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CONVERSION FACTORS FOR SI
AND U.S. CUSTOMARY UNITS

To Convert From To Multiply by
K OF 1.8 K - 459.67
kg/s-m2 1b/ft2-hr 737.4
kq/s 1b/s 2.2046
kW /m kW/ft 0.3048
m ft 3.2808
MPa psi 145.05
W/m2 Btu/ftZ-hr 0.3169
m3/s ft3/s 35.315
L/s gal/min 15.85
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1. INTRODUCTION

The Loss of Coolant Accident (LOCA) Proqraml is part of the
Department of Energy Fuel Behavior Program2 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 conditions. This is one of several programs being conducted
by the Thermal Fuels Behavior Progran of EG&G Idaho, Inc., in Lhe
Power Burst Facility (PBF) that will provide data for development and
assessment of fuel behavior computer models used to predict the
response of light water reactor (LWR) fuel under hypothesized accident
conditions.

The purpose of this document is to specify the experiment
operating procedure for the test series TC-1. The effects of
externally mounted cladding thermocouples on the fuel rod thermal
behavior during LOCA blowdown and reflood cycles will be investigated
in the test. Potential thermocouple effects include: (a) delayed
DNB, (b) momentary cladding rewets following DNB, (c) premature
cladding rewet ouring a hlowdown two-phase slug period, and (d) earlv
cladding rewet during reflood. The imu-phase slug period will be
controlled by momentarily opening the hot leq valve., The slug will
consist of lower plenum liquid that is sent through the flow shrouds
and will be designed to quench the fuel rods at a rate that is similar
to the slug experienced early in the LOFT L2-2 and L?2-3 tests.

To investigate the effects of cladding thermocouples, the TC-1
test will consist of four LOFT-type fuel rods that were fabricated at
Battelle and tested in the LOCA test train hardware. Each fuel rod
will be instrumented with three internal fuel thermocouples located
near the midplane of the fuel stack. The leads of some of these
internai thermocouples will be installed in slots on the outside of
the fuel pellets and the thermocouple tip will be resistance welded to
the inside cladding surface. Tne remainder of the thermocouples will
be placed approximately one mm into the fuel pellet within peliet
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holes. Two of the fuel rods will be instrumented with four external
cladding thermocouples and will include LOFT-type thermocouple
extensions to near the hottom of the rod., In this manner, a
comparison will be made between the thermncouple response of rods with
and without external thermocouples.

The test program will consist of two to four hlowdowns that are
similar to the LLR tests. Goal cladding temperatures for each
blowdown will be between 900-1000 K with a two-phase slug sent through
each flow shroud during blowdown. The initial test rod power will be
about 39 KW/m and the PBF servo-controlled transient rods will be used
to maintain a low power level throughout blowdown. Following
blowdown, the reactor power will be maintained at about ? MW for about
2 minutes as cladding tumperatures increase to about 900-1000 K and
reflood is initiated. There will be a maximum of four hlowdowns
depending upon available funds and schedule. Thermocouple effects
will be investigated in the first test during blowdown and reflood
with a nominal "LOFT-type" slug durina blowdown a . a nominal LOFT
reflood rate. The test will be repeated up to three times to
statistically verify the conclusions if meaningful thermocouple
effects are identified during the first blowdown. If expected
conditions are not established or thermocouple effects are not
identified after the first blowdown (primarily during the two-phase
slug), it will be recommended that the test conditions be modified
rather than repeating a potentially meaningless test. Results will he
compared with out-of-pile tests and should provide insight for future
tests.

The test will bhe performed in five separate phases; loop heatup,
preconditioning cperation, blowdown, reflood, and quench. The tests
will be sequenced as follows. The primary coolant loop conditions
will be increased to the desired pressure and temperature. The test
rods will be power cycled in the preconditioning phase and then
operated at steady ' *tate for approximatelv 1-1/2 hours to build up the
desired fission product aventory. The hlowdown will follow, with a

r
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rapid depressurization of the PBF test train and LOCA system., The
blowdown will use the <ame vaive sequencing and initial reactor power
as in LLR-5 except for the slug period wiien the hot leq is hriefly
opened and the cold leg closed. The depressurization, coolant
density, and FOM wil! be the same as LLR-5. The test will be
terminated with reflood and quench followed by long-term cooling
provided by the quench system.

The fuel train, test assembly, LOCA modifications, and
instrumentation associated with each comporent are describted in
Section 2. The procedures of the experiment conduct for Test TC-1 are
described in Section 3. The data aquisition and reduction
requirements are listed in Section 4, The nosttest operations support
are presented in Section 5. The status check lists for
instrumentation and flow balance sheets are provided in Appendix A.
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2. EXPERIMENT DESIGN

Test TC-1 will be conducted with four separately shrouded PWR
type fuel rods. The fuel rods, individual flow shrouds, and fuel rod
instrumentation are supported by che test train. The Test TC-1
experiment design is the came as the PBF/LLR tes: decign presented by
the Experiment Operating Specification (EOS)3 except for minor
differences in fuel rod specifications and instrumentation. The
design of fuel rods, test train, LOCA modification system, and the
instrumentation associated with each component is summarized in this
section as presented in the LLR EOS. Further information is availahle
in the Experiment Specification Documont4 and the Experiment
Configuration Specification® (test train).

2.1 Fuel Rods and Shroud

The Tiu-1 fuel rods were fabricated bv Battelle.(s) The
geoietry of the active length of the fuel rods is icentical with he
LOFT fuel. LOFT cladding was utilized to fabricate the fuel rods.
1. plenum pressure corresponds to the backfill pressure utilized for
the LOFT L2 test series fuel rods (.1034 MPa, 15 psia). The fuel rod
design characteristics are listed in Table [.

Differences in the TC-1 fue! rod assemhly compared with LLR(d)
are: Battelle uses longer end caps, shorter bottom insulator, shorter
fuel column length, no annular fucl and approximately the upper half
of the fuel column has three equally spaced slots at 120° that are
approximately 0.66 mm deep and 0.66 m wide to accomodate internal
therraocouples. The Battelle design uses shorter cladding, an intarna)
zircaloy transfer piece that permits the internal thermocouple leads
to transfer from near the cladding surface into the plenum spring
annulus. The stainless steel uppar rod adapter is longer. The
overall result . these fuel rod differences relative to an LLR is:
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TABLE 1

TEST (C-1 FUEL ROD NOMINAL DIMENSIONS

Cladding material - Zircaloy-4

Cladding outside diameter - 10.72 mm
Cladding inside diameter - 9.48 mm

Cladding wall thickness - 0.62 mm

Diametral gap - 0.186 mm

Pellet diameter - 9.294 + 0.013 mm

Pellet length - 15.24 + 0.25 mm

Pellet dish volume - 1% of the pellet volume
Fuel enrichment - 9.9%

Fuel lengtn - 8638.7 mm

Top insulating pellet length - 5.08 + 0.127 mm

Bottom insui.tirg pellet length - 3,175 + 0.127 mm
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(1) the rod internal void volume with sloited fucl pel’ets is
greater than in an LLR, and

(2) the elevation of the top of ithe fuel active column is lower
by 45.72 mm than in an LLR.

Each fuel rod will be encased within a fluted flow shroud as
shown in Figure 1. The flow shrouds are Zircaloy-4 with an initial
outside diameter of 25.4 mm, a wall thickness of 1.24 mm, and a flow
area the same as LOC-11.

2.2 Test Train

The TC-1 test train positions and supports the four test fuel
rods as shown in Fi-ures 1 anc 2. Major test train components are the
fuel rod support plates, IPT flow shroud, 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 the
rods 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
tc 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

ore region,

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 hlowdown 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.
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Flow tube

/ /34 93mm.

{1375 n)

270°
/

Test train
hanger rod

Fluted
shroud

Rod to rod pitch - 49 39 mm

Cladding thermocouples

Internal fuel thermocouples inot welded)
Internal thermocouple (welded)

Self powered neutron detectors

Self powered gamma detectors

Zircaloy-4 support tube

109 mm outer diameter

Flux wires

"D @O -% a0

Inlet 'Gutiet thermocouple

INEL-A-10 340 -1

Fig. 1 Test TC-1 fuel train orientation,
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Filler pieces are lccated in the IPT exit volume, the ‘pper
plenum and the downcomer region to reduce the large volumes of water
in the test train. tach filler piece is sized for the maximum
reduction in water volume consistent with providing sufficient coolant
flow.

