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1. INTROBUCTION

This document describes the experiment operating specifications
for the Reactivity Initiated Accident (RIA) Test RIA 1-1 to be con-
ducted in the Power Burst Facility (PBF) at the Idaho National Engi-
neering Laboratory. The experiment requirements and objectives for the
RIA tests are described in the RIA Experiment Requirements Document
(ERD)[l] while the experiment specifications are described in the RIA
1-1 Experiment Specification Document (ESD)[Z]. The RIA Series I
research objectives are to determine fuel failure thresholds, modes and
consequences as functions of enthalpy insertion, irradiation history,
and fuel design. Coolant conditions of pressure, temperature, and flow
rate that are typical of hot-startup conditions in commercial boiling
water reactors (BWRs) will be used.

The first test in Series I, Test RIA 1-1, will be comprised of
four individual rods, each surrounded by a separate flow shroud. Two
rods will be preirradiated and two rods will be unirradiated. The
specific objectives of the test are to: (1) characterize the response
of unirradiated and preirradiated fuel rods during a RIA event con-
ducted at BWR hot-startup conditions and (2) evaluate test instrumen-
tation response during an RIA.

The test sequence will begin with steady state power operation to
condition the fuel (pellet cracking and relocation) and determine the
fuel rod power calibration. The loop will then be cooled down, the
test train removed from the in-pile tube, and one of the unirradiated
rods will be removed for fission product analysis and replaced with an
identical unirradiated rod. The transient fuel rod energy deposition
for Test RIA 1-1 will be chosen from the fuel rod response vs. energy
deposition data observed in the first three phases of the RIA Scoping
Test. It is anticipated that a fuel pellet surface energy deposition
of about 1100 J/g will be required to ensure cladding failure of all
four rods.



Section 2, which follows, describes the design of the test fuel
rods, test assembly, and instrumentation associated with Test RIA 1-1.
Section 3 describes the experiment conduct for the test. The data
recording and reduction requirements are provided in Sections 4 and 5.
Sections 6 and 7 describe the posttest support and the postirradiation
examination requirements associated with Test RIA 1-1.



2. EXPERIMENT DESIGN

Test RIA 1-1 is comprised of four independently shrouded fuel rods
which are installed in a support structure termed the test assembly.
The non-instrumented high pressure spool pieces will be installed in the
loop piping. This section describes the design of the fuel rods, flow
shrouds, test assembly, and instrumentation associated with each compo-
nent of the test train.

2.1 Fuel Rods

The fuel rods consist of two MAPI rods previously irradiated to a
burnup of about 4600 MWd/t in the Saxton Reactor and three unirradiated
Saxton fuel rods. The two irradiated rods are designated as 801-1 and
801-2, while the three unirradiated rods are designated as 801-3, 801-4,
and 801-5. Rod 801-4 will be removed from the test assembly and re-
placed with Rod 801-5 after the power calibration and conditioning
phases of the test are completed (prior to the transient testing).

A third irradiated MAPI Rod, 801-6, will serve as a backup for the ir-
radiated rods. The designation and burnup of the fuel rods are given in
Table I. The as-fabricated nominal design characteristics of these fuel
rods are given in Table II.

Rod 801-1 will be backfilled with 77.7% helium and 22.3% argon to a
pressure of 0.103 MPa. This gas mixture simulates the thermal conduc-
tivity of fill gases, including fission gases in the Saxton MAPI fuel
rods. Rods 801-2 and 801-6 will not be opened prior to testing. Rods
801-3, 801-4 and 801-5 will be backfilled with commercially pure helium
to a pressure of 0.103 MPa.

2.2 Flow Shrouds

Individual zircaloy-4 flow shrouds, having a nominal inner diameter
of 16.30 mm and an outer diameter of 22.6 mm, surround each rod. An
orifice plate with a 6.95 + 0.025 mm diameter hole is located below each
shroud.



TABLE 1
RIA 1-1 FUEL RODS

PBF RIA AVERAGE
TEST ROD NUMBER ORIGINAL WESTINGHOUSE NUMBER BURNUP (MwWd/t)
801-1 MAPI M-42 4600
801-2 MAPI M-9 4650
801-3 Saxton 958 (w/5.8% enriched fuel) 0
801-4 Saxton 951 (w/5.8% enriched fuel) 0
801-5 Saxton 950 (w/5.8% enriched fuel) 0
801-6 MAPI M-32 (will serve as back-up rod) 4390




TABLE TI

TEST RIA 1-1 FUEL ROD DESIGN CHARACTERISTICS

Characteristic

Fuel

Material

Pellet OD

Pellet Length
Pellet Enrichment
Density

Fuel Stack Length
End Configuration
Burnup

Cladding

Material

Tube 0D

Tube Wall Thickness
Yield Strength
Ultimate Strength

Fuel Rod

Gas Plenum Length
Insulator Pellets

[a]
[b]

mAP1 [a]

uo

8.59 mm
15.2 mm
5.7%

94% TD
0.914 m
dished
4A00 MuWd/t

Zircaloy 4

9,99 mm

0.572 mm minimum
570 MPa

700 MPa

45,7 mm
None

Data are preirradiation values.

