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1. INTRUDUCTION

This document describes the «¢xperiment operating specifications for
the Operational Transient Test OPTRAN 1-1 to be conducted in the Power
Burst Facility (PBF) at cthe Idaho National Engineering Laboratory (INEL) as
part of the Nuclear Regulatory Commission's Fuel Behavior Program.l The
overall experiment requirements and objectives for the (PTRAN Test Series
are described in the OPTRAN Experiment Requirements Document? while the
experiment specifications for Test OPTRAN 1-1 are described in the
Test OPTRAN 1-1 Experiment Specifications Document.3 OPTRAN Test
Series 1 objectives are to provide data for the evaluation and possible
revision of current nuclear reactor licensing criteria regarding
anticipated transients without scram in commercial nuclear power plants.

The purpose of this document is to specify the experimént operating
procedure for Test OPTRAN 1-1. This test will simulate BWR/6 reload fuel
behavior during an anticipated transient representative of a turbine trip
without steam bypass in a BWR/4 reactor. The test rods will not experience
boiling transition and the test is directed towards evaluating the
probability of stress corrosion cracking (SCC) assisted pellet cladding
interaction (PCI), cladding damage mechanism.

Test OPTRAN 1-1 will consist of separately shrouded preirrad:ated
BWR/6, segmented fuel rods (in the four-rod Battelle hardware). The six
rods tested will be 2.87 wt.% enriched uoz, Ir-2 clad General Electric
Co. rods irradiated to a» average burnup of 4.8 GWd/t (2 rods), 13.9 GWd/t
(2 rods) 15 GWd/t, and 5 GWd/t in a General Electric (GE) boiling water
reactor (BWR).

The test will begin with a 22 hour steady state power operation to
precondition the fuel, determine the fuel rod power calibration, and o
produce a short-lived fission product inventory. The first transient will
begin with steady state coolant conditiors of: 550 K, 7.24 MPa and
350 cm3/s shroud coolant flow. The core power will be ramped in order to



provide an axial peak rod power during the transient history which starts
at 34 kW/m increases to 120 kiW/m and then decreases to zero power, After
this transient the test train will be removed from the in-pile tube, one or
two or the fuel rod: and their flow shrouds will be removed from the test
train and replaced ) ith the other preirradiated fuel rods. If any rods
have failed, they wi'l be replaced. The second transient will be performed
at the same steady state coolant conditions but the axial peak rod power
history will start at 38 kW/m, increase to 150 kW/m and then decrease to
zero power. After this transient, a fuel rod will be replaced with another
preirradiated fuel rod if two rods were not replaced after the first
transient. The third transient will be performed at the same steady state
coolant conditions, but with an axial peak rod power history which will
start at 38 kW/m, increase to 190 kW/m, and then decrease to zero power.

If fuel rod failure does not occur in the first three transients, two
additional transients with energy releases up to the core limit may be
performed. The test will be terminated if three or four fuel rods fail
after the first transient or if one or more fuel rods fail after any of the
following four transients.

Section 2 which follows, describes the design of the test fuel rods,
test assembly, and instrumentation associated with Test OPTRAN 1-1.
Section 3 presents the plans for the conduct of Test OPTRAN 1-1. Section 4
discusses the 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 OPTRAN 1-1 will be conducted with separately shrouded BWR/6 fuel
rods which have been previously irradiated. The fuel rods, individual flow
shrouds, and fuel rod instrumentation are supported by the test train.

Tlis section briefly describes the design associated with each component of



the fuel rods, flow shrouds, test train and instrumentation. Further
information is available in the Experiment Specification Document and the
Experiment Configuration Specification.

2.1 Fuel Rods and Shrouds

The fuel rods consist of preirradiated BWR/6 segmented rods provided
by the General Electric Company. The designations for the fuel rods will
be 901-1, 901-2, 901-3, 901-4, 901-5, and 901-6. Only four of the rods
will be tested at any one time. Fuel Rods 901-5 and 901-6 will be used for
changeout. The fuel rod designation and burnup are given in Table 1. The
nominal design characteristics for the OPTRAN 1-1 fuel rods are given in
Table 2. A plan view of the fuel rod orientation and instrumentation
within the in-pile tube (IPT) is shown in Figure 1.

Each 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 mm and an outer diameter of 22.1 mm.

2.2 Test Train

The Battelle Northwest Laboratory four-rod test train will be used for
OPTRAN 1-1. The test train positions and supports four test fuel rods
symmetrically as shown in Figures 1 and 2. Each fuel rod is fixed rigidly
to the shroud at the top of the fuel rod. The rod is free to expand
axially downward against a linear variable differential transformer (LVDT),
that will measure the axial growth of each rod.

2.3 Instrumentation

A brief description of the Test OPTRAN 1-1 instrumentation is provided
in this section. The experiment instrumentation is designed to provide ‘
calorimetric measurement of the rod power during steady state operaticn and
to aid in determining fuel rod characteristics and failure mechanisms



TABLE 1.

OPTRAN 1-1 FUEL RODS

Fuel
Fissile
PEF OPTRAN Original Description Average Mass
Test Rod Number G. E. Number Type Burnup (GWd/t) (UYz3s * Pu g)

901-1 0D07-2 Reference 13.9 11.3

901-2 DTB-2406 Zirconium liner 4.8 15.0

901-3 5005-5 Reference 13.9 11.3

901-4 DTB-2810 Fuel additive 4.8 14,0

901-5 9D01-4 Reference L 9.0

901-6 5A08-2 Reference 5 16,2




TABLE 2. TEST OPTRAN 1-1 FUEL ROD DESIGN CHARACTERISTICS

Characteristicsd GE BWR/5 Rods

Fuel
Material UOK
Enricned Pellet stack lengtn (mm) 752.6
Pellet outside diameter (mm) 10.57 (0.416 in)
Peliet lengtn (mm) 10.66 (0.420 in)
End configuration chamfer
Density (%7TD)C 95 to 96
Initial enrichment (wt%) 2.87

Cladding
Material lr-2
Tube outside diameter (mm) 12.52 (0.493 in;
Tube 1nside diameter (mm) 10.80 (0.42% in
Cladding thickness (mm) 0.86 (0.03« jn)

Fuel Rod
Overall lengtn (mm) 255.4 (37.6 in)
Gas plenum length (mm) 139.7 (5.5 in)
Flux depressor pellets 92.3% Hf02-7.7% Y203
Diametral gas gap (mm) 0.228 (0.009 in)
Getter assembly outside diameter (mm) 10.56 (0.416 in)
Getter assembly lengtn (mm) 50.8 (2.0.1in)

a. Data are preirradiation values.

b. Pellet stack also contains 12.7 mm of hafnium-ytrium oxide pellets at
each end of fuel column. Total length 778 mm.

c. Theoretical density (TD) of U0, is 10.97 g/cm3,
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Figure 1. Cross-sectional view of test assembly showing relatiorship

between fuel rods, shrouds, and rod and shroud instrumenta-
tion.
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The Battelle, FNL four quadrant test train assembly.

Figure 2.



during the transients. Figure 1 illustrates the location of the fuel rod
instrumentation. None of the fuel rods will be opened in order to maintain

the fuel chemistry in the irradiated rods. No rod internal instrumentation
will be used.

2.3.1 Fuel Rod and Flow Shroud Instrumentation

The fuel rod instrumentation is summarized in Table 3 which includes
instrument description, location, rod designation, range and response time.