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 hlowdown and can be orificed
to control the relative flow resistance hetween the hvpass flow path
and the flow shrouds.

The capabilitv of providing reflood water to the lower plenum is
available through the zircalry hanger rod tube. Test TC-1 will use

the reflood systum tu quench the rods with a controllied reflood rate.

2.3 LOCA Blowdown System

The PBF-LOCA blowdown loop is illustrated in Fiqure 3. ihe
blowdown system provides the means to isolate the IPT from the primary
coolan* loop during hlowdown and directs the coolant into the hlowdown
tank. The blowdown is initiated with quick opening and c¢losing valves
located ir the hot-leg and cold-leg hlowdown lines. Four Henry
nozzies (the same as used in LLR4), two in the zold-leq and two in
the hot-leq, provide the break plane for the desired break flow rate
and denressurization =ate, The Henry nozzle throat areas and
locations for Test TC-1 are tabulated in Table [I. Both cold-leq
blowdown valves «ill be initially upened in Test TC-1 after the 1PT is
isolated from the primary coolant loop, and the system will
depressurize through the cold-ieq Henry nozzles into the blowdown
tank.

A small line with a controllable valve connects the hot and cold
blowdown piping legs. This line provides a small flow rate to keep
the hot and cold-legs at the system temperature and pressure prior to

’ 1215 103
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TABLE 11

TEST TC-1 HENRY NOZZLE THROAT
DTAMETERS AND LOCATIONS

Nozzle Designation Location Throat Diameter (mm)
FE-11-1-1 Hot leg 14,22
FE-11-1-2 Hot leg 13.56
FE-LR-C-1 Cold leg 12.47
FE-LR-C-2 Cold leg 23.90
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blowdown. The valve and line also provide additional mechanisms for
controlling the coolant mass flow th: ough the fue) assembly.

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

Posttest quench cooling is accomplished hy opening the quench
valve (and closing the cold leg hlowdown valves) and opening the
hot-leg to permit zoolant 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 a blowdown measurement spool in each blowdown leg. This
instrumentation is described in Subsection 2.4,

The sequencing of t! * valve during the transient is
controlled by a time-se¢ E in the Programming and
Monitoring System (P? s u ng temperature and
elapsed time are “or  to w3,

2.4 Instrumentat or

A brief dec o L fC-1 instrumentation is provided
in this section. Tiz i--* ‘sentatici of the Test TC-1 fuel train is
designed tom ire . ., . . surface and «ladding surface temperature,
axial length ctange ° ¢ lant pressure, .emperature, density, and
flow rate. The loc * © fuel rod instrumentation is shown in
Figure 1. An illus. of a2 blowdown measurement spoo) piece is

shown ir Figu. -

12
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The planned instrumentation for the measurement of parameters for
each fuel rod consists of the following:

(1)

(2)

(3)

(4)

(5)

Four cladding surface themocouples on Rod 01 and 03 and
three fuel surface thermocouples on each rod '~cee
Figure 1).

One EG&G Tdaho, 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,

Seven self-powered neutron detectors (SPND) used to
correlate reactor power to calibrated fuel rod power and to
determine the axial power profile at different power
levels.

An aluminum-cobal*t alloy flux wire located on each fuel rod
flow shroud. The devices yield the time averaged neutron
flux near the rod.

Three self-powered gamma detectors (SPGD) located at the
core midplane and + 228.6 mm to determine the gamma flux.

Planned instrumentation for measurement of coolant parameters in
the !PT includes:

(1)

(2)

A Flow Technology, Inc., hi-directinnal turhine 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 turhine to determine flow direction.

A differential thermocouple to measure the temperature
increase across each fuel rod flow channel during steady
state operation for power calibration purposes.

14
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(3)

(4)

(5)

(6)

(9)

(10)

w0 thermocouples for each fuel rod conlant channel to
measure the fuel rod coolant inlet and outlet temperatures,

Three thermocouples located in the IPT upper plenum ahove
the fuel rod flow shroud outlet. These instruments aid in
determining temperature gradients in the upper plenum
region. The thermocouples are structurally attached to the
hanger rod.

One thermocouple located in the nearly stagnant bypass
volume at the midplane of the active fuel length,

Two thermocouples located in the lower plenum, 0.06 and
0.28 m below the lower support plate, are used to determine
the coolant conditions in the lower plenum, The lower
thermocouple junction is also helow the pressure transducer
located in the lower plenum.

One EG&G Idaho, Inc., pressure tranducer (strainpost-type)
to measure any large IPT overpressure transients, The
transducer is located 0.19 m helow the lower support plate,

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

One Kaman pressure transducer (eddy current tvpe) located
0.04 m above the rod shroud outlet to measure the
preblowdown and saturated cociant blowdown pressure,

Two liquid level detectors inside the lower particle screen

and one detector inside the lower end of two of the flow
shrouds.
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(11) One hidirectiona) 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 spoo) during the transient,

(3) A flush mounted pressure transducer from Precise
Sensors, Inc., (bounded strain gauge) to measure the
preblowdown 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 prehlowdown coolant velocity to
the IPT in the initial condition spool and during the
transient in the hot- and cold-leq spools.

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

(7) An EGRG Idaho, Inc., three-beam qamma 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.

16
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(9) An Endevco acce lerometer 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 II1.

1215 111
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TABLE 111

TEST TC-1 PLANT INSTRUMENTATION

Descrigtion

Position of Hot Leqg Blowdown Valve
Position of Hot Leg Blowdown Valve

Position of Cold Leq Blowdown Valve
Position of Cold Leg Blowdown Valve

Position of Isaolarion Valve
Position of Isolation Valve
Position of Bwpass Valve
Position of Quench Valve
Position of Warm Up Line Valve
Position of Cold Leg Shutoff Valve
Outlet Coolant Pressure Trionsducer
Outlet Coolant Flow Transducer
Outlet Coolant Temperature
Quench Tank Coolant Level

Quench Tank Coolant Temperature
Quench Coolant Flow Rate

P lowdown Tank Pressure

Blowdown Tank Liquid Level

Loop Pressure

IPT Differential Pressure

Loop Flow Rate

FPDS Gross Gamma Rate Detector 1
FPDS Gross Gamma Rate Detector 2
FPDS Gross Gamma Rate Detector 3
FPDS Gross Neutron Rate

Reactor Power NMS-3 30 MW
Reactor Power NMS-4 30 MW
Reactor Power PPS-1 30 MW
Reactor Power PPS-2 30 MW
Transient Rod 1 Position
Transient Rod 2 Position
Transient Rod 3 Position
Transient Rod 4 Position

b denotes a blank

Oesignationa

VALYbPOSbbLMI101PT
VALVbPOShHLM1102PT
VALVbPOSbhLRC103PT
VALVbHPOSbbLRC204PT
VALVbPGSbbLM1105PT
VALVbPOSbbLM110£PT
VALVbPOSbbLM1107PT
VALVHPOSbbLMI108PT
VALVbPOSHhbLM1116PT
VALVbPOSbbLM1118PT
OUTHPRESbbPT-30bPT
OUTHbFLOWbbF T-29bPT
OUTHTEMPbbTT-29bPT
ONCHBLEVBbLT-10bPT
ONCHbTMPHOLTIC 7bPT
QONCHBbFLObbFT-14bPT
BLOWbPRSbbPT-12bPT
BLOWBLEVBbLIT17bPT
SYSbPRESbhPRS10bPT
IPTHbDELPbbDPR-10PT
LOOPbFLObLFRC-10PT
FPDSGAMAbbNUMbO1FP
Fi* L JAMAbbNUMbO2F P
FPDSGAMAbbNUMbO3F P
FPDSNEUTHbbNEUTRNFP
REACTPOWbHNMS -03PT
REACTPOWbhNMS-04PT
REACTPOWbHPPS-01PT
REACTPOWbbPPS-02PT
TRANSRODbbNUMBO1PT
TRANSRODbHNUMbO2PT
TRANSRODbbNUMBbO3PT
TRANSRODbbNUMbOA4PT

18
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3. EXPERIMENT OPERA\ING PROCEDURE

Details of the experiment procedure of Test TC-1 are discussed in
the following sections. Fach experiment operating phase and the
instrument status requirements are considered individually. The four
blowdown/reflood tests of TC-1 (A, B, C, and D) consist of the
following phases:

(1) Instrument status check

(¢) Heatup

(3) Instrument drift checks

(4) Power calibration

(5) Preconditioning (TC-1A only)
(6) Decay heat build-up

(7) Blowdown and reflooa

(8) Quench and cooldown.