Saxton[h]

uo

8.53 mm
15.2 mm
5.8%
94.5% 1D
0.914 m
dished

D

Zircaloy 4

9.93 mm

0.533 mm minimum
570 MPa

700 MPa

45.7 mm
None

5.8% enriched fuel pellets replace original 9.5% enriched fuel pellets.




2.3 Test Assembly

The Battelle, Pacific Northwest Laboratory four-rod test train
will be used for Test RIA 1-1. In the test train, the fuel rods are
held rigidly at the top, with the rods free to expand axially downward.
The Tocation of each fuel rod and associated flow shroud is shown in
Figure 1.

2.4 Instrumentation

The instrumentation for this test is designed to aid in determining
fuel rod response characteristics and failure mechanisms during an RIA
transient.

2.4.1 Fuel Rod Instrumentation. Tahle IIl summarizes the fuel rod

instrumentation including information as to description, range, response
time, and signal conditioning.

Irradiated Rod 801-1 will be instrumented for measurement of the
internal gas pressure, cladding surface temperature, and cladding elon-
gation.

Unirradiated Rod 801-3 will be fully instrumented for measurement
of the internal gas pressure, cladding surface temperature, fuel center-
line temperature, plenum temperature, and cladding elongation.

The following gives the specification of the fuel rod instrumenta-

tion:

(1) A molybdenum-rhenium sheathed, tungsten-rhenium thermocouple
will be Tocated at an axial position of 790 mm above the
bottom of the fuel stack of Rod 801-3 to measure the fuel
centerline temperature.




rg—— 49 38 mm ———ipm

North

Zr water tube

Fuel pin

Shroud

SST insert

Fuel rodf’shrogq The O-degree position
assembly position for each flow shroud
is toward the center

1. 801-1

2. 801-3 of the assembly.

3. 801-2

4. 801-4/801-5 INEL-A-2051

I Fuel ro! arrancement in four-rod hardware for Test RIA 1-1.
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(2)

Two Type S, titanium-sheathed cladding surface thermocouples
with spaded junctions will be installed on each of Rods 801-1]
and 801-3. The thermocouples will be welded to the cladding
outer surface. The location of each thermocouple above the
bottom of the fuel stack and their azimuthal orientations are
shown in Table III.

A 6.9 MPa Kaman pressure transducer will be mounted on Rods
801-1 and 801-3 to measure rod internal pressure in the upper
plenum.

A plenum thermocouple (Type K} will be located at the center-
line of the spring in the plenum region of Rod 801-3 to
measure the plenum gas temperature.

The remaining rods (Rods 801-2, 801-4, 801-5, and 801-6) will not
be instrumented except for measurement of the cladding elongation.

2.4.2 Test Assembly Instrumentation. Table IV summarizes the test

assembly instrumentation including information as to description, range,

response time, and signal conditioning. The test assembly instrumen-

tation consists of the following:

(1)

(2)

Three coolant pressure transducers (a 69 MPa EG&G, a 17.2 MPa
Kaman, and a 17.2 MPa Schaevitz) located above the flow shroud
outlet to measure the transient pressure response and normal
system pressure.

Four coolant Kaman pressure transducers located above the flow
shroud outlets to measure individual flow shroud transient
pressure pulses generated by fuel rod failure. The pressure
transducer for the 801-5 rod shroud will be attached after the
replacement of Rod 801-4 with Rod 801-5. This is necessary to
facilitate assembly.
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(4)

(5)

(6)

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

A pair of Chromel-Alumel (Type K) thermocouples (one located
at the inlet and the other at the outlet of each flow shroud),
to measure the temperature rise in the coolant.

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

A Chromel1-Alumel {Type K) thermocouple mounted at the outlet
of each flow shroud to measure the coolant outlet temperature.

A linear variable differential transformer (LVDT) mounted
below the lower end of each fuel rod to measure the cladding
axial elongation.

A flux wire mounted on the outer surface of each flow shroud
at the 180-degree orientation to measure the integrated
neutron flux. Flux wires with 0.51% cobalt and 99.49% alumi-
num content will be used during the power calibration and
conditioning phases. These wires will be removed and replaced
with 100% cobalt wires before the transient power burst.

Ten (10) self-powered neutron detectors (SPND) located in two
vertical columns 180 degrees apart to measure the relative
neutron flux.

