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1. INTRODUCTION

This document describes the experiment operating specifications for
the Uperational Transient Test OPT 1-2 to be conducted in the Power Burst

Faciiity (PBF) at the ldano National Engineering Laboratory (INEL) as part
of the Nuclear Regu:itory Commission's Fuel Behavior Program.l The
overall experiment requirements and objectives for the OPTRAN Test Series
are described in the OPTRAN Experiment Requirements Document,2 while the

experiment specifications for the test OPT 1-2 are described in the Jest
OPTRAN 1- Lxperiment Specifications Document3 and the pretest
predictions are presented in the Test OPT 1-2 Experiment Prediction
Document.4 OPTRAN Test Series] objectives are to provide fuel behavior
data to determine tne consequences of &=ticipated transients and support
the evaluation and po-sible revision of current licensing criteria

regarding anticipated ‘-ansients in commercial nuclear power plants.

The purpose of this document is to specify tne experiment operating
procedure for Test OPT 1-2. The objectives of Test OPT 1-2 are: (a) to
determine whether light water reactor fuel rods are likely to fail or be
severely damaged and (o) to identify the damage mechanisms which may occur
during a severe boiling water reactor anticipated transient without scram
(ATWS). The CPT 1-2 test rods will be subjected to a power and flow
transient which is representative of tnat predicted by vendor analyses for
the most severe ATWS--a main steam isolation valve closure without scram,
Two shrouded preirradiated BWR/6 segmented fuel rods will be tested and two
unirradiated BWR type neater fuel rods will be used to preneat the coolant
for the two test rods. The two test rods were enricned with 2.87% 235U,
clad witn Zircaloy 2, and irradiated to an average burnup of 8
and 9.6 GWd/t in a General Electric boiling water reactor (BWR). The two
heater rods are unirradiated and fabricated with 10 wt% 2350 and
Zircaloy-2 cladding.

Tne test consists of extensive steady state power operation to
condition the test fuel rods, fuel rod power calibration, a power transient
and a steady-state power operation if fuel rod failure is not detected
following the power transient. The PBF power transient will begin with




steady state coolant conditions of: 7.93 MPa and 1630 kg/mz-s shroud
coolant mass flux. The core power will pe ramped in order to provide an
axial peak rod power transient history which starts at 37 kW/m increases to
328 kW/m and then decreases to zero power. The test rod coolant mass flux
will pe reduced to 500 kg/mz.s about 22 s after tne power transient to
simulate a recirculation pump trip and consequent flow reduction in a BWR.
Tne test rod cladding may fail due to pellet cladciag interaction in a
manner similar to Rod 802-3 in Test RIA 1-2 which had 22 longitudinal
cracks, all less than i cm long. The heater rods may fail due to cladding
overstress from fuel expansion. Test rod or heater rod cladding failure is
not expected to result in significant coolant pressure pulses (less than
0.5 MPa) or in the significant loss of fuel (less than ! g UOZ)' It is

assumed that the core has been reshimmed prior to Test OPT 1-1 to increase
the excess reactivity by 1.7 §.

The design of the test fuel rods and heater tuel rods, test assembly,
and instrumentation associated with Test OPT 1-2 are discussed in
Section 2. Section 3 presents the plans for the conduct of Test OPT 1-2.
Section 4 discusses tne data acquisition and reduction requirements.
Sections 5 and 6 describe the posttest operations support and the
postirradiation examination requirements. Appendix A provides the status
check lists for instrumentation and flow balance sheets.




2. EXPERIMENT DESIGN

Test OPT 1-2 will be conducted with four fuel rods; two irradiated
rods and two unirradiated rods. The shroud outlet of each unirradiated rod
is attached by tubing to the shroud inlet of a BWR/6 previously irradiated
fuel rod. The fuel rods, flow shrouds, and fuei rod instrumentation are
supported by the test train, This section briefly describes the design
associated with each component of the fuel rods, flow shroud, test train
and instrumentation. Further information is available in the Experiment
Specification Document and the Experiment Configuration Specification.

2.1 Fuel Rods and Shrouds

Two preirradiated dWR/6 segmented test fuel rods provided by the
General Electric Co. will be tested. In addition to the two test rods, two
unirradiated fuel rods will pe used to heat the coolant for the test rods.
Tne designations for the rods will be 902-1, 902-2, 902-3, and 902-4.
Designations and burnups for the four fuei rods are given in Table 1. The
nominal design characteristics for the OPT 1-2 fuel rods are given in
Table 2. A scnematic of a pair of rods and the coolant flow path is shown
in Figure 1. A plan view of the fuel rod orientation and instrumentation
within the in-pile tube (IPT) is snown in Figure 2.

Eacn test fuel rod is surrounded by a coolant flow shroud. The
shrouds are fabricated from zircaloy-4 tubing and have a circular cross
section with an inner diameter of 19.05 ¢+ 0.1 mm and a wall thickness of
1.8 mm. The outlets of the flow shrouds for rods 902-1 and 902-3 are
connected by tubing to the shroud inlets of Rods 902-2 and 902-4,
respectively. Remotely operated crifices, installed at the snroud outlets
for Rods 902-1 and 902-3, provide a bypass for the coolant exiting the
heater rods. The orifice will be adjusted to provide the required flow
reduction following the power transient.



TABLE 1. TEST OPT 1-2 FUEL ROD DESIGNATIONS AND BURNUPS

Original Rod
Uesignation

Original
Core
Axial

Location

Rod Type

PBF OPTRAN
Designation

Burnup
(GWd/t)

Fissile Mass
of
Uzss + Pu

(9)

N. A.
0007-4
N. A.
0AO6-4

N. A,
Top
N. A,
Top

Reference
Reference
Reference
rReference

902- !
902-2
902-3
902-4

0
9.6
0
8.0

62.0
13.9
62.0
14.5




TABLE 2.

TEST OPT 1-2 FUEL ROD CLSIGN CHARACTERISTICS

Cnaractertstlcsa

Fuel

Material

Enriched pellet stack length (mm)
Pellet outside diameter (mm)
Pellet length (mm)

End configura&!on

Density (%TD)

Initial enrichment (wtX)

Cladding

Material

Tube outside diameter (mm)
Tube inside diameter (mm)
Cladding thickness (mm)

Fuel Rod

Overall length (mm)

Gas plenum fength (mm)

Flux depressor pellets

Diametral gas gap (mm)

Fill gas composition

Fill gas pressure

Getter assembly outside diameter (mm)
Getter assembly length (mm)

Shrouds

b.
le

C.

d.

Material

Tube outside diameter (mm)

Tube inside diameter (mm)

Connecting line outside diameter (mm)
Connecting line inside diameter (mm)

PData are preirradiation valves.

Pellet stack also contains 12.7 mm of hafnium-yttrium oxide pellets at each end of fuel column,

ngth 778 .

0D07-4/0A06-4

Theoretical density (TD) of U0, is 10,97 g/rm3.

GE_BWR/6 Rods

225.6”

10.57/10.62¢
10.66
chamfer

95 to 96
2.87

Ir-2
12.52

10.80
0.86

1133.35
139.7
92.3% HfD,-7.7% Y504
0.229/G.178¢
As recefved
As received
6.10
50.8

Ir-4
22.225
19.05
15.88
13.89

Heater Rods

758.6

10.57
10.66
chamfer
95 to 96

10

Ir-2
12.52
10.80

0.86

953.5
50.8

0.229
Helium
0.31 MPa

none

lr-4
22.225
19.05
17.48
14.33

Total
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TABLE 3. TEST OPT 1-2 FUEL ROD AND SHROUD INSTRUMENTATION

Comments

Fuel Rod
Measureme:t or Shro:;d Instrument
Instrument Location Number ™ Range
Cladding 70 ¢ 2.5 mm - 0° 902-2 300 to 2000 K
fnermocouples (6) 170 £ 2.5 mn - 120° 902-4
270 + 2.5 mm - 240°

Shroud flux wires (4) 180° 902-1, as received

902-2,

902-3,

902-4,

center of the assembly,

b. Shroud number is the same as its corresponding rod number.

a. All elevations are relative to the axial midplane of the PBF core, all orientations relative to the

Resistance Welded. Premium grade
tungsten-rhenium,

0.51% cobalt, 97.49% aluminum.