Nuc lear operation will start with the power calihratinn phase and
terminate in the blowdown _hase of the transient. Nuclear operation
will last approximately six hours for TC-1A and approximately 1-1/2
hours for TC-18, C and D at a reactor power less than or equal to
16 MW. The specific operating sequence for TC-1A and TC-1B, £, and D
is shown in Tables IV and V, respectively.

A representative sample of the liquid in the loop should Ye taken
prior to test operation and immediately after the test for chemical
analysis. A representative liquid sample shall he taken from the
blowdown tank after test completion for chemical analysis.

Disposition of these samples will be determined at a later time.
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TABLE 1V
OPERATING SEQUENCE FOR TEST Tr-l1a

Anticipated Reactor

Time Duratinn Peat Rod Power (MW or nnted) Inlet Flow Per Svstem
(_Mn or noted) Power (kiW/m) (NMS-13) Temperature K\ Shrauyd (L/s) Pressure (MPa) Tomments
30 0 0 Amhient 0 0.%9 Instrument status check, verify DARS,
30 0 0 366 0.4,0.6,0.8, 0.69 Flow balance check with warmup line
0.8,0.6,0.4 closed,
360 0 0 36K to AOO 0.4 15.51 Heatup, DARS status checks,

15 0 0 /00 0.4,0.6,0.8, 15.51 Flow turhine calihration with warmup
line closed.

30 0 100 (kW) 00 0.6 15.51 Instrument status and drift check
zero power offsets taken, transient
rods inserted four inches.

S 0 to 10 100 kW to 3.7 600 0.6 15,51 Power calibration, ramp 1.
10 10 3.7 500 0.6 18.51 Calculation of rod powers
5 10 to 20 3.7 to 7.4 600 0.6 15.51 Power calibration, ramp 2.
10 20 7.4 00 0.k 15.51 falculation of rod powers.
5 20 to 30 7.4 to 11 £00 0.6 15.51 Power calihration, ramp 2.
10 30 11 600 0.6 15,51 faleulation of rod powers.
5 30 to 39.4 11 to 14.5 500 0.6 15.51 Power calibration, ramp 4,
10 39.4 14.5 /00 0.6 15.51 Calculation of rod powers,
20 39.4 to 0 14.5 to 0.1 /00 0.6 15.51 Ramp down power, 1st cvcle of

preconditioning finished,

pll 91l
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TABLE IV {continued)

T —— R R R R R TR R R O R RO

Anticipated Reactor

Time Duration Peak Rod Power (MW or noted) Inlet Flow Per Svstem
{Min or noted) Power (kW/m) {NMS-3) Temperature (K) Shroud (2/5) Pressure (MPa) Fomment ¢
10 0 0.1 AO0 n.A 15,51 Prepare for sacond rcycle,
10 0 to 20 0.1 to 7.4 600 0.6 15.51 Power calibration, ramp 5, and 7n+
rvcle of preconditioning.
5 20 7.4 600 0.6 15.51 Calculation of rod powers.
5 20 to 30 7.4 to 11 £00 0.6 15,51 Power calibration, ~amp A,
5 30 11 A00 0.6 15:51 Calculation of rod powers.
5 30 to 39.4 11 to 14.5 600 0.6 15.51 Power calihration, ramp 7.
5 39.4 14.5 600 0.5 15.51 Calculation of rod powers.
0 39.4 to 0O 14.5 tn 0.1 /00 0.6 15.51 Ramp power decrease, 7n¢ cvcle nf
preconditioning.
10 0 0.1 600 0.5 15.51 Prepare for third cvcle,
10 0 to 20 0.1 tn 7.8 600 0.6 15.81 Power calihration, ramp 8, and A
cycle of preconditinning,
5 20 7.4 600 0.5 15.51 Calculation of rod powers,
- 5 20 to 30 7.4 to 11 600 0.6 15.51 Power calihration, vamp 0,
% 30 11 600 0.5 15.51 Calculation of rod pewers,
o § 30 to 9. 11 to 1a.5 £00 0.5 15.51 Power calibration, ramp 10,
. 5 39.2 14.5 600 0.4 15.51 Calculation of rod powers.
— 20 39.4 to O 14.5 to O /00 0.6 15.51 Prepare for 4th cycle (decay heat
wn buildup).
30 0 0 600 0.6 15.51 Remove cladding scrams.

T ———
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TABLE 1V (continuyed)

Time Duration

Peax Rod

Anticipated Reactor

Power (MW or nntes) Inlet Flow Par Svstem
(Min or noted) Powar {(kW/m) (NMS- 2} Temperaturs (K) Shroud L/s) Pressure (MP3) Comments
20 0 to 39.4 0 to 14.5 £00 0.5 15.51 Ramp pnwer increase, Ath cuclae,
90 39.4 14.5 500 0.5 15.51 Decay heat buildup, instrument status
checks, initial conditions checked,
240 (s) 39.4 to O 14.5 to O - - - Transient sequence commences with
reactor power controllad hy tran.
sient rod servo contraller,
240 0 0 370 1.0 0.1 Cooldown phase.
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TABLE v
OPERATING SEQUENCE FOR TESTS Tr-1 8, €, and D
Anticipated Reactor
Time Duration Peak Rod Power (MM or noted) Inlet Flow Per Svstem
(Min or noted) Power (kW/m) {NMS-3) Temperature K]  Shroud (R/s) Pressure (MPa} Comments
30 0 0 Ambient 0 0.69 Instrument status check, veri®v DARS
30 0 C 366 0.4 0.69 Measurement status check,
360 e 0 365 to AOO 0.2 15.51 Heatup, DARS status checks.
30 0 0.1 600 0.5 15.51 Instrument status and drift check,
transient rods inserted four inches,
10 0 to 20 0.1 to 7.4 600 0.6 15.51
5 20 7.4 A00 n.46 15.51 Power calihration,
5 20 te N 7.4 to 11 600 0.5 15.51
5 11 A00 0.5 15.51 Power calihration,
5 30 to 39.4 11 to 14.5 600 0.6 15.51
90 9.1 14,5 600 0.5 15.51 Decav heat huildup, instrument statys
check,
240 (s) 39.4 to O 14.5 to O - - - Transient sequence, hlowdown.
240 0 0 370 1.0 0.1 Cooldown phase,




Prior to each blowdown/reflood phase of TC-1 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) Determine the proper REDCOR timing sequence to ensure that
blowdown events are initiated as specified.

The timing of each event (valve 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 he 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 specific phases of the experiment. The loss of a
critical instrument will require test procedures to be suspended.
Therefore, after data acquisition and reduction system DARS checkout
is completed, measurement status checks are to be made during heatup
and after achieving critical reactor conditions, unless requested
otherwise by the Experiment Specification and Analysis (ESRA)
representative of Fuel Research Division. Checklists, which are to be
incorporated in che experiment operating procedure and detailed
operating procedure, will be completed during the status checks
(Appendix A). Certification that each instrument ‘s within range must
be made by the LWRD Representative or his alternate. If the readings
are not within range, or at any *ime during the test there is an
apparent malfunction in an ins'rument or data channel, remedial
actions must be completed or the ESRA representative's
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approval must be obtained before continuing test operation. If it is
determined 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.

Prior to 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
Systems Section. This checklist will be incorporated in the
experiment operating procedures and wil) be signed 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 following:

(1) Run the seven Teledyne System Tests and the PDP-11/05
processor diagnostics and verify the successful completion
of each.

(?) Introduce a five step voltage signal (0%, ?5%, 50%, 75%, and
100%) of the full-scale measurement range into all active
inputs via the calibration bus of the data svstem low-level
amplifiers,

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

(4) 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).

During the cold hydrostatic test an instrument status check at
pressures of 10%, 20%, 30%, . . ., 100%, 90%, 80%, . . ., 10% of the
15.51 MPa system pressure will he performed as fo1lows:
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(1) Allow the system to come to equ ibrium.

(2) Obtain a DARS printout of measurement data and <tatisitics
while simultaneously recording the Heise gauge pressure at
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
reverified. In addition, any channels being doubly recorded on the
surveillance system channel electronics cannot he changed after
verification. A posttest integrated data systems calibration will be
performed after reactor building reentry is permitted.