Fuel rod 901-3 will be instrumented with four uniaxial cladding strain
gauges. Two strain gauges will be mounted in the longitudinal directicn to
measure cladding axial strain and two strain gauges will be mounted in the
circumferential direction to measure hoop strain. Two dummy strain gauges
are also located on the cladding of rod 901-3 to determine the temperature
and radiation sensitivity of the cladding strain gauges. These gauges are
identical to the cladding strain gauges.

A1l four test rods are interfaced with LVDTs for measurement of .
cladding elongation.

Four flux wires (0.51% cobalt -99.49% aluminum), each enclosed in a
small diameter zircaloy tube, will be attached to the outer wall of each

flow shroud. The flux wires will extend over the entire active fuel length
of the rods.
|
|
|

2.3.2 Test Train Support Structure Instrumentation

Table 4 contains a list of the instrumentation for the test train
support structure including infermation on measurement, location, range,

and response time., The test train instrumentation consists of the
following:



TABLE 3.

INSTRUMENT REQUIREMENTS FOR TEST OPTRAN V-1 FUEL ROD

AND SHROUD INSTRUMENTATION

Fuel Rod
Instrumegt or ShroBd Instrument

Measurement  Instrument Location Number Range
Claading Strain gauge 0+ 2.5 mm-180° 901-3 +2%
circum- =200 # 2.5 mm-180° g
ferential
strain
Cladding Strain gauge 0+ 2.5 mm-0° 901-3 +2%
longitudinal -200 + 2.5 mm-0°
strain
Snroud Strain gauge + 25 + 2.5 mm-45° 901-3 +2%
strain =175 ¥ 2.5 mm-45°
gauge
sensitivity
Neutron Flux wire 180° 901-1_ as
flux 0.51% cobalt, 901-2 received

99.49% 901-3

aluminum 901-4

901-5
901-6

All elevations are relative to tne axial midplane of the PBF core, all

orientations relative to tne center of the assemdbly.

Snhroud numper is the same as its corresponding rod number,




T'BLE 4.

TRAIN SUPPORT STRUCTURE

INSTRUMENTATION FOR TEST OPTRAN 1-1 TEST

Instrumenta Instrument

Measurement Instrument Location Range
Coolant Pressure One transducer 0 to 17.2 MPa
pressure transducer (1) located near the

outlet of the

flow shrouds
Coolant Pressure (One transducer 0 to 69 MPa
pressure transducer (1) located near the

outlet of the

flow shroud
Coolant External Qutside IPT 0 to 13.8 MPa
pressure pressure head, connected

Coolant flow

Coolant inlet
temperature

Coolant outlet
Temperature

Coolant
differential
Temperature

Relative
neutron flux

Relative
neutron flux

transducer (1)

Turbine
flowneter (4)

Tnermocouple (4)

Tnermocouple (4)

Differential
Tnermocouples
(4)

Copalt SPNDs
(834 mm) (2)

Cobalt SPNDs
(100 ) (10)

to shroud midplane
by tubing.

Inlet of each
flow shroud

Inlet of each
flow shroud

Outlet of each
flow shroud

One at inlet
and outlet of
each flow shroud

One detector
located on the
water tubes in
quadrants 2 and
4, (0O-mm eleva-
tion).

Two strings

of five detec-
tors each loca-
ted on the water
tubes in quad-
rants 1 and 3.
(0, +150, and
+300 mm)

10

63 to 820 cm3/s

300 to 600 K
300 to 600 K
0 to 20 K

0 to 2.5 x
108 n/cml-s

0 to 2.5 x
1074 n/cml-s



TABLE 4.

(continued)

Measuremeng__

Relative
neutron flux
(continued)

Relative
gamma flux

Cladding
axial strain

Instrument

Instrumenta
Location

Instrument
Range

U-235 fission
chamoers (2)

Platinum SPGD
(100 mm) (2)

LVDT (4)

One fission cham-

ber and gamma

Chamber compen-

sator located
on the water

tubes in Quad-
rants 2 and 4.
(O-mm elevation)

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

Bottom end of
each rod

a. See Figure 2 for radia! orientations.

? to 2.5 x
1014 n/cmé -5

0 to 4.0 x 106
R/hr

* 12.7 mm

1



1.

10.

11.

A 17.2 MPa pressure transducer located near the sh-oud outlets to
measure changes in coolant pressure.

A 69 MPa pressure transducer located near the shroud outlets.

A 13.8 MPa Sensotec pressure transducer located outside the IPT
head connected by tubing to the midplane of one of the flow
shrouds to measure normal system pressure,

A turbine flowmeter located at the inlet of each flow shroud to
measure experiment coolant flow.

A Chromel-Alume) (Type K) chermocouple mounted at the inlet of
each flow shroud to measure inlet coolant temperature.

A Chromel-Alumel (Type K) thermocouple mounted at the outlet of
each flow shroud to measure outlet coolant temperature.

An LVDT located at the bottom of ecach fuel rod to measure
cladding axial strain.

Four pairs of copper-constanton (Type T) thermocouples connected
differentially, one located at the inlet and one at the outlet of
each flow shroud, to measure temperature rise in the coolant.

Twelve self-powered neutron detectors (SPND) one located on each
wate~ tube in quadrants 2 and 4, and 2 strings of 5 detectors

Tocated in the water tubes in quadrants 1 and 3.

Two U-235 fission chambers to measure relative neutron flux
located in quadrants 2 and 4 water tus»s,

Two platinium self-powered gamma detectors located on quadrants 1
and 3 water tubes.

12



12. A platinum resistance thermometer (RDT) to measure inlet coolant
temperature,

2.3.3 Plant Instrumentation

Piant instrument data to be recorded along with the test train
instrument data are as follows:

1. NMS-3 and NMS-4 ion chambers.

2. PPS-1, PPS-2, PPS-3, PPS-4 ior chambers.

3. TR-1, TR-2 ion chambers.

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

08 In-pile tube system pressure.

6. In-pile tube differential pressure.

7. Loop fiow rate.

8. Loop fission product detection system.
a. 1 gamma spectral data channel

. 3 gross gamma channels

1 delayed neutron channel

2 flowmeter channels
1 thermocouple channel

N o 6o o
s W s

9. Core fuel rod LVDTs (3).

10. Reactor vessel strain gauges (3).

13



11.

12.

13.

14,

Loop pressure transducers (6).
Heise loop pressure gauge.
Transient rod position (4)

Power demand function (1)

14



3. EXPERIMENT OPERATING PROCEDURE

Details of the expe‘imental procedure of Test OPTRAN 1-1 for each
operating phase are discussed below along with instrumentation status check
requirements and heat up procedures.

The nuclear operation for Test OPTRAN 1-1 will consist of a fuel rod
power calibration and conditioning phase during the first slow ramp,
followed by one to five power transients. A slow power ramp will precede
each of the power transients. Interspaced beiween these phases will be
instrument status checks. After each transient, the data will be analyzed
to evaluate fuel rod response. The specific operating zequence for the
test is presented in Table 5 and the power history is shown graphically in
Figure 3. 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 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 or a critical combination of instruments needed for a current or
subsequent test phase will require that test procedures be sicpended until
the OPTRAN 1-1 Project Engineer's approval has been obtained to continue
the test. Since instrument status will be monitored on the PBF/DARS
display, the sovrce of instrument output difficulites can range from
instrument malfurction or failure, signal conditioning, transmissions or
DARS calibration problems. If 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 the 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,

15
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TABLE 5. OPERATING CONDITIONS FOR POWER CALIBRATION AND CONDITIONING AND TRANSIENT PHASES FOR TEST OPTRAN 1-1

Anticipated
Time Duration Reactor Power Peak Rod Power Inlet Temperature Shroud Flow System Pressure
(hours ) (Mw) KW/m (k) (1/s) (MPa) Comment s

8 0 V] Amb ient 0 Ambient to 7.6 Cold HyJrostatic Check of Loop. Pressure should mot
exceed 7.6 MPa (1100 psig).

