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1. INTRODUCTION

The Loss of Coolant Accident (LOCA) ProgramI is part of the

Department of Energy Fuel Behavior Program 2 sponsored by the Nuclear
Regulatory Commission, and is directed towards providing a detailed,

understanding of the response of nuclear fuel rods to off-normal
accident con::itions. This is one of several programs being conducted,

by the Thermal Fuels Behavior Program of EG&G Idaho, Inc., in the
Power Burst Facility (PBF) that will provide data for development and
assessmem. of fuel behavior computer models used to predict the
response of light water reactor (LWR) fuel under hn othesized accident
conditions.

The LOCA tests simulate accident conditions in a pressurized
water reactor (PWR) core resulting in a loss of fuel rod coolant.
During a LOCA the coolant conditions are characterized by a rapid core
depressurization and drastic changes in bo+5 coolant mass flow and-

quality. Depending on the size and location of the break in the
cold- or hot-leg, system depressurization will be completed within

-

approximately 30 seconds. Cooling of the fuel rods will degrade
during the accident. The fuel rod cladding will heat up and may
balloon and rupture.

The purpose of this document is to specify the experiment

operating procedure for Test LOC-5. The test will be performed using
four, separately shrouded fuel rods of PWR 15x15 design. Two rods
have been previously irradiated and two rods will be unirradiated.

One unirradiated and one irradiated rod will be backfilled with helium
-

to a pressure typical of beginning-of-life PWR fuel rods, and the
other rods will be backfillea to a pressure typical of fuel rods at

* the end-of-operational life.

The behavior of PWR fuel rods during the LOCA conditions for

Test LOC-5 will result in peak cladding temperatures stabilizing in
the 8-phase. Cladding ballooning with relatively large strain to

'
~s 99Bl



failure is expected on all four rods. Additionally, a comparison will
be made between the behavior of irradiated and unirradiated fuel
rods.

The test will be performed in five separate phases; loop heatup, ,

preconditioning operatic.1, blowdown, reflood, and quench. The tests
will be sequenced as follows. The primary coolant loop condition will .

be increased up to the desired pressure and temperature. The test
rods will be power cycled in the preconditioning phase and then
operated at steady state for approximately 1-1/2 hours to build up the
desired fission product inventory. The blowdown will follow, with a
rapid depressurization of the PBF test train and LOCA system. The
test will be terminated with reflood and quench followed by long-term
cooling provided by.the quench system.

Section 2 of this document describes the fuel train, test
assembly, LOCA modifications, and instrumentation associated with each '

component. Section 3 presents the procedures of the experiment
conduct for Test LOC-5. Section 4 lists the data aquisition and *

reduction requirements. The posttest operations support and the post
irradiation examination requirements are presented in Sections 5
and 6. Appendix A provides the status check lists for instrumentation
and flow balance sheets.

.

O
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2. EXPERIMENT DESIGN

Test LOC-5 will be conducted with four separately shrouded PWR
type fuel rods. The fuel rods, individual flow shrouds, and fuel rod
instrumentation are supported by the test train. The Test LOC-5.

experiment design is the same as the Test LOC-3 design presented by
the Experiment Operating Specification (EOS)3 except for minor,

differences in fuel rod specifications. This section summarizes the
design of fuel rods, test train, LOCA modification system, and the
instrumentation associated with each component as presented by the
Test LOC-3 EOS. Further information is available in the Experiment

4
Specification Document and the Experiment Configuration

5Specification ,

2.1 Fuel Rods and Shroud

The fuel rods consist of two rods that were previously irradiated.

to about 16000 mwd /t in the Saxton reactor and two unirradiated rods
of Saxton design. The two irradiated rods are designated 839 and 912,

-

and the two unirraaiated rods are designated 934 and 935. The fuel
rod designation and burnup are given in Table I. The as-fabricated
nominal design characteristics of these fuel rods are given in
Table II. Rods 839 and 934 are prepressurized to 2.41 MPa, typical of
the PWR rod beginning-of-life pressure and Rods 912 and 935 are
prepressurized to 4.83 MPa, typical of the PWR rod end-of-life
pressure. The unirradiated rods are contained in stainless steel
shrouds, whereas the irradiated rods are contained in zircaloy

shrouds. The flow shrouds are similar to the fluted shrouds used in
6

Test LOC-11 . The characteristics of the individual flow shrouds
.

are shown in Table III. A plane view of the fuel rod orientation and
instrumentation within the in-pile tube (IPT) (Subsection 2.4.1) is

*

shown in Figure 1.

.

N
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TABLE I
i.~

TEST LOC-5 FUEL R00 DESIGN ' CHARACTERISTICS
'-

t-

Fuel
Helium Pre- Burnup U-235 Theoretical

'

Test Rod Type Rod No. Pressurization (MPa) (mwd /t) Enrichment (%) Density (%)

LOC-5 Saxton 934 2.41 0 12.5 94.5 * 0.5
Saxton 935 4.83 0 12.5 94.5 T 0.5
Saxton 839 4.83 17,660 12.5 92 T 0.5
Saxton 912 2.41 16,050 12.5 89.510.5

a

w
w
CD

N
N
w
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TABLE II

TEST LOC-5 FUEL R0D NOMINAL DIMENSIONS

Cladding material - zircaloy-4
,

Cladding outside diameter - 9.93 m
'

Cladding inside diameter - 8.75 m

Cladding wall thickness - 0.59 m

Diametral gap - 0.216 m (unirradiated)

Pellet diameter - 8.534 + 0.013 m (Rods 839, 934, 935)*
8.484_T 0.013 m (Rod 912)

Pellet length - 15.2410.25 m

Pellet dish depth - 0.34 m, spherical radius - 16.08 m

Pellet centerhole - 1.88 10.05 m (unirradiated)
Fuel length - 889 m

-

Top insulating pellet length - 15.2410.25 m

Bottom insulating pellet length - 6.35 1 0.25 m (unirradiated rods)

Plenum volume - 2.917 cm3 (included plenum pressure transducer and
sensor line volumes)

.

.
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TABLE III

TEST LOC-5 FUEL R0D SHROUD CHARACTERISTICS

Irradiated Rods Unirradiated Rods -

Shroud material Zircaloy Stainless steel
.

Wall thickness (m) 1.24 1.33

Initial outside
diameter (m) 25.4 25.4

Flow area per
shroud (m2) 229 225

-

W

e

$

*I.''T 99B. , . .
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g Flow tube

[
Flux shaper (stainless.

*

steel 3mm thick)

.

90*A 1

, 270'

'

61.09 mm (2.405 inches)
-

/ 0,*
55.09 mm (2.17 in.)i

270*
' b

///
180'- 4 - O'- L l- 0*- 2 180

*

'

i ')14.29mm 34 93mm

est train
/

, hanger rod 0
f

'

/ /
.

270*- 3- 90'
F ed
shro

,

I

acu'
.

Rod locations Rod No internal pressure Rod to rod pitch - 49 39 mm
o Cladding thermocouples

1 934 (2.41 MPa) X2 8 Self powered neutron detectors
935 8 Self powered gamma detectors

-

4 912 (4 83 MPa) $ Zircaloy-4 support tube -

10.9 mm outer diameter
O Flux wirese

e Inside shroud coolant
thermocouples

a Outside shroud surface
thermocouples

t

$ Differential thermocouple
e inlet / outlet thermocouple

INEL-A-10 340Fig. 1 Test LOC-5 fuel train orientation p
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2.2 Test Train

The LOC-5 test train positions and supports the four test fuel

rods as shown in Figures 1 and 2. Major test train components are the

fuel rod support plates, IPT flow shroud, the flux shaper, two
,

particle screens and the catch basket, several filler pieces, and the

reflood line.
,

The fuel rod support plates position each rod within the active

core region. The upper support plate is fixed near the top of each
rod allowing the rod to expand axially downward with the lower end of
each rod positioned by the lower support plate.

The IPT flow shroud directs the coolant from the IPT inlet down
to the lower plenum and into the individual fuel rod flow shrouds.

The IPT shroud is fabricated in three sections, two stainless steel
and one zircaloy. The zircaloy section is positioned in the central -

core region. A flux shaper is located within the zircaloy section to

flatten the axial power profile within + 5% over a 31 cm section in -

the central core region.

All of the coolant passing the fuel rods is channeled through
particle screens located in the lower and upper plenums. The screens

are sized with equivalent openings as in the screens in the blowdown
measurement spools. A catch basket is located below the lower plenum
particle screen to catch molten fuel in the event of severe rod

failure and to protect the IPT.

Filler pieces are located in the IPT exit volume, the upper

plenum and the downcomer region to rc Juce the large volumes of water
*

in the test train. Each filler piece is sized for the maximum

reduction in water volume consistent with providing sufficient coolant

flow area.

1
a p
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The controlled bypass flow path is fabricated as part of the
upper plenum filler piece and is located between the IPT inlet and the

upper plenum. The bypass provides a low resistance flow path between
the upper plenum and the IPT inlet during blowdown and includes the
capability of being orificed to control the relative flow resistance

,

between the bypass flow path and the flow shrouds.

.

The capability of providing reflood water to the lower plenum is
available through the zircaloy hanger rod tube. Test LOC-5 will use
the reflood system to quench the rods with a controlled reflood rate.

2.3 LOCA Blowdown System

The PBF-LOCA blowdown loop is illustrated in Fiacr. 3. The

blowdown system provides the means to isolate the IPT from the primary
coolant loop during blowdown and direct:. the coolant into the blowdown
tank. The blowdown is initiated with quick opening and closing valves -

located in the hot- and cold-leg blowdown lines. Four Henry nozzles,

two in the cold-leg and two in the hot-leg, provide the break plane
'

for the desired break flow rate and depressurization rate. The Henry

nozzle throat areas and locations for Test LOC-5 are tabulated in
Table IV. Both cold-leg blowdown valves will be opened in Test LOC-5,
ah the IPT is isolated from the primary coolant loop, and the

system will depressurize through the Henry nozzles and into the
blowdown tank.

A small line connects the hct and cold blowdown piping legs with
a controllable valve. This line provides a small flow rate to keep

the hot-and cold-legs at the system temperature and pressure prior to ~

blowdown. The valve and line also provide additional mechanisms for
'

controlling the coolant mass flow through the fuel assembly.

The blowdown header and tank collect and contain the coolant
ejected from the IPT and piping during blowdown, quench, and post
blowdown cooling. It will also confine any fission products carried

from'the fuel rods by the coolant.-

@%
s
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TABLE IV

TEST LOC-5 HENRY f0ZZLE THROAT
DIAMETERS AND LOCATIONS

Nozzle Designation Location Throat Diameter (m) '

FE-11-1-1 Hot leg 14.22
,

FE-11-1-2 Hot leg 13.56

FE-11-1-3 Cold leg 14.22

FE-11-1-4 Cold leg 13.56

.

W

9

9
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Posttest quench cooling is accomplished by opening the quench
valve (and closing the cold leg blowdown valves) to permit coolant,

, from the quench tank to enter the IPT. The quench tank is pressurized
by a nitrogen gas system and heated to about 366 K. If needed, longer
term cooling is accomplished by reconnecting the IPT to the existing

'

loop (opening the isolation valves and closing the bypass and blowdown

valves) and permitting the primary coolant loop to recirculate through*

the IPT.

