orifice. The air flow to the plenum was

regulated by adjusting valves V-2 and V-3 (figure B-3). Air and water flow rates
required to simulate steam generator test conditions are shown in table B-1.

Because of the compressor capacity limit, a maximum of only 330 cfm could be
supplied to the inlet plenum.

B-3. TEST MATRIX

Tests with unique inlet plenum volumetric steam and liquid flow rates were

selected for the alr/ water test from the test matrix in table 7-2 of the steam
generator separate ef fects task plan.(1} The assumption behind the alr/ water

tests was that the fluid conditions at the tubesheet would be duplicated in the

air / water test if the volumetric flow rates of the air and water were the same as
the volumetric flow rates of steam and water in the loop test.

In the alr/ water plenum test, the seven test conditions shown in table B-1 were run

with the FLECHT inlet plenum. The hemisphericalinlet plenum was tested with

the conditions in runs 1,2, 5, and 6. With the spray nozzle inside the inlet plenum,

the run conditions from runs 1,2,5, and 6 were run with the spray nozzle designed

1. Hochreiter, L. E., et al.,"PWR FLECHT SEASET Steam Generator Separate
Effects Task: Task Plan Report," NRC/EPRI/ Westinghouse-2, March 1978.

B-4
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ORIFICE VIEW PLATE
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DEVICE FOR
SEPARATING SIMULATED.

AIR / WATER TUBESHEET
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Figure B-3. Loop Schematic Diagram for Plenum Air / Water Test h
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for a uniform inlet flow distribution. Also, several tests were run with air only to

check the test loop, and several tests were repeated so that the random error in

the data could be evaluated. Tests were also run with and without simulated steam

probe and differential pmssure probe instrumentation leads immediately below the

tubesheet in the steam generator plenum.
|

Table B-2 summarizes the alr/ water tests run on the two inlet plenum geometries.

Air and liquid volumetric flow rates from table B-1 provided the boundary

conditions for the test (except for the compressor capacity limit noted above,

which provided a maximum flow of 330 cfm). Also, because the test equipment

was unable to functbn at the air flow required by runs 6 and 7, these tests were

run at an air flow of 120 cfm. The geometry of the two plenums used in the test is

illustrated in figure B-4.

B-4. TEST DATA

|

Test data consisted of the totalliquid and air flow rates and the individual tube air

and liquid flow rates. The liquid flow rate was read directly from the rotameter,

and the air flow was calculated from the flow orifice pressure drop. The individual
tube air and liquid flow rates were calculated from the Pitot tube measurement

and the time for water level to change in the calibrated beaker shown in figure

B-2. The total air flow rates and individual tube air flow rates were calculated
from the following equations:

(I)O at air = 343 (Y) g APpy

(2)
tube i = 2323 V AHo

g

1. Eq. 3-22 in Crane Technical Paper 410, with do = 1.135 in. and C = 0.65.

2. Eq. 3-21 in Crane Technical Paper 410, with do = 0.453 in. and C = 0.65.

|
!

|
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R un No. Description

1 Reference run

2 Flow sensitivity

3 Pressure sensitiv

4 Pressure sensitiv

5 Quality sensitivil

6 Quality sensitivi{

7 Post bundle queq

|

|
|
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TABLE D-1 /
\

STEAM GEtERATOR SEPARATE EFFECTS TEST

STE AM AND LIQUID V CLUMETRIC FLOW R ATES

Pressure Total Flow Liquid Flow Steam Flow

[MPa [kg/sec [kg/sec [m /sec [kg/s [m /sec
(psla)] Quality (!b/sec)] (Ib/sec)] (gal / min)] (Ib/sec)] (cfm)]

0.276 0.80 0.227 0.0454 0.000045 0.182 0.1189

(40) (0.5) (0.10) (0.72) (0.40) (252)

0.276 0.80 0.4 54 0.0908 0.000009 0.363 0.2378

(40) (1.0) (0.20) (1.44) (0.80) (504)

ty 0.130 0.80 0.227 0.0454 0.000045 0.182 0.2275

(20) (0.5) (0.10) (0.72) (0.40) (482)

ty 0.414 0.80 0.227 0.0454 0.000045 0.182 0.0812

(60) (0.5) (0.10) (0.72) (0.40) (172)

y 0.276 0.50 0.227 0.114 0.00011 0.114 0.0746

(40) (0.5) (0.25) (1.8) (0.25) (158)

.y 0.276 0.20 0.227 0.182 0.00010 0.0454 0.0297

(40) (0.5) (0.40) (2.9) (0.10) (63)

ch 0.276 0.10 0.454 0.409 0.00041 0.0454 0.0297

(40) (1.0) (0.90) (6.5) (0.10) (63)

'l B-7
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TABLE B-2

TEST MATRIX FOR STEAM GENERATOR INLET PLENUM AIRMATER TESTS

Test

AirMater Conditions

Test Matrix Plenum (Run No. From

Run Number Configuration Table B-1)

01A Scaled plenum without Air only
028 instrumentation leads Air only

03C Scaled plenum without Run 1

04D instrumentation leads Run 2

05G i Run 5

06H Run 6

07A FLECHT plenum with Air only
08B instrumentation leads Air only

09C Runi

10D Run 2

11E FLECHT plenum with Run 3

12F instrumentation leads Run 4 l

13G Run 5

14H Run 6

151 Run 7

16C FLECHT plenum with Run 1

17D instrumentation leads, Run 2

18D with internal nozzle Run 5

19H for uniform flow distribution Run 6
I

l
,

.

|

1

|
B-9
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TABLE B-2 (cont)

i |

TEST MATRIX FOR STEAM GENERATOR INLET PLENUM AIRMATER TESTS !

1

Test

AirMater Conditions

Test Matrix Plenum (Run No. from

Run Number Configuration Table B-1)

; 24A .~t ECHT plenum with Air only
25B instrumentation leads, Air only

with internal nozzle

| 26C FLECHT plenum without Run 1

instrumentation leads
|

1
i

|

!

|

B-10
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15607 35

FLECHT PLENUM SCALED PLENUM

ELEVATION VIEW ELEVATION VIEW

h
+6-1/4"->

6" "a
4" )

A h

} 2.02"
4.78" 500

4: 5-5/8"

45" #
I

) ,,

100 21/2"
Y

2-3/4" |< > 1r

INLET NOZZLE
LOCATION

Rt 17 1/2" 37"

INLET NOZZLE LOCATION
A

36 30'

'
NOZZLEQ '

h'

- - -

.N ,
i

NOZZLEQ

Figure B-4. Air / Water Test Inlet Plenum Geometries
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where

Q = t at air flow rate to plenum at standardtotal air
conditions [m /sec (cfm)]
flow orifice pressure drop [ Pa(psi) ]Ap =

mass density of air at upstream pressure tapp =y

[kg/cm (Ibm /f t )]
compressible flow, net expansion factor (1)Y =

air flow from tube i[m /sec (cfm)]Q =tubei
Pitot tube pressure head at tube 1[Pa (in.AH =

g

HO)]2

Table B-3 presents a summary of the loop data from each run together with the

sum of the flow rates from each tube. The data in columns headed Sum of qtube
represent the sum of the tube flow, which can be compared to the total measured

loop flow. Since the individual tube and totalloop flow measurements are

independent, this comparison is a consistency check on the data. The comparison
i
' shows that the air- and liquid-phase data agreement is generally within 10 percent

for air flow rates above 0.071 m /sec (150 cfm); the difference between the two

measurements increases as the air flow rate decreases below 0.071 m /sec (150
cfm). For this reason runs 6 and 7 (table B-1), which required a volumetric flow of

3al: of 0.030 m /sec (63 cfm), were run at the higher air flow rate of approxi-
mately 0.057 m /sec (120 cfm).

Test data for the individual tube air and water flow rates are reported in figures'

B-5 through B-35. The data in these tables are normalized M the average tube

flow rate reported in table B-3.

The data are presented on a drawing of the tube bundle with an arrow indicating

the location of the lower plenum inlet nozzle. The number recorded in the circle

| representing each tube is the normalized air or liquid flow rate measured at that
|

tube location. |

1. Crano Technical Paper 410, p A-21.

I
!

B-12
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The run summary (table B-3) shows that the 04D run was repeated four times (runs

0804D,1104D,1304D, and 1604D). From these runs, the random error in the

experiment was estimated by cormuting the overall variance in the normalized |

liquid flow. The results of the calculation were as follows:

, ,

Normalized Liquid Flow Rate

Data Sample Overall Variance Overall Standard Deviation
| Absolute Relative
l

All 32 tubes 0.048 0.22 22%

All tubes except 0.021 0.14 14 %,

!

A-9 and C-1|

The above table shows that two tubes in the bundle account for one-third of the

total deviation; when these tubes are excluded the standard deviation in the liquidi

flowrate is 14 percent.

The alr/ water test data were used in the two-phase matrix test data reduction

program SGFLUX. In this program the total bundle heat transfer was calculated

from the four-instrumented-tube data by multiplying the instrumented tube heat

flux by a weighting factor that represents the number of tubes with heat flux close

to that of the measured tube. These weighting factors were developed from the
air / water test data by assigning each uninstrumented tube to the instrumented tube

with inlet flow parameters which most closely match the uninstrumented tube

flow. For example, in run 1909C, which simulates the reference run, the

instrumented tube locations had normalized liquid distributions of 1.77,1.18,0.75

and 0.68 for radial positions 1,2,3, and 4, respectively. In the air / water test,

eight tubes had liquid fractions from 1.2 to 2.4, eight tubes had liquid fractions
from 0.9 to 1.2,12 tubes had liquid fractions from 0.68 to 0.9 and four tubes had

liquid fractions below 0.68. The weighting factors from the air / water tests that

were used in the SGFLUX program are presented in table B-4. i
1

,

,

,

l
,
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Test

Run(a) Test

Date Type Plenum

0102B Air only HP
7/25/78
0201A Air only HP
7/25/78
0401A Air only HP
7/27/78
05028 Air only HP
8/3/78
06028 Air only HP
8/3/78
0703C Air / water HP
8/7/78
0804D Air / water HP
8/8/78
0905G Air / water HP
8/9/78
1006H Air / water HP
8/9/78 |

1104D Air / water HP
8/10/78
1206H Air / water HP :

'
8/15/78
1304D Air / water HP
8/16/78
1403C Air / water HP
8/17/78

,

|
1505G Air / water HP |
8/17/78
1604D Air / water HP
8/21//9
1720C Air / water FP

Test run ID = test sequence, as first two da.
b. HP = scaled hemispherical plenum, FP = F,

SI(metric) data are given in finures B-5 t$, c.
4

d. Total flow in all 32 tubes

f



TABLE B-3 )
\
d

AIR / WATER INLET PLENUM TEST RUN SUMMARY

Air Volumetric Flow Data ( ) Liquid Volumetric Flow Data ( }

Range of Range of

Measured Measured

9tube 9 tube

Measured Absolute Sum of Measured Absolute Sum of

Total Loop (Normalized) q be(d) Total Loop (Normalized) qtube (d)
Flow (cfm) (cfm) (cfm) Flow (gal / min) (cm / min) (gal / min)

330 9.63-12.05 339.42
(0.91-1.14)

227 6.33-8.22 228.82
(0.89-1.15)

227 6.23-8.34 233.05
(0.86-1.15)

330 10.17-11.62 339.09
(0.96-1.10)

330 9.50-12.19 346.72
(0.88-1.13)

227 6.73-8.08 224.99 0.72 7-231 0.777
(0.96-1.15) (0.08-2.51)

330 10.04-11.84 336.40 1.4 17-403 1.12
(0.96-1.13) (0.13-3.04)

141 3.07-4.67 121.07 1.55 48-552 1.58
(0.81-1.24) (0.26-2.95)

128 0-4.19 101.27 2.35 43-1048 2.02
(0-1.33) (0.18-4.38)

330 9.96-11.73 333.06 1.4 30-408 1.219
(0.96-1.13) (0.21-2.83)

121 0.3-3.92 91.86 2.9 43-825 1.829
(0-1.37) R 20-3.82)

327 9.69-11.47 323.74 1.54 12-307 1.188
(0.96-1.13) (0.09-2.74)

247 7.19-8.65 240.19 0.69 2-1.94 0.642
(0.96-1.15) (0.03-2.551

157 3.52-5.30 137.27 1.85 47-593 1.802
(0.82-1.25) (0.22-2.78)

335 10.04-11.6' 333.44 1.54 20-513 1.495
(0.96-1.12) (0.11-2.90)

250 7.25-7.51 236.34 0.72 21-171 0.723

aits, and test matrix run number as defined in table D-3
[ECHT plenum
ouch B-35. ,

|B-1)_
1
4

__
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Test

Run(a) Test

Date Type Plenum

8/25/78
1807A Air / water FP
8/30/78
1909C Air / water FP
8/31/78
2008B Air only FP
8/31/78
2110D Air / water FP
9/1/78
2211E Air / water FP
9/1/78
2312F Air / water FP
9/5/78
2413G Air / water FP
9/5/78
2514H Air / water FP
9/6/78
2615I Air / water FP
9/6/78
2716C Air / water FP
9/8/78
2824A Air only FP
9/13/78
2925B Air only FP
9/13/78
3017D Air / water FP
9/13/78

a. Test run ID = test sequence, as first two r
b. HP = scaled hemispherical plenum, FP = f

SI(metric) data are given in figures B-5 tlc.
d. Total flow in all 32 tubes

v

i

h
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TABLE B-3 (cont)
I
a

AIR /V!ATER INLET PLENUM TEST RUN SUMMARY

Air Volumetric Flow Data ( ) Liquid Volumetric Flow Data (c)

Range of Range of

Measured Measured

9 4
tube tube

Msasured Absolute Sum of Measured Absolute Sum of

Total Lono (Normalized) q (d) Total Loop (Normalized) qtube(d)

Flow (cf m) (cfm) (cfm) Flow (gal / min) (cm / min) (gal / min)

(0.98-1.02) (0.25-2.01)
252 8.03-8.17 259.54

(0.99-1.01)
251 7.39-7.69 242.78 0.72 28-202 0.735

(0.97-1.01) (0.32-232)
327 10.56-10.70 340.06

(0.99-1.01)
330 9.95-10.52 332.32 1.45 94-470 1.518

(0.96-1.01) (0.52-261)

329 10.23-10.52 333.51 0.72 38-247 0.733

(0.98-1.01) (0.44-2.84)

175 4.12-5.25 161.69 0.72 21-160 0.742

(0.82-1.04) (0.24-1.82)

161 4.50-5.41 153.97 1.8 83-353 1.888
(0.37-1.58)(0.94-1.12)

-

123 3.27-3.39 113.06 2.9 86-645 2.967

(0.93-1.11) (0.25-1.84)

124 3.05-4.44 122.34 6.5 222-1751 6.961

(0.80-1.16) (0.27-2.13)

253 7.49-7.87 249.22 0.72 29-308 0.730

(0.96-1.01) (0.34-358)

254 8.03-8.18 259.66
(0.99-1.01)

328 10.62-10.72 341.59
1.00-1.00

528 10.01-10.47 328.93 1.45 104-341 1.517

(0.58-1.91)(0.97-1.02)

igits, and test matrix run number as defined in table D-3
LECHT plenum
trough B-35.

$
B-17
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I

Test

Run(*} Test

Plenum (Date Type

3117D Air / water FP
9/14/78
3219H Air / water FP
9/14/78
3316C Air / water FP

:
9/15/78
3418G Air / water FP'

9/15/78
3517D Air / water FP

'

10/5/78

a. Test run ID = test sequence, as first two digl
b. FP = scaled hemispherical plenum test, FP E

SI (metric) data are given in figures B-5 thrdc.
d. Total flow in all 32 tubes

|

<
f

I



TABLE B-3 (cont)
i
e

AIR / WATER INLET PLENUM TEST RUN SUMMARY

Air Volumetric Flow Data (c) Liquid V olumetric Flow Data (c)

Range of Range of

Measured Measured

9 tube9tube

M2asured Absolute Sum of Measured Absolute Sum of

tube (d)Totel Loop (Normalized) qtube(d) Total Loop (Normalized) q
3

Flow (cfm) (cfm) (cfm) Flow (gal / min) (cm / min) (gal / min)

328 9.88-10.36 329.60 1.45 85-447 1.518

(0.96-1.08) (0.47-2.48)
122 2.67-3.64 103.95 2.9 78-635 2.844

(0.83-1.12) (0.23-1.89)
253 7.61-7.91 249.82 0.72 41-211 0.730

(0.97-1.01) (0.48-2.45)
170 4.48-5.37 158.68 1.7 74-475 1.841

(0.90-1.08) (0.34-2.18)
331 9.83-10L39 327.91 1.45 78-375 1.511

(0.96-1.01) (0.44-2.21)

,

ts, and test matrix run number as defined in table D-3
FLECHT plenum
agh B-3 5,

t,
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15607-3

COLUMN

A B C D

AIR / WATER TEST WITH
SCALED. HEMISPHERICAL [ \g

--

PLENUM

VALUES ARE AIR h,
q (NORMALIZED) \,
32 '

,'\3% qtube=0.04335m /sec (91.86 cfm) !

/ (1.11 '\'
3 1.07 0.72

3

ii ube = 0.00135m /sec (2.87 cfm/) Nt

' '4 1.09 1.07 0.85

/ 0>) N
\'

,

\5 1.09 1.02 0.94
,

N.

h 6 1.07 1.16 1.09 0

7(
,

1.07 1.35 1.27 ' '

/ / .01
8 1.11 1.25 1.37 j

\,
9 1.11 1.11 1.16

N,'
O.97 \

10 1.09 1.07 ' ' '

## N Q- X
/)+ Ndd 3

"

s
VIEW FROM ABOVE

Figure B-5. Normalized Air Flow, Run 1206H

|
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15607-4

COLUMN l

!

^
AIR / WATER TEST WITH

LED HEMISPHERICAL ' ~

VALUES ARE WATER 1 2.42 '

q (NORMALIZED) '

2 / 47 1.0532
3% 4 ube=6923cm / min (1.829 gal / min) \t ,'

(0.21 0.26 1.56 'N3
3iitube=216cm / min (0.057 gal / min '

N,

^ '4 0.23 0.38 1.18 \O.53 '

N
\5 0.36 0.56 1.09

N.

o 0.38 0.76 1.66 3.'.3 -\|3 6

' \'

7 0.33 1.04 2.14 ' '

s

8 0.21 0.76 1 82
'

\ ' N
N9 0.20 0.40 1.01

\ 1.66
10 0.24 0.36 ' '

\,
qd 1 0 -

N d.40")3
11

VIEW FROM ABOVE

Figure B-6. Normalized Water Flow, Run 1206H
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15607-5

COLUMN

A B C D
AIR / WATER TEST WITH
SCALED HEMISPHERICAL ^ ~

PLENUM

VALUES ARE AIR 1 1.05 -

\q (NORMALIZED)

32 ~

N
3

% 4 ube=0.1135m /sec (240.19 cfm) \t
,

3 97 0.98 0.98 '

N3
ii ube = 0.00354m /sec (7.51 crm)

.

t

4 0.98 0.97 0.98 ' ' ;

1.0 '

\5 0.98 0.97 0.98

N.

h6 0.97 0.97 1.00 1.0 -

7{
<

0.98 0.97 1.02
''

s

I / 1.1 !

\8 0.98 0.99 1.05 '

j' ' N,

9 0.98 0.98 1.00

*
1.04

10 0.96 0.98

'

qV 11 '

p* Y'b b
O ,

9 \ IEW FROM ABOVE

Figure B-7. Normalized Air Flaw, Run 1403C
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15607-6

COLUMN

^
AIR / WATER TEST WITH I

" ~ '

D HEMISPHERICAL

f
VALUES ARE WATER 1 1.34
q (NORMAllZED) |'

'

2 /
32 0.39 0.42 3,

3% 9 ube=2431cm / min (0.642 gal / min) \t

3 36 0.39 0.46

N3ii ube=76cm / min (0.020 gal / min)t

4 0.36 0.55 0.79 ' '

1.53 \'

N
\5 0.54 1.12 1.51

N
h 6 0.92 1.91 2.55 2.3

7{ 1.28 2.03 1.86 '

s

' O.5
8 1.54 1.46 0.66 j \

\,
\9 1.76 1.21 0.32

\
0.05

10 1.22 0.32

-\
' '

,

t / \ _

'

"

.#j Ndoj 3s
VIEW FROM ABOVE

Figure B-8. Normalized Water Flow, Run 1403C
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| 15607-7 |

COLUMN

| A B C D
AIR / WATER TEST WITH g _~

| SCALED HEMISPHERICAL [
'

1 0
| VALUES ARE AIR \'

q (NORM ALIZED) \,
\2 / .99 0.98

,

3' qtube=0.06478m /sec (137.27 cfm)

3 02 1.00 0.90 '

3
litube = 0.00202 m /sec (4.29 cfm) ,

N,
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\
O.8>2 \N

'

.
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J7N
'

7 0.95 1.08 1.25 '

/ \s

' 1.1
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' .96 \9 1.00 0 1.04 s
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\ 0.98
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/* N O- X

0
O
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VIEW FROM ABOVEq

'

Figure B-9. Normalized Air Flow, Run 1505G
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15607 8

COLUMN ,

1

AIR / WATER TEST WITH A B C D
SCALED HEMISPHERICAL

3 ---
PLENUM [ \

d.di
VALUES ARE WATER / \q (NORMALIZED)

\2 / 59 0.65
,

% 4 ube=6822cm / min (1.802 gal / min) \3
t ,

3 .22 0.37 1.06 -

3qtube=213cm / min (0.056 gal / min) '

N',
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2.56 '

N,

\5 0.50 0.90 1.24
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N -N'= Go 0.73 1.08 1.51 2.78
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7

/
'.N
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/ - 2.038 0.47 0.69 1.04

\ ' x,

N9 0.35 0.54 0.84 ,

N.

\ \1.6
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3 ,
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$ % i _

'

s|+ \&$ $
"

9 VIEW FROM ABOVE

Figure B-10. Normalized Water Flow, Run 1505G
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15607-9

COLUMN

AIR / WATER TEST WITH A B C D

SCALED HEMISPHERICAL N"

\
~

PLENUM

'
1 0 -

VALUES ARE AIR / ,Kq (NORMALIZED)

32 2 / 00 0.99
3 \
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,
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'

3
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90' VIEW FROM ABOVE

Figure B-11. Normalized Air Flow, Run 1604D
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15607 10

COLUMN

^
AIR / WATER TEST WITH

' ~

ED HEMISPHERICAL

'

VALUES ARE WATER 1 2-
'q (NORMALIZED)

\32 2 / .47 0.64
3qtube=5659cm / min (1.495 gal / min)

3 34 0.42 0.76 -

3ii ube=177cm / min (0.047 gal /m't N,

' '
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,

N! -

,
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/ N;
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0.53 N1 < - ,

8 1.38 1.24 0.41

\ \ y
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N
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/ \ o- N'

O
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VIEW FROM ABOVE

Figure B-12. Normalized Water Flow, Run 1604D
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15607-11

COLUMN
_

AIR / WATER TEST WITH A B C D

FLECHT PLENUM - i

0. )97 .VALUES ARE AIR 1
:>

qtube (NORM ALIZED) \,

/ f '

2 1.00 0.99
\32 ,

3 , ,
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INLET FLOW DIRECTION
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VIEW FROM ABOVE

Figure B-13. Normalized Air Flow, Run 1909C
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15607 12

COLUMN

A B C D

AIR / WATER TEST WITH [
FLECHT PLENUM '

VALUES ARE WATER /
4 ube (NORMALIZED) [t ~- '

/2 - 1.37

\3 '
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VIEW FROM ABOVE

Figure B-14. Normalized Water Flow, Run 1909C

B-30

!
(



15607-13

COLUMN'

A B C D

AIR ONLY TEST WITH f N'
~'

i FLECHT PLENUM N

1 0"
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,
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x
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| NES S
VIEW FROM ABOVE

Figure B-15. Normalized Air Flow, Run 2008B
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COLUMN |

A B C D

AIR / WATER TEST WITH '

lFLECHT PLENUM
,
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VIEW FROM ABOVE

Figure B-16. Normalized Air Flow, Run 2110D
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! VIEW FROM ABOVE

Figure B-17. Norrr.alized Water Flow, Run 21100
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VIEW FROM ABOVE

Figure D-18. Normalized Air Flow, Run 2211E
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VIEW FROM ABOVE

Figure B-19. Normalized Water Flow, Run 2211E
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Figure B-20. Normalized Air Finw, Pun '.312F j

B-36

. ._.



,

15607 19

COLUMN
_

A B C D j

AIR / WATER TEST WITH [
FLECHT PLENUM '

VALUES ARE W/ TER /
4 ube (NORMALIZED)

[ (0.65
'~-t

\// 1.562
'

\32
qtube=2810cm / min (0.742 gal / min) /3

3 0.48 1.05 1.28 '

N,

\3ii ube=88cm / min (0.023 gal / min) et ,

\'4 0.77 1.17 1.22

-

\5 0.81 1.14 1.41 g ,

l \ \FLECHT PLENUM

1.8]2j
'

0.78 1.00 1.08INLET FLOW DIRECTION .

1 / \7 0.69 1.24 1.34 -

N.
168 0.47 0.97 1.08 '

j

N: '
.

9 .24 0.82 1.18

1.5 =

10 36 0.86 / gg ,

11 I

N d e_ N |x - ,

VIEW FROM ABOVE I

Figure B-21. Normalized Water Flow, Run 2312F
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VIEW FROM ABOVE

Figure B-22. Normalized Air Flow, Run 2413G
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VIEW FROM ABOVE

Figure B-23. Normalized Water Flow, Run 2413G
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VIEW FROM ABOVE

Figure B-24. Normalized Air Flow, Run 2514H
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VIEW FROM ABOVE

Figure B-25. Normalized Water Flow, Run 2514H
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VIEW FROM ABOVE

Figure B-26. Normalized Air Flow, Run 26151
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VIEW FROM ABOVE

Figure B-27. Normalized Water Flow, Run 2615!
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VIEW FROM ABOVE

Figure B-28. Normalized Air Flow, Run 2716C
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VIEW FROM ABOVE

Figure B-29. Normalized Water Flow, Run 2716C
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VIEW FROM ABOVE

Figure B-30. Normalized Air Flow, Run 3219H
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VIEW FROM ABOVE

Figure B-31. Normalized Water Flow, Run 3219H
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VIEW FROM ABOVE

Figure B-32. Normalized Air Flow, Run 3418G

B-48



15607 31

COLUMN

A B C D
--

i , -

\AIR / WATER TEST WITH
FLECHT PLENUM

VALUES ARE WATER / '

qtube (NORM ALIZED) [ ~- '

/
2 .76 0.78

\32 f ,

3 \qtube=6968cm / min (1.841 gal / min) -
'

3 0.90 1.07 1.31 |
'

\ l< ,

\ |
3li ube=218cm / min (0.058 gal / min) '

t ,

\'4 1.56 1.56 1.09

-

\5 1.25 1.27 0.76 g ,

l \ \FLECHT PLENUM
0.8]8

'

> 6 1.34 0.87 0.34 'j , 3INLET FLOW DIRECTION '

7 1.24 0.72 0.44

N
\0.8

8 1.09 0.63 0.60 '

j
E s -

Ne '
.

9 9 0.57 0.63

0.5 '

10 1.65 0.55
|\ ,,f

' ~

N / \
2

,

VIEW FROM ABOVE

Figure B-33. Normalized Water Flow, Run 3418G
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VIEW FROM ABOVE

Figure B-34. Normalized Air Flow, Run 3517D
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VIEW FROM ABOVE

Figure B-35. Normalized Water Flow, Run 3517D
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TABLE B-4

WEIGHTING FACTORS USED IN DATA REDUCTION PROGRAM SGFLUX

Weighting Factor at Indicated Instrument Tube Location ( }

Matrix Test Air / Water Test

Run No.(" Run No. 9-H 7-F 7-D 3-B

1,7,8,10,11 09C 8 8 12 4

2 10D 10 9 7 6

? 3 11E 9 10 7 6
m
" 4 12F 2 8 7 15

5 13G 1 2 6 23

6 14H 3 6 4 19

9 151 1 7 5 19

12 16C 3 4 14 11

13 17D 6 5 7 14

14 18G 13 9 5 5

15 19H 10 5 7 10
t

a. See table 4-1.
b. See table B-3.
c. Tube locations shown on Westinghouse drawing 1447E21 (appendix C)
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APPENDIX C

TEST FACILITY DRAVANGS

This appendix contains the following drawings of the test facility, as built:

1447E14, sub 2 FLECHT 14-Inch Steam Generator Lower-

Plenum Modifications

1453E15, sub 2 FLECHT SEASET Steam Generator Task Piping-

(3 sheets) Layout

- 1463F31 FLECHT SEASET Steam Generator Test Water

Supply Vessel

- 1447E32, sub 3 FLECHT SEASET Steam Generator Task Steam
(3 sheets) Piping Details

1453E14, sub 2 FLECHT SEASET Steam Generator Task Boiler-

Room Piping Layout

1447E21 FLECHT SEASET Steam Generator Internal-

(2 sheets) Instrumentation Fluid and Wall T/C Locations
!

.

|

,
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APPENDIX D

PHO FOGR APHIC STUDY RESULTS

D-1. INTRODUCTION

The steam generator inlet and outlet plenums were provided with two 2.5-inch-

diameter view ports to allow visual observation of the flow regimes in the plenums.

The inlet plenum ports are illustrated in figure 3-3, sheet 2. The outlet plenum

ports are located in the same relative location in the plenum as the inlet plenum

ports and were fabricated when the plenum was modified for the integral moisture
>

separator. In selected runs, high-speed movies were taken of the flow in each

plenum; in other runs, a still camera synchronized with a high-speed flash unit was
used to take still pictures of the plenum flow.

The purpose of the photographic study was to determine droplet size and velocity

and the flow regime in the plenums. The runs selected for photographic study are
presented in table D-1.

D-2. EQUIPMENT DESCRIPTION

The high-speed cameras used in this test were Redtake Hycam Model 41-0004

cameras with 25mm lenses set at an F-stop of 1.4. The cameras were run at 2500:

frames per second. One view port in each plenum was used to illuminate the flow
'

with a 1000-watt light source. Digital timers were used to provide a record of the

t'me after test initiation and mirrors were used to record the image of the timerj

on the film adjacent to the view port. The cameras were loaded with 400-foot rolls
j of ~llm; during each test two inlet plenum rolls were shot and four outlet plenum

rol.s were shot. The inlet plenum movies were taken at the beginning and end of

t!'s test and the outlet plenum movies were taken at 2-minute intervals beginning
! at about 1 minute into the test.
1

The cameras used for the still photographs were a Nikon 35mm and a Mamiya

RB-67 attached to Vivitar model 83 flash units. These flash units have a flash
;

i duration of 25 to 33 microseconds. The front lighting and timer setup was the~
same as that described above for the movies.

D-1-

[
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TABLE D-1

I

STEAM GENERATOR SEPARATE EFFECTS

TEST PHOTOGRAPHIC RUNS

Nominal Boundary Conditions
)

i

Total Flow Pressure

[kg/sec [MPa
Run No. (Ib/sec)] Quality (psia)] Type of Photo

.i

21711 0.227 (0.5) 0.80 0.276 (40) Still photos

i

20703 0.227 (0.5) 0.80 0.138 (20) Still photos

!
t

20904 0.227 (0.5) 0.80 0.414 (60) Still photos

21909 0.454 (1.0) 0.10 0.276 (40) Still photos

20610 0.227 (0.5) 0.80 0.276 (40) High-speed movies (a)

21405 0.227 (0.5) 0.50 0.276 (40) High-speed movies

21502 0.454 (1.0) 0.80 0.276 (40) High-speed movies,
,

.

21806 0.227 (0.5): 0.20 0.276 (40) High-speed movies

}

a. Nominal framing rate = 2500 frames /second
!

,

t

!

|

|

.D-2

|

|
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D-3. RESULTS

Examples of still photographs of the inlet plenum flow regime from each of the

four runs in table D-1 are shown in figures D-1 through D-4. The maximum and

minimum drop sizes were measured from the still photographs and are summarized

in table D-2. The photographs from run 21909 indicate that, for this run condition,

the liquid flow is primarily in the liquid film on the plenum wall, with relatively

few entrained drops in the vapor core. The still photographs of the outlet plenum
show no visible drops entrained in the flow.

The high-speed movies of the inlet plenum were analyzed for droplet velocity. The

droplet velocity was determined by tracking the trajectory o; a drop for a given

number of frames and then dividing the distance traversed by the drop by the time

the camera used to advance the film the given number of frames. From the

movies, the drop size was also estimated by secling the drop image to a known
i

dimension in the picture. From all of the inlet plenum films, sample drops were

tracked and the composite plot of drop velocity versus drop diameter shown in

figure D-5 was constructed. In the inlet plenum, drops traveling in both directions

were observed. Also shown in figure D-5 are three calculated terminal velocity
characteristics, assuming an asymptotic droplet drag coefficient of 0.44. The

terminal velocity lines are different because the steam phase superficial velocity
in each of the three tests is different. In figure D-5 the steam velocity is added to

the droplet terminal velocity relative to the steam, to get the droplet absolute
terminal velocity. The inlet plenum movies from run 21806 indicated that the flow

regime changed from dispersed flow with entrained drops to a churn flow regime,
with the liquid in a continuous liquid film on the plenum walls.

High-speed movies of the flow regime in the outlet plenum show entrained liquid

drops in the superheated steam exhaust. However, the droplet density in the outlet

plenum is much lower than the droplet density in the inlet plenum. A summary of

drop size and velocity and the steam velocity in the tube bundle assuming complete
liquid evaporation is given in table D-3.

1. Wallis, G. B., One-Dimensional Two-Phase Flow, McGraw-Hill, New York,
1969, equation 8.3.

D-3
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Figure D-2. Inlet Plenum Drops, Run 20703, Time = 550 See
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TABLE D-2

STEAM GENERATOR INLET PLENUM DROP SIZE

RANGE FROM STILL PHOTOGRAPHS

Minimum Drop Diameter Maximum Drop Diameter

Run [mm (in.)] [mm (in.)]

21711 0.25 (0.01) 1.8 (0.07)

20703 0.25 (0.01) 1.8 (0.07)

20904 0.25 (0.01) 2.0 (0.08)

21909 (a) (a)

a. No visible rYoos in photograph

TABLE D-3

STEAM GENERATOR OUTLET PLENUM DROP SIZE AND

VELOCITY FROM HIGH-SPEED MOVIES

Drop Size Range Velocity Range

[mm (in.)] [m/sec (f t/sec)] Steam Velocity

in Tube Bundle (s)

Run No. Min Max Min Max [m/sec (f t/sec)]

20610 1.3 (0.05) 3.6 (0.14) 0.61 (2) 2.4 (8) 15 (50)

21405 1.5 (0.06) 5.6 (0.22) 0.61(2) 2.1 (7) 15 (50)

21502 1.3 (0.05) 2.8 (0.11) 1.8 (6) 4.0 (13) 30 (100) ;

21806 2.0 (0.08) 6.3 (0.25) 11 (35) 14(45) 15 (50)

!

I

|

n. Assuming tube outlet quality = 1.00 !
|
|

|
D-8

|
|
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D-4. CONCLUSIONS FROM PHOTOGRAPHIC STUDY

The flow regime in the inlet plenum is generally annular flow with dispersed drops

entrained in the vapor core. However, as the inlet flow quality drops below 50

percent, the flow regime changes to a churn-type flow regime with the liquid in a

continuous liquid film. For the runs with entrained liquid drops, a distribution of

drop sizes exist and the drop velocity varies inversely with drop size. The trend

qualitatively follows the terminal velocity predicted for a single drop. The still

photographs of drops in the inlet plenum are the most accurate source for droplet

diameter measurements; these photographs indicate that the drop diameters range

from 1.02 to 2.03 mm (0.04 to 0.08 in.). From the high-speed movies of the inlet

plenum drops, the drop size range varied from 0.51 to 5.6 mm (0.02 to 0.22 in.),

with the drops above 4.1 mm (0.16 in.) falling away from the tubesheet.

The outlet plenum high-speed movies were used to measure drop velocities in the

outlet plenum using the method described above for the inlet plenum. The results

of the data reduction (table D-3) show that the measured drop velocities in runs

20610,21405, and 21502 were less than the steam velocity in the tube bundle.

Since the flow in the outlet side of the tube bundle is vertical downward flow, any

entrained drop would reach a free fall velocity of approximately 15 m/sec (50

ft/sec) at the tube exit. The velocities for runs 20610,21405, and 21502 were well

below this lower limit and do not represent the velocity of drops entrained in the

tube bundle. The droplet velocities from run 21806 are significantly higher and are

representative of the velocity of an entrained drop in the tube bundle.

D-10
.
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APPENDIX E
i

TEST PROCEDURE t,

The test procedure for the FLECHT SEASET Steam Generator Separate Effects

Task is reproduced on the following pages.

t

|

|

E-1
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; FACILITY ENGINEERING

FLECHT-SEASET STEAM GENERATOR TASK
,

(WATER INJECTION INTO MIXER SECTION)

TEST PROCEDURE

,

t

i

!
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.

Prepared by: APPROVED:* '

M. F. McGuire, Engineer L. R. Katz, Manager
Facility Engineering Facility Engineering .i
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FEP-073

i Rev. 3
3-20-79

|

| FLECHT-SEASET Steam Generator Task
i (Water Injection Into Mixer Section)

Test Procedure

NOTE: Refer to Drawings 1447E35, Sub. 4 and 1447E13, Sub. 3 for location of
valves, components and instrumentation.

Performed by date

|0 Preliminary Setup

1.1 Install appropriate spray nozzle in mixer section.

1.2 Position 192 gallon weight tank on scale at outlet
of S/G and separator collection tank drains and fill
with cold water just above drain outlets.

'O Initial Instrument & Valve Setup & Checkout

2.1 Turn on instrument & control panel power.

2.2 Turn on strip chart recorders, set on standby.
Turn on slow speed as required during heatup.

2.3 Turn on turbine meter electronics.

2.4 Check power supply voltages.

2.5 Turn on DAS

2.5.1 Reset DAS time & enter run number.

2.5.2 Clean mag tape heads.

2.5.3 Mount tape.

2.5.4 Check paper & ribbon.

2.5.5 Print out progra;.dng & enter any change
per cognizant engineer's . instructions.

2.5.6 Record programming on mag tape.

2.5.7 Scan all channels & check for defective
ones, resolve any discrepancies.

-1-
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FEP-073

b-9 {
l

Performed by Date

i 2.6 Check strip chart recorders paper & ink. Mark re- l

corders with date, run number, chart speed and
identify pens.

2.7 Program DAS to monitor heatup at 15 minute scan

intervals.

2.8 Verify operation of facility air-operated control
valves by opening & closing valves on manual & auto
control mode:

.,

2.8.1 Check CV-1,

2.8.2 Check CV-2.

2.8.3 Check CV-3.

2.8.4 Check CV-4.

2.8.5 Check CV-5.

2.9 Verify operation of facility solenoid valves oper-
ated from control panel by opening & closing valves:

2.9.1 Check SV-1.
-

2.9.2 Check SV-2,

2.9.3 Check SV-3.

2.9.4 Check SV-4.

2.9.5 Check SV-5.

2.9.6 Check SV-6.-
-2.9.7 Check SV-7.

3.0 Filling & IIeatinq _up Steam Genera!.or Shell Side

3.1 Close D/P_-51 bypass (E) V-77.1

3.2 Open (E) V-74.

3.3 Open (E) V-75.'

3.4 Close (E) V-78.

3.5 Install tygon sight hose on vent' valve (E) V-79

and open (E) V-79.
-2-
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Performed by Date

3.6 Open V-204.

3.7 Open (E) V-81.
'

3.8 Open (E) V-261.

3.9 Close (E) V-260.

3.10 Close (E) V-80.

3.11 Open V-206.'

3.12 Close V-205.;

3.13 Open (E) V-170.

3.14 Close drain valve (E) V-27.
_

| 3.15 Open (E) V-28.
__

3.16 Open (E) V-28A.

3.17 Open (E) V-30. '

3.18 Turn on demineralized water pump & fill generator
shell side to specified level. Use tygon sight
tube attached to D/P-51 high side vent valve V-79
to detennine level in generator while filling.

3.19 Close (E) V-30 & turn off demineralized water pump.

3.20 Close D/P-51 high side (E) V-74.

3.21 Remove tygon sight hose from (E) V-79, leavel (E)
V-79 open.

3.22 Start S/G recirculation pump by plugging cord into
110 v outlet.

3.23 Close (E) V-28.

3.24 Close (E) V-28A.

3.25 Turn on S/G heater breakers & turn on switch Stl-14.

3.26 Set steam generator heater sheath limits as follows:

-3-
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Rev. 3
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Performed by Date
.

3.26.1 Top Zone: 350 F

3.26.2 Top Middle Zone: 350 F
i 3.26.3 Bottom Middle Zone: 350*F

3.26.4 Bottom Zone: 400 F

3.27 Set S/G controller at 250'F.

3.28 Heatup until temperature reaches 212 F and steam
starts coming out vent line, then turn off S/G
recirculation pump by pulling plug.

| 3.29 Close pump suction side valve V-204.

3.30 Close pump isolation valve V-206.
!

3.31 Open pump line vent V-205.

3.32 Close vessel vent (E) V-170.

3.33 Change steam generator heater sheath limits to
following values:

3.33.1 Top Zone: 450 F

3.33.2 Top Middle Zone: 475'F

3.33.3 Bottom Middle Zone: 500 F

3.33.4 Bottom Zone: 650 F

3.34 Carefully increase controller setpoint and heatup
S/G secondary side to a uniform temperature of 525 F
(saturation pressure 833 psig) or as otherwise speci-
fied. Monitor pressure on PG-7 and internal fluid
T/C's on DAS. Increase pressure at a maximum rate
of 250 psi per hour.

1

4.0 Filling & Heating Water Supply Tank

4.1 Open N line valve (E) V-136.
_2

4.2 Close V-61.

-4-
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; Performed by Date

4.3 Open tank vent valve V-56.

4.4 Back off dome loader regulator R-1.

; 4.5 Open V-175.

4.6 Open PG-5 isolation valve V-60.

4.7 If pressure indicates on PG-5 open V-176, vent,"

then close, otherwise close V-176.

4.8 Close V-59.

4.9 Close V-58.

4.10 Check setting of BPR-1, should be 250 psi. if not,
'

reset dome pressure.
_

4.11 Close drain V-57.

4.12 Open pump discharge valve V-54.
..

4.13 Open V-55.

4.14 Open V-52.

4.15 Open V-50,

4.16 Close drain V-51.

4.17 Open V-48.

4.18 Close V-47.

4.19 Open CV-3, controller on manual mode.

4.20 -0 pen V-46.
'

4.21 Close V-45.
i

! 4.22 Close V-44.
|

4.23 .0 pen V-3.

4.24 Close V-4. *

4.25 Open SV-7 (if installed).

4.26 Close V-7 (if installed).

-5-
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4.27 Align D/P 48 valves as follows for filling vessel:

4.27.1 Close-bypass V-66.

4.27.2 Close vent V-68.

4.27.3 Close vent V-67.

4.27.4 Open V-64.

;- 4.27.5 Open V-65.

4.27.6 Close V-69.

4.27.7 Close V-70.

4.27.8 Close V-71.

4.27.9 Open V-72.

4.28 Open demineralized water fill valve V-49 and fill<

P

water supply tank to 85% as indicated on strip chart
! recorder.

.

4.29 Close V-49.

4.30 Realign D/P 48 valves as follows for zero readings:
.

4.30.1 Close V-64.,

4.30.2 Open V-68..

4.30.3 Open V-71.

4.30.4 Close V-72.

4.31 Turn on water supply tank heater breaker.

.4.32 Turn on . strip heaters, set limits for 650 F and con-
troller for test specified temperature.

4.33 Turn on. recirculation pump.

4.34 ffonitor heatup on . fluid T/C, channel 1.

4.35 When fluid temperature reaches 212*F and . steam comes I

out vent line (check discharge outside high. bay),
close vent valve V-56 and continue to heatup to tust

~

specified temperature.
-.

-S'
,

_
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.0 _ Instrumentation Valve Alignment & Taking Zero Readings

5.1 Boiler House

5.1.1 Open PG-1 isolation valve V-181.

5.1.2 Open PG-2 isolation valve V-123.

5.1. 3 Open PG-2 isolation valve V-124.

5.1.4 Close bypass valve V-132.

5.1.5 Open PG-3 isolation valve V-184.

5.1.6 Open PG-10 isolation valves V-183 & V-207.

5.2 Main Loop

5.2.1 Open PT-80 isolation valve V-ll.

5.2.2 Open PG-4 isolation valve V-12.

5.2.3 Open PTD-57 isolation valve V-14.

5.2.4 Open bypass control valve CV-4 PT

isolation valve V-166.

5.2.5 Open PT-81 isolation valve V-15.

| 5.2.6 Open PT-84 isolation valve V-17.

5.2.7 S/G cul!ection tank D/P-49:

5.2.7.1 Close bypass valve V-120.

5.2.7.2 Close vent valves V-121 & V-122.

5.2.7.3 Open high & low side valves
V-ll8 & V-119.

5.2.7.4 Open V-126.

5.2.7.5 Close V-125.

5.2.8 Separator collection tank D/P-50:

5.2.8.1 Close bypass valve V-129.
i

5.2.8.2 Close vent valves V-130 & V-131.

.

,
-7-
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5.2.8.3 Open high & low side valves
V-127 & V-128,

5.2.8.4 Open V-135.
!

5.2.8.5 Close V-134.

5.3 S/G Instruments

5.3.1 DP-54:

y 5. 3.1.1 Close bypass V-75.

5.3.1.2 Close vents V-76 & V-77,*

1 5.3.1.3 Open high & low side V-73 & V-74.

! 5.3.1.4 Close vent V-133.

5.3.2 D/P-55:

5.3.2.1 Close bypass V-83.

5.3.2.2 Close vents V-84 & V-85.

5.3.2.3 Open high & low side V-81 & V-82.

5.3.3 D/P-52:
,

5.3.3.1 Close bypass V-88.;
_

5.3.3.2 Close vents V-89 & V-90.
' 5.3.3.3 Open high & low side V-86 & V-87.

;

i

5.3.3.4 Close vent V-80.'

5.3.3.5 Open V-100.

5.3.3.6 Close vent V-78.
, ,

5.3.4 D/P-53:

5.3.4.1 Close bypass V-93.

| 5.3.4.2 Close vents V-94 & V-95.-

| 5.3.4.3 Open high & low sides V-91 & V-92.
'

5.3.4.4 Close vent V-96. ,

1

: -8-
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j 5.3.4.5 Open V-99.

| 5.3.4.6 Close vent V-98.

! 5.3.5 D/P-51 : This was setup in Section 3.0.
,

: 5.3.6 PTD-58: This was setup in Section 3.0.

; 5'.3.7 Close PG-8 isolation valve (E) V-360A.
.

5.3.8 Close (E) V-360.
! 5.3.9 Open PG-7 isolation valve V-62.

5.3.10 Close V-63.;

5.4 Pressure Probe D/PT's

5.4.1 Open D/PT-85 bypass V-138.

5.4.2 Open D/PT-86 bypass V-143.

5.4.3 Open 0/PT-87 bypass V-148.

5.4.4 Open D/PT-88 bypass V-153.
t

5.4.5 Open D/PT-89 bypass V-158.

5.4.6 Open D/PT-90 bypass V-163.

5.5 Steam Probe Valves,

| 5.5.1 Open V-178.

5.5.2 Open V-103 thru V-116.

; 5.5.3 Open V-101, drain out condensate, then close.
' 5.5.4 Open V-102, drain out condensate, then close.

5.5.5 Close V-178.

5.5.6 Close V-103 thru V-ll6.,

5.6 Water ~ Supply System Instruments

5.6.1 Open PG-5 isolation valve V-60.

5.6.2 Open PG-6 isolation valve V-53 '

5.6.3 Open PTD-56 isolation valve V-43.-
:,

,

-9-
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|

| 5.6.4 D/P-48: This was setup in Section 4.0
j 5.7 Turn off water supply tank pump (switch SW-8).

5.8 Take DAS printout of all facility transducer and
transmitter zero readings, check with expected
values and resolve any discrepancies.

5.9 Enter zero readings on DAS mag tape.

; 5.10 Turn on water supply tank pump (switch SW-8).

5.11 Realign D/P-48 valves for test as follows:

j 5.11.1 Close vent V-68.

| 5.11.2 Open bypu s V-66.

5.11.3 Close vent V-71. _,

5.11.4 Open V-72.

5.11.5 Close bypass V-66.

] 5.11.6 Open high side V-64.

5.12 Realign S/G D/P-51 valves as follows:

5.12.1 Close vent (E) V-79.1

5.12.2 Openbypass(E)V-77.

5.12.3 Close vent (E) V-81.;

5.12.4 Open (E) V-80.

5.12.5 Close bypass (E) V-77.

5.12.6 Open high side (E) V-74.

6.0 Setting Pressure Probe D/PT Flows

6.1 Close 0/PT's 85 thru 90 isolation valves V-186,
V-188, V-190, V-192, V-194, V-196, V-198, V-200'

and V-202.

6.2 Open tubing drain valves V-187, V-189, V-191,
V-193. V-195, V-197, V-199, V-201, V-203, drain
water from lines, then close drain valves.

6.3 Open isolation valves V-186, V-188. V-190, V-192,
V-194. V-196, V-198, V-200 and V-202.

!

i

|

-10-
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6.4 Open D/PT-85 high & low side valves V-136 & V-137.

6.5 Close bypass V-138.

6.6 Close vent V-140.

6.7 Open D/PT-86 high & low side valves V-142 & V-141.

6.8 Close bypass V-143.
__

6.9 Close vent V-145.

6.10 Open D/PT-87 high & low side valves V-146 & V-147.

6.11 Close bypass V-148.

6.12 Close vent V-150.

6.13 Open D/PT-88 high & low side valves V-152 & V-151.

6.14 Close bypass V-153.

6.15 Close vent V-155.

6.16 Open D/PT-89 high a low side valves V-156 & V-157.

6.17 Close bypass V-158.

6.18 Close vent V-160.

6.19 Open D/PT-90 high & low side valves V-162 & V-161.

6.20 Close bypass V-163.

6.21 Close vent V-165.

6.22 Close metering valves V-139, V-168, V-144, V-149,
V-169, V-154, V-159, V-170 & V-164.

6.23 Close N line isolation valve V-172.2

6.24 Close V-173.

6.25 Close V-171.

6.26 Vent R-3 dome pressure by backing out top bleed
screw with Allen wrench.

6.27 Open V-182, if pressure indicates on PG-9, open
V-173, vent, then close V-173.

-11-
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6.28 Opea V-171. ,

; 6.29 Set dome pressure on R-3 so that PG-9 reads 100 psi;
;

crack open V-173 to insure R-3 is maintaining pres-
'

j sure, then close V-173.
__

; 6.30 Open V-172.

| 6.31 Position one operator at pressure probe manifold to

j align valves and another operator at DAS to monitor
D/PT reading while setting N flow through pressure

2
j probe lines. Both operators in comunication via
j head sets.

i,

! 6.32 Display Ch-85 on DAS.
,

6.33 Open D/PT-85 metering valve V-139 and adjust flow to'

0.75 CFH.

6.34 Open metering valve V-168 until D/P on Ch-85 is posi-
tive 0.1 i .05 psi.

4 6.35 Display Ch-86 on DAS.

j 6.36 Open metering valve V-144 until D/P on CH-86 is post-
tive 0.1 i .05 psi.

6.37 Repeat Steps 6.32 thru 6.36 for D/PT's 87 & 88 using

{ their corresponding metering valves to adjust the D/P.

| 6.38 Repeat Steps 6.32 thru 6.36 for D/PT's 89 & 90 using
] their corresponding metering valves to adjust the D/P.

|| 6.39 Recheck D/P readings on Ch's 85 thru 90 and make ad-

justments to appropriate metering valves to bring
j readings into specified tolerance.
i

6.40 On back of this page of procedure, record pressure
j on PG-9 and flows through metering valves.
!

7.0 Main Loop Valve Alignment & Boiler Startup

7.1 Set CV-1 controller on auto mode and adjust setpoint
to 6 psi above test specified containment pressure.

4

7.2 Set CV-2 controller on manual mode and position
i valve full open.
'

12-
'

.

1

!
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7.3 Set CV-4 controller on auto mode and adjust setpoint
to 5 psi above test specified containment pressure.

'

7.4 Set CV-5 controller on auto mode and adjust setpoint
to test specified containment pressure.

1

i 7.5 Open SV-1.

7.6 Close SV-2.

| 7.7 Open SV-3.

7.8 Close SV-4.
,

7.9 Close SV-5.

7.10 Close SV-6.

7.11 Open V-1.

7.12 Open drain valves V-10 & V-13, drain, then close.

7.13 Position V-2 half open.

7.14 Open drain V-179, crack open V-208.

7.15 Open S/G collection tank valve V-5.

7.16 Open S/G collection tank valve V-20.

7.17_ Open V-18.

7.18 Open V-6 downstream of S/G.

7.19 Open V-19.

4 7.20 Open drain valve V-16, drain, then close.

7.21 Close containment tank drain (E) V-58.

7.22 Open (E)V-57.

7.23 Open boiler steam isolation valve V-8.

-13-
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7.24 Open CV-6 isolation valve V-9.

7.25 Open drain valve V-117, drain any water in line,
then close.

7.26 Open feedwater heater inlet steam valve V-21,

7.27 Check boiler oil supply tank levels; they should
be at least 1/3 full prior to boiler sLortup for
test run (tank capacity 550 gal /each).

7.28 Open oil tank isolation valve V-42.

7.29 Open city water valve V-185.

7.30 Open V-22.
_

7.31 Close water sof tener bypass V-23.

7.32 Position softener solo valve V-79 to "run" position.

7.33 Open V-24.

7.34 Close V-180.

7.35 Open V-25.

7.36 Open V-26.

7.37 Open V-27.

7.38 Open V-28.

7.39 Close bypass V-29.

7.40 Open V-33.

7.41 Close V-35.

7.42 Close drain V-36.

7.43 Close V-37,

7.44 Open V-34.

7.45 Open V-177.

7.46 Close boiler level switch drain V-38,

7.47 Open sight glass valve V-40.

-14-
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7.48 Open sight glass valve V-41.

7.49 Close sight glass drain V-39.

7.50 Close chemical feeder valve V-30.

7.51 Close feeder valve V-31.

7.52 Remove chemical feeder top closure.

7.53 Open V-32 drain any water, then close.

7.54 Insert prescribed chemicals in feeder (see facility
log book) and reinstall top cap.

7.55 Open V-30.

7.56 Open V-31.

7.57 Verify breakers on wall supplying main power to
boiler and feedwater pump are on.

7.58 Verify high limit pressure trol setting: 125 psig.

7.59 Verify operating limit pressure trol setting:

Limit: 120 psig

Differential: 10 psid

7.60 Verify low fire hold pressure trol setting: '

Limit: 85 psig

Differential: 0 psid

7.61 Verify modulating pressure trol setting: 100 psig.

7.62 Switch gas / oil selector switch to oil.

NOTE: Start boiler approximately 2 hours before
reaching specified steam generator second-
ary side temperature.

7.63 Switch on/off switch to on, purge and ignition se-
quence should start. If purge and ignition sequence
fails to start, proceed as follows:

7.63.1 Push reset on primary water level control.

-15-
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7.63.2 Push reset on high pressure cutout.

7.63.3 Push reset on fireye (located inside
boiler control wiring closure).

7.63.4 Notify test director if none of the
above activates the startup sequence.

7.64 Monitor boiler heatup and close feedwater heater
vent valve V-177 when a good steam flow is obtained
in line going to blowdown tank.

i

7.65 Position " Authorized Personnel Only" baracades

across walkway between boiler house and FATS Loop
i Building.

7.66 Adjust auxiliary steam line valve V-1 so that pres-
sure on PG-4 is slightly above (1 to 2 psi) CV-5 W

setpoint. This will establish bleed flow necessary
to heatup and pressurize main loop components. Moni-

tor flow on FM-83 (Ch-83) and maintain flow under
0.12 lbm/sec.

7.67 Turn on strip chart recorders and set on 20 in/hr.
speed.

7.68 Heatup loop piping and components to test specified
temperature, monitor temperature on channels 3, 4,
6, 9, 10, 13, 18, 20, 21 and 22. Make adjustments,

'

to CV-1, V-1, CV-4 and CV-5 as required to obtain
desired run conditions.

7.69 Drain S/G and separator collection tanks and con-
tainment tank periodically during heatup to remove

; condensate.

NOTE: Completely empty tanks and drain piping
before test.

-16-
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D.0 Steam Probe Setup & Checkout

8.1 With containment tank at a minimum pressure of 5
psig, open steam probe manifold vent valve V-101,

8.2 Open V-178, check for steam flow out V-101, then
close.

8.3 Repeat Step 8.2 for steam probe manifold valves

V-103 through V-116. Note any valve which appears
plugged.

8.4 Close V-101.

8.5 Fully open V-103 through V-ll6.

8.6 Open V-178 three turns.

8.7 Partially fill bucket with ice water, record weight
, and position next to steam probe mani-

fold drain valve V-102.

8.8 Position discharge line from V-102 into empty col-
lection bucket.

1.0 Establishing Steam Flow

9.1 With loop piping & components at specified conditions,
adjust CV-2 controller setpoint to a position corres-
ponding to approximately test specified steam flow.

(Valve is still on manual control mode.)
9.2 Set CV-2 valve position to half open by appropriate

adjustment of manual valve positioning thumb wheel,
at the same time, increase CV-1 setpoint until test
specified flow is achieved as indicated on Ch-768.
Adjust CV-2 setpoint so that it coincides with devi-

ation indicator (red arrow).
9.3 Switch CV-2 controller to auto mode and make adjust-

ments to proportional band and reset to achieve

stable control with desired flow.

-17-
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9.4 Close V-9 in boiler house for specified steam
flows 0.4 lb/sce. or higher.

10.0 Pressurizing Water Supply Tank & Setting Water Flow

10.1 Turn off recirculation pump (SW-8).

10.2 Close V-46.

10.3 Open drain valve V-44, drain condensate until steam
appears, then close V-44.

10.4 Open V-45.

10.5 Close CV-3 on manual mode.

10.6 Open N valve V-61.
2

10.7 Adjust R-1 to obtain test specified water supply
tank pressure.

10.8 Open V-59.

10.9 Close V-60 to avoid PG-5 indicator needle vibration
while pressurizing.

10.10 Open V-58 and pressurize water supply tank.

10.11 Re-open V-60.

_.

10.12 Set CV-3 controller setpoint to zero a switch valve
to auto control setting.

10.13 Slowly increase CV-3 setpoint until flow reaches test
specified value as indicated on CH-98. (NOTE: At
flows around 0.7 gpm, it may take as long as 2 min-
utes for water to fill injection pipe to spray noz-
zle.)

11.0 Running Test

! 11.1 Set superheater limit to 600 F.

11.2 Set superheater controller to 400 F.

11.3 Turn on superheater breaker.

-18-
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11.4 Weigh S/G & separator collection tank drain tank
and record pretest wef ght:

,

11.5 Set steam generator heate controller & limit set-
points to 0 F, turn off awitch SW-14 & open heater
breaker.

11.6 Set water supply tank heater controller & limit set-
points to 0*F & open heater breaker,

11.7 Setup DAS:

11.7.1 Program DAS for run.
11.7.2 Enable mag tape in hex.
11.7.3 Set single scan interval to 6 seconds.
11.7.4 Set display to all channels.
11.7.5 Disable paper printer.

11.8 Open steam probe drain valve V-102 as follows allow-
ing steam to vent to empty collection bucket:

1

11.3.1 For test specified containment tank
pressure of 5 psig, position V-102 full
open.

11.8.2 For test specified containment tank
pressure of 25 psig, position V-102
two turns open.

11.8.3 For test specified containment tank'

pressure of 45 psig, position V-102
1/3 turn open.

11.9 Check CV-5 setpoint & adjust to test specifed value
for containment pressure.

|

11.10 Close drain V-208.

11.11 Start DAS & collect pre-run data for approximately
one minute before starting test.

f- 11.12 Reset turbine meter (SW-16) & vortex flow meter
' totalizers.

_ _ _ _

!
.
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11.13 To direct flow to steam generator, perform the fol-
lowing steps in sequence:

11.13.1 Switchoneventmarker(SW-9).
,

11.13.2 Open SV-2 (watt for valve position
indicator light to change before
proceeding).

11.13.3 Close SV-3.
11.13.4 Close SV-1.
11.13.5 Switch stc n probe drain line to ice bucket.

11.14 Close V-1.

11.15 Open S/G and/or separator collection tank drain valves

| SV-5 and SV-6 when level in respective tanks reaches
' 90% as indicated on strip chart recorder. Close

valves when level drops to 25%. Drain only one tank
3

l at a time and record weight of water collected after
each drain,

11.16 To tenlinate flow to steam generator, perform the
following steps in sequence.

11.16.1 Switch off event marker SW-9.

11.16.2 Open SV-3.

I 11.16.3 Close SV-2.

; 11.16.4 Close steam probe drain valve V-102.
!

| 11.17 Record turbine meter & vortex meter totalizer read-
'

ings:

Turbine Meter:

! Inlet Steam Vortex Meter:

Outlet Steam Vortex Meter:

11.18 Set CV-3 controller on manual control mode and close
valve.

-20-
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11.19 Allow DAS to run for 5 minutes after test termination,

then stop DAS and change run number to all dashes.

11.20 Record one final scan on mag tape.

11.21 Turn strip chart recorders to standby.

11.22 Set superheater controller & limit to 0'f and open
heater breaker,

11.23 Remove DAS mag tape and deliver to computer room for

data reduction.

12.0 Facility Shutdown

12.1 Close water supply tank valve V-45.

12.2 Fully open CV-3.

12.3 Close fl line valve V-58.
2

12.4 Remove dome pressure from R-2 by backing off R-1.

12.5 Close V-61.

12.6 Open V-176, vent, then close.

12.7 Close V-59.

12.8 Open water supply tank vent V-56 & depressurize tank.

12.9 Reduce steam flow to approximately 0.14 lb/sec.
(500 #/hr.) by reducing CV-2 setpoint (CV-1 setpoint
may also require adjustment).

!2.10 In boiler house open V-9 & blowdown line valve V-37.

12.11 Open level switch blowdown valve V-38 for 2 sec-
onds, then close.

12.12 Open boiler surface blowdown valve V-167 for 5 sec-
onds, then close.

12.13 Open boiler bottom blowdown valve V-35 for 10 sec-
onds, then close.

12.14 Carefully open sight glass blowdown valve V-39 for

2 seconds, then close.

-21-
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12.15 Close V-37.

12.16 Turn boiler on/off switch to off position.

12.17 Close V-8.

12.18 Switch CV-5 controller to manual mode and slowly

open valve and depressurize containment tank.

12.19 Switch CV-1 controller to manual mode and fully i

open valve.

12.20 Switch CV-2 controller to manual mode and fully
open valve.

12.21 Switch CV-4 controller to manual node and slowly
open valve to depressurize piping back to boiler.

12.22 Crack open V-8 to allow a small steam bleed and
prevent a vacuum from forming when boiler cools down. ,

12.23 Remove personnel barricades across walkway between
boiler house and FATS Loop Building.

12.24 Pressure Probe Manifold Depressurization:

12.24.1 Open D/PT-85 through D/PT-90 bypass |

valves V-138, V-143, V-148, V-153,

V-158 and V-163.

12.24.2 Close D/PT-85 & 86 isolation valves I

V-186, V-188 & V-190.

12.24.3 Close D/PT-87 & 88 isolation valves
V-192, V-194 & V-196.

12.24.4 Close D/PT-89 & 90 isolation valves
V-190, V-200 & V-202. ,

12.24.5 Close N line valve V-171. I
2

12.24.6 Open vent valve V-173, vent off pres-
sure in lines, then close V-173.

12.24.7 Vent pressure off R-3' dome. !

-22--
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12.24.8 Close V-173.

12.25 Record water weight in steam probe collection bucket:'

12.26 Open SV-5, drain and record weight of water collected:
;

12.27 Opet. SV-6, drain and record weight of water collected:

12.28 Open V-179, drain and record weight of water left on,

inlet side of S/G:

| 12.29 Collect all heatup data and charts and give to cogni-
.

zant engineer.

12.30 Turn off instrument panel power at end of day.
,

; 12.31 Crack open steam generator vent (E) V-170 to depres-
surize secondary side.

4

|

i
-

i

.

4

|

,

|

-23- |
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APPENDIX F

SHAKEDOWN TESTS

F-1. SHAKEDOWN TEST OBJECTIVES

After construction of the test loop was complete, a series of shakedown tests were

run to verify that the instrumentation and loop components would perform as

desired, in-place calibration checks were also run on the flowmeters and liquid

collection tanks. The loop behavior with two-phase flow was checked by a series of

tests with the steam generator isolated. In these tests the performance of the

steam-water mixer was isolated and measured. A series of single-phase heat

transfer tests were run which enabled a heat flux dependent correction factor to be

calculated and applied to the measured tube wall temperatures in later two-phase

flow heat transfer tests.

F-2. VERIFIC ATION TESTS

Verification tests are generally qualitative tests that confirm the correct

functioning of the system. The data acquisition system wiring verification test

consisted of applying a signal at the test instrument sensors and observing a

response by the associated data channel in the data logger. The loop differential

pressure cell responses were recorded with and without loop pressure to verify that

the dif ferential pressure cells' output did not change with loop pressure. The

elevation of the thermocouples in the tube bundle was checked by filling the tube
1

bundle with cold water to a known elevation and observing a response in the

thermocouples at that elevation. The differential pressure probes in the inlet
1

primary side of the tube bundle were checked by filling the tube bundle to the 0.6-

and 1.2-meter (2- and 4-foot) elevations and recording the differential pressures

from the six differential pressure transducers. In this test, the calculated void

fraction in the tubes due to the nitrogen purge gas was 25 percent, the calculated

differential pressure was 4.5 kPa (0.65 psi) and the measured differential pressure

ranged from 4.1 ta 4.8 kPa (0.60 to 0.70 psi). Because the measured differential

pressure was in reasonable agreement with the known differential pressure, this

test confirmed the satisfactory operation of the continuous purge in the tube
bundle.
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F-3 ONTROL AND CALIBRATION TESTS

Shakedown tests were run to verify the correct functioning of all automatic control

circuits and all remote manually controlled components. The manually controlled

components are the solenoid valves in the test loop which are controlled from the

centrally located control station adjacent to the data logger and bank of strip chart

recorders. The manually controlled solenoid valves were used to isolate the tube

bundle prior to the test, to switch the flow to the bundle at test initiation, and to

drain the liquid collection tanks during the test as required. Flow control valves

are provided to regulate the boiler and water supply tank flow to the bundle, and

pmssuru control valves regulate pres <iure at the containment tank, in the bypass

line dump to atmosphere and upstream of the boiler flow control valve. Controls

are provided on the electric resistance strip heaters on the water supply tank and

the steam generator shell; these controls turn off the heaters when the wall

temperature reaches a preset value.

The solenoid valve verification tests consisted of actuating the valves remotely at

the control station and observing at the valve that the local valve position

indicator agreed with the valve position indication at the control station. The flow

and pressure control valve tests consisted of operating the loop in the bypass mode

at matrix test conditions and observing on the continuous strip charts that the loop

flow and pressure viere stable. The liquid supply tank and the steam generator tube

bundle were warmed up to test conditions using the strip heaters. A recirculation

pump in the liquid supply tank prevented stratification and the warmup was

monitored on channel 1. The warmup test demonstrated that the liquid supply tank

heater controls would maintain the water at the desired temperature for the

matrix tests.

The steam generator bundle strip heaters are controlled in four axial banks. To

achieve a uniform temperature in the stagnant secondary water, the upper banks of

heaters are set to control points below the desired temperature and the final stages

of the heatup are achieved with power to the lowest bank only. In the warmup test

|

|
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on the steam generator, the desired temperature was 204 C (400 F) and the

measured bundle temperatures were within a standard deviation of 0.9 C

(1.6 F). This test confirmed the adequacy of the bundle warmup procedure to

cchieve an isothermal condition.

In-place calibration checks were run on the three flow meters in the test loop. The

turbine meter calibration was checked by collecting and weighing the effluent from

the turbine meter over a fixed time interval. The results of this test showed that
the turbine meter average flow rate agreed with the calculated flow rate to within
0.75 percent.

The vortex meter calibrations were checked by running steam from the boiler

through the loop bypassing the steam generah.r. Because the feedwater flow into

the boiler was monitored with a water meter and all boiler steam flowed through

both vortex meters, a calibration check of both vortex meters against the water

meter was feasible. Results of this test are presented in table F-1. During the

0.414 MPa (60 psia) test, liquid accumulation was observed in the steam separator

collection tank. The source of the liquid was believed to be boiler carryover. The
calculated liquid flow rate was 7.7 g/sec (0.017 lb/sec). With this amount

subtracted from the boiler feed flow rate, the differences in the 0.414 MPa (60

psia) test would be less than 1 percent. Following this test, the boiler carryover

was investigated. After the boiler was chemically cleaned (based on the supplier's

recommendation) to eliminate carryover, several tests were run to measure

carryover, using the loop moisture separator to separate and collect entrained

moisture in the boiler steam. The loop was lined up in the bypass mode with the

steam generator bundle isolated. These tests were run at flow rates of 0.14 and

0.27 kg/sec (0.31 and 0.59 lb/sec). The measured carryover was less than 0.10

percent of the steam flow; thus the problem was assumed to have been eliminated

by cleaning the boiler. During the matrix tests, carryover tests were repeated with

no indication of significant carryover. After the carryover tests, the vortex meter

enlibration checks at 0.276 and 0.414 MPa (40 and 60 psia) were rerun. Results of

thsse tests showed that at 0.276 MPa (40 psi @ th9 ' fortex meters agreed with the

boiler feedwater meter to within 0.75 percent; at 0.414 MPa (60 psia) the

cgreement was within 1.0 percent. Because the vortex maters could only be
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TABLE F-1

VORTEX METER CALIBRATION CHECK

Dif ference (%)
Loop Boiler Feed Boiler Vortex Exhaust Vortex

Pressure Flow Rate Meter Flow Rate Meter Flow Rate Boiler Vortex Exhaust Vortex Exhaust Vortex
[MPa [kg/sec [kg/sec [kg/sec - Feed Flow - Feed Flow - Boiler Vortex
(psia)] (Ib/sec)] (Ib/sec)] (Ib/sec)] Meter Me ter Meter

0.138(20) 0.175(0.385) 0.176(0.389) 0.185(0.407) 1 5.6 4.6

0.276(40) 0.177(0.391) 0.180(0.397) 0.183(0.404) 1.5 3.2 1.7y
E

0.414(60) 0.210(0.463) 0.203(0.447) 0.201(0.443) -4.5 -4.3 -1.0



_. . - - _ _ _ _ _ ,

ccmpared to the boiler feedwater meter, this meter calibration was checked by
collecting and weighing a fixed volume of feedwater. The boiler feedwater meter

error was found to be less than 1 percent.