Four (0.51% cobalt--99.49% aluminum) flux wires each enclosed in a
small diameter zircaloy tube, are attached tc the outer wall of the flow
shroud at 180° in each quadrant. The flux wires extend over the active
fuel length of the rods; the bottom of the flux wires aligned with the

bottom of tne active fuel stack.

2.3.2 Test Train Support Structure Instrumentation

Table 4 contains a list of the instrumentation for the test train
support structure including information on the measurement, location,
range, and response time. The test train instrumentation consists of the
following:

1. A 69 MPa pressure transducer located near the upper particle
screen to measure changes in coolant pressure.

. 2. A 13.8 MPa pressure transducer located outside tne IPT nead
connected by tubing to the midplane of flow shroud 902-2 to
% measure normal system pressure.

3. A 13.8 MPa pressure transducer located outside the IPT head
connected by tubing to the midplane of flow shroud 902-4 to
measure normal system pressure.

4. A 13.8 MPa pressure transducer located outside the [PT nead
connected by tubing to sense the pressure just above the shroud
outlet of Rod 902-4.

8 A turbine flow meter located at the inlet of each flow shroud of
Rods 902-1 and 902-3 to measure experiment coolant flow.

6. A turbine flow meter located in the cross-over tube of Rods 902-2
and 902-4 to measure inlet flow.
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TABLE 4.

TEST OPT 1-2 TEST TRAIN ASSEMBLY INSTRUMENTAI ION

Instrument Instrument
Measurement Instrument Location Range Comment s

Coolant Pressure Transducers 0 to 13.8 MPa To measure normal system
pressure transducer (2) attached by tub- pressure. Transducers

ing to the mid- will be outside IPT head.

plane eievation

of 902-2 and

902-4 flow shioud
Coolant Pressure One transducer 0 to 69 MPa To measure system pressure
pressure transducer (1) located near the changes.,

upper particle

screen
Coolant External OQutsid» IPT 0 to 13.8 MPa To measyre normal system
pressure pressure head; near the pressure.

transducer (1) shroud outlet

of 902-4,

Coolant flow Turbine Inlet of flow 63 to 1000 cm3/s
flowmeter (4) shroud

Out let Turbine flow- In outlet of 63 to 1000 cm3/s
coolant flow meter (2) f low shrouds

Coolant inlet
temperature

Coolant inlet
temperature

Coolant outlet
temperature

Coolant outlet
temperature

Tnermocouple (2)

Thermocouple (2)

Thermocouple (2)

Thermocouple (4)
at outlet of
Rods 902-1 and
902-3.

902-2 and 907-4.

In flow shroud
at inlet of Rods
902-2 and 902-4

Inlet of
flow shroud
902-1 and 902-3

Outlet of
flow shroud
902-2 and 902-4

300 to 1500 K

300 to 1500 K

300 to 1500 K

In flow shrouds (2) 300 to 1500 K

and above variable
orifice outlet (2)

Premium grade Type K
thermocoup les.

Premium grade Type K
thermocoup les.

Premium grade Type K
thermocouples.

Premium grade Type K
thermocoup les,



¢l

TABLE 4. (continued)

_Measurement

Coolant inlet
temperature

Coolant
differential
temperature

Relative
neutron flux

Relative
neutron flux

Relative
neutron flux

Relative
neutron flux

Relative
gamna f lux

Cladding
axial elonga-
tion,

Variable orifice
position

Instrument [nstrument
___Instrument Location Range Comment s
RTD (1) Inlet region of 300 to 600 K Premium grade RTD.
Rod 902-2
Thermocoup le At inlet 0te WK Premium grade Type K
pairs (6) and outlet (4) each shroud and
Type T (2) tnermocouples
for 902-1 and 902-3.
Cobalt SPNDs Une detector 0 to 2.5 x 10'4 Reuter-Stokes SPND in (2
(833 m.~Q2) located on the n/cmé s Idano Lavoratory SPND in Q4
(762 mm-04) water tubes in
quadrants 2 and
4. (O-mm eleva-
tion).
Cobalt SPNDS Five detectors 0 to 2.5 x 10"
(100 mm) (5) located on the n/cmé s
water tube in
quadrant 1
('mo "201 ’7-
+166, +300 mm)
Cobalt SPNDs Five detectors 0 to 2.5 x 1014
(100 mm) (5) located on the n/cmé s

U-235 fission
chambers (2)

Platinum SPGD
(100 mm) (2)

LVOT (4)

Stepping motor
encoder

water tube in
quadrant 1.
(0, *»150, and
+300 mm)

One fission cham-
ber and gamna
compensat ing
chamber located
on the water
tubes in quad-
rants 2 and 4,
(0-mm elevation)

One detector
located on the
water tubes in
quadrants 1 and
3. (0-mm eleva-
tion)

Bottom and of
each rod

Out of [PT

0 to 2.5 x 1014
n/cml -5

0 to 6.0 x 108
R/nr

Two Schaevitz (Q72 and Q4) LVDTS

Two EGAG (01 and G3) LVDTS

Readout will be in terms of
G to 100%.




9.

1.

13.

14.

]5.

A turbine flow meter located at the outlet of flow shrouds 902-2
and 902-4 to measure coolant flow.

A Cnromel-Alumel (type K) thermocouple mounted at the inlets of
each flow shroud to measure inlet coolant temperature,

A Corromel-Alume] (type K) thermocouple mounted near tne outlets
of each flow shroud to measure ou.let coolant temperature.

A Cnromel-Alumel (type K) thermocouple mounted above the variable
orifice outlet of Rods 902-1 and 902-3 to measure outlet coolant
temperature,

A platinum resistance thermometer (RTD), located in the inlet
region of the test train, to measure coolant inlet temperature.

Four pairs of Cnromel-Alumel (type K) thermocouples connected
differentially, one junction located at the inlet and one
Junction at tne outlet of each flow shroud, to measure
temperature rise in the coolant.

Two pairs of copper-constantan (type T) thermocouples connected
differentially one junction located at the inlet of the flow
shroud and one junction at tne outlet of the variable orifice of

flow shrouds 902-1 and 902-3, to measure temperature rise in the
coolant,

Twelve self powered neutron detectors (SPNDs), one each in
quadrants 2 and 4, and 2 strings of 5 SPNDs located in
Qquadrants | and 3.

Two U-235 fission cnamoers and 'wo detectors for gamma

compensation located in quadrant 2 and 4 to measure relative
neutron flux.




16. Two platinum self-powered gamna detectors (SPGD) located in
Quadrant | and 3 to measure relative gamma flux.

17. A linear variable differential transformer (LVOT) located at the
pottom of each fuel rod to measure cladding axial elongation,

18. Variable orifice position (2).

2.3.3 Plant Instrumentation

Plant instrument data to pe recorded along with the test train
instrument data are as follows:

" NMS-3 and NMS-4 ion chambers.

2. PPS-1, and PPS-2, ion chambers.

;. TR-1, TR-2 ion champers,

4, EV-1, EV-2 ion chambers.

9. In-pile tube system pressure.

6. In-pile tuoe differential pressure,

F 8 Loop flow rate.