8 0 0 Ambient to 550 0.68 Ambient to 7.24 Heatup and pressurization phase with instrument
status check at 350 K.

8 0 0 550 0.68 7.24 Instrument status check and verify DARS auto
calibration, zero power offsets taken, DIRC review
required.

1 0 0 550 8.1, .2, 7.28 Flow checks (shroud versus IPT bypass)

0.4, 0.6,
1.0
24 o 0 550 0.35 7.24 Reactor startup checks,radionuclide injection

20 0 to 22.5 0 to 34 550 0.68 7.24 First slow power ramp.

2 22.5 34 550 0.350 7.24 First 2 hour steady-state operation.

0.1 22.5 (initial) 34 550 0.350 7.24 First power transient.

8 0 0 550 to Ambient 0.350 to O 7.28 to O Loop cooldown and “epressurization, data reduction

32 0 0 Amd ient 0 0 Remove test train, replace one fuel rod,

replace test train in [PT
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TABLE 5.

{cont inyed)

Time Duration “:n‘::::p;;::' Peak Rod Power Inlet Temperature Snroud Flow System Pressure
(nours) (MW) kW/m (k) (1/s) (MPa) Comments
8 0 0 Amb fent 0 Ambient to 7.6 MPa ge;n"n‘:dresuuc check of loop. Do not exceed
8 0 0 Ambient to 550 0.68 7.24 Heat up and pressurization, instrument status check
at 350 K
2 0 0 550 0.68 7.24 Instrument Status Check and DARS auto-calioration
zero power offsets taken, DIR(C review reguired
2 0 0 550 0.68 7.24 Reactor startup checks
25 0 to 24.8 0 to 38 550 0.68 7.24 Second slow power ramp
2 24.8 38 550 0.350 7.24 Second 2 hour steady-state operation
0.1 24.8 (initial) 38 550 0.350 7.24 Second power transient
8 0 0 550 to ambient 0 0 Loop cooldown and depressurization, data reduction
32 0 0 Ambient 0 0 Remove test train, replace one fuel rod, replace
::::n in IPT
8 0 0 Anpient 0 Ambient to 7.24 MPa Cold hydrostatic check of loop
8 0 0 Ambient to 550 0.68 7.24 Heatup and pressurization, instrument status check

at 350 x



TABLE 5. ({(continued)

Time Duration u::::::p::::r Peak Rod Power Inlet Temperature Shroud Flow System Pressure
(hours) (M ) kwW/m (k) (1/s) (MPa) Comment s
2 a 0 550 0.68 7.24 Instrument status check and DARS auto-calibration,
zero power and flow effects taken
2 0 0 550 0.68 7.2 Reactor startup checks
25 0 to 24.8 0 to 38 550 0.68 7.24 Third slow power ramp
2 24.5 18 550 0.35 7.24 Third ? nour steady state operation
0.1 24.8 (initial) 38 550 0.3% 7.24 Third power transient
R 0 0 550 0.68 7.24 Data reduction, reactor startup check
9 0 to 24.8 0 to 38 550 0.68 7.24 Fourth power ramp
7 2 24.8 38 550 0.35 7.24 Fourtn steady state operation
- 0.1 24.8 (initial) 38 550 0.68 7.24 Fourth power transient
1 0 0 5§50 0.68 7.24 Data reduction, reactor startup checks
9 0 to 24.8 0 to 38 550 0.68 7.24 Fifth power ramp
2 24.8 38 550 0.3 7.24 Fifth steady-state operation
0.1 24.8 (initial) 38 550 0.3% 7.24 Fifth power transient
8 0 0 550 to ambient 0.35 to O 7.24 to ambient Data reduction, loop cooldown and depressurization

(283 Total)

B0 ¥00d
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test procedures will remain suspended. This experiment status will be
maintained pending a decision by the OPTRAN 1-1 Project Engineer and TFBP
management as to the course of action to be followed.

Instrumentation for Test OPTRAN 1-1 have teen 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.
Instrument 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 IPT.

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

The pressure during the cold hydrostatic test should not exceed
7.6 MPa (1100 psia) to prevent cladding deformation. During the cold
hydrostatic test, instrument readings at pressures of 20%, 40%, 60%, 80%,

100%, 80%, 60%, 40%, 20% of the 7.6 MPa system pressure will be performed
as follows:

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

2. Obtain a DARS printout of measurement Jata and statistics while

simultaneously recording the Heise gauge pressure at each
pressure step.

In the event of a DARS channel failure, pe rission must be obtained

from the supervisor of the Instrumentation and Data Section or his
alternate before the failed channel can be changed. New channels must be
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TABLE 6. MINIMUM REQUIRED OPERABLE INSTRUMENTATION
DURING VARIOUS PHASES OF TEST OPTRAN 1-12

Pre-Installation

Pre-Power Pre-Power

Number of of Test Train During Calibration Transient

[nstrumentation Instruments in IPT Heatup Phase Burst Phase
Cladding circumferential 2 2 of 2 Rea'd 1 of 2 1of 2 1 of 2
strain gauges
Cladding longitudinal 2 2 of 2 Rea'd 1of 2 1 of 2 1of 2
strain gauges
Strain gauge sensitivity 2 1 of 2 Rea'd 1to 2 1 of 2 1 of 2
Coolant pressure 3 2of 3 20f 3 1of 3 1of 3
Coolant inlet flow meter 4 4dof & 4 of 4 2 of & 20of &
Coolant inlet temperature 5 5 of 5 20f § 20of S 2of §
Coolant outlet temperature 4 4 of & 20of & 2of 4 20of 4
Coolant shroud differential 4 4 of 4 4 of & 4 of & 4 of &
temperature
SPND 2 2 of 2 '“200 10120‘ gg}‘i’w

1 ri

D0 Fonsses. chamers S maneil,. P §ofd §of 2 1 of 2
SPGD 2 2 of 2 1 of 2 1 of 2 1 of 2
LvorT 4 4 of & 4 of 4 2o0f & 20of &
Loop pressure gauge 1 1 1 1 1

a.
b.

Any discrepancies must be approved by OPTRAN Project Leader.
3 in each string of 5 should be operadle.

TR0 Yood



verified. A posttest integrated data systems calibration will be performed
after reactor building reentry is permitted.