The four liquid collection and storage tanks in the test loop were calibrated by
measuring the differential pressure in the tank with a known mass of water in the

tenk. From a plot of the water mass versus the differential pressure, the slope ofi

the least-square fit straight line was calculated and used in the data reduction

programs to calculate the mass of water in the tank. The equation used was

m = A AP + M (F-1)g g g

where

g mass of liquid in the tank [kg (Ib)]m =

A = least-square fit coefficient defined aboveg

M = residual mass of liquid in the tank between the isolation valveg

and the lower tap on the differential pressure cell

AP tank differential pressure [kPa (psi)]=

The numerical values used in equation (F-1) are given in table F-2.

A shakedown test was run to measure the loop and tube bundle heat losses to

ambient temperature. This test was run by heating up the loop and bundle to test

conditions, and then isolating the loop and recording the rate of decrease of

temperatum with time. The heat loss was then calculated from the temperature

loss and component heat capacity. The measured heat loss from the loop piping

was less than 1.1 kw (1 Btu /sec) and the heat loss through the steam generator shell

was less than 5.3 kw (5 Btu /sec). The loop heat loss represents less than 1 percent

of the energy transfer to the fluid in the primary loop, and the bundle heat less

represents less than 2 percent of the stored energy initially in the steam

g:nerator. These heat loss terms were neglected in reduction of the data.

F-5
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TABLE F-2

WATER COLLECTION AND STORAGE TANK DATA
REDUCTION PARAMETtiRS(a)

,

' A M
[kg/kPaftb/ psi)] [kg(fb)]Tank

! Water supply tank 27.98(425.9) N/A
i

Steam generator 1.926(29.32) 0.830(1.83)

collection tank

Steam generator 2.480(37.75) 2.41(5.31)(b)

1.50(3.3)(C)! outlet plenum
,

i
!

Loop separator 0.5091(7.75) 1.44(3.18)!

collection tank

i

!
,

From equation (F-1)
3 a.
'

i b. Applicable when valve V-5 used for isolation
!

Applicable when valve V-20 used for isolation and pipe volume between V-5 and' c.

j V-20 was profilled with water

| .

;

,

'
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Three shakedown tests were run to demonstrate that the water injection nozzle4

was able to atomize the liquid sufficiently to enable the drops to become entrained
i in the steam and be carried to the loop separator, where the liquid could be

separated and collected. Because the vortex meters were out of service during

these tests, the boiler steam flow rate was controlled manually and was measured

with the feedwater meter. The data were evaluated by comparing the liquid

injection mass flow rate with the liquid collection mass flow rate. A summary of

the test data is presented in table F-3. The data show that for the range of flow

rates in the test, the liquid component of the two-phase primary side flow will be

entrained and carried along with the steam and separated out by the loop moisture4

; separator.

4

TABLE F-3 -

j

LIQUID INJECTION SHAKEDOWN TEST

Liquid Liquid
Loop Steam Injection Collection

Presure Flow Flow Inlet Rate
O [MPa(psla)] [kg/sec(Ib/sec)] [kg/sec(Ib/sec)] Quality [kg/sec(Ib/sec)]
,

!
0.276(40) 0.19(0.42) 0.046(0.10) 0.81 0.047(0.10)

0.276(40) 0.12(0.26) 0.11(0.25) 0.51 0.12(0.26)

0.276(40) 0.05(0.12) 0.18(0.40) 0.23 0.19(0.41)

; The final series of shakedown tests were run to calibrate the bundle thermocouples

for the local heat flux measurement. In these tests, the primary side flow was;

single-phase steam or liquid. From the measured secondary fluid and primary side

| steam probe measurements, the local heat flux was calculated using equation (F-2):

:

U T -T (F-2)9 ,j OVERALL fg p
=

1

>

F-7
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where

local tube wall heat flux at location 1,j (Blu/sec-ft )q, =

'

OVERALL overall heat transfer coefficient at location 1,j=

i T measured or interpolated secondary fluid temperature at=

fg }I' location I,)

T measured or interpolated steam probe temperature at=

I'I location 1,j ,

i radial position index 15i54=

j axial position index 15i529=

i

The overall heat transfer coefficient was calculated from

U (F-3)= +

OVERALL s p

where

h, natural convection secondary side film coefficient=;

,

h = forced convection primary side film coefficientp
i

The secondary side film coefficient was calculated from the correlation given in
appendix I, paragraph I-9, and the primary film coefficient was calculated from the

Dittus-Boelter or Sieder-Tate turbulent flow correlations or the Sieder-Tate,
'

laminar flow correlation. The turbulent flow correlations were modified by
including an entrance effect factor from Nusselt. The calculated heat flux,

and secondary film coefficient and measured secondary fluid temperature were

used to calculate the tube wall temperatures

|

1. Nusselt, W., " Der Wermeaustausch zwischen Wand and Wasser im Rohr," Forsch.
Geb. Ingenieur-wes. 2; 309 (1931).
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we )}9 ,J h, (Tf3= -T
1 g,

wh:re,

calculated tube wall temperature at location 1,JT =,

; i,J

The tube wall correction factor could then be calculated and plotted against this

local heat flux:
'

s

(F-5)
*I,) - T* 1,J

TAT =

where
,

,

AT, temperature correction at location i,) for q;=

measured or interpolated tube wall temperature at location i,JT =

Examples of the correction factor plotted versus local heat flux for four nodal

positions in the tube bundle are shown in figures F-1 through F-4. Also shown on

these figures is the linear tube wall temperature correction factor derived from

the shakedown tests and used in calculating the local heat flux from the secondary4

fluid temperature and measured tube wall temperature. The tube wall temperature
,

J

correction factor lines were generated by estimating the slope and intercept of the
;

line that best fit the data. In cases where a consistent trend in the single-phase

! steam and single-phase liquid correction factor was not apparent, the line which

| best fit most of the data was chosen. In figures F-1 through F-4, the data point

symbols 1,2,3, and the asterisks are the liquid-phase test data points and the data

point symbol 4 is from the single-phase steam shakedown test run. Figures F-1

through F-4 illustrate the development of the correction factors for four specific
i nodal locations in the tube bundle. This same procedure was repeated for all 116

modes in the tube bundle; the results are given in table F-4.

!

!
!
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TABLE F-4

TUBE WALL TEMPERATURE CORRECTION FACTORS

! Distance from Tube
Entrance

Radial Position Slope (s) Intercept (a)

[m(f t)])
j

(Index (Index) A B:

0.038(0.125) 1 20 10
,

(1) 2 0 40

| 3 2 0

| 4 0 40

1
-

~

|

i 0.15(0.50) 1 5 5

) (2) 2 3 5

3 4 5

! 4 2.5 5

!

0.30(1.0) 1 3 7.5
,

0) 2 3.5 4

3 3 7

| 4 5 0

0.46(1.5) 1 6 2

(4) 2 5 5

3 3 8

4 6 2;

,

0.61(2.0) 1 5 30
,

(5) 2 6 5'

3 5 -7 :
'

\
4 0 0 1

;

0.802(2.63) 1 35 0-

(6) 2 8 2
,

3 5.5 -9

4 0 0

a. AT;) = (A, ) (q )) + B )j, g,

F-12
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; TABLE F-4 (cont)
!

TUBEWALL TEMPERATURE CORRECTION FACTORS

Distance from Tube
'

Entrance,

[m(ft) ] Radial Position Slope (a) Intercept (a)
'

( Index 1 (Index) A B
_

1.2(4.0) 1 4 -1;

! (7) 2 5 0
.

3 5.5 0

; 4 10 20
i

| 1.8(6.0) 1 0 0

( 8) 2 0 3.3;

i 3 0 11

4 0 20

,

| 2.4(8.0) 1 0 0
' (9) 2 3.3 0

3 17 0.j

4 0 15

3.0(10) 1 10 0

(10) 2 10 0

3 8 0
:
! 4 10 0

.

3.7(12) 1 10 0

(11) 2 8 0

3 0 0

; 4 0 -5
;

i

4.6(15.0) 1 0 7,

(12) 2 0 3

3 0 0.

; 4 0 -3.3-

a. - A,,) = (A ) (q; ) + B;.

F-13,

!

, - , . - . -.-,,... . . . . - - -,



TABLE F-4 (cont)

TUDEWALL TEMPERATURE CORRECTION FACTORS

! Distance from Tube
Entrance
[m(ft)] Radial Position Slope (n) Intercept (a)
(Index) (Index) A B

6.1(20) 1 7 2

(13) 2 6 2

3 0 2

4 0 0

8.2(27) 1 0 2

(14) 2 14 1

3 0 0

4 0 0

11(35) 1 0 0

(15) 2 0 0

3 0 0

4 0 0

1X43; 1 0 0

(16) 2 0 0

3 0 0-

4 0 0'

15(50) 1 0 0

(17) 2 0 0

3 0 0

4 0 0

|

17(55) 1 0 0
|

(18) 2 'O O j

3 .0 0 1

4 | 0 0 )

AT, = (A; ) (q j) + Ba.
y

F-14 I
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TABLE F-4 (cont)-

TUBE WALL TEMPERATURE CORRECTION FACTORS

Distance from Tube
Entrance
[m(ft)] Radial Position Slope (a) Intercept (a)

(Index) (Index) A B

17.7(58) 1 20 0

(19) 2 20 0

3 20 0

4 12 0

18.2(60) 1 14 0

(20) 2 15 0

3 10 0

4 0 0

18.9(62) 1 25 0

(21) 2 0 0

3 0 0

4 0 0

19.5(64) 1 0 0

(22) 2 0 0

3 0 0

4 15 0

20.1(66) 1 0 0

(23) 2 0 0

3 0 0

4 6 0

20.54(67.38) 1 0 0

(24) 2 0 0

3 0 0

4 8 0

g = (A; ) (q, ) + B;- a. AT

.
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TABLE F-4 (cont)

TUBE WALL TEMPERATURE CORRECTION FACTORS

Distance from Tube
Entrance
[m(ft)] Radial Position Slope (a) Intercept (a)
(Index) (Index) A B

20.7(68) 1 10 2

(25) 2 9 1

3 10 2

4 10 2

20.9(68.5) 1 12 0

(26) 2 12 -1

3 12 0

4 15 0

21.0(69) 1 6 10

(27) 2 4 9

3 5 10

4 5 10

21.2(69.5) 1 20 2

(28) 2 22 1

3 20 1

4 20 1

21.30(69.88) 1 0 5

(29) 2 16 2

3 0 0

4 15 0

AT,g = ( A ) (q; ) + Ba.
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APPENDIX G

;

STEAM GENERATOR LOWER PLENUM DIVIDER PLATE AND
| GASKET SEAL PROBLEM
i

| In November 1978, during facility shakedown testing, leakage was discovered

across the steam generator lower plenum divider plate. The leak rate was
,

considered of sufficient magnitude to necessitate repair. Inspection of the plenum

through the view ports and 13 cm (5 in.) outlet nozzle showed leakage past the
i plenum divider plate to the instrument ring center partition seal and past the

instrument ring center partition to the tubesheet seal..

,

Various techniques were tried to effect a seal. The problem was complicated by

the fact that the gasket between the instrument ring and tubesheet could not be1

mmoved without completely disassembling and removing the primary side;

instrumenta tion. This would have involved a major reinstrumentation effort. A

gasket seal was finally produced; however, it was then discovered that the 1.3 cm>

'

(0.5 in.) thick plenum divider plate was cracked across its width approximately half

the distance between the top and bottom of the plenum. An in-place weld repair of3

the crack was not possible and an immediate and permanent repair would have.

| involved extensive facility downtime. Instead, as a temporary solution to the
! problem, an epoxy compound was used to seal the crack.

Frequent leak checks were performed to monitor the leak rate and ensure that the.

leakage was maintained within acceptable limits. The leak check consisted of

filling the inlet plenum and tube bundle with cold water to an elevation that

, approximated twice the nominal pressure drop seen across the generator during the

FLECHT SET Phase B Test Series (approximately 14 kPa (2 psid). The leak rate

; was checked by timing the drop in level in a sight tube connected to the inlet

plenum. This was then converted to a volumetric leak rate using the known flow

| area of the steam generator tubes. Table G-1 presents the results of the plenum

divider plate leak rate checks performed during the course of the test series. At

i leak rate less than 1 percent of the lowest test-specified water injection rate
3[055 cm /sec (0.0072 gal / min)] was considered low enough not to affect test

msults.

i

l
l
'

G-1 -
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TABLE G-1

STEAM GENERATOR LOWER PLENUM DIVIDER PLENUM
LEAK TEST RESULTS

Head (a)
. Leak Rate

Date [ m(f t)] 3[cm /sec(gal / min)] Comments.

12/14/78 3.35(11.0) 0.063 First leak check af ter epoxy-

(0.0010) seal

1/04/79 1.2(4.0) 0.032

(0.0005)

1/24/79 1.2(4.0) 0.15 ~
'

(0.0024)

2/07/79 1.2(4.0) 0.088 First leak check af ter start

(0.0014) of matrix testing;

2/12/79 0.357(1.17) 0.00 Hot leak check at 131 C (267 F)
I

(0.00) for 15 minutes

2/19/79 1.50(4.92) 0.14
'

(0.0022)4

;

2/27/79 1.37(4.50) 0.063

! (0.0010)
'

3/12/79 1.27(4.17) 0.05

(0.0008)

3/19/79 1.37(4.50) 0.10

(0.0016)

3/29/79 1.5(5.0) 0.14

j (0.0022)

4/16/79 1.47(4.83) 0.43 Increased leak rate warranted

(0.0068) further investigation

4/17/79 1.45(4.75) 0.082 Inspected divider plate, leak

(0.0013) did not appear bad

a. Liquid heads were referenced from top of generator tubesheet. The location of the
divider plate leak was approximately 71 cm (28 in.) below the top of the tubesheet.

~~

-

i
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TABLE G-1 (co'nt)

STEAM GENERATOR LOWER PLENUM DIVIDER PLENUM
LEAK TEST RESULTS,

Head (a) Leak Rate
3[cm /sec(gal / min)]- CommentsDate [ m(f t)]

j 4/18/99 - 4/20/79 Matrix tests 00203315,00203402,

j and 00203505 completed

4/23/79 1.2(4.0) 1.38 Leak rate significant and con-

(0.0218) firmed by water collection in

drain tank

4/24/79 1.42(4.67) 0.55 . Inspected divider plate, leakage -

(0.0087) visible

4/25/79 1.42(4.67) 0.00 Leak scaled with epoxy

(0.00)

4/27/79 Matrix test 00203605 performed

4/30/79 1.4(4.5) 0.0063 Final leak check after matrix -

(0.0001) testing

a. Liquid heads were referenced from top of generator tubesheet. The location of the1

divider plate leak was approximately 71cm (28 in.) below the top of the tubesheet.

I

,

I
!

'

|

,

1

6

.

a
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1

In addition to the cold leak tests, one hot leak test was performed on the divider

plate near the beginning of matrix testing. Here the test loop was pressurized with;

steam to 0.276 MPa (40 psia) and the inlet plenum was filled with saturated water

at 131 C (267 F) until the generator differential pressure reading (channel 55)

showed 6.9 kPa (1 psi). No change in reading was apparent af ter 15 minutes,

indicating no measurable leakage.

Leak rate checks performed on 4/16, 4/17,4/23, and 4/24 (table G-1) showed

deterioration of the divider plate seal with a tendency for the leak to be self-
4

sealing. Deterioration of the seal from 4/16 to 4/24 was confirmed by a visual;

inspection of the divider plate. This was done with the help of a mirror and lights'

inserted through the steam generator 13 cm (5 in.) outlet nozzle.

Another epoxy seal repair was made on 4/25; a cold leak test performed subsequent
,

to the repair showed no leakage. Matrix test no. 5 was repeated to assess the

effect, if any, of the increased leakage after 4/16. No leakage effect could be
determined from the test data and a final cold divider plate leak test performed

!

af ter this matrix test indicated negligible leakage.

The reference run liquid injection flow rate was 0.49 cm /sec (0.78 gal /njin).
;

Except for the leak rates measured on 4/23 and 4/24, the measured leak rates

ranged from zero leakage to 1 percent of the liquid injection flow rate. The
I typical leak rate was 0.3 percent of the liquid injection flow. Assuming that this

leak rate was present during the reference run would account for approximately 0.2r

kg (0.5 lb) of liquid in the outlet plenum. During the reference run, approximately

i 4.5 kg (10 lb) of liquid were collected in the outlet plenum. Therefore, the plenum

leak was assumed to be negligible'and to have had no significant effect on the test
i

: data.

|

.

!
!

-
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APPENDIX H

DATA TABLES AND PLOTS

,

'
This section contains the data from the 20 tests in the steam generator separate

effects test matrix described in paragraph 4-1. The reported data consist of

summary sheets, computer plots of specific data channels, computer plots of
i quantities derived from the test data, and selected scans of the bundle

thermocouples plotted in isometric form. The pages (after H-3) are numbered by

test number.

The data summary sheet contains the run number, time-averaged test boundary

conditions, initial bundle fluid temperature and level, three components of the

overall mass balance, a list of failed bundle thermocouples, and the overall energy
loss from the tube bundle and secondary fluid and bundle housing. The data in the

summary sheet and plots are given in metric units, with English units in

parentheses. The time-averaged test boundary conditions in section A of the

summary sheet are averaged over the test time, reported as item A-7. The initial

temperature represents the average of the secondary fluid thermocouples at the

given elevation.

The mass balance components reported in the summary sheet include the amount of

steam that lef t the test loop through the steam probes. This steam was not

tracked by the data acquisition system. The purged steam was collected in an ice

bath which was weighed af ter the test to determine its mass. Af ter the loop was

isolated at the end of the test, the hot leg was drained and the liquid collected and

weighed. The outlet plenum liquid collection in the summary sheet was calculated
from the differential pressure (AP) cell monitoring the liquid collection during-

the test. The liquid mass was calculated from the equation

Collected liquid = (A)(AP) + M (H-1)
!

! where

dif ferential pressure [kPa(psi)]AP =

collection tank or outlet plenum cross section area; A =

[m (in)]
I M = initial mass of liquid below the lower AP cell pressure tap

o
_ [kg(Ib)] .

T

H-1-
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.

The M term is necessary beccuse the liquid collection tanks heve a volume
g

below the. lower tap that must be filled before the AP cell responds to the mass

| accumulation. For this reason, the plots of AP versus time appear to be
,

unresponsive until the M volume is filled. The rate of mass accumulation in thisi
g

interval is equal to M divided by the time when the AP cell first responded.
g

f
The mass balance error reported in table 4-2 includes the terms in section C of the

) summary sheets. The cormuter-plotted mass balance shown in the data plots does .
not account for the steam lost through the aspirating steam probes. The

i computer-generated mass balance also calculates the liquid stored in the hot leg

and inlet plenum from the installed AP ce!!s rather than from the measurement

of the liquid drained from the hot leg following the test.
;

i

The list of failed bundle thermocouples in the summary sheet is based on the

thermocouple response af ter the test run, when the fluid temperature in the bundle
was stratified. Bundle thermocouples which were significantly different from the

majority of the thermocouples at the same elevation are flagged as failed

| thermocouples.
4

i
i The summary sheet contains two measures of the overall energy exchange. Onei

calculation is based on the primary loop parameters and the other is based on the
! local heat flux. In the steam generator data reduction program SGFLOWS, the

f change in energy flow (mass flow times enthalpy) from inlet to outlet plenum is
j

calculated from the primary loop data. This rate is integrated over time to get the - i

total energy exchange. In the second method, the bundle temperatures were used

to calculate local heat flux and quality using the data reduction programs

-

SGTEMPS and SOFLUX. The local heat flux is integrated over the tube bundle

]
using the weighting factors described in paragraph 4-4 and the overall heat transfer

~

j rate is integrated over time to find the total energy exchange. The upper time
'

| limit on this integral is the approximate time of tube quench at the 1.2-meter

i (4-foot) elevation, because the bundle heat flux was found to be grossly in error for
i

times beyond this time.'

I The following test data and derived data are included in the data package following !

| the summary sheets:
i

,

!

I' H-2
,

.

|.
"

i
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Boiler steam flow rate - channel 96-

- Accumulator liquid flow rate - channel 98

Containment steam flow rate - channel 97-

! - ~ Outlet plenum dif ferential pressure - channel 53
! - Containment tank pressure - channel 84

Mixer pressure - channel 57-

- Hot leg differential pressure - channel 54
; Inlet plenum dif ferential pressure - channel 52-

- Inlet plenum steam probe temperature - channel 7
- Outlet plenum exit vapor temperature - channel 12
- Superheater power - channel 59
- Superheater exhaust fluid temperature - channel 65
- Mass balance - derived from SGFLOWS
- Secondary to primary heat flow rate - derived from SGFLOVS

|
- Inlet plenum quality - derived from SGFLOWS

Outlet plenum quality - derived from SGFLGVS-

- Plots of secondary fluid, tube wall, and primary steam temperature versus
time for 1,4 , and 10-foot elevations in the inlet and outlet tube bundle

regions for the first and fourth radial position - from SGTEMPS
- Isometric plots of the secondary fluid at four discrete test times - from

SGTEMPS

! - Fluid temperature versus distance above tubesheet for radial position no.1
plotted on rectangular and semilogarithmic coordinates - from SGTEMPS

- Table of local heat flux and quality versus elevation and time - from SGFLUX

All of the plots show the parameter change with time, with time zero defined as

the beginning of the test. The plots are presented in a dual metric /English unit

sy stem with the metric scale on the major Y-axis. The English unit scale is plotted

with tick marks on the right-hand Y-axis of the plot. The major grid lines are

; subdivided into five subintervals with tick marks on the plot axes.
.

4

j
.
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SUMMARY SHEET

RUN NO. 20904

DATE: 2/28/79

A. ' TIME-AVER AGED RUN CONDITIONS

1. Boiler steam flow [kg/sec (Ib/sec)] - 0.179 (0.395)

2. Water flow - [kg/sec (Ib/sec)] - 0.045 (0.100)

3. Containment tank pressure [kPa (psig)] - 310 (45)

4. Steam temperature [ C ( F)]- 162 (324)

5. Water temperature fC ( F)] - 138 (281)

6. Mixer pressure [kPa (psig)] - 331 (48)

r 7. Test time (see) - 1440.0

8. INITIAL SECCNDARY LIQUID LEVEL AND TEMPERATURE

1. Leve! [ m(f t)] - 9.8 (32.3)
2. Initial temperature

Elevation Initial femgerature
[m(ft)] [ C ( F)]

0.00 (0.00) 271 (520)

0.15 (0.50) 271 (520)

0.30 (1.00) 271 (520)

O.46 (1.50) 274 (525)'

0.61 (2.00) 274 (525)

1.22 (4.00) 274 (525)

3.05 (10.00) 274 (525)

6.09 (20,00). 274 (525)i

', 8.23 (27.00) 274 (525)

10.67 (35.00) 274 (525)

,

20904-1
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SUMMARY SHEET (cont)'

| C. MASS BALANCE COMPONENTS
:

! 1. Steam probe purge steam [kg (1b)] - 4.30 (9.47)

2. Liquid collection

j (a) Outlet plenum [kg (Ib)] - 3.29 (7.26)

,

(b) SG collection tank [kg (Ib)] - NA

! 3. Posttest' drain from hot leg [ kg (Ib)] - 0.82(1.80)
i

!

D. FAILED BUNDLE T/Cs(I)
1

1

295, 305, 311, 321, 326, 549, 553, 555, 564, 565, 566, 568, 570
.

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM'

; BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

From primary side energy balance [ kwsec(Btu)] - 0.581 x 10' (0.554 x 10')1.

t HTA
52. From local heat flux ( f f 4 dadt) -[ kwsec(8tu)] - 1.438 x 105 (0.561 x 10 )

o o
1

3. Integration to 600 sec
,

:

!

,

*
.

1. T/Cs are defined as failed based on resistance reading or T/C response.

!
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FLECHT SE45ET STE A N GENEk A104 3EPARATE EFFEois TEST 3EAIES
P11N 20904
TIME = 60.0 SECON3 5 UNITS - ELEW4T10N METt4tFtET)

Flux KIL0h4TT/1EitR**2 (BTutsEC-Fie*23
ELEVATION LOCAL i.V' LOCAL QJALITY

eseeeeeeeeeeeeeeeeeeeeeoooeseeeeeeeeeee.eeese..eeeeeeeeeeee esseeeeeeeeeeeeeeeeeeeeeeee
IRAD P3$ - 1 2 3 4 1 2 3 4

.0t .133 98 .08) P3.28 7.338 147.84 13.03) 112.94 9.94) .636 .749 .795 .863

.28 .50) 24.6t 2.171 87.34 7.701 31.ot 2.74) 24.24 2.13) .643 .787 .627 .886

.3t 1.001 15.98 1.40) 25.4t 2.248 21.18 1.66) 17.64 1 558 .656 .619 .843 .895

.St 1.50) 10. H 95) 13.pt 1.213 21.94 1.933 20.48 1.801 .651 .e27 .857 901

.61 2.bol 1.88 .16) 22.68 1.94) 2.51 .22) 7.3t .65) .661 .635 .863 905

.81 2.653 1.St .163 25.68 2.261 -1.Ft .15) 4.58 .40) .656 .650 .e58 .901
1 28 4.003 7.21 .643 6.94 .61) 6.0L .3): 1 51 .13) .652 .s55 .847 .894
1.84 6.0C) 4. 3 t .3sl 5.8t .51) 11.46 1.003 9.56 .e48 .644 .e42 .843 .883

ba 2.4t 8.001 1.9t .17) 1.*t .168 1.lt .is) 3.1t .348 .644 .830 .841 .884
@ 3.0(10.00) .71 .06) .7t .06) 1.34 .128 1.68 .141 .640 .825 .e34 .875
c3 3.7(12.00) .It .01) .24 .023 .74 .06) -1 2t .108 .647 .82 .830 .872E 4.6815.001 1.lt .09) .51 .05) .2t .02) .04 .00) .637 .817 .823 .8665 6.1820.003 .It .01) .It .01) .St .w33 .*t .94) .637 .e13 813 .864

8.2(27.00) .58 .05) .14 .005 .24 .02) .3t .03) .638 .811 .817 .56)
10.7(35.001 0.0t 0.001 0.0t 0.003 0.04 0.0JI 0.04 0.u03 .641 .811 518 867
13.1843.001 .4t .03) .28 .02) .08 .001 .it .01) .640 .811 .eli 86s
15.2t50.0C) .2t .02) .lt .01) .04 .008 .14 .001 .640 .811 .820 865
16.8455.C03 48 .04) ~.04 .00) .st .uol .01 .00) .642 .811 .820 .868
17.7858.00) 48 .04) .01 .003 .it .bli .08 .00) .6e3 .810 621 .860
18.3t60.003 .7t .06) .08 .005 .21 .01) .it .01) .645 .610 .622 869
18.9t62.008 1.14 .10) .It .01) .28 .01) .14 .01) .647 .810 .823 .870
19.5t64.00) .28 .023 .2t .02) .14 .01) .01 .001 .69 .ull .524 .870
20 1466.00) 48 .03) 1 11 .09) .48 .05) .0 .003 .650 .813 .824 .870
20.St67.38) .It .01) .2t .02) .16 .u31 .7t .06) .651 .81 5 824 .d70
20.7868.00) 48 .04) .2t .01) 48 .u48 .at .003 .651 .elb 824 .569
20.9868.503 .61 . col .7t .06) .6L .0s) -1.3t .123 .651 .u15 .e24 .069
21.0169.001 .28 .01) .2t .02) .24 .021 .28 .028 .651 .815 .624 .860
21 2t69.509 - 1.14 .101 -2.91 .261 -1.51 .141 .54 .u*l .652 .e14 .623 .869
21.3169.87) -26.78 -2.36) -19.28 -1.69) -12.61 -1.111 -7.68 .678 .650 .811 .622 .868

i
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FLECHT SEASET STEaN GENEEATOR 5E PAR ATE E FFECT5 is5T 2 ERIE S
BUN 20904
TIME = 300.0 3 ECON 35 tm!TS - ELEVAT10h METE 4tFEET)

itut NIL 0dAT1/METEpe*2 (BTU /5EC-Fie*21

ELEVATION trCAL Flux LOCLL QUALITY
eeee eeee eeeee eee eee ee e e eeeeee eeess.eeeeeeeeeee eeeeeeeeeeeee se e e e e e e e ee e e e eeeee e e eeee ee

RAD P05 - 1 2 3 4 1 2 3 4

.0t .13) .28 .023 15.64 1.371 12.74 1 123 17.lt 1.51) .639 .742 . 776 .851

.28 .50) 42.98 4.04) 47.8t 4.218 48.11 4.241 47.88 4.218 .e53 .75e .793 .o68

.34 1.00) 6s.it 6.051 91.58 e.06) e3.41 7.35) 91.38 s.04) .be4 .7do .834 .911

.St 1.50) 129.68 11.34) 178.5( 1*.733 91.08 n.028 IT4.0t 15.33) .751 .577 .889 .941

.68 2.001 1 61 .141 30.98 2.72) 5. 11 459 10.64 .93) .791 938 .918 1 046

.mt 2.658 1.d4 .16) 48 .03) 1.74 .151 -2.3t .211 .Tod .945 91T 1.w42
1.28 4.001 9.28 .619 10.2t 903 e.>t .758 1.44 .128 78F 944 914 1.026
1.8( 6.001 10.lt .893 15.48 1.331 20.24 1.7sl 12.46 1.1GB .790 94u 926 1.01s

$$ ?.48 8.001 6.0t .53) 4.68 .849 1.18 .103 10.8( .95) .Fil .954 .931 1.025
ND 3.0(10.00) 3.2t .28) 3.28 .2el 3.7f .331 3.6L .31) .190 .952 922 1.026
h3 3.7812.CCI .9t .0ml 48 .031 1.bt .eal -1 04 .098 .787 .946 917 1.01o

da 4.6t15.003 .St .05) 7f .J63 .it .011 .28 .01) 164 .941 910 1.009
c) 6 1(20.001 1.0t .09) 1.lt .10) .2t .023 .Rt .07) .Ts4 939 904 1.004

8.2(27.003 .68 .05) .It .313 .2t .021 .31 .w33 .Toi .935 .900 1 005
10.7(35.003 0.04 0.001 0.ot 0.001 0.04 C.001 0.04 0.uol .789 .93F .900 1. w 0 7

13.1443.0C1 .3t .033 .21 .92b .pt .wol .24 .0Al .Tsu 936 901 1.007
15.2t50.90) .3t .03) .It .003 .01 .0w3 .06 .006 .758 .935 902 1.006
16.8155.003 .34 .02) .It .011 .01 .00) .04 .006 740 .935 .902 1.007
17.7tS8.00) .It .018 .11 .018 .ot .001 .0t .003 .T91 .935 .903 1.00s
18.3800.00) .01 .0Cl .38 .02) .it .C11 .04 .wol .T41 .935 .904 1.009
18.9862.C03 .It .001 .et .003 .0t .001 .it .01) .192 436 .906 1.010
19.5(64.001 .0t .003 .It .01) .01 .0J) .11 .011 .743 .938 907 1.011
20.1166.003 .It .ull .9t . net .It .018 .48 .049 .T95 .941 .90s 1.012
20.Si67.38) .4t .04) .Ct .005 .48 .043 -1.54 .131 .797 .944 909 1.011
2 0. 7 t 6 8. 001 .48 .93) .58 .06) .44 .03) .94 .068 .T97 .944 909 1.011
20.9868.508 -3.01 .27) -3.41 .308 -3.04 .27) -4.68 .411 .797 944 .909 1.012
21.0869.00) 2.st .24) 2.18 .let 2.7t .231 2.74 .23) .930 94* 911 1.014
21.2t69.503 -15.6t -1.37) -2.54 .22l -16.68 -1.478 -13.78 -1.21) .406 .949 .999 1.J15
21.3t69.87) -6.58 .573 -5.5I .4PI -4.68 .418 -3.Tt .33) .939 .952 .905 1.013

-_ _- - -
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FLECHT SEASET STEAM GENEPATOs 5EPARATE EFFECTS TE51 SERIES
BUN 20904
TIME * 600.0 SEC0405 LNATS - ELEVATI0h METEttFEET)

ILUX KIL0sATT/ METER **2 ISTU/SEC-FT**23

ELEVATION L OC AL Flux LOCAL QUALITY
se ee ee ee e e ee e e ee e ee e e ee e ee e ee eee eeee ee ee ee e ee e ee e e e eee e ee ee e e e e e e e e e e e e e e ee e ee e e eeee ee

RAD P35 - 1 2 3 4 1 2 3 4

.08 .13) .21 .01) 5.8t .511 5.7t .508 4.14 .301 .638 .740 .774 .84s

.2t .501 16.3t 1.443 18.0t 1.59) 17.04 A.50) 16.lt 1.42) .643 .745 .780 .853

.31 1.00) 20.41 1.90) 20.38 1.791 lo.et 1.05) 25.98 2.291 .654 .756 . T91 .866

.51 1.5C) 21.51 1.e01 19.38 1.70) 24.64 2.08) 24.54 2.16) .067 .76e .604 .882

.6t 2.003 28.68 2.52) 25.et 2.278 21.St 1.89) 22.94 2.u28 .6ss .Tel .818 .e97

.88 2.65) .6t .05) 39.2t 3.45) 19.0t 1.679 18.54 1.63) 342 .806 .834 .912
1.2( 4.001 11. 7 t 1.03) 14.0t 1.23) 14.18 1 251 1.38 .12) .TJ4 .836 .860 .914
1.88 6. Col 6.41 .56) 10.38 913 14.54 1 271 11.64 1.02) .715 .C53 .d86 .911y 2.41 6.b08 ).9t .333 5.51 46) 1.78 .15) 6.d4 .00) .T10 .851 .885 .912

<3 3.0810.00) 4.91 .431 4.98 438 5.11 .451 5.74 .50) .TJ3 .842 .870 .910
3 3.7(12.C0) 5.6t .50) 4.08 .3's 3.3( .298 2.6( .23) .705 .638 .063 .907
6 4.6(15.005 4.et .42) 2.68 .231 1.94 .163 3.64 .32) .716 .840 .660 .908

6.1120.001 1. 78 .15) 1.81 .16) .9t . Col 1 14 .198 .727 .e44 .857 .911--

8.2127.00) . 78 .06) .28 .02) .28 .01) .44 .03) .T32 .844 .853 .911
10.7(35.001 0.0t 0.001 0.04 0.001 0.0t L.uJ) 0.01 J.003 .732 .841 .853 .912
13.1843.C01 .48 .03) .31 .02) .01 .001 .21 .02) .T29 .639 .854 .913
15 2850.00) .21 .023 .18 .01) .0t .uol .0t .uol .T29 .e3e .854 912
16.8t55.C0) .2t .02) .18 .01) .Ct .w33 .14 .011 .731 .u39 .855 .913
17.7158.003 .38 . Col .18 .01) .18 .01) .11 .01) .T33 .539 .836 .415
16.3860.001 .lt .01) .3t .03) .28 .028 .3t .02) .733 .e40 .e58 417
1e.9862.001 .3t .03) .0t .001 .18 .01) .44 .w31 .TJ5 .842 .661 919
19.5t64.001 .1t .01) .It .01) .0L .00) .58 .04) 137 .e46 .665 .921
20.1166.CC1 .Jt .001 48 .383 .st .uJ) -1.2t .11) .741 .b>2 .369 .923
20. Sib 7.3P) -2.7t .24) -2.01 .179 -2.74 .?4) -5.8( .51) 74 3 .856 .872 922
20.7(68.001 -7.3t .64) -7.48 .65) -F.34 .641 -T.61 .671 .742 .e56 .671 .920
20.9869.508 -9.6t .76) -9.Pt .67) -o.68 .7al -11 68 -1 038 .T42 .853 .669 .919
21.0t69.00) 2.4t .21) 1.9( .16) 2.34 .2Ja 2.38 .401 .T4T .e54 .871 .923
21.2169.509 -11. 5 t -1 013 -10.74 .941 -9.68 .848 - T.8 8 .69) .T53 .e57 .oT2 .920
21.3to9.p7) -L.1t .165 -3.11 .27) -2.48 .213 -2.2t .19) .T25 .e59 .d71 924

.



SUMMARY SHEET

RUN NO. 21001

DATE: 3/2/79

A. TIME-AVER AGED RUN CONDITIONS

1. Soller steam flow [ kg/sec (Ib/sec)] - 0.177 (0.390)
2. Water flow -[ kg/sec (Ib/sec)] - 0.050 (0.110)
3. Contalnment tank presaure [kPa (psig)] - 172 (25)
4. Steam temperature [ C ( F)] - 160 (320)
5. Water temperature [ C ( F)]- 125 (257)
6. Mixer pressure [ kPa (psig)] - 193 (28)
7. Test time (sec) - 1440.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(f t)] - 9.9 (32.5)
2. Initial temperature

Elevation Initial femgerature
[m(ft)] [ C ( F)]

0.00 (0.00) 260 (500)
0.15 (0.50) 271(520)
0.30 (1.00) 274 (525)
0.46 (1.50) 274 (525)
0.61 (2.00) 274 (525)
1.22 (4.00) 274 (525)
3.05 (10.00) 274 (525)
6.09 (20.00) 274 (525)
8.23 (27.00) 274 (525)

10.67 (35.00) 274 (525)-

-21001-1
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

1. Stoam probe purge steam [kg (Ib)] - 3.13 (6.90)

; 2. Liquid collection

(a) Outlet plenum [ kg (Ib)] - 3.90 (8.60)

(b) SG collection tank [kg (Ib)]- NA
3. Posttest drain from hot leg [ kg (Ib)] - 1.12 (2.48)

D. FAILED BUNDLE T/Cs(I)

294,295,298,311,321,326,564,565,568

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM,

l BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

1. From primary side energy balance [kwsec(8tu) 3 - 0.752 x 10 (0.716 x 10')
'

t HTA
2. From local heat flux ( f f 4 dadt) -[ kwsec(Otu)] - 0.724 x 10 (0.690 x 10 )5 5

o o

3. Integration to 600 see

1. T/Cs are defined as failed based on resistance reading or T/C responso.

21001-2



0.5aa3
- - 1.2000

5f t aM CEn(Raf 0R SEPER AT( (FFECT5 TEST #94 21001

0.5000
, 80! Lie Sit aM FL0w emit CuaN 96 }
y [1.0000

s a
e

y0.e000 0

0.9000
,

0.3000
,

j 0.6000 o
'

$r

f0.M0 _. . . - - 0.a000 $

0.1000 0.2000

0.0
- ' 00

g S S 9 9 *

9 N N d ! $ bo N

? !"! '. $ ( C 8

g 3,,, - - - ---- - - - 1.200n
s t( a w rtnteafge stataarf [Fr(Cf5 f(5r put 2t001

0.5000 '-

actyugtarce (!Ou!D FLgv R a f[ (man 18 0
1.0000

'

r

| 0.e0C0
"

0.8000
I
: =

0. )WO

$j 0.6000
3 -

$*^

0 0.20M
I 0.a000 E

0 100C 0.2000

_, . - -

0.0 '
O.0

8 8 8 9 *

$
g

-
g-a

~ -
N

o ~

f!NE(SCC)

21001-3



- , - - )
1

I

l

!
i

1

0.344)
^ ^ ^ ^ 1.2900

$7t AM CEhta Afon $[P[n AT( (FFECT$ f[$i BU4 21001
1

Comf # 'hMENT ST( AM Flow a Aff CHA4 97
*

)0.5000

*
:;: i.0000

w
' r

0 0.4000 [
~

0.0000
% I

*< *6

0.3000

$ 0.6000 $
t : .
<

, ,
_- -. _

*+
7 0.2000 7

I 0.*000 xx
,

0.1000 c,goog

3.0
^ ''' O.0

a d
*

8 9 9 *8 8

s c N s $ E_ N_-

t!Mf!5tti

I

;, 3) _ _ _ _ _ ___ ,33;
5?t Au C(%Es Arca SEP AR afE EFr(C 75 'E i' E uN 21001 ,*r-'* ''

( AN 53

} S T[ AM GE'4C A ATOR 09 tE f PLE NUM DELTA P iPi!Or7

$t.00cc 0W

$
-

! 0.2000
- a

1.0000
-

,_.
[ 0.1000 --

$ $
:= /

0.0 My 0.0
^

- - r-
a s

f.t000
-t.0000

-0.2000

4

4 .0000 - - - ' -0.2?01

8 8 8- 8 9 * 9 9e
p d - d' 8 S 8 38o

S C 2 2 c OsSd ~
'

IIME - SEC
,

Refer to Appendix H text for explanation of delayed response.*

,

I
,

! 21001-4
,

|

.

-. - -e



! - ^- - 58.015+00'00
'

5 TE A M CENER ATOR SEP AR ATE EFFEtts TEST RUN 21001,

(MAN 84
3350.00 CONT AINMENT PRES $URE tP5f G) 50.000
M
<
g 300.00

3 40.000
'

" 250.00

30.000 y
k200.00 3

{_- - - -

, e
<

: -

E ''#' ' '
% 20.000w

,

100.00

10.000
50.000

-~ - " ' O.00.0
8 8 8 8 9 9 o o o.
9o d ~ d j 8 8 o8
8d C $ C - = C :

,

.lME - Stc

=00.00 - ---- - - - =8'015: '
i STE AM cENER ATOR SEP AR ATE EFFECf 5 TEST RUN 21001

CHAN 57
t

- 350.00 -- N!sER PRES $URE I PSIC aI ; 50.000'
o
e
4

3 300.00
a

j 40.000 g
*

250.00
a

h a- *
% 200.00 .-

- -
# ~~ ' 30.000 2

, +
- --

_.

- - , a

C E"

! ! 150.00 I
'

20.000'

100.00

*

50.000

0.0 . - m_, 0.0
8 8 8y?
d

* * o oo*

d' 8 5 $ 6 8 N5
o ~ - - C Ogpo

TIME - SEC

|
:

I
|
,

21001 5

- . _ _



to*000
-- -

^ ^ ^^ ^^ ^ ^ - 1.4504
STE AM CENER ATOR $EP AR ATE EFFECTS TEST Run 21001

CHAN S4
j $iE AM GENER ATOR M0f LEG DELTA * (P$1D) 1.2500
u

7 8.0000
m
o

'e 1.0000 3y a.

6.0000

; 0.7500 =
=

2

$ 0
% 4.0000 W

'' O.5000

2.0000 0.2500

_- _s- ' , :-L- %' -.: : :. _"w %=

0.0 0.0
a a a *988 8 8* d 8 8 38*

9a j $ c 2 2 @ 22Sd ,,
' RIME - sic

:0,000
- - - 1. s t '. ~

STE Aw CENER ATOR SEP AR ATE EFFE(f$ TE ST RON 21001
EwAN 52

S STEAM CENER ATOR INLET PLENUM DELTA P 195{01 1.2500
v

7 8.0000
e
= t.c000 ;

a5

6.0000

0.7500 7g
3 .?,
-

IT 4.0000 '
* 0.5000

i

2.0000 0.2500

^ ^
^

_ _ : _, 0.00.0 -- p+; -_ . - , _ _ _ , - _

8 8 8 8 9 9 9 99
9a d g p 8 8 8 88

2 ? c :=
: 3d C r ~

' f!ME - SEC

21001 6

.



!?5.00
- - - 147.00

;TE AM CINERATOR SEP AR ATE EFFECTS TEST RUN 2t001
170.00 CHAN 7

*
STE AM CEN(RATOR INLET PLINUM STI AM PROBE TEMPw

1a',.00 $*
* w

160.00 5w

$
G8

O

150.00 100.00

% % W

h140.00 -
-' - h

275.00 55 t__
I 1

s
a

i 130.00 L
-

-

250.00
120.00 5

t10.00 li's.00

212..0''

t00.00 --

8 8 8 8 9 9 9 .

9e d d d y 3 8 38
So C S C 2 c-

flMC - SEC

*

ST[ AM C[N(R ATOR 5(PARAT( (FF(CIS Test RUN 21001
'

(MAN 12
500.00

w N ST[AM C(N Ouft(T Pl.ENuM Entf VAPOR flu!O T/C
.

C 250.00 i'

;
2

4 650.00 g
o (

5E 52 \ 400.00 *
* 200.00
$ N 5
i !t

-
w ~

\ 353.00
tF5.00

150.00 390,00

!

' ' I 257.00125.00

8 8 8* 8 9 * 9 9

Sd C $ C -
k 8 SEd f9e d c 22-

'

f!ME - SEC

|
|

.

21001-7



|

|

g5, coo
-- - -

- 25.000
STE AM CENERATOR $EP AR ATE EFFECf 5 TEST RUN 21001 I

CHAN $$
$UPERHE ATER POWER ( RW 8

20.00020.000

$
_C -

<
< 3
B 15.000 o

15.000 do

-d -

|M M | T P 4 4

i |

j gg,cca , . _ ._ __ . - - -- . - '- - - -- 10.000 o
j a

a

l i

5. 03C 0 - - - - - - - -- -- -- 5.0000

0.0
^ 0.0

8 8 8 8 9 9 9 =9
9a p $* g 2 -

Q 388 &
- tesd ~ ~

'
TIME - SEC

!

|

i
: > 5. 9 ) -

- - - - - - - - - 52'.00
s ?E Au '[ NEE *:E T E S AE A f[ Eff[(f5 f( S T R,N 2100|

f
.

CHAN 65
| 500.00
1 - stE AM [nHAoST FLul0 RfD .

,

.' iS2.00 [l

I ;
a>

450.00 g"

! 5.7 .

ww
3

"'s a
| 400.00 -

**

$ (JJ'00
- -

'N $
a2

! K
1 1

U%U
115.00 - -

Bn.00

19.00 7 300.00

257.00125.00
- ^ '

8 8 8 8 9 9 9 99
9a d o' f 8 0 8 58

C 2 e =Sd C S ~

f!ME - SEC

21001 8

- - -_



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

t

<

f

I
i
!

;
- - - -- - -- -- - SM. 3s

ObE$ 5ff aN Ctht#Af08 SEPERaf t (FFE(f 5 f(si eum 21001, '

clas Mass |4 4 tis NASS Out (Iss MA5S Sfo#f0i

sei. itp.s js, (S p. Ma55 OIFftp(NCE 800.00
350.00

700.00
' 300.00 g

s00.00
,

250.00 f
0 $ 500.on S

*J *
* 200.00 f*

.x.00 x

)
l'eo.00

300.00

J
' * 00 200.00

.

'
50.000 100.00

,

V

O-IS S!9
~

@ * $136 - - -- - ---

- --~
----

8 8 8 9 9 9 9 *

$, $ N $ U $ E!, 9
, . - Eo

l f!*(tSECl
I

|

t

I
1:6.11

- ^ 300.00
Sff a= cEg[earce SE8E#4fE EFFf tf 5 ftST Run 21001

**"-'
[ 33C.00 ,

fa0w psIMa#v LOOP Data -

SECC4 aav 70 pegmaar fatat [ar rtow mart
t

! 250.00 5
,

I (50.00 '

1 2
.l ?"

200.00g
3 200.00 -r :
e <

,

* *
.,

$ 1 ^
150.00 $

150.00 %sa

, < <

T 18 # Ii00.00
,

!
i

1

50.000 -- 50.000

!

0.0 - * *- 0.0

8 8 8 9 -9 *.
9 t $' $ $- N' E- - -

i ?!MitSEC8
;

!

J

21001-9'

,

-- ,, , , - - - . - , -n.- ,



___ -- . _ ._ m . _ . . _ _ , _ _ _ _ _ _ __

4

'
'

' te00 - ^ ^ ^^ ^^^- ^ ^ ^ ^ 1.4800''

$1( AM C(h( A AfDs $(Pt e Af( (FFECf 5 ff $f #Um 21008

,
letti Ptimuu OU Allf?

_

j

j i.0000 8.00 #

|

0.7500 0.7500
4

-.
=-
s

. *

g 0.s000 0.m a

i 0.ts00 0M

0.0 - ' '' O.0

8 8 h
*

9* *

f E # f f 8a cs ~ - -

?IM(t$(Cs

i

i
I

4

1*ae00
-^ ^^ ^ ^

I***#
ST(An G(nteAfon $(P(AAf( (FFECTS T($f 8'st 2l001

- Ouft(f PL(49M Ouattiv
- I*N! t.500

i
I

,,0000 |-- - , :: .._ ..__ ,_ a + -- t.0000-

,

.

C' M0.1500 -

'
n.,

-

: :
1 .5000 05#8 a

'
0a

4

0.?S00 0.N
.

.

' ' ' '

n,0 O.0

8 8 8 9 9"
<

9 f .g N $ 6 5
- - -

?!M(t$(Cl

i

I

| -21001-10
,

.

|-
|



578.76
jM;dh N00E TEMPER ATuats RUN NO. 21001

DISTANCE FROM INLET = 1.000 tref f) AAD.PO$. t $$g,gg
te$fE AM PSC9E.2sIUBE W ALL.385EC FLul0

275.00 -x. ;
500.00 ..

} o
E250.00 -

[ . 450.00 ;

$ 225.00 3
~ i :e

k 400.00 Ew

i$ 200.00
\ ";
(=
\ 350.00*

's 175.00
-

g

\ %s' %
300.C0150.00 g , jw

,

L
'

[-,

-d M 6.19125.66
g 8 8 8 9 9 . 99
eo d d d 8 8 8 3R
;g c S C 2 2 C OS

' fluf (SECOND

. 578.%
$53:$$ f- - N00E TE'd6EEAtuaES RUN NO. 21C01

| DISTAN;E FROM INLEf= *.000 rEE f t SAD.P05. t ,,o,ng,,

1:5TE AM FROBE.2-tuSE d A LL. 3 =5E C FL';t o

215.00 ;

% :J
500.00 .

o
~250.00 - f

. 450.00 7
3 225.00 - +-

*

3,o
K

*00.00 E
iy 200.00 -

i

) ~<

O ik; iis,co _
t no.c0

h#

N <
150.00 % 300.00

' AL '

i27.36 261.2.
8 8 8 8 9 9 9 99

a 8 3 8 SR90 a g C 2 % C Ofyd C o

TIME (SECONO)

21001-11



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

'
4

;
4

1

$bo.bb N0DE ftMP[RATURES RUN NO. 21001
*

DIST ANCE FROM INLife 10.000tfEffs RAD.P05. t 550.0015f t AM PROBE.tsfuB[ W ALL.3e5(C FLul0
275.00. ph

500.004 .

I ~ *250'00
c N % ''

,

*450.00j
g 225.00 ;- 7-

y -
,

=

'
7 400.00 E

%3 200.00 1

I t15.00 350.00-

150.00 300.00
b' L .

'121.50 261.50
i 8 8 8 8 9 9 9 99
i 9a *

N
p j $ $ R8*

3d 6 OS, ~ - - -

I f!wE ($CCON08
*

s

I

20J.24 571.90
3-- s N00[ TEMPE R AfuRE S RUN NO. 21001,

'

0!$fANCE FROM INLEf= 1.000 rtifs RAD.P05. 4 550.00
1s5f( AM PROBE .2*TU8E W ALL.3=5EC rLUID

1 275.00 -,
,

-
500.00 .

250.00 -0
O 9

#

- 225.00 '
450.00 g*

3
S
*
=

* *

200.00 .
! 7 *

"

I 175.00 350.M
-

.(

Q- j'~' ' ' " '***m 3
x', ^ ^ ^

121.54 261.54

i e d *
-8 9 9 * **8 8*

8
ss .c R 2' { R @ R$_ .~

-
*

f!ME (SECONDI

I

21001 12

- , . .-



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

+.

N,6*d$ NODE TEMPER ATURE5 RUN NO. 21001
DISTANCE FROM INLEta 4.0 00tf E t ti RAD.P05. 4 550.00

t=5fE AM PROBE.2=fuBE W ALL.3=5EC FLUID
275 CC

^

500.00 .

' "

. - 250 00 aw
4 u

450.00 %.

f225.00 {'

,

*
\

! E 400.00 E
Ia 200.00

)i --
-

150.00
E 175.00 Nw

150.00 , - 300.00

. .
,

' ' " 260.42'
126.93

* * 9 99

;s E R-
8- g z_ y sn8 8a. . -

2 ts1
- - _

f!ME (SECONDI
i

i

m .12 570.6i
%;0s TE*8ER AtuREs RUN NO. 21001

,

i O!5TANCE F40M INLET 10. 000 t rE E T RAD.P05. 4 550.00
t=5f E A* PROBE .2=fuBE w ALL. 3=5EC FLul0

+ - -275.00 -

500.00 -

o.4=s
- 250.00 y c

450.00 [sy*

- 225.00 y..---?---- g

a a
s x
I \ 400.00 %'

= 200.00

I N-

350.00' t75.00 h

1H.33 300.66

S 8 8 8 9 9 9 99'

Ra d g j Q k 8 S*'
1 c 2:
. yd C o ~ - --

TIME 15 ECON 01

i

21001-13
|

i

, , - - -



. _~. . _. .

%

g3 ;g 577.55349 NOCE TEMPER ATURES RUN NO. 21001
i DI5f ANCE FROM INLEis 6 9.000(FE E il RAD.P05. 1 550.00

te$fE AM PR08E.2= TUBE W ALL.3=5EC FLUID
275.00 Y

:
s00.00 J

_ 250.00 - N g
\

:.

\ 450.00 :>
g225.00 ;

\ k: i{200.00
*00.00 g

) x1
;!

350.00t75.00 -

150.00 % 300.005

___i
- _-

116.72
"

278.03
o o o o o o o oo
8 8 $' $ $ $ $k

; dj E $ R 2 2 2 OS
'

f!ME (SECONDI
,

.

305:!$
NOCE TEMPER ATURES RUN'!.0. 21001

*

015fANCE FROM INLEis 66. 000(FE E T) RAD.P05. 1 550.00!=5fE AM PR00E.2= fuse W ALL.3*$EC FLUID
275.00 _

N x :
500.00 .

250.00,

3 a

] 450.00 $
u

o 225.00 -

b
5
O 200.00 \ 400.00 I

5 I
g

$
% 175.00 350.00

!

;50.00 '

300.00,
,

137 98 -
"

280.36
i 8 8 8 8 * 9 9 9I 9a d d

gd C _S E
y { % 38

*

O2- - -

f!ME (SECCND)
i

.
-

|

| 21001 14
,
p

|

, , - . . ,



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

t

1

'
i

285.62 546.ti
N00E TEMPER ATURES RUN NO. 21001 540.00,

280.00 DISTANCE FROM INLEf= 60.000(FEEil RAD.P05. t
1s5fE AM PR0RE.2=fuBE W ALL.3s5EC FLUID

210.00 N 520.00 ,

N o 4,'
.

0
J 260.00 k 500.00 N'-

NN 3
,.

g
w w

b250.00 - '

$480.00,

$
,A

*
*

r 240.00 1
E ) 460.00

% (
1 no.00

440.00
124.05j 435.29

g 8 8 8 e e e se
ye i R E

g
S B ==

.. se- -

-

i TIME ($ECONDI

;

I ,

?
i

'I bd:M . 571.57"
N0DE TEMPER ATURES RUN NO. 21001*

DISTANCE FROM INLET 4 69.000tFE E T) RAD.P05. 4 550.00'

3:51E AM PROBE.2= TUBE W ALL.3=5EC FLUID
4 2r5.00 - - -

C.|
i 500.00 .

2 \ S
|

250.00 x e-v s
1 N w*

j \ 450.00 *

] " 225.00 - -- 7
K

L.J 68

E \ I400.00; e00.00 -

) x

k'
.00 ( \I

fi175 % 350.00
\
\

| 150.00 ~% 300.00
_

: 136.67 - - 278.01

| 8 8 8 8 9 9 9 "9
, 9a d d d 8 8 Se
| yd C S C S $ 6 O2

TIME (SECONDI
.

%

.

;

1

'

21001-15

. . . . -- . - - - - . - , ._ . .. ..



|

003'N -' ~ ~ - -. 573.93
NODE TEMPER ATURE S RUN NO. 21001

DISTANCE FROM INLET = 66.000tFEE T RAD.P05. 4 550.00
1*STE AM PROBE .2= TUBE W Att. 3=5EC FLUID

275.00
,

'

500.00

250.00 -- -h E\ -'O
N w

o' 450.00 g
M 225.00 - -

3
- O

L 200.00 ----
N 400.00 ra

0
"

W 175.00 - -.
(1

350.00

b.
150.00 - - - - - 300.00

D t
-

280.64139.13

8 8 8 8 9 9 9 99
9o a d d 8 8 8 82
gd C S C 0 $ 0 te

T[ME ISECOND)

286.34 547.42
N00E TEMPER ATURE S RUN NO. 21001

OISTANCE FROM INLE T= 60.000tFEE T) RAD.P05. 4 540.00
290.00

--- - - - - - -- t=5TE AM PROBE .2= TUBE W ALL.3*SE C FLUID
-

-x -

270.00 ---- 520.00 ",
"