The LOCA system contains an initial condition measurement spool
and blowdown measurement spool in each blowdown leg. This
instrumentation is described in the Subsection 2.4.

The sequencing of the blowdown valve during the transient is
controlled by a time-sequential programmer in the Programming and
Monitoring System (P&MS). Signals for cladding temperature and

. elapsed time are input to the P&MS.

2.4 Instrumentation,

A brief description of the Test LOC-5 instrumentation is provided
in this section.

The instrumentation of the Test LOC-5 fuel train is
designed to measure the fuel rod surf ace and centerline temperature,
plenum pressure and temperature, axial length change, and coolant
pressure, temperature, density, and flow rate. The location of the
fuel rod instrumentation is shown in Fioure 1. An illustration of a
blowdown measurement spool piece is shown in Figure 4.

The planned instrumentation for the measurement of parameters for,

each fuel rod consists of the following:
.

(1) One Kaman strain gauge-type pressure transducer, fitted with
-

a slip-fitting sleeve to protect the device from thermal
transients is used to measure each fuel rod plenum
pressure.

The sleeve consists of a stainless steel annular
jacket containing a silver cylinder on the inner surface and
separated from the outer surface by a helium filled gap.

YYD
,s-
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(2) Four ciadding surface thermocouples spot welded to the
cladding. The orientation of the junctions above the bottom
of the fuel stack are shown in Figure 1. Table V lists
additional data on the thermocouples.

,

(3) One tungsten-rhenium centerline thermocouple located 570 m

above the bottom of the fuel stack in a 1.88-m.n-diameter,

hole of previously unirradiated Rods 934 and 935.

(4) One plenum temperature thermocouple located in the midregion
of the plenum of each rod.

(5) One EG&G Idaho, Inc., axial length change transducer located
at the lower end of each rod. The device is not temperature
compensated or thermally shielded, so it will detect rather
than quantify length changes during the transient blowdown

- quench and cooling phases of the test.

(6) Seven self-powered neutron detectors (SPND) used to
-

correlate reactor power to calibrated fuel rod power and to
determine the axial power profile with power level.

(7) An aluminum-cobalt alloy flux wi e located on each fuel rod
flow shroud and on the hanger rod. The devices yield the
time averaged neutron flux near the rod.

(8) Three self-powered gama detectors (SPGD) located at the
core midplane and + 228.6 m, and used to determine the

'

gama flux.

'

Planned instrumentation for measurement of coolant parameters in
the IPT includes:

(1) A Flow Technology, Inc., bi-directional turbine meter
located at the top and bottom of each fuel rod shroud. Two

pickup coils of EG&G Idaho, Inc., design and manufacture are
'

associated with each turbine to determine flow direction.

998 20
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TALLE /

TEST LOC-5 THERM 0 COUPLE DATA

R-
r'

Sheath Wall^

Thermocouple Type Insulation Material 0D(m) Thickness Junction type
(m)

..

Centerline W5%Re/W26%Re Be0 Hard Fired MoRe 1.575 0.254 Ungroundad

Cladding K Mg0 Ti 1.17 0.229 Grounded,
surface spade tip

Coolant channel K Mg0 SST 1.575 0.254 Ungrounded
differential

Plenum K Mg0 SST 0.51 a Grounded

Coolant K Mg0 SST 1.575 0.254 Grounded

Coolant shroud K Mg0 SST 1.02 0.203 Grounded

Shroud outer K Mg0 SST/Ti 1.17 0.229 Grounded,
surface spade tip

a. Wall is swaged at junction and thickness is not available.

D
&
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&
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(2) A pair of differential thermocouples to measure the
temperature increase across each fuel rod flow channel
during steady state operation for power calibration
purposes.

9

(3) A pair of thermocouples for each fuel rod channel to measure
- the fuel rod flow inlet and outlet temperatures.

(4) Three flow shroud coolant thermocouples located on standoffs

at the core midplane and i 120 mm from the core midplane, on

the flow shrouds of Rods 839 and 935 to measure the coolant
temperature during the transient.

'

(5) Three thermocouples located at the core midplane and
i 120 mm from the core midplane, on the flow shroud of Rods

.

839 and 935 to measure the surface temperature.

(6) Three thermocouples located in the IPT upper plenum above
.

the fuel rod flow shroud outlet. These instruments aid in
determining temperature gradients in the upper plenum
region. The thermocouples are :tructurally attached to the
hanger rod.

(7) One thermocouple located in the nearly stagnant bypass
volume at the midplane of the active fuel :ength.

(8) Two thermocouples located in the lower planum, 0.C6 and

.
0.28 m below the lower support plate, ara used to determine
the coolant conditions in the lower plenum. The lower
thermocouple junction is also below the pressure transducer
located in the lower plenum.

(9) One EG&G Idaho, Inc., pressure tranducer (strain post-type)
to measure any large IPT overpressure transients. The

transducer is located 0.19 m below the lower support plate.

8
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(10) Two EG&G Idaho, Inc., pressure tranducers (strain-post-type)
located 0.04 m above the top of the fuel rod shroud and
0.19 m below the lower support plate to measure the pressure
changes during the blowdown transient.

,

(11) One Kaman pressure transducar (strain-guage-type) located

0.04 m above the rod shrc a outlet to measure the _

preblowdown and saturated blowdown pressure.

(12) Two liquid level detectors inside the lower particle screen
and one detector inside the lower end of each flow shroud.

(13) One bidirectional flow turbine located in the downcomer to
upper plenum bypass region.

Planned instrumentation for the measurement spools includes:
.

(1) A Rosemount resistance temperature detector to measure the
'preblowdown temperature of the coolant in each spool.

(2) An exposed Rosemount ribbon thermocouple (Type K) to measure

the coolant temperature in each spool during the transient.

(3) A flush mounted pressure transducer from Precise
Sensors, Inc., (bounded strain gauge) to measure the
preblowdowr1 and subcooled decompression in each spool.

(4) A water cooled, stand-off mounted, pressure transducer from
Precise Sensors, Inc., (bounded strain gauge) to measure the

'

preblowdown and saturated decompression in each spool.

(5) A full flow turbine meter with graphite bearings from Flow
Technology, Inc., to measure preblowdown coolant velocity to
the IPT in the inlet condition spool and during the

transient in the hot- and cold-leg spools.

p. . . 998 243u- .
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.

(6) A Ramapo drag disk in the hot- and cold-leg spools to
measure the coolant momentum flux during the transient.

(7) An EG&G Idaho, Inc., three beam gamma densitometer on both

the hot- and cold-leg spools to measure coolant density.,

(8) A pressure differential transducer connecting the hot- and.

cold-leg spools. This device will measure the preblowdown
pressure difference across the test train and the
spool-to-spool difference during the transient.

(9) An Endevco accelerometer attached to each blowdown spool to
measure the loadings on the gamma densitometer.

Plant instrumentation measurements that will be used in the
analysis of the test results are listed in Table VI.

.

O

I
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TABLE VI

TEST LOC-5 PLANT INSTRUMENTATION

Description Designation

Position of Hot Leg Blowdown Valve VALVbPOSbblM1101PT
Position of Hot Leg Blowdown Valve VALVbPOSbblM1102PT
Position of Cold Leg Blowdown Valve VALVbPOSbblM1103PT -

Position of Cold Leg Blowdown Valve VALVbPOSbblM1104PT
Position of Isolation Valve VALVbPOSbblM1105PT
Position of Isolation Valve VALVbPOSbblM1106PT
Position of Bypass Valve VALVbPOSbblM1107PT
Position of Quench Valve VALVbPOSbblM1108PT
Position of Warm Up Line Valve VALVbPOSbbLM1116PT
Position of Cold Leg Shutoff Valve VALVbPOSbblM1118PT
Outlet Coolant Pressure Transducer OUTbPRESbbPT-30bPT
Outlet Coolant Flow Transducer OUTbFLOWbbFT-29bPT
Outlet Coolant Temperature OUTbTEMPbbTT-29bPT
Quench Tank Coolant Level QNCHblEVbblT-10bPT
Quench Tank Coolant Temperature QNCHbTMPbbTIC27bPT
Quench Coolant Flow Rate QNCHbFL0bbFT-14bPT
Blowdown Tank Pressure BLOWbPRSbbPT-12bPT
Blowdown Tank Liquid Level BLOWblEVbbLIT17bPT
Loop Pressure SYSbPRESbbPRS10bPT
IPT Differential Pressure IPTbDELPbbOPR-10PT
Loop Flow Rate LOOPbFL0bbFRC-10PT

,

FPDS Gross Gamma Rate Detector 1 FPDSGAMAbbNUMb01FP
FPDS Gross Gamma Rate Detector 2 FPDSGAMAbbNUMbO2FP
FPDS Gross Gamma Rate Detector 3 FPDSGAMAbbNUMbO3FP
FPDS Gross Neutron Rate FPDSNEUTbbNEUTRNFP
Reactor Power NMS-3 30 MW REACTPOWbbNMS-03PT
Reactor Power NMS-4 30 MW REACTPOWbbNMS-04PT
Reactor Power PPS-1 30 MW REACTP0WbbPPS-01PT
Reactor Power PPS-2 30 MW REACTPOWbbPPS-02PT
Transient Rod 1 Position TRANSRODbbNUMb01PT
Transient Rod 2 Position TRANSR0DbbNUMbO2PT
Transient Rod 3 Position TRANSRODbbNUMbO3PT
Transient Rod 4 Position DRANSR0DbbNUMb04PT

.
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3. EXPERIMENT OPERATING PROCEDURE

Details of the experiment procedure of Test LOC-5 are discussed
in the following sections. Each experiment operating phase and the
instrument status requirements are considered individually below. The'

test consists of the following phases:
.

(1) Instrument status check

(2) Heatup

(3) Instrument drift checks

(4) Power calibration

(5) Preconditioning
.

(6) Decay heat build-up
.

(7) Blowdown and reflood

(8) Quench and cooldown.

Nuclear operation will start with the power calibration phase and
terminate in the blowdown phase of the transient. Nuclear operation
will last approximately six hours duration at a reactor power less
than or equal to 26 MW. The specific operating sequence for the test
is shown in Table VII and Figure 5.

A representative sample of the liquid in the blowdown tank and in
'

the loop should be taken prior to test operation and immediately after
the test for chemical analysis. The samples should be analyzed for
nitrogen, oxygen, and hydrogen. Disposition of these samples will be
determined at a later time.

998 246
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V. }
'

OPER ATING SEQUENCE Fo* TEST LOC-5
(L' -,

-t..

.

y ,- T hee Durat i on Peak Rod Anticipated Reactor inlet Flow Per System

'' @ n or notedl Power (kW/ml Power (MW or notedl Temperature {K1 Shroud (t /s) Pressure (MPa) Cauments

30 0 0 Ambient 0 0.69 Instrument status check, verify DARS.
"

30 0 0 36 6 0.4,0.6,0.8.1.0 0.69 Flow balance check with warm line
0.8,0.6,0.4 closed.

30 0 0 366 0.4.0.6,0.8,3.0 0.69 Flow balance check with warmup line
0.8,0.6,0.4 open.