8. Loop fission product detection system.

a. 1 gamna spectral data channel (PDP-15)

b. 3 gross gamma channels

C. | delayed neucron channel

14
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12.

13.

14,

]5'

d. 2 flowneter channels

e. 1 thermocouple channel

Loop pressure transducers (6).

Loop pressure heise gauge.

Transient rod position (4).

Power demand function (1).

PPS protective function (4).

Primary heat excnanger differential temperature (1).

Reactor coolant flow (1).

15



3. EXPERIMENT OPERATING PROCEDURE

Details of the experimental procedure of Test OPT 1-2 for each
operating phase are discussed oelow along with instrumentation status check
requirements and heat up procedures,

Tne nuclear operation for Test OPT 1-2 will consist of fuel rod
calipbration and conditioning phase during a slow power ramp followed by a
shutdown for xenon decay and then a power ramp preceeding the power
transient. Interspaced between these phases will be instrument status
checks. The expected figure-of-merit (FOM) for the OPT 1-2 fuel rods is
1.60 kW/m per Md for the test rods and 2.9 kW/m per MW for the heater rods
for tne control rods withdrawn to 30 incnes and the transient rods at
10 inches. The specific operating sequence for the test is presented in
Taple 5. The total planned core energy release for the test is about
1200 MW hours. Each experimental operating phase and the instrumentation
status requirements are considered below.

3.1 Instrument Status Checks and Minimum Operable Instrumentation

To monitor the experiment and to neet 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 or a critical combination of instruments needed for a current or
subseguent test phase will regquire that test procedurzs be suspended until
the QPT 1-2 Project Engineer's approval has been obtained to continue tne
test. Since instrument status will be monitored on the PBF/DARS display,
the source of instrument output difficulites can range from instrument
malfunction or failure, signal conditioning, transmissions or DARS
calibration problems. [f the experiment is interrupted by an apparent
instrumentation malfunction, it will be necessary for cognizant data system
and instrumentation personnel to determine the source of the malfunction
indicated and tne remedial action necessary for test procedures to
continue. If it is determined that a critical instrument has failed or
that repairs can only be made by removing the test train from the reactor,

16
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TABLE 5.

OPERATING CONDITIONS FOR POWER CALTBRATION AND CONDITIONING AND TRANSIENT PHASES FOR TEST OPT |-2

Heater
Anticipated Rod
Time Anticipated Peak Rod Inlet Shroud System
Duration  Reactor Power Power Temperature flow Pressure
(nours) (MW) kW/m (k) (1/s) (MPa) Comments
8 0 0 Ambient 0 Amb ient Cold hydrostatic check of
to 8.3 loop pressure should not exceed 8.3 MPa (1200 psia).
8 0 0 Ambient to 0.68 Ambient DARS autocalibrations; loop heatup with instrument
550 to 7.93 check at 350 K.
4 0 0 550 0.68 7.93 Instrumer.. check, zero offsets, and
DARS autocalibration
2 0 0 550 0.1 to 1.0 7.93 Flow measurements
8 0 0 550 0.35 7.93 Radionuclide injection (may be done at this or
a later time).
2 0 to 13.3 ¢ to 24 550 0.95 7.93 Fuel conditioning (ramp
rate of 0.5 kW/m/minute.
37 13.3 to 22.4 24 to 37 550 0.95 7.93 (Ramp rate of
0.35 kw/m/hr); core power measurements.
12 22.4 37 550 0.95 to 0.35 7.93 End of fuel conditioning; flow
measyrements; core power measurements,
a8 0 0 a 1 a Shutdown for xenon decay.
2 0 to 23.0 0 to 37 550 0.95 7.93 DARS autocalibratior, power ramp rate of
0.5 kiW/m/minute.
| 23.0 37 550 0.35 7.93 One hour hold.
0.333 23.0 (initial) 37 to 328 550 0.35 7.93 Power transient,
R 0 0 550 0.35 7.93 Shutdown for data reduction.
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TABLE 5. (continued)

Heater
Anticipated fed
Time Anticipated Peak Rod Inlet Shroud
Duration Reactor Power Power Temperature flow
{hours) (MW) ki/m (%) _(us)
2 0 to 23.0 0 to 37 550 0.95
8 3.0 37 550 0.95
8 0 0 556 to 0.35 to 0

(154 hr o~ 6.5 days)

b.

amb jent

As required by PBF operations.

System
Pressure

__(Mpa) Comments
7.93 Power ramp rate of 0.5 kW/m/minute,b

7.93 Eight hour hold or until rod failure detected.

7.93 to Loop cooldown,
ambient

Post-tra- sient steady-state operation will not be performed if fuel rod failure detected after power transient.




test procedures will remain suspended., This experiment status wi.. be
maintained pending a decision by the OPT 1-2 Project Engineer and TFBP
management as to the course of action to pe followed.

Instrumentation for Test OPT 1-2 have been defined in terms of minimum
operable instrumentation in Table 6 for various times during the test
sequence. Instrument status checks are planned before and during the test
in order to ensure conformity to the requirements in Table 6. [nstrument
status checks before the test will occur at the TRA assembly area and again
in the reactor building following the loading of the test train in the [PT.

Prior to any data acquisition, the PBF/DARS output will be verified by
tne input of cignals to the low level amplifiers or in accordance with a
checklist to be supplied by the Instrument and Data System Section. Tnis
checklist will pe incorporated into the experimental operating procedures
and will be signed off by the supervisor of the Instrument and Data System
Section or nis alternate prior to loop heatup.

The pressure during the cold hydrostatic test should not exceed
8.3 MPa (1200 psia) to prevent cladding deformation. During the cold
nydrostatic test, instrument readings at pressures of 20%, 40%, 60%, 80%,
100%, 80%, 60%, 40%, 20% of tne 8.3 MPa system pressure will be performed
as follows:

1. Allow the system to come to equilibrium at each pressure step.

2. Ubtain a DARS printout of measurement data and statistics 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 [nstrumentation and Data Secticn or his
alternate pefore the failed channel can be changed. New channels must be
verified. A posttest integrated data systems calibration will be performed
after reactor building reentry is permitted.
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TABLE 6. ™ NIMUM REQUIRED OPEKABLE INSTRUMENTATION DURING VARIOUS PHASES OF TEST oPT 1-2°

Pre-Instatlation Pre-Power Pre-Power
Numver of of Test [rain During Calibration Transient
Instrumentation Instruments in IPT Heatup Phase Burst Phase
Cladding thermocouples 6 --b 4 of 6 4 of 6 Jof 6
Coolant pressure 4 -0 2 of 4 20of 4 2 of 4
Coolant inlet flow meter 4 -0 4 of 4 2 of 4 2 of 4
Coolant outlet flow meter 2 --0 2 of 2 1 of 2 | of 2
Coolant inlet temperature 4 -0 20of 4 2 of 4 2 of 4
Coolant outlet temperature 3 --b 3of 6 Jcf 6 Jof 6
Coolant shroud differential 6 -0 6 of 6 6 of 6 2 of &
temperature
SPND 2 --b 1 of 2 1 of 2 1 of 2
SPHD 10 (5 in a string) ¥ 6 of 10 6 of 10° 6 of 10¢
U-325 Fission chambers 2 ve? 1 of 2 1 of 2 1 of 2
LvoT 4 ¥ 4 of 4 3 of 4 3 of 4
Loop pressure gauge 1 -D 1 1 1
RTD 1 el 1 0 0
Fission product detection system 2d -® 0 0 3
Variable orifice positioners 2 -0 2 2 2
SPGI 2 -0 1 of 2 1 of 2 1 of 2

a. Any discrepancies must be approved by OPT 1-2 Project Engineer,

b. All instruments shal! be operable at installation except for those accepted on a (DR as (use as is).