N w

c N 9
, 260.00 - -- --A-g 500.00 w

, 250.00 -- --- "
480.00

240.00 -- - - - - - %- N =:
w

p \ 460.00

230.00 -

\ 440.00

Ei:n
~~~

- 423.63

8 8 8 8 9 9 9 99
90 A d d 8 3 8 8
yd C S C 2 2 0 22

TIME (SECOND)

21001 16



320.00 E02.@@FLU 10 TE MP. FOR RADIAL PCS.N0.1 RUN 21001 6W-

tii=0AIA SCAN NO. 11
300.00 -~ 12 )= 0 A I A SC AN NO. 275 PLOT INTERV Al= 24 SCANS

550.00

" 275.00 ;:,- _.g -p -

_

u====. ;x . g: _n ',
/ gdY #* T 1--' +lY $00.00

/// ND ww \ 450.00 $'/'5 /
J

%% 225.00 -y - *

5 l 5~

{200.00 -

400,00
.-r

t15.00 . .- 350.00

\

150.00 f,, k 300.00
1

63;88 -- C - #60.00

2 s a s 8 s Cs
e 9 9 9 9 9 9 9 _

d C 2 2 ? S 8 0
OISTANCE ABOVE OUILEftFEEin

.

0.00
FLU 10 TE MP. FOR RADIAL P05.N0.1 RUN 21001
t ilrD AT A SCAN NO. 11

300.00 --- - (2)*0ATA SCAN NO. ?' PLOT INTERV AL* 24 SCANS
550.00

". 275,00 .nr==- - -

N .-
"- - + - -

tt m
-

-

1 * 500.00d #
'

.s :

f y

V g50,00 .-
d e Sr

#/w w
% 450.00 $
% 225.00 - ! -- %
5 ! / O
,200.00 -- --- -- ----

(9

*

, p,. -
/ )

i75,og __ .. / __ 350.00'

| |b' /.//

/y/ ,
150.00 -f -rib.--:S f-Ad 300.00

y
" - - 'nuw-?

{}.gg - - ---
.. 760.00

a s s s acam a ssaamu = 8 s asaris
P 2 2 2 SSk$7,8 8 s sssWUt 9 9 9 99c."a
d d d d dJG n; ,; '.Ad~~ airs 2 2 ? S8" ore~

OlSTANCE AB0VE INLET (FEET)

21001-17



'

FLulo TE MP, FOR R A0! AL POS.NO. ! RUN 21001
411* DATA SC AN NO. 1I

300 M ---- (D=D A T A SC AN NO. 275 PLOT INTERV ALs 24 $CAN$
sso "

_ j| | | , | | |
_

'

". 213.00
.

~; &,a " 4@ w -
,

250.00 .

/ fb/'
-

|w -

/ / kd 450.00 5$ '
/

0 225.00 ;/ gp
L / /[ / g "

$ f 400.00 I' /

: 200.00 ,( ,(
' vi :,

|'/
/ 1 >- 350.00t75.00 ,

/ ,/ ///
-

/ /
/ -- f

,

dfjggiijigigiMgg/' ' " '" "r
| I I lilli

1 9 :88 - >> ' no,co

8 E ! e M''sE"S''' $ $ $ $$9ss8 E. 8= 8 = 8es
S 8 8EE8M

R R esseseo e . . . , _ ~ - . ~ _

0!$T ANCE AB0VE OUTLEftrEET)

21001-18



e @ O O e M N N N @ m e O h e M M M M eJ N m m m m e N N N M
e f@ OOMO@eNNeeneDD&Obb40DDDD&De
e ee@@@@ eeeeeeeeeeeeeeeeeeeemme
G # # e e e o e e e eo e e e o e e e e e e e e o e # # e e e
e
e
e
e MmMem4&eNNee@NeOOOMm44 cec 44mM

>e OOmenceDDecemmm44444444444 444
ke e@ @@ @@@@@@ @@@@@@@@@@@@@@@@@@@
Mem e e e e o e e e e o e o e e o e o e o e e e e e o e e o e
de
de
04

m Oe @OemeeNmmeMNNee&cNNNNeONmNMM@
N e @Om4 4DhemNNM MOOOOOOOOOMMMM MM O
e * N@ O00000000000000000000000000
e JO N e e e e e e o e e e e e e e e o e e o e o e e e e e e o e
> de MMMMMMMMMMMMMMMMMMMMMMMMMMM
& Ue
t OO

U Je eO@4membOeDeNN@eeOMNmdeNNNeOS
w e NedcedfmmNNMMMMMMNNNNNNNNNNMN
W e 44NNNNNNNNNNNNNNNNNNNNNNNNNNN
% eH e e e e e e e e e e e e e e e e e e e e e e e e e e e o e
O e
N

V 9
u w
w
e N
u me
P No e ammmmmmmmmmmmmmmmmmm mm mm mm mme

*2 * W e WWM4 NO4M etCHamr@ ncOMerCfnfW44
6 uW e Oh DOemMW NMMOOOCOOOOOOOCCOOOMCV ub e e o e e e e o e o e e e o e e e o e e e e o e o e o e e e
u w p' # FhMF l | C | | | 9 0 9 1 9> Wr e

w% e
e >> e4 wwwwwwwwwwwwwwwwwwwwwwww wwwww
> w> e emeNet DM@@ MwemONOOOMMOOCM4NLP
U I 4 e o e e e e e o e o e e e e e o e e e o e e e o e e o e e o
w 2 e c c M m e m M c N M ee l og 8 3 | | | MN
E O e @NNN I I I
E 7J e
w Ow e

My e
w w e
e e e ammmmmmmmmmmmme======memam m==
4 >H e meM4Nede@404 4N00000MMMmNMkMM Ow us 3 e 47NONOaW OM OOOOOOOOOOOOOOOOONO
4 JJ e e e e e o e e e e e e e e e e e e e e e e e e e o e o e e
& we e NeNN MM i 80 0 1 4 0 Mw e M t
M $ e

e m wwwwwwwwwwwwww ww wwwwwwwwwwwww
*A e OcOM otDeODOc4NOOOOOM MMmNMtM4m
> e e e e e o e o e e e e o e e o e o e e e o e e e e o e o e
M e Mkemm eNMM i | O | | tNMv F e 24NN MN t "

3 3 we M
l> Se

4 Jo
M Ee
w a == ==ma mama ==============m a mma
Z e MM MNcM OOON cOMM ONMOOM ON@mMmNmmw Je 404Mem44MOOM OOOOOOOOOOOOOOommO we e o e e e e e e o e e e e o e o e o e e e e e e e e e o e

oe eeN Mm i O t t i I g. 1 0 e i Ir Oe m
n Je
w O N wwwwww wwwwwwwwww wwwwwwwwwww ww> e M4m@ emecNekNMM ONMOOM ONOmMmNeNm e o e e o e e e o e e o e e o e e o e e o e o e e o e e e o

e RM NMMmed M M | O f | 9 | | M t t 8 mMe #mN N4 t M> + 4 |u. e
w e
d +
us e =============m ========m= =====m e k+ 4E fremWk MeM4 M4 m .e P 4 4M mm4mWM m

e C&4NMM N4MOOOCOOOOOOOOOOOOOOM Nk e o e e e e o e o e e e o e e e e o e e o e o e e e e e o eT 4 #M OI I I I I Nu o M M
4m a e

J O e | ww wwwwww wwwwwwwwwwwwwwwwwwwww
E 2 * Smh& Ste@ McN@ NcO4m444cMMOcmNNOO e m e e * * e e o e e e e e e e o e o e o e e o e o e e o e e

U e O NeeMMm4N 'O| t t tM eW & @M $NM M g
O

O W
e 4
e
@ ma mm==mm mm======mmmm mm m. .menaM mOOOOOOOOOOOOOOOOOOOOOCE OOOONO 7 MeOcODOOOOOOOOOOOOOOOOCmocOevO O e o e e e e e e e e e o e e e e e e e e e o e e e e e e e

M S M MM NN44eONeobemocEON4 ONwa@@ @N > MMM NNmteme@co@@@@ @@ @w 4 ww wwwwwwww wwwwwwwwwwwwwwww wwwFK > ONme@eNetObeMNNMNebm@cMcN@ONmDM w e e o e e o e o e o e e o e o e e o e o e e e e e e e o eNW J MMNmmt eeOmcoNee@0000MMMW MMMMMMMMNNNNNNN

.

21001 19



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

FLECH7 ScaSET STEaN GENERAT02 SE7A4 ATE FFFECTS TcS7 SeetFS
RUN 21001
7I9E = 306.0 SEODNDS UNITS - ELEvaTIc1 9Figetregri

FLJu <!L1d 4Tf t9E 7Et** 7 (170/SEC-FT**2)
ELEVA7!9N LOCAL FLOk LOCAL QQALITY

eeeeeeeeee.eeeseeeeee.eeeeeeeeeeeeeeeeeee.eeeeeeeeeeeeesese eoeeeeeeeeeeeeeeeeeeeeeeee
RAD POS - 1 2 3 4 1 2 3 4

.0t .13) .2t .0?) 15.01 1.321 15.58 1 37) 13.lt 1.15) .622 .747 .839 e854

.2t .508 46.e( 4.111 49.4( 4.36) 51.0( 4.503 50.0t 4.411 .636 .764 .857 .872

.3( 1.00) 63.3( 5.593 97.at 7.74) 97.2t 7.69) 80.18 7.ise .669 .506 .899 910

.St 1.50) 17.5( 1.541 75.2( 6.62) 39.2( 3.451 73.6( 6.411 .693 .855 .937 954

.6( 2.00) 73.68 6.41) 31.3t 2.76) 6.6( .59) 11.5( 1.01) .720 .Sd7 950 .976

.9( 2.65) 1.ht .161 10.7( .948 -2.dt .24) 2. 7 f 241 .738 .879 .947 975
1.28 4.001 10.4( 9?) 11.5( 1.01) 6.9( .611 1 58 .113 .738 .902 .937 .962

b) 1.R( 6.00) 6.64 .591 I?.6( 1.11) 13.9( 1.231 7.5( 669 .739 .902 934 .949
5 2.4( P.001 3.9( .341 7. 5( .661 1.0( .091 5.ag .5') .734 903 930 944
c) 3.0(10.001 4.0( .35) 4.0( .351 4.It .36) 4. 4 t 11) .731 905 .923 9415" 3.7(12.001 3.6t .31) 1. 6( .14) 2.2t .20) .It .011 731 903 921 936
$ 4.6(15.00) 3.et .343 1.2( .10) .9t .081 1.1( .011 .738 .900 .917 . '' 11

6.1(20.001 1.48 .128 1. 3( .12) .2( .02) .of 081 .746 .879 911 *9..
8.2(27.00) .6( .05) .0( .00) .2t .02) .3t .0*l .750 .898 .907 930

10.7(35.001 0.0t 0.031 0.0( 0.001 0.0t 0.001 0.0( 0.991 .751 .697 .907 9 31
13.1(43.009 .5( . 0 '. 9 .3t .02) .0( .008 .2( .01) .748 .597 909 .932
15.2(SC.00) .3( . 07 1 .It .01) .0t .00) .0t .031 .748 .876 .909 .932
16.a(55.001 .2t .0*l .It .01) .0( .001 .Ct .011 .749 .846 .910 .932
17.7 TSP.003 .0t .01) .2( .013 .18 .01) .It .011 .750 .995 911 933
18.3(60.001 .lt .01) .4t .C45 .2( .02) .It .01) .751 .895 912 .934
19.9867.001 .lt .01) .1 ( .01) .lt .01) .lt .019 751 .636 .914 .935
19.5(64.001 .0t .03) .It .01) .0( .001 .7f .0') .753 .897 .915 .936
20.1(66.001 .2( .011 1 0t .001 .2( .011 .St .04) .755 901 .916 937
2 0. 5 ( 6 7. l a ) .4( .04) .0( .00) .St .05) -1.7t .15) .756 904 917 936
20.7(6a.001 .44 .013 .4( .04) .7t .061 - 1.1 t . '11 ) .757 . sus 917 .936
20.9(6P.50) -2.6( .213 -?.et .258 -6.5( .579 .7( .07) .757 404 .916 937
21.0t69.001 2.7t 741 7.It .19) .5( .041 4.9( .411 .760 905 916 .942
21.2(60.501 -15.2( -1.343 -?.7t .24) -14.St -1.661 -15.4( -1.15) 766 .910 .915 943
21.3t69.971 -5.9t .5?) -3. 3 t .20) -4.0( .36) -3.7t .111 .770 .914 911 940

. - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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FLECHT Sets 57 STEAM GENERATJ4 SEPA4ATC FFFECTS Tr57 1c4151
RUN 210J1
TIME 606.0 SECJNDS U11TS - ELid& TION METE *f8tEtt.

FLUX KILOWATT /METEt*** ( 9 T'l/SE C-F T* * 2 3

ELEVATIC1 LOCAL FLUX LOCAL QUALITY
eeeeeeoseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeieeeeee eeeeeeeeeeeeeeeeeeeeeeeees

440 805 - 1 2 3 4 1 2 3 4

.0( .13) .2( 018 5.9( .52) 5.4( 4?) 4.7( 411 .624 .748 839 .853

.2( .50) 16 3( 1.44) 19.5( 1.633 18.0( 1.591 16.3t 1.443 .629 .754 .845 .859

.3( 1.00) 21.5( 1.a33 22.lt 1.958 20.2( 1.74) 25.4( ?.'41 .640 .766 .856 .871

.5( 1.503 23.4( 2 04) 21 1t 1.861 23.4( 2.06) 27.7( ?.44) .654 .779 .869 .888

.6( 2.001 27.7( 2.443 25.5( 2.251 23.0( 2.32) 23.6( ?.09) .666 .793 .583 903

.Of 2.65) 2 |( .C58 33.3( 2.93) 22.ut 2 011 18.3( 1.61) .676 .S16 .901 .917
1.2( 4.005 14.ut 1.738 11.8( 1.22) 15.4( 1.62) 1.3t .1'l .690 .841 .929 .913

83 1.at 6.003 3.0( .7tl 10.9( .96) 17.4( 1.54) 11.St 1.08) .707 .852 .955 .914
2.4( P.001 4.7( 411 6.2( .55) 1.6( .14) 6.P( .63) .705 .952 .954 914-

O 3.0(10 00) 5.7( .51) 5. 7( .511 6.3t 551 6. 7( .9) .697 .850 941 .912
;* 3.7(17.001 6.2( .5%) 4.6( 42) 3.78 .333 3.3t .'11 .698 .850 .937 910
bJ 4.6(15.00) 4.8( 4?l 2.9( .25) 2.0( .181 4.3( .17) .709 .853 933 .912""

6.1(20.001 1.dt .15) 2.0( .175 1.0( .091 1.3t .118 .720 .856 .930 .916
8.2(27.001 .6( .05) .it .01) .It .01) 4( .01) .723 .156 926 .916

10.7(35.001 0.0( 3 005 0 0( 0.001 0.0( 0.001 0.0( 0.93) .721 .e54 925 917
13.1(43.038 .St .05) .31 .03) .0( .001 .2( .0') 718 .852 926 .918
15.2(50.00) .2( .0?l . lt .01) .0( .00) .0( .Sil .717 .851 .927 .917
16.8(55.001 .1( .C1) .2( .02) .It .01) .2( .019 .719 .851 .927 918
17.7(58.001 .0( .03) .3t .03) .2( .02) .2( .i?l .721 551 929 919
18.3(60.001 .4( .01) .8( .07) .Si .05) .58 . 0 'e l 721 .851 .930 .921
18.9(62.00) .7( .05) .2( .011 .3t .03) .6( .05) .722 .853 .933 .923
19.5(64.001 .li .011 .It .Oli .1( .01) .7( .06) .725 .857 .938 926
20.1(6A.03) .0( .005 .9( .06) .01 .001 -1. 4( .I'l .729 .864 .943 928
20.5(67.39) -2.9( .25) -2.3t .20) -3.It .271 -5.9( .5'l .731 .869 946 927
20.7(68.001 -7.5( .66) -9.3t .73) -s.4( .741 -7.3( .65) 730 .667 945 925
20.9(68.50) -8.6( .74) -10.7( .949 -11.7( -1.033 -6.9( .601 .730 .864 .942 926
21.0(69.00) 2.Ct .lin 1.4( .13) .7( .0f l - 1. / ( .151 .735 .865 .943 930
21.?(69.50) -10.5( .939 -11.4( -1 01) -9.?( .91) -7.It .A'l .741 .868 945 932
21.3(69.a79 - 1. 7 ( .158 -1 18 .10) -2.0( .171 - ? . '- ( .'') .744 .970 .944 .931

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - -
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1

SUMMARY SHEET

RUN NO. 21121

i DATE: 3/5/79

A. TIME-AVERAGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec) ]- 0.177 (0.391)

2. Water flow - [kg/sec (Ib/sec)] - 0.044 (0.097)

3. Containment tank pressure [kPa (psig)] - 172 (25)'

4. Steam temperature [ C ( F)]- 155 (311)

| S. Water temperature [ C ( F)] - 124 (255)

j 6. Mixer pressure [ kPa (psig)] - 193 (28)

7. Test time (sec) - 1156>

1

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

j 1. Level [ m(ft)] - 10.1 (33.1)
2. Initial temperature

,

Elevation Initial Temgerature1

[ m(ft)] [ C ( F) ]
.

0.00 (0.00) 131 (267)

O.15 (0.50) 131 (267)'

0.30 (1.00) 131 (267)

| 0.46 (1.50) 131 (267)

0.61 (2.00) 131 (267)

1.22 (4.00) 131 (267)

3.05 (10.00) 132 (267)
,

6.09 (20.00) 131 (269)

8.23 (27.00) 131 (267)

10.67 (35.00) 131 (268)

|
|

21121-1j

.?_ . - - . -.. .



I

|
SUMMARY SHEET (cont) <

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (Ib)] - 10.3 (22.6)
2. Liquid collection

(a) Outlet plenum [ kg (1b)] - 52.6 (115.9)

(b) SG collection tank [kg (ib)]- NA
3. Posttest drain from hot leg [ kg (Ib)] - 2.9 (6.4)

FAILED BUNDLE T/Cs(I)D.

311,326,553,568

E. OVER ALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

NA

1. T/Cs are defined as failed based on resistance reading or T/C response.

21121-2
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O.Seel
--_- --- - -- - - 1.2000

, gitan GEntsafoe 5tPtsatt (FFECf5 fEST #U4 21121

0.5000 00f t(8 Sft an FLOW # a f( (Ma4 96 h,

5 I8 80;
'

s a
e

, Y 0.e0C0 2
I ~

0.0000
| 2

.e

,

.

I e
O 3000'

3
4 3 0.6000 m
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t
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) 7 0 ?000
_ m __ m -

i
_ _

0.e000 I
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O.1000 0.2000i
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f 8 8 8 9 * *

i : i i i I E !
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L

1

I
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} , 0. W attunutaf 0R Lt0Ul0 FLOW Aaff (Wa4 18 ~

! 5 [1 20
c

%
1

!
~ $0 0.6080

0.6000
I

,

;
i : =

| 0.3850
! * 3

0.6000 o

d *

0=

7 0.m
a 0.4000 $

j 0.1M 0.2000
4

m a a a a
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0 *I'* I CEhER ATOR SEPE A AhE EFFECT5 TEST AU4 21121
*

STE AM

, O.S M C0hTA!4MEnf SYt AM FLOW R ATE CHA4 SF 0
3w

; 1.0000
,

'
I

" 0.e000 $.

0.8000
Mw

% *
=a

0.3000

$ 0.6000 5
: -

* *

* 0.2000
-^ ^ r- O.e000 r

.* p - -

0,1000 0.2000

0.0
- '

O.0

3 8 8 9 9 9

2 k N N h h k
fr=Eisto

*

$T[ AM C(%[0 ATCR $(PARAT[ [FFECTS T[5T Ett 21121
"

(MAN $)
0 STE AM CINE R ATOR 00TLif PLENUM DELTA P (PSIDI 1.2y0..

~ .0000 i
$t
%
d 1.0000 7
5 6

6.0000 I'
~

-

| 0.7500 Ew
"

) ~~ ".
'

/ :+
7 *.0000 .=

** 0.5000

2.C000 n,gg3

.-

0.0 O.0' '

* * *

a. . -

g 8g

gg & S E*
8 ? 8 ?8d
2 2 C 22

* nMt - SEC

Refer to Appendix H text for explanation of delayed response.+

211~214
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4.351I30.000
-

ST[ AM G(N(R ATOR SEP AR Ai[ [FF(CTS TEST RUN 21121 4.0000
CHAN 43

,y ST[ AM G(NER ATOR COLLECTION TANK [[ VEL ( PSID )
u 3.0000
7 20.000
t

* ~

N
2.0000

10.000
1.000rg g

b [ h
%.y 0.0 0.0

=

-1.0000

-10.000

-2.0000

40.000
" *- -2.9008

8 8 8 8 9 9 9 99
;

d a d 8 8 8 38o

d C 3 C S S c OS
TIME - SEC

Refer to Appendix H text for explanation of delayed response.*

56.015-
400.00 g f( A M C(N(R ATOR $EPAR ATE ErrtCr5 TEST RuN 21121

CwAN 84

[-' 350.00
- CONTAMMW W NM %U 50.000

M
<
* 300.00
8 40.000 -

7 *

~ 250.00

530 'O
5200.00 C+- L w
,

I 20.000

100.00

10.000

50.000

0.0
- 0.0

8 8 8 9 9 9 99
a. . j d g g a g s8

S 2 OS-Sd ~ - -~
' TIME - SEC

21121 5
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t

|

,

!

*

STE AM GENERATOR SEP AR ATE (Fittis *EST Ruh 21121
*

(MAN 57
h350.00 MIXER PRES $URE t PS!C 3 50.000

M
<
* 100.00
d 40.000 7
* s

250.00

1 200.00 -
30.000*

f_

.,.
,

E 150.00 20.000

100.00

10.000
! 50.000

.0^
0.0

- - '

g g g g q q q e, o,

9a a a & 8 ? * ?8
Sd C 8 C 2 0 6 ::
'

f!M[ - $[C

4

f

1

10.000
-- - -- 1. * '. 's

STEAM ((N(G A ?CR $(F AG Ai[ (i f ( f. T 5 f($f EUN 2|121
(MAN 54

j SifAM GENERATOR MOT LEL CELT A * tPilos 1.2500
v

0 8.0000
' &

{ t.0000 7
-

a

6.0000

7 0.7500 7
as

$ $
# 4.0000 7

"* 0.5000

2.0000 0.2500

-_ - _ . -_w. _m.

0.0 -

- ' - 0.0

8 8 8 9 9 9 9oa

'ko d d g 'R 8 S8g
Md R C -2 C OS-~
' TIMt - SCC

21121-6
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10.000
- - -- ^ ^^ 1.4 %4

STE AM C[mFR ATOR 5(PARAT( [FF(CTS TEST RUN 21121
CHAN 52

j ST[ AM C(h(h ATOR |Nt[i PL[ hum D(LTA P (PSIDI g,g
u

: e.0cc0
a
d 1.0000 ;
" a

; 6.0000
"

| 0.1500
3 3
+ +

y e.0000 5
* "

0.5000

2.0000
0.2500

i
L L. m __

_m . _ _ . . . _ - .m ._m
- 0.0

8 8 8 8 9 9 9 *9
d y S 8 889a d g C - 3 C 2Sd n o

'

TIM [ - 5(C

[T[ A M G[NE R AT04 SEP AR ATE [f F[r TS T[5T RUN 2hl21
*

l'0.00 (MAN 7
- ST( AM GENERATOR INLET PLLNUM S T[ 4M PROBE T[MP "

32*.00 C$
160.00 -- wa

x a
J J

a o
150.00 300.00 h

i I E

(140.00 (
O 275.00 O
a , y a

130.00
- 1 x1

M \ M

120.00 '%- 250.00

110.00
225.00

100.00 "
212.00

8 8 8 8 9 9 9 99
9o d d d 3 8 88g35 C - 8 C - 3 C 22

TIME - 5(C

|
l

21121 7
|

1

1. .]
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|
|

215.00
- - - - -- - - - - ^ ^- 527.00

STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 21121
CHAN 12

500.00 .
w STE AM CEN OUTLET PLENUM E v if VAPOR FLul0 f/C

C$ 250.00 #r o
o 450.00 Eg

225.00
|

5I y
Ed 400.00

I | 200.00 -- 5
r'

r K
I w
w *

350.00"

g75,gg

150.00 300.00

' ' i
'

125.00 257.00

8 8 8 8 9 9 o

90 d d d S 8 38gga C 8 C - 2 c 22
7tME - SEC

i

25.000
- - -- - - -- 25.000

STE AM CENER ATOR SE P AR ATE EFFEC TS TE ST auN 21121
(MAN $3

$UPERw( ATER POWER ( FW 3

20.000 20.0?O

se
O C

$ $
o 15.000 --- 15.r00 0

-.

==
.EW
ww

.$$ 10.000 -- --- -
- 10.c00.

a

;

I

5.0000 - - -k - - 5.Fr00

0.0 0.0

8 8 8 8 9 9 9 99
9o d * d 8 8 8 88
Sd C $ C 2 2 C $$
*

TIME - SEC

21121 8
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STE AM CENER ATOR SEP AR ATE EhTECT5 TEST RUN 21121
'

500.00 %
STE AM E1H AUST FLUID RfDu

0 250.00 0
: :

oo
450.00 gg

225.00

$ E
m

:) 400.00
200.00

f r
I* -
~

350.09-

175.00

^ O' ^
300.00150.00

l

-

125.00 j57,ny-

8 8 8 8 9 o o oc

$o* 5 8 N 8_ 6_ $_ 2_3_r ~ o ~

TIME - SEC

^ ^ ^ ^ ^ ^ ^ ^ ^ - - 6 % .62j s.n ^^^ ^ ^

^ $E PE A att' Ef r[ CTS f tsi aug 2112fsigau c[gtsaf0R
3 # *00 itis wass tg (23 wasg 097 g 3,3 Mass sige[0

te s= 42)*t 3: 453* Ma5$ OlFFERENCE
600.00

|
250.00

. 500.00

W
200.00

5f *00.00
2

:: j 7* 150.00 *
300.00 |

|Jnn.00 :' 200.00

a

50.000 / r

5 5p
#A, #,

-o.ne t
-- ..,m

8 8 8 9 9 = 9 9

9 R N I_ 6_ 3_ E_ @
<

i- ,o
TIMttstC

I

1

21121-9
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|

|

|

1 5ft AM Ctat A Af0R SEP( A Aff EfftCf5 ftsi 804 21121^-- ^^
300.00H -

^ ^- - - ^

300.00 5tC040ARY TO Pa!MAny TOT AL u! AT TLOW R Aff
-

FROM PRIMan? LOOP O AT Ad 3
w
*250.00
s

250.00 s
'

' -
*

- 200.00
0

W 200.00 <
* =
4

150.00 $
S' 150.00 g
,

"
.- <

i
e

$N.N
gy

i

I
! 50.000
]

50.000

"/ ; "' ^ ' ' ' O.0i 0.0

9 9 9
i

i
, a e n E a.
-, - -

ftMtt5tts

t

|

^ ^^ ''"I'""
^

ct at e'Af on 'st Pt e Af t (FFECTS f t 5t #Um 21121sit AM

tutti plt =uM 00Attiv
t.2500 ;

- 1.2500

1.0000t.0000

i

f-- - %WWQz.
0. f5000.1500

,

: :
-

.
Y

N 0.5000 g; 0.5000r

,

|

0.2500 0.25m

|

0.0 -
-

" - 0.0

8 8 8 9 9 9

E' a 15' f E_ a_9 -.
TIMitSECD

|
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$TE AM G[hER A10R SEPER ATE EFFECTS TEST RUN 21323
'

'' *

OUTLif PLtNUM 00 Alliv _

1.0000
l.'/>00 g-. ____ _- - _ ,

0. N
0.7500

>
CE a
*O

4 0.5000 g
g 0.5000

0.2500
0.n00

O.0' ''

0.0

8 8 8 9 9 9
d 8 8

N
d

R 2 3 Co
d C

11M[ tS E C )

274.54
IU* N00E TEMPER ATURES RUN NO. 21121 ,

DISTANCE FROM INLET = 1.000trEET3 RAD.Pos. I
t M.00 g.5TE AM PROBE.2= TUBE W A'.L. 3=$EC FLUID 272.50

y%
- --~ % l

7

131.00 dF
A \

*-_ - - -
270.00 g

, v -

, 132.00 gw w

5U f E
y131.00 267.50 a

Y
Y Q

t-3 t)0.00 'i ~ ___ : -
< 265.00=

1 12s.00
= i

262 50 !

12s.00

Ifl:M 260.30'"'"'

8' 8 8 8 9 9 9
*

k $' f 8 8 3
S $ 6 2A a

2 d ~
' TIME (SECOND: .

|

21121-11- |

I
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i. .

.

f

*

I
.

NODE TEMPER ATURES RUN NO. 21121 1'

I0!$TANCE FROM INLETS 4.000tFEET) RAD.P05. I
134.00

4 !=$f( AM PROBE.2= TUBE W ALL.3=5EC FLUID 272.50
i

/\ ^ ..

133.00 vj
_ , f 210.00 "m

gf-, -s-
2

- -- a132.00 . -

v w
#

'.

131.00 \ : 267.50g
a

E 130.00 .

-
P 7

j 1
a

265.00 g
! $
I 3 129.00

$
262.50.

! * 128.00

: I
127.00

260.00

i 126.23
"' 259.21

I 8 8 8 8 9 9 9 9
d 8 8 8 Odj ~ o g

d C C S 2 C 2 .n
,

TIME (SECOND) .

J

!

!

|

134.51
NODE TEMPER ATURES RUN NO. 21121

DISTANCE FROM INLETS 10. 000 t FE E T) RAD.P05. 1134.00
{ !=5TE AM PROBE .2= TUBE W ALL.3=5EC FLUID 212.50
' q -. - A -m

133.00 - y -v ,
,

o

G 132.00 ,-#
- ".' '

, pp -- - w .,
'**

'-
o

E E
i. , 131.00 -f< -

267.50 "wr

k I** ,

i = ,

. ,

4 -a 130.00 -

$ 265.00
w
"

! 129.00
?

?

262.50'
128.00-
127.62 261.7!* ' ' '

: 8 8 8 8 9 9 e 9
& 'd j 8 8' 8. "o; * a

S 2- c e.e d. C 'S ~
, *

TIMC (SECOND)4

i

.

| .21121 12
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NOJE TEMPERATURES RUN NO. 21121
134.00 -. DISTANCE FROM INLET = 1.000(FE E T) R AD.P05. 4

t=STE AM PR08[.2=TU8E W ALL.3-SEC FLUID
NJ N - 0 --- 272.00 -

_ [133.00 - "
_,

O y I 270.00 9
132.00 w

J f =

E 7
{

$
258.00 *

w 131.00 ,

5 \ $
; V+ =
0 -

266.00
Y''f

^130.00

w

l129.00 (64.00

lif.M - 262.31

8 8 8 8 9 9 9 9
4 o d d d 8 8 8 O
O d 8 8 C U $ C 2
'

TIME ISECONO)

2

"

N00E TEMPERATURES RUN NO. 21121
*

134.00 - DISTANCE FROM INLET = 4.000tfEET) RAD.POS. 4
!=STE AM PRC9E.2= TUBE W ALL.3=SEC Flu!D

S_- Aa%# " ' ' Cw -,33,oo

WM_*6 5
~

270.00 90 M
-

-
132.00 7

- w

::~

e e- <
268.m :. m isi.00 & 7-| t

'

5
0

_

Et30.00 ,! 266.00,

$ d
123.00 --- 2f,4.00

159:90
- \l

262.22

8 8 8 8 = a 9 9
A a d d ~8 8 3* a

y8 6 8 C @ 2 C e
TIME ISECOND)

' 21121-13



00:08
*

N00E TEMPER ATURES RUN NO. 21121
O!$TANCE FROM INLET = 10.000(FEET RAD.POS. 4

!=$TE AM PR08E.2=TU8E W ALL.3=5EC FLUID 272.00

133.00 [
,

/ $-wh%
270.00 e*C %

132.00 -/ :
5 na - ~~

9 f
268.00

E 131.00 a

? | r$ s#

0 g
- 266.00130.00 -

\tj
129.00 v 264.00

128.52 263.33'" "

9 k E E 9 9 o oo

E 9 8 8 s @ 8 E d
$ c go N o ~ -7

TIME (SECOND)

k$$*.k N00E TEMPERATURES RUN NO. 21121
*

OIST ANEE FROM INLET = 69.000(FEET) RAD.P05. 1 272,00
t=5TE AM PR08E .2=TU8E W ALL.335EE FLul0

133.00

271.00,

n>< so
_ mm --

y,,,

j 132.00 g
w s
e g 269.00 0

131.50 Ow ,

E $
7 I 268.00 0
g 131.00
i
W 30.50 i 267.001

130.00 e66.00

129.63 _ , , , , ,

k k E E 9 o o o

50 0 N N ! $ hN
TIME ISECONO)

21121-14I

i
:

!

l.



.

|

133.r6 'IIN00E TEMPER ATURE$ RUM NO. 21121
133.50 O!5TANCE FROM INLET = 66.000tfEET) RAD.P05. 1

t=$TE AM PA00E.2= fuse W ALL.3=$EC FLUID 212.00

A
133.00 cMN 271.00 .

O
c in.so e

270.00 g| f 2g 132.00 7 M%#~> [ 263.*g
^ -N y? 131.50 '~

-} ~
|

268.00'

I 131.00
# / [

/ 1 /
;

- 267.00i30.50
~~w

IM.00 ~M
N6.00

9 a -
8 - o. n oo8o o

o

Yd S $ b E b N d. o
~

TIME ISECOND)

igt.gg - 273.2s
I}773,00N00E TEMPER ATURES RUN NO. 21121

DISTANCE FROM INLET = 60.000(FEET) RAD.POS.
taste AM PROBE.2= TUBE W ALL.3=5EC Flut0

133.50 -

.,

G 271.00e

" 132.50 - _/W# -- {
{S 270.00

y 132.00 g
A \ X

2 ( 269.On %
131.50w -

It
ŵ

g;g,gg A 268.00,_

'
V

% 267. .,,0.30

1,,0.2, 266.,2. . . . .

8 8 8 8 . . . .
* * 8 3A a

2 4 6 N 6' E 6 C 2,

TIME (SECOND)
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%

4

' 134.23 213.62
N00E TEMFER ATURES RUN No. 21121134*00

DISTANCE FROM INtET= 69.000(FEET) RAD.P05. 4 273.00*

t=STE AM PR00E.2=TU8E W ALL.3=SEC f Lul0
133.50 --

[ iV.Mh% c
133.00 -

ill.00

Le
'- 3 - (O 13*.50 f.' ~ ~ ~

... y -. -

E ~ -

, 270.00 E.

h
~ $

" - - ~ ~ -

* Ot.50 - [F -- - f[
'

i

132.00.
j!

[ p 263.00 $-
| 7

0 # 'O268.00
h131.00

- _. __

r
- . - - __ . , _ . e 7 ng130.50 -

\
A 266.00130.00 Q
'Nj

IH:H - L. ggy
@ 8 8 0 9 a o. o.

o

3, d k h 8 8 .k O, S,,m o e
,,

.~

TIME (SECONO3
'

~ ~

4

s

t

i

J

$

112.7E#

*

NOCE TEMPFRATURES NUN NO. 21121
132.50 ~~ DISTANL6 FROM INLET 2 60.000tFL t TP PAD.*05. *

-

t=STE AM PR00E .2= TUBE W ALL.hSEC Flu!D,

270.00 '

A -- -- ._- C132.00 - . - - - - -

~ ~ .,-
O 131.50 -

% p o -....

. sa

j 3
'l

-
- 0,,* ff*.00131.00

N -

,? / %
.

x
| % 130.53 . 267.00 E'

}j-' T
5
* 130.00 -

- ^ V - 266.00.

{129.50 -. - . _ , . . ! } {/ 'W 265.01
.

129.29 69.70

k 2{ ' y o a
j

?d E E !! Ei il N 9
~'

TIME (SECOND)

y

!

.A

21121 16
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133.63 212.54
N00E TEMPERATURES RUN NO. 21121

272.00Ol$TANCE FROM INLET = 60.000tFEET) RAD.POS. 4
133.00 !=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

271.00
# C[~W

ND% *270.00-
_ 132.00 -

9 "

"

"
269.00

M

{268.00
131.00 "

f v
#h 267.00 {3

*

130.00 266.00

$ N P

f
265.00

129.00 --

64.00

128.44 - - 263.20
8 8 8 8 9 9 9 9
d o d d d 8 8 8 3

d 2 S C 2 2 C 2
TIME (SECONO)

320.00
FLUID TEMP. FOR RA0!AL P05.N0.1 RUN 21121
ft)*0ATA SCAN NO. 18

300.00 (2)=0 AT A $CAN NO. 227 PLOT INTERV AL= 13 $C AN$
$50.00

- -

" 275.00 '

500.00
9 250.00 9

y-
= 450.00 a
Q 225.00 Q
* M
W tes

200.00 400.00
- -

175.00 350.00

150.00 300.0'O

-- . - - . . . . ...
1 .- - ,_ s

1 9 :88 -- n.a,

'

S S y 8 8 8 8 C
2 9 a 9 9 9- -.

d 2 2 2 .5 g 8 s
|. Ol$T ANCE AB0VE OL'TLETJEET)
6

a
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*Qg*.QQ6370.00
<- fit:!D TEMP. FOR R ADI At P0S.NC.! RUN 21121 UU

3%*N ~ tilsDATA $CAN NO. 19
(2)*DAT A SC AN N0. 221 PLOT INTERV ALs 13 SCANS

550.00

- L- -~
I g

! -- -- - -

"
",275.00 ,

O 500.00 0
e 253.c0 _._ .__ _. _ _ . . ._.. O
w

'

w

5 450.03 5
; r25.c0 -a -- --

i-
a --- ::

e a
| | ww

""

5200.co -
: 400.00 =-

.,
- -

175.00 - , --- - _

|

- 350.03-

'

|
150.00 - -.

--I. -I-
-

1
&- ---- . - 300.00

..

|Q*hh H-' ii. i! | I Nf - =:b ------

,40.00,

s a g <n ae= a $, s "c= e g 8 88=
a c asm , s enwaa e :,.ta: m

d d d ddddd? 4 4 * W a *A.'! O M 7 5(OTV"
DitTANCE ABOVE int.Ei(FELT)

1

0

,

*
-- 602.00320.00

.. ltulo TE Mr. FOR R ADI At P05.NO.1 fluN 21121 ''M * dU

?00.00 ---f-('2)* DATA
tHDATA SC A's tio. 18

SCAN N0. 227 Pi ci INTE RV AL.- 19 OC Api $

550.00i e i 1 -

u 275.00 _. ._ ._. _... . _ . - _ -- L.!_ l.i ,.

. 1. .. __ r . .
.

* -
_.. _

-

. :t .

S 500.00 S
0 250.n0 7 _. . _ .

_|__.___
:?

m w
-

e 50.00 %
y 225.00 .....-. -- a-. y

t .-
iw w

$2a0,00 .. _ _ .. l .__. _ .4,. _._
"M 00 $

- .-

g15.00 - -- - --- --- -- --- -. - --. - - -.. 350.00

150.no -- - -.- .+. -.._.. .. |-
'

300.00

.I 1 _.

19:88 :: -+d2n ut:n i ..
t

, 0,

R n KanPai g 8 8 88=O Cn d g Pa=.Ju~a.e u u n uaw . s n wwa :

"

=
d d d d a A ,;s: - .: ;.i.:Aa e n au= '

o! STANCE AROVE DUTLET(FEri)
,

I

l
|

|
i
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|

SUMMARY SHEET |
RUN NO. 21711

DATE: 3/14/79

A. TIME-AVE 11 AGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)]- 0.179 (0.395)

2. Water flow - [kg/sec (Ib/sec)] - 0.045 (0.099)

3. Containment tank pressure [kPa (psigB - 172 (25)

4. Steam temperature [ C ( F)] - 157 (315)
5. Water temperature [ C ( F)] - 124 (256)

6. Mixer pressure [ kPa (psig)] - 193 (28)

7. Test time (sec) - 1439.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(f t)] - 9.9 (32.4)
2. Initial temperature

Elevation Initial femgerature
[ m(ft)] [ C ( F) ]

0.00 (0.00) 260 (500)

0.15 (0.50) 266 (510)

0.30 (1.00) 274 (525)

0.46 (1.50) 271 (520)

0.61 (2.00) 271 (520)

1.22 (4.00) 271 (520)

3.05 (10.00) 271 (520)

6.09 (20.00) 271 (520)

8.23 (27.00) 271 (520)

10.67 (35.00) 271 (520)

;

21711-1



SUMMARY SHEET (cont)

C. MASS DAl.ANCE COMPONENTS

!

1. Sterm probe purge etc9m [kg (Ib)] - 4.04 (8.91)

2. Liquid collection

(a) Outict plonum[ kg (Ib)] - 2.15 (4.74)

(b) SG collection tank [kg (Ib) 3 - NA
3. Posttnst drain from br,t leg [ kg (Ib)] - 1.33 (2.94)

D. FAILED BUNDLE T/Ca(I}

294, 295, 298, 305, 309, 310, 311, 321, 326, 549, 553, 564, 565, 568

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME _

1. From primary nido energy balance [ kwsec(Btu)] - 0.594 x 10 (0.566 x 10')

LHTA
5 52. I' rom local haat flux ( f f 4 dedt)- [kwsec(8tu)] - 0.678 x 10 (0.646 x 10 )

r o

3. Integration to 600 occ

,

1. T/Cs arc defined as failed based on resistance reading or T/C response. |

|
l

21711-2 I
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0.5441 ^^ ^ ^ ^ ^^ - ^ ^^^ ^ - - 1.2000
STE AM CENER ATOR SEPf R ATE EFFECTS TEST RUN 21711

,, 0.M ROILER STE AM Flow R ATE CHAN $6 *

h *
1.0000

*s
r

0 0.*0c0 E-

0.e000w
N E

$.
0.n00 -

A 0.6000 $
d -

e *
0.2000 - *

, - - -

V .- 0.4000 x

0.s000
0.20%

0.0 - ""

0.0

8 8 8 9 9 *
- a a a H E i

_

d C 3 R - - -

TIME (SEC3

0.5443 ^ ^^ ^ ^^^^ w ^ ^ ^ ^ ^ ^ ^ 1.tM
STE AM CENERATOR SEPERATL '' (CTS TEST RUN 217 81

- * AEEUMUL ATOR LIOUID FLOW R ATE CHAN 98 Ou
wM l.0000

,*
i

|s s

E
'f0.4000 y
, 0.0000
O

,

O .=
= l0.m00

$
e 0.6000 $ ;e

l'e

7 0.2000
e
"

x
0.4000 x

0.1000
0.2000

- . . - -

0.0 -
' "'

O.0

8 8 8 9 9 9
i. i H. E a

*a
. . - . -

TIME (SEC)
i
1
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0.543 ^^^^ ^ ^ -^ ^ ^ ^ ^ ^ I.2000
STI AM CENER ATOR SEPER Af f [FFECTS TEST RU4 itTil

_ 0.M C04T A[hMENT STE AM FLOW P Aff CHAN Si $
h I.0000 [
* I

y 0.4000 $
.

0.0000 ,

U 7
: =

0.3000, 3
3 04000 o
g -

g
- - ^

\f U
0.2090 <

j
v

0.4000 2

.

9.1000 0.2000

0.0 - - ' ' O.0

8 8 E 9 9 9
g d g R 3 -

o 4
a n n - e c.

flMitstti

1.0000 - - - -- - ^^^- -^ ^^ 0.1450
STE AM CENERATOR SEP A R ATE EFFECTS TE ST RUN 21711

CHAN $3
}0.9000

- -

- STE AM CENE R ATOR OUTLET PLEN9M DELT A P (F510) 0.1250
v

0 0.8000 -- -

i
! 0.1000 - -- - - 0.1000 3

5 =

0.6000
Fw

, 0.0750 Ek0.5000 -

fG C
E 0.4003 - E
* *

0.0500
0 3000 #

.

0.2000
0.0250

s .:q,w%e. -
;''' ^ ^.

0.0 0.0"'"

8 8 8 8 9 9 9 99
9 d d j 8 8 8 38
SJ 0 S C 2 2 C OS
'

TIME - SEC

Refer to Appendix H text for explanation of delayed response.*
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I 400.00 - --- -- -- --- - - - - - -- - 50.015
STE AM CENERATOR SEP AR ATE EFTECTS TEST RUN 217 8 9

(HAN 84

3350.00 . CONTAINMENT FPES$URE (P$10) 50.000

M.,
" 300.00
d 40.000 G
E a.

250.00 -

30.000 %.'7",200.00 r

E
.$

%_ _.

, c-
u

,,
--

, o,'0a .--
3 y

." "
20. @ 0

100.00

10.000
50.000

p,o . _ __
.- .. -- 0.0

8 8 8 8 9 9 9 99

SJ $ $
j 8 8 8 33 -90 d *

2 2 C OS~'
TIME - SEC

'e00.00 ---- ---- --- - - -- - - - - -- 53.015
I STE AM CENER ATOR SEP AR ATE EFFECTS TE$T RUN 21Til

(HAN 51
(*J',0,00 :----. Mit E R PRES $Ultf ( PSIG 1 50.000
M i

l<
* 3%.00 - - -

,

; 40.000 :;;
.

- 250.00

k200.00 C
_ _

rr ;
j_ 30.000 y

a
* v
**8 6.s

E 150.00 - 'g

100.00 -

10.0tM
$0. M -

'o,o0.0 - ..-- a

$ 8 8 8 9 9 9 9
o d d S 8 F8

S. d 0 S-
g $ 2 c 01~

TlHE - SEC
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l
.

i

.

4

i

10.000 ^ ^ ^^^^ ^ ^ ^ ^ ^^ l = * V4
$1E AM C(N(R ATOR SEP AR ATE EFFECTS TEST RUN llill

CHAN 54
3 SIE AM GENER ATOR HOT LEC DELTA P (PSID) L2500
c.

* 8.0000 -

'

n
'

l.0000 7
5 *

6.0000

5 E 0.7500 E
.

p a
J an e,m .

. y 4.0000 -- - p
' * "

0.s000

2.0000 . -

0.2500

I
_

:e:;y- _ _' ; in;j -f_-- v _1 , :_ -
^

0.0 -
- '- ^ 0.0

8 8 8 8 9 9 9 99
i C3 i d 5 8 8 8 SE

S. .i L S C 52 2 c 0:
TIME - SEC

,

!
,

f

10.000 -- - - -- - - - - --- 1.4504.
STE AM CENER ATOR SEP AR ATE [FFECi$ IC$i RUN 21715

CHAN 52
3 $if AM GENERATOR INtET PL(NUM D[LTA P (PSIDI

1.2500
Le

* 8.0000
D
;- 1.0000 ;
- =

j 6.0000 -

s ,

Y 0.7500 E
o a
+ +
* e
W 4.0000 - y
a a

0.5000
4

2.0000 - -

0.2500

~
0.0

'
^ ^^- ~~ ^ ^^ ^' ~ ~ ^^

0.0
R 8 8 8 9 9 9 *:9
9e & & 8 8 8 88
Sd C $' 0 2 e c 02

TIME - $EC

i

!
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-

- 347.00t tr.,en g- . . - .-

51[ AM Cf hf R ATOR * EP AR ATE (ff tC TS TEST RUN 21711 1,

170.00 - - - - - - - - (HAN 7
"*** SIE AM C(#(R ATOR INtti PLENUM STI AM PROSE TE MP

125.00 0O,ggn,og _.
|

- - - - . -- w
a e

44
L.S,. w
<a o

1%.H --- - - --- 100.00"
., w
u 1 *r

ns ;; H e.no *;

$ ' 275.00 $
t_-- ._ _ ,

,
_ a.

3.ft1.0J
-

i
- bL e -.

120.00 - - - - - E%'M

t10.00 - - -

225.00

100.00 J-~++-+- - * * - --- -- -"A--+- 212.00

Q 8 2 8 9 9 9 99
g s s e a e s8...

M c 2 2 c 13Ms ~
'

IINE - SEC

- -- -- 527.00372.00 ---- - -- - -

--SEPAR ATE EFFECTS TEST RUN 21711ST! AH CINE R ATOR
CHAN 12

* %.00ST[ AM CEN OUILET PL(NU** [F li V APOR *LUID f /C
, w''

, 250. s
.

,

55 *

"*
M 450.00

2?5.00 - ---

w w
a: .,

u o
'- 400.00 *

j 200.00 - - g j

r N rN xI

175.00 350.00

m
150.00 - - 300.00

- - + - - -- '" - 257.00125.00
9 9. 9 998 8 8 8* 8 8 8 889n d j 6 2 2 0 23

e

S. d C n

TINC - SEC
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25.000
- - --- -*-

- 25.'100
ST( AM C[N(R ATOR SEP AR Ai[ (FFECi$ TESI RUN 21711

(HAN $9
SuPERH[ Af(R POWCR ( KW 3

20.000 c0.0?O

C $
0 0

2
2
o 15.000 15.000 =,r

2 ew
.xa has

tas

$ 10.n00
- 19.0C9 $

aa

5.0000 - 5.00? ?

0.0 0.0

8 8 8 8 9 9 9 99
9a J d d 8 8 8 85
yd N S C 2 $ 0 05

TIME - $EC

**

$f( AM CEN(R ATOR $[P AR ATE E Ci$ TEST Rt|N 21711

E*MSe $fE AM EsHAUST FLUID RfD -

0 250.00 0
W =
~s a

50.00 g"

'-225.00 -

i N :
a% .00.00- N <# 200.00

x x
*=8 4.s

5 *

175.00 .

W .00

m

150.00 -. 300.00

125.00
'' 257.00

* 9 **

9a d -
8 98 8 8

Sd C 3 C -
$ @ 88a g

OS- -

'
TIME - $EC

21711-8



-- . _

m7 ___ _ __ ___ ____ ___ ___ -. gg g,eAg,gg
STC AM CENE R ATCil 5(PE R ATE EFFECTS TEST RUN 217 8 9
419 MA$$ le (2)= M45$ 09T (31. M455 $TOREO 400.00

N.00 -- (4 b (2)*(3) ( 5 13 MASS O!FFE8ENCE

100.00

E0.00 - -

600.00

t',,0,00 _
'

( 500.00'
..

:: tm.00 _ / --

7 400.00' $

t'0.00 -

m.00

100.0J -- A

'Y. 0Lo 100.00

-0.0775 - i t E- % % -e.ects

8 8 8 9 o 9 9 9
o & f a 8 8 8 y
a e : e _ r. ~,

TIMEtSEcl

316.38 - - ^- - - - 3# #
$TE AM CENER ATON SEPER AIE EFFECTS TEST RUlf 2171:W#
SECONDARY TO PRIM ARY TOTAL ME AT FLOW RATE

-

FROM PRIM ARY LOOP D AT A }
M0.00 *

~250.00
; 2
y "-

W 200.00
'

y
5 5

5 ISO.00 :.I 5#

: _N :
100.00 Y % N 100.00

V
i

$0.000 50.000

| 0.0 I__ - . . ' O.0

2 8 8 9 a 9*
i

Y' o

TIMEtSEC)
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i...w
- - - - - - i.. 00

stE AM gen (R ATOR SEPER ATE EFFECi$ TEST Rue it7it

thLET PLENUM OUAllfY
_

1

i

1.0000 1.0000

NeWNh%M
0.F300 0.7500

U U
O O
< *
g 0.50n0 - 0.5000 g

0.2 m 0.2500

0.0 -
- * * - - 0.0

8 8 8 9 9 9
9 6 6 5 $o C M R -

$ $
- -

TIMEtSECS

I*
STE AM GENER ATOR SEPER ATE EhECil TL$f RUN 21781

*

OUTLET PLENUM OUAL[fY
3.2506 - 1.2500

| <

t.0000 - - - - - - - - - - - - -. - - - - - - -" -

1.0000,-
^

- - -

0.75n0 0.7500

' E U
3 =
3 0.5000 0.5000 g

I

0.2500 G.2500

l

0.0 - - ' ' ' '

O.0

8 8 8 9 9 *

g' 8' si $. $. ioe9
O p N o o

f! met $EC)

|

|
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M;N h30E TEM *EPATUNES RUN NO. 21 Tit
OtsfLNEE FR3M INLET = 1. 000 t f E E T) RAD.P05. ! $50.00

te5TE AM '80SE.2= TUBE V ALL.3*SEC FLU!D
I 2F1 # Z j _

| 500.00 .

210.00 g
C

-

450.00 W.
- {y225.00 g ;

'
,

I j an-

k'' !' 400.00 UE j
R 200.00 3,

-

5
', e<
.l ?

'

y 175.00 $ ' 350.00
"

N
150.00 ? 300.00x

, -- Trgvi- 2s3.n-

In.n
8 8 8 8 9 9 9 *

9o d d p 8 R 8
yd % $ * * '" '

~
'

TIME (SECOND

-

E '

N00E TEMPER ATURES RUN h0. 21711
*

O!!1ANf.E FROM INLET = 4.000(FEET) 6 0. Fos. 1 550.00
t=STE AM T ROPE.2=TURE W ALL.3e5EC Ftulo

275.00 m.my---

N- 500.00 .

Y-291.00 - - N w

G %'M *

\ )'
w 225.00

,
450.00 yg

-
'

g
S

~

400.00
200.00 --

: !g -

w

I t15.00
: N 3( ,

-. 350.00

IW W ~
%i \" 300.00%. p

128.90 -
n '' g-w ,

.

' 2s1.84

_8 8 8 8 9 9 9 "

9o a p c; ' S =c o
8 8ya C C ~ -

.,,

TIME ' (SECONDI

i
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i

i

!

|
574.66 iEp

___ ____ NODE TEMPERATURES RUN NO. 2titt |

DIST ANCE FROM INLET = 10.000(FEET) RAD.POS. 1 550,0n
t=57C AM PR08E.2= TUBE 4ALL.3=SEC FLUID

275.30 j -

% sm m a

q % $c '5 "
1 y 450.00 "

a 225.00 -~

g
d

i' ( 400.00 gg200.00
i

175.00 - 350 00

150.00 300.00
141.93 - " 281.41

8 8 8 8 9 9 9 9
9o d d d 8 8 EgEd C 8 R ~ * '
'

TIME (SECOND)

!

bb ~~ N00E TEMPERATURES RUN NO. 21711
"

O!$TANCE FROM INLEi= 1.000(FE E T) R AD.POS. 4 550.00
t=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

275.0n -
,

w
500.00 .

250.00 -- --
u
w

0 -

"A 450.00.

O 225.00 - 39

# ~
( 400.00

R 200.00 6<' >
M
w

I 350.00!?5.00 --

I

150.00 - l

300'00%C&A -
129.55

-y\'.- ~

265.18
8 8 8 8 9 9 9 9
9o d g d 8 8 8 %
2d C o C S .2 11 O'

TIME (SECOND,

I
I-
|

!

| 21711 12'
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b NODE TEMPER ATURES RUN NO. 21711
DISTANCE FROM INLET = 4.000tFE E T) RAD.POS. * 550.00

issfE AM PROBE.2= TUBE W ALL.3=SEC FLUID
275.09 -

500.00 .

250.00 E
% m3 -

450.00 E
|

9
- \225.00 O

--

E 400.00 g
Rr 200.00

- w
*-

E
i 75.c0 _

s1 _

350.00

" ' 300.00150.00 ,,

2(m.
128.66 - - 263.94

8 8 8 8 9 9 9 9
- d 8 R @9o p

$ C S S 3yd ~ -

TIME (SECOND)

295 33 564.67
NODE TEMPER ATURES RUN NO. 21711

OtSTANCE FROM INLET = 10.000tFEET) RAD.P05. 4 550.00
4 t=$TE AM PROBE.2= TUBE W ALL.3=5EC f LUID

273 00 525.00

500.00 J
O 250.00

- N m . 's ~
N a

;-

225.00 '

[-" 425.00

7 400.001

x 200.004

g N 1

375.00

|
350.00 f175.00

-\ d"I

163.53 326.36
8 8 8 8 9 9 9
O ' * O O O <>

0 $N
7

TIME (SECOND)

!
| 21711 13
1
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I

NM *

N00E TEMPER ATURES RUN NO. 21711
DISTANCE FROM INLET = 69.000tFEET) RAD.POS. 1 550.00

t=STE AM PP09E.2= TUBE W ALL.3=SEC FLUID
275.00 - - 4

250.00 - --%Nx-\ - e
500.00 -

o_
u

$J 450.00
y225.00 - "

400.00
" 200.00 -

- %

.

175.00 -~

\
-

0.00'd

150.00 -
\'

,Q 300.00
,

136.29 - #
' III 33

8 8 8 8 9 9 9 9
'I o d d d 8 8 %g0d C S C ~ * '

'
flME (SECOND)

E'O ~

~ ~ ~ ~ ~ NODE TEMPER ATURES RUN NO. 21711
*

DISTANCE FROM INLETa 66.000(FEET) RAD.POS. ! $50.00
t=STE AM PR09E.2= TUBE WLL.3=SEC FLul0

275.00 age
_

250.00 - N\ $
500.00 .

u -

E 450.00 E
y225.00 h

'

w 5?
< 200.00 - 400.00 x

0$
i
W 175.00 - 350.00

150.00 -
w 300.00

'
139.65 283.37

8 8 8 8 9 9 9 9
9o a d d 8 S 8 3gg g g n a m e ~

'
TIME (SECOND)

|
!

i

|
|
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543.62284.23
N00E TEMPERATURES RUM NO. 21711 540.00

280.00 O! STANCE FROM INLET = 60.000' .ET) RAD.POS. 1
?'STE AM PROBF.2aTU9E W ALL.3=SEC FLUID

% ~

o'210.00 T %

G

$260.00 - \

,\ !
500.00

$ \
N ya

E #'N 480.00 N
O
E
w
* 2eo.00 --

-% ) 460.00 ,

u. .= ,
4 4, ..

,

9"yg 8 8 8 9 9
5* * - c

$d k $ k g.a '*

TIME ($ ECONO)

'~-

NODE TEMPER ATURES RUN NO. 21711
~

DISTANCE FROM INLET = 69.000(FEE T) HAD.POS. 4 550.00
t=STE AM PROBE.2=TU8E W ALL.3*SEC Flul0

215.00 p s_.-

500.00 -
s

h_ 250.00 -

\ |
~

"

- a',J.00 hy
- ! *

g 225.00

400.M
* 200.00 L

~

s N
h115.00 --

\
350.00

A150.00 - 300.00

l 136 S3
' ' ~"

2T8.40
a 9 = 9S 8 8 8 =9o - o o

yd 0 g g g
R 2 6 6in

TIME (SECONDI
-

|

I |
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!

4- N00E TFMPERATURES RUN NO. 21711
**

DISTANEE (ROM IktET= 66.000tFEET) RAD.POS. 4 550.00
) !=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

275.00

500.00 .+x s e_ 250.00 - 3 n\ -u
w*

450.00 %.

o 225.00 7
C \ 5'

-

200.00 - !
*

5
9

4 0 175.00 350.00
s

3

k150.00 300.00
'

140.06 284.I1
8 8' 8 8 9 9 9 9

1 9o f a d 8 8 8 %
S C * * 'Ed ~

*

TIME (SECOND)4

i

!

i

2R4.52 544.13
| NODE TEMPER ATURES RUN NO. 21711 $40.00

280.00 DISTANCE FROM INLET = 60.000tFEET) RAD.POS. 4
t=STE AM PROBE.2= TUBE W ALL.3=SEC FLul0

T

520.00 ',l 270.00

U
~ a
u -

* 260.00 - 500.00 %

!
E E
{250.00 1 480.00

5
a
X 240.00
% N 460.00

230.00 m -

440.00
224.67 "" ' - 436.40

8 8 8 8 9 9 9 9
9o p d d 8 8 8 %
= d S R S -$ C O~
'

TIME (SEEOND)

I
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9

320.00
FLU 10 TE MP. r0R R A0! AL P05.N0.1 RUN 21711
i t)=0 AT A SCAN NO. 15

300.00 (290 AT A SCAN NO. 279 PLOT INTERV AL= 24 SCANS
'oa

_ | | j -

500.00
- 250.00 . ,,,, , s 3

-

/ ww

0 225.00
.'

450.00 $$ /,j
7

- 5
. g

5
k200.00 {4 .O

,;
- -

I 350.00175.00

150.00 300.00

i
!!3:30 ' '' lia.00

8 8 8 8 8 8 8 C.~ o o o o o o
$ N N N N d de

DISTANCE A90VE CUTLEtirEET)

320.00
rLJIO TEwP. r0R R ACI AL P05.N0.1 RUN 21711
: t >=0 A T A SCAN NO. 15

300.00 i2)=0 AT A SCAN NO. 279 PLOT INTERV Ale 24 $CAN$
"

- !IIll i I I I |||| I I :" 275.00

# *

- 250.00
_I

| / '

/ 450.00 $

, i
7'

$ / l / |j '9
w w

j 22' 00 | \ // ili V "

E [ h|/ 400.00i 200.00 -- y
. j

7 ,- w_ y -

l-t75 00 350.00
! !

/ HWY ). 2 #150.00 - p 7 300.00

| | | ||||!! !
!!B:88 - lis.co

*
. !.!.!.!.!.E.... !. !. !. !.!.E. . o ! !!!!N
. o o o ggoa o

I DISTANCE AB0VE INLET (FEET)

|

|
.

21711 17



I*
i

l
1

~

FLU 10 T[MP. FOR R ADI AL P05.NO.1 RUN 21711
tlinDATA SCAN NO. 15300.00
(2)=0 AT A SCAN NO. 279 PLOT INTERV AL= 24 SCANS

550.00_

|* 215.00 C

<= 250! HBi '
i- = = 5oo oo

,50.00

$225.00 ! /
,

MW/ /&' .

'30'UU 5
/

'

| |'>/ /f a*

|h| <00.00 i
*
1 2c0.00

/ / p =

175.00 ! . / j,-

/ 350.00

/ / / / / f/ /,50.00 /r----
'EEiiiiisumuussemensiigW '

1 9 :88 !--. eu,a

! ! i li!!BE i iIlliiR 4 4 444al!me u ngaa a s a ssa - - - -

DISTANCE ABOVE OUTLET (FEET)
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o

FLECNT teatri STE4F GENET 4 TOR SEP ARATE EFFECTS. TEST SEp!ES
RUN 21711
TIME = 60.0 CE*0Nat UNIT S - ELEVATION METER (FEET)

FLUX KILOW ATT/ME TER**2 (87U/SEC-FT**2)
ELE VA TION LP*4L FLUX LOCAL QUALITY

.

.

e e eee ee ee eee eeee e eeee ee e e e ee eee ee e eeeeee ee e e eeeee e e eeee ee es eeeeeeeeeeeeeeeeeeeeeeeeeee
#Li 00t - 1 2 3 4 1 2 3 4

.0( .23) .ot .e*1 Pl.4( 7 171 1 60. 1( 14.11) 12 8( 1 121 .657 .785 . 8 BC .871"

.2( . 5( ) 17.At 1.*75 77."( '.451 77.5( 2.43) 26.1( 2.30) .663 .846 .912 .879.3( 1.tt) la.it 1.A11 21.4( ?.964 19.8( 1.60) 20.7( 1.82) .673 .820 .926 .888.St 1 5C) 14.0( 1.711 17.7f 1.56) 21. 3 t 1.88) 22.et 2.01) .679 .e29 938 8956( 2.00) 1.*( .161 19.0( 1.67) 2.7( .24) 7.5( .66) .681 .837 944 .898.8( 2.65) 1.e( 161 la.S( 1."o1 -1.4( .13) 4 6( .41) .676 .847 941 .8941 2( 4.CC) 0.1( .*?) 9.1( 731 5.e( .51) 1.6( .14) .673 .e49 .927 .881g 1.8( 6. t, 4 1 6.*( .*79 7.7( .A91 11. C f 97) 7.8( .69) .673 .838 912 .871** 2.4( 8.CC) ?.of .'59 2.Q( 551 1.wt .09) 2.3( .2c) 674 .830 9G3 868d 3 0(1w.Cc) 7f .e61 .7( .061 1.7( 15) 1.7( .15) .666 .e28 .898 .862
,

t- 3.7(12.00) .cf .co' .it .001 9( .u8) -1 2( .lli .662 .e24 .895 .856
>

** 4.6(15.C() 1.9( .1 A1 .At .05) .3( .G33 .1( .bt ) .663 .820 .889 .849' *
6.1(20.to) 1.Ct .eot 1.0( 191 .4( .03) .7( .06) .666 .618 .884 .e478.2(27.st) 6f ."") .It .001 .2( .02) 4( .C33 .67C .818 .882 .85010 7(35.00) 1.0( e.a01 0.S( S.001 C.C( 0.CG) 0.G( C.90) .673 .818 .8e2 .852

b OJ 13 1(43.L01 .6( .**) elf .031 .It .001 .2( .02) .671 .818 .883 .85215.2(5c.00) 4( . net .1( .015 .L( .JL) .0( .(L I .6 76 .816 .884 .852d 16.8(55.tt) 7f 66) .3( .001 .It .01) .01 .00) 673 .el6 .884 .e52gg ~ 17.7(58.tt) 6( **1 .1( .001 . It .C1), .0( .CG) .675 .816 .885 .852.

18.3(60.00) 8( .a?) .it 001 .2( .02) .1( .C1) .676 .815 .8e7 .853h 18.9(62.pL) 1.2( .1e5 .1( .01) .2( .02) .1( .C1) .679 .816 .868 85419 5(64.Cc) .2( .r 2 4 .38 331 .2( .62) .v( .00) .691 .817 .829 .854-,
20 1(66.CG) .5f .n49 1 4( .121 5( .C4) .st .00) .682 .020 .89C .854D) 20 5(67.3f) .3( ."?% 1.St .991 . 2( .02) .4( .03) .684 .822 .890 .854crr 2C. 7( 6 8. 0 01 .1( . ell 1.4( .121 .It .C1) .3( .43) .6R4 .623 .889 .85420 9(68.5() .5( .est .4( .031 -1.4( .13) -1 0( .09) .694 .623 .809 .e53d C? 21. G ( 6 9. e,5 ) 4.At 15% 31( .271 .2f .C2) .3f .02) .685 .823 .888 .853hh 21.2(69.5C) .of .nal -3.6( .111 -1. 6 ( .14) .7( .06) .688 .623 .8e8 .e53E7a 21 3(69.87) 'a.7( -S."11 -16. 9 ( -1.461 - 12. 8 ( -1 13) -6.5( .58). .686 .621 .886 .853t7

Clam
twd5W

_ __ _ __



_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ .

I

FLFC647 tr4'cf 'f F t r (,F'4ct 4 TD P SFP4R ATE EFFECTS TE ST S E f' I E S
RUN 21711

b* _) TIME 36".D S E* DNO S UNI T S - ELEVATION PETER (FEET)=

FLUX KILOW ATT/PC TEP **2 (8TUISEC-F T**2)
ELEVATION LP*LL FLUr,j ........................................................... . . . . L. .O C A L. . . .Q U A. L I .T Y.. . . . ..........

949 'OS - 1 2 3 4 1 2 3 4
i

e=
g] .0( .13) .2( .021 1a.0( 1.539 13.5( 1.191 12.2( 1.07) .657 .775 .858 .872

3 .2( .50) 40.1( 4.111 *1 1( 4.708 54.7( 4.R21 55.8( 4.91) 671 .793 .876 .891,

.3( 1.00) 91.of 7.07) 171 9( 11.731 114.8( 10.12) 142.1( 12.52) .713 .846 027 .948[' .5( 1 50 ) 1.4( .171 1.*( 131 329.4( 29.02) 1 5( .13) .741 .683 1 06C .987' - .6( 2.(s) 1.6f .141 ?4.3( ?.111 6.5( .57) 12.0( 1.05) .741 .890 1 16C .986' .8( 2.65) 1.7( .191 -06.1( -9.491 -65. 3 t -5. 7 5 ) -23.9( -2.10) .738 .F51 1.127 .973III 12( 4 00) 10.0( . PRS 8.6( .76) 5.9( .52) 1 5( .14) .737 .8C3 1.L84 .948.
da 1.8( 6.00) 27.6( 1.**l 25.*( 2.2*1 30. 8( 2.72) 28.8( 2 54) .753 .817 1.L94 .960y 2.4( 8.n k ) 12.?( 1.eal lo.it 1 681 11( .1C) 20.7( 1.R?) .774 .849 1.106 .996
r. 3.o(16.tc) 1.It .'79 31( .?71 4.C( .35) 4.2( .37) .779 .664 1.C97 1.C09
T* 3. 7(12. CC) .6( .e99 .ot .1R1 .L( .00) -1.7( .15) .774 .860 1 091 1.002y 4.6(15.CGI 2.?f .'01 .it .011 .8( .07) .7( .C6) .772 .851 1 079 .99C

6.1(20.00) 1.4( .111 1.4f .12) .2( .02) .9( .b8) .776 847 1.C68 .984
8.2(27.40) 6( .e64 .$( .051 .2( .02) .6( .GS) .781 .850 1.063 .93510. 7( 3 5.4t l 7.rf c .r a l 9.3( 3.101 0 0( 0.00) 0.0( C.00) .782 .852 1.064 .989

13 1(43.(t) .At .Pfl .4( .031 .t( .00) .2( .02) .7ec .651 1.065 98915 2(3C.C0) 4( .eit .1( .01) .L( .001 .0( .40) .7T9 .850 1 066 .988
16.8(55.00) 4( .P 11 .lt .011 .Lt .091 .0( .00) .791 .850 1.066 .98917 7(58.C0) .1( .elt .1f .011 .ct .0c1 .st .CL) .783 .850 1.G68 .99C
18.3(ot.Lt3 .e( .661 .?( .021 .1( .01) .1( .01) 793 .650 1 069 .991
18 98 6 2.CC ) .e( .Pa t .it .101 .C( .001 .it .01) .784 .851 1 071 .99219.5(64.CG) .cf .eet .?( 02) .Of .00) .2( .02) .785 .PS2 1.073 .993
20.1(66.##I .3( ."'I 1."( .13) 3( . r. 2 ) .5( .c4) .788 .857 1 075 .993
20.5(67 38) .0f .e6' .*( .041 .5f .b 4 ) -1.lt .40) .799 .860 1.076 .993
29. 7(6 8. C0) .5( .e41 .3( .038 . P( .07) .2( .02) .790 .661 1 476 .9932L.9(6 8. 5s ) -?.2f .1 01 -?.4( .211 -6.P( .60) .3( .02) .791 .860 1 074 .995
21 0(69.00) ?.It .! a l 1.3( .12) .6( .05) 4.5( .39) 794 .661 1.L 74 999
21 2(69 55) -10.rt -1.Aal -?.9( .?5) -20.c( -1 763 -13.7( -1.65) .796 .P64 1 072 .999
21 3(69.87) -A.6( .'al -4.3( .181 -4.5( .46) -3.8( .33) .800 .867 1-C69 .995

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _



8tECHT sraert MTE 4 " GeNER A TOP SEP AR ATE EFFECTS TE ST SERIES
pun 21711
TIME = eCe.S 5500N05 UNIT S - ELEVATION PETER (FEET)

FLUX KILOW AT T /ME TE9 *e 2 (87U/SEC-FT**2)

EL E VA TIO N LP54L F lin LOCAL QUALITY
seeeeeeeeeee eeee e eee e eeeee ee eee eee eeeee eeee ee eeee eeee ee ees e ess e ee ee ee e e ee e ee eeeee eee es-

pai pot - 1 2 3 4 1 2 3 4

.01 .13) .1( . ell 6.3( .551 6.6( . Set 5 3( .46) .655 .771 .856 .869

.2( . *L ) 17.7f 1."A1 19.Si 1 681 21.5( 1.89) 19 2( 1 69) .66L 778 .863 .875
3t 1.L4) 23.7( 2."o1 24.1( ?.111 23 3( 2.c5) 31 4f 2.76) .672 .791 .876 .e90

.5( 1.5C) 26.0( ?.'o1 21.5( 1.a51 29.6( 2.61) 32.5( 2.97) .667 .eC5 892 .91C

.6( 2.Cc) 4$.3( 1.'11 ??.?( 1.451 3 A . 2( 3.37) 34.4( 3.03) .708 .823 .912 .930

.8( 2.65) .6f 651 75.of s.smi 35.t( 3.09) 29.3( 2 58) .719 .069 938 .951
1 2( 4.0C) 17.6( 1 111 10.9( 961 7.4( .65) 1.4( .12) .728 .9C8 .954 .955

da 1.8( 6.84) 2.0( .'51 4.6( 401 1 1( 10) 11.0( 97) .735 .906 .945 .949y 2.4( 8.CC) 1.6f .141 1.0( .17) .e( .07) 7.lt .63) 723 .893 .926 .948
3.U(1G.(C) 9.P( 441 5 0f 441 5.7( 51) 6.3( .56) .714 .885 .916 .946>-

7" 3.7(12 00) 0.at .*71 7.3( .641 5.8( .51) 3 8( 33) .72G .888 .915 945
M 4.6(15.CC) 6.6( *81 4 3( .3R1 4.1( .37) 5.0( 44) .739 .896 .919 .949.

6.1(29.tt) 1.9f .1A1 2.0( .17) .9( .09) 1.3t .11) .754 9G2 920 954
8.2(27.LC) .6f .P61 .1( .311 . 2( .01) .5( 04) .758 .4C2 .917 .954
10.7(35.LL) 3.et 0.n01 S.0f 3.001 0.0( C.00) 0.0( 0.00) .757 900 916 .956
13.1( 4 3. ( t ) .7f .061 .4f .141 .t( .tc) .2( .02) .754 .898 .918 .956
15 2(5C.LC) .2( .e?) .?( .011 .tt .UG) .lt .00 ) .752 .897 .918 .956
16. 8 ( 5 5.t ( ) .2( .e?' .1( .011 .1 ( .01) .lt .01) .755 .897 .919 .956
17.7(58.t() .Ct . net .lt .011 . It .01) .2( .02) .756 .897 .92G .958
18.3(60.00) .1( .all .3( .031 .3t .03) .4( .03) .757 .e98 .922 .900
18.9(62.p3) .2( ." ? ) .St .301 .1( .01) .5( .04) .758 .900 .925 961
19.5(64.0C) .0f .eet .?( .121 .tt .bw) .St .05) 761 904 .929 .964
20.1(66.0c) .If ."11 1.1( .121 .It .01) -1.lt .1r ) .765 911 933 .965,

20. 5 ( 6 7. 3 e ) -3.6f .111 *.7( .'31 -3.7( .32) -8.0( .71) .766 .915 935 963
20.7(68 00) -11.3t -1.691 -11.*( .951 -11.8( -1.04) -12.0( -1.06) .764 .913 .932 .959
20. 9 ( 6 8. St. ) -11.8( -1.*41 -11. I t -1.15) -17.e( -1 11) -11.0( .97) .762 .909 .929 957
21 0(69.CC) '.It .101 1.5( .131 1.9( .17) -1 8( .lo) .766 908 930 .961 '

21.2(69.50) -16.3( -1.441 -?'.*( -?.nli -14.8( -1.31) -11.tt .07) .771 .94 9 .930 962
21.3(69.e7) -? . 7 f .?41 -'.9( .?61 -2.9( .25) -3.3( .29) 773 .9C8 .928 .960

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _
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SUMMARY SHEET

RUN NO. 21806

DATE: 3/15/79

A. TIME-AVER AGED RUN CONDITIONS

1. Boiler steam flow [ kg/sec (Ib/sec)] - 0.045 (0.100)
2. Water flow -[ kg/sec (Ib/sec)] - 0.181 (0.400)
3. Containment tank pressure [ kPa (psig)] - 172 (25)
4. Steam temperature [ C ( F)] - 148 (299)
5. Water temperature [ C ( F)]- 128 (262)
6. Mixer pressure [ kPa (psig)] - 200 (29)
7. Test time (sec) - 1679.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [m(ft)] - 10.0 (32.7)
2. Initial temperature

Elevation Initial femgerature
[ m(ft)] [ C ( F) 3

0.00 (0.00) 260 (500)

0.15 (0.50) 266 (510)

0.30 (1.00) 268 (515)

0.46 (1.50) 271 (520)

0.61 (2.00) 271 (520)

1.22 (4.00) 271 (520)

3.05 (10.00) 271 (520)

6.09 (20.00) 271 (520)

8.23 (27.00) 271 (520)

| 10.67 (35.00) 271 (520)

21806-1
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SUMMARY SHEET (cont)
.

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (Ib)] - 13.09 (28.85)
2. Liquid collection

(a) Outlet plenum [ kg (Ib)] - NA

(b) SG collection tank [kg (Ib)]- 65.23 (143.8)
3.- Posttest drain from hot leg [ kg (Ib)] - 17.33 (38.21)

D. FAILED BUNDLE T/Cs(I)

'

310,311,326,553,564,565,568

,

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME
.

1. From primary side energy balance [ kwsec(Btu)] - 0.752 x 10' (0.716 x 10')
t HTA

2. From local heat flux ( f f 4 dadt) -[ kwsec(Btu)] - 0.373 x 10 (0.360 x 10 )5 5
o o

3. Integration to 300 sec

f

f

! i
i

1. T/Cs are defined as failed based on resistance reading or T/C response.

i
|

l

21806-2
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-- - - - - 1.2000

0.5a 43
-

CENER ATOR SEPER ATE EFFECTS TEST RUN 21006STE AM

, 0.5000 BOILER STE AM Fl.0 W R ATE CHAN 56

y 1.0000 [
% I

am

7 0.4000 :f
~

0.0000 ,
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2 "

3.3000 3
g 0.6000 o

'C

Ce

7 0.2000 0.4000 $
Z

0.1000 -- 0.2000

. . - - - -

0.0
" ' ' O.0

* 9 98 8 8

i i B H_ E_ R_e
,

TIMEtSEC1

J

-- - - 1.2000
8 M'I STE AM CENER ATOR SEPER ATE EFFECTS TEST RUN 28806

], 0.5000 ACCUMULATOR Ll0Ut0 FLOW R ATE CHAN 38 v

" *
i.0000

s r

$ 0.M
~

0.e000

'

.
0.3800 3

g 0.6000 o
"d

C
; 0.2ese

. . . . . . ;
a

0.l000 0.2000

g - - - - - - ' ' - 0.0

8 8 8 9 9 9
o o o

d k k b b b b
TIMEtSEC1
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0.5443
^ ^^

STE AM GEhER ATOR $EPER ATE Ef ECTS TEST RUN 21806
)

'0.W CONTAINMENT STE AM FLOW RATE CHAN 37 0
u w

*
||| 1.0000

I
y 0.4000

.

*
.

0.8000
, ,

7 7
E E

0.1000

$ 0.6000 $
d :

*

\/y
. Kr y - n. _-

G
Mn,y

0. 000 xr

0.1000 qj 0.2000

V %

0.0 ' 0.0

8 8 8 9 9 9
9 k f N $ k $-~ - -

TIMEtSEC)

5.0000 - - - 0.7252

| iTE AM GE''IR ATOR SEP AR ATE EFFECTS TEST RUN 21806
CHAN 53

3 4.0000 -

STE AM CENER ATOR OUTLET PLENUM DELTA P (P$10)
5 0.5000

--
4

S .

d 2.0000 -

5 0.2500 p

g9 _ _ _ . . - . _ _ _. _ _ _ . ._ _ - _ _ - - -._ ) , p
+ 5
C C
E E

~2.0000
*

.-0.5000
-4.0000

-5.0000 -0.7252"" '

8 8 8 8 * * * **

p g p g 8 8 38e
2 c assd ~ o ~ -

'

itst - stc

Refer to Appendix H text for explanation of delayed response.*

,
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50.000 - - - 7.2519
STE AM GENER ATOR SEP AR ATE EFFECTS TEST RUN 2 8806

CHAN 49
3 40.000 STE AM GENER ATOR COLLECTION TANK LEVEL t PSIO )
3 5.0000

= /j'*** -

/ 2.5000 ?,

k0.0 - 0.0 k
$ 0
: E
a n.

*

-20.000

-5.0000
-40.000

-50.000 -7.2519"*"'

8 8 8 8 9 9 9 99
9o d d d 8 8 8 88
Sd C 8 C S $ C 2
'

TIME - SEC

"

Refer to Appendix H text for explanation of delayed response.*

400.00 - ^-- ^^^ ^ ^^^^ --^^ ^ 58.015'
STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 21806

CHAN 84
h350.00 CONTAINMENT PRESSURE (PS]C)

50.000
! U

<
g 300.00
d 40.000 35 m' 250.00

k200.00 {30.000

$ W f
-

- @
~

Z 150.00 2
20.000

100.00

10.000
50.000

0.0 - - - '' ''
O.0

8- 8 8 8 9 9 9 99
9o d d d 8- 8 8 88
86 C 8 C S $ C 22
*

TIME - SEC

|
1
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I STE AM CENEkATOR SEP AR ATE EFFECTS TEST RUN 21806
* *

"

| CHAN $7.
- 350.00 MIXER PRES $URE ( PSIC )

,
50.000

0
% 300.00
a-

40.000~

.
250.00

-

- _ _ _ - - - _ -
- 30.00C',

~

200.00 gJ_

150.00
20.00C

*
100.00

10.00C ':

=
_,

0.0 0.0
,. ,.

'8 '8 8 8 o o o ao

$ $ $ $ 8 $ $$*
o ~ c ~mpo ~ n ~ -

TIME - SEC

10.000 - - --- - I-- I-
STE AF CENER ATOR PAtAT EFFEETS TEST RUN 21806

*

h 5 |E
h4 NER A 0' LEC Of LT ' P t $10

i i l ||dl I8.0000 -- - - -- )

'"
E

. . 00 _ l

k 0.7500 %
G $

{4.0000 {
f

'
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2.0000 1 1

0.2500

0.0 - '

O.0

| $ E. k k * * - 99
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I
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10.000 - - -- - ^^ ^ ^ 1.4504
i STE AM CENER ATOR SEP AR ATE EFFEETS TEST RUN 21806

EhAN $2
j STE AM CENERATOR INLET PLENUM OELt. P (PSID)

1.2500

9.0000

1.0000 ;
5 a

6.0000 - - - - - - - - ^

7 0.7500 Y

4.0000 -

{
- - --

| g
--

?.0000 --

g
--

0.2500

0.0 T' ' ' O.0
8 8 8 8 9 9 9 99
.o a e d 8 8 8 388d C S O S 2 c Os

TIME - SEC

i

175.00 -- ^^
^ ^ ^ 347.00

STE AM CENERATOR SEP AR ATE EFF.ECTS TEST RUN 21806170.00 EHAN 7v
STE AM GENERATOR INLET PLENUM STE AM PROBE TEMP "

g 325.00 0y 160.00 go
W o

w

150.00 $ 300,00
w

w
$ 5; 140.00 0"

275.00 E
{130.00 pw - - -

c- g,

.m- w
*

| 120.00 250.00

i

t10.00
225.00
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8 8 8 8 9 * 9 **
9a e d d 8 o S*Sd 2 S C S b 6 O!

TIME - SEC

!

21806-7
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275.00 -^ ^ 527.00
STE AM GENERATOR SEP AR ATE (FFECTS TEST RUN 21806

EHAN 12
$ TEAM CEN OUTLET PLENUM EXIT V APOR FLUID T/C 500.00u ..

C 250.00 - N.- C
r
o o,

g 450.00 J'
! 225.00 --

w w

k- 400.00
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E 5
I Z
w W

"
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%
b
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8 8 8 8 9 9 9 99
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g6 0 8 C E 2 C te'
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STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 2tS06
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C C
7
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d d
:

$ $
$ 10.000 - -

10.000 $,

I " '
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| 8 8 8 8 9 9 9 99
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TIME - SEC,

21806-8

. - .



-275.00 - - - ^ ^ --- 527.00
STE AM GENERATOR SEPARATE EFFECTS TEST RUN 21806
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N00E TEMPERATURE $ RUN NO. 21806
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t=$7E AM *R08E.2= TUBE W ALL.3=SEC FLUID

275.00 g
,

500.00 .
\250.00 - U

0 i
! f

'

450.00 %
225.03 2ro

*
|

<
E

E
400.00 I'

g 200.00 3.
-

0
I 75.00 350.003

150.00 \
200.00\

t m N.
123.37 "

~. ..
'- - ^ '

264.86
8 8 8 8 9 9 9 9 99o d f d 8 8 8 E ard C 0 2 2 C O En'

TIME ($EEON01

i

I

306:02 579.23+ JUU ou NODE TEMPERATURES RUN NO. 21806
DISTANCE FROM INLET = 10.000tFEET) RAD.POS. l' 550.00isSTE AM PR08E.2= TUBE W ALL.3=SEC FLUID

275.00
_

500.00 .,

250.00 0
0 9

( 450.00 g-

225.00g g
-

2
1 200.00 * *

< 05
I 175.00 ,350.00

=
,

j 150.00 -

>300.00
i =

, =- _.

125.89 " - ' 258.6I
8 84 8 9 *o 9 * *-

O~ .

o 4-
f' d 8 8- y S. W.

R'd C C 2 S- O Cn'
TIME ISEEOND)

i

;

I - 21806 12:
i
I

.

gg - M



MSN --

N00E TEMPERATURES RUN NO. 21806
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N00E TEMPERATURES RUN NO. 21006
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' (C) FLFCHy erlecT gTE4m r,cNeaATOR SEP AR ATF FFFECT5 TEST SERIES
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SUMMARY SHEET

RUN NO. 21909

DATE: 3/16/79 '

A. TIME-AVERAGED RUN CONDITIONS

| 1. Boller steam flow [ kg/sec (Ib/sec)] - 0.045 (0.100)
2. Water flow -[ kg/sec (Ib/sec)] - 0.384 (0.847)
3. Containment tank pressure [kPa (psig)] - 172 (25)
4. Steem temperature [ C ( F)] - 154 (309)
5. Water temperature [ C ( F)]- 129 (264)
6. Mixer pressure [ kPa (psig)] - 207 (30)
7. Test time (sec) - 870.0

i

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [m(f t)] - 10.4 (34.0)
2. Initial temperature

Elevation
[ m(ft)] Initial femgerature

[ C ( F)]

0.00 (0.00) 249 (480)
0.15 (0.50) 266 (510)
0.30 (1.00) 274 (525)
0.46 (1.50) 274 (525)
0.61 (2.00) 274 (525)
1.22 (4.00) 274 (525)

.

3.05 (10.00) 274 (525)
6.09 (20.00) 274 (525)
8.23 (27.00) 274 (525)

10.67 (35.00) 274 (525)

. -

9
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

..

1. Steam probe purge steam [kg (Ib)] - 15.5 (34.2)
'

2. Liquid collection

(a) Outlet plenum [ kg (Ib)] - NA

(b) SG collection tank [kg (Ib3 - 358.6 (790.5)

| 3. Posttest drain from hot leg [kg (Ib)]- 12.2 (27.0)
I
r

D. FAILED BUNDLE T/Ca(1}
,

310,311,326,553,564,565,568

'

E.
OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) OllENCH TIME

1. From primary side energy balance [kwsec(Btu)] - 1.27 x 10 (3.21 x 10')5 -

t HTA
2. From local heat flux (~f f 4 dadt)-[kwsec(8tu)]-(0.525 x 10 (0.5 x 10 )5 5

! o o
1

! 3. Integration to 180 see

i

.

T/Cs are defined as failed based on resistance reading or T/C response.1.

!

21909-2
:

! *

!

|
_ , . -



0.5 eel - - -

SE pea Aff E f f E Cf 5 TE ST Ruh 21109
^ ^ 1.2000

- -^

stE AM CENERATOR

_ 0.5000 BOILER STE AM FLOW R AT[ (MAN $6
_

*c 1.0000
s '

Iy0.e000
5_

0.0000,

5
,

7cr
a0.3000

m

.$
o

0.6000
-

*
* e0.2000 *
z

0.4000 $

0.1000
0.2000

__ .
_

- - - . -
_

0.0 ^^ ''
O.0

8 8 8 9 9 *

9 p d o' ] @ ga u 8 C - - -

TIME ($EC)

0.5ess c - - ^

SEPER Ah! EfhECTS TEST Rum 219095TE AM CENERATOR

0.5000
_ ACCumut470R LIQul0 FLOW RAi[ (MAN $8 Cv

w
M *

t.0000
s '

r7 0.e000
- yn - , , , , S

_.

~

0.6000,
,7 7m
=0.3000

5
-

0.6000 23d C
*

e
0 0.2000 0| z 0.4000 x!

0.1000
g,g g

0.0 ^ ^ '
O.0

8 8 8 9 9 9
9 N N N $ k $o ~ , - - - -

TIME ($EC)

21909-3



i

0.54sl - -
- - - ^

1.2000S rt AM GlutaAfoe sgaramig grrECT5 Test auN titos

. 0.5 m C0hf athMt47 STE AM Flow # ATE CHAk SF 0w
w% ** t.0000

* ~

) xy0.4000 '
*w

1 0.8000,
'

O
,

3a
=

0.3000

{ {0.6000
.

-

+
+* 0.2000 *

z 0.6000 x.
.

'Ic= q 0.e0w

% . -

0.0 -

- ' "'
O.0

8 8 8 9 9 9
$ Y Y Y

TIMEtSEC)

I

~

50.000 - -- - -

7.7519
STE AM CENER ATOR $EP AR ATE EFFECTS TEST RUN 21909 7.0C00

CHAN 49j STE AM GENERATOR COLLECTION TANK LEVEL ( PSID )

h40.000 . 000

%

$
- 5.0000 ;'

a
30.000

4.0000m

S
,

/ h A
5:
:y 20.000

\ \
, { 3.0000 g*

"-

2.0000
10.000

1.0000

#
0.0 ^ - " '

O.0
8 8 8 8 9 9 * 99o d d
Sd. C S

g g S 8 88
2 C 2.. -'

TIME - SEC

Refer to Appendix H text for explanation of delayed response.* :

21909-4

- - ,



.

400.00
--^^ ^^^ ^^^ 58.015

STE AM CENERATOR SEP AR ATE Eff ECTS TEST RUN 21909
CHAN 84

h350.00 C0mT AINMENT PRESSURE (PSIG) 50.000
"r,
<
g 300.00
d 40.000 ?
5 *

250.00

$200.00
'*

@ WM% J- -

h
-

2 150.00 '
20.000

100.00

10.000
50.000 -

N
0.0 ^ ' O.0

8 8 8 8 9 9 9 99
9o d d d 8 8 8 88
Ed E 8 C 2 2 C OS
'

TIME - SEC

400.00 - ^ ^ ^ ^ ^^ ^ - ^ 58.015
STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 21909

CHAN 57
3350.00 MIXER PRESSURE ( PSIG,) -

u , 50.000
e
<
g 300.00
d 40.0005 k250.00 -

. h '" - $,g

" ' ^ - .000 $$200.00 'V
-

-'

V
,r

g. m
E*

[w
{

w m
f 150.00 0

20.000 g

100.00

10.000
50.000 -

.

0.0 0.0- ' ' ' '"

'

g 8 8 8 * * * .a=
.o d d d g S .8 38

R. d 2 S C * C OS-

TIME - SEC

21909 5



|

~
^

i s r 'M cf . RATO SEF AF d $ b 5' RUr Y f
*

Ai.3
| < ;T .E i

^
t

5 n 1 j p
-

22*
s . cow --- *

j |

--

1.r'000 {
6.0000 --

{ 0.7500 E

Ny e.0000 -

E"
'

0.5000

2.00C0 --

0.2500

0.0 ''
O.0

8 8 8 8 9 9 9 99
s

'

TIME - SEC

1 .000 -

STE AM GEhERATOR SEP AR ATE EFFECTS TEST RUN 21909
'

CHAN $23
STE AM GENERATOR INLET PLENUM DELTA P (PSIO)

1.2500
h8.0000
$

,

-

g g g | 1.0000 {l

11 I 11 111 i

[b '"

=- . n.rpqg y
=

0

'
' f 0.2500

0,0 * '

O.0

8 8 8 e e s s ss
is 2 R 2 e S B E!'

TIME - SEC

21909-6
|

|



'

$TE AM CENER ATOR SEPAR ATE [FFECIS TEST RUN 21909IPO.M CHAN P6*
STE AM CENER ATOR INLET PLENUM STE AM PROBE TEMP *

O 325,00 Cy tes.se ;
3 $o

oIM'88 pq 300.00
W E
& m.oo a

M
g s 275.00

5 iw.co _I g
i-
-

ico,ao 250.c0

110.00

\ 225.00

100.00 --^ ^
' '

212.00
8 8 8 8 9 9 9 9o9a d d d 8 8 8 88yd C S C 2 2 c 25

TIME - SEC

275.00 - - - - - ^ ^ ^ ^ ^^ 527.00
STEAM CENERATOR SEP AR ATE EFFECTS TEST RUN 21909

(HAN [2
STEAM CEN OUILET PLENUM E n li V APOR s'UID T/C 500.00u

.
m

C 250.00 C,

E Eo og 450.00 g
225.00

Y E
U E400.00* 200.00 5 g
E I EI

I

"175.00 { 350.00

'A150.00 '
i 300.00

5 -

s' '' -125.00 -" - - ''
257.00

8 8 8 8 9 9 9 99
9o d
sd C

g d 8 8 8 98
C 2 2 C _.o

*

TIME - SEC

21909-7



25.000 ---- -- ^ ^^ ^ 25.000
siE AM CENERATOR SE P AR ATE E FF[[T5 TE ST RUN 21909,

(HAN 59
sevERNE ATER P0wCR ( MW )

20.000 20.000

0 C
0 0
s 2

3 15.000 15.000 o

i, -. . - - . . d,

a a
W ha

$ 10.000 - . - 10.000 $
'

c , a
i
t

5.0000 5.0000
<

,

I

0.0 - I "
0,0

|

|

8 8 8 8 9 9 99
9e d d -* 8 8 8 38
Sd C 8 ? 9 $ c ts

TIME - SEC

275,00 --- - - - - 527.00
STE AM CENERATOR SEP AR ATE ErrECTS TEST RUN 21909

w STE AM EN H AUST Flu!D RfD 500.00 m

C 250.00 0
5 5u o
E 450.00 g

225.00

E En 2

7 " E*

200.00
E F $a a
Z g

/175.00 350.00

\ v
150.00 300.00.

r
b

125.00 257.00' ''

8 8 8 8 9 9 oo

*o d d d 8 8 8 88.

Sd C 8 C 2 2 C OS
'

TIME - SEC

21909-8

--



* p g,pg
- - - -- - -- 1633.3,.

ST( AM CENE R ATOR 5(P(R Af( EFFECTS f(5T RUN 21909
t i)e MA55 it ( 2 ). M A55 0UT E 3)= MA55 STORED

T00.00 t o ). filet h ( 5 )* MA55 OlFFERthCE 1500.0

500.00
1250.0

W k
500.00

3 , t000.0 k
2 / / 2

$g 400.00 f-
*<

* T50.00 3

#'
300.00

M
' / 500.00

200.00 - ---

7

'/
/ _v 250.002 -

ina,,,

/ y/
.. . T

-

.. - - - . , , , , . ,

S S S 9 9 9 9 9
9 N R* H' E 6 E E $
o ~ - - - - ~

TIMEtSEC3

1

300.00
; SECONDARY TO PRIM A R Y TOTAL ME AT TLOW R ATE

~

FROM PRIMARi LOOP DATA 3
E250.00

250.00
' '

*; 3
: T

200.00
g 200.00 g
5 E

5 no.03 50 00 $
- -

T i00.00 .. 100.00 7

50.000 - 50.000

f
\ f \_ . _ - ,i - 1 -- .

1

3 ,.00.0

ff i .Is = i a
t.r U9 L|m9 s d s t aeo ~ r i

NIM 6(5(C) I >

i

l

i

21909-9

I j



~

1.4400 ^ ^^ ^ t.4400
$ TEAM GENER ATOR SEPER ATE EFFECTS TEST RUN titOS

INLET PLEhuM OU ALITY

1.0000 t.0000

0.T500 J.T500

> >
U

b# *
g6 5000 0.5000 g

0.2500 0.2500

M MM
0.0 ' ''

O.0

8 8 8 9 9 9

2 i N N ! b
TIMEESEC)

I * * '" ' '
$TE AM EENER ATOR SEPER ATE EFFECTS TEST AUN 21101

OUTLET PLENUM OUALITY
1.2500 1.2500-

1.0000 m ., l.0000

0.7500 0.T500

: E
{

O

h0.5000 - - 0.5000 h

\ ) '
O.2500 - 0.2500

'

,

L' '

A /e

0.0 ^

0.0
8 8 8 9 9 9

9 i i N E 6 $__

TIME (SECB
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%,M N00E TEMPERATURE $ RUN NO. 21909
0[$TANCE FROM INLET = 1. 000 t FE E T) RAD.Pos. t 550.00t=$TE AM PR00E.2=TUDE W ALL.3=$EC FLul0

2?S.00 -1 _
w

500.00 .

250.00 - 8
3 9-

"
450.00 w

d 225.00 "
y 3

0 $
1 400.00 ww. 200.00 a

" t15.00 350.00
L

8 \
150.00 300.00

'S. > $18:33i
8 8 8 8 * 9 9 99
9o d g g g S 8 8C
yd C .n ~ - 2 C 2

TIME (SECONO)

M:$3 N00E TEMPER ATURES RUN NO. 21909
Ol$f ANCE FROM INLET = 4.000(FE E T) RAD.POS. 1 550.00

t=$TE AM PROBE.2= TUBE W ALL.3=SEC FLul0
275.00 _

} _
- w

500.00 .

o
250.00 g

O t -
,

450.00 g.

" 225.00 Rw
*

|
g 400.00 E

200.003 I
< -
E

h175.00 350.00

\- ( l

~

150.00 300.00s

N h *-
. --

,
--

)a m.

1
126.00

,-
255.77 |

8 8 8 8 9 9 9 99 |
9o d a d 8 8 8 8C i

yd C 8 C 2 2 C 22
TIME (SECOND)
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4

30s.22 586.80
300.00 NODE TEMPER ATURES RUN NO. 21909

'
DISTANCE FROM INLE T= 10.000tFE E T) RAD.POS. 1

!=$TE AM PROBE.2= TUBE W ALL.3=5EC FLulD 550.00

275.00 -

500.00 .

o
250.00

1 g
-
" -

j 450.00 w

y225.00 "a
'

o
~ .t

" 200.00 -
400.00 $

gd -< -
3 373,,, t . 350.00

$
w
" \150.00 3N.003

A - k __ _.

125.00
- - x

( 250.00
111.02 " " ' 231.83

8 8 8 8 9 9 9 99,

9o d d d 8 6 8 8C
yd C S C 2 C O2-

TIME ESECOND)

,

b'.bh *

NODE TEMPER ATURES RUN NO. 21909
OISTANCE FROM INLET = 1.000tFEETI RAD.POS. 4 550.00

!=STE AM PROBE.2= TUBE W ALL.3=5EC FLUID
275.00 -

,
'

500.00
,

250.00 8
a / }

1

e
450.00, wo 225.00 "

5 E

200.00 -- 400.00 5w
a a
d b< -

h115.00 350.00

5 \- s150.00 x 300.00

0: Nu m:w'

8 8 8 8 9 9 9 99
9o d d d 8 8 8 SCya n 8 C S 2 C 22

TIME (SECOND)

!

'

!

21909-12
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305.24 581.42
300.00 NODE TEMPER ATURES RUN NO. 21909

DISTANCE FROM INLET = 4.000(FEET) RAD.P05. 4 550.00
!=5TE AM PROBE.2=TU8E W ALL.3=5EC FLUID

275.00 _
w

500.00j .

0250.00
; I E

450.00 g
$225.00 g
* 2

400.00 ww
g 200.00 I

W

175.00 - 350.00

a \
N~

150.00 300.00

kP: e = _ -
m -s

@:Si - "' M9.H
8

k'
p g @ g SS9o

O23d ~ - - -
'

TIME LSECOND)

$hI|! *

N00E TEMPER ATURES RUN No. 21909
DI$TANCE FROM INLET = 10.000(FEET) R AD.Pos. 4 550.00

t=$TE AM PROBE.2= TUBE W ALL.3=5EC FLUID
274.82 n

500.00 ,

y, 249.82
3

w -

( 450.00 w
"

224.82 g
~

!199.82 i
* 0 00

<

kI 174.82 350.00'

\=
s149.82 - 300.00

L_ _. _.

124.82 "" ^ ^ '

256.67
8 8 8 8 9 9 9 99
9o d d 8 8 8 8c*

3d C $ f 2 $ C O2
*

TIME (SECOND)
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'400E TEMPER ATURES RUN NO. 21909
DISTANEE FROM INLET = 69.000tFEET) ?=0.P05. 1 550.00!=5f E AM PR00E.2=TU8E W ALL.3=$EC FLul0

275.00 -

_
w

500.00 .

o
, 250.00 8
u -

450.00 0.

y225.00 3
-

=
0 400.00 I
g 200.00 3
4

5
-

I i75.00 350.00

)
150.00 - A

300.00

- -.
.

126.15
- ~

^ "' ' 260.15
8 8 8 8 9 9 9 99
9o d d d 8 8 8 8C
yd 0 8 C E 2 C OS

TIME (SECOND)

b *
N00E TEMPER ATURE$ RUN No. 21 SOS

DISTANEE FROM INLET = 66.000tFEET) RAD.POS. 1 SM.00t=STE AM PROBE.2=TU8E W ALL.3=5(C FLU [0
275.00 *

w
500.00 .

250.00 0
C e
J 450.00 %
g 225.00 g*

~

w w
" 200.00 '00 00 Ia
< 05
I 15.00 350.00t
e \ .

k150.00 300.00

'

128.16
- "

' _ ._

263.78
8 8 8 8 9 9 9 99
9o d d d 8 8 8 8C
yd C 8 C S S c te

| TIME (SECON0)

i
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fb.h NODE TEMPER ATURES RUN NO. 21909
D15f ANCE FROM INLET = 60.0004 FEET) RAD.POS. 1 %0.00

!=$7E AM PROBE.2= TUBE W ALL.3=SEC FLul0

275.00 _

500.00 .

, 250.00 g
,

-

450.00 %J "
g 225.00 ,

- %

{400.00
200.00 *

)
hg75.00 k 350.00

=

150.00 300.00,

' ' ' ' ' '

126.85 260.32

S S S 9 9 * *o

J) k N N ! ! ! $$p
f!ME (SECONDI

hf'h NODE TEMP [R ATURES RUN NO. 21909
O!5TANCE FROM INLET = 69.000crEETI RAD.POS. 4

549.62!=5TE AM PROBE .2= TUBE W ALL.3=SEC FLU!O

275.00 g _

"

499.62 g
_ 2to.00

g
-

u
449.62 y

I s
225.00

E9 a

{%. 2
$200.00

3 \ *

N 349.62
{175.00 g

\(*

150.00 299.62

k :' = --

|t s."
!$b;he5

^ "'' ' 249.62

8 8 8 9 * o- =o

g$ N N N ! $ b !$j ,,

TIME (SECOND)

'.
,

1
; !
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581.06
305.03LO.00 NODE TE MPE R ATURE S RUN NO. 21909

DIST ANC E FROM INtET* 66.000tFEET) R AD.P05. 4 550*00
!=5TE AM PROBE.2= TUBE W ALL.3=5EC FLUID

275.00 -
:

500.00 .

250.00 -- 8
a

- -

u
450.00 w

. %') 225.00 --
" <

a
tr,0.00 -

s

200.00 p t g''

"
| 5
|O
A--. 350.00f 175.03 --

- k I1

I| ! i

150.00 300.00

L _.

{{Mj -
|

-.
,

- .... Jw M pg.pi i i i

, z

a s e s e e e 2-
Mo d d cs s 8 s ?A
$d C S C S 3 C 22

TIME (SEC0%Ci

582.t*
3]j.y37

.0, %30E TEMPER ATLRE S RUN %0. 21909
,

j OIStaNCE FROM IN LE T: 60.000tFE E T) RAD.P05. 4 ,$g nn' "

- !=5TE AM PRJBE.2= TUBE WALL.3=SEC Flu!D
275.00 - - -

!
,

.,

| | 500.00 .

- , o
w

[5).0)
-

v

.

450.00 w

' 225.00 ,

5
5 i ;

a

- \
400.00 w

% 200.00 1
; e
2

k 350.00
E 175.00
1

1 N
1

300.0015v.00 i

Y ,
- ,s T

7 ,; g f

DO:30
' ' " " " " ' 260.09

,

s a a s s s 9 ee
9o d d d 8 8 s S2
$d C S C S S C 2S

'
TIME (SECONDi
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f tUID if MP. FOR R ADI AL P05.N0.1 RUN 21909
(1)=D AT A SCAN No. 12

300.00 (2)=D AT A SCAN NO. 276 PLOT INi[RV Als 24 SCANS
550.00

-
-

- - -- ~
"

u 275.00 - - - -

lI
-

*.

8" 250.00 f' -

& -

00.00
a

-

-

$ 450.00

0,225.00 .

a
4

W
m
* 400.00 $
i 200.00 - ^ m3r -

.I -

, 7 3
- -

ISO 00
115.00

'

150.00 7-^ g - - 300.00

. .. .. / ,_ _ m%

!f3:88 250.00

8 8 8 8 8 8 8 C
As O O O O O O cp

5 3 8 M 8 N 8 8
DISTANCE AB0VE OUTLtitrEET)

4

bbbbbFlu!D TEMP. FOR R ADI AL P05.N0.1 RUN 21309*

tt)=0ATA SCAN NO. 12
300.00 (21=D A T A SCAN NO. 276 PLOT INTERV AL= 24.5C ANS

"-

275.00 -.--
' " - -

i II - I Il Ii
A

~

b -- 500.00

9 250.00 - #y 9
/ j

~'
.m

8 / / 450.00 8
; 225.00 / %'

" ] ".'

I , 4 0.00 $
= 200.00 /-

/
~-

-~~'~~~s
f

-- - 350.00
175.00 ~

| }*s,
150.00