After DARS checkout is completed, instrument status checks are to be
made (a) at abcut 350 K, (b) after heatup prior to power calibration
phases, and (c) prior to each power transient. Checklists will be
completed during the status checks (Appendix A). Certification that each
instrument is within an acceptable range must be made by the
Test OPTRAN 1-1 Project Engineer or his designated alternate. If the
readings are not within range, or at any time during the test there is an
apparent malfunction in an instrument or data channel, remedial actons must
be completed or the Test OPTRAN 1-1 Project Engineer approval must be
obtained in order to continue test operation. Autocalibration of the DARS
channels is required before each slow power ramp and before each power
transient. The plant protective system scram point for OPTRAN testing
should be adjusted to as near the core limit as permissible for each power
transient,

3.2 First Loop Heatup

The initial part of testing will consist of a hydrostatic pressure
check followed by heatup of the loop to the desired coolant temperature,
pressure, and flow - 550 K, 7.24 MPa and 680 cm3/s flow-throuy: _2-h flow
shroud. Instrument status checks will be made at about 350 K and again
after the 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. The IPT flow by-pass
will be measured at 550 K by closing the flow by-pass line valve and then
measuring the flow through the four flow shrouds and the total loop flow.
(See Appendix B). By-pass ratio of about 3.0 + 0.5 is expected. After the
flow bypass measurements are completed, the flow bypass valve should be
adjusted such that a flow of 350 cm3/s can be obtained at 550 K, and
7.24 MPa for the next par. of the test.
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Data will be recorded on the DARS during the hydrostatic pressure
check, the heatup and the flow checks,

3.3 Radionuclide Tracer Injection

Prior to nuclear operation and following loop heatup and by-pass flow
measurement, fission product behavior in the test loop will be
Characterized by the release of a radioactive tracer material for
measurement by the FPDS. With loop conditions maintained at 550 K,

7.24 MPa and 350 cm3/s shroud flow, the sample injection system will be
operated in accordance with a D.0.P. to provide control'ed release of the
tracer material to the test loop. The exact time of initiation of the
sample injection will be recorded in the plant operations log and all other
data will be recorded on the DARS during the sample injection and for

4 hours following the injection. The shroud flow will then be increased to
680 cm3/s,

3.4 Prenuclear Instrrment Drift Recording

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

3.5 First Slow Power Ramp

The first nuclear operation will consist of a 20 hour gradual power
increase. Durina this operation the thermal-hydraulically determined fuel
rod power will be intercalibrated with the reactor power and the SPNDs on
the test assembly and a short-lived fission product isotope inventory will
be obtained. For p-eliminary calculations, an axial peak-to-average
neutron flux ratio of 1.22 will be used, The required coolant conditions
are: 550 K inlet temperature, 7.24 MPa IPT pressure, and 680 cm3/s flow
through each shroud. The maximum fuel rod power ramp rate is 4.4 kW/m per
hour vp to 20 kW/m and a maximum ramp rate of 0.9 kW/m per hour from 20 to
34 kW/m.
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In case of an aborted startup, the rod power may be increased during
the next nuclear operation at a maximum ramp rate of 4.4 kW/m per hour up
to the maximum rod power value reached just prior to shutdown.

3.6 First Steady-State Operation

After reaching a peak rod power of 34 kW/m, the rod power will be held
aprroximately constant for two hours. The shroud flow will slowly be

decreasec from 680 to 350 cm3/s after reaching a peak rod power of
34 kW/m, The required coolant conditions are: 550 K, 7.24 MPa, and

350 cm3/s shroud flow.

3.7 First Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 34 kW/m, the first power transient will be performed. The required
coolant condition prior to the transient are: 550 K inlet temperature,
7.24 MPa IPT pressure, and 350 cm3/s flow through each flow shroud. The
reactor will be operated to increase the peak rod power from 34 kW/ O
120 kW/m in 0.34 s and then decreased to zero power. The power transient
is shown in Figure 4, Cladding failure of one or more of the fuel rods
vill be evaluated by the response of the fission product detection system.
It fuel rod failure is detected, loop conditions are to be maintained
approximately constant for 4 hours after the power transient. If fuel rod
failure does not occur following the first power transient, the loop will
be cooled and depressurized, the test train removed from the IPT, and fuel
Rod 901-4 and associated flow shroud will be removed and replaced with
Rod 901-5 and shroud. In the event that fuel rod failure is indicated by
the fission product detection system, all of the fuel rod flow shrouds will
be sipped to determine which rod(s) have failed. If two of the fuel rods
fail following the first power transient fuel Rods 901-5 and 901-6 will be
used to replace the failed fuel rods. If three or four of the fuel rods
fail as a result of the first power transient, the test will be terminated.
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Figure 4. Planned test rod average power history during Test OPTRAN 1-1,
transient number 1.




3.8 Second Loop Heatup

A cold hydrostatic check of the loop will be conducted prior to the
second heatup after the test train is installed in the IPT. An instrument
status check is to be made at 350 K and again at 550 K. After the desired
test conditions are achieved, (550 K, 7.24 MPa, and 680 cm3/s shroud
flow), a coolant flow balance check measurement, and zero power-zero flow
instrument offsets will be obtained. The DARS is to be recording data
during the hydrostatic pressure check, during heatup, during the flow
balance measurements, and during the zero-offset measurements.

3.9 Second Slow Power Ramp

The second power ramp will essentially be a repeat of the first siow
power ramp. The required coolant conditions are: 550 K, 7.24 MPa, and
680 cm3/s flow through each shroud. The peak fuel rod power will be
slowly increased from 0 to 38 kW/m (34 kW/m if fuel rod failure occurred
during tse first power transient) at a ramp rate of 4.4 kW/m per hour up to
20 kW/m and a maximum ramp rate of 0.9 kW/m per hour from 20 to 38 kW/m.

3.10 Second Steady-State Operation

After reaching a peak rod power of 38 (or 34) kW/m, the rod power will
be held approximately constant for 2 hours. The required coolant
conditions are 550 K, 7.24 MPa, and 350 cm3/s shroud flow.

3.11 Second Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 38 (or 34) kW/m, the second power transient will be performed. The
required coolant conditions are: 550 K inlet temperature, 7.24 MPa IPT
pressure, and 350 cm3/s shroud flow. If fuel rod failure did not occur
during the first power transient, the reactor wi!l be operated to increase
the peak rod power from 38 kiW/m to 150 kW/m in 0.34 s and then decreased to
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zero power. The second power transient is shown in Figure 5. If fuel rod
failure did occur during the first power transient, the reactor will be
operated to increase the pea. rod power from 34 kW/m to 120 kW/m in 0.34 s
and then decreased to zero power. The test will be terminated in the event
that one or more fuel rods fail following the second power transient. If
fuel rod failure is detected, loop conditions are to be maintained
approximately constant for 4 hours after the power transient.

If fuel rod failure is rot observed, the loon will be cooled and
depressurized, the test train removed from the IPT, and fuel Rod 901-5 and

shroud will be removed and replaced with Rod 901-6 and shroud.

3.12 Third Loop Heatup

A cold hydrostatic check of the loop will be conducted prior to the
third heatup after the test train is installed in the IPT. An instrument
status check is to be made at 350 K and again at 550 K. After the desired
test conditions are achieved, (550 K, 7.24 MPa, and 680 cm3/s shroud
flow). A coolant flow balance check measurement, and zero power-zern flow
instrument offsets will be obtained. The DARS is to be recording data
during the hydrostatic pressure check, during heatup, during the flow
balance measurements, and during the zero-off set measurements.

3.13 Third Slow Power Ramp

The peak fuel rod power will be slowly increased from 0 to 38 kW/m at
a ramp rate of 4.4 kW/m per hour up to 20 kW/m and a maximum ramp rate of
0.9 kW/m per hour from 20 to 38 kW/m. The required coolant conditions
are: 550 K, 7.24 MPa, and 680 cm3/s flow through each shroud.