€. 3 in each string of 5 should be operable.

d. No. ! Gamna Detector, Neutron Detector and gamma spectrometer.




After DARS checkout i1s completed, instrument status checks are to oe
made (a) at about 350 K, (b) after heatup prior to power calibration
phases, and (c) prior to the power transient, Checklists will be completed
during the status checks (Appendix A). Certification that each instrument
is witnin an acceptable range must be made by the Test OPT 1-2 Project
Engineer or his designated alternate. I[f the readings are not within
range, or at any time during the test tnere is an apparent malfunction in
an instrument or data channel, remedial actions must be completed or the
Test OPT 1-2 Project Engineer approval must be obtained in order to
continue test operation, Autocalibration of the DARS channels is required
oefore tne initial and each subsequent loop heatup and prior to reactor
startup for tne fuel conditioning and before each power transient, The
data channels for tne four LVOT's for the two test rods and two heater rods
shall pe connected to the alarm system of the DARS during the fuel
conditioning operation if the alarm system is operable. The alarm
setpoints will be adjusted after the loop heatup portion of the test. The
reactor power will manually be decreased rapidly to about 15 MW if boiling
transition is indicated by any of the cladding LVDTs during the fuel
conditicning. In addition a temporary Channel 3 reactor shutdown is
required that will shut down the reactcr if any of the cladding surface
tnermocouples on Rods 902-2 and 902-4 indicate a temperature exceeding

700 K during the fuel conditicning phase.? The shutdown circuit will

include a time delay of | s to eliminate shutdown from noise spikes. Tne
LVOT alarm circuits and the Channel 3 reactor shutdown circuits will oe
removed or made inoperable prior to performing the power transient,

3.2 Loop Heatup

The initial pari of testing will consist of a hydrostatic pressure
check followed by heatup of the loop to the desired coolant temperature,
and pressure of 550 £ and 7.93 MPa. DARS printouts will pe taken at 50 K
intervals from ambient to 550 K during the initial and any subseguent loop
neatups. Maximum flow through tne shroud flowmeters shall pe less than
1000 cm3/s. Instrument status checks will be made at about 350 K and

a. According to FRAP-T6 calculation, heater rod cladding temperatures
will rise to about 1200 K for a test rod cladding temperature of 700 K.
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a¢ain after tne loop coolant temperature has reached 550 K. The loop pump
will be turned off for a few minutes to normalize the coolant pressure
transducers to the Heise gauge pressure at 550 K for the initial and any
subsequent loop heatups and prior to nuclear operation of each main test
phase. Tne [PT flow by-pass will be measured at 550 K by measuring the
flow througn the flow shrouds and the total loop flow (see Appendix B) with
the variable orifice closed, provided the shroud flow does not exceed

1000 cm3/s. A by-pass ratio of about 2.5 * 1 is expected. After the

flow by-pass measurements are completed, the flow shal® be adjusted such
that a test rod shroud flow of 350 cm3/s is obtained.

The variable orifice will then be opened and then closed in about
104 steps. DARS data printouts will be taken at each variable orifice

position step as the variable orifice is opencd and then closed.

Data will be recorded on the DARS during the hydrostatic pressure
cneck, tne heatup, and the flow checks.

3.3 Radionuclide Tracer Injection

Priur to test compiction and following loop heatup and by-pass flow
measurement, fission product transport behavior in the test loop will be
Characterized by the release of a radioactive tracer material for
measurement by the FPDS. At a convenient time during the test sequence
when the ATR metal rabbit facility is operational, the injection sample
will be prepared, loaded into the sample injection accumulators, delivered
to PBF and installed in the PBF reactor building. With loop conditions
maintained at 550 K, 7.93 MPa and 350 cm3/s test rod shroud flow with
the variable orifices opened,? tne sample injection system will be
operated in accordance with D.0.P. 3.1.28 to provide controlled release of
the tracer material to the test loop via a small diameter tube. The exact
time of initiation of the sample injection will be recorded in the plant

a. As specified by OPT 1-2 Project Engineer,
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operations log and data will be recorded on the DARS during the sample
injection and for 4 hours following the injection. The test rod shroud
flow will then pe increased to 950 cm3/s.

3.4 Prenuclear Instrument Drift Recording

Data channels shall be recorded for at least 30 minutes to establish
any instrument drift rates. This recording should be done after he:tup and
prior to nuclear operation at stable system conditions,

3.5 Fuel Conditioning

The primary purpose of this test phase is to condition tne fuel rods
to a peak rod power of 37 kW/m. The fuel rods were irradiated in a BWR at
a power of only avout 13 kW/m. The fuel conditioning will consist of a
39 nour gradual power increase to 37 kd/m and a twelve hour hold at 37 kW/m
where two sets of flow measurements will be taken, During this operation
the heater rod and test rod peak power will be calorimetrically measured
under sianle-pnase coolant conditions and the rod power will be
intercalibrated with the SPNDs, SPGDs, and fission cnambers on the test
assembly. An axial jeak-to-average neutron flux ratio of 1.25 will be used
for these 0.752 m lung fuel rods. The required initial coolant conditions
are: 550 K neater rod inlet temperature, 7.93 MPa [PT pressure, and
950 cm3/s coolant flow through each test rod with the variable orifice in
the ciosed position., Core thermal power measurements will also be obtained
during the fuel conditioning phase.

The test rod power will pe increased from 0 to 24 kW/m at a maximum
power ramp rate of 0.5 kW/m per minute and a maximum ramp rate of 0.35 ka/m
per nour from 24 to 37 kW/m. In case of a reactor shutdown during the fuel
conditioning, the test rod power may be increased dur ng the next nuclear
operation at a maximum ramp rate of 0.5 kW/m per minute up to the maximum
rod power reached just prior to the shutdown or 24 kW/m (whichever is
greater) and then at a maximum ramp rate of 0.35 kW/m per nour up to
37 kW/m.
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After reaching a peak test rod power of 37 kW/m, the heater rod inlet
flow will gradually be decreased from 950 cm3/s to decrease the test rod
coolant mass flux to about 1630 kg/m2°s.a A test rod iass flux of
1630 kg/mz-s should be equivalent to a heater rod flow rate of
350 cm’/s if there is no coolant leakage past the variable orifice. Tne
variaole orifice will remain closed during the first set of loop flow
reductions. A DARS printout of all data channels will pe obtained at
neater rod flow rates of 950, 850, 750, 650, 550, 450, and 350 cm’/s.

.n the second set of flow measurements, the variable orifice will be opened
v 10% steps while the neater rod iniet flow is maintained at 350 cm3/s

and the test rod peak power is held at 37 kW/m., Adjustments in the reactor
power may have to be made due to xenon buildup to maintain a test rod power
of 37 kW/m as indicated by the SPNDs and fission chambers during the flow
reductions. The test rod cholant mass flux will not pe reduced tc less
tnan 750 kg/m2°s. After tne variable orifices are fully opened or a

test rod mass flux of 750 kg/m2°s hat been obtained, the variable

orifices will be closed in 10% steps u~til the orifices are fully rlosed.
After the orifices are fully closed, the heater rod inlet flow rate will be
increased to 950 cm3/s. The test rod power will pe held approximateiy
constant at 37 kW/m for a total of 12 hours.

After the fuel conditioning and flow measur2ments have been completed,
the reactor will pe shutdown for about 48 nours for xenon decay. The power
decrease rate for the reactor shutdown should not exceed 2 kW/m per minute
from 37 to 10 kW/m.