~~~~

j- f. 300.00
,

>
.

. .. ) -
Ii t i i

- i

.
133:88 ' ' ' ' - rie.oo

| 8 8 8 888853 8 8 8 888=E 8 8 8 88m
I e R 8 8 38= 8 8 8 88= 9 9 9 o.9 ".od
| d a a a ddw n; a .*J a.:erS 8 R 8 ?SMB

| DISTANCE ABOVE INLET (FEET)

i
-

I

l
l
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FLul0 TEMP. FOR RADIAL P05,NO. RUN 21909
(tuDATA SCAN NO. 12

f 300.00 tibOATA SCAN NO. 276 PLOT INTERV ALs 24 SCANS
550.002

-- *
| w 275,00 ,__. ; .--

-- ; ____..

'250.00 r- "
] }

~
w

i S / 450.00 $
f

% 225.00 ) y
5 / 5

400.00 II # '
>

200.00 i / / ee / |-# 350.00t15.00 _.__ ,
f-

| 9 9
150.00

., ---

|
.

.
--- 300.00

,
. . -. _ ]

i -

1 9 :00
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ctrcqv segtet tTrt= ccqq av3p srpro&TF IFFtCTS TEST SEMIES

RUN 21909
TIME = 36.* 'et9NiS JN! T S - F LF v4 TION PE1FatrETT)

FLUn F ILGU T T /ME TE P * *2 ( BTUISEC-F Twe 21

ELEVATION L" 4L :L"r LnCAL QUALITY
eeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeeee

1 7 1 4 4 2 3 4agi ole -

.0( .13) .5( *41 I?'.3( 1.111 145.cf 12.a33 79.7( 7.83) .J12 .612 .L12 .216.

. 2( .5..I **.4( ".e'l 49.'( 4.'*1 *1.tt 4.*S) *0.3t 4.43) .w12 . 12 .C12 .216

.3( 1.s s 1 1*.7f 2.p*1 175.it !5.431 7. P t 69) 111.6( 9.e3) .012 .(12 .012 .216

.5( 1.50) 6.*( .A*1 IP*.7( 14.6?t 63.1( 5. Sol IP9.9( 16.73) .c t2 .612 .C12 .216

.64 2.tC) 7( ."At 06.at i.=1 p o). pt 26.36) 56.4( 4.97) .u12 .612 .C12 .216

.8( 2.6*) .7f *** 41.lf 1.711 353.44 31.14) 42.61 3.75) .012 .C12 .C12 .216.

1 2( 4. Col 5.1( .A") 1.14 151 19.98 1.75) 7f .06) .w 12 .w12 .C12 .216
to 1.8( 6.tti s.*( ."$1 1.1t .171 12.78 1.121 11.7( 1.03) .012 . 12 .(12 .216

5 2.44 8.tt) '.at .''1 .'t .'S1 5.Lt 4%) 7.2( .64) .912 .w12 .012 .216
c) 3.0(1G.001 .*( .**1 .it .701 . 7( .06) .8( .w7) . 12 . 12 .t12 .216
13 3.7(12.es1 -!.1( . ' 01 .It .'ll . it .033 .8f .07) .012 .(12 .G12 .216

$ 4.6(15.tt1 *.it .'** 7( 178 .lt .01) 96 .OP) .u12 . t.12 .012 .216
6 1(20.Utl .at .*at 1( 19) . 3( .03) .74 .06) .J12 .612 .L12 .216
8.2(27.tc) 4( .e41 .?t .itt .2( .02) .3( . t< 3 ) .w12 .t 12 .C12 .216
10 7(35 001 1.0( P.*65 1.?( 1.111 ..st s.T I ..Lt . .s t l . 12 .412 .u12 .216

*45 .*( .1?1 .2s .02) .St .053 .J12 .612 .412 .21613.1(43.twi .4f .

15.2(56.tsI 4 *91 .?( .itt . 2( . .' 21 .0( .cG) .u12 .L12 .012 .216.

6 16.6(50 04) 6( .a't .?( 1?) .2( .04) .It .918 .912 .L12 .t 12 .216

O 17.7(58.p63 .3t ." 11 .it .ilt .1( . ell . 14 .J1l .012 .(12 .012 .216

13. 3( 6 0. t( ) .It .*11 .it .'*l . It .'ll ..( .sll .se2 .wA2 .612 .216
b N 16.9(e2.t%) .It *11 .It .314 . It .01) .It .01) . '* 12 .L 17 .( 12 .216.

g 19.5(54.st) .It ."11 .'t .itt .2( .sil .It .wll .912 .612 .012 .216

20.1(66.0L) 6f ."'t 1.It .1 15 .t( .05) .2( .c25 .312 . 12 .(12 .216

20 5(67.38) .et .'** .St 411 .2( .021 .5( .C48 .J12 .612 .012 .216
b 20.7(68.tt) .=( * 45 .'t .'?! . 2( . . 21 ..( . .s l .012 .612 .012 .216.

6 23.9(68.5c1 -1.of .ool -1.'t .*14 -2. 5 t .721 -2.lt .lal .J12 .612 .012 .216
21. stb 9.Lt) 4.ht .''' 1.'( .'al 1. P t .141 .1( . ell .J12 .612 .012 .216

*19 .?( .'S1 -1.1 ( .1. 1 - 1. *- ( .14) .?l2 . 12 .612 .21621.2(69.50) .1t .

b d) 2'.3(69.87) -11.5( -1.'o' -6.'t .'11 -S 2( ."03 -1."t .161 .J12 . 12 .t 12 .2161

N-
252E)
b
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ctrcyr gen-cr treg= gen:ttv3w erptaaTC EFFECTS TE ST SEF1ES

RUN 21949
TIME = 77.a ecacNie Jk!T! - FLEVATION METEctFEFTl

FLUX F ILOW ATT /PE TEP ** 2 I m TU/SEC-FT**2)

ELEVATION L*!st CLHf LOCAL QUALITY
**e .............ee............................eeeeeeeeeeee eseeeeeeeeeeeeeeeeeeeeeeese

sai ole - 1 ? 1 4 1 2 3 4

.ut .13) .?' *'t **.it 7.?15 92. 3 t a.131 PR.3t 7.7's .011 .011 .011 .199.

.21 .201 41 *1' ''4.91 **.69) 231.et 21.13) 244.58 21 54) .ull .w11 .C11 .199
.

.3t 1.00) 277.6f 24.4A' 9'4.1t 'S.9a1 6. 2 t .37) 48 .L4I .J11 .wl1 .011 .199

.St 1. * ( ) ?$1.1t 2*.*4'
' 94 .141 11t.4t 9.72) .5t .w4) .Cil .L11 .011 .199

.68 2.t a. ) .58 ."41 51 .i4% .St .e41 381.bt 26.52) .w11 .s il .L11 .199

.8( 2 651 ."t .*** *t .'*1 *t .05) 234.98 23.7cl .>11 611 .L 11 .199
. . *

1 2t 4.a t I la.ot 1.AAn i?1.1t 21.11t 165.lf 14.5:n .6t .05) .011 .011 .011 .199

1.88 6.00) ?s.?t 2.111 ea.it 1.A41 l'. 78 1.39) -1.2t .16 ) .sil .w11 .C11 .199

D3 2 48 8.0wl l'.?t 1.P** ''.78 '.'91 . 11 .003 .44 .04) .U11 .411 .011 .199

4) 3.Jt10.Lol 1.It .'*) 1.1f .195 2 3t .2%) 2 3t .2') .911 .611 .C11' .199

$$ 3 7(12.0L) -4.?! .*'t -71.51 *.*75 2. 9t .26) 6.28 ."Si .J11 .611 .411 .199

* 31 -?.'t .'s' 2. 11 .lal 9.ut .79) .vil .L11 .011 .199
s3 4.et5.t s ) 1.?t .

C) 6 1820.0C) 68 *** 1t .'al .3t . 28 +78 . Jet .011 .ull .C11 .199
.

8.2(27.00) .St ."*' .6( .151 .2t .42) .21 .w2) .sil .L11 .011 .199
- 10. 7 ( 3 5. t.61 9.*f 9.'*1 1.it 1.7'l 0.8 I 0.ws) c at L et ' I .311 .wl1 .011 .199

13.1(43 00) .It .ril 1.3t .395 14. 81 1 3L) -6.58 .57) .,11 .wla 011 .199

' ypJ 15.2(St.st) .7' *Al .it .?31 . 3t .J23 .et .06) .<Al 611 .L 11 .199
.

*41 .it .'11 .78 .36) .68 .)f) .011 .611 .011 .199' 16.8855.tt) ."t .

h h 17.7(58.aCl .?t *?S .it .?)* . 38 .03) 44 .43) .J11 .L11 .bil .199
.

18.3166.66.1 .It ."11 .it .''*) . It .Lil .it .01) .011 .C11 .C11 .199(g)
_ 18.9862.C0) .0f *** .it .'ll .2f .,21 .14 .f il .sil .L A A .L 11 .199

.

**l 7t .)') . It .01) .3t .03) .J11 .L11 .C11 .199
[3153) 19.Sts4.ss1 .*f .

2J.it b6.t t i .rt .'^t 1.lt .1 11 .st .0.1 -1 41 .13) .J11 .611 .0 11 .199
*A' -?.74 .181 -3.71 .333 -9.11 .72) . 11 .wl1 .t 11 .19920.5tS7.3P) '.of .

h h 20.7t S8 6 * i -11.78 -1.*'' -1 1.1 t .179 -16.Qt -1.44) A4.14 -1. 2. * 1
.J11 .L11 .011 .199

20.9848.30) -17.7f -1."At 'i.'t -1.794 -37.et -3.331 -17.64 -1. tl .011 .C11 .011 .199

21.utS9.06) '.at .'A' 1.*f .16' -1.et .141 .lt .613 . 11 .t li .C11 .199

21.2to9.t.) .'t .f 4 5 .48 .'45 . 11 .?ll .26 .621 .sil .tli .L11 .199' '

(E575) 21.3t$9.87) -l '. . P t -I.'** -*.'t .'7' -7.6t .671 -4.38 .3*) .'il .l li .5 11 .199
. ,
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[ SUMMARY SHEET

; RUN NO. 22010

) DATE: 3/22/79
i
1

! A. TIME-AVERAGED RUN CONDITIONS
4

1. Boller steam flow [kg/sec (Ib/sec)] - 0.182 (0.402) i

- 2. Water flow - [ kg/sec (Ib/sec)] - 0.045 (0.100)
3. Containment tank pressure [kPa (psig)]- 172 (25)
4. Steam temperature [ C ( F)] - 154 (309)!

5. Water temperature [ C ( F) ]- 125 (257)
6. Mixer pressure [ kPa (psig)] - 193 (28)

;

4 7. Test time (sec) - 1440.0 .

.

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(f t)] - 10.2 (33.6),

] 2. Initial temperature

Elevation Initial femgerature
j [m(ft) ] [ C ( F)]
i

0.00 (0.00) 257 (495),

; 0.15 (0.50) 271 (520).

j 0.30 (1.00) 274 (525)

f 0.46 (1.50) 274 (525)

0.61 (2.00) 274 (525)

, 1.22 (4.00) 274 (525)

f 3.05 (10.00) 274 (525)
: 6.09 (20.00) _274 (525)

8.23 (27.00) 273 (524)

; 10.67.(35.00) 273_(524)
'

|

:

,

| 22010-1
|

- .
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (Ib)] - 4.01(8.84)

2. Liquid collection

(a) Outlet plenum [kg (Ib)] - 3.18 (7.01)

(b) SG collection tank [ kg (ib)] - NA
3. Posttest drain from hot leg [kg (Ib)] - 1.09 (2.40)

FAILED BUNDLE T/Cs(I)D.

294, 295, 305, 309, 310, 311, 326, 532, 553, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

1. From primary side energy balance [kwsec(Btu)] - 0.627 x 10 (0.597 x 10 )

t HT A
52. From local heat flux ( f f 4 dadt) -[ kwsec(Btu)] - 0.613 x 105 (0.584 x 10 )

o o

3. Integration to 600 see

i

i

!

i

1. T/Cs are defined as failed based on resistance reading or T/C response.

22010-2
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=*
* 0.2000 - ^ - -w- - _ -V W 0.e300 x

0. t X C 0,g0cc

0.0
^

' O.C

* 98 8 8 9
ay
89 8 8 5_ -~o ~

TI4ftSECl

c.3..)
- - - - - - - - 1.2000

Sif Au ct h(R AT0a SE P[R a![ [iffCTS T[5T RUN 2201C

0.o
E'

.
ACCbuutATCR L10ulo Itow RATI Cn44 36

.#
1.0000~- ~

' 2

7 0.4 &' $
-

0.8000
U;~ <

= E
4

J . 3000

$ 0.6000 $
m e
- <

e
+

7 0.2000 7
0.4000 xr

0. tJ00 C.2000

. . . . .

' ''

0.0 O.0

8 8 8 9 9
a i d 8 8 8o

d C 8 r 2 2 c
TIME (SECl
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0.5448 STE Aw cintaat0a 5tPte ATE (f tttis f(si auh 22010
*

, 0.$000 ccafathw[mf Sitaw FLOW RAf( CH&h $7

[{ l.0000

- r

y0.4000 5
0.0000 ,

E 7
:

=

0.3000 ,

g 0.6000 o,

--- - - - -Q&
i ''*** 1

,.4 m ;

C*1000 C.2000

0.0
' - 0.0

8 8 8 9 9 9

2 k N b ! h !
TIM (f SE C1

*
'

S T E A ** CENERATCR SEP AR ATE EFFECTS TEST RUN 22010
CHAN 33

}03000 STE AM CENERATOR CUTLE T PLE NUM DELTA P (P5101
u

* 0.8000
h

'^
2:

:: 0.1000 O.1000 3
f- A5

0.60C0

g 0.0750 E
, 0.3000 :s

*e UW

E 0.4000 E
'" 0.0500

O.3000

0.2000
-

0.0250

0,1000
-g aa ', - m L - ,m h.

',,r,,, m

0.0"" ^

0.0
g g 8 8 9 9 9 99

ga . a a

d,, e S 8 f. ~
- --~ -,a

' fiME - SEC

Refer to Appendix H text for explanation of delayed response.*
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400.00
-- -

--^ 58 015
ST[ AM GENER ATOR SEP AR ATE EFFECTS TEST RUN 22010

CHAN 84
CONTAINMENT PRESSURE (PS[G3 50.000~ 350.00

X
<
g 300.00
d 40.000 3

*
5

250.00

30.000 7w
a

E 200.00
$ - --- - - - -

-- :.#, _.
__

"IM'M N 20.0006

100.00

10.000

50.000

O0'

0.0

8 -
8 8 9 9 9 99I o 8
d d 8 8 8 SS

Sd k $ C 2 $ C 03
* TIME - SEC

|

)
- - - 59.015

.g0,00 STE AM (INERATOR SEP AR ATE EFFECT5 TEST pun 22010
(HAN ST

M11ER PRE 55USE I PSIG 1 ( $0.000h350.00
N
<

$ 300.0u
" 40.000 7

a
~= \250.00

; 200.00
-- k. - -- - - - - . ,i, , L -__

30.000 7A' '

_ a
I ,

--

Il j $$
w ,

,
w

I ' 20.000

100.00 q
10.000

50.000 -

1

C.0' ' ' '

0.0
s 8 8 8 e e e se
so - J d 8 8 8 88
SJ 6 8 0 2 C 02

* TIME - SEC

.

1
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-
^ ^

^^ 1 450"
10.000

Sit 4M GE NE R ATOR SEG AR ATE EFFECTS TEST RUM 22L10
CHAN 54

3 STE AM CENERATOR HOT LEC DELT A P (PS[0) g $)g

|
$ 8.0000

-

a
CJ

d 1.0000 ?
*

!

t.0000
0.7500 7w

3 3
# +

w

y 4.0000 g
0.5000"

0'0000 0.2500

-_.a 1 - pp

0.0
^^^

' O.0

8 8 8 8 9 . 99
90 a d d 8. 8 8 S8
gg C S C S S C 05

TIME - SEC

7 gog - _ _ __ __ _ _ _ _ _ _ g , , 39,
STE Au CENERATOR SE P A R A TE f rFEC 75 TEST RUN 22010

CHAN 52
j STE AM GENERATOR INLET PLE NUM DELTA P (PS.Ds t.2500

y . yy --

a
u

-2
1.0000 ;

a

e.0 00

1 0.7500 %
o

- e
e

vi

7 6.0000 7
"" 0.5000

,

2.0000 -

0.2500

0.0 --
^ ^^ ~~ ' - ^^ ^ '"^?1'' ' O.0'

8 8 8 8 9 9 9 99
9a d d a 8 ? 8 88
Sd 0 2 C S $ c OS
'

TIME - SE C
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175.00
- - -- - 3e7.00

| STE AM GENER ATOR SEP AR ATE EFFECTS TEST RUN 22010
170.00 (HAN 7

"" STE AM CENER ATOR INLET PLENUM $1E AM PROBE TEMP

0 325.00 $
g 160.00 g
S S

oo
150.00 300,00

# ww

$ $
; 140.00 - O

_
27*.00h _ _q_

130.00w

250.00120.00

110.00
225.00

' - - 212.00100.00

8 8 8 8 9 9 9 99
90 e d d 8 8 8 88
yd 8 8 C S 0 te

TIME - SEC

275.00 527.00
STE AM CENER ATOR SEP AR ATE EFFEti$ TEST RUN 22010

CHAN 12 SM.00" -
$TE AM CEN OUTLET PLENUM Exit VAPOR FLul0 T/C

0 250.00 0
=; -

u o

a 450.00 0
225.00

w w

5 5
* 00.00 32 200.00 , er

E E
I E

175.00 350.00

ISO.00 300.00

125.00 - - 257.00

l 9a d -
8 9 9 9 998 8 8t

| Rd C 0 E
g g 8 R-

c OE- -

' ilME - SEC

i
|

! 22010-7
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25.000 - - - - 25.000
STE AM CENER ATOR SEPAR ATE EFFECTS TEST RUN 22010

CHAN 53
$UPERHE ATER POWER ( KW )

20.000 -.. 20.000

C+
0 0* 2

$ 15.000 15.000 o

d i
O *

5*

$ 10.000 10.000 $
Aa

5.0000 - 5.0000

0.0 O.0'

* 9 9 '98 8 8 8
9e d d d 8 8 8 M8
Sd C 8 C E - C 0
'

TIME - SEC

275.00 - 527.00
STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 22010

STE AM EXH AUST FLUID RfD 500.00" m

C 250.00 C
Yo o

'225.00 ">
r
O 0

200.00 g 400.00
$

r rx x
*

!15.00 350.00

-

150.00 300.00

125.00 - w 257.00-

8 8 8 8 9 9 * *9
90 d d S 88g g
S. d C 3 - - 2 te-

T|ME - SEC

.
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e
- - - - - - - - 900.00

tw.w - $ TEAM CENERATOR SEPER ATE EFFECTS TEST RUN 22010
t ils NAS$ IN (2)e M ASS Qui (3)= M ASS STORED
( 4 )* (2)+( 3 3 (55* M A55 O!FFERENEE 300,00

350.00

700.00
300.00

600.00

_ 250.00 i
Y 500.00 E

N.200.00 Y N.
I 400.00 x

150.00
300.00

100.00
g

M.000 '
t 00.00

" " " "
-0.0145 9 -0.0317

8 8 8 9 9 9 9
o d d d g S R ggd 8 a n -

~
_ ~

TIME (SEC)

116.3t - -- - - - - 300.00
STE AM GEhER ATOR SEPER ATE EFFECT5 TEST RUN 22010

300.00 SECONDARY TO PRIM ARY TOT AL HE AT FLOW R ATE
-

FROM PRIM ARY LOOP OATA 3
250.00

250.00 '

$ ?
5 5

200.00
g 200.00 g
$ $

15G.00 -

- -

100.00 100.00

wy
50.000 50.000

0.0 - '' O.o

8 8 8 9 9 9
= d d 8 8 8
d 8 g e e 2 eo

TIME (SEC)
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I.4400 - - - - ^ -^ I.4400 )
STE AM GENER ATOR SEPER ATE EFFECf5 TEST RUN 22010

INLET PLENUM OUAltiv
I.2500 - 1.2500

t.0000 t.0000

&M+ - : :- - WMM
0.7500 0.1500

U U
= 3

<<
0.5000 gg 0.5000

0.2500 0.2500

I 0.0 - -
"- 0.0

8 8 8 9 9 9

U N N N ! b
TIME (SECD

^
^^^ ^ ^ I.4400t.4400 - -

- CENER ATOR SEPER Att EFFEC 15 TEST RUN 220l0STE AM

OUTLET PLENUM OUALITY _

|

" " " ^^'
1.0000 - - - -- -- ---- - t.0000

-

.

I 0.F5000.1500j

E U
0= <

< 0.5000 gg 0.5000

0.25000.2500

0.0
^

"" 0.0

8 8 8 9 9 9
o

9 S Co' -.

11ME(SE C 3

!
,

e

i

l

i
!

I
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' *
N00E TEMPERATURES RUN NO. 22010

OISTANCE FROM INLET = 1.000t FE E T) RAD.POS. I 550.00
!=STE AM PROBE.2=TU8E W ALL.3=SEC FLUID

275.00
w,

500.00 .

o250.00
0 I 0

-

- *
450.00

g 225.00
- I

*

.W W=
400.00 I

{200.00 w

5
E 175.00 L 350.00
.-

150.00 m. 300.00

133.23 ' ' ' '
-- - 271.82

8 8 8 9 9 9
o d d d 8 S &J 0 S R 2 2

TIME (SECOND)

N'05 -

- N00E TEMPERATURES RUN NO. 22010
~

DISTANCE FROM INLET = 4.000tFEET) RAD.POS. 1 550.00
!=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

275.00

500.00 -

250 00

225.00
8 <
w

. O"

.- 200.00 400.00 I
w

"

a

i i15.00 350.00
.-

~

\150.00 '
300.00

132.82 '
' -

271.07
8 8 8 9 9 9

o e d d 8 8 &d 2 S C 2 2 :
TIME (SECOND)

d
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; NODE TEMPER ATURES RUN NO. 22010
' DISTANCE FROM INL[Ta 10.000 t FE E in RAD.P05. I g50,00

ta$TE AM PROBE.2= TUBE W ALL.3=SEC FLUID
215.00 -

4 "

% 500.00 -,

5nzso a g 3j a % m
'

; N'-" g 450.00 g
% 225.00 <
~

Oi

j k 400.00 I
- 200.00 -
5
r

h!75.00
^ 0.00

;

1

, A /\
'

300.00150.00

134.98
.

li'*31* '

| 8 8 8 9 9 9
i d d d 8 8 Ao
i d 2 S C S U 1
4 TIME (SECOND)

.

4

574.50ggg,gg ._.

____. N00E TEMPER ATURE$ RUN NO. 22010 <
.

DISTANCE FROM INLET * t.000tFEET) RAD.POS. 4 550.00 I
'

t=$TE AM PROBE.2= TUBE W ALL.3=SEC FLUID
215.00

_
w

500.00'
.

o
250.00

0_4 ;
450.00 E*

225.00 '

! w IL Tg }\ 400.00 x
200.00'; 7 w-

O- a

* I15.00 350.00
' -

i

i M~a 300.00
'

! 150.00

' ''
! 133.40

-

^

! ' 212.13
! 8 8 8 9 9 9'

a - d 8 $ Ai o
d C $ R S 1-

i
TIME (SECONO)

,

1
\
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NN NODE TEMPER ATURES RUN NO. 22010
DISTANCE FROM INLET = 4.000tFEET) RAD.POS. 4 550.00

t=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID
275.00

500 00x, a
250.00 w

4

450.00g
g 225.00 i'
~

w w

{400.00
200.00

$ "

r
6 175.00 , 350.00
-

' k150.00 - - 300.00
'

"
133.06 -

271.51
8 8 8 9 a

a o .
R S 8 8 C>

4 o eu ~

TIME (SECOND)

295.73 564.31
NODE TEMPER ATURES RUN NO. 22010

DISTANCE FROM INLET = 10.000(FEET) RAD.P05. 4 549.92

t=5TE AM PR08E.2= TUBE W ALL.3=SEC FLUID
275.00 524.92

"%:
499.92 ;% 5* 250.00
474.92

225.00
3 424.92

I *

200.00
*

374.92

175.00 T- 349.92

162.73 -

324.92
9' 9 98 8 8 '

! a d d 8 8 ;o
d 2 8 C 2 2 *

TIME (SECON01
-
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$00:00
NODE TEMPERATURE 3 RUN NO. 22010

OISTANCE FROM INLET = 69.000tFEET) RAD.POS. t 550.00
!=$TE AM PROBE.2 -TUBE W ALL.3=SEC FLUID

215.00 s
-

N
500.00 -

250.00 "

3 9"
N

o'
,

450.00 y"
9 225.00

3 3 y

400.00
g 200.00 *g
r N

g75,oo 350.00

'
%

~

' h 6 28 . e
'

.

8 8 8 9 9 9
o d d d 8 8 A
& 8 8 C S 2

TIME (SECOND)

d

.

300.00 -

573.66
N00E TEMPER ATURE$ RUN NO. 22010

OISTANCE FROM INLET = 66.000tFEET) RAD.P05. 1 550.00
!=$TE AM PROBE.2= TUBE W ALL.3=SEC FLUID

215.00
,-g w

N 500.00 -

k 8
'

250.00 % 3 a

\ \u
450.00 $

5~ 225.00 \
Oh

5 N $.-
=

400.00g 200.00
r
x
U 115.00 350.00

%
150.00 w- 300.00
141.13 "-- _

286.03-

8 8 8 9 9 9
o d d d 8 a a

'd C 8 C 2 2
TIME (SECONO)

I

l
4

|
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284.13 543.43
N00E TEMPER ATURES RUN NO. 22010 54u.00

280.00 DISTANCE FROM INLET = 60.000(FEET) RAD.P0S. I
t=STE AM PR08E.2=TU8E W ALL.3=SEC FLUID 530.00

00270 00 ,w w o

3 510.00 $

k$260.00
*500.00

\ 3
s

2
w 490.00 w

250*00 b
N 480.00 -

3 470.00

* 240.00
460.00

450.00

Nh.hh * * ' 443.62
8 8 8 * 9 9

3 d li i ! E i
TIME (SECONO)

*
NODE TEMPER ATURES RUN NO. 22010

DISTANEE FROM INLET = 69.000tFEET) RAD.POS. 4 550.00
l=$iE AM PR08E.2=iU8E W ALL.3=SEC FLUID

275.00
_

500.00 -

250.00 oh -u

y 450.00
o 225.00 -

g

! k - 400.00 !< 200.00 *-

O
i N~

350.00175.00

150.00 300.00
139.87

'

283.76
8 8 8 9 9 9

o d d d S A
d 2 S C E $ %

TIME (SECON05

!
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N00E TEMPER ATURES RUN NO. 22010
OISTANEE FROM INLET = 66.000tFEET) RAD.P05. 4 550.00

t=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID
275.00

4 500.00N w e
.

450.00,

o 225.00 - 4

[. "
w

h 400.00
< 200.00 *-

r
r
U t!5.00 350'00

N
N

150.00 Q -_ 300.00
141.13 ' ' "

286.03
e 8 8 e e e

o d d d 8 8 &
d 2 8 C 2 $ E

TIME (SECONO3
4

'''

NODE TEMPER ATURES RUN NO. 22010
280.00 OISTANCE FROM INLE f= 60.000(FEET) RAD.POS. 4

!=STE AM PROBE.2= TUBE W ALL.3'SEC FLUID 530,00

520.00210.00 % ,
4

510.003 %
m a

$260,00 -

%i "500.00

! 3
S
w 490.00 w
$ \ I
* 250.00+-

3' % 480.00
w
-,

r "
,

x 410.00
*~ 240.00

Y 460.00

450.00

bh.hh ^ < 443.30
8 8 8 9 9 9

o d g d 8 8 a
& N C C $ ^t.n

TIME (SECONO)

l
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320.00
[C8.0@FLUID TEMP. r0s R A0 gat P0s,ND,3 RUN 22010 w.u

(IP O4T A SCAN NO. 25
300.00 (2kD AT A SCAN NO. 283 PLOT INTE RV AL= 24 SCANS

- 550.00
-

'

500.00
- 250.00 m ,- % ~

y f/ ,/ h Ei
/ 2r -(\ 450.00 aa

IJ
--- - OO 225.00 - - '-

C E
200.00 -- - ---- -- - - - - -

*

j , /
175.00

|
-- - - 350.00- - - ----

,/

150.00
' h.

300.00'

h-'
133:88 . __ _._ . . . . ~ ,,o.oo

8 a 8 8 s a a O
S 9 9 9 q c: 9 9
d S a R 9 S S S

DISTANCE ABOVE OUTLET (FFET)

320.00 - - .

MB.DgFLUID TF MP. FOR RADIAL POS.NO.! RUN 22010 *W V
(tp0ATA SCAN NO. 25

300.00 -

-- (2bO AT A %CAN NO. 289 PLOT INTE RV Als 24 SCANS
-

550.00
C C275.00

, j.-.__. .-r.=. _ ;g.p ,

y ] It N 500.00/ -

- 250.00
.

* ' "
, - - ---- -

!' | '.w

$ ! ~

j / 450.00 $
Q 225.00 | j -y- %,

5 / / J f" $
I d-

I 'I |
*200.00

U / M_.

/ / /
175.00 -~

.-
--- + ..- - 350.00

/ / ,f |
/ ' / / *n

's
lj./ -- ~~

t / 9.Lgl-- - 300.00i30.00 7f -gh_ _.-cc wan - mu_,-a .

if3:58 ! !! N - eso.co
a a s 8 888m2 s a s asma a a a sssm:S 2 2 2 SSE"413 8 8 8 88' ast 9 9 9 99?PdJ
d d dddddW a: 4 ,' d ui@ s 2 T SSOS

DISTANCE ABOVE INLET (FEET)
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320 * 188:89
| FLUID TE MP. FOR RADIAL P05.NO.1, RUN 22010

(In0ATA SCAN NO. 25
300.00 (2bC AT A SCAN NO. 289 PLOT INTERV ALs 24 SCANS

550.00
--
"

" 275.00 -::.- --_, _. _y

500.00/ " ''

-j
- 250.00 y ~ , , , ,-- -,

k / !
0 225.00 / ,/j / 450.00

# ./ ,?, O

/ / / f,
' ""

400.00 II / //200.00 r 7 , wm / / >e
p

/ - -. 350.00
/ '

'175.00

--/ / f f
/ /--J )'

-

- Qgp[150.00 300.00g s , z., -

~

| |
1 9 :88 | no.co- '

8 8 8 888SE 8 8 8 8888EE 8 8 8 88T5Eg
S 8 7 83= 8 8 8 888FJ 9 9 9 99W'dm

d d dddd s n' 4 . d u;@ 8 2 T S S=
DIST ANCE ABO \ E OUTLEf trEET)
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FLECHT sEAst i STEAP G t Nf l. i. T rn SEPAPATE EFetCT5 TFST SERIES
DUN 22CIC
TIFT 120.0 SECON0% LN11, - (LEVAlldN M[1Lt(FLET)=

tLux K1LuwtT1/ METER **2 (BTU /3cc-rT**2)

ELEVATION t rt=L rLUX LOCao QJALITf
seeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeseeeeeeeeeeee eeee eeeeee eee eeeeee ee eeeese

RAD POS - 1 2 3 1 2 3 4'

,

.0( .13) .7( .06) 33.3- 2.93) 51.2( 4.21) Ju.C( 2.04) .194 .d5T .9u? .913

.2( .50) 1.9( .17) 239.3t 21.09) 261.3( 24.19) 44.88 2.16# .145 906 .969 .921

.3( 1.00) 23.2( 2.05) J2.?( 2.841 2.58 .271 25.it 2.21) .T9a .951 1.w47 926

.5( 1 50) -4.9( .42) -2.7( .245 - 5 .1 ( .45) N.It .71) 797 960 1.026 .926

.64 2.CC) 2.6( .23) 22.at 2.01) 7.5( .co) 10.2( .90) .19e .962 1.020 .923

.8( 2.tSi 2.7( .26) 70.5( 6.211 26.vt 2.55) 10.lt .8v) .741 .983 1.034 .920
1.2( 4.00) 7.4( 65) 7.14 .62) 5.It .45) 2.4( .21) .179 .990 A.021 .909
1.P( 6.(C ) 2.C( .17) 4.9( 435 9.3t .39) 6.ct .53) .763 .964 .995 .8959

ba 2.4( 8.4C) .*( .07) 3.5( .31) 1.5( .133 14.3( 1.26) .T.9 .946 .9 13 .894
S 3.0(10.001 1.2( .11) Iv.2( .or) 11.2( 99) 40.4( 3.56) .740 947 .972 943
9 3.7(12.00) 1.9( .16) 14.3( 1.261 M.6( .76) 9.5( .84) 136 .956 . 9 t: 0 951
rd 4.6(15.CLI 3.5( .311 5.4( 4a) 5.4( 48) 7.2( .64) .13e 968 .966 963
d} 6.1(20.00) 1.0( .C 9 ) .4( .0P) 4( . 0 '. ) .6( .06) .141 .909 .98b .969

8.2(27.00) . 3( .02) .It .01) .4( .03) 4( .03) 741 906 .9o2 .96o
10.7 8 3 5.C C ) 0.0( 0.00) 0Gt 0.001 0.0( 0.001 0.04 0.00) . 74 0 .906 .962 .969

a 13 1(43.CC) .5( .C5) .3( .02) .0( .00) .1( .01) .T38 966 902 .970
I_ 15.2(50.(C) .It .01) .3t .038 .it .01) .0( .Out .136 .964 .902 969
h 9 16.b(55.00) .P( .00) .3( .02) .It .v1) .0( .00) .13e .962 .9d1 969

17.7(58.00) .it .01) .2( .02) .wt .00) .0( .vol .116 961 .962 769,,

18.3(60.0C) 41 .04) .3t .03) .wt .0s) .(( .00) .T36 .901 .9b3 '.970.

% 18.9462.CC) 1.0( .09) .0( .00) .It .01) .L( .003 .73T 961 984 .971
19.5(64.(C) .2( .62) .2( .02) .It .01) .(( .c 0 ) .139 .962 .9c5 .971
20.1(66.00) .4( .03) 1.2( .103 4( .03) .lt .011 . T* 0 .964 .985 .971

h 9 2G.5(67.36) .0( .00) 4( .03) .5( .05) .9( .061 .iel .966 .985 971
L-~ 2 0. 7 ( e t' . C C I .5( .04) .2( .02) -1.04 .09) .3( .03) . T51 .966 9e5 970

2 0.9 ( 60.t 0 ) .2( .0?) .3t .03) -2.*( .211 .P( .071 .151 .966 .984 970
21.0 ( 69.( C ) .3t .r33 .4( .04) .*( .04) .4( .w4) . 75 2 .965 963 970

bTcd 21.2(69.50) -9.7( .86) -2.C( .1R) -7.5( .60) -15.4f -1.351 .f4) .v6e .9b2 .96c
-

21.3(69.P7) -17. 0 ( -1.50) -7.3t .641 -8.6( .75) -6.ot .598 .14 7 .966 .961 .966'

N
N
b

__



f

FL ECHT $tA5FT STE A M GFhf2AI0a stPANATI EFEFCT5 TEST AERIES
RUN 2201C
TIME = 300.0 SECONDt UNITS - clev&TIJN illEd(FEET)

. flux KIL0eATitntitF**2 (8Tu/5tL-FT**28

ELEVATION LOCAL FLUN LOCA6 OsAL11f
... ..... .. .......eeeeee.......eeeeeeeeeeeeeeeeeeeeeeeee s eee e eee eee ee e ee eee ee eeee ee

RAD PJ$ - 1 ? 3 4 1 2 3 4

.O( .13) .3( .02) 17.0( 1.49) 14.ol 1.30) 11.7( 1.03) .744 .955 903 .912

.2( *Cl 50.8( 4.47) SS.bt *.85) 57.6( L.09) SP.3( S.14) .603 .oel .916 926.

.3t 1.001 102.6( 9.v4) 143.7( 17.601 7.1( .62) 155.11 13.67) .639 9s5 .924 967

.5( 1.5C) 2 2( .20) 2.3f .201 201.4( 1 7.15) 7.3( .2Cl .d49 933 .9 72 995

.6( 2.00) 2.4( .21) 23.9( 2.113 7.*( . 65 ) 11.9( 1.CS) .d49 .937 1.013 993

.84.2.65) 7.58 .27) -107.9( -0.28 -16.6( -1.468 -26.et -2.Jel .8*) .907 1.uwS .9do

1.2( 4.CC) 9.44 .n3) 8.1( .71) 5. 7( .Ssl 2.34 .20) .930 .662 9t4 957

1.8( 6.00) 20.7( 1.63) 20.3( 2.31) .22.It 1.958 31.6( 2.79) .934 .ee3 .976 4o1
g
N 2.4( 8.C01 12.4( 1.09) 20.it 1.dll 1.6( . 141 23.2( 2.C>l .dio .o77 .912 . von

S 3.0(10.C() 3 1( .27) 4.9( 63) 6.It .S*) 6.6( .th) .835 .ee) 965 .992

9 3.7(17.CL) .7( .Cel .lt .011 1.Qt .17) -1. S t .1Ja .d26 .861 462 .vo5

h) 4.6(15.CLI 22( .191 .2( .02) .J( .038 .ht .07) .625 .o74 .955 975
O 6.1(20.CO) 1.1( .091 .9( .0 1 . 46 z.04) .6( .05) .924 .668 . 948 967

P.2(27.(C) .4( 043 .0( .001 .4( .C41 .3( .b31 .623 .o05 943 .906

10.7(35.CC) c.C( 0.or t 0.0( C.001 c.0( 0.0s) L.Ct 0. col .922 .004 .942 .Jb6
f 13.1(43.001 .3( .05) .3( .02) .C( .w33 .lt .013 .62b .e63 .9*3 .907

(w) 15.2(50.0C) .1( .01) .3( .03) .it .01) .0( .006 .uta .801 9*2 .906

16.8(55.CC) .It .01) .3t .63) .2( .Lil .4( .wC) .310 . coo .942 .966
3'/ 17.7(50.C0) .0( .00) .?( .07) .it .01) .Ct .90) .940 .660 .9*2 967

g 1R.3 (60.U ) .it .01) .4( .03) .2( .018 .lt .01) .oto .eS9 .944 .96u

16.9(62.0C) ..C( . .c01 .C( .001 .Ct .001 .2( .cil .di9 .ebc 9*> .vic

19.$(64.00) .0( .00) .2( . 01) .01 . 0J ) .7( .L28 .d20 .802 .947 .v70

M 20.1166.00) .24 .02) 1.1( .10) .2( ,.02) . .St .C4) . 922 ..e64 .94o .v71

20.5(67.3el .2( .02) .it .01) .7( .06) .-l.4( .A34 424 .867 .946 .970
,2G.7(68.00) .2( .01) .Ct .00) -1.3t .128 .d( .v71 .h4 .o67 .94o .976

20.9(66.508 -1.2( .10) -1.4( .171 -1.6( ..67) .lt . .wll .523 .e67 947 . 9 72' '

$Q 21.0(69.001 2. 7( .2%) 2.3( .7v) .7( .001 o.3( ./38 . 928 .P68 .947 .976

c _ ___3 21.2(69.50) -10. 3 ( -1.oll -16.5( -1.45) -15.3( -1 35) . -14. 5 ( -1.e H I .635 .H69 .946 .97o
-21.3(69.b73 -7.2( .63) -4.06 .36) -4.H( .42) -4.01 .42) .s*C .ob9 943 .9766'-- p-,

r===

_ __ >
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FLECHT SEASET STrAF GEhfRATOR SEPaRA7E EFFECTS IEST iEkiES
RijN 2201C
TIME = 463.0 SE CONS T ON115 - FLE VA110h Nt 1L 4 ( F c E r l

Flux K1towaT1/MtitRe*2 (81U/Sec-fT**2)
ELEVATION LOCAL FLUX LOCAL QJALITf

eese ee eee eeee eee eeeee ee eeeeee eee eeee eeeeeeeeee ee ee eeee e e eee eeee e eee eee e e eee eee e e eeee ee
RAD P15 - 1 2 3 4 1 2 3 4

.0( .13) .3( .02) 10.2( 40) 9.8E .ebi 14.ot 1.311 .794 .e54 963 911

.2( .5C) 25.0( 2.20) 27.9( 2.46) 29.9( 2.o43 27.6( 2.441 .79u .uou 910 .91o

.3( 1.CC) 35.4( 3.12) 36.6( 3.22) .5( .06) 39.5( 3.4*) .s39 .c73 910 .934

.5( 1 50) 22.7( 2.00) 20.7( 1.d2) .5( .05) 45.5( 4.01) .620 .td4 .916 950

.6( 2.0C) 175.2( 15.44) 159.6f 14.06) 174.0( 15.33) IJ9.C( 12.253 .855 .919 951 .987

.8( 2.65) 1.9( .17) 1.44 .17) 1.9( .11) 15 6. t ( 13.14) .483 94o .9o4 1.950
1.28 4.00) 10.3( .911 10.3( .91) 6.7( .29) 2.2( .19) .676 .943 .976 1.090
1.6( 6.001 -17. 5( -1.t4) -6.7f .591 -14.3( -1.26) -l u. e ( .95) .353 .921 .945 1.057y

ba 2.44 8.00) -11.2( .49) -H.9( .79) 1.9( .17) -5.9( .52) .614 .ed4 .913 1.u243 3.C(10.00) 3.5( .31) 1.9( .17) 3.5( .34) .e( .s73 ./94 .871 .90J 1.o0w
93 3.7(12.CC) 9( . vel 16.4( 1.44) 13. It 1.21) o. 7( .59) .7a7 .e74 .905 .994N 4.6(15.06) 16.6( 1.40) H.7( .76) 13.5( 1.19) 10.5( .92) .803 .td9 .925 1.094

6.1(20.CC) 1.5( .13) 1.?( .131 .6( .CS) .9( .00) .o21 .P94 936 1.012
8.2(27.0L) 9( .04) .0( .uol .3( .03) .4( .43) .ddl .b91 .931 A.ul0

10.7(35.0C1 0.0( 0.CC) 0.c( C.0C) 0.0( L.Os) 0.0( u.00) .d19 .b89 .930 1.u10
13.1(43.C0) .6( .05) .3t .03) .C( .001 .1( .01) .dle .t87 .93C 1.011
15.2(50.001 .2( .02) .*( .0 6 ) - .2( .02) .rt .cc) .414 .665 .927 1.016
16.0(55.rt) .lt .01) .4( .J4) .38 .04) .1( .91) .dA4 .be4 .929 1.v10
17.7(58.00) .1( .01) .3( .03) .2( .02) .li .01) .d14 .884 .930 1.u12
18.3(60.00) .2( .02) .4( .14) .3( .0s) .3( .02) .615 .o84 .9 31 1.014
18.9(62.00) .2( .01) .r t .00) .it .01) .3t .03) .o16 .665 933 1.015
19.5(64.001 .04 .00) .2( .01) .Ct .0Jl .4( .( 3) .617 .bo? .935 1. v17
20.1(66.(() .It .cif 1.1( .10s .at .04) .vt .0el .920 .291 .939 1.017
20.5(67.3P) -4.5( .40) - 3.9 ( .35) .vt .06) -6.64 .St) .d21 .e43 .939 1.J16
20.7(68.(r) -20.4( -1.79) -20.14 -1.77) -1.of .161 - 10. 9 ( .9h) .618 .69C .939 1.u 14
20.9(68.!L) -15.3( -1 35) -18.44 -1.621 -5.it .*9) -7.4( .65) .612 .F84 940 1.014
21.0469.00) 2.4( .21) 2.rt .le) 1.et .15) 4.6( 40) .d19 .6a4 .943 1. 9 2 w
21.2(69.50) -20.9( -1.F43 -J.P( .33) -20.!( -1.aJ) -17.4( -1.538 .32o .699 .944 1.022
21.3(69.67) -4.5( .4c) -4.It .361 -3.4( .3J) -2.1( .191 .330 .ov4 .942 1.020



__

FLECH1 SE A't i STrat GFNtPAT0d SEPADATE E f f EC15 TEs t 2ERIES
R L'N 22C10
TIME e 723.0 SECONDS UNITa - ELEwAT10N MFTta(FFET)

tLUA KI L0d A I T/ PE T E R * * 2 (B10/2tC-FT**2)

ELEVATION LPCAL t L UX L00=L QUALITY
eees.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee se ee ee e e eee e e s seeee ee eeee es

RAD POS - 1 2 3 4 1 2 3 4

.0( .13) .2( 02) S.3( 47) S.48 4dl 3.3( .29) .79J .853 9.2 .91w

.2( .SC) 13.1( 1.lb) 16.7( 1.471 16.2( 1.43) 14.34 1. col .745 .b57 90$ .913

.3t 1.00) 19.9( 1.75) 19.4( 1.71) .3( .02) <0.ut 1.e3) .431 .e64 9u9 .920

.5( 1.!C) 19.7( 1.73) 16.98 1.4o) 14.98 1.32) 27.S( 1.991 .636 .614 .912 .929

.6( 2.00) 25.9( 2.27) 20.7( 1.o2) 17.9( 1.57) 21.7( 1.91) .o16 .e79 .918 .939

.8( 2.e5) . 8( .C7) 26.3( 2.32) 19. T( 1.74) 17.9( 1.Sel .u20 .b90 92o 947
1.2( 4.0C) 12.?( 1.071 11.4( 1.we) 1. 74 .o8) 2.t( .178 .b25 .900 .9 3) .946
1.8( 6.CC) 6.1( .54) 8.St 75) S.5( 49) 11.3( 99) .e2o .t9e .929 .936

bJ 2.4( 8.CC) 3.7( .33) 2.9( .26) .Jt .03) 6.7( .295 .ola .666 .911 93J
$ 3.L(10.C0) 5.6( 49) .F( .07) 1 .34 .12) -1.J( .12) .dow .oll .d92 916
>- 3.7(12.CL) 7.4( .65) .2( .02) 1. T t .15) -1.2( .11) .794 .66w .600' .J31
? 4.6(15.CG) 2.S( 46) .7( .36) 1.3( .121 .S( .04) .199 .oS1 .872 .dao
bJ 6.1(20.CO) 2.11 .19) 2.3( .26) 1.it .1v) 1.S( .1J) .dJ3 .640 .665 .eedg

8.2(27.00) .6( .06) .7( 02) .2( .02) 4( .6 4 ) .6C3 .e44 .860 .d7o
10. 7 ( 3 5.C C ) 0.0( 0.00) u.0( 0.001 0.0( C.0J) 0.0( 0.00) .?#9 .e41 .eSe .o7s
13.1(43.00) .6( .05) .3( .031 .0( .0J) .14 .01) .19) .639 .dS9 .67o
IS.2(SO.CC) .1( .01) .3t .01) .it .01) .04 .wo) 794 .u37 .opo .47s
16.8(Sb.CC) .lf .01) .48 .03) .3t .02) .lt .cli .744 .t37 .556 .810
17.7(56.G0) .1( .01) .4( .03) .3t .03) .3t .02) .7d5 .637 .859 .860
18.3(60.CC) .3( .02) .Fi .67) .S( .02) .St .CS) .796 .637 .861 .db2
18.9(e2.Lr) .3t .C3) .It .01) .34 .021 .6( .001 .198 .e40 .u64 .co4
19.5(64.LC) .0( .0C) .It .31) .it .ul) .7( .96) .302 .e44 .869 .887
20 1(66.0C1 .0( .CC) 1.Ct .09) .C( .908 -1.54 .12) .oji .b51 .o74 .e89
20.S(67.38) -1.6( .14) -1.0( .0bi -2.9( .2o) -4.3t .36) .d10 .eS6 .8Fe .dv0
20.7466.00) -3.2( .29) -3.7( .32) -1.64 .o1) -4.64 .,1) .612 .cSo .8 78 .o90
20.9168.50) -4.5( .40) -S.!( .49) -11 2( .9s) -3.94 .3>) .416 .eS8 .R17 .ov4
21.0(69.LC) 2.4( .21) 1.e( .16) .St .04) -7.St .42) .623 .t60 .879 .d99
21.2(69.SC) -12.9( -1.14) -10.0( .88) -11.4( -1.0J) -12. S t -1.101 .830 .864 .deo 901
21.3(69.e7) -1 4( .ls) -1.9( .17) -1.7( .15) .7( .v6) .o35 .667 .d79 .899

.