30 0 0 366 0.4 0.69 Measuresent status check at 366 K
inlet temperature.

360 0 0 366 to 590 0.4 15.51 Heatup, DARS status checks.

15 G 0 590 0.4 13.8 to 15.51 Rod pressure transducer check in
steps of 0.34 MPa.

15 0 0 590 0.4,0.6,0.8,1.0 15.51 Test train flow turbine calibration
witn warmup line open.

15 0 0 590 1.0.0.8,0.6,0.4 15.51 Finw turbine calibration with warmup
line closed,

5 0 0 590 0.4 to 1.0 15.51 Return to full flow with warmup linen,
no closed.

30 0 100 (kW) 590 1.0 15.51 Instrument status and drift check
zero power offsets taken, transient
rods inserted four inches.

7 0 to 13 100 kW to 6.5 590 1.0 15.51 Power calibration, ramp 1.

10 13 6.5 590 1.0 15.51 Calculation of rod powers

5 13 to 22 6.5 to 11 590 1.0 15.51 Power calibration, ramp 2.

10 22 11 590 1.0 15.51 Calculation of rod powers.

4 22 to 30 11 to 15 590 1.0 15.51 Power calibration, ramp 3.

10 30 15 590 1.0 15.51 Calculation of rod powers.

5 30 to 38 15 to 19 590 1.0 15.51 Power calibration, ramp 4.

10 38 19 590 1.0 15.51 Calculation of rod powers.

4 38 to 47 19 to 23.5 590 1.0 15.51 Power calibration, ramp 5.

10 41 23.5 590 1.0 15.51 Calculation of rod powers.

5 47 to 53.5 23.5 to 25.5 590 1.0 15.51 Power calibration, ramp 6.

30 53.5 25.5 590 1.0 15.51 Calculation of rod powers.

O
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TABLE VII (continued)

T ime Duration Peak Rod Anticipated Reactor Inlet Flow Per System(Min or noted) Power (kW/m) Power (MW-or noted) Temperature (K) Shroud (t/s) Pressure (HPa_{ Comment s
30 53.5 to 2.31 25.5 to 0.1 590 1.0 15.51 Ramp down power,1st cycle of

preconditior.ing finished.
1.0 0 0.1 590 1.0 15.51 Prepare f or second ramp.
12 0 to 22 0.1 to 11 590 1.0 15.51 Power calibration, ramp 7, and 2nd

cycle of preconditionin9
5 22 11 590 1.0 15.51 Calculation of rod powers.
9 22 to 38 11 to 19 590 1.0 15.51 Power calibration, ramp 8.
5 38 19 590 1.0 15.51 Calculation of rod powers.
9 33 to 53.5 19 to 25.5 590 1.0 15.51 Power calibration, ramp 9.
5 53.5 25.5 590 1.0 15.51 Calculation of rod powers.

10 53.5 25.5 a90 1.0 15.51 Constant power.
30 53.5 to 0 25.5 to 0.1 590 1.0 15.51 Ramp power decrease, 2nd cycle of

preconditioning.
10 0 0.1 590 1.0 15.51 Prepare for third ramp,

na 12 0 to 22 0.1 to 11 590 1.0 15.51 Power calibration, ramp 10, and 3rdLa

cycle of preconditioning.
5 22 11 590 1.0 15.51 Calculation of rod powers.
9 22 to 38 11 to 19 590 1.0 15.51 Power calibration, ramp 11.
5 38 19 590 1.0 15.51 Calculation of rod powers.
9 38 to 53.5 19 to 25.5 590 1.0 15.51 Power calibration, ramp 12.
5 53.5 25.5 590 1.0 15.51 Calculation of rod powers.

10 53.5 25.5 590 1.0 15.51 Constant power.
10 s 53.5 to 40 25.5 to 20 590 1.0 15.51

%C) 5 40 20 590 1.0 15.51@
10 s 40 to 30 20 to 15 590 1.0 15.51CJC)

5 30 15 590 1.0 15.51
ps ) 10 s 30 to 20 15 to 10 590 1.0 15.51
s

*E*'
5 20 10 590 1.0 15.51CO

10 20 to 0 10 to 0 590 1.0 15.51
10 0 0 590 1.0 15.51 Prepare for 4th cycle (decay heat

buildup). Remove cladding scrams.
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TABLE VII (continued)

'
Time Duration Peak Rod Anticipated Reactor Inlet Flow Per System
(Min or noted) Power (kW/m) Power (MW-or noted) Temperature (K) Shroud (t /s) Pressure (MPa) Corsnents

30 0 to 53.5 25.5 590 1.0 15.51 Ramp power increase, 4th cycle.
90 53.5 25.5 590 1.0 15.51 Decay heat buildup, instrument status

checks, initial conditions checked.

50 (s) 53.5 to 0 25.5 to 0 - - - Transient sequence copinences with
reactor power controlled by tran-
sient rod servo controller.

2M 0 0 370 1.0 0.1 Cooldown phase.
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Prior to the Test LOC-5 a REDCOR checkout of the blowdown
transient sequence described in Section 3.7 will be conducted. This
test may be performed before the test train is installed. The ,

objectives are to:
.

.

(1) Provide a checkout of the servo control system
.

(2) Deterr ene the proper REDCOR timing sequence to ensure that ,' '
blowdown events are initiated as specified. - '

The timing of each event,(vsive opening and closing, simulated
reactor power and power demand function, and transient rod position)
should be recorded to ensure that the sequence is properly set. This
test may be deleted if the Thermal Fuels Behavior Program (TFBP) LOCA
Project Engineer or Management is satisfied that the blowdown
transient can be programmed as specified.

3.1 Instrument Status Check

To monitor the experiment and to meet test objectives, it is '

necessary that certain instrumentation be operable throughout the '

experiment or during spccific phases of the experiment. The loss of a
-,

critical instrument will require test procedures to be suspended.
Therefore, af ter data acquisition and reduction system DARS checkout
is completed, measurament status checks are to be made (a) prior to

heatup at ambient conditions, (b) during heatup, (c) after achieving
critical reactor conditions, unless requested otherwise by the
Experiment Specification and Analysis (ES&A) representati e of Fuelv

Research Division. Checklists, which are to be incorporated in the
experiment operating procedure and detailed operating procedure, will
be completed during the status checks (Appendix A). Certification
that each instrument is within range must be made by the LWRD
Representative or his alternate. If the readings are not within
range, or at any time during the test there is an apparent malfunction 1

,

in an instrument or data channel, remedial actions must be completed
jdortheES&Arepresentative'sapprovalmustbeobtainedinorderto '

990 2.51
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,

-

,

9

continue test operation. If it is determired that an instrument has
failed or that repairs can be made only by removing the test train,
test procedure will be suspended pending a decision by the LOCA
Project, Engineer, TFBP Management, and appropriate Directorate
management.

e

Petar tc! any data acquisition, the PBF/DARS output will be,

verified by inputing voltages to the low level amplifiers or in
accordance with a checklist to be supplied by the Instrument and Data
Systeris Section. This checklist will be incorporated in the
experiment operating procedures and will be signed off by the
supervisor of the Instrument and Data Section or his alternate prior
to loop heatup.

The PBF/DARS readiness for test will be verified by performing
the follcaing:

.

(1) Run the seven Teledyne System Tests and the PDP-11/05
- '

processor diagnostics and verify the successful completion
of each.,

*f

(2) 11Lroduce a five step voltage signal (0%, 25%, 50%, 75%, ands

'

100%) of the full-scale measurement range into all active
irputs via the calibration bus of the data system low-level
am; 1i fiers.

,

(3) Record the calibration voltages on each of the datao
acquisition systems.

,

i

(4)
,'t . Reduce the calibration data from the DARS for all active'

channels. Produce data tapes and verification plots for
review by the data integrity review committee (DIRC).

-
, ,

'|' s
'

'

During the cold hydrostat test an instrument status check at '

pressures of 10%, 20%, 30%, . . ., 100%, 90%, 80%, . . ., 10% of the
<

15.51 MPa system pressure will be performed as follows:3

998 252
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(1) Allow the system to come to equilibrium.

(2) Obtain a DARS printout of measurement data arid statisitics
while simultaneously recordina the Heise gauge pressure at e

each pressure step.
.

In the event of a DARS channel failure, permission must be
obtained from the supervisor of the Instrumentation and Data Section

or his alternate before the failed channel can be changed and channels
must be reverified. In addition, any channels being doubly recorded
on the surveillance system channel electronics cannot be changed after
verification. A posttest integrated data systems calibration will be
performed after reactor building reentry is permitted.

3.2 Heatup Phase
.

Immediately prior to loop heatup or during heatup at a loop
.

temperature less than 370 K, a flow balance check will be performed.
With the war.nup line closed, the flow as indicated by a test train
turbine should be increased from 0.4t/s tc as high as possible and not
to e;:ceed 1.0 t/s and then reduced to 0.dt/s. The warmup line should
be opened and the sequence sh 's be repeated. Readings should then
be recorded as specified in the flow balance checklist, which should
be incorporated in the experiment operating procedure. This checklist
is given in Appendix A, Table A-IV. The information will be used to
determine the bypass flow ratios for comparison with test train design
specifications. In the event of unexpected bypass flow ratios, as

.

determined by the LOCA Project Engineer, test procedure will be
suspended pending resolution of discrepancies by the LOCA Project
Engineer, TFBP Management and appropriate Directorate management. The

flow indicated by the test train turbines should then be set to the
flows stipulated in Table VII and the heatup continued.

.

e'

m
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When the loop coolant temperature has reached about 540 K the

reactor may be biought to criticality, if deemed necessary, and ther,
to about 2 MW until the coolant inlet temperature reaches the desired
level of 590 K. Reactor shutdown is required before proceeding.

. .

During heatup an instrument status check shall be performed at
, 5 equispaced temperatures by obtaining a DARS printout of measurement

data and statistics while simultaneously recording Heise gauge
pressure at each step. The DIRC wili review the following during this
testing period:

(1) Instrument status

(2) DARS status

(3) Data system changes
.

(4) Flow verification and drift check data.
.

After obtaining a coolant temperature of 590 K and pressure of
13.8 MPa, the system pressure will be increased in steps of 0.34 MPa.
A DARS printout of measurement data and statistics to check and
calibrate the system pressure transducers will be obtained at each
step. System pressure will be re-established at 15.51 MPa for the
remainder of the heatup following the pressure transducer checkout.

The loop and test train flow meters will be intercalib"ted at a
constant inlet temperature and pressure by increasing the te. '

flow rates from 0.4t/s to 1.02/s with the warmup line open, ana then

'
decreasing the flow to 0.4t/s with the warmup line closed. During
this flow calibration, instruments will be checked for possible
undesirable temperature and flow sensitivities.

3.3 Instrument Drift Recording and Status Check

Data channels will be recorded for at least 30 minutes to
establish instrument drift rates. This recording should be completed

29



after heatup at stable system conditions of 590 il K inlet
3temperature, 15.51 10.14 MPa IPT pressure, and 1000 115 cm /s flow

through each shroud.

3.4 Power Calibration Please *

After the reactor is critical at about 100 kW to 2 MW and just -

prior to begining the power calibration cycle the transient rods
should be inserted four inches into the core. The reactor critical
measurements check should then be completed.