3.6 Power Transient

Following the 48 hour shutdown, the power transient will be
performed. The fuel rod peak power will pe icreased to 37 kW/m for thne
power transient at a maximum ramp rate of 0.5 kW/m per minute, The
required 1nitial coolant conditions are 550 K, 7.93 MPa and 950 cm3/s
coolant flow rate through the test fuei rod flow shrouds with the variable
orifice closed. The test rod power will be held approximately constant at

a. Equivalent flow rates will be calculated by OPT 1-2 Project Engineer
during test.
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37 kW/m for | nour. The {rafsienl ryas shousld be inserted into the core as
required for tnis transient ¢oout 15 minute: After a piak fuel rud power of
37 kd/m nas been reacheu. The reactor power may have to he acjusted to
maintain a rud power of 37 KW/ after the trantient rods have heen
inserted. The test rud coolant mass flux will 0e adjusted to

1630 «3/n *s aboul 15 minutes after the transient rids nave been

inserted. A mass “lux of 1630 kg/mz's snould we eauivalent to o heater
roo flow rate of 250 cm3/s if there is no coulant leakage past the
variaole orific2 or in the by-pass tube Joint.

Foilowing a total of one nour steady-State oporation at a peak fuel
rod power of 3/ k«/m, the power transient will be performed. Toe required
iritial conditions are: 550 K neater rod inlet temperature, 7.93 MPa and
1230 kg/m?~s co0lant mass flux through the iest rod flow shrouds. The
powar transient power nistory is shows in Figures 3 and 4 and listed in
Tab'e 7. The reactor will be operated to increase peak rod power from
37 to 328 kdsin_and tnen decreased to zero over a 1200 s time span. Using
tne variaole orifice controller, the test rod coolant mass flux will be
reduced Lo 40906 500 kg/m2°s over a 20 s time span startinrg 2 s after

° If failure of tne test rods or heater rods is

Ltignsient intiiathon,
delected, loop coolant conditions are to be maintained spproximaiely
nenstant for four hours. (ladding failure of the tesi rod$ or '*ne neater
rods will ve eva'uated by the response of the fis.10n product detection

system,

3.7 Pust Transien®. Steady-otats Operaiion

If vailure of the tost rods or neater rods is not detectad after the
~ower transieni, the fuel rods will pe oparited at 37 kd/m for about
2 hours., Tﬁe purpose of tnis phase is to dutermine if incipient cladding
cracks *ormed during a power tranSient will produce delayed cladding

failures during subsequent power operations. The test rod power will pe

a. Actording to FRAP-T6 caiculations,4 the maximum test fuel rod and
nealer rod cladding temperatures will be acout 1100 and 1500 K,
respectively folloving the power transient,
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TABLE

7. TEST ROD POWER HISTORY FOR TEST OPT 1-2 TRANSIENT

Time

(s)

0.0
0.95
1.30
1.70
2.00
2.20
2.43
2.65
3.10
5.10
7.00
20.0
33.5
35
46
60
1155
1200

Test Rod
Peck Power

(kW/m)

37
38
50
76
180
264
328
274
59
33
22
10
35
11
14
10
10
0

Nominal
Reactor Powerd
(MW)

23.1
23.8
31.3
47.5
112.5
165.0
205.0
171.3
36.9

- N
o
.
(=2}

~N
OO —-=0YW
. - -

a. Preliminary values for PBF reactor power history were obtained by

dividing peak fuel rod powers by calculated figure-of-merit (1.60 kW/m per
The actual reactor power history for the transient will be determined
after the figure-of-merit has been measured during the fuel conditioning

M),

phase.




increased from 0 to 37 kW/m at a maximum power ramp rate of 0.5 kW/m per
minute and then held approximately constant at 37 kW/m for about 8 hours,
Tne required coolant conditions are: 550 K heater rod inlet temperature,
7.93 APa IPT pressure, and 950 cm3/s test rod shroud flow.

3.8 Loop Cooldown

The Toop will be cooled to ambient after nuclear testing is
completed, If fuel rod failure is detected the loop conditions are to be
maintained approximately constant for four hours after the power transient
to allow acquisition of FPDS data. All data channels snall be recorded
through loop cooldown until the loop pump is secured if fuel rod failure is
detected.
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4. DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumestation displays on the PBF/DARS will identify the fuel rod
test assembly and plant instruments according to the identifiers in Table &.

4,1 Data Acquisiticf Requirements

Tne data channels should be set to record the data based on the
requirements of Table 8. All of the narrow band DARS channels should be
availaole for display on the Vector Genera:. Tne PCF/JARS will recora data
during the cold hydrostatic pressure check, the flow calibration, the
heatup phases, during all nuclear operations, and 60 minutes after the
transient unless a fuel failure is suspected and then it will be until the
loop pump is secured after the transient. Figure £ indicates the data
channels which will be required to be displayed on the strip charts. The
display and recording requirements are subject to change at the discretion
of the TFBD representative in the case of instrument failure or unusual
test behavior.

4.2 Data Reduction Requirements

Data reduction and plotting requirements are sepurated into 3 segments
for discussion below. The first segment concerns data reducticn and plot
requirements needed for tne test conduct. The second segment ccncerns data
reduction and presentation requirements for the OPT 1-2 Quick Look Report.
The third segment concerns the Test Results Report. Additional plotting
requirements will pe stipulated for the test analysis based on test
performance and posttest code analysis.

8.2 Test Conduct

In order to determine the PBF core power transient required to achieve
the target fuel rod power history for OPT 1-2, it will be necessary to
process some of the power calibration data prior to conducting the power
transient. The folioving data requirements are needed:
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TABLE 8. (Continued)

Measurement

Instrument

Coolant differential
Temperature

Coolant flow

Flow turbine
frequency

Test Train

System pressure
System pressure

Neutron flux
Neutron f lux

Neutron flux

Neutron flux

Gamna compensation

Variable arifice coolant
differential temperature

Differential
thermocouple pair
type K

Turbine flowneter

AC output from
flow *urbine

69 MPa EGAG Pxd

13.8 MPa Sensotec

Cobalt SPND
Cobalt SPND

Cobalt SPND

Cobalt SPHD

Dummy lead

Differential
thermocouple pair
Type T

s Rod
Location Number
Top & bottom of 902-1
each flow shroud 902-2
902- 3
902-4
Outlet 902-2
502-4
OQutlet 992-2
902-4
Near shroud
outlet
Quiside of [PT 902-2
9N2-4
Water tube 0 mm
quadrant-?
Water tube

quadrant-4 0 mm
Nuadrant-1-300 mm
-120 wmm
7 mm
166 mm
300 mm
Quadrant-3-300 mm
=150 mm
0 mn
150 mm
300 mm
(Quadrant-1 O mn
(Quadrant-2 O mm
Quadrant-3 0 mn
Quadrant-4 0 mm

Bottom of floﬁ shroud 902-1
and above variabie 902-3
orifice outlet

ldentifier’

Recording
Range

Minimum Frequency
Response Required

(Hz)

DeL i cMPobbo0 |
DEL TEMPDbODO2
DEL TEMPROLDO3
DELTEMPDLDLOA

SHRDFLOWDBOUTO2
SHROFLOWEDHOUTOA

ACFLOWDDBLOUTO2
ACFLOWbbDOOUTO4

SYSbPRE Sbb6IEGLS

SYSOPRE Sbb 1400UTO2
SYSbPRESbb 14b0UTO4

NEUTOFL Xbb(Q2bb0
NEUTHFL AbbQabbi)

NEUTHFLXbbQ 1 - 300
NEUTBHFLXBD( ) - 120
NEUTBFLX0bQTbo+ 7
NEUTOFLXBDQ 1+ 166
NEUTOFLXDBQ Y+ 300
NELTOF L Xbb(3-300
NEUTSFLX6b(Q3-150
NEUTHFL Xbb(Q3bbb0)
NEUTDFLXDBQ3+ 150
NEUTOFLXbbQ3+ 300
GAMACOMPHB) 1bbb0
GAMACOMPDD(2bbO0
GAMACOM® HbQ 3bbb0
GAMAZOMPBDOAbDHO