_ _ _ _ __ _ _______ __ ______



i SUMMARY SHEET

RUN NO. 22112

DATE: 3/26/79

A. TIME-AVERAGED RUN CONDITIONS

,

1. Boiler steam flow [ kg/sec (Ib/sec)] - 0.181 (0.398)
2. Water flow -[ kg/sec (Ib/sec)] - 0.045 (0.100).

3. Containment tank pressure [kPa (psig)]-'172 (25)
4. Steam temperature [ C ( F)] - 156 (313)-

5. Water temperature [ C ( F)]- 124 (256)
6. Mixer pressure [ kPa (psig)] - 200 (29),

[ 7. Test time (sec) - 1440.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(f t)] - 10.4 (34.0)
2. Initial temperature

Elevation Initial Temgerature
[m(ft)] [ C ( F)]
-

.

0.00 (0.00) 261 (501)

0.15 (0.50) 260 (518)

0.30 (1.00) 274 (525)

0.46 (1.50) 272(522)

0.61 (2.00) 272 (522)

1.22 (4.00) -

3.05 (10.00) 274 (525)

6.09 (20.00) 273 (524)

8.23 (27.00) -

10.67 (35.00) 273 (523)

i

4

22112-1

. . . ._.



SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (Ib)] - 4.93 (10.87)
2. Liquid collection

(a) Outlet plenum [ kg (Ib)] - 2.28 (5.02)

(b) SG collection tank [kg (ib)]- NA
3. Posttest drain from hot leg [kg (Ib)] - 1.78 (3.92)

D. FAILED BUNDLE T/Cs(1)

294, 295, 305, 309, 310, 311, 326, 332, 549, 553, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

1. From primary side energy balance [kwsec(Btu)] - 0.657 x 10'(0.625 x 10 )

t HTA
2. From local heat flux ( f f 4 dadt) - [ kwsec(Btu)] - 0.627 x 105 (0.597 x 10 )5

o o

3. Integration to 600 see

1. T/Cs are defined as failed based on resistance reading or T/C response.

22112-2
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a

! a

5.0000 5.0000

.

0.0 O.0'' ''

8 8 8 8 9 9 9 9.
* d d J 8 8 8 SS.o
sd C S C E $ c 22

TIME - SEE

t

' ' . -
-- 527.00

STE AM MNE R ATOR SEP AR ATE E FFECTS Test Ruh '2112
EMAN 65'

500.00v grE AM E n H Avi' F U!C RfD .
L

C. 2*:.00 +

5 5
, oe

450.00 s'3 |'
225.C3

'

400.00 ;
O .00.00 --

A
c ,

a % a
X K-

ww *

~ 37$,gg . _ .
350.00

I
i

"
|

150.00 - 300.00
,

|
,

125.00 257.00' ''

| 8 8 8 8 9 9 o. c. 9
8 -S 8 F8.| 9e d o' g'

.
gd C S S $ c Os~
'

i TIME - SE C

|

I
,

!
l

!
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og,N -- - -- - --- -- 886.48
STEAM CENER ATOR SEPER ATE EFFECTS TEST RUN 22l12
t t)s M A$$ 14 (233 M A$$ CUT ( 3)s MAS $ STORED
( 4 ): (2)+( 3 ) ($)s M ASS O!FFERENCE 800.00

700.00

300.00 -

600.00

_
50.. ,,

U 500.00 $
Y N200.00

EI [ =0c.00

150.00
300.00

#100.00
200.00

50.000 '

tM.00

" "
-0.0327 : ? ? -0.M26*- "'

8 8 8 9 9 9 9 9
o d d d g $"

8 = a

d 8 8 R _ c 6 $
TIMEtSEC),

316.31
- - - ^^ 300.00

STE AM CENER ATOR SEPER ATE EFFECTS TEST RUN 22112
300.00 SECONO ARY TO PRIM ARY TOTAL ME AT FLOW R ATE

-

FROM PRIMARY LOOP OATA
O.os

250.00 *
'

250.00
S ?
2 2

200.00
0 200.00 W
$ | $

$ 150.00 $
g 150.00 g

- W
tM.00

100.00

50.00050.000

' ' O.00.0

8 8 8 9 9 9

N- g N $_ 6_ $_
'

i< ~ ~

flMEtstCt |

.

1
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{
1

'

t
'

t.u 0
STC AM (thER ATOR SEPER ATE EFFECTS IEST RUN 22112

*

INLET PLENUM OU AltfY

t.0000 1.0000

| -^- wehhh
0.7500 0.7500

Ii

| > >

U U

hh0.5000 0.5000

i

i 0.2500 0.2500

|
,

' *0.0 0.0

8 8 8 9 9
g g Q 8 8do

a n . - - u c
TIMf(SEC)

|

1.4400
- - - - '- -^ ^ ^^^ 1.4400

STE AM GENER ATOR SEPER ATE EFFECTS TEST RUN 22112

OUTLET PLENUM OUALITY.

,

l I

' ^ ^ - -
t.0000 _ - - - - - - ^^ - - ^ -- ^

-- 1.0000,"

C_
0.7500 0.7500 g

a
C '

5 '

g 0.5000 0.5000

0.2500 0.2500
.

0.0 - - - - ' ""'' O.0
.-

'

g s a 9 9 9
e E R i I_ E_ R_

- -

. -

TIMEtSEtt

i
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T

M:N N00E TEMPER ATURES RUN NO. 22112
*

DISTANCE FROM INLET = 1. 000(FE E T) RAD.P05. t $50,00
- t=$TE AM PROBE.2= TUBE W ALL.3=SEC FLUID

274.95 - -
m

500.00 .

o
249.95 g

O
~

450.00 g
.

" 224.95 Ri

S 5
k 400.00 Ew y

5 199.35
- r

7 U
ar

4 350.00{g7,,35
W

% 300.00149.95 -mx -g ,, s

L , . . =. , 7

124.95
'L/~

256.91

8 8 8 8 9 9 9 9 9
9a d d d 8 8 8 8 0
%d C S C 2 3 C O 2
*

TIME (SECONO)

N:8d N00E TEMPER ATURES RUN NO. 22112
OISTANCE FROM INLET = 4.000(FEET) EAD.POS. t $50.00

tsSTE AM PR08E.2= TUBE W ALL.3=SEC FLUID
215.00 4 _

'.+
500.00

N *
, 250.00 g

450.00
w 225.00 -

, 9 <
l a

E 400.00 E
xg 200.00

: ~

w

I i15.00 350.00

:
l Ni
, 150.00 300.00

.'
s

l %u _

'4 ,: w ,

j 121.51
'Y,''

261.52

| 8 8 8 8 9 9 9 9 9
9a d d d 8 8 8 8 0
yd 0 S R 2 $ C O 2

TIME (SECONO)

!

22112-11 .



|

.

I

296.04 564.88
NODE TEMPER ATURES RUN NO. 22tI2

OlsTANCE FROM INLET = 10.000tFEE T) RAD.POS. I 5 % .00

t=$TE AM PR09E.2= TUBE W ALL.3=$EC FLUID
275.00 525.00- _

$500.00
Q

O 250*00 -

A ~

475.00 g,

% e

A:22500 - v a
a-

_

a .

,

e 425.00 i
< .-
K

E 400.00
6200.00

j-

375.00

175.00 3%.00

167.56 *- 333.60

8 8 8 8 9 9 9 9 9
9o 8 R 8 8 :- -

ed 6 g E S 2 -2 0 5.
*

TIME (SECOND)

{ N:b0 NODE TEMPERATURES RUN NO. 22tt2
DISTANCE FROM INLET = 1.000t F E E T) RAD.POS. 4 550.00

t=$TE AM PR00E.2= TUBE W ALL.3=SEC FLUID
275.00 m

,

w
500.00 .

$250.00
)0 -

. 450.00 g
225.00 g

y ( 400.00 E
g 200.00 &
< ~

175.00 3%.00
i M

A>150.00 - 300.00

Y - h.

127.36 261.24

8 8 8 8 '9 9 9 9 9
9o d d d S 8 8 Eg S * O 2Rd C S C -
'

TIME (SECOND)

i

I I

|
| '

|
!
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Nd'$0 NODE TEMPER ATURES RUN NO. 22tl2
0[$f ANEE FROM INLET = 4.000tFE E T) RAD.P05. 4 550.00

!=5fE AM PROBE.2= TUBE W ALL.3=5EC FLUID
215 00

500.00 .

250.00 -
% -

03

450.00
225.00 3

g { 400.00 E
3 200.00

- 3
< -
a

115.00 350.00
N-

\150.00 'h 300.00
\ -

y-x . .

126.88 260.38

g 8 8 8 9 = 9 9 9

$& Y Y Y
'

| TIME t$ ECONO 3

.

'

299.40 570.92
N0DE TEMPER ATURES RUN NO. 22t12

015T ANEE FROM INLEta 10.000(FE E T) RAD.P05. 4 550.00
t=5fE AM PROBE.2=fUBE W ALL.3=5EC Flut0

215.00 ~ % C
500.00 .

o
'50'00 '- *

O

5 N 4, 5'50 "
,.

o 225.00 e <

S \ 400.00 6* 200.00 *

O h f
i N,* 175.00 350.00

;

150.00 300.00g"
142.82 289.08"'

8 8 8 8 9 9 9 9 9
9o d d d 8 8 8 8 %
y6 2 S R S S C O 2 !

TIME (SECONO) |

|
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- N00E TEMPER ATURES RUN NO. 22112
DISTANCE FROM INLET = 69.000(FEET) RAD.P05. ! $50,00

!=5fE AM PR08E.2=iUBE W ALL.3=5EC FLUID
275.00 -

500.00 -

_ 250.00 E\v

450.00 {*

y225.00 {i

k 400.00
0 200.00 - -
"

E \ 350.00. 175.00 m

\
150.00 300.00m

137.62
' 2I3*I2

o o o o o o o o o

8 9 '9 9 d d d d *
~

d9 8 8 8 8 0 8 C 2
~o ~ n s - - - - -
'

TIME (SECOND)

**
N0DE TEMPER ATURES RUM NO. 22112

DISTANCE FROM INLET = 66.000tFEET RA0.P05. 1 550.00
!=$iE AM PR08E.2= fuse W ALL.3=5EC FLUID

275.00 _

x,x =
_ 250.00 s a

450.00
\ 'o 225.00 Q~ h a

400.00'
% 200.00 %

W 175.00 350.00
s

,.

'
150.00 300.00

138.32 200.98

8 8 8 8 9 9 9 9 9
E ESo d d d 8 E g
Oed C S C 2 2 -

*
TIME (SECOND)

|
,

t
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284.15 543.46
NODE TEMPER ATURES RUN NO. 22112 540.00

280.00 Ol$f ANCE FROM INLETS 60. 000t F E E T) RAD.POS. I
t=$TE AM PROBE.2=TU8E W ALL.335EC FLdlD

520.00
270.00 ,

s % o
m

.
- N t<u 260.00 500. .'

e-

= N x 1
g250.00 K 480.00 g
O '
E
O 240.00 - -

M 460.00

230.00 % % '

440.69221.0S
o o o o o8 8 8 - - * ~5

ug g g E k_ k_ C_ E_

~* * *

.o
_

'
TIME (SECONDI

N'N -

N0DE TEMPER ATURES RUN NO. 22:12
'

DISTANCE FROM INLET = 69.000tFEET) RAD.P05. 4 550,00
l=$TE AM PROBE.2= TUBE V ALL.3*SEC FLul0

215.0J -

C
500.00N s

-

_ 250.00 s -u N

y225.00 -

y w.

4 o.00 3
N $

5 ( \ . **.m 5
}200.00 *

i N 350. .M 175.00

C150.00 300.00% (_,

g7,,9 - - 279.49
o o o o o o o o

* *

,
49 8 e @ E C t% o N

[ TIME (SECOND)
I

!
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*

NODE TEMPER ATURES RUN NO. 22112
Ol$iANCE FROM INLETS 86.000 t FE E TI RAD.P05. 4 550.00

!=5TE AM PR08E.2=fU8E W ALL.3=5EC FLUID
215.00 m

| 500.00 .

: u -

e2W.00 % \ o!

450.00
t o 225.00 4-

=

400.00
~ 200.00 =
i
I
* 175.00 350.00

150.00 --

N'

'g 300,00

138.69 281.63
8 8 8 8 9 9 9 9 9

d j y 8 8 O3 9a d g C C O 2%d C o - -
'

TIME (SECONDI
,

284.88 544.78
N00E TEMPER ATURE$ RUN NO. 22112 540,00

280.00 DISTANCE FROM INLEis 60.000tFEET) RAD.P05. 4
t=5TE AM PR08E.2= TUBE W ALL.3*SEC FLUID

520.00 0
270.00 3 ,

0
= o
u ~

e
' 260.00 500.00 w

,

\ O
~

w
= 250.00 N 480.00 I
* ~

w

I 240.00 ,9 460.00w
\*-

i- M
230.00 y ,

- 440.00

222.36 - 432.25

8 8 8 8 9 9 9 9 9
9a d d d y S g S Oi

Rd C S C 2 0 2' - -
*

tlME ($[CONO),

* 22112-16,

l
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*

FLUID TE MP. FOR R ADI AL F 05.NO. ! RUN 22112
(1)=0 A T A SCAN NO. 13

300.00 (2)=D A T A SCAN NO. 277 PLOT !!.it R Y A L* 2 4 SCANS
550.00

--
"" 215.00 m-- en- r: r 1 -- - - - - -a _, ,_

;

] g E12 *- @= m=Tm E-o -
500.00'

9 250.00 % 9
l'/ mg im

$ ' 450.00 $'

0 225.00 - - - - L. 0
5 ' 5 5

{400.00
200.00 -< - i

l \
350.00!75.00 + -- . .,

)
150.00 .

-- 300.00

I
|hb:08 ' N0.00

2 8 9 8 8 d 8 r'

9 9 9 9 9 9 9
d 2 2 ? S S 0

tiANCE AB0VE OUILET(Ftti)

FLUID TE MP. FOR RAulAL P05.NO.1 RUN 22112
ttp UAYA SCAN NO. 13

300.00 12)=0ATA SC AN NO. 277 PLOT INTERV AL= 24 SCANS
- 550.00

-

| | -

" 275.00 ---
.

m6- -- ---
"

M 500.00
' ~' s

b T / J 99 250.00

f ? f.. :! b 450.00a a

e / / d|n
2?S.00 -- |- j yi

e
200.00 / J 400.001 1

U ,/ | [ l U U,,

// r/
' 350.00t15.00 -

/ / ( -7-f-/ s /'J ff'

150.00 #pC r-W" I'E7 300.00-m4
--

._ ,pu- :

| |{| |||
lla:88 - - - - - - - . no.co

O O O O G OCX-XX) O O O O OCW J X ) O O O O OCA' X R-)

O O00 t

d d d d das a: 4 * du;,Jd,0 2 2 2 SSE"unil.

OlSTANCE ABOYE INLET (FEET)
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|

|

|

1

' ' *
rtul0 T[MP. FOR RADIAL P05.N0.1 RUN 22112
tt>=0ATA SCAN NO. 13

300.00 82)=0 A T A SCAN NO. 277 PLOT INTE R V Als 24 SCAN $
550.00i

|
-

" 215.00 -- : ' . ---

"

@ 500.00" "- +--m p

- 250.0') | // ,/- <
w

;'225.00 [ fj h.
' *"

450.00 :2

, g ;
, .c

' ==

/ ) Y

--

I *
200.00 -,,

| f/ ""
'

175.00 350.00>

/ ' l i '

150.00 ppghg[[]E,/ | /|/
-- -/ /

ze < 300.00
'

I
1 9 :88 - no.co

8 8 8 8 8gp 8 888 8 8 8 888aB
2 2 2 2 8,J 8 $888 . 9 9 9 9 9"">4

u

s s s s ees s : s es= a a e Ss=
DISTANCE ABOVE CUTLET (rEET)
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FliCH7 SFthtf ITtA* GENtotT[M atPADATE E FF t4 T5 IES T -- 41E 5
a (!N 22112
TIME 114.C SECON35 LAITa - (LE d&T A JN MEit4(tiET)=

Itur K I L3 d ti T11tik k+ *2 (BTJ/idC-FI**23
ELEVATION LFC4L FLUX LOCAL QJALITf

eseeeeeeeeeee.eeeeeeeeeeeeeeeeeseooeeeeeeeeeeseseesseessees seeeeeeeeeesseeeeeeeeeeeeee
FAO PJS - 1 2 3 4 1 2 3 4

.Ct .13) 4( .343 31.rt 2.8C) 4. 3( 3.6,8 23.94 2.11) .282 .739 .643 .915

.2( .50) 21.0( 2.C33 251.1( 22.128 32J.3( 20.4dl 339.6( 29.9.-l .230 .844 .922 1.026

.3( 1.CLi li.S( 1.72) 27.2( ?.39) 1.6( .14) 24.of 2.16) .3J2 930 1.05s 1.131

.58 1.50) 5.9( .51) -3.2( .?al -1.g. .na) ,7( ,g73 . 3, 6- ,934 1,054 ,,13e

.6f 2.Cri 1.1( .15) 19.08 1.o75 5.It 45) 10.2( 9CI .3J) .935 1.052 1 135

.6( 2. t S I 1.6( .15) 36.0( 4.933 lo.ot 1.6 1 14.14 1.c43 .3sJ .963 A.062 1.143
1.2( 4.0C1 7.4( .651 3.9( .521 4.1( .316 1.4( .13) .3JF .v16 1 024 1.12i
1.St 6.wel 3.5( .303 3.2( .298 2.3( .201 11.4( 1.01) .314 .953 1.020 1.107h3

b) 2.4( B.Ctl 1.5( .1J) .7( .06# .14 .wil 6.4( .56) .314 935 995 1.10e
Z 3.0(10.00) 9( .C6) 1.3t .1Al 2.2( .203 2.T( .23) .313 .924 .9e4 1 103
h) 3.7(12.00) .6( .05) 1.7( .15) 2.66 .23) .0( . 03 .313 .928 .9si 1. s v 7
>" 4.6(15.(cl 2.it .193 2.rt .173 1. 7( .12) 1.Jt .11) .347 92o 9ao 1.J93

6.1(20.001 1.0( .C9) 9( .0M3 4( .04) .at .wSI .324 .949 .vdo 1.J91
8.2(27.CCI . 78 .06) .It .018 .4( .033 .54 .048 .J39 .929 .964 1.w92 *

10.7(35.C03 3.3( 0.GC) 0.0( C.001 v.0( c.Out 0.0( 0.00) .43J 929 .vo3 1.Uwa
)D 13.1(43.001 .dt .C7) .4( .03) .C( .wJ) .At .018 .J30 924 9d4 1.JW6

15.2(50.001 .0( . col .2( .01) .Gt . sal .it .01) .327 .927 .985 1. J 9 6
% 16.e(55. Col .It .01) .It .01) .Jt .COI .It .01) .327 92o 90 1. J 4 7

h] 17.7(58.003 .2( .01) .lt .013 .ut .wil .14 .013 .ide 92o .9o6 1.39o
IP.3160.CCI .1( .03) .2( .023 .Jt .wol .0( .Gol .329 92% 488 1.uv9

dd 15.9(f2.CfI .St .55) .0( . 0 '. I .It .ull .'( .uG) .33w 926 969 1.1. 5
19.5(64.00) .It .C1) .?( .02) .It .wil .0( .00) .331 .727 49s 1. awl
20.1(66.C9) . 3( .03) 1.lt .103 .3( .w3) .i t .wll .352 .930 .941 1.100
20.5(67.3hl .C( .005 4( .03) .2( .0?) .7( .rci .333 .932 9+1 1.100

@__ 2 0. 7( t o .l( I .5( 04) .7( .013 .Ct .cli .JI .40s .3s3 .443 99A 1.10s
c- a 20.Q(66.5e) ?( .02) .2( .02) -1.2( .11) .54 .L*) .33* .932 . d40 1.10J

-p, 21.0(69.C01 .?( .028 .3t .328 .dt .cd) .3( .u28 .3J* 932 .W9 4.100
21.2(eg.50) - 1. 7 ( .12) 1.2( .101 -1.6( .143 -11.74 -1.218 .s36 .93J 4b4 1.Jv7
21.3(69.Pil -l o . i t -1.473 -H.44 .748 -o *( 743 -5.58 .4tl . 3 3 ;* .vJ3 909 1.s**

Em
P
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$

FLEPHI SEUL T 2Trar GEN 3t70' atvan4TE EFre:la TETT icd 1E S8

R (;N 22112

TTME 294.0 SECON3' LNil: - (LE/4i!Jt MtTC8(FEEfl=

FLUX F 4 6uwAI T/ ME T t P**2 ( 8 f J/ac C-F T**21,

ELEVATION t rL AL FLUN LJCaL QJALITV
sees eeeeeeeeeeeeeeeeeee eeeeee eee eeeeee eeeeeeee ee eee eeeeeese eseeeeeeeeeeeeeeeeeeeeeeee.

R AS P JS - 1 2 3 4 1 2 3 4

.0( .135 7( .323 16.If 1.42) 12.6(- 1.113 e.7( .76) . tab .760 .d41 .414

.2( .5C) 52.0( 4.bPI 55.4( 4.4PI b6.ht L.ut) 57.it S.Gbl .3J2 .7ow .8bJ .934

.3( 1.trl 11 2.0( 9.e73 142.3t 12.54) 4.it .3ol 133.51 13.:ct .322 .c4u .619 .997

.5( 1. 5( I 1.5( .133 1.5( .13) 200.7( lb.343 1.ht .13) .340 .88J 944 1.04)

.6( 2.00) 1.5( .14) 21.2( 1.o73 1.0( .62) 14.2( 1.25) .3s4 .rao 1.0J4 1.049

.e( 2.653 1.6( .141 -149.1(-13.148 -16.4( -1.621 -23.5( -2. 7) .302 .b22 .994 1.J37
1.2( 4.00) 9.0( .79) 7.04 .62) 5.14 .42) 13( .14) .Js7 .746 .917 1. woo
1.e( 6.Cul 21.3( 1 88) 26.Lt 2.291 24.48 1. col 2a.58 2.218 .413 .101 976 1.914g

ba 2.4( 6.Cel 12.6( 1.111 19.9( 1.76) 1.0( .09) 20.44 1.cci .444 .741 .iss 1.J4o
[ 3.0(10.C03 2. 7( .243 J.ht .123 4.*( 42) 4.0E .3S8 4)> .H15 9FS 1. wha
ba 3.7(12.001 -1.2( .101 .7( .061 1.4( .12) -1.7( .13) .433 .613 973 1.952
80 4.6(15.003 2.1( .193 .Ct .003 .2( .Jil .7f .C61 424 .60o .906 1.wa9c) 6.1(23.00) 1.2( .111 1.21 .11) .( .01) .ut .u7) .'20 .e03 .957 1.J32.

S.2(27.003 . It .06) .Of .001 .St .G4) 4( .048 .$ob .oJo 453 1.J3Jgy 10.7(3).CC) 0.3( 0.003 0.0( 0.00) C.0( C.0wl 0.wt J.wCI .469 .6J3 .452 1.032
13 1(43.CC) .9( . Col .4( .04a .ct .uol .11 .011 . .~ s a .c02 .934 1.036

h ) 15.2(50.001 .0( .008 .2( .023 .Gt . col .28 .01) .452 .b3. 924 1.037

( 3 16.8(25.Cel .St .wn) .2( .01) ..( .03) .It .Cil ..o2 .174 .954 1.33d
17.7(59.CC) .0( .00) .21 .713 .It .018 .Ct .?ul .wo3 .77v 956 1.J 3 4M 18.Jt60.00) .It .C1) .3( .03) .2( . t,1 3 .it .L18 .e53 .794 .457 1.041
18.9(62.06) .lt .cIl .0( .001 .It .011 .2( .C2) .ess .dow 927 1.J42
19.5164.001 . 2( 005 .1( .011 .6( . Cal .2( .028 .454 .o01 90J 4.w43

h 9 20.A(65.cs) .It 01) 1.rt .19) .it 011 .5( .64) 426 .o03 .992 1. w 4 3
aj 23.:te7.3el .21 .01) .11 .01) .t .s41 -1.38 .11) ..a7 .e37 402 1.u42

20.7(68.CC) .3( 071 .It 01) .68 .'?) .)( .C 4 ) .451 .oJo .v62 1.042
20.9(60.50) -1.0( .09) -1.'( .10) -6.at . ton .C( .00) .,a7 .t.e .9a1 1. 44bh 21.L(69.Cr) ?.7( .26) 7.2( .Pl 7( . tis t P.ot ./7) .419 .esv 900 4.s49
21.2(69.506 -13. 4 ( -1.623 -24.8( -?.10) - 1 . . '. ( -1. 72 ) -71.e( -1.v23 .4/4 8o 927 1.044

7M 21.3(M.o71 -7.?( .t 31 -4.7( .4?) -4.it .4?) -3.JI . 3 ". 5 . 29 .r32 .v,3 1.054

h
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FL ECHT Tf45El > Teat G E N F R .* T L' SE t an ail E Fr E",15 T E S T 4 E x 1E S
RUM 22112
TIME 594.0 ? ECON 7% ( NITa - LLtdATIJA 9 Eft 4(FEET)=

Itut k110 WAIT /Mt1Ekee2 ( 'l T 0 / i:4-Fs ee21
ELEV4 TION t rC it rtur LJ.AL uJ LITt

eeee eeee eeee ee ee eee ee ee eeeeee eeeee eeee eeeeeee e ee eeeeeee eeee esee eeee ee e ee eee eee e e eeeees
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SUMMARY SHEET

RUN NO. 22213

DATE: 3/27/79
i

A. TIME-AVER AGED RUN CONDITIONS,

1

1. Boller steam flow [ kg/sec (Ib/sec)] - 0.358(0.790)
'

2. Water flow -[ kg/sec (lb/sec)] - 0.091 (0.201)
'

3. Containment tank pressure [ kPa (psig)] - 172 (25)
4. Steam temperature [ C ( F)] - 165 (329)
5. Water temperature [ C ( F)]- 127 (261)
6. Mixer pressure [ kPa (psig)] - 2'41 (35)
7. Test time (sec) - 1440.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE
'

'

1. Level [m(ft)] - 1u.3 (33.7)
2. Initial temperature

,

Elevation Initial fe gerature
[ m(ft)] [ F)];

0.00 (0.00) 268 (515)

O.15 (0.50) 272 (522)
'

0.30 (1.00) 274 (525)

0.46 (1.50) 272(522)
0.61 (2.00) 272 (522)
1.22 (4.00) -

3.05 (10.00) 274 (525)
i 6.09 (20.00) 273 (524)

8.23 (27.00) -

10.67 (35.00) 273 (523)

|

L

L .

r
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'

SUMMARY SHEET (cont)

f C. MASS BALANCE COMPONENTS .

1
1

; 1. Steam probe purge steam [kg (1b)] - 5.68 (12.52)
'

2. Liquid collection
'

(a) Outlet plenum [ kg (ib)] - 0.9 (2.0)

(b) SG collection tank [kg (163 - NA-'

1 3. Posttest drain from hot leg [kg (Ib)] - 0.20 (0.44)

i

FAILED BUNDLE T/C/1)D.

,

294, 295, 305, 309, 310, 311, 326, 532, 549, 553, 564, 565,-568, 569,

!
;

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

| BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME
4

i
51. From primary side energy balance [kwsec(Btu)] - 0.748 x 10 (0.712 x 10 ),

t HTA
2. From local heat flux ( f- [ 4 dadt) -[ kwsec(8tu)] - 0.485 x 10 (0.462-x 10 )5 5

,

! o.o
3. Integration to 300 sec

,

!
!
:

i

t

t

!

|

i

; 1. T/Cs are defined as failed based on resistance reading or T/C response.

|

22213-2
i
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1s$TE AM PROBE.2= TUBE W ALL.3*SEC FLUID

275.00

500.00 *

M0.00 --

. w
$ 450.00 $
S 225.00 0
W \ E'
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w

* 175.00 350.00
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RUN NO. 22213NOCE TE MPER ATURES
OISTANCE FROM INLET = 66.000tFEET) RAD.POS. 4 550.00

to$TE AM PR08E.2*fuRE W ALL.3=$EC FLul0
275.00 .
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{J 450.00
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S C S 0- C OOy4 ~

TIME (SECONDI

' '-~ -

N00E TFMPERATURE$ RUN NO. 22213
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C" 275.00 - ^hu7_ _
,

^ *

- 250.00 .

___
-

-
_

E
// #^AN \ 450.00 8

-

400.00

175.00 \ 350.00
, 4

150.00 - y ) 300.00

|fh'h0 *
.

" llO.00
o g g o o o o e
~ o o o o o o ao

d S 2 R 7 8 8 0
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FLECHT SE&SE7 STEAM GENERATOR SGP AR ATE EFFEC TS Teti SEoIES
RUN 22213
TIME 224.0 SECONOS UNITS - ELEVATION *ETEttrEET)=

FLUE KILOWATT /METFt**2 (5TU/SEC-Fie*23

ELEVATION LCCAL FLUX LOCAL JUALITY
eseeeeeeeeeeee.eeeeeeeeeeeeeeees.eeseeeeeeeeeeeeeeeeeeeeees eneseeeeeeeeeeeeeeeeeeeeee

RA0 P05 - 1 2 3 4 1 2 3 4

.0( .13) .4( .04) 18.3( 1.61) 14.9( 1.31) 15.3( 1.15) .762 .8'8 854 .822

.2( .501 39.7( 3.501 42.9( 3.76) 46.1( e.06) 40.2( 3.551 .768 .886 .862 829

.3( 1.001 44.0( 4.32) 52.48 4.62) .7( .06) 61.3( 5.401 .781 900 .869 .845

.58 1.50) 54.7( 4.P28 53.0( 4.67) 23.4( 2.061 62.lt 5.47) .797 .916 .873 .865

. 6( 2.001 72.5( 6.311 67.4( 5.94) 75.3( 6.64) 61.8( 5.441 .816 935 .888 .884

.8( ?.65) 1.4( .1%) 99.7( 8.78) 117.2( 10.32) 50.4( 4.449 .828 .968 .927 905
1.2( 4.001 20.9( 1.841 16.8f 1.48) 11.8( 1.04) 2.5( .??) .841 1 000 .962 918

33 1.8( 6.001 5.4( 473 7.1( .623 5.0( 44) 8.6( 75) .852 1.008 .966 918
bJ 2.4( 8.001 4.2( .371 5 1( .45) .0( .001 6.Pt .63) .838 -994 .947 907
D3 3.0(10.001 16.It 1.601 17.0( 1.49) 15.3t 1.35) 12.1( 1.071 .826 980 929 .992
94 3.7(12.001 1.3( .1?) 24.9( 2.20) 13.7( 1 20) 8. 3i 71) .822 .986 928 .887
b3 4.6(15.001 11.3( 1 00) 7.9( 70) 10.2( 40) 9.It 91) .828 .998 936 .890
C#

6.1(20.001 3.1( .27) 2.8( .251 1.3( .111 1.7( .151 .839 1 001 .940 .893
8.2(27.00) 1.7( .15) 2.2i .19) .It .01) 13( .151 .841 1.001 933 .891

10.7(35.001 0.0( 0.031 0.0( 0.001 0.0( 0.001 0. 0( 0.00) .837 .998 927 .890
13.1(43.001 . 7( .061 .4( .04) .0( .001 . 0( .091 .832 974 925 .889
15.2(50.00) .0( .001 .3t .03) .0( .001 4t .011 .832 994 .925 .890
16.8(55.008 .0( .001 . 41 .04) .1( .01) .It 019 .834 .995 .927 .893
17.7(58.001 .2( .0?) . 7( .06) .4( .03) .It .01) .835 .995 930 .895
18.3(60.001 -1.0( .001 -1.9( .16) -1.0( .09) .6( . .051 .835 .995 .931 897
18.9(62.001 -2.7( .24) .'4 ( .041 .6( .05) .9( .091 .835 .916 .934 .898
19.5(64.001 .2( .0?) .0( .001 .3( .02) -1.2( .lil .836 .999 .937 900
20.1(66.001 .2( .021 .7( .06! .2( .02) -2.4f .21) .840 1.005 940 .900
20.5(67.395 -6.24 .551' -5.2( .451 -5.4( .46) -14.0( -1.741 .841 1.009 .941 .898
20.7(68.001 -25.2( -2.223 -22 9( -2.021 -20.3t -1.74) -?4.0( -?.111 839 1.006 .931 .893
20.9868.501 -22.3( -1.971 -24. 7( -2.18) -25.9( -2.298 -22 4( -1.99) .e35 2.001 934 891
21.0(69.008 2.6( .231 1.9( .17) .3t .031 -3.0( .'41 .838 999 .933 .892

,21.2(69.501 -2.9( .261 -1.6( .32) -3.5( .311 -3. lt .'91 .P44 1.004 .935 .895
21.3(69.87) -5.5( . 49 ) -7.1( .63) -4.7( .421 -4. 5( .401 .848 1 007 936 .895

_ _ - . _ _ . -_- -



SUMMARY SHEET

RUN NO. 22314

DATE: 3/28/79

A. TIME-AVER AGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)] - 0.112 (0.248)
2. Water flow - [ kg/sec (Ib/sec)] - 0.114 (0.252)
3. Containment tank pressure [kPa (psig)]- 172 (25)
4. Steam temperature [ C ( F)] - 155 (311)
5. Water temperature [ C ( F)]- 127 (260)
6. Mixer pressure [ kPa (psig)] - 193 (28)
7. Test time (sec) - 1499.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Leve1 [m(ft)] - 10.4 (34.3).,

2. Initial temperature

i

; Elevation
[ m(ft)] Initial femgerature

'

[ C ( F)]
'

O.00 (0.00) 257 (495)
0.15 (0.50) 271 (520)
0.30 (1.00) 273 (523)
0.46 (1.50) 273 (524)
0.61 (2.00) 276 (528)
1.22 (4.00) 276 (528)
3.05 (10.00) 273 (524)
6.09 (20.00) 273 (524)
8.23 (27.00) 272 (522)

10.67 (35.00) 273 (523)

,

.

'

22314-1
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

l

1. Steam probe purge steam [kg (Ib)] - 7.49 (16.51) I

2. Liquid collection.

(a) Outlet plenum [ kg (Ib)] - 7.98 (17.6) '

(b) SG collection tank [kg (Ib)]- NA
3. Posttest drain from hot leg [ kg (Ib)] - 9.71 (21.4)

<

FAILED BUNDLE T/Cs(1)D.

294, 295, 305, 309, 310, 311, 326, 532, 549, 553, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME
i

1. From primar tide energy balance [ kwsec(Btu)] - 0.549 x 10' (0.523 x 10')

t HTA
2. From lo' 21 heat flux ( f f 4 dadt)-[ kwsec(Btu)] - 0.385 x 10 (0.367 x 10 )5 5

o o

3. Integration to 300 see

i

:

1. T/Cs are defined as failed based on resistance reading or T/C response. -,

,

22314-2. 4
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5th AM CENER ATOR SE PER ATE (FAECTS Yksi RUN 2231e
''

0. W O
90lLER STE AM TL0w R ATE CwAN 96

.Cu

M *
f.0000

*s

sy C.4000 5-
-
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%. %
.

0.3000
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e e
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8 8 8 9 * *

k @ N $ k $9
O * ~ ~

f!M[ts(C)

6.9 43 ^ ^ ^ ^ ^ ^ ^ ^^^^ ^ ^ ^ ^ ^ - - 1,2000
5fE AM CENERATOR SE PE R Aff Ef f ECf 5 YC57 RUN 22314

_ 0.M ACCUMut Af 0R LIOUID FLOW R Af[ (May 38 ;"

7w
. 1.0000
s '

1
8 0.4000
- 5

0.8000,

U. %
,

.
0.3000

[3 0.6000 $: :
*

e
: 0.20s0 ;a 0.6000 m

. .

O.1000
. . .

0.2000

0.0 ^ ^ ' '
O.0

8 8 8 9 9 9
f d j 8 ? ?a

Jd 8 2 ~~ ~
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0.5443 g7(,, ggnin AfDa 5 thin Af t Errtcts itst aum tra te *

- '

_ 0.5000 ContA!4MEh? STE AM FLOW # ATE CHA% $7 C
h 1.0000

I
3 0.4300 $- -

0.0000
_

O. I.
0.3000

$ 0.6000 $
: c

MW - ==wy , . -

E fV 0.6000 E

0.1000 0.2 m

0.0 * '
O.0

8 8 8 9 * *

e E R' E' a- E R
*

. -

TIMitSEC)

i

!

$*0000
- ^ ^^^ ^^ ^ 0.7252

STE AM GENERATOR iEP AR ATE EFFECTS TEST RUN 22314 0.?000
CHAN 53

0 $ TEAM CENER ATOR OUTLET PLENUM DELTA P (P$10)<
w 0.6000
0 4.0000
e
d 0.5000 -

5 *
I 3.0000

A 0.6000

[3 3
h2.0000 hs 0. m
a *

0.2000,

1.0000 g
! 0.1000

#" - - " " 0.00.0

8 -
8 8 9 9 9 998a

g g S g gg*

Sd k b C 2 -- 02-

' t!ME - $EC

Refer to Appendix H text for explanation of delayed response.*
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_

400.00 - 58.015
$TE AM CENERATOR SEPAR ATE EFFECTS TEST RUN 22314

CHAN 84
.

350.00 CONTAINMENT PRES $URE IP$1C) 50.000

s 300.00
a

2 40.000 ;
*

~ 250.00

k200.00 30.000 I

1- _ - -- - - __ _ ___
j

__

- __ - ..

;. iS0.00 _.

20.000

100.00

10.000
50.000

0.0 - . 0.0

[ 8 8 8 9 = = =9

ha b N N ! $ $ $$
TIME - SEC

400.00 - 58,035
STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 22314

. CHAN 57
y 350.0J MIX R PRESSURE ( PSIG 3

50.000o
.n
4

@;300.00
a

y 40.000 ;
, *
l 250.00
l

Qn n
h 30.000 0E 200.00 %_ _- =- -- .- .: - _ :. . - .

e

E 150.00 IEi

20.000 |
"

1

100.00

*

50.000

0.0 0.0
y 8 8 8 9 9 99
69 8 5 d $ 3 8 38 |$ C OSfo m o ~ ~ ,

'

TIME - SEC

i

|
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l

i-gI I1.450410,000 ---- -- - ----

G2kSTE AM GENER ATOR SEPAR ATE (FFECTS TEST RL
(H LN 54

} STE AM CEN[R ATOR HOT LEC 0[LTA P (PS'Of 1.2500

b8.0000

o"

f {1.0000

E.0000

0.7500 Yk N
U 0
E 4.0000 .. . --

E* 0.5000

2.0000 - ' ' ' l 0.2500*

I .T

0.0 - ^ * ^- 0.0
8 8 8 8 9 9 9 90
o = o o o ao

f o' b b b b $$
TIME - SEC

|

gn,nnn - - - - - -- 1.s*As
$f[ AM CEN(RATOR $EP AR Ai[ (FFECTS I!51 RUN 22314

(MAN 52
$T[ AM GENER ATOR INLET PL[NUM DELTA P (PSIDI.4 g,g

is.0000
a

1.0000 {
E.0000

0.7500 %
k. =

$*

, .0000 - g=.j '
0.5000

2.0000 - - .- aA3 A la a a na l_ J

'
| {f|

0.0
- - W 0.0

g 8 8 8 9 * 9 o9

f5 N N N ! ! ! !!
TIME - $EC

I
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1.
|

|
I

f 175.00 - -- --- ---- - - 347.00
STE AM CENER ATOR SEP AR ATE EFFECTS TEST RbN 223 t4

| 170.00 CHAN 7i

I W "
STE AM CENER ATOR INLET PLENUM STE AM PROBE TEMP

0 325.00 0
y 160.00 g
o o
O O

150.00 300.00
*w w

& E

(140.00 - (
" {275,00w

_____ _ _ I3 130.00 - 1
- -

120.00 250.00

t10.00
225.00

100.06 ' '' -- 212.00
8 8 8 8 9 9 9 99
9o 4 d 8 8 8 S8
Sd C

g
C S 2 e te,

'
TIME - SEC

*

STE AM GENER ATOR SEP* ATE EFFECTS TEST RUN 22314
CHAN 12

STEAM gel. L sTLET PLENUM E X II V APOR FLul0 T/C 500.00" .

C 250.00 $
5 5-

8 450.00 0
225.00 --

h
8 8
3 m

h200.00 #* E

E \ h.c m
'

t15.00 350.00
\

150.00 N- ->
* 007%/ ,

i

125.00 -- - -

257.00
8 8 8 8-

8 C. S. c_8_

= 9 = ==
o -

8 8
- o o o ao49 3po ~ c ~ -

TIME - SEC

|

[

i
I
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2$.000
- - -- -- -^ 25.000

$TE AM GENER ATOR $EPAR ATE EFFECTS TEST RUN 22314
CHAN $9

$UPERHE ATE.1 POWER ( KW I

h 20.00020.000

= =
0 0
m i

o t$.000 15.000 o

d d
w w

5 0
$ 10.000 10.000 $
a a

5.0000 - 5.0000

0.0 ---- --- - '' ' O.0

8 8 8 8 9 9 9 99
d 8 8 8 88'9o p

$ R S S C 0
*

Sd ~'
TIME - SEC

215.00 -- - - - -- --- ^ - 527.00
STE AM GENER ATOR SEPAR ATE EFFECTS TEST RUN 22314

500.M w" $TE AM E1HAu;? FLUID RfD

0 250.00 0
* W
o o

8 450.00 8
225.00

A *

200 00 s :
I h I
C % W

350.00175.00
f w,

150.00 / 300,00

125.00 - ^^ ' 257.00

g 8 8 8 . . . ..

p d p g $ 8 38.o
S c 0$d ~ ~ - -

TIME - $EC
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4n 10 ---- -- - -- - - m .00
tw w 5TE AM CENER ATOR SEPER ATE EFFECTS TEST RUN 22314

( t )= M ASS IN 82)s MAS $ Qui ( 3)* MAS $ STORE 0
( 4 ). 12)+t 3) (5)= MAS $ O!FFERENCE 300,00

350.00

700.00
300.00

600.00

250.00 f
U 500.00 5
5.,200.00 2 0

-
xE 400.00

150.00 '

300.00

*

200.00

50. W 100.00
'

-0.0816
~ 2

-- -I:
-0.0750

8 8 8 9 9 9 * *

$
TIMEtSEC)

316.31 ^ ^ ^^ ^ 300.00
STE AM GENERATOR SEPER ATE EFFECTS TEST RUN 22314
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FLECHT SEASET STEAM GENERATJ4 SEP44 ATE E FFEC TS Trti SFRIESRUN 22314
T!aE = 73.0 SECONOS U1ITS tLEVATION METF4(CEET)

Flut KILOW A TT/ME TE4 * * ? (9 fff /SEC-F T* *2)
ELEVAT!04 LUCAL Flux LOCAL QUALITYee.eeeeees.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee esseeeeeeeeeeeeeeeeeeeeeeeRAD POS - 1 2 3 4 1 2 3 4

.0( .13) .3( .03) 49.1( 4.331 55.7f 4.91) 34.2( 1.011 .565 .632 .377 .228.2( .50) 21.2( 1.67) 201.9( 17.798 207.9( 18.32) 214.0( 19.451 .574 .700 .449 .298.3( 1.00) 10.0( .a91 367.1( 32.35) 2.7( .23) 1.0( 09) .560 .872 ."33 .314.58 1.50) 67.7( 5.07) 1.2( .11) 17.5( 1.54) 1.2( .11) .597 .983 .520 .365.6( 2.00) 97.3t 8.57) 21 7( 1.91) 43.ht 3.d41 12.7( 1.1?) .639 .988 .538 .369.8( 2.65) 1.2( .11) -7.4( .66) 49.7( 4.3el -11.3( -1.00) .661 .988 .575 .3681.2( 4.00) 7.3( .64) 7.4( .651 4.6( .40) 1.2( .11) .658 .973 .597 .3621.8f 6.001 3.6( .32) 15.1( 1.331 4.9( .43) 20.4( 1.99) .656 .961 .593 .350
g
ba 2.4( 8.00) 1.4( .13) 9.8( .77) -1.4( .121 14.8( 1.11) .651 963 .581 .409$ 3.0(10.001 .6( .05) 1. 3 ( .114 2.1( .19) 2. 6( .'71 ) .645 .967 .570 .417ys 3.7(12.00) .1( .01) .58 .04) 3 2( .281 -1. 7( .153 .641 .964 .569 4114.6(15.00) .6( .05) .5( .04) 2.4( .21) .8( .07) .640 .956 .570 405
-
*

6 1(20.00) .1( .C15 .0( .00) 48 .04) .3f .011 .640 .950 .572 .4038.2(27.00) .6( .05) .lt .001 .2( .02) .6( .051 .642 .949 .571 .40710 7(35 001 0.0( 0.03) 00( 0.003 0.0( 0.001 0. 0( 0.031 .646 950 .572 41013.1(43.00) .bt .07) .3t .03) .0( .001 .It .011 .644 951 .574 .41015.2(50.00) .ot .03) .1( .011 .0( .001 .It .03) .641 .950 .575 .41116.A(55.00) .It .C1) .it .01) .0( .001 .It 61) .642 .950 .576 .41217.7(58.00) .It .01) .lt .00) .0( .00) .1( .011 .642 .950 .577 .41318.3(60 00) .2( .0?! . it .01) .0( .00) .it .ill .643 .950 .578 41318.9(62.00) 4( .04) .0( .00) .It .01) .0( .Sil .644 950 .578 .41419 5(64.001 .1( .01) .2( .01) .it .31) . 0( .01) .645 .951 .579 41420.1(66.00) .3( .011 1.0( .09) .3( .03) .lt .91) .646 953 .580 .41420.5(67.38) .9( .01) . 3( .03) .9( .06) -2. 6( .711 .647 .955 .580 41320 7(6P.001 -2.3( .701 -1.9( .16) -2.4( .21) -3.9( .141 .646 955 .578 41120.9(68 501 -4.4( .39) -4.4( .39) -10.lt .891 -2.5( .*?) .645 .953 .575 40921 0(69 00) 3.5( .311 2.8( .25) 1.6( .14) 6.9( .511 .646 .952 .573 41121 2(69.50) -14.9( -1. 311 -1.4( .13) -22.It -1.951 -1.4( .1?) .647 .955 .568 .41421 3(69.971 -15.0( -1.3?) -5.68 .50) -7.2( .641 -4.3( .19) .645 .456 .562 414



e emmmOweemmeNNeN4mokee&Omewoem
e NMNM4NeememeddWemmemeenededMM
e NNNmmtd4444deetdeddeded Odddd4
e4 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
e
e
e
e ONMe@NwMedNmNOM4NepOdmemwedm@

he NeOOd@memedmNNNNNNNMmMMmmNNNM
No mmd4464e44964DDDODOOOODO44&DO
wem o e e e e e e e o e o e e e o e e o e o e e e e e e o e e
Je
de
Se

a Ge eMNwdedNeemeNNN&&@@@@ dnNNdMPM
N e NdNM4&OON4NMNp9&NOmm&OOOO&POO
e e demNNNeNNNNNNNNNNNNNNecemkNNm
e aoN e e e e e e e e e e e e e e e e e e e e e e e o e e e e e
N (o
E uG
g Oe
u Je memme4NdedONdoneeNemeommNwm&N
w e @NOmewwM?e&MNNmNNNNNNmMMNNNNM
M e ec@e4NNN444NNNNNNNNNNNNNNNNNN
% eM e o e o e e e e e o e e e e e e e e o e e o e e o e e e e
3 e
k

V 9
us w
w
e A
tse m e
M N o e mammmmm meme mo mmmmmmemmm mmmmme

WW e &POeN#CCWP@ fPfr@@ @CCme @ ffMPOf
N U W e hfWdFveOrdQcCCCCCOOOOOOrthowW
V EN 4 e e e e e e e e o e e e e e e o e o e e e o e e o e e e e
u- w s" e we#che O O e i e ei 1we tw 1
N wr e 3 4 6

w% e
m NN e a wwww.wwww wwww wwwwwwwwwwwwww
N wh e defmcOsoke-NmhO--wCO-Neheccen
u re e e e e e e o e e e e e e . . e e e e e e e o e e o e o e e
ue 4 e OOmmme-OkW O g I e p 4eht-NN
E D e Weheeb ' ONM gM g
u ra e g g a
w cw e

ww e
w e- e
N e e -m=.mmm -mm..m-m.m. mm mmmmm...
4 ww e kcNmendONewsmNOOOOOaoommamema
M WD e mOOcewNnnmmNDOOOOOOOnoOmwm-mm
n Ja e o e e o e o e e o e o e e e o e o e e e e o e e e o e o e
A wE e we N&c o 10 t I g I gwm w4
w e M g I g

a g e
em www wwww wwww wwwww.wwwwwwwww w

m O m O m e d O N O m e. d N O O O O O m O O M N N m o e c
w e
> * e e o e e e e * * . e e e e e e e e e o e . e o e
w e me MNwmo d4N to 3 i e3 mmewom

s 7 e ad N~N Imm m e
Q 3 we ww e I e
w De
4 de
M We
w e === .--m....m.-mm ---m a==. . --

Z e eDebeDOOmNamMcomeMMNOmecNOedm
w ao eNmeOOdOOmheOOOOOOOOOoombemum
O ge o e e e o e o e o e e e e e e e e e e e e o e e e .e e e e

ve wmene Mol O f t i eg e IMM i|
E De g g
4 ao
su O N wwwwwwwwwwwwwwwwwwwwwwwwwww ww
N e ONNeMkOONOOeM OOMMMMNOMOOeOHOD
V e e o e e e e e e e o e e e o e e e e o e e e o e e e e e e

e emebe ectmed C B i I e 5 g wdNNNwm
e mdffM M GNw eI

N e N $ 0
m e
V e

(
i 4 e
I ett e am-mmmmmmmmmm mmmmmmmmmm mmmm mm
| V e Mmed@ fDNmffNwfDNnnnFnhM NODmFO

e OdMenO&OGNE COOOOCCOOOCodNmNhd
N e o e o e e e e e e e e e o e e o e o e o e e e e o e e o e
T e meep I ( O g 6 4 IMw M g
u ew g O I
w m o
a O e I wwwwww wwwwwwwwwwwwwwwwwwwwwww
E Z e MO707NNNMmeOMNOeOMOOOOmeNdoce

o em * e e e e e o e e e o e e e e e e e e o e e e o e e o e e
u eo &@dh O I INON O g i O d&cNM4
W L moeo a ( Mw d l
m M I g I

O
O 4
* W|

|
i e m . mm...mmmmmmmm===mm.mmmm==

4N MOOOO@COOOOOOOOOOOOOOOO9COOOM
M T MOO @OCOUOOOOOOOOOOOOOOOmO&O@K
m O e e e e o e e e o e o e e e e o e e o e e e e e o e e e e
N e = MMNNecaONeuNemOceONdchemppe
N k MMMNNMdmen@@ @@@C@@@@

W W wwwwwwwwwwwwwwwwwwwwwwwwwwwww
FE > O N m m @ e N. e. d O N O M N N W N e h m @ m W e b p O N mD= w e e e e e e O e e e e e e e e e e e e e e e e e e e a
wk J MMNmmteeOmcebemeOOOOwww

w HMMMMMMMNNNNNNN

22314-20



:

SUMMARY SHEET

RUN NO. 22415

DATE: 3/30/79

A. TIME-AVERAGED RUN CONDITIONS

1. Boller steam flow [ kg/sec (Ib/sec)] - 0.097(0.213)
2. Water flow -[ kg/sec (Ib/sec)] - 0.182 (0.402)
3. Containment tank pressure [kPa (psig)]- 172 (25)
4. Steam temperature [ C ( F)] - 149 (300)
5. Water temperature [ C ( F) ]- 124 (256)4

6. Mixer pressure [ ' % (psig)] - 200 (29)
7. Test time (sec) - 1626.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(f t)] - 10.3 (33.8)
2. Initial temperature

Elevation<

[m(ft)] Initial femgeratureI

[ C ( F)]

0.00 (0.00) 257 (494)
0.15 (0.50) 266 (510)
0.30 (1.00) 273 (524)
0.46 (1.50) 273 (523)
0.61 (2.00) 274 (525)
1.22 (4.00) 275 (527)
3.05 (10.00) 273 (524)
6.09 (20.00) 273 (523)
8.23 (27.00) 272 (522)

10.67 (35.00) 272 (522)

22415-1
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (15) ]- 12.4 (27.3)
2. Liquid collection

(a) Outlet plenum [kg (Ib)] - NA

(b) SC collection tank [ kg (Ib)] - 66.2 (146.0)
3. Posttest drain from hot leg [kg (Ib)] - 18.0 (39.6)

1)D. FAILED BUNDLE T/Cs

294, 295, 305, 308, 309, 310, 311, 326, 532, 549, 553, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

51. From primary side energy balance [kwsec(Btu)] - 1.01 x 10 (0.964 x 10 )
t HTA

2. From local heat flux ( f f 4 dadt)-[kwsec(8tu)]- 0.500 x 10 (0.476 x 10 )5 5

3. Integration to 300 see

1. T/Cs are defined as failed based on resistance reading or T/C response.

22415-2
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S C g- 2 c

TIMEtSEE)

22415-3
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0.Seel ^^ ^ ^ ^ t.2000
STE AM G(h(R ATOR $(P(Q Af( (TTECTS TEST RUN 22415

0.5000
Com1 A!4 MENT STE AM FLOW RATE CMan 97 .C.,.

5 1.0000
*

'%

y0.4000

0.0000, ,

E E= a
0.3000

i iox"
- -- n,

+ +
2 0.2000 y,
I 0.4000 x

0.1000 *
0.2000

0.0 - ' '
O.0

8 8 8 9 9 9
9 N g N $_ 6_ $_. ~ ~

TIMEtSEC)

5.0000 ^^ - 0.7252
STE AM CENER ATOR SEP AR ATE EFFECTS TEST RUN 22415

CHAN 53- 4.0000
STE AM CENERATOR OUTLET PLENUM DELTA P (PSID)

3 0.5000
E
e -pd 2.0000 -

*

,

5 0.2500 a

k, 0.0 _ _ _ _ _ _ -
- -

_ , - - ^l * E

C
,_ , _

_

0.0 g
0

E E

-2.0000
- 00

-0.5000
-4.0000

-5.0000 - - '- -0.7252
8 8 8 8 9 9 9 99
9a d d d @ E 8 88
Sd 0 8 I .' 2 C OS-
'

TIME - SEC

Refer to Appendix H text for explanation of delayed response.*
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400.00 - - - 5g,o g$
STE AM CENER ATOR SEP AR ATE [FFECTS TEST RUN 22415

CHAN 84
350.03 CONTAINMENT PRESSURE (PSIG)

50.000

$
% 300.v0

O 40.000 ;
*

~ 250.00

k200.00 30.000 Y
=

[_;- -e *
e J _ - _ - _ _ - - _ -

- :_ _ - _ _ ,,_ _

E 150.00 - E
*

20.000

100.00

10.000
50.000

0.0 - - - 0.0
8 8 8 8 9 9 9 oo

o d d d 8 S gg
yd C S C 2 2 6 Se

TIME - SEC

| 400.00 ^^^^ ^ ^^^ ^ ^ ^^^^ ^^^^ 58.015
STE AM GENERATOR SEP AR ATE EFFECTS TEST RUN 22415

CHAN $7
- 350.00 MIXER PRESSURE t PSIC )

50.000
m
.n

% 300.00
a>

| 2 40.000 ;
*

I 250.00
l

$200.00 I W --C. c -,
^ ^ -- W

- I 30.000^ "
m --

=
# ew

E 150.00 E'

*
| 20.000

100.00
!

10.000
50.000

0.0 - - - -

0.0-

8 8 8 8 9 9 9 oo

9a 'd d d . 8 8 8 pg
ad N 8 R S 2 e te

TIME - SEC

I
,

!

l

I 22415-5



I

*

STE AM OENER ATOR SEP AR ATE EFFECTS TE$T RUN 2241[
~

CHAN 54
j STE AM GENERATOR MOT LEG OELT A P (PSIO)

1.2500

h8.0000
E |

1.0000 ~
j

6.0000

7 0.7500 E
3 3
E4.00c0 ' ' d E

'

/ 1, y
'

O.2500

0.0 ' '

|
O.0

o o o o o o o ao

b d b b $ $ $b.o
Sd C 3 C S $ C OS
'

TIME - SEC

|

'*
~ l STE AM GENERATOR $EP AR ATE EhrECTS TEST RUN 22415

' *

CHAN 52
} STE AM GENERATOR INLET PLENUM DELTA P (P$10)

h8.0000
"

>

l.0000 ~

6.0000

7 0.7500 %

$ $
7 4.0000 - - y
* "

0.5000

2.0000 !
| I -

0.2500

0.0 " '
O.0 |

o

$ ,$ $ Y_ Y*
So ~ ~ _ _ __
'

TIME - SEC

22415-6
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._

- -- - ^I ^ ^^-- 347.00175.00 - --

STE AM C[NE R ATOR 5'[P AR AT[ EFF(CTS T[5I RUM 22415
110.00 CHAN 7

" 5f t AM CtNtRATOR INtti PLENUM ST[ AM PROBE TEMP *

325.00 0
[ 160.00y g
S S
o o

150.00 300.00
d ww

5 5
y 140.00 y

y-- - - ,"
*

-- -_ : - 275.c0,

,

i 130.00 3
-- y

250'001to.00

110.00
225.00

100.00
~^ '

212.00
8 8 8 8 9 9 9 99
9e d d d 8 8 8 38
3d 2 S C S S c 2:
'

ilME - SEC

275.00
- -^^ ^ 527.00

STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 22415
CHAN 12

u STE AM GEN OUTLET PLENUM E x iT V APOR FLUID T/C 500.00 m

C 250.00 -h C
*

u o
#g 450.00 g

225.00 ---

Y Y
EU 400.00

g 200.00 g
r r
K K
X W

175.00 350.00

k, ,.150.00 300.00

ry -~]
125.00

" "
257.00

i 8 8 8 8 9 9 9 99
9a d d d 8 8 8 88
ad C 8 C S 2 C OS
'

ilME - SEC
|

|
|

I

| 22415-7
,

I
F
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g5,000 - -- - -
- 25.000

ST[ AM G[NERATOR 5(P AR ATE (FFECIS TEST RUN 22415
CHAN 59

$UP(RH[ ATER POWER ( KW 8

20.000 20.000

0 C
0 0
$ 15.000 15.000 $
d d
:

O O
$ 10.000 10.000 $
= s

5.0000 5.0000

0.0 - - - - '- - 0,0

8 8 8 8 9 9 9 oo
9o d d d 8 8 8 88Rd 2 S C S S c 0:'

TIME - SEC

y ,$ , y .. . --- - - -- $gy,oo
STE AM GENER ATOR SEP ARATE EFFECTS TEST RUN 22415

u ST(AM [gMAg5T F(y[0 Rig M*# *

O 250.00 0
u o
E 450.00 g

225.00 --

Y ea 3

h200.00 , h
'

hw w
*

1F5.00 > 350.00

150.00 9 300.00

I
125.00 ^ "" ''

257.00

g 8 8 8 9 * * 9=
~ d d E 6 $ EI49eo S

'
itME - SEC

22415-8



. _ . ---

.

N STE AM CENER ATOR SEPER ATE EFFECTS TEST Run 224 85
- *

SECONDARY TO PRIMARY TOTAL ME AT FLJW R ATE
500.00 .FROM PRIM ARY LOOP O ATA

_

. 1. .A , _ a00.00

5 ,00.00 ["'W'WAWhMW% 5

.4

,, ,o
Y ?

,o0.00 2m.00 :
\

100.00 100.00 -e

h0.0
a x

-100.00 -100.00

W.00 . goo,co

**#
-100.00-H 4.05 - ""
-326.11

8 8 8 9 9 9
*

-

R' E' R_ E_ R_Eo

TaMEtSEC3

545.27 ---^ -
- --

1200.9
STE AM Cite Raf 0R SE PE R ATE EFFECTS TE ST Rut 22415
tips MA55 14 121e MASS OUT 01= MASS sf0 RED500.00 64)* (2)*(3) t51 M A55 OIFFERENCE

1000.0

400.00 [

g 800.00
/ ~

G # 15 300.00 e
h . 600.00 hI x

200.00 I'j
400.00

iI l1M.M
200.00 |

M/
-0.0176 ' - " - --

- /' / -v, , s
' ''

-0. 0 34

8 8 8 *
*

9 = * *

f N E Q 8 8 8 *a
01 C O Ed ~ _s

TIMEtSEtt

I

22415-9
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3. 400 - - -- --- 1.4400
STE AM G(minATOR 5(P(R ATE (FFECT5 f($f 8U4 27 85

thtfi PL(hum OVAL {fY
1.2500 - 1.2500

1.0000 t.0000

0.7500 0. F500

:
*

O
O =
h0.5000 0.5000 g

*

W h'

0.2500 .

0.0 - - ' '
O.0

o o o . 9 *

TIM (tSE C D

4

1

4 ... 00
Sif AM Stuta ATOR 5(PER Af( (fhtCT5f(SiRun2235--

i.. 00

0UTLET PL(NUM OUAllif
t.2500

,
- I.7500

/

i

1.00uo -

t.00 h

\ d
O.1500 ~ 0.P W

E O
O
5 .5003 0. S0o o

a

O.2500 0.2500'

i

0.0 ^ ^ ^ ^ ^ ^ ^ ' "' - 0.0-

8 8 8 * 9 9
9 $ f h $ $ $

1 O N " *= ==

] ItMUstCl

!

22415 10



s

EIN N00t TEMPERATURES RUN NO. 2P415
*

OISTANCE FROM INLtis 1.000t Ft tis RAD.P0S. I 550.00
te$f( AM PR00E.2= TUBE WALL.3*$EC FLUID

211.00 -

_
w

500.00 .

250.00
0

-

h
-

. 450.00 g3 225.00
R2 % yy ( 400.00 Ig 200.00
[<

e -

{1F5.00 350.00
: \

\150.00
300.00

-

.

121.14
-

,- .-;
260.85

8 8 8g* * * * * **

f g' $ h k k ? k{~
;
?

TI'AE tt[CONDI

N:N N00t TEMPERATUR[$ RUN NO. 22415
*

Di$fANCE FROM INLET = 4. 00 0(FE E T) R A.) . P 0 5. t 550.00te$ft AM PROBE.2= TUBE WALL.3=$EC FLUID
215.00 mm -

[

I- w,

500.00 .

250.00
$0
-

,

.

450.00 WU 225.00
S R

.g
E
g 200.00 -

i | 400.00 E
i2 '

.

il p$,go 350.00C

\ \ IG150.00 g 300.00

123.02
'

'

264.24
8 8 8 8 9 9 9 9 *99o d d { E y E

{20g
ad C 0 2
' - On - ~ !

TIME (SECOND) |

22415 11



_

IOb00 ' NODE TEMPER ATURES RUN NO. 22415
O!5TANCE FROM I N L E T= 1. 000(F E E TI RAD.P05. 4 550.00

1=STE AM PROBE.2sTUBE W ALL.3=5Et FLul0
275.00 a

,

u

500.00 .

250.00 -
--

o
g

C -

450.00 y.
,

225.00 -

R

E 400.00 E
g 200.00 3< ~

O
I 175.00 350..'

: \

A_150.00 300.00s

~% W e -

129.12
''

.

264.42
g g o o o o o o ao
9o d d d 8 8 8 3 *

'
ad C 8 C 2 2 C 0 $2,

'
TIME (SECOND)

;

'
E;N

N00E TEMPER ATURE S RUN NO. 22415
015fANCE FROM INLETS 10. 000tFE E T) RAD.P05. t 550.00-

1 $fE AM PR08E.2= TUBE W ALL.3=5EC Fluto
215.00

\

:
500.00 .

250.00
O g

-

.

450.00 y
" 225.00.
e T R

;
\r 4... rg 200.00

3=
-

ki ir5.00 350 #
=

150.00 300.00
% % -

127.20
'

" " ^ " '
260.97

g 8 8 8 * * * *=

d- R $ Y b h 8 h~
*

**
: ~E,e ~ - - -

TIME (SECOND)
?
,

i

|

|

| 2241512



!bb '

NODE TEMPER ATURES RUN No. 22415
O! STANCE FROM INLET = 4.0 00tFE E T) RAD.P05. * 550.00

t=5fE AM PROBE.2= TUBE W ALL.3=5EC FLul0
275.00 - -- -

s,
500.00 .

250.00 v

j 450.00 y
225.00

f
_

g200.00 '
I*

i

& *
.

I !?$.00 350.00
:

150.00 300,00_,

129.46 ''
263.23

g 8 8 8 o =
- -

9 = **

i a B
g g g a

RE
-..

:s =_ _ _'
TIME (SECOND)

.

IN3N '

N00E TEMPER ATURES RUN NO. 22415
015f ANCE FROM INLET = 10.000tFEETI RAD.P05. * 550.00

telTE AM PROBE.2=TUIE W ALL.3elEC FLUID
275.00 --

500.00 .

250.00 0

]{
0 e
j 450.00 g
g 225.00 a

%

,_ 200.00 '

: -

175.00 350.00
~ ( i

'

150.00 300.00 l

129.25 '
'

264.65
g 8 8 8 9 * 9 9 **

I

(3 i i d ! ! ! E $5 |TIME (SECONDI '

22415-13



. _ _ . _ _ _ . _ _ .. .

I

N:bb *

N00E TEMPER ATURE S RUN NO. 22415
DISTANCE FROM INLE T= 69.000trE ET R AD.PO$. t 550.00

te$ fE A M PROBE.2= TUBE W ALL.3=SEC FLUID
215.00

C
500.00 .

250.00 w
0 9
j 450.00 I
g 225.00 -- 2
-

2w w*
400.00 *

2 200.00 $* *,

r
r,, t15.00 . 350.00

\~

% w150.00 300.00%

us -

268.41131.34 -

8 8 8 8 9 9 9 9 99
9o p d d 8 8 8 8 8"

S C 2 2 C O 8$ad ~'
TIME (SECONO3

N*N *'
N00E TEMPER ATURES RUN No. 22415'

Ot$fANCE FROM INLET = 66.000tFEET) RAD.POS. t 550.00
t=$TE AM PROBE.2= TUBE W ALL.3=$EC FLUID

275.00
C

500.00, .

25 .00 q

d 450.00 m,

g ?25.00 2
~

Z

200.00 *

< ="

x 75,ao 350.00
: N

\150.00 300,00

130.52
^~

266.93-

8 8' 8 8 9 9 9 9 **

d 8 8 8 89o d
g"~$-g

ad 0 R 2 2 C Oo
'

TIME (SECONDI

! 22415-14
i
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- - - _ _ _ - _ _ _ - _ _ _ .