3.14 Third Steady-State Operation

After reaching a peak rod power of 38 kW/m, the rod power will be held
approximately constant fo~ 2 hours. The required coolant conditions are
550 K, 7.24 MPa, and 35C cm3/s shroud flow.
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3.15 Third Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 38 kW/m, the third power transient will be performed. The required
coolant conditions are: 550 K inlet temperature, 7.24 MPa IPT pressure,
and 350 cm3/s shroud flow. The reactor will be operated to increase the
peak rod power from 38 kW/m to 190 kW/m in 0.45 s and then reduced to zero
power. The third power transient is shown in Figure 6. The test will be
terminatea 7 one or more fuel rods fail following the third power
transient. If fuel rod failure is detected, loop conditions are to be
maintained approximately constant for four hours after the power
transient. If fuel rod failure is not detected, a fourth power transient
will be performed.

3.16 Fourth Slow Power Ramp

The fourth power ramp will consist of increasing the peak fuel rod
power from zero to 38 kW/m at a maximum ramp rate of 4.4 kW/m per hour.

The required coolant conditions are 550 K, 7.24 MPa, and 680 cm3/s shroud
flow rate.

3.17 Fourth Steady State Operation

After reaching a peak rod power of 38 kW/m, the rod power will be held
approximately constant for two hours. The required coolant conditions
are: 550 K, 7.24 MPa, and 350 cm3/s shroud flow.

3.18 Fourth Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 38 kW/m, the fourth powsr transient will be performed. The required
coolant conditions are: 550 K, 7.24 MPa, and 350 cm3/s shroud coolant
flow. The reactor will be operated to increase the peak rod power from
38 kW/m to 230 kW/m in 0.73 s and then reduced to zero power. The fourth
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power transient is shown in Figure 7. The test will be terminated if one
or more fuel rods fail following the fourth power transient. If fuel rod
failure is detected, loop conditions are to be maintained approximately
constant for four hours after the power transient. If fuel rod failure is
not detected, a fifth power transient will be performe

3.19 Fifth Slow Power Ramp

The fifth power ramp will consist of increasing the peak fuel rod
power from zero to 38 kW/m at a maximum ramp rate of 4.4 kW/m per hour.

The required coolant conditions are 550 K, 7.24 MPa, and 680 cm3/s shroud
flow rate.

3.20 Fifth Steady State Operation

After reaching a peak rod power of 38 kiW/m, the rod power will be held
approximately constant for 2 hours. The required coolant conditions are:
550 K, 7.24 MPa, and 350 cm3/s shroud flow.

3.21 Fifth Power Transient

Following the 2 hour steady state operation at a peak fuel rod power
of 38 kW/m, the fifth power transient will be performed. The required
coolant conditions are: 550 K, 7.24 MPa, and 350 em3/s shroud ceolant
flow. The reactor will be operated as near the PBF core operation limit as
possible. It is expected that the transient will consist of an increase of
the peak rod power from 38 kW/m to 290 kW/m in 0.77 s. The fifth power
transient is shown in Figure 8. This transient will conclude nuclear
testing.

3.22 Loop Cooldown

If fuel rod failure is detected after any of the five transients, the
loop conditions are to be maintained approximately constant for four hours
after the power transient to allow acquisition of FPDS data. After
four hours the loop will be cooled down and depressurized.
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4. DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumentation displays on the PBF/DARS will identify the fuel rod
test assembly and plant instruments according to the identifiers in Table 7.

4.1 Data Acquisition Requirements

The data channels should be set to record the data based on the
requirements of Table 7. A1l of the narrow band DARS channels should be
available for display on the Vector General. The PBF/DARS will record data
during the cold hydrostatic pressure check, the flow calibration, the
heatup phaces, during all nuclear operations, and 60 minutes after each
transient unless a fuel failure is suspected and then it will be 4 hours
after the transient. Figure 9 indicat:s the data channels which will e
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 Reguirements

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

4.2.1 Test Conduct

In order to determine the power transient required to achieve the
target fuel rod power history for OPTRAN 1-1, it wiil be necessary to
process some of the power calibration data prior to conducting he first,
and possibly, successive power transients. The following data ‘equirements
are needed:
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TABLE 7. (continued)

= Rod b Recording Minimum Frequency
Measurement Insirument Location Number Identifier Range Response Required (Hz)
Coolant differential Differentia’ Top & bottom 901-1/% DELTEMPODOLDO Y 0 to 20 K 10
Temperature thermocouple pair of each flow 901-2 DELTEMPDDODOZ
type T 901-3 DELTEMPDLDOO3
901-4/5/6  DELTEMPOLLLOA
Test Train
System pressure 69 MPa EGAG Pxd Near shroud SYSOPRESLLEIEGRG 0 to 69 MPa 100, 500
ou’lets
System pressure 17 MPa Kaman Pxd Ne r shroud SYSOPRESbD 1 7k A 0 to 17.2 wa 100,500
ou' lets
System pressure 13.8 MPa Sensotec Pxd OQutside of IPT SYSHPRESOD140SENS 0 to 28 MPa 10
Neutron flux Cobalt SPND Water tube 0 mm NEUTDFL XboQ20b0 10-8 to 10-3 A 100
quadrant-2
Neutron flux Cobalt SPND Water tube NEUTOFL XbbQ4bn0
quadrant-3 0 mm
Neutron flux Cobalt SPND Quadrant-1-300 mm NEUTBFLXbbQ1-300 10-8 to 10-3 A 100
~150 mm NEUTDFLXDBLQ1-150
0 mmn NEUTOFL Xob(Q 10o00
+150 mm NEUTDFLXDDG 14150
+300 mm NEUTODFL XooQ1+300

TVNISTED ¥ood
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TABLE 7. (continued)
po Rod e Kecording Minimum Frequency
Measurement Instrument Location Numoer  ldentifier Range Responce Required (Hz)
Neutron flux SPND Quadrant-3 -300 mm NECTOFLXDDQ3-300  10-8 to 10-3 A 100
-150 mm NELTBFLXODQ3-150
0 mm NEUTOFLXbDQ 30000
+150 mn NEUTDFLXb0Q3+150
+300 mm NEUTDF L XDD(Q3+300
Gamma flux SPGD Water tubes
quadrant-) 0 mn  GAMAFLXDLQIDO 10-8 to 10-3 A 100
Quadrant-3 0 mm  GAMMAFL Xbo() 300
Neutron flux U-235 fission Water tubes
cnamber quadrant-2 0 am  FISSCHBRDOQD 1O 10-8 to 10-3 A 100
Water tubes
quadrant-4 0 mm FISSCHERDLOD 30O
Fposd
Isotope Concentration® FPDS Spectrometer FPDS . FP SPEC POP-15 NA
Gross Gamma Rate No. | Gamma Detector FPDS . FPoGammaooNo.bb 10 to 108 counts/s 10
Gross Gamma Rate No. 2 Gamma Detector FPDS - FPBG wmmabbNo. bb2 10 to 109 counts/s 10
Gross Ganma Rate No. 3 Gamma Detector FPDS - FPoGammaooNo . bb 3 10 to 106 counts/s 10
Gross Neutron Rate Neutron Detector FPOS - FPONeutbbbFpP 10 to 106 zgunts/s 10
FPDS Flow Rate No. | Flowmeter FPOS - FPoF lowbboNo. | 0 to 44 ¢mi/s 10
FPOS Flow Rate No. 2 Flowmeter FPDS - FPoF 1owbobNo. 2 0 to 44 cmd/s 10
Pipe Temperature Tnermocouple FPDS - FPoTemp.bboPipenFP 300 to 600 K (ss); 1000 K (tr) 10
Plante
NMS-3 ( 30 MwW) fon Cnamber Plant - REACOPOWDDNMS-03PT
MMS-4 ( 30 Mw) fon Champer Plant - REACOPOWDDNMS-04PT 0O to 30 MW 10
PPS-1 (200 MW) lon Cnamber Plant - REACHPOWBLYPS-0IPT O to 200 MW 100
PPS-2 (200 MW) lon Cnamber Plant - REACDPOWDDPPS-02PT O to 200 MW 100
PPS-3 (200 MW) lon Chamber Plant - REACOPOWDLPPS-03PT O to 200 Mk 100
PPS-4 (200 MW) lon (namber Plant s RcACDPOWDDPPS-04PT 0 to 200 MW 100