3.2 Heatup Phase

When the loop coolant temperature has reached about 500 K the
reactor may be brought to criticality, if deemed necessary, and then
to about 3 MW until the coolant inlet temperature reaches the desired
level of 600 K.

During heatup an instrument status check shall he 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 will review the following during this
testing period:

(1) Instrument status

(2) DARS status

(3) Data system changes

(4) Flow verification and drift check data.
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During TC-1A, the loop and test train flow meters will be
intercalibrated at a constant inlet temperature and pressure by
increasing the test rod flow rates from 0.4%/s to 0.82/5 with the
warmup line closed. During this flow calibration, instruments will be
checked for 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
after heatup at stable system conditions of 600 +1 K inlet
temperature, 15.51 +0.14 MPa IPT pressure, and 0.5 +0.015 1/s flow
through each shroudT

3.4 Power Calibration Phase

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 of TC-1A and during the decay heat buildup
phase of TC-1B, C, and D. 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
operated with reference to the calibrated SPNDs to provide the desired
fuel rod power.

The calibration phase of the experiment will he initiated by
establishing the coolant pressure, temperature, and flow rate at the
predetermined values listed in Table IV and Table V. To 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
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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 14.5 MW and maximum rod power of 39.4 kW/m. The maximum

power ramp rate for tne 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 printout 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
be accomplished during the power calibration and preconditioning phase
of testing.

(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 2.72 kW/m/MW for the PBF/LLR> test
rods and this value should correspond to the TC-1 rods. 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 (TC-1A Only)

The four fuel rods will be preconditioned during TC-1A by cycling
the power to promote fuel pellet cracking and restructuring and to
allow the initiation of pellet-cladding mechanical interaction to

28

1215 122



stabilize. A ramp rate of 2 kW/m per minute will be used with
constant peak power levels of 39.4 kW/m for 10 to 30 minutes and zero
to 100 kW reactor power for 10 minutes hetween the cycles.

3.6 Decay Heat Buildup Phase

After completion 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 approximat v 14.5 MW, or whatever is necessary
(maximum of 18 MW) to provide a fuel rod peak power of 39.4 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. If the reactor is shut down during the decay
heat buildup, this phase will have to be repeated.

Approximately 15 minutes before hlowdown, the reactor power will
be switched to transient rod servo-control (transient rods inserted

4 inches into the hottom of the core region).

3.7 Blowdown and Reflood Phase

The specific steps of the blowdown phase are provided in
Table VI. Immediately prior “o blowdown, readings should be taken
from the quench and blowdown ank transducers as specified in
Appendix A. After establishiig the required initial conditions of
Tables IV and V, and approximately 20 seconds hefore blowdown, the
warmup line will be shut by the reactor operator and the test rod
flows verified to be 0.6 1/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 hlowdown,
as detailed in Table VI and Figure 5. The TR servo-contrnller will he
in the steady state mode of operation during the entire test. During
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TARATA

TABLE VI
PROGRAMMING AND MONITORING SYSTEM CONTROLLED EVENT SEQUENCE

Time Event
is Initiated (s)

Quench Warmup
Water Line

Loop Bypass
) valve(®)

Vatvel)” Hot Leg B’o’doun

Isolat Cold Leg 8)
3:1;109 Valves . al r

down Valves! lves!d

-20.0

0.00

0.10

1.50

1.50

Valve(Q

Cold Leg
Shutoff
valve(d’

Comments

(1) (2) (3) (4)
1477 mm) (1356 mm) (12237 mm) (23290 mm)

x(h, 0 X X X X X 0

Cladding scram
set points turned
off.

Operator closes
warmup line and
verifies test rod
coolant flow to
0.6 i/s per
shroud. Action
is verified hy
TFBP Project En-
gineer before in-
itiation of the
transient,

REDCOR initiates
function gener-
ator routine.

Isolate loop and
open hypass
valve.

Open cold legq
valves.

Maintain 100X of
reactor power,

Linearly reduce
reactor power to
13.8% in 0.1 s.



PROGRAMMING AND MONITORING SYSTEM CONTROLLEC EVENT SEQUENCE

Quench Warmup Cold Leqg
Time Fvent YOp Bypas < .o' n Hnt eag Blowdown Cold Leq 'i',,\,,A Water ine shut e .’;
' nitiated Valve'® valve't Valves down Valves'®? Valve'® valve'f valve'9 Comment ¢
1 3 4
14,77 mm 13.55 mm) 12.47 mm 3,30 mm
’ 1.6 X ! X 0 ) X X ) Maintain reactor
power at 13.R8%
3.0 X X X 0 X X X 0 "lose large 14
leq.
7.00 X X X X X X 0 Open hot leq, close
cold leg
3. 0K 0 X X X X X X 0 Open cold leq,
lose hot leq
)
" X X X n 0N X ¥ n Open large cold
.1!‘().
115. 0 X X X 2 0 X ¥ n Scram reactor
11 M X X X [ ) X X 0 Reflood cv
4 X ) X X ) ‘e M Ouench
A VAL VbPOSHbbLM1107PT
. (t VAL VbPOShH and VAL VbPOSbbLM1106PT
VAL VbPOSDbL and VALVbHPOSbhLMI102PT
4) VAL YBPOSHHLMLRCIPT and VALVBPOSDE MLRC2PT
VAL VbPOSbbLM1108P
f VAL YHPOSHE LM1116P
] VAL VbPOSbbLMI118PT
n X indicates losed, indicates pen .
pE—
il
&
il
™D
o
N < ) ) "

©




cl

Orniginal fuel rod peak (%)

b

————————\ ———

2
Ste DLT\E % of original power
1 0.0 100.00
2 1.5 100.00 &
3 16 1380
4 115.0 13.80
5 115.1 000
-~
100°% = 14.50 MW
13.80% = 200MW
-
4
_ eex | 4y 5
10 20 30 40 . 115 1.0
Time with respect to blowdown (s) INEL-A-13 177 ¢

Reactor power variation with time during the transient.




blowdown the powcr derands will be controlled by the function
generator which is interfaced with the TR servo-control system. The
function generator will pe started at the appropriate time by REDCOR.

Manue' control of the reactor power during blowdown may be
required auring the TC-1 tasts. Between 7 and 15 s a two-phase slug
of liquid should momentarily quench some or all of the rods. After
this quench, the reactor power will be maintained at 2.0 MW and the
cladding temperature shoutd heat up t> a goal temperature of
approximately 900-1000 K hefore 115 <. To insure thic goal is
established, the reactor operator can manually control the driver core
power (within 0.5 to 5 Mi) after 20 < and until 115 s. As a
guideline, the cladding temperature of CLADTC1b1553+0hb0] should be
monitored on the reactor conssle strip charts along with the KMS-3
core power. The LOCA project engi-eer will monitor other cladding
thermocouples at the DARS to assist in reaching the 900-1000 K goal
temperature.

Proper designation of the REDCOR-timed sequence is extremely
important to ensure that the timed events occur as specified, The PBF
Operations Branch will determine offsets to be applied for each step
S0 as to ensure the correct timed sequence.

After 115 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 VII. The controlied reflood is performed by injecting
the coolant from the quench tank through the reflood system directly
into the IPT upper head, down the center hanaer rod into the plenum
volume beneath the lower particle screen. System operation involves:
(1) filling the lower plenum to the hottom of the active fuel as soon
as possible, within 5 seconds at a rate of 1.58 2/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 0.50 1/s.
The reflood coolant temperature will be approximately 311 K (100°F)
when entering the [PT through the upper head penetration.
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TABLE VII
REFLOOD RATES FOR TEST TC-1

Initiation Time (s) Termination Time (s)

Initial reflood high

flow rate (1.58 /s) 115 120

Final reflood low flow

rate (0.50 /s) 120 240
34
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The ultimate success of the TC-1 test series depends upon the
timing of the two-phase slug (7 to 9 s) durina blowdown. The
objective of the wot leg valve seque ce during this time period is to
force a slug of two-phase liquid from the lower plenum through the
flow shrouds. This slug is to be timed to simulate the two-phase s lug
that occurred during the LCFT L2-3(7) test. If the desired results
are not achieved during TC-1A, alternate methods of timing the hot and
cold leg valves arc recommended in Table VIII. The exact sequence for
1C-1B, C, and D will be detei ned within approximately, 5 hours of the
previous blowdown.