U
N00E TEMPERATURES RUN NO. 22415

*

DISTANCE FROM INLET = 60.000tFEET) RAD.Pos. I 550,00
!ssTE AM PROBE.2= TUBE W ALL.3=5EC FLUID

275.00

500.00 3, 250.00 , a
J -

u

J 450.00 y
3 225.00

;

5
E00*00 400.00 I

i (3\a g

" g79,gg 350.00

N
Nsu.no .-

.

300.00

,,i... -
,n. 4

g 3 3 5 9 9 9 9 9*
pE k N N ! ! ! ! kk

f!Mt iffC04Di

N$:!b N00E TEMPERATURES RUN No. 22415
DISTANCE FROM INLET = 63.000tFE ET) R AD.P05. 4 550.00

is$TE AM PROBE.2= TUBE W ALL.3=5EC Flu!D
275.00 =

,

500.00 ". i

4

- 250.00 a
-

4

t

450.00 E
225.00 '

w w(3
400.00 I

{200.00 g
5

175.00 350.00

N
-

%150.00 -

.
-

300.00% \
132.23

~
~ _.

' ~ '

270.01
g 8 8 8 * * 9 9 *9

(2 k N N ! ! ! ! kk
TIN [ ($(CONDI

22415-15
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!
i

l

b:N *

N00E TEMPERATURES RUN NO. 22415
DISTANCE TROM INLETS 66.0000EETI RAD.P05. 4 550.00

1s$TE AM PROBE.2= TUBE W ALL.3=$EC FLul0
275.00 mm

,

w
500.00 .

250.00 w

c 1 e
450.00 M\225.00

" {
E

E E400.00
3 200.00 i: \ -

w

I 350.00
* 175.00 \

N
150.00 -- 300.00g

'

130.77 7 267.38
g 8 8 8 9 9 9 9 *9
3* $ R' N $ b $ E $$.. ~ - - - - - ~~'

TIME (SECOND)

N:N *

N00E TEMPER ATURES RUN NO. 22415
Di$fANEE FROM INLET = 60.000trEET) RAD.PO$. 4 550.00

t=$TE AM PROBE.2=TU8E W ALL.3=$f C FLUID
275.00

C
500.00 .

, 250.00
qk -

g
u

( 450.00 y-
,

225.00 Rw

E i 400.00
2 200.00 $
$ ~

w

I 350.00175.00
-

'
150.00 300.00

130.34 266.61
8 8 8 9 9 9 9 9a. . -

$
g g' g $ = 8:-

Xd k 0 22~ - - -
'

TIME (SEEONDI

22415-16
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bbbIb*

FLUID TE MP. FOR R ADI AL P05.N0.1 RUN 22415
(t>= DATA SCAN NO. 15

300.00 (2)= DATA SCAN NO. 312 PLOT INTE RV Als 27 SC ANS
550.00

"" 275.00 .r----- - - - ----- ;

500.00
- 250.00 ' '

-

~ N 450.007225.00
7 -- \ <

5 N 5
$200.00 \ '00 0

$

N 350.00
7't75.00 7 3

'

# \150.00 30c.00r ,p
_

If3:00 #50.00
S s 8 8 8 8 8 e
<w o o o o o o co

d 3 s E 8 8 3 $
DISTANCE AB0VE OUTLET (rEET)

bb|b*

FLU 10 TE MP. FOR R ADI AL P05.NO.1 RUN 22415
(!):D AT A SCAN NO. 15

300.00 (2) 0 AT A SCAN NO. 312 PLOT INTE RV AL= 2 7 SC ANS
550.00

- -
"" 275.00 p.

--" j q r _

- - - * -

s/ , -. .

b '' -- 500.00 5j-
9 250.00 ' '~' 9

I 'mm m

S f
'

450.00 5j A
, Q% 225.00 ( [5 5

I 400.00 1200.00

115.00 /'/ / ) /# #

> 350.00

|YW
f

.

7 300.00
____-A

150.00 _
-- 2- _c

..___ _Jg j , ]

|$b:00 " f50.00
s a s 8 88= 8 8 8 8 8= s s 8 88=
S 8 2 2 88$143 8 8 8 88"x1ft 9 9 9 99WJc
d d dddd s n; a J vid@ s R ? SS:2|IS

DISTANCE ABOVE INLET (FEET)
1

/

22415-17
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I

\

|

320.00
bbbb' ' $* '8 RUN 22415'