D T ER——
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TABLE 7. (continued)

Kod Recording Minimum Frequency
Me asurement Instrument Location® Numver laent|fier° Range Responce Required {(Hz)

TR-1 (200 MW) lon Chamber Plant - REACOPONDLZOOTRIPT 0 to 200 MW 100
TR-2 {1200 MW) lon Chamber Plant - ReACOPOWDL200TRZPT 0 to 200 MW 100
EV-1 (200 Mu) Evacuation Champer Plant - REACOPOWDDZOOEVIPT 0 to 200 MW 100
EV-2 (200 MW) fvacuation Chamber Plant - REACOPOWDD 100EVZPT 0 to 100 MW 100
System Pressure PXD Plant - SYSPRESDDOHE [SEDLOPT O to 17 MPa 10
IPT Pressure oxp Plant - 1P ToDELPOLODLOLLP T 0 to 0.69 MPa 10
arfferentral

Loop Flow venturi Flant - LOOPLF L OpbObLLLOP T 0 to 62 /s 10
Vessel Strain Strain Gauge Plant - VESTRAINODONO , 1oPT 0 to 500 in/in 10
Vesse!l Strain Strain Gauge Plant - VESTRAINODDODNO . 20P T 0 to 500 in/in 10
Lore Rod Axial Growtn Core LVDT No. 1 Plant - CLAD DSPobCORETOPT  + 12.7 mm 100
Lore Rod Axial Growtn Core LVDT No. 2 Plant = CLAD DSPoDCOREZOPT ¢ 12.7 mm 100
Lore Houd Axial Growtn Core LVOT No. 3 Plant - CLAD DSPLboCORE 30PT + 12,7 mm 100
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRE SpbbS-200P T 0 to 34 wPa 100
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRE Sbbb5-230P7 0 to 34 MPa 100
Loup Covlant Pressure 0 to 34 wa PXD Plant - LOOPPRE SubbS-240P 1 0 to 34 MPa 100
Loop (oolant Pressure 0 to 34 MPa PXD Plant - LOOPPRE SbbDS -250P T 0 to 34 MPa 100
Loop Coolant Pressure 0 to 34 MPa PxD Plant - LOOPPRE SbboS-340P T 0 to 34 Wa 100
Leop Coolant Pressure 0 to 34 mPa PXD Plant - LOOPPRE Sobo5-350PT 0 to 34 MPa 100
Core Pressure 0 to 34 WPa PxD Plant - COREPFE SoobWbODOP T 0 to 34 Wa 100
Core Pressure N to 34 MPa PXD Plant - COREPRE SDLDNEDDOPT 0 to 34 MPa 100
Cure Prossure 0 to 34 MPa PxD Plant - COREPRE SboOLSEDOOLPT 0 to 34 WPa 100
17an teni rod position | LVDT R drive | TRANSRODDONUMDO 1PT oto2m 100
Transient rod position 2 (VD] TR drive 2 TRANLRGUODNUMBOZP T otoZ2m 100
Trans tent rod position 3 LVDT TR drive 3 TRANSROCODNUMBO3PT otoZm 100
Transient rod position 4 LVD IR drive 4 TRANSRODDLNUMDOAPT otoZm 100

a. ALl elojations are measured from axizl midplane of th  ,el stack. The positive direction is with the coolant flow. Radial orientations
are defined by Figure 1.

b. b denotes blank.

¢. Not recorded.

d. Fission Product Detection System (FPDS).

e. The indicated ranges of the core neutron chambers are 200 Md fo- transients | and 2, 5000 MW for transients 3, 4, and 5.
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SHRD FLOW 01

SHRD FLOW 02°

CLD DSP 03

CLD DSP 04

SYS PRES 69 EGG
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FP GAMMA No. 3

FP NEUT FP

Figure 9. Strip chart setup for OPT"AN 1-1 power calibration, conditioning,
and transient phases.
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Second order regression fit of each fuel rod power/chamber output as a
function of control rod position for each of the following: reactor
power chambers (TR-1, TR-2, EV-1, EV-2) all SPNDs, all SPGDs and all
fission chambers, during the slow power ramp portion of the test.

For the evaluation of the transient power controllability and the
transient PPS channels following each power transient, plots and printouts

of the following parameter are requested.

1. Power demand function (1)

2. Transient power from power measurement channels used for power
control and space. (TR-1 and TR-2) (2)

LN ]

Teiisient rod positions (4)
4. Transient power from PPS channels (PPS-1 and PPS 2)-(2).

These data should cover a time span from one second prior to transient
initiation to one second after reactor scram.

4.2.2 Quick Look Report

Test data plots and data pretest calculation comparison plots for the
Quick Look Report are to be prepared as soon as practical after completion
of the test. The plots generated will go directly into the Quick Look
Report without redrawing or handling by graphics personnel. The plots
should conform to 8-1/2 x 11 inch paper with conventional margins. All
plotted data are to be in standard SI units. A complete list of the plots
required for the Quick Look Report will be provided by the OPTRAN 1-1
Project Engineer within two weeks of the test. Upon termination of the
test, the ESZA representative should be given copies of the PBF cunsole
log, strip charts and any other documentation necessary to est.nlich
specific data requirements and to prepare the Quick Look Report.
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4.2.3 Test Res .lts Repor?

Data plot requirements fc~ the Test Results Report are expected to
evolve during the analysis ¢t .he test data. These requirements will be
transmitted to the data system group as the need arises.

The data asso~i»*:d with the fuel rod and test assembly
instrumentation presented in Table 8 shall be thoroughly reviewed and
itegorized as qualified or failed data. The time period and priority for
which these data are to be qual’“i=. is also presented in Table 8.
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TABLE 8.

DATA QUALIFICATION REQUIREMENTS

Measurement Instrument Test Phase for Data Qualification Priority
Cladding circumferential strain CLDSTNHPDOLODOD 180 All power transients 1
CLDSTNHPDD-2000 180 All power transients i
Cladding longitudinal strain CLDSTNAXBDBLBOBD OO All power transients 1
CLDSTNAXDD-200bbb0 All power transients 1
Strain gage sensitivity SGSENSAXDLODZ 50000 All power transients i
SGSENSAXDD-175bbb0 All power transients 1
Saroud flow SHRDF LOWDbOLDO 1 All nuclear operation |
SHRODFLOWbDDO2 All nuclear operation 1
SHRDF LOWDDDO 3 All nuclear operation 1
SHRDF LOWbDDO4 A1l nuclear operation 1
Cladding elongation CLADBDSPODDOY All power transients 1
CLADbDSPDLDO? Al power transients 1
CLADDDSPRDDO3 All power transients 1
CLADDSPDDDOS All power transients 1
Coolant inlet temperature INLTTEMPDODO) AVl nuclear operation 1
RTDoTEMPOODLOY A1l nuclear operation 1
Coolant temperature rise TELOTEMPODDO 1 Each slow power ramp 1
D LbTEMPDODOZ Each slow power ramp 1
Lo TEMPOODO3 Each slow power ramp 1
DELOTEMPDDDO4 Each slow power ramp 1
System pressure SYSOP?ESbD28b SENS All nuclear operation 1
Neutron flux NEUTOFL XbD(Q2bbb0 All nuclear operation 1
NEUTBFL XbbQ4bbb0 All nuclear operation 2
NEUTDFLXoDQ1-300 A1l nuclear operation 1
NEUTBFLX0DQ1-150 All nuclear operation 1
NEUTOFL Xbb( 10000 All nuclear operation 1
NEUTDFLXBDQ1+150 All nuclear operation 1
NEUTOFLXDD(Q 14300 A1l nucle.r operation 1
Ganma flux GAMADFL Xt.b( Tobb0 All r . .ear operation 1
GAMADF L Xob{)3bbb0 A1’ nuclear operation 2
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5. POSTTEST OPERATIONS SUPPORT