VARTORFbbbDEL TMPO |
VARTORFbbbDELTMPO3

0 to 20 K

0 to 1200 cm3/s

As required

0 to 69 MPa

0 to 28 MPa

10°1 to 1073 A

10-' to 1073 A

10°" to 103 a

0to DK

10

wsf

10, wef

10

10, waf

10
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TAHLE 8. (Cootinued)

Measurement

Iostrument

Neutron flux

Gammna flux

Fpnsy

Isotope Concentration
Gross Gamna Rate
Gross Gamna Rate
Gross Gamna Rate
Gross Neutron Rate
FPUS Flow Rate

FPDS Flow Rate

Pipe Temperature

P Ian&

NM5-3 ( 30 W)

HMS-4 (30 W)

PPS-1 (IM)®

PPS-2 (1m)®

TR-1  (i4w)®

TR-2  (MW)®

EV-1  (MW)®

EV-2 (MW)°

System Pressure

IPT Pressure

Uifferential

Loop Flow

Loop Coolant Pressure

Loop Coolant Pressyre

Lovp Coalint Pressure
Primary Heat Exchanger
Jifferential Temperature
ieactor Coolant Flow

Spool Piece Loolant Temperature
spoal Piece Loolant Pressure

U-235 fission
chamber

SPGD

FPDS Spectrometer
No. | Gamma Detector
No. 2 Gamma Detector
No. 3 Gamma Detector
Neutron Detector

No. | Flowmeter

No. 2 Flowmeter
Thermocoup le

lon Chamber

lon Chamber

lon Chamber

lon Chamber

lon Chamber

lon Chamber
Evacuation Chamber
Evacuation Chamber
PXD

PXD

Venturi

0 to 34 W5 PKD
0 to 34 Mra PXD
N to 34 MPa PxD
Primary Wt DT

Reactor F lowmeter
RID
PxD

T dinimon Traquency
3 Rod b Recording Response Required

Location Number [dentifier Range (Mz2)
Water tubes n 3
quadrant-2 0 mn FISSCHBRDD()LZ2DO 10°" to 167 A 1y
Waters tubes
quadrant-4 O mm F ISSCHBRbOYLADD . 100
Water tube GAMMABDOHLA 160 10" to 103 a 10, Wa¥
quadrant-1 0 mn
Water tube GAMMALDEHHO DO
quadrant-3 0 mn
FPDS > FP SPEC POP-15¢ NA
FPOS - FPOGAMMADDHO . b | 10 to 10° counts/s 10
FPOS e FPHGAMMADbNO . bb?2 10 to 10° counts/s 10
FPOS d FPOGAMMADLNG . bb 3 10 to 109 counts/s 10
FPOS - FPHNE ()T bbbF P 10 to 10° cquats/s I
FPDS o FPOFLOWDbDNG . 1 0 to 41 cmi/s 10
FPOS A FPOFLOWDbOND, 2 G to 44 cnd/s 10
FPDS = FPOTEMP . bbb [ PEDFP 300 to 600 K (ss);

1000 K (tr) 10

Plant - REACHPUWDDNYS -03PT 0 to 30 M 5]
Plant - REACBPONDONMS-04P 1 0 to 30 MW ]
Plant - REACOPOWDDPPS-01PT 0 to HJ® )
Plant -- REACOPUWDDPP S-02PT 0 to MW® 100
Plant - REACOPUWDLTRIPT 0 to Ma® oy
Plant - REACOPUADD TRZPT U to HW® 190
Plant - REACDPOWDDEY 1PT 0 to M4 10
Plant - REACHPOWDDEV2PT 0 to M4® 10
Plant s SYSPRE SHbOHE [ SEDPT 0 to 17 MPa 10
Plant = IPTOUELPbbbhbbODP T 0 to 0.69 HPa 10
Plant = LOOPBFLObbbbbbbbP T 0 to 62 V/s 10
Plant - LOOPPRE Sbbb5- 206 T 0 to 34 UPa 0, uu:
Plant . LOOPPRE Sbbb5-2 369 T 0 to 31 MPa 10, Wi
Plant e LOCPPRE ShbbS-240P T 0 tn 31 WPa 10, W8
Plant - PFHXRDTOOOHXDTPLNT 0 to 25°F 10
Plant e REARFL OWDBPR [4FL OW 0 to 17000 apm 19
Plant o 1CSSTEMPOO TE20STIC As renquired 1)
Plant - [CPRESSWBBPENIST IC As required 19



123

TABLE 8, (Continued)
i e u “Minimum Frequency
a Rod o Recording Response Required
Measurement Instrument = Location Number identifier Range (Hz)
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRE Sbbb5-250P T 0 to 34 MPa 10, wef
Loop Coolant Pressure 0 to 34 MPa PXD Plant - - LOOPPRE Sbbb5-34bPT 0 to 34 MPa 10, agf
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRESbbbS- 350P T 0 to 34 MPa 10, waf
Core Pressure 0 to 34 MPa PXD Plant - COREPRE SbobWbobbP | 0 to 34 MPa 10, wef
Core Pressure 0 to 34 MPa PXD Plant - COREPRE SbboNEDOLP T 0 to 34 MPa 10, wif
Core Pressure 0 to 34 MPa PXD Plant - COREPRE ShobSEDOLPT 0 to 34 MPa W, wsf
Transient rod position | LVDT R drive 1 TRANSRODDONMBOIPT o to 52 i, 10, wsf
Transient rod position 2 Lvor TR drive 2 TRANSROIDDONUMLOZP T o to 52 in. 10, wisf
Transient rod position 3 LVOT TR drive 1 TRANSRODDONUMDO 3P T o to 52 in. 10, wef
Transient rod position 4 Lvor TR drive 4 TRANSRODbDBNUMbOAP T o to 52 in. 10, W'
Power demand function POWDEMFNDDOBBOOIPT  As required 10, wef
PPS1 nigh power protection
funct ion PPSIHIGHDOPROTFN TH As required 10, wsf
PPS1 low power protection
function PPSILOWDBOPROTENIL  As required 10, waf
PPS52 high power protection
function PPS2HIGHDLPROTFNZH  As required 10, waf
PPS2 low power protection
function PPS2LOWDLLPROTFN2L As required 10, wsf

a. All elevations are measured from axial midplane of t .o fuel stack,

Figure 1,
D. b denntes blank.

c. Not recorded on DARS,

d. Fission Product Detection System {FPDS).

e. As required for each transient,

f. Hecorded on wide band during power transients.

The positive direction is with the coolant flow.

Radial orientations are defined by
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|

Figure 5. ’Strip chart setup for OPTRAN 1-2 power calibration, conditioning,
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TABLE 9. QUICK LOOK DATA PROCESSING REQUIREMENTS

Measurement

All N.B. channels

All N.B. channels

All N.B. channels

Flow turbine
frequency (6)
(wide-band)

Time Decimation Rate
All time? .02 Hz
(8 hr history file)
-5 to +20 s of peak Undecimated
power time
-5 to +20 min of 1 Hz

peak power time

-5 to +15 s 2000 Hz
of peak power time

a. Data should be included for following phases: hydrostatic pressure
test, loop heatups, flow by-pass measurements, radionuclicde trace

injection, fuel conditioning, power transient, and loop cooldown.
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copies of the PBF console log, strip charts and any other documentation
necessary to establish specific data requirements and to prepare the Quick
Look Report.

4.2.3 Test Results Report

Data nlst 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.