11 OAT SCA NO t
300.00 Ill*D AT A SCAN NO. 312 pl0i INTERV AL= 27 st Ans

550.00
, f

~~~~
.- ~

| -

-
CEIS*00

~
u's ,~

y -- - gng 00, ) , w
~ 9- 250.00 , / a-

/ Jw

|)
ws* -

) ( 650.00 %
% ZZ5.00 -

/ ( // j f*

/ ) } ,
/

,
* 200.00

/
175.00

_-- / / 350.00

'/ /// y
#f ' , y

t50.00 230.00meusmiliisigiggjiiggn!
'

g.gg

k h. h.h.h. . .E. @. $. {.{.hg a~' R R # 88 Elib. o o o oocco.
orsrAmetABovtouTLtI53

J

i

1

|

22415-18

. _ .



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

FLECHT SE4 SET STEAM GENERATCt SEPARATE EFFECTS Trty sce1ES
RUN 22415
TIME = 102 0 SECONDS UNIT 5 - ELEVATION METER (F**'t

FLUX K I L 3 W A T T / *t c T c t * * ? (3TUISEC-FT**2)

E LE VA TION LOCAL FLUX LOCAL JUALITYeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese eseeeeeeeeeeeeeeeeeeeeeees
RAD POS - 1 2 3 4 1 2 3 4

.0( .13) .It .01) 44 1( 3.89) 38.5( 3.39) 24.1( ?.119 .623 .793 .027 025

.2( .50) 126.1( 11.11) 141.3( 12.453 142.9( 12.591 150.7( 13.79) .660 .829 .076 .074

.3( 1.00) 51.0( 4.50) 246.5( 21.72) 5.4( 48) 4( .01) .711 .940 .121 .120

.5( 1.501 .51 .041 . 54 .051 175.3( 17.21) . 5( .046 722 1 011 .182 .120

.6f 2.003 .6( .05) 265.0( 23.35) .6( .05) 314.9( 27.751 .719 1.098 .241 .216

.8( 2.65) .7( .061 107.98 9.51) .7( .06) 234.6( 20.67) .715 1.209 .242 417
1.2( 4.001 11.74 1.031 10.2( .90) 7.5( .66) 6( .os) .715 1.245 .252 .525

sa 1.8( 6.001 -11.6( -1.02) 4.9( .44) .2( .02) 8.8( 791 .696 1.216 .?61 .534b0 2e4( 8.001 -3.74 . 771 1.1 ( .10) .6( .06) 5.9( .579 .659 1.187 .259 .5468 3.0(10.003 .it .01) .7( .06) 1.2( .103 1.8( .16) .641 1.175 .257 .545
Sn 3.7(17.00) 11,3g ,99) .5( .05) 5.6( .4%) 1.8( .16) .648 1.169 .258 536g 4.6(15.001 9.3t ."?) 1.0( .091 5.4( .47) 3.5( .113 .677 1.165 .268 .529

6.1(20.00) .0( .03) .0( .00) 4( .03) . 3( .0?) .694 1.161 .276 .526
8.2(27.00) .3t 03) .0( .00) .lt .01) 4( .04) .697 1.159 .277 .528

10.7(35.003 0.0( 0.001 0.0( 0.005 0.0( 0.001 0.0( 0.071 .705 1.168 .286 .541
13.1(43.001 .48 .031 .ot .00) .It .01) . 2( .0?) .714 1.181 .300 .557
15.2(50.001 .2( .02) . 3( .03) .2( .02) .lt .01) .717 1.185 .306 .56416.8(55.001 .0( .001 .4( .03) .2( .011 .0( .011 .717 1 183 .306 .564
17.7(58.001 .it 01) . 3( .02) .0( .005 .0( .07) .717 1.182 .306 .565
18.3(60.003 4( .03) .4( .03) .0( .00) . it .01) .718 1.191 .306 .565
18.9(62.00) .8( .C73 .0( .00) .It .01) .It 011 .719 1.161 .307 .566
19.5(64.00) .2( .01) .2( .01) .It .01) . 0( .00) .721 1 182 .307 .566
20 1(66.00) .3t 0?) 1.0( .09) .3t .02) .It .91) .722 1.194 .308 .566
20.5(67 391 -2.0( .19) -1,3( .111 -2.2( .19) -5.It .45) .722 1.185 .308 .564
20.7(68.001 -7.8( .691 -6.7( .598 -9.It .801 -10.2( .911 .720 1.194 .305 .560
20.9(68.50) -9.9( .891 -10.4( .92) -20.6( -1.82) - 7. 7( .69) 716 1.1d0 .297 .556
21.0(69.001 3.3( .29) 2.5( .22) .3( .02) 5.48 47) .717 1.179 .292 .557
21.2(69.50) -15.8( -1.373 .9( .06) -22.4( -1.971 -19.7( -1.711 .720 1.183 .287 .555
21.3(69.871 -12.58 -1.13) -7.4( .65) -6.94 .61) -4.8( .4?) .720 1.186 .281 .550

_ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ - _ _ _



_ _ _ _ _ _ - _ _ _ _ - - _ _ - - _ - _ _

FLEC47 SE ASET S TE AM GENE R ATO< SEP AR ATE EFFECTS TEST Segggs
RUN 22415
TIME = 222.0 SECONDS UNITS - ELEVATION 9E7ER(FEc71

FLUX KILOJATT/99fce**7 (iTUISEC-FT**2)

ELEVA7 ION LOCAL Flux LOCAL ouaLITY
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.eesseee eoeeeeeeeeeeeeeeeeeeeeeeee

RAD PUS - 1 2 3 4 1 2 3 4

.0( .13) .It .011 17.9( 1.59) 21.lt 1.16) 16.et 1.491 617 .775 .024 .024

.2( .50) 44.4( 3 11) 45.9( 4.13) 48.85 4.30) 4 3. 3 t 1.*19 .630 .791 .042 .039

.3t 1.00) 51.It 4.53) 6?.1( 5.47) .It .01) 63.4( 5.591 .658 .823 .057 .071

.5( 1.501 62.9( 5.548 62.7( 5.53) 21.6( 1.90) 67.0( 5.011 .692 .860 .064 .111

.6( 2.001 78. 3( 6.901 71.1( 6.44) 62.7( 5.531 49.9( 4.401 .734 .900 .089 .146

.8( 2.65) .2( .0?) . 2( .02) 96.9( 8.541 36.9( ).25) .757 921 .152 .178
1.2( 4.00) 5.4( 49) 190.1( 16.75) 55.5( 4.69) 4( 01) 761 1.140 .266 .198
1.81 6.003 -2.1( .193 134 2( 11.82) 29.2( 2.571 9.6( 851 .753 1.478 .373 .216g

ha 2.4( 9.001 -1.3( .121 100.9( 8.89) .6( .051 6. 6( 59) .733 1.726 412 .239
8 3.0(10.003 2.7( .241 1. 3 ( .29) 3.0( .271 3.6( .111 .718 1.797 416 .250
ui 3.7(12.001 14.6( 1.21) -33.7( -2.97) 4( .04) 23( .??) .726 1.734 414 .251
b3 4.6(15.001 a.5( .751 -3.6( .32) .2( .01) 3.6( .3?) .751 1.671 .399 .249c) 6.1(20.001 1 0( .09) .It .01) .3( .0 3) .3t .01) .765 1.649 .384 .247

8.2(27.00) 4( .031 .0( .001 .2( .02) 4( .049 .769 1.642 .378 .250
10.7(35.001 0.0( 0.03) 0.0( 0.001 0.0( 0.001 0.0( 0.01) .772 1.641 379 .257
13.1(43.00) .3( .Oli .2( .02) .0( .00) .it .01% .774 1 642 .382 .262
15.2(50.00) .1( .01) .3( .02) .11 .01) .Ct .03) .774 1.643 .385 .264
16.8(55.00) .0( .001 .3( .03) .lt .01) .0( 00) .775 1.642 .385 .265
17.7(SP.001 .0( .03) .3t .03) .1( .01) .0( .01) .775 1.642 .386 .266
18.3(60.00) .0( .03) .6( .05) .lt .01) .Cf 003 .776 1 641 .387 .266
18.9(62.001 .3( .0?) . It .01) .2( .02) . 6( .051 .777 1.644 .388 .267
19.5(64.001 .4( .01) .it .01) .4( .04) -2.9( .751 .781 1.652 .391 .266
20.1(66.001 -1.8( .163 1.lt .09) -1.8( .16) -12.It -1.05) .786 1.666 .394 .254
20.5(67 39) -5.7( .51) -3.3( .27) -6.5( .57) -17.5( -1.95) .788 1 676 .393 .237
20.7(68.00) -16.2( -1.4?) -15.1( -1.33) -20.6( -1.621 -19.It -1.491 7b4 1.675 .386 .226
20.9(68.501 -13.9( -1.2?) -16.8( -1.491 -21.9( -1.43) -14. 6( -1.71) 779 1.670 .376 .218
21.0(69.003 2.7( .24) 2.lt .19) 1.4( .12) .6( .059 .782 1.671 .372 .215
21.2(69.503 -16.3( -1.431 . 7( .06) -16.8( -1.49) -14.6f -1.'ll .786 1.691 .370 .212
21.3(69.971 -5.2( .459 -4.2( .37) -3.9( .3 5) -3.5( .111 .786 1.688 .366 .208

____ _ _ _ _ _



SUMMARY SHEET

RUN NO. 22503i

DATE: 4/2/79

A. TIME-A VER AGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)] - 0.178 (0.393),

2. Water flow - [ kg/sec (Ib/sec)] - 0.045 (0.100)
3. Containment tank pressure [kPa (psig)]- 34 (5)
4. Steam temperature [ C ( F)] - 154 (310)
5. Water temperature [ C ( F) ]- 102 (216)
6. Mixer pressure [ kPa (psig)] - 69 (10)
7. Test time (sec) - 1440.0

1

:(

B.
INITIAL SECCNDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(ft)] - 10.2 (33.6)
2. Initial temperaturea

Elevation
j [m(ft) ] Initial femgerature

[ C ( F)]

0.00 (0.00) 257 (494)
0.15 (0.50) 270 (518)
0.30 (1.00) 275 (527)
0.46 (1.50) 273 (523)
0.61 (2.00) 273 (524)
1.22 (4.00) -

3.05 (10.00) 274 (526)
6.09 (20.00) 274 (525)
8.23 (27.00) -

10.67 (35.00) 273 (524)

!

i

22503-1

a



c.

j

SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (Ib)] - 3.51 (7.74))
2. Liquid collection '

) (a) Outlet plenum [kg (Ib)] .- 3.98 (8.78)

(b) SG collection tank [ kg (1b)] - NA
,

] 3. Posttest drain from hot leg [ kg (Ib)] - 0.70'5(1.55)

D. FAILED BUNDLE T/Cs(1)

I 294, 295, 305, 308, 309, 310, 311, 326, 532, 549, 553, 555, 564, 565, 568, 569

i

| E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM
'

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

From primary side energy balance [kwsec(Blu)] - 1.02 x 10'(0.969 x 10 ).; 1.
'

t HTA
2. From local heat flux ( f f 4 dadt) -[ kwsec(Btu)] - 0.967 x 105 (0.921 x 10 )5

' o o

i 3. Integration to 900 sec

:

i

i
'

[

,

!
I 1. T/Cs are defined as failed based on resistance reading or T/C response.
:

i

1

|

22503-2

|

_ , . . -- _ _ _ , - __ _ . . . .-.
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*

STE AM GENER AT0A SEPER ATE Eff ECTS TE5i RUN 22503
*

_ 0.5000 EONT AlnMENT STE AM TLow # ATE (M AN SF 0
7g" I.0000
,

' s

'

y0.4000 $
O.0000 *w

% *
. =

0.3000
3 0.s000 5
d -

,
- - - - _. - -_. .

*
0.4000

0.1000 0.2000

0.0
- - '"

9.0

3 3 F 9 9 9

$ k N d ! $ h
TIMEllEC)

2.0000
- ^ ^^^^ ^ ^ 0.2901

$7E AM CENER ATOR SEP AR ATE EFFECTS TEST RUN .2250)
CHAN 53

h1.7500 $ TEAM CENERATOR CUTLET PLENUM DELTA P (PSID) 0.2500

M
<
g 1.5000
d 0.2000 ;
< a
~ 1.2500

M 0.1500 Ew
g 1.0000 g g
b / $
f 0.7500 *

0.1000

0.5000 -
/

0.0500j
0.2500

W .7,L-j-7F*
'" ''

0.0 O.0
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Refer to Appendix H text for explanation of delayed response.o
,

|
|
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4 .00 - ^ -

SEP AR ATk EFFECTS TEST RUN 2h503$7(,M GENERATOR *

(MAN 84
3350.00 CONTAINMENT PRESSURE (PSIG'

U
\ <
! g 300.00

[ 40.000 ;
_ 250.0G =

w
g 200.00 30 000 g
;

G
f 150.00 2

100.00

10.000
50.000 - (-

_ L"

-

0.0 "
0.0

8 8 8 8 9 9 9 99Ro d d a 8 8 8 883d C 8 C 3 $ c OS'
TIME - SEC

' '
$TE AM CENER ATOR SEP AR ATE EffkCTS TEST RUN 22503

CHAN 57
h350.00 MIIER PRESSURE i PSIC )

50.000
M
=
g 300.00

! h 40.000 3
~ 250.00 '

" 200.00 30.000 *

C Cw
E 150.00 -

w

0.000

100.00

*
-

-
-

i 10.000
50.000

0.0 ' ''

O.0

a 8 8 8 9 9 9 99
o d

3d C
g g 8 8 8 88S $ C OSe ~

*

TIME - SEC
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$ TEAM CENERATOR SEP AR ATE EFFECTS TEST RUN 22503
CHAN 54

} ttEAM CENER ATOR HOT LEC DELTA P (P$lD)
1.2500v

$ s.0000
t

3 1.0000 3
.

6.0000

% 0.7500 E
3 3e e
7 4.0000 W' '

O.5000

..
, . , - '. .. _,. _

- ---

E 0000 *.. ,- . - , _ , -- - y,ggn

0.0 " - - 0.0
8 8 8 8 9 9 9 *

Y Y Yd'
f!ME - SEC

10.000
^ ^ ^^ 1.4504

STE AM CENER ATOR SEPARATE EFFECT5 TEST RUN 22503
CHAN 52

j stE AM CE NER ATOR INLET PLENUM DELTA P (PSIDI
1.2500

v

7 8.0000
%
d s.0000 ;
5 *

6.0000

g 0.7500 E
3 3
e *
y 4.0000 E
* *

0.5000

2.0000
0.2500

0.0 ""g,-^--=. ^ . _ -^^^^
^

--- 0.0
8 8 8 8 . _ _ 9 9 _

.,__ _ _

9 99
d 8 8 3890 d g ggd C o R 2 C OS-

'
f!ME - SEC
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I 175.00 -- - ---- --- - - -- 347.00
STE AM GENERATOR SEP AR ATE [ffECTS TEST RUN 22503

170.00 CHAN 7

STE AM CENER ATOR INLET PLENUM STE AM PROBE TEMP" *

O 325.00 0
; 160.00 g
3 $o o

150.00 --

300.00

E I
{140.00 h* *? 275.00 .,a e$
1 130.00 6- -

120.00 2%*#a

( - 1 1

110.00
225.00

100.00 212.00
g 8 8 8 9 9 * **

,a f k' $' N $_ k_ $_ k_$_o ~
'

T!:tE - SEC

.00
STE AM CkNERATOR SEP AR ATE EFFkCTS TEST RUN 22503

CHAN 12
STE AM GEN OUTLET PLENUM EXIT V APOR FLUID T/C 500.00v m

C 250.00 - 0
5 5

-

g 450.00 g
225.00

E E

(200.00 \ h400.00
, g a
E EI Iw w"

175.00 A 350.00
*

N ~

150.00 300,00

125.00 "

257.00
8 8 8 8 9 9 9 9*
9. d g d 8 8 8 88
Sd 2 R 2 2 *o 2

*

TIME - SEC
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STE AM C(NERATOR SEPARAT[ (FFECTS TEST RUN 22503
CHAN 59

$UPERHE ATER POWER ( RW 3

20.000 20.000

C C
0 ;
$ 15.000 15.000 $
$ d
0 0
"., "

$ 10.000 10.000 $a a

5.0000 5.0000

0.0 - - ^ ^ '
O.0

8 8 8 8 9 9 9 99
9a J d d 8 8 8 88yd C S C 2 2 C 22 ,

flME - SEC

215.00 ^ - - -
- - - 527.00

STEAM CINERATOR SEP AR ATE (FFECis T[st RUN 22503

STE AM f xHAUST FLUID RTO 500.00u m

0 250.00 C
r ro o
3 450.00 g

225.00 f -
~

,O . N, 400.00 ;200.00 - ,_ ,

E rx % z

" 115.00 350.00
^

H

150.00 300.00

125.00 - - - " "

257.00
8 8 8 9 9 9 "9

E. o g s 3 g a g s8-

Sd 8 - - 3 02= -
'

TIME - $EC

- 22503 8
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gygan CENERATOR SEPER ATE Eff ECTS TEST Run 22503 *
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* *II
NODE TEMPER ATURES RUN NO. 22503I"* II

DISTANCE FROM INLET = 1.000 t FE E T) RAD.POS. I
t=$TE AM PR00E.2=futE W ALL.3=5EC FLUID 550.00

274.13 -

500.00
,

243.13 , 8
9-

w
450.00

224.13 E1

$ 2S 400.00 g111.13 % g w,

5 I
E g7 ,93 350.00

*

i \\
141.13 -

\
w

300.00

R'b ._
124.13 g, .. 7 - p - 250.00,

h.11.134 211.88
g 8 8 8 9 9 9 99

jd N N N ! $ $ $$
TIME (SECOND)

2.I *

** NODE TEMPER ATURES RUN Nb. 22503
DISTANT [ FROM INLET = 4.000tFEET) RAD.POS. I

t=57E AM PROBE.2=fuBE W ALL.3=5EC FLUID 550.00
215.00 -

-

500.00
,

O
x_ 450.00

g 225.00 a
w R

], 200.00 400.00 a

E I
h115.00 -.L 350.00

*

! ( Y'

" 150.00 % 300.00

%]| w /15.00 N % + / 250.00

101.72 ^

215.01 .|8 8 8 8 * 9 9 99
{9 d d d 8 8 8 SS

yd 0 8 C S 2 C 02
TIME (SECOND)
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236.22 - 565.19
NODE TEMPE R ATURES RUN NO. 22503

Disf ANCE FROM INLET = 10. 0 0 0 t FI E T) RAD.POS. t 550.00
!=$fE AM PROBE.2=TU8E W ALL.3*5EC Flul0

275.00 ; 525.00% :

( % 5=.00 a
* 90 250.00 XN 475.00 g.

a 3

E 225.00
'

,
450.00 g-

-

3
~- Y'

*425.00

h200.00 400.00
. \-

375.00

t15.00 C 350.00
I"167.45 333.4

I 8 8 8 9 9 "9*
o o o+

fd k k k b 6 b5-

TIME (SECOND)

308.8g 587.86
300*00 N00E TEMPER ATURE$ RUN NO. 22501

DISTANCE FROM INLET = 1.000tFE t fl RAD.P05. 4
t=STI AM PR00E.2= TUBE W ALL.3=SEC FLulo 550.00

275.00 -

-

100.00 ",
250.00 o

i

= ( O
"

\ 450.00
~

j 225.00 y
a 3#

{[200.00 400.M

5 I.*

- % 115.00 - 350.00 *

r
x
W 150.00 300.00

% ^ 3,- _.

250.00
'

125.00 =w .

.- .

.

-

r ,_
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'l

215.49

8 8 8 8 9 9 * 9
S 8 RS9a d g g g

yd C * * ~~
n

TIME (SECOND)
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307.69 585*84
300.00 NODE TEMPER ATURES RUN No. 22503

Ot$f ANCE FROM INLEis 4.000tFEEis RAD.POS. 4
t=$TE AM PR08E.2= TUBE W ALL.3=5EC FLUID $50.00

275.00 4
.,

500.00Y, d250.00
w

0
450.00

J 225.00 "

E O-

400.00 =
200.00w

", g
x-
w

$ ~
175.00 350.00

r N pVi E N
_

N
~ 150.00 300.00N Cm l

125.00 -

250.00
108.32 226.97

g 8 8 8 a = = ==

pd N N N ! ! ! !h
TIME (SECOND)

#83*II
NODE TEMPER ATURES RUN No. 22503

*

O!!?ANCE FRGW INLET = 10.000tFEET) RAD.P05. 4 550.00
t=$TE A M PR08E.2= TUBE W ALL.3=5EC FLUID

275.00 - ,
525.00

! E

(
*

$00.00. J
250.00 - %. t

475.00

9
{450.00

g 225.00
g g
< 425.00 2,,

~

3 200.00 400.00
s-

375.00

175.00 350.00
166.25 \""

331.268 8 8 8 * * 9 ==dO * * * O o oe89 g 8 8 8 0 g c;yo O A = w * m .

TIME (SECOND)

J

I
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306.11 583.00
300.00 NODE TEMPER ATURES RUN NO. 22503

OlsfANCE FROM INLET = 63.000tFEET) RAO.P05. I
t=5TE AM PR00E.2=fuBE W ALL.3=5EC Flul0 550.00

275.00 2'N :
500.00 .

, 250.00 , - g
( -u

j 450.00 w.

" 225.00 [sw
e <

as
y 400.00 Ym
a 200.00

I I75.00 350.00s

150.00 300.00

~m . _

IN:N 250.84
8 8 8 8 9 9 9 99
9o d d d j 8 8 St
yd C S C 2 C 0:-

TIME (SEEOND)

MM *'N00E TEMPER ATURES AUN No. 22503
DISTANCE FROM INLET = SS.000tFEET) RAD.POS. I

t=5TE AM PR00E.2=Tutt W ALL.3=5EC FLulO **#
215.00 -

w x ~~
.a250.00 s

*
225.00

- D N i
[s200.00

t i 400.M g
5 E
w

I 175.00 350.00

4
150.00 300.00 -

%I?5 73 256.32
.

8 8 8 8 9 9 9 o
9a d g d g y 8 SS
yd C C C 22e - -

TIME (SECOND) *
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54s.32204.62
N00E TEMPER ATURES RUN NO. 22503 5.g,00

200.00 015f ANCE FROM INLET = 60.000tFE[T) RAD.P05. 1
!=5fE AM PROBE.2= TUBE W ALL.3=5EC FLUID

N 520.00 .

270.00 am m
5

C

\
160.00 ,

500.00

5,

I" A N i
j #' 3 % 480.00 ~

f
2:' 260.00 '

460.00

xan ....,.

s s sg
d i d I 5 E EE

. . . ..

p
TIME tilC040)

$N N00E TEMPER ATURES RUN No. 22503
*

0!$TANCE FROM INLE T= 69.000tFEET) RAD.P05. 4
$50.00t=$fE AM PROBE.2= TUBE W ALL.3=$EC FLUID

275.00 N :

"
, 250.00 3

450.00
125.00 ,,

W
2

m
O

U
400.00 ts

" 200.00 \ b

175.00 350.00

\| =
150.C0 300.00

Ol'hh
-

250.23

g S 8 8 * * a ao

y | $ $ [t g* '

.o

9
- - - __

TIME (SECONO)
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3bbb0 NODE TEMPER ATURES RUN NO. 22504
'

DIsfANCE FROM INLET = 66.000tFEET) R AD.POS. 4 550 M
t=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

275.00
- -

500.00
N N u

w250.00 % s

450.00g m
225.00

.
m

I 5
w * ' It'

S 200.00
i ; e

i
350.00
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i ~

1

300.00Nj 150.00

% 259.10126.17

! 8 8 8 8 9 9 9 99
S SE9a p d d g E* * ~"

S' yd ~
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(
b

.

!
!

545.3'285.19
, NODE TEMPER ATURES RUN NO. 22503 540.00
4 DISTANCE FROM INLET = 60.000WEis RAD.P05. 4

280.00
! t=STE AM PR00E.2= TUBE W ALL.3=SEC FLUID
1

520.00
270.00 ,

,

j w
r

=
Q'

j
U

i

500.00 =
i j 260.00

h
W \ h

] E \ - 480.00 6-250.00
*

5
r

j 3240.00 s 460.00
. -

'
-

230.00
-

'

'

'' "
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. 8 8 8 9 . 9 9 9o
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SUMMARY SHEET

RUN NO. 22608

DATE: 4/3/79

A. TIME-AVER AGED RUN CONDITIONS

1. Boiler steam flow [kg/sec (Ib/sec)] - 0.179 (0.395)
2. Water flow - [ kg/sec (Ib/sec)] - 0.046 (0.101)
3. Containment tank pressure [kPa (psig)]- 172 (25)
4. Steam temperature fC ( F)] - 155 (311)
5. Water temperature [ C ( F) ]- 123 (254)
6. Mixer pressure [ kPa (psig)] - 153 (28)
7. Test time (sec) - 1440.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(ft)] - 2.3 (7.7)
| 2. Initial temperature

Elevation Initial Temgerature
[m(ft)] [ C ( F)]

0.00 (0.00) 294 (481)

0.15 (0.50) 264 (507)

0.30 (1.00) 275 (527)

0.46 (1.50)' 273 (523)

0.61 (2.00) '273 (524),

1.22 (4.00) -

3.05 (10.00) 274 (526)

6.09 (20.00) 274 (526)

8.23 (27.00) -

10.67 (35.00) 274 (526)

,
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SUMMARY SHEET (cont) !

C. MASS BALANCE COMPONENTS
i

1. Steam probe purge steam [kg (Ib)] - 4.07 (8.98)

2. Liquid collection

(a) Outlet plenum [kg (Ib)] - 4.60 (10.14)

(b) SG collection tank [kg (Ib)]- NA
3. Posttest drain from hot leg [kg (Ib)] - 1.42 (3.14)

|

D. FAILED BUNDLE T/Cs(I)

| 294, 295, 305, 308, 309, 310, 311, 549, 553, 555, 564, 565, 568, 569

; E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

1. From primary side energy balance [kwsec(Btu)] - 1.10 x 10'(1.04 x 10')
'

t HTA
2. From local heat flux ( f f 4 dadt) -[ kwsec(Btu)] - 0.897 x 105 (0.854 x 10 )5

o o
i

3. Integration to 900 see

i

.

. ' . T/Cs are defined as failed based on resistance reading or T/C response.

!
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$TE AM CENERATOR SEP AR ATE ETTECTS TEST RUN 22608;

| IEW CMAN 7

# STE AM CEN(R ATOR INL(? PLENUM $TE AM PROBE T[MP
-

j

l O 325.00 0
, w IGS.M w

. 3 5
' E

I#'# 300.00
'

s E*

1 =
g 1*0.M 7
0 275.00 0

t a.s
1a gyg,gg 3

-_

250.00-
W 00

110.00
225.00

100.00 ^
' ' 212.00

8 8 8 8 9 9 9 *o
o o o oo

9 8 R 8 8 C_ S_ 2_ 8_go ~ - -

TIME - SEC

2/5.00 ^ ^ ^^- -- ^ ^ ^ ^^^ 527.00
STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 22608

CHAN 12
500.03STE AM CEN OUTLET PLENUM EXIT VAPOR FLulo T/C mu

\ a

0 250.00 w

E E
oo -

g 450.00 g
225.00

w w

5 5
- 400.00 ~

: 2m.m m
E E
x I
w w ,j

"

" 175.00 350.00

1

150.00 300.00
'

125.00 -
-- - ' 257.00

8 8 8 8 9 9 9 99
90 d J d 8 8 8 38
Sd 0 S C S $ C 02 I
* 'TIME - SEC

|

22608 7



|
|

25.000
-

^ ^ -^ 25.000
STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 22608

CHAte 59
$UPERHE ATER POWER ( KW )

20.000 20.000

C C
; O
i 2

o, 15.000 15.000 o

d d
aa

$ 5
10.000 $

.' 10.000
,

m

5.0000 5.0000

0.0 - 0.0

8 8 8 8 9 9 9 99
90 6 d d 8 8 8 38
sd 0 S e 2 $ c OS

TIME - SEC

*
*

STE AM CENERATOR SEP AR ATE EFFECT5 TEST RUN 22608

500.00STE AM EIM AUST FLU'D RTD mw

C 250.00
- C

r =
u o

450.00 gg
225.00 g" -- -

E E
q % 400.00 ;

200.00 m .

E E
* 1K

"
350.00175.00

~
150.00 F/.00

125.00
* ' - 257.00

8 8 8 9 9 9 ==

9. a 8 y 38j d f g
~ - $ 22SSd -%

'
TIME - SEC

22608-8



- . m

4

3

.

333.75
- - - 881.31

> STE AM GENER ATOR SEPER ATE EFFECTS TEST RUN 22609

| (1)s M A55 14 ( 2 )* MA55 0UT ( 3 )= MA55 STORED

i *'' *" '

350.00

700.00

300.00

600.00

250.00 --

h - 500.00) .
55 ** 200.00

E 400.00 I

I
150.00

300.00

100.00 200.00

'50.0C0 t00.00

-0.8380 7 7 d $ ' ' " " -0.9661

= = 9 9 9i 8 8 8
' ~ d d g R f R 8j

d 6 a c - 2 - e
a

TIME (5EC

i

316'31
^ ^^ 300.00
STEAM GENER ATOR SEPER ATE EFFECf 5 TEST RUN 22608

300.00 SEEongARY 70 PRIMARY TOT AL ME AT FLOW R ATE -

FROM PRIM A R Y LOOP DATA 3
250.00 *

e

'
{ 250.00
j $ ?

**
- *

200.00
| = 200.00

E 5
I

' 's$ 150.00
150.00 .ss

%

: %-u
Y tM.00

100.00

\
50.000 - 50.000

0.0 - " "" 0.0

8' 8 8 9 9 9
9 d ,8 d $_ 6_ @

#

~ _

?!MEtSEC)

'

.

22608 9

.

u y w 9 - - >n.s



l

|
i

1.4400
-^ 1.4400

ST( AM GEN (RATOR 5(P(R A1( (if(CTS f(Si RUN 2260s

thL(1 PL(NUM 00 ALITY
_

l.0000 1.0000

MMhhw
0.75000.7500

: E
:: *

. 0.5000 gg 0.5000

.

0.2500 0.e500

4

0.0
''

O.0

8 8 8 9 9 *

'

O k I N ! $ $
flM((5(Cl

i
i

'' ''
ST( AM GtBER ATOR 5(P(R Af( (if(Cf5 f(Si RUN 22600

001L(1 PL(NUM 00 AllIT
1.2500

- I.2500

I

^ ^ - - - - - - - ^ -- 8.0000l.0000 -

c - -
- -_-m

0.7500 0.7500

: E
:

hh0.5000 0.5000

0.r500 0.e500

0.0
-

- "" 0.0

s 8 a e e e
q

E N E
g g g- - -

,

. _, o
11Mits(El

i

i

| 22608 10
i

!



M:N NODE TEMPERATURES RUN NO. 22608
*

OISTANCE FROM INLET = 1.000 t FE E T) RAD.Pos. t 550.00
t=STE AM PR00E.2=TUDE W ALL.3=$EC FLul0

275.00 - ,

w

500.00 .

o

,250.00 g
u

-

5 225.00
.

450.00 E.

5
\

k ( 400.00 E*E E
3 200.00 -<
5
I I15.00 350.00

A
300.00150.00 w

t. -
.

126.86
^^ ' ' '

260.35

es B R-
8 * 9 * 98 8a. .
~ _ a_ y saa g-

==_

'
TIME (SEEOND)

M;h NODE TEMPER ATURES RUN NO. 22608
DISTANEE FROM INLET = 4.000tFE E T) RAD.POS. 1 550.00

!=5fE AH PROBE.2= TUBE W ALL.3=SEC FLUID

215.00 -
,

500.00 .

w250.00 -- s

450.00 E- g
w 225.00

5m
I5 *

; 2W.00
-

W
5
I 115.00 350.00
: T y-

N .
"

150.00 300,00

-''""

128.37 264.14

8 8 8 8 9 9 9 99
9o d d d 8 8 8 Ra
2d C S C = 2 C 0:
'

TIME (SECONO)

22608-11



.--

*

b NODE TEMPER ATURES RUN NO. 22608
; O!STANEE FROM INLET = 10.000tFE E T) RAD.POS. t 5 %.00

!=STE AM PROBE.2= TUBE W ALL.3=SEE FLUID

275.00 p _

500.00 .

w
250'00 S*

0 ~

J \ \ *2 #
--

g 225.00

E 400.00

R 200.00 $s
.

4 el<=
,

350.00
I I 175.00

=

/ 300.00'

150.00

\/j.
~ ~ 261.27127.37

8 8 8 8 9 9 9 "9

i 9o a d d 8 8 8 R8
~ 2d 2 S C 2 2 C OS

' TIME (SECOND)

i
;

i
I

N'N NODE TEMPER ATURES RUN NO. 22608
<

j O! STANCE FROM INLET = 1. 000(F E E T) R AD.POS. 4 5 9 ,00
t=STE AM PROBE.2= TUBE W ALL.3=SEE FLUID,

275.00 m
C

500.00 .

"
w

250.00 9
| 0

450.00 g
j Rg 225.00

c\ . *
-n

-

IY k 400.00
R 200.00 3

*

%
w

350.00I 15.001

1 :
.

l % '
150.00 - 300.00

^~~ 7 265.09129.49

8 8 8 8 9 9 9 99
g @ 8 Rd9o d g CRd 2 C tg4

o - - -

' TIME (SECONO)

!

22608-12

. -. - - . ..



.

!03$b N00E TEMPER ATURE$ RUN NO. 22608
Ol$TANCE FROM INLET = 4. 000t FE E T) RAD.P05. 4 5 % .00

ta$TE AM PROBE.2= TUBE W ALL.3=$EC FLUID
275.00 *

.

$00.00 -

A, e250.00 a

450.00 E
225.00

= | 400.00 -

2 200.00 6
-

:
1 175.00 ,

P-
** "

'Q'
150.00 300.00

it..n
--=

to . . .
g 8 8 8 9 9 * **

a9 i g i I k R H
h O * ** * **
"

TIME t$ ECON 01

N5:$0 *

N00E TEMPER ATURES RUN NO. 22608
Dl5fANCE FROM INLET = 10.000tFEET) RAD.PO$. 4 550.00

!=$fE AM PROBE.2= TUBE W ALL.3=5EC FLUID
275.00

C
500.00

250.00 - , g

N 450.00 g-

9
225.00

5 200.00 I

e

I 175.00 350.00
#

i '
/ -s

150.00 300.00

NU^^
129.22 264.59

a. . -
8 8 9 9 9 9"8

| 2d k k
p g S 8 88*

,

2 C 12~ -
'

TIME (SECOND)

|

|

|

!

! 22608 13
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b;bd N00E TEMPERATURES RUN N0. 22608
*

DISTANEE FROM tNLET= 63.000tFEET) RAD.905. 1 550.00
!=STE AM PR08E.2= TUBE V ALL. 3=SEC. Fluf 0

%275.00 '

500.00h g
250.00 E0 N

w
450.00 g-

$225.00 0
\ \

h
400.00 x

C 200.00 N
w
a

hii;.00 - 350.00

,
, 300.00150.00 'hW~

134.05 13. 8
o o o 9 99o 8 8 o d 5 g SE( N E $ b C

oa
7 TIME (SEEONO)

M:N N00E TEMPERATURES RUN NO. 22600
*

DISTANEE FROM INLETS 66.000tFEET) RAD.P05. t $g
t=$fE AM PR00E.2= TUBE W ALL.3=5EC FLulo

275.00 C
500.00 ;

N
2'0.00

O N 9'
,

| 450.00 -
w

-

N
$225.00

I ~
O
"

! r 400.00 $
{200.00 e

-

"
,,

350.00
tT5.00

g
C

* _
300.00w

'

133.20 271.T6
o o 9 9 "8 8o
9 e o 8 S38 a d g 8 0~ e "a9 g S ~ ~

7
TIME (SECOMO

22608-14



r

l

!

8 NODE TEMPER ATURES RUN NO. 22608
DISTANCE FROM INLET = 60.000(FEET) RAD.POS. t

| 280.00 ta$TE AM PR08E.2= TUBE W ALL.3=SEC FLUID
' E

270.00

N 5
- 260.00 500.00 o

$250.00 $
9 475.00 7
g 2:0.00 ,. h

1? 450.00 g
$ 230.00 $*

1 A
g 220.00 425.00

'
2\0.00

400.00

kb --*
_

386.29

) 8 8 8 9 9 9 ==

,4 * d N d I E $ EE
. - - - --

TIME (SECOND)

Nd.bh NODE TEMPER ATURES RUN NO. 22608
*

DISTANCE FROM INLET = 69.000(FEET) R AD.P05. 4 5 %.001=$TE AM PROBE.2= TUBE W ALL.3=SEC FLUID

215.00 -

500.00 g
w250.000 } \ S

g i N g450.00
225.00g

k 400.00
; 200.00 w,

E t15.00 1 350.00

b
k l150.00 300.00

-

'' -

273.62134.23

g 8 8 8 9 * = ==

49 k N N $ k $ E E,.n - - -~ o'
TIME (SECONO)

l

22608 15
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b N00E TEMPER ATURES RUN NO. 22608
"

0! STANCE FROM INLET = 66.000tFEET) RAD.POS. 4 550.00
t=STE AM PROBE.2= TUBE W ALL.3=SEC FLul0

275.00

250.00

450.00 g,
*

;g 225.00 s

5
b*

0 200.00

.

I t75.00 350.00

\ k_~

x
150.00 Q 300.00

133.63 0 272.54

8 8 8 8 9 9 9 '9
9o d d & 8 8 8 88
2d C a C 2 2 c OS
'

TIME (SECOND)i

|
i
!

i

555.54gg,g
N00E TEMPER ATURES RUN NO. 22608 550.00

0! STANCE FROM INLET = 60.000tFEET) R AD.POS. 4
280.00 l=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

525.00" %, "
270.00

'

- 260.00 500.00 o

" 250.00
' E

}$ 475.00'
ww 240.00

.00
230~00

i %
w 220.00 425.00

N-
210.00

f
400.00

"" 2 386.29

| 8 8 8 8 9 9 9 9*
d 8 8 8' S8

! 9e d g
C S 3 C OS' 2d C o

'
TIME (SECONO)

|

T

22608-16



*

FLUID TE MP. FOR R ADI AL P05.NO. ! RUN 22608
(t)=0ATA SCAN NO. 13

300.00 (2)=0 A T A SCAN NO. 277 PLOT INTERV AL= 24 SCANS
550.00

0 ^ ' - - - "" "
275.00

-

500.00-- _.

c50.0. .
. ,,

-

_

[g .- , 450.00 g~3 ,:m" / / - ~- r :

JN
% ggg,co

.

/
. .

4 % .00
"

t75 00 350.00

150.00 300.00

W<- N
if3:88 '- #60.00

8 8 8 8 8 8 8 c
2 R R R R R R R
d S 8 2 ? S S 8

DISTANCE ABOVE OUTLETIFEET)
,

320.00
FLul0 TEMP. FOR RADIAL P05.N0.1 RUN 22608
(1)=0 AT A SCAN NO. 13

300.00 (2)=0ATA SCAN NO. 277 PLOT INTERV AL= 24 SCANS
550.00

" 275.00 ^ '
g ,.

s / h Nh/
<

250.00 j -, ,,,
E / 450.00 $'

j
% 225.00 | ./7 / Q

) 400.00 "

200.00 t { { J j (u. w

/ / /- -
-

175 00 350.00

D b- O||bWc,50.00 __.--g-
::

A-
_ g f y 300.00r

J:

l
if3.88 - -

ess.00
8 8 8 8 888888 8 8 8 8888EE 8 8 8 8888EE
S 8 8 T SS= 8 8 8 8 8= 9 9 9 9Roo.od
d d dddd s 4 o; . .r;us# 8 2 2 88E55E*

DISTANCE AB0VE INLET (FEET)

22608-17
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._

l

|
l
|

|
|

|

bbb!bb*

FLul0 TEMP. FOR R ADI AL P05.NO.1 RUN 22608
(' -1ATA SCAN NO. 13

300.00 (2)=u A T A SCAN NO. 277 PLOT INTERV AL= 24 SCANS
550.00

~

, 275.00 ~~ p' ^^ "
./ .

),-%"nD 500.00 $#O - .-y
9 250.00 - # ! # ' I ^^ ^

/ O f" - - s .
S

,

1 w/~ y/ /E ,
> ) h %E O'%

> 2a
$ ggg'nn / /' / '//%/ j

/ /r - ww

$ pan,co ) } /% | 600.00 t>
'

w/ / / f v
(r

w
~ ~

/ i
,

175.00 / # 350.00, ,

s( --- J
150.00 - - - r 300.00Bliiiiiuspi-iin-W48e
if3:88 1 4 .00

E $ $$E
a a a a saw a a um easua~ .n

DISTANCE ABOVE QUTLET(FEET)

t

|

|

|

l
!

|
|

22608-18
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FLFr47 MetteT tTE4" c.*NFt4TDR SEPARATE EFFECTS TEST SERIESRUN 22608
TIME 126.0 5800435 UNITS - ELE V4 TION METEt(FEET)=

FLUX FIL 0dA T TIFE TEP.**2 ( B TUISEC-F T **2 8

ELEVATION LO 4L Flut LOCAL 3UALITY
s e ee e eesseee eeee e eeee ee eee eeeee eee eeee ee eeeee eeeeeeee eeeeee eeeeeeeeeesseeseeeeeeeeeeee

R41 P1$ - 1 2 3 4 1 2 3 4

.ht 13) 4( .e41 P1.1f '.9R1 42.b( 3 70) 24.2( 2.13) .643 .765 .855 .666
2( .50) 1.?( .101 21 0.5 ( 19.951 222.5( 19.6L) 60.2( 5.31) .644 .P35 931 .888
.3( 1.tc) 21.1f 7.P91 51.S( S.911 4.6( 411 7.84 .69) .65C 911 1.CC1 .905
.5( 1.50) -3.5( .'11 -4.*( .431 -2.lt .19) 1 4( .12) .654 917 1.t4 6 901
.6( 2.i t 1 1.7f .'"1 19.7( 1 681 8.9( .78) 11 1( .98) .651 919 1 401 .899
.at 2.65) 1.7( . ' 51 62.4( 5."01 29 1( 2 57) 13 3( 1.it) .646 .951 1 014 .900

1.2( 4.001 13.5( .all 7.lt .631 6.ut .53) 1.6( .14) .646 971 1.015 .892
83 1.8( 6.001 1.4f 191 1.*( .291 3. 6( .31) 11.2( .99) .644 949 .989 .887y 2.4( 8.00) .R( .a71 .2( .021 -2.Lt .181 70( .61) .635 928 964 .892
c3 3.u(14.CGI ).of P.aal 0.3( S.001 0.C( 0.001 0.0( L.wel .628 919 953 .887
90 3.7(12.tti .4( .F41 .1f .911 .2( .02) -1 7( .15) .623 914 947 .878$ 4.6(15.00) ?.It .la) 4( .351 .3( .C3) .7f .061 .624 .909 .941 .870

6 1(20 001 3.0t 0.ent S.0f S.001 0 0( C.CC) 0.0( 0.bc) .628 905 935 .865
8.2(27.00) .1( .eti lf .*11 . 2( .01) .4f .03) .630 .9G4 .935 .868
10.7(35.(c) 7.0( 0.e01 1.it 3.601 0 0( b.CC) 0.WI 0 001 .635 .908 .940 .874

e 13.1(43.tti .rt .aat .St .iol .0( .00) .ut .0C) .638 .912 944 .878Q 15.2(5L.001 9.of P.**1 i.St 9.301 0.Lt 0.001 0.0( 0.003 .639 .913 .945 .87816.8(55.CC) .0f .ent .1( 331 .ot .003 .Dt .00) .639 913 945 878D 17.7(58.tt) .pt .ral .Sg . t101 .g( .oct .e( . Col .639 .912 .945 .87918 3(60. Col S.0f 0.*01 1.9( 3.Sil J.4( L.0wl 3.0( C.0t l .639 912 946 .879
18. 9( 6 2. ( L ) 1( . net .i t .011 .cf .001 .0( .00) 639 913 .947 .880
19.5164.ts) .It *11 .3( 125 . It .011 .bf .001 .640 .914 .948 .880.

Q 20 1(66.CC) 4f .641 1.3t .111 4( .04) .lt .01) .641 916 .948 .88C20.S(67.381 .4f .*41 9( 901 . 4( .041- -1 6l .141 .642 .918 .949 .880
20.7(68 0C1 .4( .**1 .5( .951 .6f .951 -1 61 .14) .642 .918 .948 .878C==2 20.9(68 50) -1.7( .191 -1.*( .'151 -2.2( .2Cl -2.3( .201 .642 .918 947 .877Q 21.0(69.(L) .18 .F?1 .it .131 .3t .03) .31 .031 .642 .917 947 .877

% 21 2(69 5C) -5.6f .401 S.5( .'21 -6.7( .591 -16 2( -1.42) .645 .918 .946 .874
21.3(69.67) -17. r, ( -1.=n1 -9.tt .721 -P . 3 t .731 -4.7( .42) .646 917 .944 87C

h
r==>

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



. _ -_ _ --

FLFCHT eett*T STF 4" G8Nr%473P SFP AR ATE EFFCCTS TE ST SERIES
RUN 226C8
TIME " 42C.3 SF* nN9 5 UNITS - ELEVATION ME TEs( FEE T)

FLUK KILOWATT / METER **2 (BTU /SEC-FT**2)

ELEVATION
e e e e e e e * * e . . . . . . . . .L. O* 4 L. . .C L U M LOCAL QUALITY

... ................................ ........eeeeeeeeeeeeeeeeeee
eni pqs - 1 2 3 4 1 2 3 4

.gf .13) .2f .a11 10.9( 961 9.Lt .79) 11.4( 1 41) .646 765 .851 .866

.2( .!L) 29.ef P.All ?2.*( ?.991 33.6( 2.96) 32.8( 2.89) .655 777 .863 .877

.3t 1.(C) 43.6f 1."31 "?.41 4.A21 .4f 03) 50.7( 4.473 .676 .803 .873 .902

.5( 1.5C) -11.9( .att 29.11 ?.?ll - 41. 9 ( -3.7cl -30.lt -2.651 .685 .827 .860 . 90 8

.6( 2.l t ) 22'.4f 10.6*1 1.4t .121 7.L( .61) 12.9( 1 13) .749 .835 .849 .901

.8( 2 65) 1.Pt 1A1 1.9t .1'61 R8. 3( 7.781 31.2( 2.753 .815 .834 .888 .915
1.28 4.00) 13.7( 941 6.4( .561 5.Hf .51) 1.5( .13) .816 .829 920 .915
1.8( 6.001 -1.6f .'71 -?4.St -?.121 4. e( .41) 10 5( 92) .804 .784 .907 907
2.4( 8 00) -3.9( .141 -29.It -?.479 . 8( .07) 6.4( .573 .778 .705 .893 998g

N 3 0(1C.t 6.) 3."( n.**1 0.1f 3 001 0.C( 0.001 0 0( 0.00) .76C .664 .883 . 90 1
$ 3 7(12.CCI S.9t 761 14.9( 1.741 9( .sP) -1.3t .12) .756 .682 .876 .891
go 4.6(15.CC) 5.St 4m1 11.lt 981 1.It .lui .0t .00) .768 .726 .873 .884
ba 6.1(20.t0) 9.cf P.Fa1 i.St 1.001 C.0( 0.091 0.0( 0.0C) .779 748 .870 .8800 8.2(27.t01 ?,7f .?41 4.?( .171 .1( .01) 1.6( .14) .791 .766 .870 .886

16. 7( 3 5.r/ l 3.pt e.nel 3.3t 0 001 3.cf 0.001 0.0( 0.00) .805 .789 .875 .898
13.1(43.L0) .It .*11 .1't .ill .bt .96) .1( .01) .8J8 .792 .880 .901lY 15.2(50.CCI 3.08 6.eol 0.St 1.909 D e t,( 3.wbl 0.3t C.00) .RJ8 .792 .880 .901

1 16.8(55.CC) .et .ael 9t .001 .Ct .001 .0( .vul .807 .792 .879 . 900
17.7(58.Lol .et- .rel .if .imi .Lt .003 .Ot .94) .837 .792 .880 .900(p_ J) 18 3(60 88i S.e( n. net i.St 1.301 0.01 0.001 0.0( 0 001 .807 .792 .881 .9.1

c ---- 18 9(62.tt.) .rt *el .it 111 .Ct 001 .0( .00) .808 .792 .882 .902.

19.5(64.C0) .0f .eet .?f .121 .Cf .COI .2( .01) .R39 .794 .P83 9C2
20.1( 6 6.t C ) .It ."11 1.lt 391 .It .018 .7f .06) .811 .797 .884 903
20.5(67.38) -1.#t .171 -1.It .101 -1.9( .171 -4.8( .42) .811 .799 .884 901

- 20 7468.00) -4.?( .""1 -1.7f .501 -6.2t ."Si -T.5( .66) .RIC .798 .883 .898g) 2. 9(o8.50) -7.ot .Tel -9.6f .761 -12.7( -1 123 -6.4( .57) .808 .794 .879 .897
m 21 0(69.CC) ?.58 .'') 2.)t .171 .6( .05) -2.3t .26) .811 .795 .879 900

- 21 2(69.5c1 -17.1f -1.601 -S.6f .?11' -14.58 -1.28) -10.54 .921 .819 .799 .879 900
21.3(09.873 -4.6r .411 -4.5( .161 -3.6f .32) -2.7( .24) .824 .803 .876 .898

5.j
F %

&

__ - ____ _
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eLFCHT tr trT tTF4w genet 4739 SEP AR ATE EFFECTS TE ST SERIESa

RUN 226C'
TIME 72c.0 Sc:0N15 UNIT S - ELE VA TION PETErt FEE T)

=

FLUX WILOWATTrFETER**2 (BTUrsEC-FT**2)
E EV4 TION L O 4L FLUr LOCAL QUALITYL

seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeees
80 POS - 1 2 3 4 1 2 3 4

01 .13) .1( .P11 1.51 .491 3.8t .341 3.3( .20) .647 .766 .851 .865
.2( . 54 1 13.1( 1.1 A1 15 0( 1 3?1 14. 78 1.29) 14.5( 1.28) .651 771 .856 .e69
.3t 1.04) 17.71 1.*61 19.9( 1.741 . 2t .w2) 22 08 1 94) .660 781 .860 .880
.5( 1.50) 13.6( 1.731 16.9( 1.491 12.98 1.141 26.88 2.36) e672 .793 .864 .896.6t 2.t s. ) ?6.4( ).111 21.6f 1.*21 17 2( 1.52) 21 21 1 87) .686 .804 .873 .911.88 2 65) *( 641 27.4( '.411 20 2t 1.78) 16.31 1 44) .693 .e23 .888 .924.

1.2( 4.CC) 13.7f 1.?11 10.?( 001 7. 9( .70) 1.3t .11) .708 .e42 .902 9251.8t 6.Lb) 5.2t 461 6.6( .591 4 11 .36) 11.2( .99) .723 .847 900 922g
N 2 4( 8.tcl 1.3( .111 1.3( .1'21 .St .05) 6.6( .60) 715 .e39 .885 .924$ 3.Jt10.nkl 3.6( f.991 1 1f 1 101 0.0( 0 001 0 0t 0 00) .699 .826 .868 916
(io 3. 7( 12. C C ) .6f .P61 .5( .141 .11 .01) -1.4( .12) .688 .817 .e58 . 90 5b3 4.6(15.CC) ?.0( .171 .6( .051 .it .01) .3t .03) .686 .P12 .852 .895""

6.lt2C.(C) 3.nt P.amt 3.0t 4 001 0 01 0.031 0.01 0.00) .691 .e08 .846 .889
8.2(27.(C) s.9( 781 .St .02) 2.Of .181 5.38 47) .729 .846 .852 . 91C10 7( 35 8 k i S.6( 0.9*1 3.3t 1 331 0 0f 0 001 0.01 0.00) .765 .805 .861 .933
13.1143.tt) .6( .FA) .48 .141 . 2( .02) .St .04) .762 .e04 .861 .931pT 15 2(50.C0) 0.0( 0.601 03( ).131 0.cf v.uGI C.Gt 0.00) .762 .e04 .e62 93116.et$5.tc) ."( .*al .0( 901 .Ct .00) .08 .90) 764 .007 .864 .933' '

17.7(58.LC) .Ct *C1 .1t .931 .Lt 00) .0( .0L i .765 .807 .866 .934.

(r 2) 18 3864.pt) S.et e.901 1 0f 1.S31 0.01 0.003 0.0t 0 001 765 .808 .867 .935
18.9(62.(t) .C( .""1 .it .301 .0( .0c) .lt .01) .767 .e09 .869 .937hh 19.5(64.CC) .0( .601 . I'( .ill .C( .001 .3t .62) .769 .812 .873 .93929 1866.CC) .cf .nal 7f .061 .0( .00) -1.18 .10) .773 .817 .877 .942
20.5867.38) -3.1( .'71 -?.3( .21) -3.lt .27) -6.St .57) .774 .820 .879 .941' '

20.7168.LG) -e . it .7'1 -7.4( .691 -0.1( .721 -8.78 .77) .773 .819 .878 .939% 29.9(68.*L) -a.3t .741 -0.?( . ell - 11. 3 t -1.001 -7.51 .66) .773 .e17 .875 .939
21.0(69.001 ?.4t 511 1.9( .16) .6( .06) -1.6( .14) .778 .818 .876 .944
21 2t69.50) -7.7f .AR1 -9.6( .e51 -7.48 .66) -5.91 .52) .786 .E21 .878 94621.3869.871 -1 7( .191 -?.3 t .201 -2.2( .193 -2 18 .19) .789 .e22 .877 .945 t
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SUMMARY SHEET

RUN NO. 22701

DATE: 4/4/79

i

' A. TIME-AVER AGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)] - 0.179 (0.395)

2. Water flow - [ kg/sec (Ib/sec)] - 0.045 (0.100)

3. Containment tank pres 8ure [kPa (psig)]- 172 (25)

4. Steam temperature [ C ( F)] - 155 (311)

5. Water temperature [ C ( F)]- 122 (251)
6. Mixer prossurc[ kPa (psig)] - 193 (28)

7. Test time (sec) - 1439.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE
,

1. Level [m(ft)] - 10.1 (33.1)
2. Initial temperature

Elevation Initial femgerature
En(ft] [ C ( F)]

0.00 (0.00) 262 (504)

0.15 (0.50) 271 (520)

0.30 (1.00) 274 (526)

0.46 (1.50) 273 (523)

0.61 (2.00) 273 (524)-

1.22 (4.00) -

3.05 (10.00) 274 (525)

6.09 (20.00) 273 (524)

8.23 (27.00) -

10.67 (35.00) 273 (524)

22701-1
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS ,

1. Stoam probe purge steam [kg (Ib)] - 3.19 (7.04)

2. Liquid collection

(a) Outlet plenum [kg (Ib)] - 4.48 (9.87)

(b) SG collection tank [kg (Ib)]- NA
3. Posttest drain from hot leg [ kg (Ib)] - 1.29 (2.85)

D. FAILED DUNDLE T/Cs(1)

294, 295, 298, 375, 309, 310, 311, 321, 326, 532, 549, 553, 555, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

5 5
1. From primary side energy balance [ kwsec(Btu)] - 13 x 10 (1.08 x 10 )

t HTA
5 52. From local heat flux ( f f 4 dadt) - [kwsec(8tu)] - 0.960 x 10 (0.914 x 10 )

o o

3. Integration to 900 sec;

;

1. T/Cs are defined as failed based on resistance reading or T/C response.a

e

22701-2
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STE AM CENERATOR SEPER ATE EFFECTS TEST Run 22708
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8 8 8 9 9 9

i R' E" $ 6 $_9 -.
flMEtSEC3

i

g,g 3
- - - - - -- - - 1.2000
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,, 0.M 00!LER STE AM Flow R ATE CM AN $$
*

1.0000g
' E

7 0.4000 $
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^ ''0.5u s clata AfDs septa Ah! EFhECT5 TEST aum 227015fg AM

_ 0. W 0 tonTAthMEtt ST( AM FLO W R Af( CHA4 SF 0
=v

3 1.0000 {
~ . ,

y 0.4000 y
0.0000

,

O 7
==

0. M0 -

$ 0.6000 o
, . -

m- - = _ _ ^ A

0.2000
' O.4000 x
, .

m

0. t000 0.2000

I - * ' O.00.0 -

8 8 8 9 9 9
9 N 8 5 $ k k
a ~ c A - - -

f!Mit5ECl

- - -- ---- ---- ---- 0.2%l*

STEAM CENERATOR SEP AR ATE EFFEtis TEST RUN 22701
CHAN 53

h1.7500 STE AM GENERATOR OUTLET PtrNUM DELTA P (PSIDI 0.2500
M
* AW-
g 1.5000 -

d 0.2000 ;
5 / *

1.[500

' *

3 1.0000
$ E
w w

E 0,7500 f 0.1000

/
0.5000

0.0500

[0.2500

0.0
- -

-s*| _ _ -- 0.0
w-
g 8 8 8 * * * **

si a E R Et
'

q.-
-

- - - - --

TIME - SEC

.

Reft.r to Appendix H text for explanation of delayed rasponse.o
!
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ST[ AM C(N(R ATOR SEP AR ATE [FFECTS TEST RUN 22701

*

CHAN 84
CONTAINM(NT PRE 550Rf (PSIC) 50.0005 0.00 -

P, 300.00 **
40.000.". *

5
250.00

{.0M
$200.00 *

L- - - e-
e ,

2 150.M L- 20.000

100.00
10.000

50.000

0.0
0.0 * 9 9 *9

8. . -
8 88

Sd k S k
g g g as-

d 02- - -

' TIME - SEC

*

e M.00 ST[ AM CE NER ATOR SE P AR 4 7[ [FFECTS TEST RUN 22708CMAN $1
MistR PRE 550R( ( PSIC I W.000

h350.00
M
a
Q 100.00 40.000 ;;e *
O

250.00

T" ' *.#w wi
g 200.00 W -

- ,

,
e
w *

8 150.00 20.00s

100.00
10.000

50.000

f 0.0
^ ^

"'" 0.0

g s s e e e se
S 8 S8d * d g! .o

Sd C h C % C OS-

l
' TIME - SEC

(
i

i
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ST(AM G(h(R ATOR SEP AR ATE EFFECTS TEST RUN 2h101
**

CHAN 54
j ST[ AM GENER ATOR HOT LEC DELTA P (PSID) 1.2500
v
* 8.0000
a
j I.0000 ;
. a

6.0000

E 0.7500 E
3 ?
e e

y s.0000 E
' '

]
O.5000

,

&

.0000
; 0.2500

y - =._ . :z-_:- -;- :. : ^,__ %z-2

0.0 - --
^'
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8 8 8 8 9 9 9 **

8 y R8*9a d g
E

g 2 02Rd C o - -
'

f!ME - SEC

f

10.000
- - - - --- ^ ^ ^ ^ -- 1.4504
STEAM CENER A10R $[P AR ATE (FFICf 5 TEST RUN 22708e

(HAN 52
O ST[ AM CENERATOR INLET PL(NUM OfLTA P iPSIDI g,g
u

* 9.0000
e
d 1.0000 3
5 a

6.0000

E 0.7500 E
a s

$ $
E 4.0000 y
* *

0.5000

2.0000
0.2500 |

!

l

0.0 "i -- ^ c - ~^ - - ^^ ^^- -

0.0 !-

8 8 8 8 9 9 9 99 |

9a d d d g { 8 28 |
Rd C S 0 C 02 |- -
'

TINC - SEC

|
l
1

1
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$TE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 22701
170.00 CHAN 7

"
$TE AM GENERATOR INLET PLENUM $ TEAM PROBE TEMP"

C 325.00 0
y 160.00 ;

S $
oo

150.00 9 300.00

5 Y

(140.00 h
275.00 0

.O t- _ m

i130.00 1
--

250.00
120.00 e

t10.00
225.00

100.00
^ ' '' - 212.00

* * *g 8 8

d a g g 8 S8*

2 8.o
:Ss ~ _

'

TIME - $EC

*

STE AM GENER ATOR SEP AR ATE EFFECi$ TEST RUN 22701
CHAN 82

$7E AM CEN OUTLET PLENUM Ellf V APOR FLUl0 f/C M'# *"

"
C 250.00
: -
o a

a N +s0.00 g
225.00 \

| r =
1 a s
' '"*" E200.00

|
| =

- 350.00
=

i 175.00

|
*

|
|

150.00 300.00

125.00
- - "

251.00
8 8 8 8 9 9 9 *9
*o a d & 8 8 8 88
Sd C 8 0 2 2 C ==
'

TIME - SEC
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1

STE AM CENERATOR SE P AR Ai[ [FFECi$ TEST RUN 2270:
(HAN 53

SUPERH[A1(R POWER t EW D

20.00020.000
.

CC 00
$ 35.000 15.000 $
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"

0 w

$ 10.000
- 10.000 $

a
a
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0.0
'' O.0

8 8 8 8 9 9 9 99
9o d d d 8 3 8 38
xd 0 3 0 2 2 C On
' TIME - SEC

275.00
^ - - - - --- - Si'.00

ST[ AM GENER ATOR SEP AR ATE [FFEtis itsi RUN 22701
5M*O *

$1t AM EIH AUST FLUID RfDv

0O 250.00 "

v
u *450 00
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N 400.00
, 200.00 ,

r
I w
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I75.00 -

r

150.00
- 300.00

125.00
^^ ~
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8 8 8 8 9 9 * 99

i
p g $ $ 289 d ==gs 0 - - - -

TIME - stt
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STE AM CENERATOR SEPER ATE EFFECTS TE57 RUN 22701
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; E
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N N N bd
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STE AM CinEAAf0A SEPERAi[ (f (Ci$ T[$7 RUN 22F01

INLif PL(avM OUAttiv
_
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M.h NODE TEMPER ATURES RUN NO. 22701
*

DISTANCE FROM INLET = 1.000 t FE E TI RAD.P05. 1 550.00
t=$TE AM PROBE.2=TUDE W ALL.3=$EC FLUID

275.00 -
_
m

500.00 .

, 250.00 g
u -

450.00 g.

$ 225.00 3
9 % :
W { 400.00 *

- 200.00 x\0

I' 350.00
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. . -. #
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8 8 8 9 * * 9ao

8- o o o o-
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TIME (SECONDI

M:b0 N00E TEMPER ATURES RUN NO. 22701
*

OISTANCE FROM INLET = 4.000(FEETI RAD.POS. 1 550.00
t=STE AM PROBE.2=fuBE W ALL.3=SEC FLUID

275.00 ,

. w-
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250 # N a

h3 450.00
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e <

a

$. I 0,00
'00 #

30
' % e

"
,

I 175.00 350.00I
| e N \ U

k e is
150.00 % 300.00\ yg

% % rp1
'
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8 8 8 8 9 9 9 99
d 8 8 8 S~9a d g

gd C c 2 $ c ~2c;

| TIME (SECOND)

!
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NODE TEMPER ATURES RUN NO. 22701
DISTANCE FROM INLET = 10.000tFE ET) RAD.POS. t $50.00

is$T[ AM PROBE.2= TUBE W ALL.3=5EC FLul0'

275 00 '

% c-

500.00% i~
: 'sc o* x m ;

5 . 450.00
"
y

'
9 225.00 <

5w

3 400.00 b
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%
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,,

N b0 *

NODE TEMPER ATURES RUN NO. 22701
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i TIME (SECOND)
|
!

|
l
,

| 22701-12

.



.

578.89303;a3
-

,w Du N00E TEMPER ATURES RUN NO. 22701
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NODE TEMPER ATUR[5 RUN NO. 22701
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l=5fE AW PR00E.2=iUSE WALL.3=5EC FLUl0
275.00

""\,N :s
250.00 .

450.00 %K (o

e 225.00 g
W r
R 400.00 E

< 200.00 %

r
X

350.00U 175.00 p

(
150.00 3 300,r

140.04 204.07

8 8 8 8 9 9 9 99
9o d d d g R y R:
yd C S C 2 OM ;--

TIME (SECONDI

|

i

!

l

22701-14
,

,



,_

'
N00E TEMvER ATURES RUN NO. 22701

280.00 O!$TANCE FROM INLET = 60.000tFE ET) RAD.POS. I
t=$TE AM PROBE.2= TUBE W ALL.3=$EC FLUID 530.00

- ~
"
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U 510.00 o
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IN80

.

445.04-
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I.
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N00E TEMPER ATURE5 RUN NO. 22701
O! STANCE FROM INLET = 69.000tfEET) RAD.POS. 4 550.00
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500.00
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5
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N00E TEMPER ATURES RUN NO. 22701
015fANC[ FROM INLET = 66.00NFEET) RAD.POS. 4 550.00
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250.00 3 o

"3450.00\u
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NODE TEMPER ATURES RUN NO. 22701 540.00
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FLECHT SE ASE T STEAM GENERAT04 SEP AR ATE EFFEC TS TEST SEatg5
RUN 22701
TIME = 120.0 SECONOS UNITS - ELhv4 TION METEq(FE5ft

FLUX KIL3W4TT/1ETEt**2 (9TU/SEC-FT**21
ELEVATION LOCAL Flux LOCAL QUALITY

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeee ....eeeeeeeeeeeeeeeee:
RAD POS - 1 2 3 4 1 2 3 4

.0( .13) .5( .04) 14.6( 3.06) 56 1t 4.95) 30.6( ?.619 .646 .769 .859 .568

.2( .50) 1.44 .12) 282.0( 24.84) 290.81 25.63) 13.3( 1.171 .647 .863 954 .876.3( 1.001 22.6( ).99) 32.2( 2.83) 5.1( 45) 16.1( 1.421 .653 .959 1.050 .881.5( 1.50) .5( .05) -?.6( .23) 1.7( .159 12 5( 1.131 .657 965 1.050 .883

.6( 2.001 1.7( .151 19.81 1.651 7.8( .699 11.2( 411 .655 .967 1.051 .885

.8( 2.65) 1.7( .15) 54.5( 4.801 20.9( 1.84) 10.1( . ail .650 .996 1.060 .885
1.2( 4.001 9.0( .74) 6 2( .55) 5.2( .46) 1.6( 14) .648 1.011 1.056 .875

y 1.8( 6.00) 3.3( .29) 3.4( .30) 3 2( .28) 10.0( .R91 .644 .496 1.027 .669N) 2.4( 8.00) 1.4( .1?) .8( .07) .3t .03) 5.It 45) .636 .965 1.004 .871$ 3.0(10.001 1.1( .10) 1.1( .10) 2.2( .20) 1. 7( .151 .631 959 .998 .867
;* 3.7(12 00) 1 1( .09) 1. 5 ( .131 2.5( .22) .9( .091 .629 .956 997 .861>" 4.6(15.001 2.9( .25) 2. 0( .17) 1.dt .16) 4( .01) .633 955 995 .855*

6.1(20.001 1.4( .13) 1.3( .12) 4( .04) .et .07) .641 .957 .993 .854
8.2(27.003 0.0( 0.00) .1t .00) .It .01) .6( .051 .644 .959 .991 .858

10.7(35.001 0.0( 0.001 0.0( 0.001 0.0( 0.001 0.0( 0.00) .644 .958 .992 .861
13.1(43.001 -1.ot .14) .8( .071 .lt .01) .5( .051 .638 955 .992 .860
15.2(50.00) .4( .03) .5( .05) .4( .03) . 7( .021 .630 951 .991 .857
16.8(55.001 .0( .033 .3( .03) .2( .023 .1( .011 .629 .948 .989 .856
17.7(5e.00) .It .011 .2( .01) .0( .00) .0( .Sil .629 .948 .990 .356
18.3(60.00) .3t .03) .1( .01) .0( .00) .0( .011 .630 .947 .991 .857
18.9(62.00) .8( .07) .1 ( .00) .it .01) .0( .SSI .631 948 .992 .857
19.5(64.00) .2( . 021 . 3( .07) .It .01) .0( .01) .633 .949 993 .858
20.1(66.00) 41 .011 1. 3 t .11) .4( .03) .It .011 .634 .952 .994 .659
20.5(67.38) .lt .01) .2( .02) .1( .01) - 1. 0 ( .01) .635 .954 .994 .858
20.7(68.00) .it .023 .1( .01) .2( .02) .4( .04) .636 .954 .994 .858
20.9(69.50) .8( .07) .8( .07) -1.2( .11) -1.1( .'101 .636 .954 994 .857
21 0(69.00) .2( .02) . 3( .03) .3( .02) .3t .0?) .637 .954 .994 .857
21 2(60.501 -1.4( .12) .0( .001 -2.1( .18) -8.It .721 .640 .955 .994 .856
21.3(69.n7) -16.9( -1.411 -12.8( -1.13) -0.9( .791 -4.9( .431 .641 .954 .993 .854

_ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _____



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

FLECHT SE4 SET STEAM GENERATO4 SEPARATE EFFECTS 7517 SE9tEt
8t U4 22701
TIME 490.0 SECON05 UNITS - ELEVATION METEntrE?ft=

FLUM MILOW4 Tit 9ETE1**2 (97Ut5EC-FT**2B

ELEVATION LOCAL FLU 4 LOCAL QUALITY
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese eeeeeeeeeeeeeeeeeeeeeeeeee

440 POS - 1 2 3 4 1 2 3 4

.08 .139 .28 .011 9.48 .83) 10.78 .94) 12.28 1.091 .646 .765 .852 .866

.2( .50) 27.98 2.45) 30.3t 2.67) 30.9( 2.72) 29.61 S.40) .654 .776 .663 .876

.38 1 00) 36.44 3.711 42. 7t 3.76) . 38 .03) 56.6( 4.913 .674 .798 .872 .902

.5( 1.501 -13.9t -1.221 11.5( 1 19) -49.28 -4.33) -41.4( -1.651 .681 .616 .857 907

.68 2.008 175.lt 15.43) 1.2t .113 23.48 2.06) 7. 71 .691 .731 .820 .849 .596

.8( 2.65) 1.64 .141 1. 68 .141 179.7( 15.75) 24.7( ?.199 .782 .819 936 .905
1.28 4.00) 10.98 95) 8. 3t .73) 6.lt .541 1.48 .11) .784 .817 1.011 .904
1.8( 6.001 -1.7t .15) -17.48 -1.53) 3.st .331 10.8t 95) .776 .784 .994 .896

83 2 48 8.001 -1.4( .1?l -19.5( -1 633 1.0t .091 6.78 541 755 724 .975 .846
b) 3.0(10.001 3.3t .233 3. 3 t .291 4.88 429 2.8t .?51 .743 .697 .966 .892$ 3.7t12.00) 18.0( 1.511 43 18 3.80) 7.7( .69) 91 .091 759 .743 .971 .886
T* 4.6(15.001 9.58 .all 14 58 1 28) 6.5( .58) 2.41 .?') .795 .817 986 .885y 6.1(20.001 2 1( .131 2.0t .18) 1.08 .091 1.lt . ') ) ) .818 .548 995 .887

8.2(27.00) .3t .071 .64 .05) .11 .011 .7t .051 .822 .952 993 .899
10.7135.003 0.0L 0.001 0 01 0.001 0.0t 0.001 0. 0t 0.03) .821 .853 .993 .892
13.1(43.001 -1.71 .15) .9t .081 .18 .01) .6t .05) .814 .850 .995 .891
15.2t50.00) .5( .041 . 7t .06) .St .04) . 3t .01) .806 .844 .993 889
16.8155.001 .28 .0?) .St .04) .4( .043 .2( .0?) .804 .842 .991 .887
17.7(59.001 .21 .013 .3t .023 .34 .03) .?t .0?) .805 .841 .991 .e88
18.3860.001 .3t .02) .3t .02) .3t .02) .3( .0?) .805 .841 .993 .899
19.9862.001 .2( .01) .0t .003 .11 .01) .3t .0'l .806 .842 994 .890
19.5t64.001 .06 .03) .28 .02) .0t .00) .3t .011 .808 .845 997 .891
20.1(66.00) .It .01) 1 2( .'S1 .It .01) .9( .074 .810 .849 .997 .892
20 5(67.343 -4.11 .359 -3.4( .303 -4.11 .37) -9.3t .9'l .811 .851 1.000 .889
20.7(6a.001 -20.0t -1.751 -19 11 -1.68) -20.0( -1.76) -19.5( -1.7?' .805 .946 .994 .891
20.9(68.501 -15.98 -1.401 -19. 78 -1.653 -24.It -2.13) -13.6( -1.70) .798 .837 .984 .875
21.0(69.001 2.5t 72) 2.lt .181 1.0( .091 4.9t 411 .799 .934 981 .8 78
21.2(69.50) -13.1( -1.151 -?. 6 t .233 -16.24 -1.43) -12.7t -1.1?l .807 .e40 .981 .879
21.3t69.871 -4.38 .39) -%.1( .53) -3.9( .341 -3. lt .??l .811 .843 .979 .877

_ _ - _ _ _ _ _ _ _ - --_



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

.

FLECHT SEASET STEAM GENERATOR SEPARATE EFFECTS TcST SEtfES
RUN 22701
TIME = 720.0 SECONOS UNITS - ELEVATION METER (cetT)

FLUX KILOWATTf1E754e*7 (9 Tut 3EC-FT**21

ELEVATION LOCAL Flux LOCAL ouaLITY
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeeeeeeeeeeeee.

RAD POS - 1 2 3 4 1 2 3 4

.08 .131 .it .01) 5.lt 45) 3.9( .343 3.4( .311 .649 .767 .852 .866

.2( .503 15.1( 1.331 17.4( 1.54) 16.34 1.44) 15.9( 1.401 .654 .773 .858 .871

.3t 1.001 19.6( 1.73) 20.6( 1.81) .2( .02) 32.9( 2.91) .664 .784 .862 .885

.5( 1.50) 21.68 1.931 18. 3 t leS11 16.41 1.44l 27.68 2.411 .677 .796 .867 .904

.6( 2.00) 30.2( 2.66) 23.7( 2.08) 22.8( 2.01) 25.6( 2 . ' *. I .692 .809 .879 .921

.8( 2.65) .St .0? ) 30.7( 2.71) 25.78 2 26l 20.6( 1.*'t .700 .830 .898 .937
1.2( 4.001 13.lt 1.151 10.1( .893 7.44 .66) 1. 3 t .1?) .711 .849 .912 .938

33 1.8( 6.00) 5.6( 491 7.9( .69) 5.1( .45) 11.4( 1.011 .723 .852 .909 .934
h3 2.48 8.001 3.2( .291 4.3( .38) 2.8( .25) 6.9( 611 .717 .847 .895 934d 3.0(10.00) 5.1( 451 5.1( 453 5.64 491 4.4( .199 .710 .843 .888 929
;- 1.7(12.003 7.2( .613 5. 3 t 478 5.3t .47) 2.0( .179 .712 .845 .887 923
b) 4.6(15.003 5.6( .49) 3.4( .30) 3.9( .35) 3.2t .9% .726 .848 .890 921""

6.1(20.00) 2.4( .211 2.5( .22) 1.58 .133 1.3t .171 .740 .854 .892 921
8.2(27.001 .5( .05) . 7( .06) .it .013 . 7( .061 .745 .858 .891 .923

10.7(35.003 0.0( 0.006 0. 0( 0.001 0.0( 0.001 0.0( 0.001 .744 .859 .890 925
13.1(43.001 - 1. 7 ( .15) .8( .07) .lt .01) .6( .051 .736 .855 .891 925
15.2(50.00) .4( .04) .6( .05) .4( .04) .3( .01) .728 .851 .890 922
16.8(55.001 .2( .0?l .4( .04) .5( .04) .3t .011 .72P .849 .885 921
17.7858.001 .2( .02) .3t .03, .4( .04) .3t .019 .728 .849 .889 922
18.3(60.00) .4( .019 .5( .05) .St .04) .5( .041 .729 .849 .890 .924
18.9(62.001 .4( .04) .0( .00) .2( .029 . 6l .051 .730 .851 .893 926
19.5(64.001 .lt .01) .It .01) .It .01) .7( .06) .733 .855 .897 .928
20.1(66.001 .0( .001 1 0( .093 .0( .001 -1.6( .149 .737 .862 903 930
20.5(67.38) -2.9( .261 -2.It .19) -2.98 .26) -6.2( .551 .739 .867 .906 .929
20.7(68.00) -7.6t .671 -7.8( .699 -7.6( .678 -7.78 .691 .738 .866 905 .927
20.9(68.501 -8.lt .7?) -9.5( .831 -11.4( -1.01) -6.5( .97) .738 .864 .903 928
21 0(69.00) 2.3t .21) 1.e( .16) .3( .02) -1.8t .16) .743 .865 .904 933
21.2(69.50) -9.1( .PO) -12.0( -1.06) -B.9( .781 -7.1( .611 .750 .868 905 935
21.3(69.87) -1.7( .151 -1. 3 t .291 -2.6t .23) -3.4( .10) .754 .869 904 933
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SUMMARY SHEET

RUN NO. 22920

DATE: 4/6/79

A. TIME-AVER AGED RUN CONDITIONS

! 1. Boller steam flow [kg/sec (Ib/sec)] - 0.225 (0.495)
2. Water flow - [ kg/sec (Ib/sec)] - -0.0005 (-0.001)

3. Containment tank pressure [kPa (psig) 3 - 174.4 (25.3),

4. Steam temperature [ C ( F)] - 157 (314.0)

5. Water temperature [ C ( F) 3- 31 (87.8)
'

6. Mixer pressure [ kPa (psig)] - 196.5 (28.5)

7. Test time (sec) - 1440.0

!

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(ft)] - 10.2 (33.4)
2. Initial temperature

,

Elevation Initial femgerature,

! [m(ft)] [ C ( F) ]

0.00 (0.00) 263 (506)

0.15 (0.50) 272(522)

0.30 (1.00) 274 (526)

0.46 (1.50) 273 (523)

0.61 (2.00) 272 (521)

1.22 (4.00) -

3.05 (10.00) 274 (525)

6.09 (20.00) 273 (524) |

8.23 (27.00) -

10.67 (35.00) 273 (524)

22920-1-
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SUMMARY SHEET (cont) |
l
l

C. MASS BALANCE COMPONENTS j

l

l

1. Steam probe purge steam [kg (Ib)] - 3.27 (7.2)

2. Liquid collection
(a) Outlet plenum [ kg (Ib)] - 0.0 (0.0)

(b) SG collection tank [kg (Ib)]- NA
3. Posttest drain from hot leg [ kg (1b)] - 0.0 (0.0)

FAILED BUNDLE T/Cs(I}i D.

294, 295, 305, 308, 309, 310, 311, 326, 532, 549, 553, 555, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

1. From primary side energy balance [ kwsec(Btu)] - 0.484 x 10' (0.461 x 10')

t HTA
2. From local heat flux ( f f 4 dadt) -[ kwsec(Btu)] - 0.402 x 105 (0.383 x 10 )5

o o

3. Integration to 900 see

1. T/Cs are defined as failed based on resistance reading or T/C response.

~

22920-2

'
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O 250.00 - ONw w

% aa
ou %-g % 450.00 g

225.00
- w . w

5 5
* 400.00 *

2 200.00 g'

| r r
t x x

" "

175.00 350.00

150.00 300.00

125.00
-^ ^ " ' 257.00

8 8 8 9 9 9 99
8.o a 8 38d g g g
Rd C n ~ - 2 C OS
'

TIME - SEC

22920 7



i

|
1

1
4

\.

- -
- -- - -- - 25.000

Mm -

-5IE AM C[NE R A10R SEP AR AI[ EFFECIS IEST RUN 22920CHAN SS
SuP(RH( AI[R POWER I KW D

20.000
20.000

C
C 7
0 3

15.000 -
15. M o2 su d

d w
w E

wa
10.000 $

$ 10.000 a
a

,

5.0000
5.0000

^ 0.0'^ ^

0.0 -

8 8 8 8 9 9 9 99
8 8 889o d d d g 2 C 22Sa C 8 C -

' TIME - 5fC

'

' 5t[ AM c[NtnATOR SEP AR AT[ E FF((15 T[5T RUN 22920
500.00

$f( AM (IHAUST Flu!D RfD*
*

* 250.00 - g --

m

E
o

o
' *

,75,g __
>,

E5 :2

h20d.00 -- h
o

*

rr xx UU 350.00
t15.00 -.

150.00 - 300.00

'I"'

125.00
- 251.00

8 8 8 8 9 9 m 99
d 8 8 8 889a d g C * * "*

Sd C o
* '!!ME - SEC

22920 8
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-- - - - - - 090. %
N3N STE AM CENER ATOR SEPER ATE EFFECTS TEST Ruh 22320

t ile M ASS lh ( 2 )* MASS OUT ( 3 )* M AS5 STORED

t o ). agat31 E S )* MASS DirrERENCE 800.00

150.00

700.00

600.00

250.00 *

G 500.00 $
3

5j '** * * f s00.00

>
IM*M 300.00*

}
100.00 200.00

50.000 100.00

.g,ppgr y * f f 7 -0,$128

i g g 8 9 9 9 9 *

k N Ng
TIMEISEC)

^ ^ ^ 300.00316.31
- -

STE AM CthERATOR SEPER ATE EFFECTS TEST Ruh 22320
300.00 SECONDARY TO PRIMARY TCTAL ME AT FLOW R ATE

-

FROM PRIMART LOOP CATA 3
E250.00

)250.00

i e
~

200.00

5 200.00 $
i

< =

i a 150.00 $
,3 150.00 g'

| :-

O 100.00 zg
* 100.00

50.000
50.000

- - -

%v,

o,o
' ' '

O.0

8 8 8 9 9 9

i R _N E_ E $o
,

TIMitSEtt

|

|
1

.22920 9-

:

'|



!

' - - 1.4400t.4e00
STE AM Gin (R ATOR SEPER Aff (f f(Cil TEST RUN 22920

INLET PLENUM OU ALif f
_

l.0000 ^^-- - ^ ' ^ - -- - ^

~- -t- 1.0000-

0.75000.7500

E E
=
hh0.5000 0.5000

0.2500 0.2100

l
-

"- 0.o0.0
* * 98 8 8

8 a a a E E
o E R R -

flMit$tts

' * * * "
^ *

Sit AM GE ntR ATOR 5(PER ATE (FFECTS TE57 Rum 22MO

OUfLil PLimUM OU Allf V
i.iS00

- i.e500

,,, _ _ - _a . __ f f -- -- - - -- ^ ~ -
1.0000_

0.1500 0.r500

: E
:

hj0.5000 0.5000

0.2500 0.2500

0.0
-

- "' ^ 0.0

g 8 a e 9 9
d H & RR'

d9 ec - - -o
itMit$tti

,

1

i
r

22920-10
|

!

-_



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

565.50296.44
N00E TEMPER ATURES RUN NO. 22S20

O!5fANCE FROM INLET = 1.000 t FE E T) RAD.P05. t 550.00

t=5TE AM PR00E.2=TURE W ALL.3=$EC FLUID
275.00 525.00- ,

w
*

500.00
, aN~

ESC CC 415.00

o a
E 450.00 7
- w. =

E \ Q;
*

-- 425.00

<
"., 400.00
g 200.00
M 375.00

350.00
115.00

' "'"'" HI H162.01
o o o o ooa g* g

8 *

eg 6 $ g g @ 8 32o
C OS~ - -

'

TIME (SECOND)

M'N NODE TEMPER ATURES RUN N0. 22920
DISTANCE FROM INLET = 4.000(FE E T) RAD.POS. I

280.00 t=$TE AM PR08E.2= TUBE W ALL.3=5EC FLUID
$25.00=

270.00
,

w

\ .
^

260.00 - 500.00 w

\ \
475.00

240.00 r
*
m

;
.

450.00 IS
230.00

, ,

/
$EE0'00 | 425.00
#

' J
--210.00

N 400.00
200.00 '%

% ~~ ""
191.34 376.40

8 8 8 8 9 * 9 99
9o d d d d 8 8 8 R$
2d C S C 2 2 C OS
'

TIME (SECONO)

i

!

|

|

! 22920-11 I

L
__

_



284.16 543 48
NODE TEMPER ATURES RUN NO. 22920 540.00

280.00 DISTANCE FROM INLET = 10.000t FE E T) RAD.POS. I
t=$TE AM PROBE.2= TUBE W ALL.3=SEC FLUID

'* -

Y 520.00
"

270.00 g
e-

"
w

*

o 260.00 500.00 "3y
* 2
E E

%250.00 '~ xo
480.00 g

* 240.00 '

460.00

N '
230.00
227.50 441.50

8 8 8 8 9 9 9 99
9o p p d 8 8 8 32

c 2 S c 022d ~ c
'

TIME (SECONO3

295.3, 563.61
N00E TEMPER ATURES RUN NO. 2?S20

OlSTANCE FROM INLET = 1.000 t FE E T3 RAD.P05. 4 550.00

t=$TE AM PROBE.2=TU8E W ALL.3=$EC FLUID
275.00 525.00

C

500.00 J
N a-

N 475.00
~"

d E

5 450.00 .x
{225.00

-x -

y mn -- 4 5 00
-

g
a
Y 400.00 -
2 200.00

|
^

375.30

50'00
| 115.00 ' _ .

| 165.63
'~ '

330.25

8 8 8 8 9 9 9 99,

| 9o d ~p d 8 y STg 2 020| =d C o - -

I '
TIME ($ ECON 01

|
i

!

22920 12 j



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

!

29I.35 557.50
NODE TEMPERATURES RUN NO. 22920 550.00

DISTANCE FROM INLET = 4.000(FEET) RAD.POS. 4
280.00 t=STE AM PROBE.2= TUBE W ALL.3=SEC FLUID

4 525.00

h 500.00260.00
0 N 9

N' "
J .75.00

E240.00 -

rN .,,
m 450.00 g= ;

; [
h220.00 425.00

N 1
-

400.00
200.00 'Q

N 375.00
'" '

364.94184.97
* 9 9 "98 8 8 8

28 6 $ E
g S 8 R$9o * * *

~ * ~~
'

TIME (SECOND)

#"*
N00E TEMPER ATURE$ RUN N0. 22920 Nb.*k

200.00 0!$fANCE FROM INLET = 10.000tFEET) RAD.Pos. 4
!=$TE AM PR08E.2= TUBE W ALL.3=5EC FLul0

270 00 520.00 C

d
__

"
I

J 260.00 500.00m w

ba

}250*00 N- 2 480.00 I
'

a .-,

E k [
3 240.00 ,

*- 1 460.00

x
230.00

440.001
224.46 - '

436.03
8 8 8 8 * 9 a =9

?d 6 8 g y 8 Se9o d **

2 E s~ -
'

TIME t |NO)

22920-13

,



286.16 547.03
NODE TEMPER ATURES RUN NO. 22320 *#Ol$fANCE FROM INLET = 69.000UEET3 RAD.P0S. 1

280*00 t=STE AM PR08E.2= TUBE W ALL.3=$EC FLul0

520.00 C
210.00 N a

\ Ec
260.00 500.00s m

h250.00 480.00N
3 \ b

-- A" 240.00,, 460.00a

230.00 ,

440.00

| | | 1 \
220.00 i i i i m
217.49 423.48

8 8 8 8 * 9 9 99
d 8 2 y 25"o a g.

ea C C 2 2 25o -

*
TIME (SECONO3

#* 8NN00E TEMPERATURES RUN N0. 22920
280.M OISTANCE FROM INLET = $6.000tFEET) RAD.POS. I

tesTE AM PR00E.2=TUIE W ALL.3=$EC FLUID

III*3I E
270.00 3 a

- E
~" N< 499.37 gJ 260.00 g

5 $
N 5# A

E #" 479.37 6
5

**

5 \
w 240.00"

459.37

%
M* %- v. .

ee6.63 433.s7

8 8 8 9 9 9 ==o
E d d d R y SSo g S 0"Rd C S C - -

*
TIME ISECONO)

22920 14



* *

NODE TEMPERATURES RUN NO. 22920
OISTANCE FROM INLET = 60.000tFEET) RAD.POS. I

t=STE AM PROBE.2= TUBE V ALL.3=SEC FLUID 530.00
275.00

C
*

520.00
270.00 w

C 9

o 265.00 510.00 -

h260.00 h
' 500.00

5

h255.00 490.00

250.00
% 480.00

241.n - K = 4 n.2s
8 8 8 9 9 9 99

o aw
49 8 C~~o C - - --'

TIME (SECOND)

286.23 547.21
NODE TEMPER ATURES RUN NO. 22920 540.00DISTANCE FROM INLET = 69.000(FEET) RAD.POS. 4280.00
t=STE AM PR00E .2= TUBE V ALL. 3=SEC FLUID

C520.00270.00 \ .

o

\ Ea
260.00 500.00 w

d b $(a
250.00 ggo,co y

\ N ss
"" 240.00

] 460.00

\"

230.00 3 ,

440.00

220.00 - - '

217.16 422.85

g 8 8 8 9 9 9 99 |

49 g' g' s H E R B* I
A o N - - - ""
'

TIME (SECOND)

22920-15



282.65 640.N
280.00 N00E TEMPERATURES RUN NO. 22920

DI5fANCE FROM INLET = 66.000lFEET) R AD.P05. 4
t=5fE AM PR08E.2= fuse ALL.3=5EC FLUID

270.00 *

\ d
O

' '260.00 500.00 g
0 0
3 N 5s '" 250.00

480.00,

i .00 \240g N 460.00

ha30.00 y
00;99225.61 -"''

88 *
8 8 9 9 99

2d 6 g g g S 8 S2o
2 C 02m ~ _'

TIME (SECONDI

h|d$$ N00E TEMPER ATURES RUN NO. 22520
*

DISTANCE FROM INLET = 60.000(FEET) RAD.P05. 4
!=5TE AM PROBE.2=TU8E W ALL.3=5EC FLUID 530.00

275.00 e
,

''
!" \ 520.00 j l210.00 y |w

0 S (
* 265.00 - 510.00 g |0

~

\ I
=

y 260.00 500.00 t
'

43

; 255.=
s

4,0.00

= A'50 a + w 480. .

\
'

C:" - A an
8 8 8 9 9 9 99o

ko d Q $_ @ S22d E' R e
*

22_ _'
TIME (SECONDI

22920-16



.

320.00
bFLUID TEMP. FOR R ADI AL P05.N0.1 RUN 22920

(1)=0ATA SCAN NO. 13300.00 (2)=0 A TA SC AN NO. 277 PLOT INTERVALS ?4 SCANS
- 550.00

as
./'

~. =4'y2
450.00 s+

Q 225.00 *
Q,5m
=w

I
w

.00 I* 200.00 =
175.00 350.00

150.00
300.00

ifB:28 -

ris.co8 8 8 8 8 8 8 C$ 9 9 9 9 9 9s 2 e R 8 8 8 8
O!STAN.E ABOVE OUTLETtFEET)

0.00
FLUID TEMP. FOR R ADI AL P05.N0.1 RUN 22920 !
( t>=0 AT A SCAN NO. 13

300.00 (2)=0 A T A SC AN NO. 277 PLOT INTERV AL= 24 SCANS
550.00

275.00 -

::

-

-
~

- -

:= r ~

5* a

.

'' --:::QNs
.

=:2s T@ s-
- e50.x -

- ;_--p , u- - , -
o # - -- s p s - w

---CC %-8 % #C '
450.00 8Ess;ceasEEEE :: 225.m #gg -

= -

:
3" 200.00 400.00 I
- m

-

t15.00 350.00

150.00
300.00

(hB'28 - -
ese.oo

8 8 8 8 8888E8 8 8 8 888EE8 8 8 8 888EIEa e =888== 8 8 8 888er. e e e ssess s s s ess s : s ssa e 8 8 88s:se
DISTANCE ABOVE INLET (FEET)

22920-17



*

FLul0 TEMP. FOR R ADI AL P05.N0.1 RUN 22920
(IMDATA SCAN NO. 13300.00 (290 AT A SCAN NO. 277 PLOT INTERV AL= 24 SCANS

- 550.00

". 275.00 - N - --[[: :
.

g
C

-

$ #- $ : e
____

- #- -- o

9 250.00 -' --~
^ Y d

~

' * *

C- --:T - $ si
'' -~ l-p

- - m - wa s -,

d b -

" *Ns R'

.$ 225.00 -@::=::31, = 7 <.== - .
a w

i200.00 400.00 1
=-

115.00 350.00

150.00
300.00

118:88 - Mt.00

N ! !!!N ! !!!!N. k k kkk @8-d a d a dd3 a A a d= g n i ggesg
i

DISTANCE AB0VE OUTLET (FEET)

,

l

i

i

|
|

1

|

I

r

|

'22920-18 1



FL ECHT SEASET STEAM GENER ATOR $EPARATE EFFECTS TEST SER4ES
R (;N 22920

TIME = 60.0 SECONDS UNITS - ELEWATION METERIFEET)
FLUX KILOWATT / METER **2 (8TUISEC-FT**2)

ELEVATION L OC AL FLUX LO.AL QJALITY
**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeosseeeeeeeeeeeeeeee seeeeeeeesse eeeeeeee eeeeee:

RAD POS - 1 2 3 4 1 2 3 4

.0( .13) 2.4( .21) 14.et 1.30) 14.3( 1.26) 27.3( 2.419 1 031 1 002 1.003 1.001

.2( .5C1 13. lt 1.153 18.0( 1.591 20.0( 1.70) 21.1( 1.86) 1.000 1.0v1 1.v00 1. uo u

.3t 1.001 14.9( 1.313 19.1( 1.68 2.6( .233 16.2( 1.438 .995 1.001 1.093 .997

.5( 1.50) 10.9( 96) 13. I t 1.16) 12.68 1.113 20.7( 1.838 .988 1.000 .993 .9vu

.6( 2. Col 2.5E .22) 14.51 1.28) .11 .01) 8.2( . 72) .981 .999 .985 .999

.8( 2.65) 2 36 .21) 13.5( 1.19) -2.4( .21) 5.3( .47) .974 .998 .976 .996
1.2( 4.001 8. 7( .76) 6.9( .61) 4.8( .423 1.8( .16) .969 .992 .967 986

bJ 1.8( 6.00) 5. 4( .48) 8.0( .70) 11.5( 1.01) 7.5( .66) .966 .986 .963 .977
@ 2.4( 8.00) 2.2( .20) 4.5( .39) 1.21 .1J) 8.3( .731 .961 .964 .960 .977
ba 3.0(10.00) 4( .03) 3 7( .33) 5.0( .44) 9.9( .873 .955 .982 .958 462
9) 3.7(12.00) 4( .03) 2.7( .24) 3.2( .281 2.2 ( .19) .950 .983 .959 906
5 4.6(15.001 2.1E .19) 1.8( .16) 1.58 .131 2.3( .20) .950 .983 .959 .986

6.1(20.00) .1( .01) .1(, .01) .4( .04) .3t .03) .921 .982 .958 .986
8.2(27.C0) .3( .03) .0( .00) .2( .02 .54 .05) .951 .980 .957 987

10.7(35.CC) 0.0( 0.00) 0.0( 0.003 0.0( 0.005 0.0( 0.003 .951 .979 .957 .989
13.1(43.CC) -1.0( .08) .3( .03) .0( .001 .2( .02) .94o .97o .957 .989
15.2850.0Cl .0( .00) .0( .00) .0( .003 .0( .00) .944 .977 .956 .987
16.8(55.003 .1( .01) .Ct .00) .0( .00) .1( .01) .944 .976 957 .988
17.7(58.00) .1( .01) .0( .00) .0( .00) .It .01) .944 .976 .958 .989
18.3460.CCI .1( .01) .ct .00) .It .01) .lt .01) .944 .976 .959 990
18.9862.00) .2( .02) .1( .01) .it .011 .18 .01) 945 .976 .960 .990
19.5(64.00) .1( .01) .3t .02) .It .01) .0( .00) .946 .977 .961 .990
20.1(66.00) .51 .04) 1.2( .11) .5( .04) .18 .01) .947 .979 .961 990
20.5(67.383 .9( .08) .3t .02) .9( .08) .3( .03) .948 .98A .960 .989
20.7(68.CCI .31 .03) .3( .02) .3t .02) .4( .04) .94o 981 .960 .900
20.9(68.503 .3t .02) .3t .02) .3t .03) .41 .03) 947 980 959 98o
21.0869.001 .2( .02) .3( .02) .2( .0?# .3t .02) .947 979 .958 .988
21 2(69.50) .3( .02) .4( .04) .4( .cs) .4( .03) .948 .979 .958 .98o
21.3(69.87) -2.31 .21) .7( .06) -1.8( .16) .58 .05) .948 .979 .956 .98o

- - _ _ _ - - - - _ _ _



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

1

FLECHT SE4 SET STEAM GENERATOR SEPARATE EFFECTS TEST 3Ek1ES
RUN 22920
TIME = S40.0 SECON05 UNITS - ELEVATION METER (FEET)

FLUX KILOW ATT/ METER * *2 ( BiU/SEC-F T**2 8

ELEVATION LOCAL FLUX LOCAL QUALITY
ee ee eeee eeeee eee eee ee ee eeeeee eee e e ee ee eeee eee e eeee e eee e e eee eeee eeeeess ee eeeeee ee eeeeee

RAD POS - 1 2 3 4 1 2 3 4

.0( .13) 1.7( .15) 16.0( 1.41) 13.0( 1.151 26.2( 2.31) 1.002 1.002 1.wo3 1.002

.2( .50) 8.3( .73) 16.2( 1.421 15.38 1.353 16.3( 1.44) 1.000 1.003 1.007 1.v01

.3( 1.001 14.0( 1.243 16.5( 1 46) 2.0( .18) 12 5( 1.10) .997 1 004 1.004 .999

.5( 1.50) 11.0( .971 11.4( 1.00) 26.2( 2.311 15.4( 1.36) .993 1.004 1.0u0 1.004

.6( 2.CO) 1.0( .17) 13.3( 1.17) .6( .06) 8.3( .73) .988 1.004 .997 1.002

.8( 2.65) 1.8( .16) 11.6( 1.031 -3.7( .33) 6.2( .54) 981 1.004 .989 1.00w
1.2( 4.CC) 6.5( .583 4.6( 41) 3.6( .321 1.7( .15) .977 .998 .98A .993
1.8( 6.CCI 4.5( .40) 5.6( dv) 10.7f .94) 9 1( .80) .913 990 .97T .987g

ba 2.4( 8.00) 2.5( .22) 2.6( .238 1.lt .101 3.41 .301 .938 .985 .973 .984-
$ 3.0(10.00) .1. 7( .15) 2.1( .19L 3.4( .39) 2.lt .19) .961 .950 969 .97o
q) 3.7(12.00) 1.lt .10s 1.8( .16) 2.2( .20) .7( .06) .957 .977 .907 972
b) 4.6(15.CGI 2.3( .21) 1.PI .161 1.2( .10) 4( .04) .957 .976 .964 .9660 6.1(20.00) .3t .03) 1 2( .10) .6( .05) .7( .06) .957 .975 .960 .962

8.2(27.00) .4( .03) .It .01) .2( .02) .5( .04) .956 .974 .957 .931
10 7(35.001 0.0( 0.001 0.C( 0.001 0.0( 0.003 0.0( 0.00) .955 .972 .956 .962
13.1(43.001 -1.1( .10) .4( .03) .0( .00) .3t .03) .950 .971 .957 .962
15.2850.00) .1( .01) .lt .01) .1( .01) .It .01) .946 .970 957 .960
16.8(55.CC) .0( .00) .It .001 .1( .01) .it .01) .947 .v74 .957 .961
17.7(58.001 .2( .02) .2( .02) .lt .01) .1( .01) .947 .970 958 962
18.3(60.001 .3( .02) .2( .02) .0( .00) .18 .01) .947 .970 .960 .964
18.9862.00) .3t .03) .0( .00) .lt .01) .24 .02) .948 .971 .962 .966
19.5(64.00) .0( .00) .it .01) .0( .LO) .2( .02) .950 .973 964 .966
20.1(66.CC) .1( .01) 1.0( .09) .It .01) .41 .04) .952 .971 .966 .967
20.5(67.38) -1.3( .111 .5( .05) -1.3t .111 .71 .06) 924 .9u0 966 .906
20.7(68.00) .7( .061 .6( .06) .6( .06) .81 .07) .955 .991 .966 .966
20.9(68.50) .7( .06) .7( .06) .7( .06) .8( .07) .925 .900 .965 .966
21.0(69.001 .6( .05) .7( .06) .78 .06) .6( .06) .955 .979 .965 .967
21.2(69.50) .6( .06) .9( .08) .6( .071 .8( .07) .957 .9T9 .965 .96o
21 3(69.87) -2.0( .171 -1.0( .09) - 1. 7 ( .153 .9( .08) .959 .950 .965 966



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

FLECHT SEASET STEAM GENERATOR SEPARATE EFFECTS TEST SEk1ESRUN 22920
TIME = 1020.0 SECON05 UNITS - ELEVATION METER (FEET)

FLUX KILOWATT / METER **2 (810/SEC-FT**21
ELEVATION LOCAL FLUX LOCAL QJALITY

eeee eeeeeeeeeeee eeeee ee eeeeee eee eeee ee ee eeeee e ee eee eee e eeee eeeeeeeeeeeeeeeeeeeeeeeeeeeRAD POS - 1 2 3 4 1 2 3 4

.0( .13) 1.5( .13) 17.9( 1.57) 10.2( .90) 25 1( 2.213 1.002 1.002 1.002 1 002.2( .50) 7.2( .631 14.It 1.24) 13.6( 1.20) 12.5( 1.103 1 000 1.004 1.006 1.901.3t 1.001 11.6( 1.02) 14.4( 1 27) 1.7( .15) 12.70 a.143 .997 1.004 1.003 .999

.5( 1.501 8.It .72) 9.3( .82) 27.4( 2.411 12.3( 1.00) .993 1.005 1.001 3 001.6( 2.00) 1.5( .13) 10.4( .91) .St .04) 6.8 ( .60) .999 1.005 .999 1.002

.8( 2.65) 1.5( .13) 8.7( 76) -2.9( .35) 4.9( .44) .984 1.004 .993 1.0011.2( 4.001 6.2( .54) 4.0( .35) 3.2( .28) 1.3t .11) .960 .998 .985 .994
da 18( 6.0C3 4.8( .42) 4.8( 42) 10.11 .o93 9.9( .87) .97o .991 .962 .990b) 2.4( 8.001 2.8( .24) 1.5( .131 1.lt .09) 6.4( .57) .973 .985 .97a .9910 3.0(10 001 2.0( .18) 4( .03) 1.11 .10) .9( .08) 967 .977 .972 .987f) 3.7(12.001 1.5( .13) .1( .01) .6( .05) -1.3t .lli .963 .971 .966 .976r
$ 4.6(15.001 2 . '" .74) .6( .05) .3( .03) .8( .07) .963 .966 .959 .9666 1(20.CCI 1 1( .101 1.7( .15) 1.lt .09) 1.2( .10) .964 963 .954 .962

8.2(27.00) . 7( .06) .9( .08) .1t .003 .8( .07) .964 .965 .951 .96210.7(35.001 0.0( 0.003 0.0( 0.001 0.0L 0.001 0.0( 0.00) .963 .964 .950 .963
13.1(43.00) -1.2( .11) .4( .04) .01 .001 .4( .04) .958 .962 .950 .96215.2(50.001 .lt .01) .1( .01) .1( .01) .2( .01) .954 .961 950 .961
16.8(SS.00) .lt .01) .2( .01) .3( .02) .2( .02) .925 .961 .950 .96217.7(58.00) . 3( .03) .3t .03) .2( .02) .2( .02) .955 .962 952 .964
18.3(60.001 .4( .04) .4( .04) .2( .02) .4( .03) .956 .962 .954 .96618.9(62.C0) .5( .04) .14 .01) .2( .02) .4f .043 .957 .964 .957 .96o
19.5(64.00) .1( .01) .it .01) .1( .01) .3( .03) .920 .967 .960 .969- 20.1(66.00) .0( .00) .9( .08) .0( .00) .6( .05) .964 .972 .962 .970
20.5(67.3el -1.8( .161 .9( .081 -1.8( .lo) .8( .07) .966 .976 .963 .97020.7(68.00) .9( .08) .8( .07) .8( .07) -1.0( .09) .967 .976 963 .970
20.9(68.50) .4I .08) .9( .08) .9( .06) .94 .08) .967 .976 .963 .97121.0(69.00) .7f .06) .9( .083 .8( .073 .84 .07) .468 .975 .962 .972
21.2(69.503 .7( .06) .9( .08) .9( .081 .8( .07) .970 .975 .963 97321.3(69.87) -1.6( .14) -1.0( .09) -1.6( .143 .9( .08) .973 .977 .963 .973



______

FLECHT SEASET STEAM GENER ATOR SE PARATE EFFECTS TEST SERIES
RUN 22920
TIMc = 1500.0 SECONOS UNITS - ELEv& TION METER (FEET)

FLUE KILOWATT / METER **2 (BTU /SEC- FT**2 3

ELEVATION LOCAL FLUX local QJALITY
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese eeeeeeeeeeeeeeeeeeeeeeeeeee

RAD POS - 1 2 3 4 1 2 3 4

.0( .133 1.3( .12) 20.2( 1.78) 5.98 .52) 24.54 2.163 1.001 1.003 1 002 1.902

.2( .50) 3.3( .291 7.2( .63) 8 2( .72) 7 2( .63) 996 1.002 1.002 .999

.34 1.00) 8.6( .76) 11.6( 1.02) 1 4( .12) 7.2( 63) .987 .998 .997 .993

.St 1.50) 5.0i 443 7.4( .653 10.0( .88) 7.9: .69) .979 .994 990 .989

.6( 2.001 1.0( .08) 7.7( .68) -2.2( .19) 4.8( .42) .972 .991 .983 .966

.8( 2.65) 9( .08) 10.8( .951 -2.9( .25) 5.9( .52) .966 .990 .975 .984
i 1.2( 4.001 19.7( 1.74) 18.1( 1 60) 18.5( 1.63) 1.34 .11) .979 1.001 .982 .980

1.8( 6. Col 15.9( 1.413 15.8( 1.39) 24.0( 2.111 21.7( 1 916 1.035 1.020 1.906 .990
PJ 2.4( 8.001 6.9( .61) 5.1t 45) 1 1( .10) 5.4( .48) 1.016 1.025 1.019 1.u03
@ 3.0(10.00) 4( .04) 7( .06) .64 .07) .64 .05) 1.012 1.023 1.012 .996
bJ 3.7(12.00) .5( .04) .6( .05) -2.8( .253 -10.8( .95) 1.0J5 1.016 1 903 .980
? 4.6(15.001 1.9( .17) -1.5( .13) -2.7( .241 -6.6( .5e) 1.002 1.038 .9de 955y 6.1(20.C0) 9( .08) 1.5( .13) 98 .08) 1 08 .003 1.0J1 1.002 .976 .941

8. 2 ( 2 7. CC ) .7( .06) .7( .061 .lt .01) .6( .06) .999 1.002 .9 72 .941
10.7(35.001 0.04 0.001 0.0( 0.001 0.0( 0.001 0.0( 0.00) .997 .999 .969 .93o
13.1(43 001 -1.2( .11) .4( .043 .0( .001 .41 .03) .991 .995 909 .934
15.2450.0Cl .It .01) .1( .01) .1( .01) .2( .01) 96u .995 .909 .934
16.8(55.001 .1( .01) .1t .01) .2( .021 .2( .01) 989 .997 . v il .936
17.7(58.001 .3( .033 .3( .03). .2( .023 .2( .02) .991 .998 .974 .940
18.3(60.001 .4( .04) .4( .04) .2( .02) .3( .02) .993 1.000 .917 .943
18.9(62.C01 .5( .043 .Ct .001 .11 .01) .3t .023 .996 1.002 .981 946
19.5(64.001 .0( .0C) .it .01) .0( .001 .3t .02) 1.000 1 007 .9u6 949
20.1166.001 .it .01) 1.0( .081 .it .01) .5( .04) 1.0J5 1.913 .990 951
20.5(67.38) -1.1( .10) .51 .04) - 1.1 ( .10) .74 .063 1.009 1.018 .993 .952
20.7(68.00) .7( .06) .8( .07) .6( .06) .94 .06) 1.011 1.020 993 .952
20.9(68.50) .7( .C63 .7( .06) .74 .06) .8( .07) 1 011 1.020 .993 .953
21.0(69.001 .68 .05) .64 .051 . 7( . .06) .6( .05) 1.012 1.C20 .992 .954
21.2(69.5C) .5( .04) .7( .06) .78 .06) 7( .968 1.014 1 021 .991 .954
21.3(69.873 .5( .04) .8( .07) .8( .07) .7( .06)' 1.017 1.022 .992 .953

,

4
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SUMMARY SHEET

RUN NO. 23005

DATE:

A. TIME-AVERAGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)] - 0.230 (0.507)
2. Water flow -[ kg/sec (Ib/sec)] - 0.112 (0.248)
3. Ccotainment tank pressure [kPa (psig)]- 179 (26)
4. Steam temperature [ C ( F)] - 154 (309)
5. Water temperature [ C ( F) ]- 126 (258)
6. Mixer pressure [ kPa (psig)] - 214 (31)

'

7. Test time (sec) - 1445.0

'

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [rn(ft)] - 10.1 (33.2)
2. Initial temperature

,

Elevation
[m(ft)] Initial femgerature

[ C ( F) ]

0.00 (0.00) 256 (493)
0.15 (0.50) 271 (520)
0.30 (1.00) 274 (526)
0.46 (1.50) 273 (523)
0.61 (2.00) 272 (521)
1.22 (4.00) -

3.05 (10.00) 273 (524)
6.09 (20.00) 272(522)
8.23 (27.00) - !

10.67 (35.00) 273 (523)

|

23005-1
'

-



SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

i 1. Steam probe purge steam [kg (Ib)] - 5.48 (12.08)
2. Liquid collection

(a) Outlet plenum [kg (ib)] - 8.01 (17.65)

(b) SG collection tank [kg (Ib)]- NA
3. Posttest drain from hot leg [ kg (Ib)] - 1.80 (3.96)

D. FAILED BUNDLE T/Cs(1}

'

294, 295, 305, 308, 309, 310, 311, 321, 326, 518, 520, 521, 532, 549, 553, 555,
564,565,568,569

| E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM
BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

| 1. From primary side energy balance [ kwsec(8tu)] - 0.511 x 10 (0.487 x 10 )
, t HTA
I 2. From local heat flux ( f f 4 dadt) - [kwsec(Btu)] - 0.240 y 105 (0.229 x 10 )5

o o

3. Integration to 180 sec

|

|
'
|

| |

|
|

1. T/Cs are defined as failed based on resistance reading or T/C response. I

|

!

23005-2
;
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0*5443 ^ ^ ^ 1.2000
STE AM GE NE R ATOR Septa ATE (FFECTS TEST Rum 23005
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1.0000

's
r

y 0.0000
$.

0.8000
-

_
--

2
0.6000

d o,
-

e *
*

.

0.4000 $

0.1000
0.2000

O.E0.0 * '''

8 8 8 9 9 9
o d

e R # E_ 6 $_o _

TIMEtSEC)
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STE AM CE NER ATOR SEPAR ATE EFFECTS TEST RUN 23005
CHAN 53; 4.0000
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Refer to Appendix H text for explanation of delayed response.*

;
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FLECHT 5E45Et STf 8 F GENETAID4 SEPat4TF tFFCCIS TEST SERIE5
#UN 73C05
TIME 53.0 2 ECON 3t LN115 - ELEW4110h METLttFtET)=

Flut KILJo4 Tis 4E TE k'*2 t old/3EC-FT**2 3
ELEVAT10h 10C AL 56ux LOCAL OsALITr

e eee eeee e e e ee e ee eee ee e e eeeee e ee ee e ee ee ee ee e ee e ee e ee eee e eees s e se e e e e e e e e e e ee ee e e e eee e ee e
RA3 POS - 1 2 3 4 1 2 3 4

.0t . 13 ) 41 .04) 6d.98 6.071 76.44 6.73) 42.98 3.78) .213 .228 .275 .315

.2t .5C) 209.78 18.39) 226.28 19.933 227.68 20.061 236.68 21.031 .2Fe .310 .358 .596

.38 1.CCI 357.4t 31 493 39 3.9 t 34.71) 1.0t .oal 98.08 8.o43 4)o .534 433 .702

.54 1.!Cl 1.28 .101 1.2t .lel 34.3t 3.03) 56.48 4.978 .568 .628 .441 .751

.61 2.00) 129.41 11.40) 35.48 3.128 9c.74 6.701 14.68 1.293 .639 .643 483 .172

.et 2.651 1.2t .lli -32.78 -2.991 110.24 9.711 8.0t .101 .o$0 .635 . sob .F76
U 1.24 4.CCI 16.76 1.471 8.St .75) 7.It .621 1.2t .108 .612 .621 .619 .766c) 1.8t 6.00 18.2t 1.6Cl 21.lt 1.o63 5.04 .443 11.08 .978 .TAS .638 .010 .762
h.

2.48 8.001 10.28 901 15.38 1.351 -1 . 16 .lal 4.51 .391 .7 ' s .661 .604 .766e

r 3.0(10.CGI 4.3t .383 4.31 .3PI S.28 4al 4.48 .39) .751 .6el .599 .164
M3 3.7(12.005 .2t .01) .08 .003 6.48 .5F8 .51 .C41 .i30 .bol .606 .761

4.6(15.C03 2.3t .20) *t 05) 4.74 42) 1.11 .1wl .T18 .675 .619 .757.

Q 6.1(20.0C1 .18 .C1) .It .J13 44 .039 .wt .ubt .73e .670 .626 .75 4
h 8.2(27.0LI .11 .31) .11 .013 .ut .071 .3t .033 .701 .66u .621 .751

10.7 t 3 5.001 0.3t 0. Col 0.Ct 0.003 0.91 0.003 0.34 0.uol .704 .610 .619 .751
13.1(43.C01 -1.2t .11) .7t .02) .It .0s) .it .C2) .731 .bil .621 .752
15.2850.C01 .nt .00) .It 01) .0t .Gol .lt .011 .046 .076 .642 .751