Power calibration will be performed during the three
preconditioning cycles. It will provide data to intercalibrate the

test rod powers determined by thermal-hydraulic measurements with
reactor power and data from the self-powered neutron detectors mounted
on the test train. After the intercalibration, the reactor can be

4

operated with reference to the calibrated SPNDs to provide the desired
fuel rod power.

.

The calibration phase of the experiment will be initiated by
establishing the coolant pressure, temperature, and flow rate at the
predetermined values of Table VII. io perform the calibration, the
reactor power will be increased to a known level, the system allowed
to reach equilibrium (~ 5 minutes), and the test rod power and neutron
detector outputs recorded. This procedure will be repeated at a
number of power levels up to a maximum reactor power of approximately
25.5 MW and maximur rod power of 53.5 kW/m. The maximum power ramp

rate for the calibration phase of the test is 2 kW/m per minute.

During power calibration an instrument status check shall be
,

performed by obtaining a DARS pri:1 tout of measurement data and

statistics while simultaneously recording the Heise gauge pressure at
each step in the power calibration. DIRC review of the following will

:z . g be accomplished during the power calibration and precunditioning phase
- C~

of testing.
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(1) Instrument status

(2) Power calibration data

(3) Drift check data,

. (4) Data system configuration and calibration status
,

The figure-of-merit, relating fuel rod peak power to driver core
power, has been calculated to be 2.37 kW/m/MW. The preliminary
results of Test LOC-3 determined the figure-of-merit to be 2.0. This
value will be compared with the figure-of-merit determined during the
test. In the event of a large discrepancy between calculated and

measured figure-of-merit, as determined by the LOCA Project Engineer,
test procedure will be suspended pending resolution of the discrepancy
by the LOCA Project Engineer and TFBP Management.

3.5 Preconditioning Phase
.

The four fuel rods will be preconditioned by cycling the power to
promote fuel pellet cracking and restructuring and to allow the
initiation of pellet-cladding mechanical interaction to stablize.

A

ramp rate of 2 kW/m per minute will be used with constant peak power

levels of 53.5 kW/m for 10 to 30 minutes and zero to 100 kW reactor
power for 10 minutes between the cycles.

3.6 Decay Heat Buildup Phase

After complettori of the preconditioning phase the reactor power
should be increased, at a corresponding fuel rod power ramp rate of

2 kW/m per minute, to approximately 25.5 MW, or whatever is necessary
(maximum of 26.5 MW) to provide a fuel rod peak power of 53.5 kW/m,
and held at that power for approximately 90 minutes. This length of
time is necessary to build up approximately 78% of the maximum
possible decay heat in the rods.

Is If the reactor is shut down during
the decay heat buildup, this phase will have to be repeated.

_.

998 256
31



Approximately 15 minutes before blowdown, the reactor power will

be switched to transient rod servo-control (transient rods inserted
4 inches into the bottom of the core region).

3.7 Blowdown and Reflood Phase -

The specific steps of the blowdown phase are provided in -

Table VIII. Imediately prior to blowdown, readings should be taken .

from the quench and blowdown tank transducers as specified in
Appendix 3 Table A-V. After establishing the required initial
conditions of the Table VII, and approximately 20 seconds before
blowdown the warmup line will be shut by the reactor operator and the
test rod flows reset to 1.02/s. The TFBP Project Engineer will then
verify proper setting of all initial conditions before the transient

is initiated.

The blowdown sequence will then be initiated. The reactor power
will be controlled with the transient rods (TR) during the blowdown,

.

as detailed in Table VIII and Figure 6. The TR servo-controller will
be in the steady state mode of operation during the entire test.
During blowdown the power demands will be controlled by the function
generator which is interfaced with the TR servo-control system. The

function generator will be started at the appropriate time by REDCOR.

Proper designation of the REDCOR-timed sequence is extremely
important to ensure that the timed events occur as specified. The PBF

Operation: Branch will determine offsets to be applied for each step
so as to ensure the correct timed sequence.

After 70 s into blowdown when the lower plenum pressure is at
approximately 0.45 MPa, the reflood portion of the test will begin as
listed in Table IX. The controlled reflood is performed by injecting
the coolant from the quench tank through the reflood system directly
into the IPT upper head, down the center hanger rod into the plenum
volume beneath the lower particle screen. System operation involves:
(1) filling the lower plenum to_the bottom of the active fuel as soon gg8

dCh
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_ TABLE VIII

PROGRAMMING AND MONITORING SYSTEM CONTROLLED EVENT SEQUENCE

E st ima ted T ime
REDCOR Signal Time Event toop Bypass Isolation Hot Leg Bloydown Cold Leg 81 w- Water Line Sht to(f

Quench Warm-up Cold tegStep h Initiated (s)(a) Is initiaten M Valvelb) Valve (C) Valves (dJ down Valves ') ValveIII ValveI9) Valveth) Cassnent s

9
n

Initial --
-- XII) 0 X X X 0 0 Cladding scram

set points turned
off.1 -- -20.0 X 0 X X X X 0 Operator closesw

warmup line and
verifies test rod
coolant flow to
1.0 1/s per
shroud. Acttun
is verified by
TF8P Project En.
gineer before in-

itiation of the
2 - 2. 0 transient.

-
- 2. 0 X 0 X X X X 0 REDCOR init iates

Q function gener-
ator routine.Q 3 -0.01 0.00 0 X X X X X 0 Isolate loop andy
open bypass
valve.4 -0.03 0.10 0 X X 0 X X 0 Open cold legN
valves.5 0.00 2.50 0 X X 0 X X 0 Maintain 100% of
reactor power.6 2.50 2.80 0 X X 0 X X 0 Linearly reduce
reactor power to

25.50% in 0.3 s.



Q
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'f TA8tE Vill (continued)

_ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ __.

Estimated Time Quench Warm-up Cold Leg
-- REDCOR Signal Time Event Luop Bypats Isolatjoy Hot teg Bjoydown Cold Leg Water Line Shutoff

ggp is initiated _{Q 3) is Initiated (s) Valvegbi yojvesci va;ves t e s_ Blowdown Valves ValveII) ValveI9) ValvelhI C(mnent sI

' 2.80 2.80 0 X X 0 X X 0 Linearly reduce
reactor power to
12.75% in 2.2 s.

8 5.00 5.00 0 X X 0 X X 0 Linearly reduce
reactor power to

7.951 in 5.0 s.
w
* 9 10. tX) 10.00 0 X X 0 X X 0 Linearly reduce

reactor power to
6.80% in 2.0 s.

10 12.00 12.00 0 1 X 0 X X 0 Linearly reduce
reactor power to
6.37% in 8.0 s.

11 20.00 20.00 0 1 1 0 X X 0 Maintain reactor
power at 6.37%.

12 S0.00 50.10 0 X X 0 X X 0 Scram reacter.

Il 70.00 70.00 0 X X X X X 0 Reflood cycle.

14 240 240 0 X 0 X 0 X X Quench.
_ _ _ _ _ _ ._

(a) Times are estimated f or REOCOR signal. F inal signal specif icat ion will be deter mined by the PBF Operat ions Branch.
(b) V ALVbP05bbtM1101P1
(c) VALVLP0$bblM1105P! and VALVbP05bbtM110bPT
(d) VALVLP05bblM110lPT and VAlVbP05bblM1102PT
(e) VAL vbP05bbtMLRCIPI and VALVBP0$bblMLRC2PI
(f) V AL VLPOSbblMll08PI
(g) VALVbP05tplMlllbPT
(h) VALYbP05bbtMlll8PT
(i) X indicates closed, 0 irhiicates open.

_ _ _ _ _ _ _ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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x 1' 2 I I I I I

Step Time % of Original power

1 0.0 100.0080 -

2 2.5 100.00 -

. m

$ 3 2.8 25.50& 4 5.0 12.75g 5 10.0 7.95
I; 60 - 6 12.0 6.80g

7 20.0 6.37
-

Q 8 50.0 6.37
.E 9 50.1 0.00.o

40 -

100% = 25.50 MW
-

E 12.75% = 3.25 MWy 6.37% = 1.62 MW y
~ g

20 - Q
,,

4
8

@d5 6 7 E
10 0 10 20 30 40 50 60

Time with respect to blowdown (S) IN EL-A-13 177

O Fig. 6 Reactor power variatiori with time durinc the transient.&
CP

&
cr
CD



TABLE IX

REFLOOD RATES FOR TEST LOC-5

Initiation Time (s) Termination Time (s
.

Initial reflood high 70 75
flow rate (1.58 t/s)

,

Final reflood low flow 75 > 240
rate (0.19 t/s)

.

.

Y
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as possible, within 5 seconds at a rate of 1.58 t/s and maintaining
this level prior to reflood of the fuel, and (2) providing the
constant cold reflood rate to the flow shrouds at a rate of
0.086 t/s. The reflood coolant temperature will be approximately
311 K (100 F) when entering the IPT through the upper head
penetration..

3.8 Quench and Cooldown Phase
-

After 240 seconds, posttest quench cooling water heated to about

366 K will comence with the mass flow rate sized at 41/s for
60 seconds.

After the quench phase, cooling water will be pumped from the
storage tank provided by the deminerlization pump and the quench tank
will be pressurized at 1.03 MPa for 60 s of quench flow. Beyond this
time, the cooling water will be reduced to 0.4t/s. The flow rate can
be adjusted to keep the cladding surface temperature below 590 K.

Longer term cooling may be provided if necessary by the existing flow.

loop after reconnection to the IPT.

3.9 Shutdown and Abnormal Test Termination Requirements

The test will be shutdown if a failure of all the system pressure
measurements occurs. The test may also be terminated by the
responsible LWR Fuel Research Division ES&A representative if there is
no more useful data to be gained by continuing operation.

The electronics to initiate an automatic reactor scram in the,

event of unexpected cladding film boiling will be used for Test
, LOC-5. The system will be installed for the power calibration,

preconditioning, and decay heat buildup phases, and must be removed

before the blowdown transient is initiated. The circuit should scram
the reactor if cladding thermocouples CLAD 934b1bl9+0bb01 and

CLAD 808b2bl9+0bbO2 measures 700 K. A 2-second delay in scram should
be included to account for signal noise.

v0L .
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In the event the TR servo-controller malfunctions at any time
while in operation the controller must be programmed to fully insert
the transient rods into the core.

In case of unexpected cladding temperatures in excess of 1700 K
.

at any time during the transient, the quench system will be activated
based on an average temperature computed automatically from -

thermocouple measurements on each test rod.

,

9

.
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4.
DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumentation displays in the PBF/DARS will identify the fuel
rod, flow shroud, test rain, spoolpiece, and plant instruments
according to the identifiers in Tables X through XIII. Prior to each.

nuclear operation, it will be verified that through data are being
recorded and are retrievable.,

4.1 Data Acquisition Requirements

The da+.a channels should be set to record the data based on the
requirements of Tables X through XIII. All of the narrow-band DARS
channels should be ava..able for display on the Vector General. The
surveillance system is an acceptable backup system. The PBF/DARS will
record data during the cold hydrostataic pressure check, the flow
calibrat ion, the heatup phases, during all nuclear operation, and will
be left on until the loop has been depressurized after the blowdown.,

The surveillance system (SS) need not record data during heatup and 30
minuter .fter test termination unless requested by the ES&A

.

representative.