The data associated with the fuel rod and test assembly
instrumentation presented in Table 10 shall be thoroughly reviewed and
categorized as qualified or failed data. The time period and priority for
which these dita are to be qualified is also presented in Table 10.
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TABLE 10. DATA QUALIFICATION REQUIREMENTS
Test Phase for
Measurement Instrument Data Qualification Priority

Snroud flow SHRDFLOWDDINO1 All nuclear operation 1
SHRDFLOWbbINO2Z All nuclear cperation !
SHROFLOWDbDINO3 All nucleasr onercation 1
SHRDFLOWbDINO4 All nuclear operation 1
SHRDFLOWbbOUTO2 All nuclear operation ]
SHROFLOWDbDbOUTO4 All ruclear operation ]

Cladding elongation CLADbDSPDDDOZ A1l nuclear operacion 1
CLADbDSPbb0O4 %'1 nuclear operation ]

Cladding temperature

Coolant inlet
temperature

Coolant temperature
rise

System pressure

Neutron flux

Gamma flux

Reactor power

Gross gamma rate

CLADOT'#Prun70-bb02
CLADbTMrbD 170-1202
CLADDbTMPDDZ270-2402
CLADbTMPbDD70-bb04
CLADbTMPDOD 170-1204
CLADOTMPDD270-2404

INLTTEMPDDDG
RTDoTEMPDOOLL |

DELOTEMPOODO1
DELbTEMPDDDOZ
DELDTEMPOODO3
DELOTEMPDbbDLO4

SYSbPRESbb 1400UT02

NEUTOFLXbbQ2bbb0
NEUTBFLXbbQ3-300
NEUTBFLXbbQ3-15C
NEUTBFLXbbQ3bbb0
NEUTHFLXbbQ3+150
NEUTBFLXbbQ3+300
FISSCHBRbbQLZDO

GAMADF L XbbQ3bbb0

REACOPOWbDDOGTRIPT
REACOPOADDODOTRIPT
REACOPOWDDDDDEVIPT
REACOPOWDDDDDEV2PT

FPbGAMMADDNO ,bb ]
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Power transient
Power transient
Power transient
Power transient
Power transient
Power transient

All nuclear operation
All nuclear operation

Each slow power ramp
Each slow power ramp
Each slow power ramp
Each slow power ramp

All nuclear operation

All nuclear operation
All nuclear operation
A1l nuclear operation
All nuclear operation
All nuclear operation
A1l nuclear operation
All nuclear operation
All nuclear operation

A1l nuclear operation
All nuclear operation
All nuclear operation
All nuclear operation

Power transient if
roc¢ failure occurs.



TABLE 10. (continued)

Test Pnase for

Measurement Instrument Data Qualification Priority
Gross neutror rate FPONEUTDbDOFP Power transient if 1
rod failure occurs
Variable orifice VAR 10RFbbbPOSbO1 Power transient 1
position VARTORFbbbPOSDO3 and during flow checks
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5. POSTTEST OPERATIONS SUPPORT

Before tne test and following the power transient, a loop water sample
will be taken for fission product analysis. The sample should be tagged
“For Fission Product Analysis" and with the date and time of sample and
sent to the TRA counting laboratory for fission product and uranium
analysis. Results of the analysis will be sent to the FPDS Project
Engineer and the OPT 1-2 Project Engineer.

Due to the long duration of the test, the fission product inventory of
the test rods will be large. The radioactivity (R/hr) of the test rods
will be calculated after the test is completed.

Closure plugs should be installed on the upper and lower ends of each
flow shroud after they are removed from the test assembly to prevent loss
of material during handling and shipment to the hot cell if a rod has
failed during testing. Posttest handling, shipment, and storage should be
performed carefully to minimize the possibility of further fuel rod damage.




6. POSTIRRADIATION EXAMINATION REQUIREMENTS

The planned postirradiation examination (PIE) for Test OPT 1-2
consists of the following:

8.

A gamma scan and rvt. determination of the 0.51% cobalt,

99.49% aluminum flux wires. Each wire should be tagged to
identify wire number, location, test, orientation, and bottom end
of the wire,

The visual, dimensional, and photographic examination of al)
four rods.

A leak check of all rods if cladding failure is not obvious.
[sotopic gamma scanning of Rods 902-2 and 902-4 for the axial
distribution of specific fission product isotupes such as Cs-137
and if scanning can be done shortly after irradiation, 1-131.

Neutron radiography of the Rods 902-2 and 902-4.

Pulsed eddy current (PEC) defect inspection of Rods 902-2 and
902-4 to locate incipient cracks in cladding walls, Profilometry
should be done if possible.

Fission gas analysis and void volume measurements of Rods 902-2
and 902-4 if cladding failure coes not occur.

Metallography:

(a) Fuel structure (1ncluding grain size, pore distribution, and
cracking) of Rods 902-2 and 902-4.

(b) Fuel cladding chemical interaction of Rods 902-2 and 902-4,

(c) Cladding oxidation, microstructure and hydriding of
Rods 902-2 and 902-4,
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(d) Cladding failure and incipient cracks of Rods 902-2
and 902-4.

(e) Fuel melt radius of Rods 9C2-1 and 902-3.
9. Chemical analysis of Rods 902-2 and 902-4 only:
(a) Incipient cladding cracks.
(b) <Cladding hydrogen and oxygen content.
(c) Concentration of measurable fission products in fuel.
(d) fuel burnup

0. Cladding ductility of Rods 902-2 and 902-4.
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APPENDIX A
INSTRUMENT STATUS CHECKS

CHECK_LISTS

INSTRUMENT STATUS CHECK

Check List No. 1

Pre-Inpile Tube Loading:

This check list is in the Checkout Procedure identified in DOP 8.1.12,
and includes instrument resistarice checks prior to initial loading into the
in-pile tube.
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PKC-HEATUP INSTRUMENT STATUS CHECKLIST NO.

Reactor Power 0.0 MW

Coolant Temperature 350 K

Heise Gauge Pressure N MPa

Shroud Flow Rated 0.7. 1/s TFBP Representative

o in charge
Certification
Required Instrument

Instrument PBF /DARS Instrument Witnin Range
Identifier Reading Reading (b)