3.8 Quench and Cooldown Phase

After 240 seconds, postiest quench cooling water heated to about
366 K will commence with a mass flow rate of 4 i/s for 60 seconds.

After tne quench piase, cnoling water will be pumped from the
storage tank provided by the deminerlization punip ard the quench tank
will be pressurized at 1.03 MPa for 60 s o quench flow. Bayond this
Lime, the cooling water flow rate will be reduced to 0.4 1/s. The
flow rate can be adjusted to keep the cladding surface temperature
below 600 K

3.9 Shutdown and Abrorma) Test Termination Requirem;ntg

The test wili 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 ESRA representative if thers is
no more useful data to be gained by continuing operation.

The electronics to init ate an automatic reactor scram in the
event of unexpected cladding film boiling will be used for Test
TC-1A. The system will be installed for the power calibration,
preconditioning, and decay heat buildup phases, and must he removed
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TABLE VIIT
PRELIMINARY BLOWDOWN VALVE 3ZQUENCES FOR TC-18, €, AND D

Hot Leg Hot Leg Cold Leg Cold Leg
Time Valve 1 Valve ? Valve 3 Valve 4
of Event (14,22 mm) (13.56 mm) (12.47 mm) (23.90 mm) Comment s
METHOD 13
0.1 X X 0 ) Initiate blowdown.
3.75 X X 0 X Close large cold leg.
7.00 X 0 X X Open hot leg, close cold leq.
12.00 X X 0 X Close hot leg, open cold leg.
22.00 X X 0 0 Open large cold leq.
- 240.00 0 0 X X Quench,
- METHOD 2P
0.1 X X 0 0 Initiate blowdown,
.75 X X 0 X Close large cold leq.
7.00 X 0 0 X Open hot leg, leave cold leg open.
12.00 X X 0 X flose hot leq.
22.00 X X 0 0 Open large cold leg.
240.00 0 0 X X Quench

a. Method 1 will extend the 2-phase slug periad during blowdown if results of TC-1A are not
satisfactory.

b. Method 2 will reduce the 2-phase sluq rate during hlowdown if results of TC 1A indicate the quench
is to rapid.




before the blowdown transient is initiated. The circuit should scram
the reactor if cladding thermocouples CLADTC1b1b53+0b01 and
CLADTC1b2b53+0bb02 measure 700 K. A 2-second delay in scram skould pe
included to account for signal noise.

In case of unexpected cladding temperatures in excess of 1200 K
at any time during the transient, iLhe quench or reflood system will e
activated hased on an average temperature computed automatically from
thermocouple measurements on each test rod.
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4. DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumentation displays in the PBF/DARS will identify the fuel
rod, flow shroud, test train, spoolpiece, and plant instruments
according to the identifiers in Tables IX through XII. Prior to each
nuclear operation, it will be verified that data are being recorded
and are retrievable.

4.1 Dat~ Acquisition Requirements

The data channels should be set to record the data hased on the
requirements of Tables IX through XII. A1l of the narrow-band DARS
channels should be available for display on the Vector General. The
surveiliance system is an acceptable backup system. Tha2 PBF /DARS will
record data during the cold hydrostataic pressure check, the flow
calibration, the heatup phases, during all nuclear operation, and will
be left on until the loop has been depressurized af*~r the ulowdown.
The surveillance system (SS) need not record data dur ng heatup and 30
minutes after test termination unless requested by the ES&A
representative.

The data channels required to be displayed on the strip charts
during power calibration and fuel conditioning and the blowdown phase
are provided in Figure 6. The ES&A designation and explanation of the
instrumentation are presented in Tables IX through XII. 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.

To satisfy the TC-1 program objectives, only a small number of
instruments on Tables IX through XII are required. These instruments
are: (1) the cladding and f:el thermocouples, (?) the inlet/outlet
and differential thermocouples, (3) the LVDTs, (4) the cold leqg
pressure, (5) the shroud turbine meters, and (6) the initial condition
spool piece temperature. The remainder of the instruments listed in
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eel Gidl

s trument

Measirement Tvne

Fusel Rod

ladd ing surfac temperat yre Tyr t e ey inl
Internal fuel Yamneratyred i ¢ thaem p!l
Cladding axial strain” LYDT

a. All elevations are measured from axial midplane of
by Figure 1.

b. b denotes Hlank.

-
by the Instrument and Data section,

d. Required instruments for data qualification.

the fuel stack.

. Minimum recording frequency is calculated from required instrument response time.

T Y'

tsl!

i

JEI. TRAIN INSTRUMENT IDENTIFICATION, DATA CHANNEL RECORDING,
AND NTSPLAY RENUTRAFMENTS
Rod nstriument
L ncat 1nn? Numbhey Tdant i ¥ jpr“

0,083 m 0 TLADTC1H2653+0bh02
- g5 Y FLADTC 192553 +2080

? CLADTF IR ?H53+18002

? CLADTC1Hh2h53+27002

).%3Iim- 0 3 CLADTA 153h83+40hh03
. an FLANTC IR 3534008072

- 1809 3 ADTC1HIRG 418002

- 2700 2 ANTCIRIHSI+2700

) N&T m - AND ' FHELTI 1514583450001
- 180 1 FUELTCIn1WS3+18001

- 007 1 FUELTCIHIWS 2+ 20001
N.053I m - ANO ? FUELTCIN?h534+60H02
- 180° 2 FUELTCIh?W5 3418002
- 30N° ? FUEL T IN2WS 3+ 0007
N.0O5I m - AN° gl FUEL T 1h3hS14800072
- 180° 3 FUELTC1H3H53+18002
- 3007 1 FUELTCIR D534+ 30003
N.0531 m - 600 1 FUEL T 154h83+A0H04
- 180° 1 FUFLTrIHAK53418004

- 3007 4 FUFLTA1RAK54+30004

End nf fyal rod 1 FLADKRDSPHAT  1HhhN1
2 CLADADSPHHTC 1 Hhhb0?
3 CLADBDSPHATCI Hhbh0?
1 CLADBDSPHOHTC1bbh0DA

The positive directinn is with the cnolant flow.

|GINMAL

Min imom
Fraguenrv

) Recarding

Recording Requires
Ranges [H2\T
WD ¢+ 1500 K 10
W tn 1600 ¥ 1n
-12 to 17 mm 100

Radia) orientations are defined

Final designation of the instrument response time will he determined




TABLE IX (continued)

Min imum
Frequencv
Recording
Instrument Rod Instrument Recording Requ “ed
Measurement - “ype Location? Numter Tdentifierd Ranges Hz)C
Flow Shroud
Shroud coolant fle.d Bidirectional turhine flowmeter Lower shroud extension 1 FLOWRATEDh INLETHD1 -2.5 to 1.5 ¢/s 100
2 FLOWRATEDD INLETHO?
3 FLOWRATEDH INLETHO?
4 FLOWRATEDH INLETHOA
Upper shroud extension 1 FLOWRATELDOUTLETO]
2 FLOWRATEbHOUTLETO?
3 FLOWRATEDHOUTLETO3
4 FLOWRATEbHOUTLETOA
Shroud ligquid level Liquid level detectors Lower shroud extension 1 SHROBLEVHH INLETHOL OFF=0, ON=1 10
4 SHROBLEVHH INLETHO2?
3 SHROBLEVAH INLETHO3
4 SHRDBLEVDHD INLETHO4
& Inlet coolant temperatured Twpe K thermocouple -0.439 m - 135° 1 INLTHTMPHATC1H6H01 339 to 820 K 10
-0.439 m - 1350 4 INLTHTMPHh TC 1 hhh0?
-0.439 m - 1350 3 TYLTHTMPHATC1hhh(03
-0.439 m - 135° 4 In.THhTMPHHTC1hhh04
Outlet coolant temperature? Type K thermocouple +0.439 m - 135° 1 OUTHTEMPbL T 16bh01 339 to 820 K 10
+0.439 m - 1350 2 OUTHTEMPHLTC1Hbbh02
+0.439 m - 1350 3 QUTHTEMPHLTC1hbb03
+0.439 m - 135° 4 QUTHTEMPHLTC 1hhh04
Coclant differential Type K thermocouple pair +0.439 m - 1359 1 DELHTEMPHHAShhhHhO1 0 to 15 K 10
temperatyrsd ¥0.340 m - 1350 2 DELHTEMPHhAShhAhH0?
+.439 m - 135° 3 DELHTEMPHhAAShhhh03
30.439 m - 1350 a DELHTEMPHHAShbhh04
a. All elevations are measured from axial! 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. Final designation of the instrument response time will be determined by
| the Instrument and Data Section.
| d. Required instruments for 4ata qualification.
\ ——
o~
e
e
\
\ e
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Gel SIcI