Prior to heatup, the PBF/DARS should be checked as specified in

the Integrated Data System Calibration Procedure (IDSCP), as supplied
by the Data Systems Test Cognizant Project Engineer . Following theb

IDSCP check, it should be verified that all recorders are recording
data as specified in the Data Recording Verification Procedure ,a

After all discrepancies have been corrected and heatup initiated, the
surveillance system recorders may be turned off unless otherwise

-

requested by the ES&A representative. The DARS should

Prior to nuclear operation and the blowdown, it should bea.
verified that data are being recorded.

b. All recorders should be monitored when in recording made in a
manne- determined by the Data System Branch.

ggg 264~
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TABt.E I

TEST LOC-5 FUEL TRAlg INSTRUMENT ICE 47!FICANON, DATA CHANNEL SECOR01%G,
AND O! SPLAY REQUIREwENT:

_ _ _ _ _ .

M in num
Frequency
RecnrdingInstr o ent Rod Instrument Retnrdin9 RecutredMeasurement Type Location 4 _ Nariber identifie,b Ranges g c_

Fuel Rod

Fuel centerif ne temerature W55te/W26%Re thermocouple 0.130 m 1 TFCL 934bibl 3bb 7C01 300 to 2500 K 10 ,0.110 m 3 TTCL935b3bl 3bb f C03 10Cladding surf ace temerature Type K thermocouple 0.186 m - 00 1 CL AD934 bibl9@b01 300 to 1500 K 10
0.186 m - 1800 1 CL AD934bibl 9+18001
0.236 m - 900 1 CL AD934bibl4*90bO1
0.236 m - 2700 1 CLAD 934 bib?4+27001 *

0.186 m - 00 2 CLA003952bl9+0tbO2
0.186 m - 1800 2 CLO839b2bl9+18002
0.235 m - 900 2 CLA0839b2b24*90bO2
0.236 m - 2700 2 CL A08392bb24+27002
0.186 m - 00 3 CL C 935b3bl9+0bbO3
0.186 - 1800 3 CL O 93533bl9+19003
0.236 m - 900 3 CLA0935b3024+90bO3
0.235 m - 2700 3 CtA0935b3b?4*27003
0.186 m - 00 4 CL O912b4bl9+0bbC4
0.186 m - 1800 4 CLA0912babl9+18004
0.236 m - 900 4 CLA3912b4b?4+00b04
0.23C - 2700 4 CLA0912b4b24+27004Plenum tegerature Type K thermocouple Fuel i d plene 1 PLNMbfMPbb934bbb01 300 to 1100 K 10

2 PL4MbfMPbb8395bbO2
3 PLNMb7MPbb935bbbO3
4 PLNMb?Pbb912bbb04Plenum pressure Kaman 17-MPa pressure Fuel rod plenum 1 RODbPR E Sbb934bbb01 0 to 18 MPa 10trans ducer 2 R00bPRE5bb839bbbO2
3 R00bPR ESbb9 35bbbO3
4 R00tPR E5bb91?bbb04Claddin9 antal strain L VD T Inlet end of rod 1 CLObOSPbb934 bbb01 -12 to 12 rp 100
2 CLADb05Pbb839bbbO2
3 CL O bOSPbb935bbbO3
4 CL ObOSPtb912bbb04 +FLOW 58 0U0

Fuel rod power profiled Flum wire 99.5% Al and 0.5% Co One on the outside 1 FLUI934biblS0btbol
of each flow shroud FLUN8390?bl80bbh02

*

(1800) and the hanger 3 FLUI93503bl80bobC3
,

rt,d (2360) 4 FLUI91?b4bl80bbb04
FLUIHR00bb236bbbe

_ _ _ _ _ _ . _ _

All elevations are measured from asial midplane of the fuel stack. The positive direction is with the coolant flow. Radial orientations are defined..

by f igure 1.

f. b denctes blank.

C. Minimum recording f regtency is calculated from required instrument response time. Final desi nation of the instrument response time will be com leted9by the Instrument and Data section.

J. Not recorded.

__. -_ _ -
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TABLE I (cmticuM)

Minime
Frequenc y

Instrisnent
Measurement Rod Instrument RecordingType a Recordin9 #equiredtocation L N;mber _ idertifierb p ames

F_lew Shroud _
MC,

5hroud coolant flow Bidirectional turbine flowmeter Lower shroud entension 1 FLO A4T[bb f ML ETb01 -2.5 to 1.5 t/s 1002 FLOA ATEttINt ETbO?
3 FLOWR 4T[bb!NLETbO3
4 FLOA 4TEbb!NLETbo4Upper shroud entension 1 FLOW ATEbb00 TLET01*
2 FLCA ATEbbO' TLET02J
3 FLOWR ATE bb0UTLET03Shroud liquid level Liquid level detectors

Lower shroud extension 1 SHRDbtEVbblNLETb01 0FF=0, ONel 10

4 FLOd ATEbbO' TLE704J

+ 2 S$DblDbblNLETbO2
3 $HR3b(EVbblNLEIbO3

Outer shroud wall Type K thermocouple -0.120 m - 2250 2 $$ 0biMPbb.120bbO2 300 to !?00 K 10

4 SHP0bt D bt!NLETb04teeperat ure

0 m - 2250 2 54 3b NPbbb300bbO2+0.120 m - 2250 2 SHRDbTwPtb+120bbO2-0.120 m - 2250 3 S* DbiwPbb-120bbO30 m - 2250 3 S*DbiMPbt,b000bb33
+0.120 - 2?50 3 540bfMPbb 120bbO3Balk coolant temperature Type K thermocouple -0.120 m - 450 2 BULKbTMPbb-1?0bbO2 339 to 820 K 100 m - 450 2 BULKbTwPbbb000bbO2+0.120 m - 450 2 BULK bTMPbb +120bbO2-0.120 m - 450 3 BULKbT4Pbb-120bbO30 m - 450 3 BULK b mpbbb000bbO3
+0.120 m - 450 3 BULKbtMPbb+120bbO3Inlet coolant temperature Type K thermocouple -0.439 m - 1350 1 INLibTMPbb934bbb01 339 to 8?O K 10-0.439 m - 1350 2 INLib MPbb839bbbO2-0.439 m - 1350 3 INLib TMPDb935bbbO3-0.439 m - 1350 4 INLib mPbb912bbbO4Outlet coolant temperature Type K thermucouple +0.439 m - 1350 1 OUTbTEMPbb934bbb01 139 to 820 K 10+0.439 m - 1350 2 OUTbTEMPbb839bbbO2+0.439 m - 1350 3 OUTbfEMPbb935bbbO3+0.439 m - 1350 4 OJTb7EMPbb912bbbo4Coolant differential Type K thermocouple pair +0.439 m - 450 1 DElb?EMPbt45bbbb01 0 to 15 K 10

4eeperat ure
0.439 m - 2250 1 DELbTEMPbb225bbb01

*

0.349 m - 450 2 DELb7EMPbb45bbtbO2
+

0.439 m - 2250 ? DELbTEMPbb225bbbO2
+

0.439 m - 450 3 CELb7EMPbb45tbbbO3
+

'
0.439 m - 2250 3 OLLbTEMPbt225bbbO3

+

0.439 m - 450 4 DElbfEMPbb45bbtb04
+

+0.439 m - 2250 4 DELbTEMPbb??5bbb04
_

a.
All elevations are measured f rom aat ti midplane of the fuel stack. Radial orientations are defined by Figure 1.

b. b denotes blank.

Minimum frequency is calculated from required instrumentation response time
c.

. Final desi nation of the instrument resMnse time will be completed bythe Instreent and Data section. 9
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l*'' TABLE XI

TEST LOC-5 TEST TRAIN INSTRUMENT IDENTIFICATION, DATA CHANNEL RECORDING,
AND DISPLAY REQUIREMENTS

'linimum
Recording
Frequency

Instrument Instrument Recording Required
Measurement Type location ,__ Identifier Ranges (Hz)

a

Test Train
,

IPT liquid level Liquid level detector Lower particle screen IPTblEVLbbNO.lblTT OFF=0, ON=1 10
IPTblEVLbbN0.2blTT OFF=0, ON=1 10

Bypass temperature Type K thermocouple Hanger roJ, lower particle screen BYPbTEMPbbNO.LTTLC 300 to 800 K 10
Hanger ad, fuel midplane BYPbTEMPbbNO.2bbTT
Hanger i od, shroud outlet plus 50 mm BYPbTEMPbbNO.3 butt
Hanger rid, IPT outlet BYPbTEMPbbNO.5 butt
Hanger rci between shroud & IPT BYPbTEMPbbMO.4 butt
outlet

Lower plenum temperature Type K TC Lower supptet plate PLATbTMPbbbbbbblTT 300 to 800 K 10
Neutron flux No. Ib SPND -0.343 m NEUTbFLXbb-34.3bTT 0 to 160 nA 10

No. 2 -0.229 m NEUTbFLXbb-22.9bTT
,. No. 3 -0.114 m NEUTbFLXbb-11.4bTT
^* No. 4 0.0 NEUTbFLXbbbbO.0 bit

No. 5 +0.142 m NEUTbflXbb+14.2bTT
No. 6 +0.229 m NEUTbFLXbb+22.9bTT
No. 7 +0.343 m NEUTbrLXbb+34.3b7T

System pressure EG&G, Idaho, Inc., 69 MPa PXD Center tie rod, below shroud inlets SYSbPRESbb69EGblTT 0 to 69 MPa 100
System coolant pressure EG&G, Idaho, Inc., 17 MPa PXD Center tie rod, below shroud inlets SYSbPRESbb17EGblTT 0 to 18 MPa 100
System coolant pressure EG&G, Idaho, Inc., 17 MPa PXD Hanger rod, above shroud outlets SYSbPRESbb17EGbuTT 0 to 18 MPa 100
System coolant pressure Kaman 17 MPa PXD Hanger rod, above shroud outlets SYSbPR ESbb17KAbuTT 0 to 18 MPa 100
Gamma flux No. Ic SPGD -0.229 m GAMAbFLXbb-22.9b7T 0 to 100 nA 10
Gamma flux No. 2 SPGD 0.0 GAMAbFLXbbbOO.0 bit 0 to 100 nA 10
Gamma flux No. 3 SPGD +0.229 m GAMAbFLXbb+22.9 bit 0 to 100 nA 10
Controlled bypass turbine Bidirectional turbine flowmeter Upper plenum filler piece FLOWRATEbbCONTBYTT -40 to 12 t/s 100

a. All elevations are measured from axial midplane of the fuel stack.
b. Include a channel for gamma compensation and measure the " sign" or direction of the current.
c. Include a channel for gama compensation.

Q
CD

,

Cb
N.

. . ..