Before Che test and following each power transient, two loop water
samples will be taken for chemical and fission product analysis. One
sample should be analyzed for n:.ragen, oxygen, and hydrogen, and the other
shoud be tagged “"For Fission Product Analysis" and with the da’ . and time
of sample and sent to the TRA counting laboratory for fission nroduct and
uranium analysis. Results of the analysis will be sent to the FPDS Project
Engineer and the OPTRAN 1-1 Project Engineer.

Table 9 lists the estimated fission product inventory and the total
activity (R/h-) at 30.5 cm distance, in air, from the fuel rods at various
times after nuclear operation. Scheduling of the disassembly of the test
train in the canal will depend on worker safety limits. The calculations
presented are basel on expected power operation. Deviations between the
planned and aci:al power histories may require recalculation of the
activity levels and fission product inventories. Intact fuel rods should
be shipped as soon as possible. Fuel rods that fail during testing may be
shipped within one week after the test is completed. The removable
sections of the sample injection system supply line and the FPDS sample
line should be removed from the test train and shipped as soon as possible.

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. Fuel rods that have not obviously failed will be leak tested at
the hot cell.
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TABLE 9. RESULTS OF PADIOLOGICAL HAZARDS ANALYSIS FOR TEST OPTRAN 1-1

Decay Time (da
Isotope 0 6 12 ?‘ 13 4g 60 72 84
1-131{Ci) 3.843 + 10 2.868 + 1 1.720 + 1 6.122 + 0  2.179 +0 7.756 -1 2.760 - 1 9.825 -2 3.497 -2
i-132 1.297 + 2 4.431 + 1 1,232 +
I1-33 4.945 + 2 4.618+ 0 3.980 - 2 2. 92 -4 neg
[-134 1.620 + 3 neg
=135 1.035 + 3 3.532 -4 1,19 -10 0

a. Based on an average .
D. 3,843 ¢+ | = 3.843 x '1'3?
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6. POSTIRRADIAT:iui. EXAMINATION REQUIREMENTS

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

A gamma scan and nvt. 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 all
six rods.

A leak check of all rods if cladding failure is not obvious.
Isotopic gamma scanning of all rods for the axial distribution of
specific fission product isotopes such as Cs-137 and if scanning
can be done shortly after irradiation, I-131.

Neutron radiography of the rods.

Pulsed eddy current (PEC) defect inspection to locate incipient
cracks in cladding walls. Profilometry should be done if

possible at this point also..

Fission gas analysis and void volume measurements if claading
failure does not occur.

Metallography:

(a) Fuel structure (including grain size, pore distribution, and
cracking).

(b) Fuel cladding chemical interaction.
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(c) Cladding oxidation, microstructu; i hydriding.
(d) Cladding failure and incipient cracks.
9. C(hemical analysis:
(a) Incipient cladding cracks.
(b) Cladding hydrogen and oxygen content.
(c) Concentration of measureable fission products in fuel.
(d) Fuel burnup.
10. Cladding ductility

The gas composition in the rod profoundly affects the gap conductance
(and thus the fuel temperature) and the stress-corrosion atnosphere in
contact with the interior surface of the cladding. The structures revealed
by metallographic examination of the fuel and cladding, such as fuel grain
size, fuel porosity, and cladding microstructure and oxidation layers are
products of the thermal and environmental history of the fuel rod during
the test, and thus are invaluable guides to an understanding of the fuel
behavior during the test. Chemical analyses such as cladding hydrogen and
Oxygen content provide important data which can be related to cladding
properties such as ductility. Cladding ductility greatly influences fuel
rod integrity. Fuel burnup can be used as a measurement of rod test
power. The concentration of measureable fission products helps to evaluate
the fraction of fission products released during the transient.

Special techniques are required to measure the chemical species which
might be present at an incipient cladding defect. This measurement is of
interest in the presence of pellet-cladding interaction (PCI)-induced
defects because of the postulated stress-corrosion nature of PCI.
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PCI-induced failures are likely in the OPTRAN Test Series, especially
during tests in which the fuel rods will be subjected to multiple power
transients but will not reach film boiling conitions. In the examination
of PCI-induced incipient defects (those which have iot penetrated the full
cladding wall), the preservation of the chemical species at the defect is
paramount. Thus, the preparation of samples for scanning electron
microscope and electron microscope examination must be carried out in an
inert atmosphere.
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APPENDIX A
INSTRUMENT STATUS CHECKS
CHECK LISTS

49



INSTRUMENT STATUS CHECK

Check List No. 1

Pre-Inpile Tube Loading:

This check Tist is in the Checkout Procedure identified in DOP 8.1.12,

and includes instrument resistance checks prior to initial loading into the
in-pile tube.
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CHECKLIST NO

PRE-HEATUP INSTRUMENT STATUS

Reactor Power 0.0 MW
Coolant Temperature 350K
Heise Gauge Pressure MPa
Shroud Flow Ratea 0.680 1/s TFBP Representative in
g Charge
Certification
Required Instrument
Instrument PBF /DARS Instrument Within Range
Identifier Reading Reading (b)
CLDSTNHP 0 180 mm
CLDSTNHP -200 180 mm
CLDSTAX 0 0 mm .l
CLDSINAX -200 O mm
CLAD DSP 01 mm 0.0 + 0.5 mm¢
CLAD DSP 02 Wi mm 0.0 + 0.5 mm
CLAD DSP 03 mm 0.0 + 0.5 mm
CLAD DSP 04 mm 0.0 + 0.5 mm
SGSENSAX 425 0 mm
SGSENSAX -175 0 mm
INLTTEMP 01 K 350 + 10 K
INLTTEMP 02 _K 350 + 10 K
INLTTEMP 03 o K 350 + 10 K
INLTTEMP 04 K 350 + 10 K
OUT TEMP 01 K 350 * 10 K
OUT TEMP 02 K 350 + 10 K
OUT TEMP 03 K 350 + 10 K
C.T TEMP 04 K 350 + 10 K
SHRDFLOW 0l 1/s Avg + 0.2 1/s
SHROFLOW 02 1/s Avg + 0.2 1/s
SHRDFLOW 03 1/s Avg + 0.2 1/s
SHRDFLOW 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
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SYS PRES 69 EG&G MPa  + 3 MPa of Heise
SYS PRES 17 KA MPa + 3 MPa of Heise
SYS PRES 14  SENS MPa + 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 - 150 nA 0.0 + 0.5 nA
NEUTFLX Q1 0 nA 0.0 + 0.5 nA
NEUTFLX Q1 + 150 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 bbQl 0 nA 0.0 + 0.5 nA
GCAMMA bbQ3 0 nA 0.0 + 0.5 rA
FISSCHBR Q2 0 nA 0.0 + 0.5 nA
FISSCHBR Q4 0 T nA 0.0 + 0.5 nA )
FP TEMP PIPE FpP K

FP FLOW NO. 1 ___ Vs

FP FLOW NO. 2 1/s

IPT DELP PT MPa

SYS PRES PT MPa

PEAK POW PPS-01PT

REAC POW PPS-02PT

REACPOW 100PPS2PT

a. Measured at flow shroud turbine meters.

b. For all cases where the instruments are not within range the TRFP
Project Engineer's approval must be obtained to continue the test procedures.

c. Cladding displacement at ambient conditions is not generally zero. This
offset must be taken into account.
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PRE-POWER CALIBRATION INSTRUMENT STATUS
CHECKLIST NO.