Ly

Measurement

Test Train
IPT liquid level

Bypass temperature

Lover plenum temperature
Nevtron flux No.
No.
No.
No.
No.
No.
No.
System pressure
System coolant pressure
System coolant pressure
System coolant pressure
Garma flux No. 1€
Ganma flux No. 2
Gamma flux No. 2
Controlled bypass turhine

SN D) T e
o

TABLE X

TEST TC-1 TEST TRAIN INSTRUMENT IDENTIFICATION, DATA CHANNEL RECORDING,
AND DISPLAY REQUIREMENTS

Instrument

— . Jype

Liquid level detector

Type K thermocouple Hanger rod, lower particle screen
Hanger rod, fuel midplane
Hanger rod, shroud outlet plus 50 mm
Hanger rod, IPT outlet
Hanger rod between shroud & [PT
out (et
Tvpe K TC Lower support plate
SPND -0.342 m
-0.779 m
~0.114 m
0.0
+0.147 m
+0.229 m
+0.347 m
EGRG, Tdaho, Inc., A9 MPa PXD Center tie rod, below shroud inlets
EGRG, Idaho, Inc., 17 MPa PXD Center tie rod, helow shraud inlets
EGRG, Idaho, Inc., 17 MPa PXD Hanger rod, above shroud outlets
Kaman 17 MPa PXD Hanger rod, abhove shroud outlets
SPGD -0.279 m
SPGD 0.0
SPGD +0.229 m

Bidirectional turtine flowmeter

ang}jpn’

Lower particle screen

Upper plenum filler piece

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 gammz compensation.
d.

b denotes blank,

Instrument
Identifier®

IPTOLEVLADNO. IHLTT
[PTHLEVLBBNO.2bLTY
BYPHTEMPHOHNC  LTTLC
BYPHTEMPHLONO. ?bbTT
BYPHTEMPHONO . 3bUTT
BYPHTEMPHOND. 56UTT
BYPHTEMPHONO . AbUTT

PLAThTMPhbhhhhbLTT
NEUTBHFLXbh-34 . 3KTT
NEUTDFLXbb-22.9hTT
NEUTHFLXbh-11.45TT
NEUTHFLXbbbhO.ObTT
NEUTHFLXbh+14,2bTT
NEUTHFLXbb#22_9hTT
NEUTHFLXhh+34 3HTT
SYSbPRESBbAAEGHLTT
SYShPRESHL 1T EGHLTT
SYSbPRESbh17EGhUTT
SYSbPRESHb17KABUTT
GAMALFL Xbh-22 ,GhTT
GAMABFLXbbhOO.ObTT
GAMABFLXbh+22 . 9hTT
FLOWRATEbHCONTBY TT

Minimum
Recording
Frequency
Recording Required
Ranges o g
OFF =0, ON=1 10
OFF=0, ON=1 10
300 to 800 K 10
300 to 800 K 10
0 to 160 nA 10
0 to 69 MPa 100
0 to 18 MPa 100
0 to 18 MPa 100
0 to 18 MPa 100
0 to 100 nA 10
0 to 100 nA 10
0 te 100 nA 10
-840 to 12 /s 100

R ORIGIN"".
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2p

TEST TC-1

HOT LEG, COLD LEG, AND

TABLE 1!

P M ———— —

INITIAL CONDITIONS SPOOL PIETES INSTRUMENT IDENTIFICATION
DATA THANNE. RETORDING, AND DISPLAY REQUTREMENTS

e s A o

Measyrement

Conlant volumet-ic

fFlom rate

Moment ym €1.ux

Steady-state coolant temperature
Transient coolant temperature
Sutcooled coolant

pressyre {flush mounted)

Saturated coolant pressire

Conlant pressure differe-cial
(hot to conla leg)
Conlant dencity

Sprol piece accelerometer(

Sample pipe temperatureC

a. b5 denotes blank

. Minimum freguency is calculated from required instrumentation response *ime.

Instrument
Ym

Instrument
1dent i iard

S8idirection turbSine
£lowmatar

Drag risk

RTD

Tyoe K thermocor=le
Pressure transducer

Pressura transdycer  water cooled

Pressure transducer

Gamma tensitamatar

Three axes acce lerometaer

Type X thermocouple

will be Completed by the Instrument and Data Section,

c. Not required,

d. Required instruments for data gqualification,

ICSVEL OWDAFEDS SO 17
“LSVFLOWSEFEDRSP™ |
HL SVFLOWhHFEQASPHL
FLMOME | XNAFENT SPN;
IOMOME | XnFELNSD T
HLMOME | XRAFENRSP L
TOSSTEMPALTE20SP =T
CLSSTEMPHY TE225P1
HL SSTEMPHATE?3SP L
ICTCTEMPBRATER1SP 1T
CLTTTEMPO TF 24597
HLTCTEMPOATEDS SPHL
17 PRESSERRPENRSE T 7
CLPRESSFHNPE10SP L
HLPRESSFANPE ] 75PH
ITPRESSWHNPENASP 11
CLPRESSWHHPELLSP
HLPRE SSWHHPE 1 315PM1
DELPTLHLbHOPE -OSHL

CLOENSUPHNDENS]!)"L
CLDENSTEDDDENSICT.
CLDENSLOBBOENSIL L
HLDENSUPHbDENS2UHL
HLDENSCEDBDENS2CHL
HLDENSLOBBDENS2L HL
CLOATCELWHAE-1-1"7L
CLBACCELDAAE-1-27(
CLOACCELODAE-1-2rL
HLDACCEL HHAE-?-1HL
HLBACCELDDAE-2-2HL
HUBACCEL DHAE -2~ IHL
FPOTEMPOLLP IPEDLFP
FPHTEMPHLLP IPEOZFP
FPHTEMPLOLLP [PEQIFP
FPHTEMPHLHP [ PEDSF P
FPHTEMPHOHP I PEOSF P
FPHTEMPHDOP | PEQAF P
FPHTEMPHODP [PEQ7FP
FPHTEMPHLLP [ PEOBF P
FPHTEMPDODP I PEOIF P

Recording

Ranges

0?20 0/s

o 100 &/s

50 t/s

20000 -g/m-5’
to 2000 kg/m-5°
to 20000 kg/m-s”
280 to 550 X

AR g
20

L= R =l s i s ]

280 to 650 «
0 to ?1 MPa
0 tn 21 WPa

0 to ] MPa

0 ts 800 g/m°

0 to 800 K

LALSE ]
Racording
Fregquency
Regquires
fH2)"
100
100
10
10

100

10

Final Aegignation of the instrument response time
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TEST TC-1 PLANT INSTRUMENT IDENTIFICATTON, DATA CHANNEL RECORDING,

S

TABLE X1!

AND DISPLAY REOUIREMENTS

Measurement

Valve position

Gutiet conlant flow
Quench tank coonlant lovel
Ouench tank coolant

the rmacoup le

Quench tank Flow

Blowdown tank liquid level
8lowdown tank PXD
Trénsient rod position
Transient rod position
Trincient rod posttion
Transient rod position
Gross gamma rate

Gross gamma rate

Gross gamma rate

Gross neutron ra.