_TA3tt rg

TCST LOC-5 t0T LEG, COLD LEG, AND INITI AL CONDIT!DNS SPOOL PIECES INSTRUMENT IDENTIFICATION
DATA CHANNEL RECORDING, AND OISPL4f REQUIREMENTS

Minimum
Recording

Instr ee9t Instrument Recording Required
FrequencyMeasurement Type Identifiera penges gb.,

Coolant volumetric 81 direction turbineflow rate ICSVFLOWbbf EOSSPIC 0 to 20 t/s 100flometer
CLSVFLOWbbFE06SPCL 0 to 100 t/s

Monentwo flux Drag disk HLSVFLOWbbfE095PHL 10 to 10 1/s
CLMGMFL Nbbf E075PHL 0 to 40000 kg/m-s2 l@,

ICMOMFLXbbFC10$PIC 0 to 2000 kg/m-52
Steady-state coolant temeratu:e RTO HLMDMFLXbbFE08SPCL

]CSSTEMPbbiE20$PIC 280 to 650 K
CLSSTEMPbbTE22SPCL

10.

Transient coolant tegerature Type K thermocouple
ICTCTEMPbbtE21 SPIC 280 to 650 K 10

HL SSTEMPbbTE23SPCL

CLTCTEMPbbTE24SPCL
Sutcooled coolart Fressure transducer HLTCTEMPbbfE2SSPHL
pressure (flush mounted) ICPR ESSFbbPE08 SPIC 0 to 21 MPa 100

CLPRESSFbbPE!OSPCL
HLPR ESSFbbPE12SPHLSaturated coolant pressure

Pressure transducer, water cooled ICPRESSWbbPE095P!C 0 to 21 MPa 100
CLPRES$wbbPE!!SPCL

Coolant pressure differential Pressure transhcer HLPR E SSWbbPE13SPHL
(hot to cold leg) DEL PCLHL bbOPE-OSHL 0 to 1 MPa 100Cootsot density Ganna densitimeter

CLCENSUPbbDENSIUCL 0 to 800 kg/m3 130
CLDENSCEbbOENSICCL
CLDENSL0bbOENSILCL
HLDENSUPbbOENS20HL
HLDENSCEbbOENS2CHL
HLDENSL0bbOENS?LHL

,

Henry nozzle PID
P* essure difference strain gage HENRYPIDbbFE!! !PT 0 to 12 MPa 100hem V PXDbbf Ell-2PT

HENRYPXDbbFEl] 3PT*

Sagle pf pe temperaturec Type K thermocouple HENRfPXDbbfEll-4PT
FPb7EMPbbbP!PE01FP 0 to 800 K
FPb TEMPbbbPIPE02FP 10

FPbTEMPbbbP!PE03FP
FPbTEMPbbbPIPE04FP
FPbTENPbbbPIPEOSFP
FPbTEMPbbbPIPE06FP
FPbTEMPbbbPIPE07FP
FPbTEMPbbbPIPE08FP

Oensitometer tegerature Type K thermocouple FPbTEMPbbbpIPE09FP

CLbONTMPbbOENTCICL 280 to 650 K
CLbONTMPbbOENTC2CL 10

CLbONTWPbbCENTC3CL
HLbDNTMPbbDENTClHL
HLbONTMPbbDENTC2Ht.
HLbONTMPbbOENTC3HL

a. b dentes blank

b.
Miniman f reguency is calculated from required instrumeatation response time.
will be cagleted by the Instrument and Data Section. Final designation of tne instrument response time

c. Not required.>

.
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TABLE XIII

TEST LOC-5 PLANT INSTRUMENT IDENTIFICATION, DATA CHANNEL RECOPDING,
AND DISPLAY REQUIREMENTS

t[E'
C- Minimum
gf. Recording

Frequency

Instr ument Instrument Recording Required

Measurement Type tocation Identifier Ranges (Hz)
4-

Valve position Limit switches Cold-leg VALVbPOSbbtMLRCIPT Open, closed 1000

Cold-leg VALVbPOSbblMLRC2PT
Hot-leg VALVbPOSbbtM110lPT
Hot-leg VALVbPOSbblM1102PT
Bypass VALVbPOSbbtM1107PT
Isolation VALVbPOSbblM110SPT
Isolation V ALVbPOSbblM1106PT

Quench V ALVbPOSbblM1108PT
Warmup line V ALVbPOSbblMilD9PT
Cold leg shutoff V ALVbPOSbbtMll10PT

Outlet coolant pressure Trans ducer Outlet OUTbPRESbbP T-30bPT 0 to 21 MPs 100

Outlet coolant flow Transducer Outlet 00TbfLOWbbfT-29bPT 0 to 20 t/s 10

Outlet coolant thermocouple itermocouple Dutlet OUTbTEMPbbfT-29bPT 0 - 700 K 10

Quench t ank coolant level Level detector Quench tank QNCHbtEvbblT-10bPT 0 to 100% 10
,,
.> Quench tank coolant

thermicouple Thermocouple Quench tank QNCHbTMPbbTIC27bPT 0 to 500 K 10

Quench t ank flow Turbine meter Queach tank QNCHbfL0bbfT L4bPT 0 to 5 t/s 10

Blowdumn tank liquid level Level detector Blowdown tank BLOWblEVbbLIT17bPT 0 to 100% 10

Blosju*.1 t ank PXD Pressure transducer Blowdown tank BLOWbPRSbbPT-12bPT 0 to 1 MPa 10

eransi t rod position 1 LVDT TR drive 1 TRANSR00bbNUMb0lPT 0 to 2 m 100

Transteat rod position 2 LVDT TR drive 2 TRANSR00bbNUMbO2PT 0 to 2 m 100

Transient rod position 3 LVOT TR drive 3 TRANSR00bbNUMbO3PT 0 to 2 m 100

Iransient rod position 4 LVDT TR drive 4 TR ANSR00bbNUMb04PT 0 to 2 m 100

Gruss gamma rate No.1 Nal ganna detector FPOS FPDSGAMAbbNUMb0lFP 10 to 106 counts /s 10

Gross ganna rate No.2 Nal ganna detector FPDS FPDSGAMAbbNUMbO2FP

Gross gamma rate No.3 Nat ganna (ktector FPDS FPOSGAMAbbNUMbO3FP

Gross neutron rate BF3 neutron detector FPOS FPbMEUTbbbHEUTRNF P

Core power ( 30 MW) NHS-3 f onization chamber Reactor vessel wall R E ACbPOWbbNMS-03PT 0 to 10 MW 10

Core puwer (30 MW) NMS-4 Ionization chamber Reactor vessel wall REACbPOWbbNMS-04PT 0 to 30 MW 10

Core power (10 MW) PPS-1 lonization chamber Reactor vessel wall REACbPOWbbPPS-OlPT 0 to 30 MW 10

Core power (10 MW) PPS-2 lonization chamber Reactor vessel wall REACbP0WbbPPS-02PT 0 to 30 MW 10

Systen pressure Helse pressure guage Plant SY SbPRESbbHf l 5EbPT 0 to 17 MPa 10

IPT pressure drop AP PXD Plant IPTbOELPbbOPR-10PT 0 to 0.69 MPa 10

Loop f i nw Venturi flowmeter Plant LOOPbfL0bbfRC-10PT 0 to 0.07 m3/s 10

L ow flow reflooi turbine Turbine meter Reflood systen REFL000blDWbfL0bbb 0 to 0.25 t/s 10

High flow reflood turbine Turbine meter Reflood system REFL000bHIGHbfL0bb 0 to 2 t/s 10

&
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continue to record data on the narrow band channels a
through heatup

and for as long as four to eight hours after test termination. The

surveillance system need not record data during heatup and after test
termination unless requested by the ES&A representative. The

Experiment and Analysis Data System will not be utilized for Test
*

1.0C-5 purposes. The progranuning and monitoring system (PM&S) should

record the IRIG time and identification of opening and closing the'

system valves listed in Table IX. No channels should be
b

disconnected or adjusted in any fashion until af ter the test has been
terminated, unless, otherwise requested by the ES&A representative and
approved by the Instrumentation and Data Section Supervisor. The DARS

channel setup should then be verified by a controlled voltage
insertion into the low levels or front end of the DARS using a
procedure established in the standard practice for data acquisition 7

for the P8F system. Af ter the DARS verification, no changes should be
made in the electronics beyond and including the low levels and the
front of the DARS, up through the on-line display or tape recorders,,

unless requested by the ES&A or a data system representative and
approved by the Instrumentation and Data Section Supervisor.

,

Data

systems maintenance to be performed prior to and during the testing,
and systems operating practices and procedures are detailed in
Reference 8 for the P8F Data Acquisition System.

As an additional backup to the data being recorded on the DARS,
the on-line trend and 20-minute files should be dumped to magnetic
tape.

The 8-hour trend data should be dumped every 8 hours starting

.
-

Wide band tapes could be used if requested by the ES&A
a.

~

representative.

should be used. During the power calibration phase, a new tape

b.
Those channels recorded on the surveillance system Mcessary for
plant operation may be changed if the TFBP representative is
notified and an appropriate entry made in the TFBP e3 periconsole logbook.

ggb gs
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with heatup through blowdown and until test termination. The

20-minute files should be dumped after blowdown so that the 20-minutes
will span blowdown.

Figure 7 indicates the data channels which will be required to be
,

displayed on the strip charts during power calibration and fuel
conditioning and the blowdown phase. Tables X through XIII present -

the ES&A designation and explanation of the instrumentation. The

display and recording requirements are subject to change at the
discretion of the TFBP representative in case of instrument failure or
unusual test behavior.

4.2 Data Reduction Requriements

Upon termination of the test, the ES&A representative should be
given copies of the checklists contained in Appendix A, Surveillance
System strip charts and any other documentation necessary to establish '

specific data requirements and to prepare the Quick Look Report. A
complete list of the required information is given in Appendix A, '

Table A-VI .

The data reduction requirements are: (a) a data set on disc
(with a copy on tape), containing the reduced data channels in a

9MACRAN format , (b) a tape directory in EDF format which lists

pertinent guidelines for using the tape (a MACRAN listing showing
channel names and statistics is sufficient), and (c) a reduction and
calibration directory in EDF format which defines how the data were
reduced. The data should be in one file with the following digitizing
intervals: '

(1) Heatup phase up to the point where inlet temperature and
.

flow are varied to determine instrument temperature and flow
sensitivity (about four hours prior to nuclear
operation) - 5 minutes

J 'u. i
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See Tables X-XII for R0DbPRESSbb934bbb01 FLOWRATEbblNLET03
designation and detailed
explanation of Rod Pressure Shroud Turbine Meter
instrumentation

R0DbPRESSbb808bbbO2 FLOWRATEbblNLET04
.

___p ,n..~,,,.---~.- ~ . - . , , * - - - - - ~ ~ = = ~ - - - ~

CLAD 934bibl9+0bb01 R0DPRESSbb935bbbO3 ICSSTEMPbbTE20 SPIC,

Claddin9 Temperature Rod Pressure Spool Temperature

CLAD 934bibl9+18001 RODPRESSbb912bbb04 CLTCTEMPbbTE23SPCL

, _ - -

CLAD 935b3bl9+0bbO3 DELTbTEMPbb45bbbb01 INLTbT[1Pbb934bbb01
Loolant Inlet TemperatureCladding Temperature Differential Temperature
Reactor Power

CLAD 935b3bl9+18003 CELTbTEMPbb45bbbbO2 REACbPOWbbHMS-03PT 1

CLADbDSPbb839bbbO2 DELTbTEMPbb45bbbbO3 LLSVFLOWbbFE06SPCL

Cladding Axial Strain Lifferential Temperature Spool Turbine fieter

CLADbDSPbb912bbb04 DELTbTEMPbb45bbbb04 ; ICSVFLOWbbFE05 SPIC
-

,

TFCL934blbl3bbTC01 FLOWRATEbblNLETb01 ICPRESSFbbPE08 SPIC

Centerline Temperature Shroud Turbine fleter Spool Pressure

TFCL935b3bl3bbTC03 FLGdRATEbblNLETbO2 CLPRESSWbbPEllSPCL
_. __

.