CLAD DSP 01 mm 0.0 £ 0.5 mmC

CLAD DSP 02 mm 0.0 £ 0.5 mm

CLAD DSP 03 mm 0.0 £ 0.5 mm

CLAD DsP 04 mm 0.0 £ 0.5 mm

INLTTEMP 01 K 350 £ 10 K

INLTTEMP 02 K 350 £ 10K

INLTTEMP 03 K 350 = 10 K

INLTTEMP 04 K 350 £ 10K

QuUT TEMP 01 K 350 £ 10K

OUT TEMP 02 K 350 £ 10K

QUT TEMP 03 K 350 £ 10 K

OUT TEMP 04 K 350 £ 10K

SHRDFLOW IN 01 1/s Avg * 0.2 1/s

SHRDFLOW IN 02 1/s Avg t 0.2 1/s

SHROFLOW IN 03 1/s Avg * 0.2 1/s

SHROFLOW IN 04 1/s Avg £ 9.2 1/s

SHROFLOW OuT 02 1/s Avg = 0.2 1/s

SHROFLOW ouT 04 1/s Avg = 0.2 1/s =

DELTEMP 01 K 0.0 £ 0.2 K

DELTEMP 02 K 0.0 £ 0.2 K

DELTEMP 03 K 0.0 £ 0.2 K

DELTEMP 04 K 0.0 £ 0.2 K

RTD TEMP 01 K 350 £ 10K

CLAD T™P 70-02 K 350 £ 10 K

CLAD TMP 170-1202 K 350 £ 10 K

CLAD TMP  27-2402 K 350 £ 10 K

CLAD TMP 70-04 K 350 £ 10 K

CLAD TMP 170-1204 K 350 £ 10 K

CLAD TMP 270-2404 K 350 £+ 10 K

S7S PRES 89 EG&G MP a + 3 MPa of Heise

SYS PRES 14 QUT 02 MPa * 1 MPa of Heise

SYS PRES 14 OUT 04 MPa t 1 MPa of Heise

NEUTFLX Q2 0 nA 0.0 £ 0.5 nA

NEUTFLX Q4 0 nA 0.0 £ 0.5 nA

NEUTFLX Q1 - 300 nA 0.0 £ 0.5 nA

NEUTFLX Q1 - 120 nA 0.0 £ 0.5 nA

NEUTFLX Q1 + 7 nA 0.0 = 0.5 nA
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NEUTFLX Q1 + 166 nA 0.0 £ 0.5 nA
NEUTFLX Q1 + 300 nA 0.0 £ 0.5 nA
NEUTFLX Q3 - 300 " nA 0.0 £ 0.5 nA
NEUTFLX Q3 - 150 nA 0.0 £ 0.5 nA
NEUTFLX Q3 0 nA 0.0 £ 0.5 nA
NEUTFLX Q3 + 150 nA 0.0 + 0.5 nA
NEUTFLX Q3 + 300 nA 0.0 £ 0.5 nA
GAMMA Q1 0 nA J.0 £ 0.5 nA
GAMMA Q3 0 nA 0.0 £ 0.5 nA
FISSCHBR Q2 0 nA 0.0 £ 0.5 nA
FISSCHBR Q4 0 nA 0.0 £ 0.5 nA

a. Measured at flow shroud turbine meters.
b. To pe initialed by the TFBP representative in charge.

c. C(ladding displacement at ambient conditions is not generally zero.
This offset must be taken intc account.
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PRE-NUCLEAR OPERATION INSTRUMENT STATUS CHECKLIST NO.

Reactor Power 0.0 MW
Coolant Temperature 550K
Heise Gauge Pressure 7.93 MPa
Shroud Flow Rated 0.95 1/s TFBP Representative
in Charge
Certification
Required Instrument
Instrument PBF /DARS Instrument Within Range
Identifier Reading Reading (b)
CLAD DSP 01 mm 0.0¢ £ 0.5 mm
CLAD DSP 02 mm 0.0 £ 0,5 mm
CLAD DSP 03 mm 0.0 £ 0.5 mm
CLAD DSP 04 mm 0.0 £ 0.5 mm
INLTTEMP 01 K 550 £ 10 K
INLTTEMP 02 K 550 + 10 K
INLTTEMP 03 K 550 + 10 K
INLTTEMP 04 K 550 + 10 K
QUT TEMP 01 K 550 + 10 K
QUT TEMP 02 K 550 + 10 K
OUT TEMP 03 K 550 + 10 K
QUT TEMP 04 K 550 £+ 10 K
SHRDFLOW 0l 1/s 0.95 £ 0.2 1/s
SHRDFLOW 02 1/s 0.95 £ 0.2 1/s
SHROFLOW 03 1/s 0.95 £ 0.2 1/s
SHROFLOW 04 1/s 0.95 £ 0.2 1/s
DELTEMP 01 K 0.0 £ 0.2 K
ODELTEMP 02 K 0.0 £ 0.2 K
DELTEMP 03 K 0.0 £ 0.2 K
DELTEMP 04 K 0.0 £ 0.2 K
RUT TEMP 0l K 550 * 10 K
SHROFLOW QuT 02 1/s 0.95 £ 0.2 1/s
SHROFLOW ouT 04 1/s 0.95 £ 0.2 /s
CLAD Tmp 70-02 K 550 £ 10 K
CLAD TMP 1/70-1202 K 550 + 10 K
CLAD TMP 270-2402 K 550 + 10 K
CLAL T™MP 70-04 K 550 £ 10 K
CLAD T™MP 170-1204 K 550 + 10 K
CLAD TMP 270-2404 K 550 + 10 K
SYS PRES 69 EG&G MPa + 3 MPa of Heise
SYS PRES 14 0QuUT 02 MP a + 1 MPa of Heise
SYS PRES 14 OUT 04 MPa t |1 MPa of Heise
NEUTFLX Q2 0 nA 0.0 £ 0.5nA
NEUTFLX Q4 0 nA 0.0 £ 0.5nA
NEUTFLX Q1 - 300 nA 0.0 ¢+ 0.5nA
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NEUTFLX Q1 - 120 nA 0.0 £ 0.5nA
NEUTFLX Q1 + 7 nA 0.0 £ 0.5nA
NEUTFLX Q1 + 166 nA 0.0 £ 0.5nA
NEUTFLX Q1 + 300 nA 0.0 = 0.5nA
NEUTFLX Q3 - 300 nA 0.0 £ 0.5nA
NEUTFLX Q3 - 150 nA 0.0 £ 0.50A
NEUTFLX Q3 0 nA 0.0 = 0.5nA
NEUTFLX Q3 + 150 nA 0.0 *+ 0.5nA
NEUTFLX Q3 + 300 nA 0.0 * 0.5nA
GAMMA FLX Q1 0 nA 0.0 £ 0.5nA
GAMMA FLX Q3 0 nA 0.0 £ 0.5nA
FISSCHBR Q2 C nA 0.0 £ 0.5nA
FISSCHER Q4 0 nA 0.0 £ 0.5na
e=

a. Measured at flow shroud turbine meters.
b. To be initialed by the TFBP representative in charge.

c. Cladding displacement at ambient conditions is not generally zero,
This offset must be taken into account.
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APPENDIX 3
FLOW BALANCE MEASUREMENTS

PRENUCLEAR OPERATION FLOW BYPASS MEASUREMENTQ

Coolant Temperature 550 K

Coolant Pressure 7.93 MPa

Valves GT-B88-10-29-and GT-8B-10-30 must pe closed.
Variable Orifice closed.

Avs)  (Ws) L7s) (7s) _{1fs) (/s)

Nominal Flowrate Flowrate Average Total Bypass®
Shroud Inlet Inlet Shroud Loop Flow
FlowP 01 03 Flow Flowrate Ratio
(1/s) (1/s) (1/s) (1/s) (1/s) (1/s)
0.1

0.2

0.3

0.35

0.4

0.6

0.7

0.8

0.9

1.0

a. T[o ve performed only if maximun shroud flow does not exceed 1.0 1/s.

0. Defined as: Total Loop Flow Rate-(Average Shroud Flow x2).
(Average Shroud Flow x2)




PRENUCLEAR OPERATION VAR[ABLE ORIFICE MEASUREMENTS
(Rods 90z-3 and 903-4)

Coolant Temperature 550 K
Coolant Pressure 7.93 MPa
Flowrate [nlet 03 0.35 1/s

Variaole Orifice
Position Flowrate Flowrate Flowrate
(Rod 902-3) Inlet 03 Inlet 04 Outlet 04
(% Open) (i/s) {(1/s) (1/s)

Shroud Pressure
04
(MPa)

0
10
20
30
40
50
60
70
80
90
100
9J
80
70
60
50
40
U
20
10
0




PRENUCLEAR OPERATION VARIABLE ORIFICE MEASUREMENTS
(Rods 902-1 and 902-2)

Coolant Temperature 550 K
Coolant Pressure 7.93 MPa
Flowrate Inlet 01 0.35 1/s

Variable Orifice
Position
(Rod 902-1)
(% Upen)

0
10
20
30
40
50
60
70
30
90
100
90
80
70
00
50
40
30
20
10
0

Flowrate
Inlet 01

(i/s)

Flowrate Flowrate Snrgud Pressure
Inlet 02 Qutlet 02 02
{1/s) (1/s) (MPa)

B-3