16.8tS5.CC) .2t 02) .11 .90) .wt ..J3 .04 .60) .o97 .072 .623 .F51
17.7tb8. Col .3t .033 .0( .uol .0t .001 .Dt .G03 .ove .612 .624 .752
1P.3t60. Col .78 .C61 .it .011 .11 .911 .11 .01) .7s0 .0F2 .625 .F3J
18.9te2. Col 1.2t .11) .08 .0C3 .It .013 .01 .wC) .F32 .673 .626 .723
19.5t64.003 .78 .01) .21 .01) .it .011 .04 .wCI .T32 .614 .627 . 754
20.1466.trl .2t .073 1.It .108 .28 .w43 .34 .L33 .7s6 .6F6 .027 .734
20.Sf67.383 -1.58 .131 .64 .05) -1.54 .133 -4.38 .37) .73o . bio .627 752
20.7t68.0C1 -4.7t .41) -3.6f .32) -4. T t .41) -7.18 .63) .T3S .6FF .625 .74o
20.9868.*rl -6.78 .553 -6.lt .53) -13.At -1.lol -4.11 .36) .102 .614 .623 .745
21.0 t 6 9.00 ) 3.1t .29) 2.78 .248 1.9t .163 8.24 .72) .FJJ .073 .o17 .747

~~
21.2t69.5C) -1.11 .09) -1.38 .11) -1.34 .11) -1.2t .11) .(3n .oia .61s 751
21.3t69.P73 -16.st -1.483 -1%.58 -1.2PI -9.6t .o*l o.Lt .70) .TJ9 .or. .61T .750
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FLECH1 $EA5FT 3TEAP GENERATun SEPAaAft c FECTS TEST SERIEar
RUN 23005

174.C SEG0m05 Umlia - tLEvaT10k MEicatFEET)TIME =

FLUt KIL0d4TT/ METER **2 (8Td/3cC-ff**23

EL EV ATI0h L OC AL FLUX LOJAL QUAL 1Tf
eeee ee ee ee eeeeeeeee ee ee eeeeee eeeeeee ee eeee eeee ee e ee eee eee ee eeee e e ee eee ee e ee eee ee eeee ee e

RAD 805 - 1 2 3 4 1 2 3 4

.08 .13) .2t .02) 23.48 2.0tl 20.41 1.80) 24.0t 2.12) .215 .223 .269 .516

.2t .501 56.48 4.971 59.3t 5.22) 02.51 3.SJ) 60.38 S.J23 .232 .24S .291 .53o

.38 1. Col 69.51 6.133 P4.5( 7.451 4.38 .3el 132.38 11 66) .271 .299 .312 .597

.58 1 50) e4.78 7.467 90.28 7.958 49.2t 2.573 95.24 8.39) .320 .342 .322 .o68

.6t 2.C03 125.98 11 108 119.28 10.5L) 130.64 11 50) 137.46 8.948 .JoS .413 . 3 72 .729

48 2.e5) . 78 .06) .71 . Sol 154.38 16.24) 44.84 7.473 42S 446 497 .79e

1.2t 4.C01 18.18 1 60) 16.98 1.491 lo.6t .931 1.18 .0vi .4.o .466 .5v4 .834
1 8( 6.001 .0t .001 1.1( .1CI 2.2i .AJl 4.4I .425 .471 48u .596 .822

33
(d 2 4t e.rt s .it .CC) .?t .02) 1.38 .A23 v.0t .793 46J 473 .306 81o

8 3.0(10.CCI 7.at .699 7.et .693 8.98 .Foi 8.14 .7il 4/4 4t1 .Se6 .820

V1 3.7 (12. e( ) 31.et 2.et) 16.58 1.45) 8.08 .713 1.38 .12) .339 492 .596 .819

bJ 4.6815.001 10.0t .P9) 6.68 .581 5.58 475 1 48 .133 .S*d .520 .613 .515
0 6.1820.0C1 .lt .01) .?t .02) .St .051 .it .011 .334 .533 .620 .811

e.2(27.(r) .it .05) .21 .07) .74 .w?l .26 .02) .bs2 .52o .o15 .800

10.7(35.CLI 3.St 0. f i 0.rt L.CCI c.cl C.Ost C.Dt 3.0wl 227 .529 .o12 .605
13.1143.0r1 -1.48 .121 .3t .S3) .01 .0Ja .3t .03) .353 .>2e .614 .500

15.2t50.CC) .lt .01) .Cl .03) ..t .01) .26 .028 .$*7 .32o .615 .604

16.8855.001 .of .CC) .06 .003 .At .0al .2t .028 .ato .524 .615 .004

17.7(58.001 .0t .001 .lt .01) .25 .01) .lt .oll .2,8 .529 .613 . dos

18.3t60.001 .2t .02) .68 .i!) .31 .02) .18 .01) .54o .529 .616 .506
1e.9862.0C1 .3t .03) .It .013 .11 .01) .2t .02) .248 .529 .647 .e00

19.5(64.Cel .0t .00) .1t .ill .01 .0JI .38 .o3) .544 .530 .619 .607

2C.1866.00) .18 .cIl 1.2t .16) .it .011 -1 0t .09) .321 .234 .6!1 .obe

20.5t67.383 -7.06 .613 -6.04 .533 -7.Ct .648 -16.9t -1.495 .s>0 .334 . 6. 9 . sol

20.7168.(Cl -36.41 -3.213 -31.66 -2.791 -46.48 -3.213 -36.98 -3.2b8 .53o .524 .6t 7 .783

20.9869.!CI -29.at -2.623 -32.71 -2.991 -41.3t -3.6*) -37.48 -3.301 222 .bwe .3e7 .767
21.0864.0C) 2.et .243 2.2t .19) .3t .031 -1.48 .138 .5as .449 .5 7) .161

21.2t69.!CI -77.51 -2.421 -1.6t .143 -34.ht -3 643 -30 04 -2.c4) .>16 .532 .269 .7a5

21.3(69.e7) -7.18 .621 -7.21 .641 -S.3t .461 -4.66 .411 .5.1 .a03 .560 .747



SUMMARY SHEET

RUN NO. 23207

DATE: 4/11/79

A. TIME-AVERAGED RUN CONDITIONS

1. Boiler steam flow [kg/sec (Ib/sec)] - 0.183 (0.403)
2. Water flow - [ kg/sec (Ib/sec)] - 0.045 (0.100)

3. Containment tank pressure [kPa (psig)]- 172 (25)
4. Steam temperature [ C ( F)] - 151 (304)
5. Water temperature [ C( F) 3- 122 (251)
6. Mixer pressure [ kPa (psig)] - 186 (27) |

7. Tust time (sec) - 1446.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Lcvel [ m(ft)] - 11.1 (36.4)
2. Initial temperature

Elevation Initial fengerature[m(ft)] [ C ( F) ]

0.00 (0.00) 193 (380)

0.15 (0.50) 199 (390)
0.30 (1.00) 204 (400)
0.46 (1.50) 204 (400)

0.61 (2.00) 204 (400)
1.22 (4.00) 204 (400)

3.05 (10.00) 204 (400)
6.09 (20.00) 204 (400)
8.23 (27.00) 204 (400)

10.67 (35.00) 204 (400)

23207-1
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' SUMMARY SHEET (cont)

C. MAS 3 BALANCE COMPONENTS ;

1

1. Steam probe purge steam [kg (!b)] - 4.41 (9.72)

2. Liquid collection

(a) Outlet plenum [kg (Ib)] - 2.59 (5.71)

(b) SG collection tank [kg (Ib)]- NA
3. Postteat drsin from hot leg [ kg (Ib)] - 1.52 (3.36)

D. FAILED BUNDLE T/Cs(1)

294, 295, 298, 305, 308, 309, 310, 311, 321, 326, 518, 520, 521, 532, 549, 553,

555, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

5 5
1. From' primary side energy balance [kweec(Btu)] - 0.328 x 10 (0.312 x 10 )

t HTA
5 5^2. From local heat flux ( f f 4 dadt)- [kwsec(Stu)] - 0.226 x 10 (0.215 x 10 )

o o
|

3. Integration'to 300 see

i

| |
|

1. T/Cs are defined as failed based on malstance reading or T/C response. !

1

|

|

|
i

23207-2
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0. M C0tf AlmM(mi STE AM FLOW R AT( CHA4 $7
*

n.cu00

' x

0 0.4000 y
~

0.0000
W W
$ 5

0.3000

${ 0.6000
-.

,
-

_ _ - . _ -J^ -

e

** 0.2000 7
f 0.4000 xx

0.1000 0.2000

' ' ' ' O.00.0

8 8 8 9 9 9
9 k i E' $_ k_ $_.

TIM (tS(ts

1.0000
^^^^ ^ ^ 0.1450

STE AM CENER AT0C SEPAR ATE EFFECT5 TEST RUN 2320F
CHAN 53
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Refer to Ap.nendix H text for explanation of delayed response. i
*
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STE AM GENERATOR SEP AR ATE ErFECT$ TEST RUN 23201
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SUMMARY SHEET

RUN NO. 23315

DATE: 4/18/79

A. TIME-AVERAGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)] - 0.046 (0.101)
2. Water flow - [ kg/sec (Ib/sec)] - 0.180 (0.396)
3. Containment tank pressure [kPa (psig] - 172 (25),

4. Steam temperature [ C( F)] - 152 (305)>

5 Water temperature [ C ( F) ]- 127 (261)
6. Mixer preswre [ kPa (psig)] - 200 (29)
7. Test time (sec) - 1446.0

B. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ m(f t)] - 9.8 (32.2)
2. Initial temperature

Elevation Initial femgerature
[m(ft)] [ C ( F)]

0.00 (0.00) 255 (491)
0.15 (0.50) 264 (507)
0.30 (1.00) 274 (525)
0.46 (1.50) 272 (522)
0.61 (2.00) 272 (522) I

1.22 (4.00) !-

3.05 (10.00) 273 (524)
6.09 (20.00) 272 (522)
8.23 (27.00) -

10.67 (35.00) 272(522)

I
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SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

1. Steam probe purge steam [kg (Ib)] - 14.38 (31.71)

2. Liquid collection

(a) Outlet plenum @g (Ib)] - NA

(b) SG collection tank [ kg (Ib)] - 17.19 (37.89)

; 3. Posttest drain from hot leg [ kg (Ib)] - 16.8 (37.0)

IIIJ. FAILED BUNDLE T/Cs
i

294, 295, 298, 305, 308, 309, 310, 311, 321, 326, 518, 520, 521, 532, 549, 553,

555, 564, 565, 568, 569

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

$1. From primary side energy balance [ kweec(Btu)] - 0.838 x 10 (0.798 x 10 )
t HTA

2. From local heat flux ( f f 4 dPJt) - [kwsec(Btu)]- 0.328 x 10 (0.312 x 10 ;5 5

3. Integration to 300 sec

.

;

1. T/Cs are defined as failed based on resistance reading or T/C response. |

|

|
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30.000
^^ ^ 4 3531

STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 23315 4.0000
CHAN 49

j STE AM CENER ATOR COLLECTION TANK LEVEL ( P510 I

h20.000
3.0000

t
$ 2.0100 [- [

'
10.000

1.0000 w
-

$ 7 3
$$0.0 '

O.0
a a

-1.0000

-10.000

-2.0000

-20.000 ^^'" -2.9008
8 8 8 9 9 9 99a. . si 2- .- g a s SS

Sd N M L' U O2- -
'

TIME - SEC

Refer to Appendix H text for explanation of delayed response.*

400.00 ^ _. - - -- 5R.015
STE AM CENERATOR SEP AR ATE EFFECis TEST RUN 23315

- CHAN f4
g 350.00 CONTAINMENT PRES $URE (PSICI

50.000
M
<

g300.00
; 40.000 ;

"
~ 250.00

k200.00
"30.000

S h- - -

w
. - _ _ _ _ _ _

- -
::
,

i 150.00 t
e0,,n,
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0.0 - ' '- 0,0

8 8 8 8 9 9 9 9
9o J d d 8 8 8 28
yd 0 S C 2 $ c 02

TIME - SEC
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400.00 ^^^^ ^ -^ ^ - 54.015
STE AM CE l4E R A T O R 5(P AR AT[ [FFt(TS T[ 5 T RUN 23315

(HAN $7
h350.00 MIX [R PRES 5URE ( PS!G i 50.000
S
<

$ 300.00 --

d 40.000 7" a
250.00

50*000200.00 ;g . ---ws. -- m

w . . ,

| 20.000

100.00 -- -

10.000
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l
l 0.0 ' O.0

| 9a *
8 9 9 9 9 'P.8 8 o
ci d 8 8 8 87,

Sd 0 M C 2 3 C OS
*

TIME - SEC

l

.

10.000 - ^ ^- ^ 1.6506
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i
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| -| |e
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Sd 0 S 2 C ttr ~
'

TIME - SEC
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STEAM CENERATOR SEP AR ATE EFFECTS TEST RUN 23315

CHAN 52
3 STE AM LENER ATOR INLET PLENUM DELTA P (PS101 1.2500

I I I
38.0000
a
d 1.0000 3

a 1 | t

hc~c-

.

*

| |' ^ 0.0

| 0.2500

> ,
0.0 _.-

8 8 8 8 9 9 9 **

29 N N N 8 k $ b$
oo ~ o s -
'

TIME - SEC

' *

$TE AM CENER ATOR SEP AR ATE EFFECTS TEST Run 23315
170.00 CHAN 7

" $TE AM CENER ATOR [NLET PLENUM STE AM PROSE TEMP *
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g as0.00 g
o o
5 5

150.00 300.00
w w
5 / E
y 140.00 g

h
*

i 130.00
__

, _ _ _
275.00

1 E

9
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t00.00 '" ' 2!2.00
8 8 o o . . . ..

80 N N ! h ! $$~

TIME - SEC

t

i
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STE AM CENERATOR SEP AR ATE EFFECTS TEST RUN 23315
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a.0 bb.bh$TE AM CEN(RATOR $EPEk ATE EFFECTS TEST RUN 23335
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FLEC1T SELSET STEAM GENERAT34 SEPA4 ATE EFFECTS TEST SERIESRUM 23315
TIME 60.0 SECON05 us1TS - ELiv4 TION METE 4(FEFil

=

FLUA K ILOW A TT /9 ETEt * *2 t i TU/SEC-F T* *2)
ELEVATION LOCAL FLUX LOCAL QUALITY

eeeeesseeeeee eeeeeeeeeeeeeeooeeeeeeeeeeeeeeeeeeeeeeeeeeeee eseosoeeeeeeeeeeeeeeeeeeesRAD P0S - 1 2 3 4 1 2 3 4

.0( .131 .3( .03) 16.8( 1.483 137.9( 12.15) 51.7( 4.55) .604 766 .041 .028.2( .501 7.2( .64) 1. 2 ( .11) 11.lt .idt 12.3t 1.09) .603 .770 .065 .039.3( 1.003 9.6( 861 9. 3( 73) .6( .05) .8( .071 .599 .770 .069 .043.5( 1.50) 3.1( .2R) .6( .05) 6. 7( .59) 9.2( 91) .592 766 .071 .046.6( ?.00) .3( .059 9.9( 761 .8( .0 7) 4.9( .43) .585 .763 .072 .051.8( 2.65) .St .04) 7.2( .641 -3.lt .27) 3.1( .27) .578 760 .070 .0531.2( 4.00) .6( .07) .0( .001 .0( .00) 6( .051 .569 744 .067 .054
da 1.6( 6.001 .2( .01) .8( .073 4 5.0( 44l 11.7( 1.01) .560 .719 .070 .065L4 2.4( R.00) .1( .01) .8( .073 -2.4( .211 7. 2( .611 .553 .705 .072 .054d 3.0(10.001 .2( .02) .2( .02) .it .01) .5( .04) .549 .699 .069 .091'$n 3.7(12.001 .3( .03) .0( .00) .6( .05) -1.2( .11) .546 .697 .069 .0895 4.6(15.001 1.7( .15) .7( .06) .6( .05) .8( .371 .549 696 .071 .086

6.1(20.001 .0t .03) .0( .00) .5( .05) .it .01) .552 .696 .073 .084
M.2(27.00) .St .04) .2( .02) .9( .08) .3( .02) .554 696 .072 .08310.7(35.005 0.0( 0.03) 0.0( 0.001 0.0( 0.001 0.0( 0.03) .557 698 .068 .05213.1(43.001 -1.1( .03) .3t .02) .0( .001 . 2( .07) .552 697 .069 .08215.2(SC.001 .2( .02) .lt .013 .2( .02) .2( .0?) .547 .695 .068 .080

16.8455.00) .0( .00) .0( .00) .lt .01) .1( .01) .547 .695 .068 .079
17.7(58.00) .1( .01) .0( .00) .0( .00) . 0( .00) .547 .695 .068 .079
18.3(60.00) .4( .04) .0( .00) .it .01) .It .01) .547 .695 .068 .079-16.9(62.001 1.0( .07) .It .01) .2( .02) .It .01) .549 695 .C69 .080
19.5(64.00) .2( .02) .2( .02) .2( .02) .It .011 .551 .696 .069 .080
20.1(66.00) 4( .04) 1.0( .09) .4( .04) .1( .031 .552 .698 .070 .08020.5(67.381 .0( .03) .3t .02) .0( .001 .5( .04) .553 .699 .070 .08020.7(68.00) .St .04) .0( .00) .5( .04) .lt .01) .553 699 .070 .080
20.9468.50) .4( .01) . 3t .03) .58 .04) .7( .0$1 .553 699 .070 .03021.0(6G.001 .0( .03) .ot .00) .0( .001 .0( .001 .553 .698 .070 .080
21.2(69.501 .0( .03) .it .01) .lt .011 0.0( 0.00) .555 .699 .070 .080
21.3(69.87) -32.4( -2.651 -15.9( -1.40) -12 2( -1 08) .8( .07) .553 .697 .069 .080

_ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ - . _
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FLECHT SELSET SitAM GENERATOR SEPARATE EFFECTS TEST SERIES
RUN 23315
TIME = 120.0 SECONDS U41TS - ELEVATION METER (FEET)

FLUX K1LOWATT/METEt*e2 (sfutSEC-FT**2)

ELEVATION LOCAL FLUE LOCAL QUALITT
eeeeeeteseeeeeeeees.eeeeeeeeoo**eososoooooooooseeeeeeeeeeoo eeeeeeeeeeseeeeeeeeeeooooo

AAD POS - 1 2 3 4 1 2 3 4

.0f .138 .2( .01) 45.6( 4.01) 58.0( 5.111 54.5( 4.831 .604 .770 .029 .028

.2( .50) .5( .04) 303.7( 26.49) .St .04) 339.4( 29.011 .6C4 , L. .03S .141

.3( 1.003 234.2( 20.64) 420.5( 37.05) 8.1( .72) .5( .05) .677 . 092 .041 .245

.51 1.50) .6( .05) .6( .05) 104.7( 9.23) 6( .05) .752 1.222 .076 .246

.6( 2.00) 6( .05) 35.9( 3.16) .6( .05) 295.8( 26.07) .752 1.234 .108 338

.8( 2.651 6( .05) -9.7( .86) .6( .05) 202.6t 17.85) .753 1.240 .110 .523

1.2( 4.00) 7.4( .66) 2.6( .23) 3.0( .26) . 6( .05) .762 1.238 .115 618
da 1.8( 6.001 -9.*( .831 9.0( .79) .81 .0Fl 10.0( .Raj .760 1.252 .120 .629
y 2.4( 6.001 -6.8( .63) 4.0( .35) 6( 05) 6. 3 t 56) .739 1.267 .121 642
>- 3.0(10.001 .It .038 .It 00) .61 .05) .it .01) 726 1.264 .122 .637'

$P 3.7(12.001 7 6( .673 -1.4( .12) 4.lt .36) .7( .06) .717 1 243 .125 .620

y 4.6(15.001 7.91 .70) 4( .03) 4.3t .39) 1.0( .03) .713 1.211 .135 .601

6.1(20.00) .0( .00) . 4( .04) .5( .04) .It .00) .707 1 164 .143 .591
1.2(27.00) 4( .04) . '2 ( .02) .dt .07) . 3( .02) .709 1.169 .144 .593

1).7(35.001 0.0( 0.03) 3.0( 0.001 0.0( 0.001 0 0( 0 05) .749 1.180 .167 .615
11.1(43.005 .2( .02) . 5( .04) 1 3( .11) .1( .01) .805 1.213 .214 .646

15. 2 ( 5 C . 001 .21 .0?) .lt .01) .2( .02) .3( .02) .825 1.229 .237 .656

1$.8(55.001 .18 .01) .lt .01) .2( .02) .2( .02) .820 1.227 .235 652

1 7.7(58.00) .It .039 .0( .00) .01 .001 .0( .05) .818 1.225 .235 .651-
11.3(60.00) .6( .051 .1( 01) .2( .02) .It .01) .619 1.226 .235 .652

11.9162.001 1 9( .17) .2( .02) .2( .02) .It .01) .823 1.226 .236 .653

14.5(64.00) .2( .02) . 3t 03) .2( .01) .0( .00) .826 1.228 .237 .653
20.1166.00) .2( .02) 1.0( .0s) .2( .02) .2( .0?) .828 1 230 .236 653

20.5(67.38) .8( .07) . 2( .02) .8( .07) -2.3t .?0) .828 1.232 .238 .652

20.7(68.001 -1 4( .13) -1.2( .11) -1 4( .13) -2.6( .23) .828 1.232 .237 .650
20.9(68.50) -3.lt .27) -3.2( .2dl -5.5( .49) -2.6( .23) .827 1.230 .235 .649
21 0(69.001 .2( .01) 2.ot .24) 3.4( .303 .2( .011 .827 1.230 .235 .649
21.2(69.503 -23.0( -2.03) .4( .04) .4( .04) .4( .041 .826 1.232 .236 .650
21.3(69.873 -17 8( -1.57) -10.6( .94) -8.dt .771 -4.4( .37) 822 1.233 .235 .650

.
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FLcCHT SE Ai!T STEAM GENERtTOR SEP A< ATE EFFEC TS TFST set (FS4 U'4 23315
TIME 180.0 SECONDS UNI!S - ELEVATION METEt(FECTI

=

FLOX (IL3 d ATT /1ETER ** 2 ( 9 79 /5EC-F Te e21
t! L E va TIOil LOCAL Flux LG;AL QUALITY

ee eeeee eee ee e eee ee eee s.see ee e.e ee eee ee eee e ee ee e eeeeeeeeeeee seeeeeeeeeeee,ee,,,eeeeeee
*A3 P05 - 1 2 3 4 1 2 3 4

.0f .131 .It .011 29.4( 2.59) 27.it 2.461 27.8( 2.45) .504 .767 .G24 .024.2( .531 102.5( 9.03) 34.6( 7.451 136.3( 9.3$1 115.6( 13.19) .635 .797 .C61 ,064.3t 1.001 145.4( 12.91) 194.4( 17.13) ,3t .03) . 3( .03) .712 .883 .094 .099.5( 1.50) .4( .03) 243.9( 21.231 90.0( 7.73) .4( .333 .757 1.018 .122 .1006( 2.03) .51 .05) .5( .05) .St .05) 322 18 29.39) .758 1.C93 .150 .199.9f 2.653 .6( .05) .6( .05) .6( .35) 267.6( ?).5=1 .?53 1.074 .153 .4211 2( 4.001 13.8( .95) 4 1( .36) 3.51 .11) . 6( .35) . 77? 1.099 .155 .544
83 1.et 5.001 -25.7( -2.27) .4( .04) -21.lt -1.36) -8.6( .7St .754 1.102 .133 .534y 2.4( b.00) -14.2( -1.61) -1.st ~.14) .6( .05) -4. 3t .19) .75U 1.073 .108 .5173.0(10.001 .2( .02) .2! .02) 1.04 .391 4( .31) .b73 1.082 .110 .507-41 3.7(12.00) .o! .05) 1.8( .16) 12 0( 1,36) 4.!! 411 .656 1.077 .122 499bJ 4.6(15.001 15.4! 1.35) 2.6( .23) 13.0( 1.15) 81( 71) .661 1.379 .161 .501"

6 1(20.031 .it .011 .5( .05) .ot .35) elf .01) 374 1.L77 .183 .5063 2(27.00) . 38 .03) .2( .01) .3t .u73 .3t .3?) .678 1.017 .189 .507
10.7(35.001 u.Gt 0.03) 0.01 0.001 0 0( 0.301 0 0( 0.33) .686 1.02' .18e .51013 1(43.00) .6( .051 .2( .02) $.28 .55) -7 1( .63) .683 1.013 .214 .479
15.Z(50.00) ' .2( .02) . '1 ( .01) .2( .J2) .3l .03) .676 1.001 .240 .447
16.9(55.001 .1( .031 .it .01) .8( .07) .2( .02) .673 1.004 .237 .44817.715P.00) .0( .03) .0( .001 .3( .03) . 2( .0?) .672 1.006 .239 .44918.3(6C.00) .It .01) .0( .00) .0( .00) .It .01) .673 1 037 .23d 450 -
18.9(62.00) .2( .02) .1: .01) .2( .323 .0( .C)) .674 1.0J8 .237 .451
19.5(64.00) .It .018 .2( .02) .2( .029 elt .339 .675 1.009 .240 .451
20. lib 6.00) .2( .021 1.Gt .07) .2( .02) . !! .0?) .677 1.011 .241 .451
20.5($7.39) -1.4( .131 .8( .07) -1 51 .13) -3.7( .3?) .677 1.012 .241 450
20.7(66.03) -4.41 .39) -3 4( .34) -4.4( .39) -5. 9( .52) .676 1.011 .239 .447
20.9(6P.509 -0.lt .541 -6. 4( .57) -11.St -1.04) -3 9( .151 .674 1.009 .235 446
21.0(69.00) 3. 18 .27) 2 5( .22) 1.0( .09) 5.5( .451 .676 1.010 .232 .448
21.2(69.50) -7 1( .63) -16.2( -1.43) -9.5( .e41 -P.7( .771 .681 1.010 .231 .449
21.3(69.97) -7.9( .67) -4.2( .3T) -4.lt .36) .8( .07) .664 1.010 .228 .447



SUMMARY SHEET
!

RUN NO. 23402 |

OATE: 4/19/79

A. TIME-AVER AGED RUN CONDITIONS
1

1. Boiler stoom flow [ kg/sec (Ib/sec)] - 0.358 (0.790)
2. Water flow -[ kg/sec (Ib/sec)] - 0.090 (0.199)
3. Containment tante presaure [ kPa (pcig)] - 172 (25)
4. Steam temnerature[ C ( F)] - 163 (325)
5. Water temperature [ C ( F)]- 126 (258)
6. Mixer pressure [ kPa (psig)] - 234 (34)
7. Test time (sec) - 1446,0

8. INITIAL SECONDARY LIGUID LEVEL AND TEMPERATURE

1. Level [rIn(ft)] - 9.8 (32.1)
2. Initial tcmperature

Elevation Initial J gerature[ m(ft)] [ F) 3

0.00 (0.00) 257 (494)
0.15 (0.50) 271 (519)
0.30 (1.00) 274 (525)
0.46 (1.50) 272 (522)
0.61 (2.00) 273 (523)
1.22 (4.00) -

3.05 (10.00) 273 (52'4)

6.09 (20.00) 273 (523)

8.23 (27.00) -

10.67 (35.00) 273 (523)

23402-1



SUMMARY SHEET (cont)

C. MASS BALANCE COMPONENTS

|

1. Steam probe purge steam [kg (Ib)] - 4.87 (10.73)

2. I uld collection

' ) Outiet plenum [kg (Ib)] - 4.92 (10.85)
(b) SG collection tank [kg (Ib) 3 - NA

|
3. Posttest drain from hot leg [ kg (Ib)] - 0.649 (1.43) )

1

D. FAILED BUNDLE T/Cs(I

287, 294, 295, 298, 305, 308, 309, 310, 311, 326, 518, 520, 521, 532, 549, 553,

555,564,565,568,569
|

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME ,

l

1. From primary side energy balance [kwsec(Btu) 3 - 0.787 x 10' (0.75 x 10')

t HTA
2. From local heat flux ([ [ 4 dadt) -[ kwsec(Btu)3 - 0.497 x 105 (0.473 x 10 )5

o o

3. Integration to 300 see

1. T/Cs are defined as failed based on resistance reading or T/C response.

23402-2
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21.C169.00) 2.7t .241 2.It .161 .51 .041 4.9t .43) .s>T .916 .984 .926
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SUMMARY SHEET

RUN NO. 23605

DATE: 4/27/79 :

A. TIME-AVERAGED RUN CONDITIONS

1. Boller steam flow [kg/sec (Ib/sec)] - 0.111 (0.245)
2. Weter flow - [ kg/ scc (Ib/sec)] - 0.113 (0.249)
3. Containment tank pressuro [kPa (psig)]- 172 (25)
4. Steam temperaturc[ "C ( F)] - 152 (306)
5. Water temperature [ C ("F) ]- 126 (258)
6. Mixer precaure [ kPa (psig)] - 193 (28)
7. Test time (sec) - 1446.0

8. INITIAL SECONDARY LIQUID LEVEL AND TEMPERATURE

1. Level [ nift)] - 10.1 (33.3)
2. Initial temperature

Elevation Initial femgerature[m(ft) ] [ C ( F)]

0.00 (0.00) 257 (494)
0.15 (0.50) 266 (510)
0.30 (1.00) 274 (526)

0.46 (1.50) 273 (523)
0.61 ('2.00) 272 (521)

! 1.22 (4.00) -

3.05 (10.00) 274 (525)

6.09 (20.00) 273 (524)

8.23 (27.00) -

( 10.67 (35.00) 273 (524)
|
|
t

i

!

|
|

,

23605-1



- _ - - . .

SUMMARY SHEET (cont)
]

C. MASS BALANCE COMPONENTS
|

1. Steam probe purge steam [ kg (Ib)] - 6.75 (14.88)
2. Liquid collection

(a) Outtet plenum [ kg (ib)] - 10.06 (22.18)

(b) SG collection tank [kg (Ib)] - NA
3. Posttest drain from hot leg [kg (Ib)]- 9.07 (20.0)

FAILED BUNDLE T/Cs(1)
-D.

287, 294, 295, 298, 305, 308, 309, 310, 311, 326, 517, 518, 520, 521, 524, 531,

532, 533, 549, 553, 555, 554, 565, 568, 569, 570

E. OVERALL ENERGY EXCHANGE FROM SECONDARY TO PRIMARY FROM

BEGINNING OF TEST TO 1.2-METER (4-FOOT) QUENCH TIME

5 51. From primary side energy balance [ kwssc(8tu)] - 0.719 x 10 (0.685 x 10 )

t HTA
2. From local heat flux ( f f 4 dadt) - [kwsec(Btu) ]- 0.378 x 10 (0.360 x 10 )5 5 ;

3. Integration to 300 see

I
I

&

l. T/Cs are defined as failed based on resistance reading or T/C response.

|

|
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Refer to Appendix H text for explanation of delayed response.*
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10.000 - - ~ ' - ^^ **^^ ^- - ^^^^ ^^-^ 1.4504
STE AM CENERATOR SEP AR ATE f ff ECIS TEST RUN 23605

(HAN 54
j STE AM CENER ATOR HOT LIG DELTA P (PSIDI ,,g )
u

7 0.0000 ---- --

n.

I t.0000 3
~

i

5 = 1

6.0000

E 0.7500 E j

3 3

h6.0000 - -
I E

2.0000 g-f 3 0.2500 1

-- - ^ ---- ^ " * " ' - 0.00.0 -

" 9 9 90 8 8 8
8 "E.

d d S 8"*

Sd 6 S C 3 % C
o

O
'

TIME - SEC

;

10.000 --^^ - ^ ^^ ^ ^ + - - - - ^ ^ -

^^^--- 1.4504
STE AM CENERATOR SEP AR ATE EFFECTS TEST kUN 23605

CHAN 52

} STEAM CENER ATOR INLET PLE NUM OELTA P (PSIDI 1.2500
v

7 8.0000 -

t
d 1.0000

~

5 *

6.0000 - -

E 0.7500 E
3 3

++

E 4.0000 E
"" 0.5000

h [ 0.2500*

0.0 -
- 0.0_,

8 8 8 8 9 9 9 99
9o a d d R 8 88
Sd M S C $ % C O2
'

TIME - SEC

i
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175.00 -- -- - - - -- - 147.00
ST[ AM CINER ATOR 5(P AR AT[ [FF[ CTS TEST PUN 21605

110.00 CHAN 7
"

$T[ AM C(N(R ATOR INLET PLENUM ST[ AM PROBE TEMP"

O R5.00 0
g 160.00 w

$ $
o o

150.00 100.00
dw w

5 5
; 140.00 ;

O
- -

275.00 "w
t: q.- :. -

,-

- -

'
120.00 250.00

110.00
225.fo

100.00 --- -- '- - 212.00

g 8 8 8 9 * * 99
g

$
g g g 8 88-

..
Sd ~ c as~ - -
'

'IME - SEC

275.00 - -- - --- - -- -- - -- --- 52 7.th
STE AM CENER ATOR SEP AR ATE [FFECTS TEST RUN 23605

CHAN 12
500.00" STEAM C[N OUTLET PLENUM EXIT V APOR FLUID T/C m

m -- CO 250.00
U E
o o

a 450.00 g
225.00

400.00
2 200.00 %

\::' r
5 5

*

( 175.00 350.00
*

\
150.00 Y -

f
, 300.00

I 125.00 - - '- - 257.00
8 8 8 8 9 9 = 99

! So d d 8 8 8 88' Ed C S
g

S ~ n ==~'
f!NE - SEC
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-
-- ^^ ^ ^ ^^^^ ^^^^ ^ ^ ^ 25.00025M

STE AM C(NER ATOR SEP AR ATE IFFECTS TE$i RU4 21605
'

jCHAN SS
$tJP(PH( Af[R POWER I KW > |

|

20.000 -- 20.000 i

*
v.

C C
*< m2

o 15.000 15.000 o

n 2
w=

5 E
$ 10.000 10.000 o

aa

5.0000 - -- = 5.00n0

0.0 --- - - -- - 0.0

| 9a *
8 8 9 9 9 998 8

* 8 R8
Rd 6 g j g 6 C OCo - -
'

TIMt - $EC
_.

<75.00 - -- --- - -- - - 9 7,nn.

Sif AM LENER ATOR Sf P AR ATE (FFEC)51(51 R9N 21605
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,

^i 30.00
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,
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E 5

1 i<.u. N 5~.~
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s Ny s'

115.00 150.00
,

150.00 100.00

125.00 - = m - gg;,no
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SJ N N h h h
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3E67 ^^^ ^*^ ^ ^ ^^^^ ^^^^ ^ ^^ ^ ^^^^ 874.51
STEAM CENER ATOR SEPER Aff (FFEC15 TEST RUN 23605
t ise MA55 IN 823. MA55 0UT (33= M A55 5f 0Rt0 800.00
4 4 )= 42)+t 38 ( 5 ). MASS O!FFERFNCEM 00

700.00

300.00

600.00
#

250.00 -

p
G $00.00 **

200.00 --

; .00.00 x

*
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-
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o
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ggg*3g - - - - - - - - - - - - 300.00
STE AM C(NER ATOR SEPER ATE (FFECT5 TEST Run 23605

300.00 --

SECORDARY 70 PRIM 4R7 TOTAL N( AT FLOW R Af(
~
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E250.00
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g 200.00 - E
S 5

f i50.00 2t n
y150.00 d

0 E
T 100.00 I100.00

50.000 9.000

!
0.0 ^' '" 0.0
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|

I
|
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1.4400 -
-^^ ^ - -- ^ ^ ^^-- --^^ 1.4400
%f( AM C(hER AT0s SEP(R Af( [f f E C15 ff 57 AUN 23605

INIEf PLENUM OU AL|Tf
1.2500 - I.2500

q

t.nn00 1.0000

0.7500 - 0.750W

h kl * * 0.5000- ^ ^
0.5n00 , y - _ .g

0.2500 0.2500
|

0.0 - - ^ ^ - - -- "" 0.0

8 8 8 9 9 9
9 - d a' H E R
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|
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MN N00E TEMPER ATURES RUN NO. 23605
OISTANCE FROM INLET = 1. 000 t FE E T) RAO.PO$. t $50.00

ta$TE AM PR08E.2=TUIE W ALL.3=5EC FLul0

275.00 .

500.00 .

u

250.00 a

c e
-

450.00 E.

225.00

y
" ( 400.00 E

3
R. 200.00 -

0
850 00

I 175.00
= \

\
150.00 300.00s

hE m

L

-

'

' " ~~

262.76128.20
'

= = = =*
g 8 8 8

pd N N N ! $ b !!
TIME (SECOND)

M;N N00E TEMPER ATURES RUN NO. 23605
*

Ol$TANCE FROM [NLET= 4.0 00t FE E T) RAO.POS. t 550.00
151E AM PROBE.2= TUBE W ALL.3=5EC FLul0

275,00

500.00 .

0
250.00

0 ) 9

450.00 W-

O 225.00 g
<e 0w 400.00

= .
.-

I 75.00 350.00
1

\=
1 t

150.00 300.00
\ \ w_

k. b 'm -m

121.05
' -

"
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8 8 8 8 9 9 9 99
l 9o d d g g S 8 So
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, yd 2 S ~ -

( TIME t$ ECON 01
i
!

;

l

;

!
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M'bb N00E TE MPE R ATURE S RUN NO. 23605
Ol$iANCE FROM INLEis 10.000(F E Eis RAD.POS. t $50.00

te$fE AM PROBE.2=fuBE W ALL.3=$EC FLul0
275,00 "

:~ % 500.00 .

w
250.00 - S0 T

450.00 W
J Eg N5.00 [
~ Z

400.00 U
~

-:
350.00

I 175.00 }
:"

l l
150.00 300.00"

,

& .
--- - }

~'

"' > 262.73128.19

8 8 8 8 9 9 9 99

$ k N N h
' f!ME t$tCOND)

*N;b$ NODE TEMPER ATURES RUN NO. 23605
Ol$fANCE FROM INLETS 1.000 t FE E T) R AD.PO$. 4 550.00

t=5fE AM PROBE.2=iU8E W ALL.3=$EC FLUID
275,00

-_-%
,

m
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$, 250.00 -

u
450.00 %

J Rg N5.00 g
- +
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200.00 ~

:
w

I 350.00
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.a"" '" "

t ww ; - _ ..

130.35
- ' - "" 266.63~

8 8 8 8 9 9 9 99

9d 6 $
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9o OS~ - - -

f!ME ISECONO)
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b'Eb N00E TEMPERATURE $ RUN NO. 23605
*

015fANCE FROM INLET = 4. 000 t F E E T) RAD.P05. 4 550.00
is5TE AM PR08E.2* TUBE W ALL.3*SEC FLU!O

275.00 -

500.G0 .

$,250.00
)

-

u w
450.00 W

225.00 {
E 400.00
E 200.00 x,,

*
2

E 350.00

* 175.00
\k

150.00 300.00

129.13
"~

265.07

g 8 8 8 * * * **

,4 9 d g d I_ E_ $ E_8__o
TIME (SECON08

|

l

U - N00E TEMPER ATURES RUN NO. 21605
*

DISTANCE FROM INLETS 10. 000t FE E T) RAD.P05. 4 $50,00
te5TE AM PR08E.2= TUBE W ALL.3=5EC FLul0

275.00
C

500.00 .

250.00 $ |A

% e0
|450.00 gg

g 225.00 3
~ $

{400.00
200.00

E \ W
W

E \ [ 350.00z 175.00

150.00 300,00

%".p
-

263.16128.42
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E. . 4 3 g g s 8 sa
$ C O*&o U o ~ _

*

TIME (SECOND)
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b$;bb NODE TEMPER ATURES RUN NO. 23505

0!$TANCE FROM INLET = 69.000(FEET) RAD.POS. 1 550.00
!=$TE AM PR08E.2= TUBE W ALL.3=$EC FLUID

275.00 7 ,

a

500.00 g
*

_ 250.00 % -

w

{450.00*

3 225.00 ;
~ m

w
w

*

200.00 #

2
::'

350.00i 175.00 ,

% 300.00150.00
,

-g,

133.15
'

211.67
o o o o o o o ao

9o d p d g { 8 SU
9d C C c 22o - -

TIME (SECOND)

*M;N N00E TEMPER ATURES RUN NO. 23405
DISTANCE FROM INLET = 66.000tFEET) RAD.POS. t 550.00

l=$TE AM PR00E.2=TUSE W ALL.3=$EC FLUlb

275.00

500.00 .

g
_ 250.00

C" N .50.00 g; s -
* 225.00 $0

w
w

*

200.00 *

5
r

350 00i tr5.00
\

"

s
150.00 g - 300.00

_ <
_ -
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* 99* 98 8 8*
8
9s E R

p g g 8 83- -

c e ==- -

TIME ISECONO)
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NODE TEMPER ATURES RUN NO. 23605
O!$TANCE FROM INLET = so.000tFEET) RAD.POS. 1 550.00

1*STE AM PROPE.2.TuSE W ALL.3=$EC FLUID
275.00 ---

:M
N 500.00 *

250.00 E% ~u

$J 450.00
E 225.00 -- %

0w
I$ )

- W
400.00

< 200.00 3

i \ \ 350.00W 175.00 '

\
150.00 --

Nw b
-

'
300.00

136.93 -- T - 278.48

g s s a s e s se
p d i i ! ! ! Ei

f!ME ilECONO)

$bd*bb --

NODE TEMPER ATURES RUN NO. 23605
*

O!$TANCE FROM INLET * 69.000tFEET) R AD.POS. 4 550.00
!=5fE AH PROBE.2= TUBE W ALL.3=SEC TLUID

275.00 _
s

500.00 g
, 250.00 %

\ -

i
o

$J 450.00
a 225.00 ;

C 5
| 200.00 -

*

| r
E 175.00 350.M

h '\~

A N
150.00 300.00s

| 133.86
~ I ~

272.S4
'
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TIME ISECONDI
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N bE ~
NODE TEMPf R ATURES eUN NO. 23605

OISTANEL FROM INLET = 66.000tFEET) RAD.P05. 4 550.00
!=5TE AM PR00E.2= TUBE W ALL.3*SEC FLUID

275.00

500.00 .
s "
\

_ 250.00
- 8

u

{450.00*

g 225.00 ;

[ O

200.00 -
\ *

5
=

350.00
h175.00 3

A
150.00 - - - 300.0LW .

| ~ ,l'
-

-a 273.59134.22
8 8 8 9 9 9 99

*

TIME (SECONO)

b;N N00E TEMPERATURES RUN NO. 23605
*

015TANEE FROM INLET = 60.000tFEET) RAD.P05. 4 550.00
l=5TE AM PROBE.2= TUBE W ALL.3=5EC FLUID

275.00 C% '

500.00 -

% e
o250.00

$J 450.00

% 225.00 Q

C \ 5
Y '

200.00

O
1
0 175.00 _

350.00

\
't 300.00150.00 %
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,m

278.06136.70

8 8 8 8 9 9 9 99
d g 8- 8 SG9o -

i E e ~ c ze9s -

TIME (SECONO)
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FlulD T[M.*. FOR R ADI AL F05.NO$1 RUN 23505
*

tit =0 ATA SC AN NO. 15
300.00 ~

(2)*0 A T A SCAN NO. 213 FLOT INTERVAL = 24 SCANS
i 550.00
| --

"" 215.00 wa - - - -, T_L=. r

rc1p{-T dQ(y," -
_c L i.j If g --.- e-

. _ _C N

mg* ._. N 500.00= - -

- 250.00 y _- % j1'h- "w

y
, 225.00 - - -

y
--

\
- -

g450.00
--

4

200.00 -
j

-- -q - - ' -~
400.00

w

' 350.00115.00

,[D,/ \ %/150.00 300.00
<>

'

|hh*88 -- ''- f60.00
R 8 8 8 8 8 8 C
$ 9 9 9 9 9 9 9
d C 2 2 O S S 8

OISTANCE AB0VE OUTLEitFEET)

~

FLUID TEMP. FM R AOI AL P05.N0.1 RUN 23605 |

tt)*0ATA SCAA *0. 15
300.00 (2)*0ATA SCAN NO. 273 PLOT INTERVALS 24 SCAN $

,
550.00

,

" 275.00 :;- m.s - ",7 _,
'y 7 j gg 500.00

~

y'p
- 250.00 rg - ; -

450.00
?5225.00 J 7
: / / /) /f / :
b / i h /L 4w.m t
= eon.ca / | /,/ [[-' *

!,
i

175.00 / / 350.00- t/ -d /
,/y /

/./ -- ,--''"' "
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,

l
Ilh:88 i -- no.oo

8 8 8 8880fB 8 8 8 888 FE 8 8 8 888|IEg2 2 V S0E%i,8 8 8 8 88"cxr'ft 9 9 9 99"'dc.

'd d d d diddrP d 4 '.* Ade*arn R R 9 881%D
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320.00 g0g.QQ
FLUID TEMP. FOR RADIAL P05.N0.1 RUN 23605 u.

t il=0 AT A SC A't NO. 15
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'
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' 500.00j
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,
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-
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FLECHT Sf4ET STT A M GENIC A IU4 SE PAR ATE EFFE;15 TEST SedIE S
RUN 2360!
TIME 102.C SECON75 LNAT3 - ELEvaTich METet(FcET)

=

FLUX M 4 LOW 4T T/ METE # * *2 ( 31 Jf $c w-F T**21
ELEVATION LC2AL FLU 2 LJ24L QJALITY

eeeeeeeeeeeeeeeeeeeeeeeeoomseeeeeeeeeeeeeeeeeeeeee**eeeeee* ee e e e.e eee e se eee e e e e e eeee ee.RA9 PJS - 1 2 3 4 1 2 3 4

.0( .13) .2( .C21 38.It 3.36) 39.vt 3.4J) 42.6( 3.75) .212 .s23 .26b .514.2( *cl 146.)( 12.91) 124.31 10.95) 147.34 1s.983 149.94 13.20) .227 .267 .Ja9 .dob
.

.3t 1.CCI 207.0( 13.241 257.It 22.65) 2.41 .21) .e( .C7) .366 .385 .336 .613.58 1.50) 1.0( 09) 1.lt .103 1.0( .L il 1.C4 .09) .*si .465 .367 .614

.6( 2.001 1 2( .10) 237.4( 20.92) 1 26 .101 A4.61 1.20) .432 .534 .3o8 .613.81 2.653 1.2( .111 22 6( 2.v i 1.2( .111 -4.lt .361 432 .623 .3e9 .617
1.2( 4.C01 17.5( 1.54) 9.2( .%: n.6( .73) 1.2( .11) .453 .644 .330 .oa3bJ 1.e( 6. Col 19.9( 1.74) 8.st .7el 19.2( 1.691 16.3( 1.44) .495 .o61 409 .636$ 2.48 8.001 0.9( .h77 3.et .33) 1.2( .ls) 11.2( 9el .225 .654 . 'e 2 2 .6240 3.0(13.CC) 1 2( .111 12t .11) 2.et .25) 1.11 .10) .329 .eg4 .444 .62s

[ 3.7t12. Col -4.6( .41) .It .01) .48 .631 -1 4 ( .12) .513 .631 4wn .621
q3 4.6(15. Col 1.lt .1C) .7( .361 .e( .073 -1.5( .135 494 .622 .401 .612

6.1(20.001 -5.6( .501 .24 .01) -1.94 .171 -1 7 ( .15) 4s> .626 .339 .59e
8 2(27.00) .3( .03) .5( .04) .74 .06) .78 .ub) .433 .625 379 .389

10.7(35.C01 0.0( 0.001 0.0( c.001 0.cf C. col 6.Ct 0.n43 424 .o24 .377 .5su
13.1(43.00) - 1. 4 ( .123 .3t .03) .it .Dil .18 .01) .449 .624 .3b0 .589Y 15.2(50.001 .?( .06) .2( .31) .It 01) .18 .01) .442 .623 .381 .589(w) 16.8(55.C01 .3t .C3) .0( .003 .it .C1) .0( .0il .439 .623 .382 .599
17.7(58.00) .11 .CIl .Ct .0c3 .it .ost .38 .wol .438 .624 .J8J .589 YU 18.3(60.001 .et .0C3 .28 .02) .it .011 .it .01) .438 .624 .3d3 .593

'

IP.9(62.00) .It .01) .3( .03) .1( .01) .It .01) .4J9 .62) .J84 .290
19.5(64.001 .It 01) .3t .03) .it .01) .0( .00) 439 .625 .3d5 .391
20.1(66.00) .3t .C3) 1.It .10) .3t .C3) .11 .01) 440 .628 .355 .591

(w] 20.5(67.3R) -2.2( .101 -1.3t .123 -2.2( .191 -5.9( .511 43 .627 .485 .589
20.7(68.001 -9 2( . ell -7. I t .o21 -9.24 .61) -12.5( -1 103 .e37 .627 .392 .463
20.9(68.501 -0.6( .763 -o.3( .73) -15.2( -1.341 - 7. t! ( .691 433 .623 .375 .375

r- , 21.0(69.001 -1.11 .1C) -1.2( .111 2.4( .211 7.3( .653 432 .621 . 3 72 .)SD

yg 21.2(69.5C1 -6.7( . Sol -4.9( .43) -7.11 .683 -13.1( -1.15) 434 .622 . 3 72 .380
c a- 21.3(69. ell -7.58 .661 -1.3t . 11 -3.et .331 -2.51 .22) .43* .623 .3 7J .377

D
6 -

.
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FLECHT SE ASrT STf ar GENEa A TOR SEPAdaTE EFF E;T5 TEST aER1ka

RUM 23605
222.0 hE00N3 3 011T2 - tLtV4110h 9ETc4(FEET)TIPE .

FLU 4 KILDe4TilhEIEA**2 (8tJ15ic-FT**2)

ELEVATI0k LOCAL Flux Lo As cJALITf
....eeeeeeeeeeeeeeee. eeeeeeeeeeeeeeeeeeeeeeeee. eeeeeeeeee e ee eeeeeee ee eeeee seeeeeeee

RAS P05 - 1 2 3 4 1 2 3 4

.C( .231 .2( .C21 20.9( 1.a4) 13 41 1.62) 25.9( 2.22) .244 .242 .267 .514

.2( .508 $2 7( 4.641 39.3t 3.401 L5.3( 4. oil 46.6( 4 16: .230 .237 .287 .334

.3t 1.0C) 53 0( 4.o71 79.6( e.22) 2.wt . 9) 79.1( 6.895 .222 .271 .304 .270

.St 1.503 51.2( 4.511 76.n( t.77) -*.4( .34) 73.8( 6.50) .273 .316 .304 .617

.6( 2.CCI 1C2 4( 9.06) 109.2( o.621 -1.9( .16) 90.7( 7.498 .3,2 .374 .302 .o$d

.8( 2 65) .7( .C 6) .?( 068 4.4( .31) 54.5( '.4:e .375 .50s .334 .735
1.2( 4. Col 19 4( 1 62) 13.48 1.1PI 10.4( 921 1.it 43) .341 425 .317 76 7

1.Pt 6.CC) .it .04) 0.0( c.JCI c.0( ,.00) C.Ct 0.LCl .420 439 .331 .747*

ca 2.4( 8.001 -1 0( .09) .2( .02) 3t .03) 5.4( .529 .+.7 431 .333 7J2g

$ 3 . 0 ( 10. C ',1 2 3( .221 2.6( .231 S.Ct 44l 2.lt .191 414 424 .332 .727

y '3.7(22.00) 22 7( 2.c01 11.6( 1.J2) 7.et 6%) .zt .02) .632 .429 .337 .720

b) 4.6115.0r1 15.7( 1.39) 10.9( 9el 10.lt .e 11 J.ut .33) .*76 .437 .355 .721
O' 6.1!20.00) 59.7( 5 26) 43.3( 3.37) 18.0( 1.53) 14.4( 1.278 .o*J .61 3 427 772

8.2(27.Ctl .3( .02) .6( .05) .7( .0$) .7( .361 .5sb .754 483 .812

10.7135.CC) 3.0( 0.001 0.C( C.CC) L.ot C.003 J.0( 0.0L) .391 .72) .433 .915
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APPENDIX I

|ERROR ANALYSIS
|

|
l

I-1. INSTRUMENT ERRORS
1

The data collected by the date acquiction system (DAS) had inherent inaccuracies

due to component errors. This error analysis quantifies the error associated with
each data channel. The component errors used were derived from manufacturers'

published specifications or, in the case of thermocouples, from industry standards.

These corrponent errors arise from three categories of instruments: sensor,

conditioning, and readout. The sensor is the device that converts a physical

property (temperature, pressure, flow) to an electrical signal. The conditioning

device, if required, matches the sensor output to the input requirements of the
readout device. The readout device measures the electrical signal and records the

value of the physical property measured by the sensor. The errors introduced by

the intercunnecting wires, which are essentially an order of magnitude smaller than

the component errors, have been neglected.

Each sensor was calibrated to meet or exceed the manufacturers' specifications,

but in all cases the manufacturers' numbers were used; statistically these are valid

over the calibration time interval of 6 months.

Sensor, conditioning, and readout errors as well as the combined error for each
data channel are listed in table I-1. All component errors are listed in engineering

units for each particular channel and are, as specified by the manufacturer, a

percentage of the full-scale range of the component. The error specified by the!

manufacturer is taken to be the maximum uncertainty for this instrument. The

cccuracy for each channelis listed in two ways. The maximum possible error is the

sum total of all the component errors. This calculation does not take into account

the randomness or cancellation of errors. A more realistic assessment of error is
thu standard deviation, o, computed with the following equation:(I}

2
2 .n E

0 E -L (I-1)=

i=1 3

1. Hogg, R. V., and Craig, A. T., Introduction to Mathematical Statistics,4th
ed., MacMillan, New Jersey,1978, section 1.10. ,

1

I.1 i
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TABLE l-1

INSTRUMENT ERRORS (a)

Standard
Deviation p( Data Path

Channel Sensor Conditioning Readout Data PathW Maximum
Number Error Error Error (10) Error

1-15, 17-31 14F N/A 1 20F 1 30F 1 60F
33-41, 257-271,
273-287, 289-303,
305-319, 321-330,
513-527, 529-543,
545-559, 561-575,

-577-588

'r- 42 N/A N/A N/A N/A N/A
1 073 psi01 031 psi01 004 psi01 019 psi01 05 psi0N 48
1 073 psi01 031 psi01 005 psi01 018 psi01 05 psi049 1 038 psi01 016 psi01 003 psi01 010 psi01 025 psi050 1 147 psi01 062 psi01 007 psi01 04 psi01 0.10 psi051 1 0184 psi01 0078 psi01 0009 psi01 005 psi01 0125 psi052 1 0183 psi01 0078 psi01 0008 psi01 005 psi01 0125 psi053 1 037 psi01 016 psi01 01 psi +0.002 psi01 025 psi054 1 038 psi01 016 psi01 003 psi01 01 psi01 025 psi055 1 21 psi21 93 psi01 11 psi01 6 psi056 11.5 psi 1 46 psi11 62 psi01 06 psi01 40 psi057 11.0 psi

1 55 psi 114.09 psi51 6 psi01 99 psi51 5 psi758
59 +0.467 kw N/A +0.008 kw +0.27 kw +0.475 kw

64 - 68 10.30F N/A 11.30F 10.80F 11.60F

a. SI(metric) data are given in the text.
_ _ _ _ _ _ _ _ _ _

_b.___ Calculated by equation (I-1) _ - _ _ - _ - _ _ - _
_ _ __
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TABLE I-1 (cont),

INSTRUMENT ERRORS (*

'Standard
Deviation pf Data Path

Channel Sensor Conditioning Readout Data PathW) Maximum
Number Error Error Error (lo) Error

80 1 5 psi N/A0 1 18 psi0 1 31 psi0 1 68 psi0
81' 1 5 psi N/A0 1 17 psi0 1 31 psi0 1 67 psi0
82 1 009 lb/see0 1 044 lb/see0 1 002 lb/sec0 1 026 lb/sec 1 055 lb/sec0 0
83 1 009 lb/sec0 1 0441b/see0 1 002 lb/sec0 1 026 lb/sec 1 055 lb/sec0 0
84 1 5 psi N/A0 1 18 psi0 1 53 psi0 1 68 psi0
85 - 90 1 0054 psi N/A0 1 0019 psi0 1 0033 psi0 1 0073 psi0
96 +1.2 cfm N/A +1.1 cfm +0.9 cfm +2.3 cfm
97 I2.8 cfm N/A 72.3 cfm 71.7 cfm

{ 98 10.03 gal / min N/A 10.022 gal / min 10.021 gal / min
~I5.1 cfm
1 052 gal / min0

768 N/A N/A N/A 2 004 lb/see 1 015 lb/sec0 0
769 N/A N/A N/A 1 004 lb/sec 1 015 lb/sec0 0

a. SI(metric) data are given in the text.
b. Calculated by equation (I-1)

T

'.
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where

data path standard deviationc =

component I maximum errorE =
g

number of sources of errorn =

The errors for each type of component are discussed in the following paragraphs.

1-2. Sensor Errors

All thermocouples recorded on the DAS were type K (chromel-alumel) premium

grade in a stainless steel sheath. The maximum thermocouple error for

temperatures between -18 C and 276 C (O F and 530 F) was 1 2 C2

C
(14 F).

Resistance temperature detectors (RTDs) were used to measure the primary loop

temperatures. Each RTD was calibrated; the maximum error was1 17 C0

(1 3 F).0

Pressure and differential pressure (level) measurements were made with strain

gage transducers and transmitters. The output of the transducers was in millivolts;
transmitters supplied 4 to 20 milliampere output signals. The manufacturers'

specifications for the pressure transducers and transmitters were 1 5 percent of0

the full-scale range.

|

The superheater power was measured by a watt ' transducer and stepdown current |

and potential transformers. The error for the watt transducer output was the
combined error for the three components. The additive treatment of the individual

l

errors is justified because the watt transducer multiplies the current and voltage
0 Isignals to form the transducer output. The full-scale errors were 1 6 percent for

'

the potential transformer,1 5 percent for the current transformer, and0

1 25 percent for the watt transducer. The combined (maximum) error amounts to0

1 467 kilowatts for the watt transducer.0

i

|

I-4
|
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The stesm flow in cubic feet per minute was measured by vortex meters, which had

1 25 percent of full scale. The accuracy of these meters, like that of0an error of
orifics meters, is dependent on the long-term stability provided by internal

physical dimensions. The water flow was measured by a turbine meter with an

1 25 percent of full scale.0error of

I-3. Conditioning Errors

The Consolidated Controls Corporation data logger requires no external signal

conditioning to measure the sensors employed. For this error analysis, effective

signal conditioning errors have been assessed for pressure and differential pressure

transducers and steam mass flow meters.

The output of the pressure transducer is dependent upon the power supply voltage;

this error was considered a signal conditioning error. The uncertainty of the supply

voltage, due to the nature of the power control system, was converted to a

corresponding uncertainty in the range of the transducer.

The steam mass flow was measured by the vortex meter, pressure transmitter, and

fluid RTD. These three signals were processed by a Waugh flow computer, which

took the cubic feet per minute measurement from the vortex meter and

compensated for the temperature and pressure measurements according to
standard steam tables. Because of the nonlinearity of the steam tables over the

range of test conditions and the limitation of the compensating circuits, the flow

computer were calibrated for maximum accuracy at 0.292 MPa (40 psia)

conditions, the conditions at which most of the tests were run. The accuracy

degraded as the pressure rose or fell to 0.414 or 0.138 MPa (60 or 20 psla).,

' I-4. Readout Errors
;

All signals were measured and recorded on the data logger. The input signals were

multiplexed to three independent analog / digital converters, the digital values were

converted to engineering units, and then the engineering value was recorded. The

rerdout error accounts for these three transitions.
,

I-5
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The thermocouple readout error was a combination of 1 14 C (1 3 F)0 0

conformance to the curve and 1 05 pement of 2520 F full scale. This results in0

a 1 1 C (1 2 F) error. )1

1

The RTD readout error was 1 10 pement of 880 F on linearity and0 1 050

percent of 880 F on repeatability. The combined error was 0.73 C i

(1 3 F), assuming that the multiplexer calibiation matches each RTD sensor.1

To take advantage of the RTDs' accuracy, the DAS multiplexer was calibrated to

the sensor ideal calibration curve and the recorded value was corrected using the

individual sensor calibration data. The correction, performed by the CATALOG

program, used the calibration data to calculate the RTD resistance measured by

the DAS and then compute the temperature corresponding to that resistance for
that particular RTD.

The pressure transducers were measured by a thermocouple multiplexer calibrated

for 32 millivolts full scale. The error was 1 03 percent of full scale i l count.0

The pressure transmitters and steam mass computens were measured by an

industrial transmitter multiplexer. The error for this transmitter multiplexer was
1 15 pement of full scale il count.0

The turbine meter and steam flow vortex meters were measured and recorded on a

frequency multiplexer with individual adjustments for zero and span. The error

was 1 2 pement of full scale 1 i count.0

The steam mass flow rate was computed by the data logger from recorded data of

volumetric flow rate, pressure, and temperature. The following equation was used:

(K) (volumetric flow rate) (pressure)mass flow rate = (I-2)absolute temperature

where K is a conversion constant determined from steam table data using the

conditions of the test matrix. The average K-value chosen had a standard

deviation of 0.2 percent. The most probable error is computed by summing the

variances of the four terms on the right-hand side of equation (I-2) and taking the
square root of the combined variance.

|

|
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I-5. Combined Errors

The combined error calculations for each type of instrument are detailed below and

summarized in table I-1.

- Thermocouple data (DAS channels 1 - 15, 17 - 31, 33 - 41, 257 - 271, 273 -

287, 289 - 303, 305 - 319, 321 - 330, 513 - 527, 529 - 543, 545 - 559, 561 - 575,

577 - 588)

Sensor error: premium grade type K error between 0 and 530 F =1 2 C2

(4 F).
Readout error: CCC oata logger T/C conformance error =1 17 C0

(1 3 F); plus 1 05% of 2520 F full scale = 0.69 C (1.26 F);0 0

combined readout error = 1 86 C (1 6 F) = 1 2 F (one degree0 1

resolution on recorded data).

- RTD data (DAS channels 64 - 68)

Sensor error: 100-ohm platinum RTD error 1 14 C (2 25 F) =0 0

0.2 C (1 3 F).0

1 10% full scale (880 F) linearity plus 1 05% full scale0 0Readout error:

(800 F) repeatability = 0.15% full scale = 0.73 C (1 3 F).1

This calculation assumes that the individual RTD calibration data were used to

correct each reading.

Millivolt reading (DAS channel 42)-

This error does not apply to data analysis. This data channel was used to

j document when the test started and stopped; therefore, these data are event

readings and an absolute value reading is not relevant.

I-7 ~
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- Strain gage transducers (DAS channels 48 - 58) (

|
1

Sensor error:

Range 1 10 psid error = + 0.5% full scale (one direction) = + 0.34 kPa (+ 0.05 psi).

Range : 5 psid error = 1 5% full scale (one direction) = 1 17 kPa (2 025 psi).0 0 0

Range 1 5 psid error = 1 5% full scale (one direction) = 1 086 kPa2 0 0

(1 0125 psi).0

20 psid error = 2 5% full scale (one direction) = 2 69 kPa (1 10 psi).0 0 0Range 1
Range 0 - 300 psi error = 1 5% full scale = 1 10.3 kPa (1 5 psi).0 1

Range 0 - 200 psi error = 1 5% full scale = 1 9 kPa (1 0 psi).0 6 1

Range 0 - 1500 psi error = 1 5% full scale = 1 51 kPa (1 5 psi).0 7

Conditioning error: The output of the transducer is a direct function of the

power supply voltage, nominally 3 millivolts output for each volt of
excitation. The rawer supply error,1 2 percent, was converted to an output0

millivolt error a id then to an error in psi. This psi error was calculated for

each transducer and was dependent on the transducer's power supply and the

slope of the cal.t ration curve.

Readout error: 'l5e CCC data logger error in reading the millivolts out of the

transducer was 3 03 percent of full scale i 1 count. The full-scale value0

used was the programmed A-value which was derived from individual

transducer calibrations.
T

- Superheater power (DAS channel 59)

Sensor error:

Watt transducer error = 1 25% full scale (34.6 kw) = 1 0865 kw.0 0

Potential transformer error = 1 6% full scale.0
|

Current transformer = 1 5% full scale.0

Combined sensor error = 1 35% full scale (34.6 kw) = 1 467 kw.1 0

CCC data logger error = 1 03% full scale (A = 22.83) i l0Readout error:

count = 1 008 kw.0

I-8
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- Industrial transmitters (DAS channels 80 - 90)
~

Sensor error:
Range 0 - 100 psi, error = 2 5% full scale = 1 4 kPa (1 5 psi).(I}0 3 0

Range 0 - 30 in. H O (0 - 1.083 psi), error = 1 5% full scale = 1 037 kPa0 0
2

(2 0054 psi).(0

Conditioning error: This error is included in the sensor error when the supply

voltage is above the minimum required voltage for its load resistance.

Readout error: The CCC data logger error for industrial transmitters was

1 15 percent of full scale il count.0

- Flowmeters (DAS channels 96 - 98)

Sensor error: The accuracy of the vortex meters and turbine meter was 2 250

percent of full scale.( )

Readout error: The CCC data logger error was 1 2 percent of full scale il0

count.

- Steam mass flow calculation (DAS channels 768 and 769)

The combined error for DAS channels 768 and 769 is the same as the readout

error for these channels.

1. Channels 80 and 81

2. Channels 85 through 90

3. Channel 96 full scale = 496 cfm

Channel 97 full scale = 1100 cfm

Channel 98 full scale = 10.32 gpm

1-9
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The calculations for each channel are shown below:

Channel 768

Most probable error

1 18% full scale (496 cfm)02 9cfm0 =Ch 96

1 28% full scale (110 psi)01 31 psi0 =Ch 80

1 06% full seele (1340 R)018F0 =Ch 64

1 2%0K =

+ 0.39% full scale

1 39% of 1.1 = 1 0018 kg/sec (1 004 lb/sec)0 0 0

Maximum error

1 46% full scale (496 cfm)01 3 cfm2Ch 96 =

2 62% full scale (110 psi)01 68 psi0 =Ch 80
,

1 12% full scale (1340 R)016F1
' Ch 64 =

1 2%0K =

1.4% full scale

i .4% of 1.1 = 1 0068 kg/sec (1 015 lb/sec)1 0 0

Channel 769

Most probable error

1 15% full seale (1100 cfm)01 7efm1Ch 97 =

1 28% full scale (110 psi)01 31 psi0Ch 81 =

1 06% full scale (1340 R)018F0Ch 65 =

1 2%0K' =

+ 0.38% full scale

1 38% of 1.1 = 1 0018 kg/sec (1 004 lb/sec)0 0 0

Maximum error;

1 46% full scale (1100 cfm)01 1 cfm5Ch 97 =

1 61% full scale (110 psi)01 67 psi0 =
*

Ch 81

1 12% full scale (1340 R)016 F1Ch 65 =

1 2%0K =

1 39% full scale1

i

!

1 39% of 1.1 = 1 0068 kg/sec (1 015 lb/sec)1 0 0
!
i

{
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Flow controller mass flow computation (DAS channels 82 and 83)-

Error calculations for each channel are shown below:

I

Channel 82

Sensor error:

1 25% full scale01 2 cfm1Ch 96 =

1 50% full scale01 5 psi0 =Ch 80

1 03% full scale013F0 =RTD

1 78% full scale0

2 78% of 1.1 = 1 0041 kg/sec (1 009 lb/sec)0 9 0

1 0% worst case over the range of test conditions, as4Conditioning error:
dstermined by an in-house calibration;1 0% of 1.1 =1 020 kg/sec4 0

(1 044 lb/sec).0

CCC data logger error = 2 15% full scale;1 15% of 1.1 =0 0Readout error:

1 0009 kg/sec (1 002 lb/sec).0 0

Channel 83

S::nsor error:

1 25% full scale01 8 cfm2Ch 97 =

1 50% full scale01 5 psi0Ch 81 =

2 03% full scale0RTD + 0.3 F =

! 1 78% full scale0
;

!

l + 0.78% of 1.1 = + 0.0041 kg/sec (1 009 lb/sec)0

f 1 0% of 1.1 = 2 020 kg/sec (2 044 lb/sec).4 0 0Conditioning error:

1 15% of 1.1 = 1 0009 kg/sec (1 002 lb/sec).0 0 0
| Readout error:

|
i

i
i

.
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1-2. COMBINED EXPERIMENTAL ERROR

In the following paragraphs the instrument errors discussed above are combined

with other errors in the experiment and the total experimental error is estimated.

Additional sources of error include random noise in the instruments and errors
due to simplifying assumptions made in the data reduction. The error in the
reference test run (run no. 22701) is also evaluated, and the error in the overall

mass balance, the overall heat transfer rate, and the local heat flux are estimated.

1-3. Error Due to Random Noise

The amount of noise in the test data was estimated from a sample of test data, by

selecting a period of about 2 minutes (20 data scans) where the overall data change

was small. In this interval it was assumed that the total data variation was due to
random noise in the experiment. The results of this study on several data channels

.

from the reference test are presented in table 1-2. A comparison of tables I-2 and

1-1 shows that the data error due to noise is of the same order or less than the
error due to instmment accuracy. Because this component of the total error was
small and tended to cancel itself when quantities were integrated over time, this

component was neglected when the errors were combined.

1-4. Error Due to Simpiifying Assumptions in Data Reduction

Liquid accumulation in the test loop was measured by differential pressure cells,

which recorded a change in static pressure over a given elevation in the test loop.

Frictional and momentum pressure drop components were neglected. To estimate

the magnitude of these pressure drop components, the following calculations were

made using reference test parameters. The frictional pressure drop in the hot leg

and the pressure change due to the momentum change in the inlet plenum were

calculated for single-phase stt.am. Table I-3 shows the results of the calculation.

The error estimates in table I-3 show that the simplifying assumptions made in the

data reduction did not introduce significant errors into the reduced data.

1-12



TABLE I-2

ESTIMATE OF EXPERIMENTAL ERROR DUE TO RANDOM NOISE

Data Data Sample Data Standard
Channel Parameter Size Average (s) Deviation (a)

53 Outlet ylenum 20 0.008 psi 0.003 psi
delta pressure

54 Hot leg and inlet 20 0.154 osi 0.005 psi

plenum delta pressure

52 Inlet plenum 20 0.0 psi 0.006 psi
delta pressure

64 Boiler steam temperature 20 310.80F 0.67 F

65 Containment tank 20 448.90F 0.190F
steam temperature

66 Injection water 20 251.30F 0.050F
temperature

80 Boiler steam pressure 20 61.4 psia 0.08 psi

81 Exhaust steam pressure 20 40.35 psia 0.08 psi

96 Boiler steam flow 20 174.3 cfm 0.80 cfm

97 Exhaust steam flow 20 391.5 cfm 2.32 cfm
,

f 98 Injection water flow 20 0.771 0.001
l gal / min gal / min

257 Bundle tube wall 20 275.20F 0.360F
temperature

279 Bundle secondary 20 291.70F 1.290F
fluid temperature

To convert to S!(metric) units, multiplypsi by 6.89 (k Pa), divide (DF-32) bys.

10-{0C)3 ec)tiply cfm by 4.72 x 10-4 (m /sec), and multiply gpm by 6.3 xmul1.8
(m /s .

|
|

|

!

I-13

|
.



. - _ _ _ _ - - _ _ _ _ _ _ _ _ . .. __ _ . -. ._.

TABLE l-3

ESTIMATE OF DATA REDUCTION ERROR DUE TO SIMPLIFYING ASSUMPTIONS

Derived Quantity Relative Error in
Parameter Neglected Magnitude Error Derived Quality

Frictional pressure drop 0.69 k Pa 0.23 kg (0.5 lb) of liquid 3.9% of all stored liquid

in hot leg (0.1 psid) accumulated in hot leg
.

Inlet plenum pressure change 0.0028 k Pa 0.059 kg (0.13 lb) of liquid 1% of all storeo liquid

due to momentum change (+0.004 psid) accumulated in intet plenum

3
y Nitrogen purge from D/P probes 85 cm /sec 0.001 m/sec (0.0003 lb/sec) <0.1% of exhaust mass flow

into the steam / generator tubes (0.18 cfm) exhaust steam flow

6
Heat ' apacity of hot leg and 10 C 4.7 x 10 J (4.5 x 10 Btu) 3% of total energy exchangedc

steam generator plenums (50 F)

__ _
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A sm 11 amount of nitrogen was used in the differentiel pressure probes in the inlet

section of three tubes to prevent liquid from entering the probe. This nitrogen
flow:d into the tubes and was eventually detected by the containment tank vortex

mstcr along with the steam. The nitrogen effect on the vortex meter was

negligible, as shown in table 1-3.

In tho primary side energy balance, the heat capacity of the hot leg and the steam

generator plenums was neglected. Because the loop was preheated prior to a test,
the error associated with neglecting the loop heat capacity was proportional to the

change in loop temperature during the test. The energy change is shown in table

1-3. Neglecting this term in the energy balance did not result in a significant error

in the reduced data.

l-5. Error Due to Equipment and Instrument Performance Limits'

During the steam generator shakedown tests, moisture carryover from the boiler

was detected. The magnitude of the carryover was approximately 1 percent of the

total flow; the flowmeter data indicated that the boiler vortex meter detected the
;

steam component of the flow but not the entrained liquid. The effect of boiler

carryover on the overall mass balance would be to cause a systematic r.egative
mass balance error (mass out of test loop is greater than mass into test loop),'

. because the entrained liquid would be counted as separated liquid in the outlet

plenum or steam in the exhaust vortex meter. The boiler carryover was corrected'

by chemically cleaning the boiler. Periodically during the test program, the
chemical cleaning was repeated and tests to detect carryover were run. Based on

these tests, it was concluded that moisture carryover from the boiler did not-

contribute significantly to the experimental error. Results from the shakedown

tasts are reported in appenfix F.

The rssponse of the tube inlet differential pressure (D/P) cells was significantly

different from the response expected based on earlier bench testo using the same

nitrogen purge technique. This unexpected result was common to all matrix tests

exc pt fo. run 21121. This run was the only matrix test with zero heat flux.
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The response of channel 85 on run 21121 indicates the presence of a small amount

of liquid in the O to 0.61 m (0 to 2 f t) entrance region of the tube during the test.

Af ter loop isolation, the D/P cell returned to a value very close to the initial D/P
cell value, prior to the test. This is the expected D/P cell response. However, in-
the test runs with heat transfer, illustrated by channel 85 D/P from run 22701 in'

figure B-1, the final D/P af ter loop isolation was significantly different from the
,

initial D/P. The change in the D/P probe from beginning of test to end of test in
rur: 22701 was that initially the probe temperature inside the tube is equal to the j

inkial secondary temperature of 274 C (525 F) but at the end of the test, the
jentrance zone of the tube had quenched and the probe temperature was Tsat'

131 C (267 F). Since the change in probe temperature is the only difference

between the two runs shown in figure 1-1, it is concluded that the probe

temperature change in run 22701 caused the peculiar response of channel 85 in
Irun 22701 and in all runs where the probes changed temperature during the test.

The probe temperature change caused r' temperature change in the purge nitrogen,

which resulted in a pressure drop change in the purge line between the D/P cell and

pressure probe. Regulator valves upstream of the D/P cell maintained a constant

mass flow of nitrogen in the instrument sensing lines.

1-6. COMPOSITE EXPERIMENTAL ERROR

To compute the total error in a derived quantity, the assumption is made that the

individual components of the error are stochastically independent. Then the'

variance of each error component can be weighted by an appropriate weighting
factor and summed to estimate the variance in the derived quantity.(1} The

appropriate weighting factors are the coef ficients in a first-order multivariable

Taylor series expansion of the derived quantity in terms of the independent

variables. For example, if

M = F [x1 *2 *3 ~ *n) (I-3'

1. Hogg, R. V., and Craig, A. T., Introduction to Mathematical Statistics,4th
ed., Macmillan, New Jersey,1978, p l68, theorem 4.
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Figure I-1. Channel 85 Response With and Without Heat Flux
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and
i

y + fx dx dx (I- }dxdM =
2 --- n

2

where

derived quantityM =

small change in MdM =

independent variable ix =
3

small change in xdx; =
3

BF
gx change in M relative to a change in x;=

i ,

number of independent variablesn =

Then

I o (I-5)o =
x

i=1 . i. I

where

o = varian e in MM

c = var ance in x
x g

g

1

1-7. Overall Mass Balance Error

The overall mass balance error was derived from the overall mass balance equation:

(I }EM=EMASS-IN ~ MASS-OUT + EMASS-STORED

where

t tal mass balance errorE =
M

injection massE =
; MASS-IN

exhaust ma;sE =
MASS-OUT

mass in liquid accumulation tanksE =
MASS-STORED

I-18



The mass-in and mass-out terms are derived from the flowmeter signals integrated

over the test time and the mass storage is derived from the weights of liquid

collected from the hot leg drain and steam probe ice bath, and from the outlet

pl:num differential pressure cell output. The flowmeters all recorded volumetric
flow, which was multiplied by the appropriate density derived from measured loop

tempsratures and pressure. In the equation (I-6), the mass-in and mass-out terms

are products of a volumetric flow rate integrated c,ver time and multiplied by the

fluid density. The density is dependent on two measured parameters; therefore the

equation for E analogous to equation (I-5) was derived as follows:MASS
!

tMASS = pf q dt (I-7)

d(MASS) = p dQ + Q dp (T,P) (I-8)

d(MAS $) = p dQ + Q dT+0y dP (?-9)p B T

where

f q dt = qtQ =

volumetric flow rateq =

fluid densityp =

fluid pressureP =

fluid temperatureT =

time from beginning of testt =

t(dq)dQ =

The coefficients were evaluated at nominal loop conditions.

i

|

l

|

I
i
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Equation (I-9) can be substituted into equation (I-6) with tSe dif ferential terms I

replaced by the variance to get an equation analogve, to equation (I-5). The

resulting overall mass balance error variance is

+ (gt)2" * O "T+ P OMASS a p i T g g

BAL i i i

(I-10)+ (-AOP) "53 + USP + UCIP

where

qt from flowmeter iO =
g

boiler vortex meter, injection liquid turbine meter, ori =

containment tank vortex meter

lest time (min)t =

instrument variance in flowmeter io =

temperature at flowmeter iT =
y

variance in T=
g

variance in P=
g

|

|
,

'

i-

(
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a p/ BT and 3 p/aP = change in density due to a change in T or Pgg

4

variance in channel 53 (outlet plenum D/P cell).

3

(p variance in measured weight of steam probe condensed> =

steam

i variance in measured liquid drained from the hot leg=g gp

following the test

In this estimate of the mass balance error, it was assumed that no additional error

was introduced by integrating the flowmeter signals over time and that the

variance in measured weights of steam probe condensed steam and hot leg drained
I liquid was negligible. The water weightr, were measured on a laboratory-grade

balance beam scale calibrated in grams.

.
The results of a numerical evaluation of equation (1-10) are presented in table I-4.

i'
Over 95 percent of the mass balance variaaca comes from the flowmeter variance.
The results of the overall mass balance error analysis show that the overall mass

balance standard deviation is less than 1 percent of the injected mass. Each

I instrument error distribution was assumed to have a mean of zero and a standard

' ' deviation as given in table I-1. The combined mass balance error also has a mean
of zero and the standard deviation expressed in equation (I-10). The actual

statistical reduction of mass balance errors in table 4-2 shows that the average
r

I

j error is -0.9 percent end the error standard deviation is 1.5 percent. These

parameters suggest that a small systematic error may have been present in the
tests and that the random error may be somewhat larger than the estimate from

equation (I-10) (1.5 percent versus 0.7 percent).

I

|
:
,
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4

TABLE I-4

COMBINED EXPERIMENTAL ERROR IN OVERALL MASS BALANCE

AND PRIMARY SIDE ENERGY B ALANCE

Standard Deviation
Derived Quantity Overall Variance Absolute Relative

2 0.7%(a)Overall mass balance 24.8 lb from equation (1-10) 4.98 lb

Overall primary side 31.5 x 10 Btu from equation (I-10) 5.6 x 10 Btu 3.3%(D)6 3

energy balance

T
E$

a. Relative to total mass injected into bundle during test,0.5 lb/sec, times 1500 seconds, or 750 lb
6

b. Relative to total energy exchange,0.168 x 10 Btu, as calculated by SGFLOWS (see table 4-1)

.

- - - _ _ _ _ - - - - - - - - _ - _ . _ _ _ - _ _ . _ _ - - - - - - _ _ - - .,-----
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1-8 Overall Primary Side Energy Balance Error

The method outlined in paragraph I-6 was used to estimate the error in the overall

primary side energy balance. The starting point is the following equation:

"*#9Y " inlet (~IEnergy change = Energy outoutlet ~

plenum plenum

or

Ip=f WH +WH jdt -f WH +WH |d (I-12)E g g f f g g g pp

where

mass flow rate (Ib/sec)W =

enthalpy (Btu /lb)H =

time interval of testt =

energy increase in primary fluidE =

Subscript g = vapor phase

f = liquid phase

OP = outlet plenum

IP = inlet plenum

P = primary loop

Each term in equation (I-12) is a flow times enthalpy product which can be

differentiated into a group of five terms because of the dependence of enthalpy

and density on temperature and pressure:

d (WH) = WdH + HdW (I-13)

I-23
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but i

!

.

pQ (I-14)W =

,

(I-15)pdQ + QdodW ,=

and

dH = dP + dT (I-16)

Therefore,

d (WH) = WdH + H (pdQ + Qdp) (1-17)

and

Ed (WH) = W I E dP + dT J+ H p dQ + Odp (I-18)3T(8P T P / \ /<

Since

dp = dP + dT (1-19)

i

d (WH) = W dP + dT + HpdQ
T

T P /
f (I-20) - i

HQ I -dp + M dT I# aT(3 P T p j

i
i |

I
'

where
'

p' ' density kg/m3 (Ib/ft )~3=

I. volumetric flow rate m /sec (gal / min)-r Q =

T temperature C ( F)=-
.

;

pressure Pa(psia)[ P =-

i I-24'

. _



- - . ,

4
~ k N> 4 > ?f*
.4~ ;

Q ||,,,///, h? sQ

\\\// pjj /// #

\\\\ /////N\/.//j <

IMAGE EVALUATION NN+

TEST TARGET (MT-3)

1.0 5 a EH
m E33 p'||2.2
If !31

|,| * ||!!N \
I

'

l _I.8_
-

l.25 IA l.6
__

t

4 6" >

MICROCOPY RESOLUTION TEST CHART

N|/ /$
' %

n>%>/7// + + s% +
s

y -

:::% . a <>4g<>
-

o , ; . . ,: -

::, ,y ..;; - -

.

, . , . :% y
: , .

,
'

.- i, ,1
'-

'

--_.~---s .-r_w.~. m.w e,e 4) a, - - s ^A -- L-
^

,
_ _ _

w



The equation for the variance of E can now be written using equation (I-5). Inp
abbreviated form,

"E "P+ c + Hp 2,22 2," , g
T pp p

i=1 - 1

2
H Q; t (I-21)o

T g

where

i= 1 inlet plenum vapor=

2 inlet plenum liquid=

3 outlet plenum vapor=

4 inlet plenum liquid=

In the derivation of the overall mass balance error, it was diown that the third

term in the above equation is over 20 times larger than the fourth plus fifth terms;

therefore, these two terms are neglected in the numerical evaluation of equation

(I-21). The results of the calculation are presented in table I-4. In equation (I-21),
for the vapor phase terms the variance in flow (o 2) is equal to the vortexg
meter variance. The liquid phase terms include vabiance due to storage of the

liquid phase in the hot leg and plenums. Although there are 20 terms in equation

I-21, over 95 percent of the total variance comes from the flow variance terms
2

(H;p;og ). Based on the above calculations, the estimated error in
the prinhary side energy balance is of the order of 3 percent. From the reference

test data reduction code SGFLOWS, a sample of 20 consecutive scans of data was

chosen randomly and the standard deviation in the overall primary side energy

balance was found to be approximately 2 percent.

~

.
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I-9. Local Heat Flux Error

The local heat flux is calculated in the SGFLUX data reduction program using an

equation of the form
>

(I-22)q OCAL = h, (T - T,)L g

where

2 2
1 cal heat flux [w/m Btu /sec-ft }q OCAL =

L
free convection film coefficient between secondary fluid andh, =

tube wall

secondary fluid temperatureT =
7

corrected tube wall temperatureT =
w

Using the method described in paragraph I-6 to combine instrument variance and

the following equations for h, and the Grashof Number, the standard deviation of

the local heat flux was calculated

0.4
= 0.021 (Gr) (Pr) (I-23)Nu,

and ,

B23gpX (T - T,)Gr =
f

2
V

Nu. h, X=
" K

f

where

secondary fluid Prandtl numberPr =
|

Grashof number in secondary fluidGr =

Nusselt number in secondary fluidNu, =

I-26
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The equation derived for the local heat flux variance is

2g = (1.4 hs) U +U (I-24)
\ f w/9 LOCAL

In this derivation, the variance in the tube wall correction factor is neglected.

Equation (I-24) was evaluated for the assumed three-tier temperature and heat flux

profile given in table I-5. The design bundle thermocouple standard deviation of
,

1.7 C (3 F)(table I-1) is used and the results are presented in table I-6. The

same calculation was repeated using a calculated bundle thermocouple standard

deviation of 0.9 C (1.6 F) based on isothermal bundle data taken during the

shakedown test program. Results of this calculation are given in table I-7. These
results show that the relative error in local heat flux is relatively small in the

2
zones of higF 'leat flux. For heat fluxes above 1.1 x 10' w/m2 (10 Btu /sec-ft ) the

local heat flux error is estimated to be less than 6 percent. However, over much of

the tube bundle, the local heat flux can be small and the corresponding relctive

error in the local heat flux may be large. Since most of the bundle heat transfer

will occur in zones of higher heat flux where the errors are smaller, the overall

uncertainty in the tube bundle heat flux is reasonable, as shown by the calculation
in table I-7 based on best-estimate thermocouple standard deviation.

The error in the overall heat flux is estimated in paragraph I-10.

1-10. OVERALL HEAT TRANSFER ERROR BASED ON INTEGRATED LOCAL

HEAT FLUX

The SGFLUX program integrates the local heat flux over the bundle heat tranfer

area to get the total heat transfer rate in the tube bundle. The calculation is:

N #

9 TOTAL * 9 A (I-25)LOCAL g

i=1
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where

verall bundle heat transferqTOTAL =

index on tube bundle computational nodes. (1515116)i =

Heat transfer Area of bundle node iA =
g

Following the above method of summing variance, the variance in qTOTAL Is

2 N

" (9 LOCAL i ) (I-26)a q TOTAL * b (A l
i=1

This equation is evaluated using the assumed heat flux distribution in table I-5 and ,
1

local heat flux variance in tables I-6 and I-7.
l

The results in tables I-6 and I-7 for the overall heat transfer relative standard
deviation indicate that the expected error in the reduced data for the overall

bundle heat transfer should be less than 25 percent. Thus, comparisons can be

made between the overall primary and secondary heat transfer and the bundle

thermocouples can be used to measure the bundle heat transfer. However, the
above estimate of the overall heat transfer combined experimental error does not

account for errors due to temperature interpolation. In several of the calculation @

nodes in the tube bundle at least one of the temperatures and in many nodes all of

the temperatures used in the heat flux calculations are interpolated from measure @

temperatures at other nodal locations. As the tube quench front progresses to
elevations above the zone of maximum instrumentation 1.2 m (4 ft) elevation ,

large errors due to interpolation may exist.

,

1-28 ,
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ASSUMED T

_

Film Coeffic
2Heat Trans Tube Bundle [w/m - C

Regime (s) Region , Btu /sec-f t(

Nucleate boiling 0-2 ft elevation 4088(0.20;

! Two-phase forced 2-10 ft elevation 2044 (0.1C

convection

Liquid deficient 10 ft elevation 1022(0.05

to tube exit

|

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

a. Likely primary side heat transfer regime renuired td
b. Secondary fluid to tube wall temperature difference

1

1
,

I

i

:

i
|

l

1

)
1
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TABLE I-5
,

1

|

EMPERATURE AND HEAT FLUX DISTRIBUTION FOR OVERALL

HEAT TRANSFER V ARIANCE CALCULATION

lent Assumed Heat Total

Tenheratt.re Dif ference(b) Local Heat Flux Transfer Area Heat Transfer
2 2 2

F)] [ C( F)] [w/m (Btu /sec-ft )] [m (ft )] [w(Btu /sec)]
#

28(50) 1.1 x 10'(10) 1.37(14.7) 1.55 x 10'(147)

4 4
) 5.6(10) 1.1 x 10 (1.0) ~5.46(58.8) 6.2 x 10 (59)

_

3 4
1.1(2) 1.1 x 10 (0.1) 41.0(441) 4.6 x 10 (44)

TOTAL 2.63 x 10'(250)

| sustain temoerature difference in column 4.

_ __ __ .__._____ . ___ _ _ _ _ __. _.

e
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TABLE I-6

COMBINED ERROR IN HEAT FLUX ASSUMING DESIGN BUNDLE THERMOCOUPLE V ARIANCE(a)

\
"

Standard Deviation
Local Heat Flux (b) Overall Variance Absolute Relative

Nucleate boiling regime 1.41(c) 1.3 x 104 vi/m2 11.9 %
2

(1.19 Btu /sec-ft )
Film boiling regime 0.35(c) 0.65 x 104 w/m2 59 %

(0.59 Btu /sec-ft )
Liquid deficient regime 0.088(c) 0.33 x 10 w/m 296%

0 2
7
U (0.296 Btu /sec-ft )2

Overall heat transfer, asseming 0.186 x 10 (d) 110 kw(136 Btu /sec) 55%(*)
5

distribution in table I-5

a. Design thermocouple standard deviation = 30F, from table 1-1
b. From data in table I-5

From equation (I-24)c.
d. From equation (1-26)
e. Percent of total heat transfer, from table I-5

.
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TABLE I-7

COMBINED ERROR IN HEAT FLUX ASSUMING BEST-ESTIMATE BUNDLE THERMOCOUPLE VARIANCE (a)

Standard Deviation

Local Heat Flux (b) Overall Variance Absolute Relative

4 2
Nucleate boiling regime 0.40(c) 0.71 x 10 w/m ,6.3 %

2
(0.63 Btu /sec-ft )

0.10(c) 0.36 x 10 w/m 32 %
0 2

Film boiling regime
2

(0.32 Btu /sec-ft )

0.025(c) 0.18 x 10 w/m 160 %
0

h Liquid deficient regime
'

2
(0.16 Btu /sec-ft )

0.529 x 10 (d) 76 kw (72.4 Etu/sec) 29%(*4
Overall heat terr sfer, assuming

distribution in table I-5

Best-estimate thermocouple standard deviation = 1.60F (from isothermal bundle data)a.
b. From data in table I-5

From equation (I-24)c.
d. From equation (1-26)

Percent of total heat transfer, from table I-5e.

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