Core power (30 M.
Core power (30 MW)
Core power [ 30 MW)
Core power (30 MW)

S WO

System pressure
IPT pressure drop
Loop “low

Low flow reflood turhine
High flow reflood turbine

Instrument
v vpe

Limit switches

Transducer
Level detector

Thermacoup 1o

Turhine matar

Level detector

Pressure transducer

LVDT

I vDT

LYDT

LVDT

No.l Nal gamma detector
No.? Nal gamma detector
No.3 Nal gamma detector
BF 2 neutron datactor
NMS-3 Tonization chamher
NMS-4 lonization chamher
PPS-1 Tonization chamher
PPS-? Tonization chamber

Heise pressure guage
AP PXD
Venturi flowmeter

Turhine meter
Turbine meter

Cold-lag
“nld-lag
Hot-leq
Hot- log
Rypass
Isnlation
Isclation
Quench
Warmup line

Location

Cold leg shutoff

Dut let
Ouench tank

Nuenrh tank
Duentn tank
Blowdown tank
Blowdown *ank
TR drive 1

TR drive 2

TR drive 3

TR Arive 4
FPDS

FPDS

FPDS

FPDS

Reactor vessel
Reactnr yessel
Reactor vessel
Reactor yesgel

Plant
Plant
Plant

Reflood system
Reflood systam

wall
wall
wall
wall

Instrument
Identifipr

VALVhPOSHhHLMLRIIPT
VAL VhPOSHhLMLRT2PT
VAL VhPOSHhHLMIINIPT
VAL VRPOShhL M1 102PT
VALVHPOShHLML107PT
VAL YhPOSHRLM] 105PT
VALVHPOSHhHLM] LORPT
VAL YhPOSHSLMT 1OBPT
VAL YhPDSHALMI109PT
VALVHPOSHHLMI110P”
OUTHFLOWHhE T -2aLPT
ONCHRLEVHRLT-105PT

ONCHH TMRHAT 02 7HPT
ONCHOFLObDFT-L3bPT
BLOWHLEVABLITI?HPT
BLOWHPRSHhPT-126PT
TRANSRODHHNUMAN L PT
TRANSRODHHNUME02PT
TRANSRODHHNUMYDIPT
TRANSRODBHNUMNOAPT
FPNSGAMAKBNIMAD L FP
FPDSGAMADHNUMbO2F P
FPDSGAMASHYNUMKO3F P
FPHNEUTHBhNELTRNF P
REACHPOWHHNMS-03PT
REACHPOWHHNMS-04PT
REACHPOWDHPPS-01PT
REAChPOWhHPPS-0?7PT

SYShPRESBBHE I SEHPT
TPTHDEL PHHDPR-10PT
LOOPHFLObAFRC -10PT

REFLOODDLOWHFLObHY
REFLOODRHTGHHFLOM

Racnrding

. Ranges

Open, closed

to 20 /s
to 100%

o0

to 500 ¥
to S /s
to 100%
to 1 MPa
to °m
to?m
tn 7 m
to 2

D000 O0O

L

0 to 30 MW
0 to 30 MW
0 to 30 MW
0th 30 MW
0 to 17 MPa
0 to 0.A9 MP

0 to

1

n.&
0 to 0.07 m°
0.5
0 to ?

m
10 to 10F counts/fs

Minimum
Racnarding
Fraquancy
Qaqiuives
fHuz)

1000

10
10

19
10
19
10
100
100
1nn
100
10

i0
10
1n
10

10
10
10

10
10

P

|
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FUELTC1b2W53+18002 CLADbDSPbbTC1bbb03

Fuel Temperature CLAD DSP

FUELTC1b2W53+30002 CLADbDSPbbTC1bbb04
CLADTC1b2b53+0bb02 FUELTC1b3b53+60b03 FLOWRATEbbINLETbO1

Cladding Temperature
CLADTC1b2b53+90b02

Fuel Temperature

FUELTC1b3b53+18003

Shroud Turbine leter

FLOWRATEbbINLETDOZ

CLADTC1b3b53+0bb03
Cladding Temperature
CLADTC1b3b53+90b03

FUELTC1b3b53+30003
Fu 1 Temperature

FUELTC1b4b53+60b04

FLOWRATEbDINLETO3
Shroud Turbine Meter
FLOWRATEbbINLETO4

FUELTC1b1b53+60b01

Fuel Temperature

FUELTC1b4b53+18004

Fuel Temperature

ICSSTEMPbbTE20SPIC

Spool Temperature

FUELTC1bIW53+18001 FUELTC1b4b53+30004 CLTCTEMPbbTE24SPCL
FUELTC1b1W53+30001 CLADDDSPbbTC1bbbO]1 CLSVFLOWbbFEO6SPCL
Fuel Temperature CLAD DSP Spool Turbine Meter
FUELTC1b2b53+60b02 CLADbDSPbbTC1bbb02 ICSVFLOWbbFEOSSPIC

Fig. 6 Strip chart setup for Test TC-1.

44
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Tables IX through XII are requested to he included in the DARS, hut

are not to he qualified. Additionally, the test schedule or hudget

should not be changed to repair any "non-essential" instruments that
fail in the process of the test,

4.2, Test Results Letter Report

Test data plots for the Test Resilts Letter Report are to he
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.

A complete list of the plots that are required for the Test

Results Letter Report will be provided by the TFBP TC-1 Project
Engineer within two weeks of the test.
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APPENDIX A
STATUS CHECK LISTS FOR INSTRUMENTATION
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TABLE-AI (Power Calibration)
MEASUREMENT STATUS CHECK DURING POWER CAL IBRATION

REACTOR POWER
COOLANT TEMPERATURE

COOLANT PRESSURE
SHROUD FLOW RATE

PARAMETER
()

CLADTC1b2b53+0bb02
CLADTC1b2b53+90b02
CLADTC1b2b53+18002
CLADTC1bZn53+427002
CLADTC1b3b53+0bb03
CLADTC1b3b53+90b03
CLADTC1b3b53+18003
CLADTC1b3b53+27003
FUELTC1b1b53+60001
FUELTC1h1W53+18001
FUELTC1B1W53+30001
FUELTC1h2b53+60b02
FUELTCIb2W53+18002
FUELTC1h2W53+30002
FUELTC1b3b53+60b03
FUELTC1b3b53+18003
FUELTCIb3b53+30003
CLADbDSPbbTC1bbbO1
CLADbDSPbbTC1bbb02
CLADbDSPHbTC1bbbO3
CLADbDSPbbTC1bbb04
INLTbTMPbbTC1bbb01
INLTbTMPbbTC1bbb02
INLTHTMPbOTC11b6b03
INLToTMPbbTC1bbb04
OUTHTEMPbb TCibbbO1

0

KW

500

15.51

w's

MPa (Heise)

U.6

PBF /DARS
READ ING

I

e
N

a8

)

K {Average of test train inlet

1/s (Average of test train inlet

flowmeters)

REQUIRED

RANGE

Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature

I+ I+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ |+ |+ |+ 1+1+1+ ]+

1.0 + 0.5 mm
1.0 + 0.5 mm
1.0 + 0.5 mm
1.0 + C.5 mm

Temperature
Temperature
Temperature
Temperature
Temperature

+
+
+
+
+

T~ T ~ U T - U~ S - N -V S S -~ S -
xR X X X XX XX XX R AR R AR = R x™

- R~ =
x X X X X

CERTIFICATIONA
THAT INSTRUMENT
IS w!THIN RANGE

1215 142



OUTbTEMPbbTC1bbb0?
OUTbTEMPbbTC1bbb03
OUTbTEMPbbTC1bbb04
DELbTEMPbb135bbb01
DELbTEMPbb135bbb02
DELbTEMPbb135bbb03
DELbTEMPbb135bbb04
FLOWRATEbbINLETHO1
FLOWRATEbb INLETHO?2
FLOWRATEbbINLETHO3
FLOWRATEDb INLETbOA
FLOWRATEbbOUTLETO?
FLOWRATEBbOUTLETO2
FLOWRATEbBOUTLETO3
FLOWRATEbbOUTLETO4
NEUTbFLXbb-34.3bTT
NEUTBFLXbb-22.9bTT
NEUTBFLXbb-11.4bTT
NEUTBFLXbbbb0.0bTT
NEUTBFLXbb+14.2bTT
NEUTBFLXbb+22.9bTT
NEUTbFLXbb+34,3bTT
BYPbTEMPbLNO. 1bLTT
BYPbTEMPbLNO. 2bbTT
BYPbTEMPbLNO. 3bUTT
BYPbTEMPbbNO.4bUTT
BYPbTEMPbONO. SbUTT
PLATbTMPbbbbbhbLTT
SYSbPRESbb6IEGHLTT
SYSbPRESbb17EGHLTT
SYSbPRESbb17EGHUTT
SYSbPRESbb17KAbUTT
GAMADFLXbb-22.,9bTT
GAMABLFLXbbb00,0bTT
GAMABFL Xbb+22,9bTT