Reactor Power 0.0 MW

Coolant Temperature 550K

Heise Gauge Pressure 7.24 MPa

Shroud Flow Ratea 0.68 1/s TFBP Representative in

el Charge
Certification
Required Instrument

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

CLDSTNHP 0 180 mm

CLDSTNHP -200 180 mm

CLDSTAX 0 O mm

CLDSTAX -200 O mm

CLAD DSP 01 mm 0.0C + 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 mn

SGSENSAX + 25 0O nm 5

SGSENSAX -175 0 mm

INLTTEMP 01 K 550 + 10 ¥

INLTTEMP 02 K 550 + 10 K

INLTTEMP 03 K 550 + 10 K

INLTTEMP 04 K 550 + 10 K

OUT TEMP 01 K 550 + 10 K

OUT TEMP 02 K 550 + 10 K

OUT TEMP 03 K 55C + 10 K

OUT TEMP 04 K 550 + 10 K

SHRDFLOW C1 1/s AVG + 0.2 1/s

SHROFLOW 02 1/s AVG + 0.2 1/s

SHRDFLOW 03 /s AVG + 0.2 1/s

SHRDFLOW 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 W K 0.0 + 0.2 K

RDT TEMP 01 K 550 + 10 K
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SYS PRES 69 EG&G
SYS PRES 17 KA
SYS PRES 14  SENS

NEUTFLX
NEUTFLX
NEUTFLX
NCUTFLX
NEUTFLX
NEUTFLX
NEUTFLX
NEUTFLX
NEUTFLX
NEUTFLX
NEUTFLX
NEUTFLX
GAMMA FLX
GAMMA FLX
FISSCHBR
FISSCHBR
FP TEMP
FP FLOW
FP FLOW
IPT DELP
SYS PRES

Q2 0
Q4 0
Ql - 300
Q1 - 150
01 0
Ql + 150
Q1 + 200
Q3 - 300
Q3 - 150
Q3 0
Q3 + 150
Q3 + 300
Q1 0
Q3 0
Q2 0
Q4 0
PIPE FP
NO. 1
NO. 2

PT

PT

REACPOW 100PPS1PT
REACPOW 100PPS2PT

a.

b.

Measured at flow shroud turbine meters.

For all cases where the instruments are not within range the TFBP

AR
MPa

MPa

~ MPa
___MPa

nA

nA
nA
nA
nA
nA

nA

nA
nA
nA
nA

1/s
1/s
Pa

Voo

.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA
.5nA

c><><:c>c>c>c>c>c>c>c:c:c:cx+1+l+
D000 OOO MWW
I+l #4444+ 4+ + 4+ + =2
c:c:c:c:c:c:c:c:c:c:c:c:c:c:

a of Heise

a of Heise

a of Heise

Project Engineer's approval must be obtained to continue the test procedures.

C.

Cladding displacement at ambient conditions is not generally zero.
offset must be taken into account.

This
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PRE-TRANSIENT INSTRUMENT STATUS
CHECKLIST NO.__

Reactor Power 0.0 MW

Coolant Temperature 550K

Heise Gauge Pressure 7.24 MPa

Shroud Flow Ratea 0.350 1/s TFBP Representative in

e Charge
Certification
Required Instrument

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

CLDSTNHP 0 180 mm

CLDSTNHP -200 180 mm

CLDSTNAX 0 0 mm

CLDSTNAX -175 O mm

CLAD DSP 01 mm 0.0 + 0.5 mm

CLAD DSP 02 mm 0.0 + 0.5 mm

CLAD DSP 03 mm 0.0 + C.5 mm

CLAD DSP 04 mm 0.0 + 0.5 mm

SGSENSAX + 25 O mm

SGSENSAX -175 0O 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

OQUT TEMP 01 K 2

OUT TEMP 02 K

OUT TEMP 03 K

OUT TEMP 04 K

SHRDFLOW 01 /s 0.35 + 0.2 1/s

SHRDFLOW 02 1/s  0.35 + 0.2 1/s

SHRDFLOW 03 1/s 0.35 + 0.2 1/s

SHRDFLOW 04 1/s 0.35 + 0.2 1/s

DELTEMP 01 K

DELTEMP 02 K

DELTEMP 03 K

DELTEMP 04 '

RDT TEMP 01 K 550 + 10 K
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SYS PRES 69  EGAG MPa  + 3 MPa of Heise
SYS PRES 17 KA MPa  + 3 MPa of Heise
SYS PRES 14  SENS MPa ¥ 1 MPa of Heise
NEUTFLX Q 2 0 nA

NEUTFLX Q 3 0 nA

NEUTFLX Q 1 - 300 nA

NEUTFLX Q 1 - 150 nA

NEUTFLX Q 1 0 nA

NEUTFLX Q 1 + 150 nA

NEUTFLX Q 1 + 300 nA

NEUTFLX Q 3 - 300 nA

NEUTFLX Q 3 - 150 nA

NEUTFLX Q 3 0 nA

NEUTFLX Q 3 + 150 nA

NEUTFLX Q 3 + 300 nA

GAMMA FLXbbQl 0 nA

GAMMA FLXbbQ3 0 nA

FISSCHBR Q1 0 nA

FISSCHBR Q3 0 nA

FP TEMP  PIPE FP K

FP FLOW NO. 1 1/s

FP FLOW NO. 2 1/s

IPT DELP PT MPa

SYS PRES I MPa

REACPOW 100PPS1PT

REACPOW 100PPS2PT

a. Measured at flow shroud turbine meters.

b. For all cases where the instruments are not within range the TFBP
Project Engineer's approval must be obtained to continue the test procedures.

c. Cladding displacement at ambient conditions is not generally zero. This
offset must be taken into account.
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APPENDIX B
FLOW « A\LANCE MEASUREMENTS
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PREPOWER CALIBRATION FLOW BALANCE MEASUREMEN.

Coolant Temperature 550 K
Coolant Pressure 7.24 MPa
Values GT-BB-10-29-ADGT-BB-10-30 must be closed.

Nominal Flowrate Flowrate Flowrate Flowrate Average Total Bypassa

Shroud Inlet Inlet Inlet Inlet Shroud Loop Flow
Flow 01 02 03 04 Flow Flowrate Ratio
(1/s) (1/s) (1/s) (1/s) (1/s) (1/s) (1/s) (1/s)

OO0 000
00O £ N e

Defined as: Total Loop Flow Rate-(Average Shroud Flow x4).
Total Loop Flow Rate

Do not exceed 1.1 1/s maximum shroud flow.
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