Fig. 7 Strip chart setup for Test LOC-5.

-

\S
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(2) Remainder of heatup, preconditioning and decay heat buildup
phases - 30 seconds

(3) Blowdown and quench phase - 0.02 seconds (test train and
spool pressure transducers will be digitized at 0.001-second

.

intervals for 0.05 seconds and stored on a second file)
.

(4) Cooldown - 10 seconds.

If possible, representative channels will be analyzed on the
PBF/DARS for frequency content. The digitizing intervals will then be
modified to acconinodate the required frequencies. If necessary, a
third file will be used to store selected channels at shorter
digitizing intervals.

Data reduction and plotting requirements are separa % d into three
segments in the following subsections. The first segment concerns
data reduction and plot requirements needed for the preparation of the
Test LOC-5 Quick Look Report. The second concerns data reduction for *

the Experimental Data Report; and the third, the Test Results
(Topical) Report. Additional plotting requirements will be stipulated
for the test analysis, based on test performance and posttest code
analyses.

4.2.1 Quick Look Report

Test data plots and data pretest calculation comparison plots for
the Quick look Report are to be prepared within 72 hours of the
completion of the test. Due to the short time allocated for '

preparation of this document, it is mandatory that this requirement be
met. The Quick look Report will only contain plots of data from the '

blowdown portion of the test.

The plots generated will go directly into the Quick Look Report
without redrawing or handling by graphics personnel. The size of the
plots should conform to 8-1/2 x 11-inch paper with conventional

998 273
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margins and two plots per page. All plotted data are to be in
standard SI units.

A complete list of the plots that are required for the Quick Look
Report will be provided by the TFBP LOC Project Engineer within two'
weeks of the test.

'

4.2.2 Experiment Data Report

Data plots presented in the Test LOC-5 Experiment Data Report
will be used by EStA personnel in analyzing test performance. All
test train and test rod measurement transducer outputs should be
plotted as functions of time during the power calibration,
preconditioning, blowdown and reflood periods of the test. Due to the
possibility of failure of some of the fuel temperature measurement
transducers, the specific transducer outputs and test rod power levels
to be plotted during the power oscillation portion of the test will be,

specified following the test.
.

4.2.3 Test Results Report

Data plot requirements for the Test Results Report are expected
to evolve during the analysis of the test data. These requirements
will be transmitted to the data system group as the need arises.

,

e

4 .

b
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5. GENERAL POSTIRRADIATION EXAMINATION

REQUIREMENTS

If the fuel rod internal thermocouple leads do not have a fission
gas seal in place, special precautions must be taken to seal the leads

e

manually prior to cutting the instrument leads. Special care should

be taken when disassembling the test train to clearly identify the *

axial position and orientation of each of the circumferential flux
wires on the shrouds.

! '

The usual postirradiation examination tasks (PIE) for fuel rodsc

- Q'from previous PBF tests should apply for Test LOC-5 purposes.Thisg

involves:

(1) Test train removal, transport, and storage. This task
includes:

.

(a) transfer of the test assembly from the PBF canal to the
MTR canal for storage prior to beginning the PIE,

.

(b) transfer of the test assembly from the MTR canal to
the ARA-I hot cell for the nondestructive PIE,

(c) transfer of the test assembly from the ARA-I hot cell
to the TRA hot cells for PIE completion,

-(d) transfer of the test rods, metallography samples, and

remains from the TRA hot cells to the MTR canal for a
,

six-month " holding period" storage,

.

(2) Detailed postirradiation examination. This task includes:

(a) disassembly of each of the test rods from its flow
shroud,

h

99%gy(b) f, lux wire removal and counting,
6a
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(c) visual examination of rods,

(d) neutron radiography,

(e) void volume and internal gas pressure and composition
'

evaluations,

'

(f) ganina scanning,

(g) s ectioning,

(h) metallography,

(i) burnup analyses,

(j) sp1cial examinations, such as scanning electron
tricroscopy and electron microprobe analysis.,

Additional information regarding PIE capabilities and.

requirements will be provided in a revision to this document.

.

t

.
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APPENoix A

STATUS CHECK LISTS FOR INSTRUMENTATION,

P
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TABLE-AI (Prior to Heatup)

MEASUREMENT STATUS CHECK DURING HEATUP AT AMBIENT CONDITIONS

REACTOR POWER 0.0 KW
COOLANT TEMPERATURE Ambient K

COOLANT PRESSURE Ambient MPa '

.''SHROUD FLOW RATE O 1/s

CERTIFICATI0Na
PARAMETER PBF/DARS REQUIRED THAT INSTRUMENT

ID READING RANGE IS WITHIN RANGE

RODbPR ESbb934bbb01 MPa 2.4 + 0.1 MPa
RODbPRESbb839bbbO2 MPa 2.4 + 0.1 MPa
RODbPRFSbb935bbbO3 MPa 4.8 + 0.1 MPa
R0DbPRL.bb912bbb04 MPa 4.8 + 0.1 MPa

.

,

.

_

a. This certification must be signed by the LWRD Representative or his
alternate. For all required instruments that are not within range the
TFBP Project Engineer's approval must be obtained to continue the test
procedure. Instrumentation listed which is not required shall be marked
NA and initialed by the LWRD Representative.

8% .,0. i

.
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TABLE-AII (Power Calibration)

MEASUREMENT STATUS CHECK DURING POWER CALIBRATION

REACTOR POWER 0 KW
COOLANT TEMPERATURE 590 K (Average of test train inlet

TC's)
.

'
COOLANT PRESSURE 15.51 MPa (Heise)
SHROUD FLOW RATE 1.0 1/s (Average of test train inlet'

flowmeters)

CERTIFICATIONaPMAMHER PBF/DARS REQUIRED THAT INSTRUMENTQ_ READING PANGE IS WITHIN RANGE

CLA0934bibl9+0bb01 K Temperature + 4 K
CLAt934bibl9+18001 K Temperature 4K
CL10?34 bib 24+90b01 K Temperature + 4 K
CLAD 934 bib 24+27001 K Temperature + 4 K
CLA&S39b2bl9+0bbO2 K Temperature + 4 K
CLAD 839b2bl9+18002 K Temperature + 4 K

_

CLAD 839b2b24+90bO2 K Temperature + 4 K
,

CLAD 839b2b24627002 K Temperature + 4 K
-

CLAD 935b3bl9+0bbO3 K Temperature + 4 K
CLAD 935b3b1S+18003 K Temperature + 4 K
CLAD 935b3bl4 60bD3 K Temperature + 4 K. _

CLAD 935b3b24+27003 K Temperature 4K
CLAD 912b4bl9+0bb04 K Temperature + 4 K
CLAD 912b4bl9+18004 K Temperature + 4 K
CLAD 912b4b24+90b04 K Temperature + 4 K

_

CLA0912b4b24+27004 K Temperature + 4 K
TFCL934 bib 13bbTC01 X Temperature + 4 K

-

'
TFCL935b3b13bbTC03 _K Temperature + 4 K

'^
., CLADbDSPbb934bbb01 m 1.0 + 0.5 m

CLADbDSPbb839bbbO2 m 1. 0 + 0. 5 m'

CLADbDSPbb935btbO3 _m 1.0 + 0.5 m
CLADbDSPbb912bbb04 m 1.0 + 0.5 m
R0DbPR ESbb934bbb01, MPa 5.0 + 0.1 MPa

_

RODbPRESbb839bbbO2 MPa 5.0 + 0.1 MPa
_

(
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. CERTIFICATIONa
PARAMETER PBF/DARS REQUIRED THAT INSTRUMENT

ID READING RANGE IS WITHIN RANGE '

_

4

;
. P'3Db?R ESbb93SbbbO3 MPa 10.0 1 0.7 MPa

~

RODbPRESbb912bbb04 MPa 10.0 1 0.7 MPa
,

,
PLNMbTMPbb934bbb01 K Temperature 1 4 K
PLNMbTMPbb839bbbO2 K Temperature 1 4 K ,

PLNMbTMPbb935bbbO3 K Temperature 1 4 K
PLNMbTMPbb912bbb04 K Temperature 14 K
INLTbTMPbb934bbb01 K Temperature 1 4 K

*

INLTbTMPbb839bbbO2 K Temperature 1 4 K
"

INLTbTMPbb935bbbO3 K Temperature 1 4 K -

INLTb3Pbb912bbb04 K Temperature 1 4 K
{ OUTbTEMPbb934bbb01 K Temperature 1 4 K

OUTbTEMPbb839bbbO2 K Temperature 1 4 K
OUTbTEMPbb935bbbO3 K Temperature 1 4 K

2] OUTbTEMPbb912bbb04 K Terperature 1 4 K -

( . DELbTEMPbb45bbbb01 K + 0.05 K
,

,
DElbTEMPbb225bbb01 K i 0.05 K '

DELbTEMPbb45bbbbO2 K + 0.05 K
^

DElbTEMPbb225bbbO2 K + 0.05 K ;

DElbTEMPbb45bbbbO3 K 1 0.05 K7

DElbTEMPbb225bbbO3 K + 0.05 K_

DElbiEMPbb45bbbb04 K 1 0.05 K
-

DELbTEMPbb225bbb04 K + 0.05 K ~

BULKbTMPbb-120bbO2ID) K Temperature 1 4 K
y BULKbTMPbbb000bbO2 K Temperature 1 4 K -,

BULKbTMPbb+120bbO2 K Temperature 1 4 K .,

BULKbTMPbb-120bbO3 K Temperature 1 4 K ' '

'

BULKbTMPbbb000bbO3 K Temperature 1 4 K
,

; BULK 3TMPbb+120bbO3 K Temperature + 4 K
' "

- SHRDbTMPbb-120bbO2(b) K Temperature 1 4 K
SHRDbTMPbbb000bbO2 K Temperature 1 4 K

*

SHR0bTMPbb+120bbO2 K Temperature 1 4 K

:.