N/A
N/A
N/A
N/A
N/A
N/A
N/A

1111

N/A
N/A
N/A

X X X X X X =

1/s
1/s
1/s
1/s
1/s
1/s
1/s
1/s

P

xR X X X >

MPa
MPa
MPa
MPa

49

Temperature + 4 K
Temperature +4K
Temperature +4K
+ 0.05 K
+0.05K
+ 0.05 K
4+ 0.05 K
Flow + 0.001 1/s
Flow + 0.001 1/s
Flow + 0.001 1/s
Flow + 0.001 1/s
Flow + 0.001 i/s
Flow + 0.001 1/s
Flow + 0.001 1/s
Flow + 0.001 1/s
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Temperature +
Temperature +
Temperature +
Temperature +
Temperature # 4 K
Temperature *
Heise + 3.5 MP
Heise + 0.7 MPa
Heise + 0.7 MPa
Heise + 0.7 MPa
N/A
N/A
N/A

e —

N/A
N/A
N/A
N/A
N/A
N/A
N/

N/A
N/A
N/A
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PARAMETER
ID

FLOWRATEbbCONTBYTT
SHRDbLEVDD INLETHO1
SHRDBLEYDb INLETbO2
SHRDBLEVLD INLETHO3
IPTHLEVLDDNO. 1bLTT
IPTBLEVLbDNO.2bLTT

ICSVFLOWbbFEOSSPIC
CLSVFLOWbbFEO6 SPCL

HL SVFLOWbbFEO9 SPHL
CLMOMFLXbbFEO7 SPCL
HLMOMFL XbbF E08 SPHL
ICSSTEMPbbTE20SPIC
CLSSTEMPbbTE22 SPCL
HLSSTEMPbbTE23 SPHL
ICTCTEMPbLTE21SPIC
CLTCTEMPbbTE24 SPCL
HLTCTEMPbbTE25 SPHL
ICPRESSFbbPEOBSPIC
CLPRESSFbbPE1OSPCL
HLPRESSFbbPE 12 SPHL
ICPRESSWbbPEO9SP IC
CLPRESSWbbPE11SPCL
HLPRESSWbhPE13 SPHL
DELPCLHLbbDPE -05HL
CLDENSUPbbDENS1UCL
CLDENSCEbbDENSICCL
CLDENSLObbDENS1LCL
HLDENSUPbbDENS2UHL
HLDENSCEbbDENS2CHL
HLDENSLObbDENS2LHL
CLbACCELbbAE-1-1CL

PBF /DARS
READ ING

N/A
N/A
N/A
N/A
N/

N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

1/s

1/s
1/s

1/s

50

®EQUIRED
RANGE

16 + 1.0 1/s

N/A
N/A
N/A
N/A
N/A
Flow

(c) +0.02 1/s

(c) +0.02 1/s
(c) +0.02 1/5

N/A
N/A
Temperature
Temperature
Temperature
Temperature
Temperature
Temperature
Heise + 0.2
Heise + 0.2
Heise + 0.2
Heise + 0.2
Heise + 0.2
Heise + 0.2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

+
+

* 4 K
+ 4K

I+ 1+

CERTIFICATIONA
THAT INSTRUMENT

IS WITHIN RANGE

N/A
N/A
_NA_
y
N/A

N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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PARAMETER
1D

CLbACCELbbAE-1-2CL
CLbACCELbbAE-1-3CL
HLbACCELbbAE -2-1HL
HLDACCELbbAE -2-2HL
HLbACCELbbAE-2-3HL
HENRYPXDbbFEL1-1PT
HENRYPXDbbFEL1-2PT
HENRYPXDbbFEL1-3PT
HENRYPXDbbFE11-4PT
FPbTEMPbbLP IPEOLFP
FPbTEMPbbbP IPEO2FP
FPbTEMPbbbPIPEO3FP
FPbTEMPbbbP IPEO4FP
FPbTEMPbbbP IPEOSFP
FPbTEMPbbbP IPEO6F P
FPbTEMPbbbP IPEO7FP
FPbTEMPbbbP IPEOSFP
FPbTEMPbbbP IPEOIFP
CLDDNTMPbbDENTC1CL
CLbONTMPbbDENTC2CL
CLbDNTMPbbDENTC3CL
HLBONTMPbbDENT C1HL
HLbONTMPbbDENTC2HL
HLbONTMPbbDENT C3HL
VALVbPOSboLM1101PT
VALVbPOSbbLM1102PT
VALVDPOSHbLMLRCIPT
VALVbPOSbbLMLRC2PT
VALVbPOSbbLM1105PT
VALVbPOSbbLM1106PT
VALVbPOSbbLM1107PT

PBF /DARS
READING

___N/A

—NA__
N/A
N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

___N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

MPa
MPa
MPa

51

REQUIRED
RANGE

N/A

N/A

N/A

N/A

N/A
Heise + 0.2 MPa
Heise + 0.2 MPa
Heise + 0.2 MPa
Heise + 0.2 MPa

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

CERTIFICATION?
THAT INSTRUMENT
IS WITHIN RANGE

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
__ N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

I

l
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PARAMETER
1D

VALVbPOSbbLM1108PT
VALVbPOSbbLM1109PT
VALVbPOSbbLMI110PT
OUTLPRESHbPT-30bPT
OUTHFLOWbbPT-29bPT
OUTBTEMPbLTT-29bPT
QNCHbLEVDBbLT-10bPT
QONCHbTMPBbbLTIC27bPT
QNCHDbFLObbFT-14bPT
BLOWbPRSbbPT-12bPT
BLOWDLEVDbLIT17bPT
SYSbPRESbbPRSIObPT
[PTbDELPbHDPR-10PT
LOOPbACTHbFBM-01PT
LOOPbFLODbFRC-10PT
FPbGAMMABDNO. 1bbFP
FPbGAMMAbbNO . 2bbF P
FPbGAMMABDNO . 3bbFP
FPbNEUTbbbbbbbbbF P
REACbPOWbbNMS-03PT
REACHPOWbHNMS-04PT
REACbPOWbbPPS-0IPT
REACHPOWbLPPS-02PT

a. This certification must be signed by the LWRD Repr -entative or

his alternate.

PBF /DARS
READ ING

N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

MPa
1/s
K

REQUIRED
RANGE

N/A
N/A
N/A
Heise + 0.7 MPa

Flow() + 0.3 1/
Temperature + 4 K

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

CERTIFICATIONA

THAT INSTRUMENT
IS WITHIN RANGE

N/A
N/A

N/A

For all cases where the instrument: are not
within range the TFBP Project Engineer's approval must be
obtaired to continue the test procedures.

b. One per shroud required as minimum operable instrumentation.

€. Flow determined during flow split.
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N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A
N/A
N/A
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TABLE-ATI
MEASUREMENT STATUS CHECK AT 80 - 100 KW

REACTOR POWER 80 - 100 KW
COOLANT TEMPERATURE 580 K
inlet TC's

COOLANT PRESSURE 15.51 MPa

SHKOUD FLOW RATE 1.0 1/s
PARAMETER PBF /DARS REQUIRED

1D READING RANGE

NEUTbFLXbb-34.3bTT nA + 0.8 nA
NEUTHFLXbb-22.7bTT nA + 0.8 nA
NEUTBHFLXbb-11.4bTT nA + 0.8 nA
NEUTHFL Xbbbb0.0bTT nA + 0.8 nA
NEUTHFLXbb+14.2bTT nA + 0.8 nA
NEUTHFLXbb+22.9bTT nA + 0.8 nA
NEUTHFLXbb+34,3bTT nA + 0.7 nA
GAMMAbBFL Xbb-22.9bTT nA +0.8nA
GAMMABFLXbbb00.0bTT nA + 0.8 nA
GAMMABLFL Xbb+22.,9bTT nA + 0.8 nA

Average of test train

CERTIFICATIONa
THAT INSTRUMENT
IS WITHIN RANGE

T

a. This certification must be signed by the LWRD Representative or
nts that are not within
i must be obtained to
Instrumentation listed which is not

his alternate. For all required instrume
range the TFBP Project Engineer's approva

continue the test procedure.
required shall be marked NA an
Representative.

d initialed by the LWRD
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Conditions:
Coolant Temp.
Coolant Press.

(1)
(2)
(3)
(4)

Ave,

(1)
(2)
(3)
(4)

Ave,

(1)
(2)
(3)
(4)

Ave,

Shroud F lows

Shroud F lows

Shroud F lows

TABLE A-11

FLOW BALANCE WORK SHEET

Bypass Flow

Bypass Flow

Bypass Flow
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IC Flow

IC Flow

IC Flow

%lLeakage

%L eakage

%Leakage



TABLE A-111

POSTTEST CHECK LIST AND DARS SETUP
DOCUMENTATION CHECKLIST

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 (100 KW)
Posttest Check list 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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