..
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CERTIFICATI0NaPARAMETER PBF/DARS REQUIRED THAT INSTRUMENT10 READING RANGE IS WITHIN RANGE

SHRDbTMPbb-120bbO3 K Temperature 1 4 K
SHRDbTMPbbb000bbO3 K Temperature 1 4 K

i
SHR0bTMPisb+120bbO3 K Temperature 1 4 K
FLOWRATEbblNLETb01 1/s Flow 1 0.001 1/s'

FLOWRATEbblNLETbO2 1/s Flow i 0.001 1/s
FLOWRATEbblNLETbO3 1/s Flow 1 0.001 1/s
FLOWRATEbblNLETb04 1/s Flow 1 0.001 1/s
FLOWRATEbb0UTLET01 1/s Flow i 0.001 1/s
FLOWRATEbb0UTL ET02 1/s F1ow 1 0.001 1/s
FLOWRATEbb00TLET03 1/s Flow 1 0.001 1/s
FLOWRATEbb00TLET04 1/s F1ow 1 0.001 1/s
NEUTbFLXbb-34.3bTT N/A N/A N/A
NEUTbFLXbb-22.9bTT N/A N/A N/A
NEUTbFLXbb-11.4bTT N/A N/A N/A
NEUTbFLXbbbb0.0bTT N/A N/A N/A
NEUTbFLXbb+14.2bTT N/A N/A N/A

,

NEUTbFLXbb+22.9bTT N/A N/A N/A
NEUTbFLXbb+34.3bTT N/A N/A N/A
BYPbTEMPbbN0.lblTT K Temperature 1 4 K
BYPbTEMPbbNO.2bbTT K Temperature 1 4 K
BYPbTEMPbbHO.300TT K Temperature 1 4 K
BYPbTEMPbbN0.4bOTT K Temperature 1 4 K
BYPbTEMPbbNO.5 butt K Temperature 1 4 K
PLATb7MPbbbbbbblTT K Temperature 1 4 K
SYSbPR ESbb69EGblTT MPa Heise 1 3.5 MPa
SYSbPRESbb17EGblTT,

MPa Heise 1 0.7 MPa
SYSbPR ESbb17EGbuTT MPa Heise 1 0.7 MPa
SYSbPRESbb17KAbuTT

,

MPa Heise 1 0.7 MPa
GAMAbFLXbb-22.9bTT N/A N/A N/A
GAMAbFLXbbb00.0bTT N/A N/A N/A
GAMAbFLXbb+22.9bTT N/A N/A N/A
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CERTIFICATI0Na
PARAMETER P8F/DARS REQUIRED THAT INSTRUMENT10 READING RANGE IS WITHIN RANGE

FLOWRATEbbCONTBYTT 1/s 16 1 1.0 1/s
SHRDblEVbblNLETb01 N/A _ N/A N/A

i
SHRDbtEVbblNLETbO2 N/A N/A N/A
SHRDblEVbblNLETbO3 N/A N/A N/A >

IPTblEVLbbN0.lblTT N/A N/A N/A
IPTblEVLbbHO.2blTT N/A N/A N/A
ICSVFLOWbbFE05 SPIC 1/s Flow (c) 1 0.02 1/s
CLSVFLOWbbFE06SPCL 1/s (c) + 0.02 1/s
HLSVFLOWbbFE09SPHL 1/s (c) 1 0.02 1/s
CLMOMFLXbbFE075PCL N/A N/A N/A
HLM0MFLXbbFE08SPHL N/A N/A N/A
ICSSTEMPbbTE20 SPIC K emperature + 4 K

CLSSTEMPbbTE22SPCL K Temperature 4K
HLSSTEMPbbTE23SPHL K Temperature + 4 K
ICTCTEMPbbTE21 SPIC K Temperature + 4 K
CLTCTEMPbbTE24SPCL K Temperature + 4 K -

HLTCTEMPbbTE25SPHL K Temperature + 4 K
ICPRESSFbbPE08 SPIC MPa Heise 1 0.2 MPa
CLPRESSFbbPE10SPCL MPa Heise + 0.2 MPa
HLFRESSFbbPE12SPHL MPa Heise 1 0.2 MPa
ICPRESSWbbPE095PIC MPa Heise + 0.2 MPa
CLPRESSWbbPE11SPCL MPa Heise + 0.2 MPa
HLPRESSWbbPE13SPHL MPa Heise _+ 0.2 MPa
DELPCLHLbbDPE-0SHL N/A MPa N/A N/A
CLDENSUPbbDENSlUCL N/A N/A N/A
CLDENSCEbbDENS1CCL N/A N/A N/A i

CLDENSL0bbDENS1LCL N/A N/A N/A
HLDENSUPbbDENS2UHL N/A N/A N/A '

HLDENSCEbbDENS2CHL N/A N/A N/A
HLDENSL0bbOENS2LHL N/A N/A N/A
CLbACCElbbAE-1-1CL N/A N/A N/A

GQb
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CERTIFICATI0NaPARAMETER FBF/DARS REQUIRED THAT INSTRUMENTID READING RANGE IS WITHIN RANGE

CLbACCElbbAE-1-2CL N/A N/A N/A
CLbACCElbbAE-1-3CL N/A N/A N/A
HLbACCElbbAE-2-1HL N/A N/A N/A

.

HLbACCELbbAE-2-2HL N/A N/A N/A'
HLbACC ELbbAE-2-3HL N/A N/A N/A
HENRYPXDbbFE11-1PT MPa Heise 1 0.2 MPa
HENRYPXDbbFE11-2PT MPa Heise 1 0.2 MPa
HENRYPXDbbFE11-3PT MPa Heise 10.2 MPa
HENRYPXDbbFE11-4PT MPa Heise 10.2 MPa
FPbTEMPbbbPIPE01FP N/A N/A N/A
FPbTEMPbbbPIPE02FP N/A N/A N/A
FPbTEMPbbbPIPE03FP N/A N/A N/A
FPbTEMPbbbPIPE04FP N/A N/A N/A
FPbTEMPbbbPIPE05FP N/A N/A N/A'

FPbTEMPbbbPIPE06FP N/A N/A N/A
FPbTEMPbbbPIPE07FP N/A N/A N/A

*

FPbTEMPbbbPIPE08FP N/A N/A N/A
FPbTEMPbbbPIPE09FP N/A N/A N/A
CLbDNTMPbbDENTCICL N/A N/A N/A __
CLbDNTMPbbDENTC2CL N/A N/A N/A
CLbDNTMPbbDENTC3CL N/A N/A N/A
HLbON7MPbbDENTC1HL N/A N/A N/A
HLbDNTMPbbDENTC2HL N/A N/A N/A
HLbONTMPbbDENTC3HL N/A N/A N/A

__

VALVbPOSbblM1101PT N/A N/A N/A
VALVbPOSbblM1102PT N/A N/A N/A

'

VALVbPOSbblMLRCIPT N/A N/A N/A
VALVbPOSbblMLRC2PT N/A N/A N/A

,

VALVbPOSbblM1105PT N/A N/A N/A
VALVbPOSbblM1106PT N/A N/A N/A
VALVbPOSbblM1107PT N/A N/A N/A

~%
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CERTIFICATI0Na
PARAMETER PBF/DARS REQUIRED THAT INSTRUMENT

ID READING RANGE IS WITHIN RANGE

VALVbPOSbblM1108PT N/A N/A N/A
VALVbPOSbblM1109PT N/A N/A N/A *

VALVbPOSbblM1110PT N/A N/A N/A
>

OUTbPRESbbPT-30bPT MPa Heise + 0.7 MPa
00TbFLOWbbPT-29bPT 1/s Flow (cT 3 o,3 jfs
OUTbTEMPbbTT-29 APT K Temperature 1 4 K
QNCHblEVbblT-!}5PT N/A N/A N/A
QNCHbTMPbbTIC27bPT N/A N/A N/A
QNCHbFL0bbFT-14bPT N/A N/A N/A

s

BLOWbPRSbbPT-12bPT N/A N/A N/A
BLOWblEVbblIT17bPT N/A N/A N/A
SYSbPR ESbbPRS10bPT N/A N/A N/A
IPTbDELPbbDPR-10PT N/A N/A N/A
L00PbACTbbFBM-01PT N/A N/A N/A
LOOPbFL0bbFRC-10PT N/A N/A N/A .

FPbGAMMAbbN0.lbbFP N/A N/A N/A
FPbGAMMAbbN0.2bbFP N/A N/A N/A
FPbGAMMAbbN0.3bbFP N/A N/A N/A
FPbNEUTbbbbbbbbbFP N/A N/A N/A
REACbPOWbbNMS-03PT N/A N/A N/A
REACbPOWbbNMS-04PT N/A N/A N/A
REACbPOWbbPPS-01PT N/A N/A N/A
REACbPOWbbPPS-02PT N/A N/A N/A

This certification must be signed by the LWRD Representative ora. '
his alternate. For all cases where the instruments are not
within range the TFBP Project Engineer's approval must be

,obtained to continue the test procedures.

b. One per shroud required as minimum ve" mie instrumentation,

c. Flow determined during flow split.

1i63 .j p ;
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_ TABLE-AIII

MEASUREMENT STATUS CHECK AT 80 - 100 KW
REACTOR POWER 80 - 100 KW
COOLANT TEMPERATURE 590 K Average of test train

inlet TC'sC0OLANT PRESSURE 15.51 MPa
'

SHROUD FLOW RATE 1.0 1/s
<

CERTIFICATI0NaPARA'1ETER P8F/DARS REQUIRED THAT INSTRUMENTID
READING RANGE IS WITHIN RANGE

NEUTbFLXbb-34.3bTi nA 1 0.8 nA
NEUTbFLXbb-22.7bTT nA 1 0.8 nA
NEUTbFLXbb-11.4bTT nA 1 0.8 nA
NEUTbFLXbbbb0.0b7T nA 1 0.8 nA
NEUTbFLXbb+14.2bTT

~

nA 1 0.8 nA
NEUTbFLXbb+22.9bTT nA 1 0.8 nA
NEUTbFLXbb+34.3bTT nA 1 0.8 nA

. GAMMAbFLXbb-2?.96TT nA 1 0.8 nA
GAlt1AbFLXbbbOC.0bTT nA + 0.8 nA
GAMMAbFLXbb+22.9bTT

-

nA i 0.8 nA

O

2

*

This certification must be signed by the LWPD Representative or
a.

his alternate. For all required instruments that are not within
range the TFBP Project Engineer's approval must be obtained tocontinue the test procedure.
required shall be marked NA and initialed by the LWRDInstrumentation listed which is notRepresentative.
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TABLE A-V_.w
h QUENCH AND BLOWDOWN TANK READING IMMEDIATELY PRIOR TO BLOWDOWN

Measurement Designation Reading (Eng.) Reading (SI)
' Quench Tank Coolant QNCHblEVbblT-10bPT
Level

% %

Quench Tank Coolant QNCHbTMPbbTIC27bPT
Temperature F/1.8 + 255.37 K

Blowdown Tank BLOWbPRSbbPT-12bPT
Pressure PSIA 145.05 MPa

Blowdown Tank Liquid BLOWbbLEVblIT17EPT
Level

% %

$

f

$x
D '

CP

&x
/^

m - ir -



TABLE A-VI

POSTTEST CHECK LIST AND DARS SETUP

DOCUMENTATION CHECKLIST

i
_

Integrated Data System Calibration Procedure Checklist
Data Recording Verification Procedure Checklist
Measurement Status - Ambient

- 340 K (During Heatup)
- 600 K (After Heatup Prior to Nuclear

Operation)

- Reactor Critical (80 KW)
Posttest Checklist and DARS Setup Documentation Checklist
Quench Tank and Blowdown Tank Readings
Flow Balance Readings

DARS Channel Setup Log Sheet,

SS Channel Setup Log Sheet

DARS Narrow Band and Wide Band Tape Log Sheets,

DARS Parameter / Sensor Directory

DARS Inactive Parameter Directory
REDCOR Printout

SS Strip Charts

__

/

-
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