2.4.3 Plant Instrumentation. Plant instrument data to be recorded

along with the test train instrument data are as follows:

(1) NMS-3 jon chamber

(2) PPS-1, PPS-2, PPS-3, PPS-4 jon chambers

11



(3) TR-1, TR-2 ion chambers

(4) EV-1, EV-2 ion chambers

(5) In-pile tube system pressure

(6) In-pile tube " AP"

(7) Loop flow rate

(8) Loop fission product detection system
(9) Core fuel rod LVDTs (3)

{10) Reactor vessel strain gauges (3)

(11) Loop Pressure transducers (9)

In addition, a 100% cobalt flux wire will be installed in the
reflector region of the core. A new cobalt flux wire will be installed
each time the reactor is scheduled to be shut down. The digital readout
for the Heise loop pressure gauge should be available for monitoring
from the PBF control room. If it is not, a closed circuit television

camera will be positioned to view the Heise loop pressure gauge and the
image displayed on the television monitor at the PBF control room.

12



3. EXPERIMENT OPERATING PROCEDURE

Details of the experimental procedure of Test RIA 1-1 are dis-
cussed in the following sections. Test RIA 1-1 will be conducted in
three primary test phases preceded by the nonnuclear heat-up and inter-
spaced with a number of instrumentation status checks. Coolant condi-
tions for each phase of the test are given in Table V. Each experiment
operating phase and the instrumentation status requirements are con-
sidered individually below.

3.1 Instrument Status Checks and Minimum Operable Instrumentation

To monitor the experiment status and to meet test objectives
requires that certain fuel rod and test assembly instrumentation be
operable throughout the experiment or during specific phases of the
experiment. The loss of a critical instrument or a critical combina-
tion of instruments needed for a current or subsequent test phase will
require the test procedures to be suspended. Since instrument status
will be monitored on the PBF/DARS display, the source of instrument
output difficulties can range from instrument malfunction or failure to
signal conditioning, transmission, or DARS calibration problems. If
the experiment is interrupted by an apparent instrumentation malfunc-
tion, it will be necessary for cognizant data system and instrumenta-
tion personnel to determine the source and potential remedies for the
malfunction indication. When possible, remedial actions will be
completed and the test procedures continued. If it is determined that
the instrument is failed or that repairs can be made only by removing
the test train from the reactor, test procedures will remain sus-
pended. This experiment status will be maintained pending a decision
by the RIA Project Leader, TFBD Management, and Directorate management
as to the course of action to be followed.

Critical instrumentation for Test RIA 1-1 have been defined in

terms of minimum operable instrumentation for various times during the
test sequence. Table VI presents this information. Instrument status

13



TEST RIA 1-1 COOLANT CONDITIONS

TABLE V

Test
Phase

Prenuclear

Power Cali-
bration

Conditioning

Transient Testing

Coolant Inlet
Temperature (K)

538 + 1
538 + 1

538 + 1
538 + 1

System
Pressure (MP3)

6.45 + 0.14
6.45 + 0.14

6.45 + 0.14
6.45 + 0.14

Shroud Coolant
Flow Rate
(cm3/s)

760 + 15
760 + 15

760 + 15
85 + 5

14



checks are planned before and during the test to ensure conformity to
the requirements in Table VI. Instrument status checks will occur at
the TRA assembly area and again in the reactor building prior to
loading the test train in the in-pile tube (IPT). Each fuel rod and
test assembly transducer will be checked according to the Instrument
Checkout Procedures documented in TP-RIA-1101 and TP-RIA-1102. Any
quality discrepancy reports issued as a result of TP-RIA-1101 and
TP-RIA-1102 must be signed off by the RIA Project Leader or his
alternate.

The remaining status checks are to be made at isothermal condi-
tions during each heat-up of the IPT system, prior to the power cali-
bration phase, and prior to the transient power burst. Table VII lists
the operating conditions and the acceptance criteria for each instru-
ment of the test. The acceptable operation criteria appear in the
table as ranges of measured values in SI units. The ranges stipulated
are based on the Tlisted operating conditions and expected accuracies of
the instruments used. Appendix A contains check lists, consistent with
Table VII, that are to be incorporated in the Experiment Operating
Procedures. Certification that each instrument is within range must be
made by the supervisor of the Instrumentation and Data Systems Section
or his alternate. If an instrument is not functioning the failure must
be certified by the supervisor of the Test Train Fabrication Section or
his alternate. For all cases where the instruments are not within
range, the RIA Project Leader's or his alternate's approval must be
obtained in order to continue the test procedures. Any deviation from
the acceptance criteria will be cause for further instrument checkout
and corrective action will be taken where possible. Criteria devia-
tions must be cross-checked against the minimum operable instrumen-
tation 1ist presented in Table VI and appropriate actions taken where
necessary.

The last status check will be performed after the flux wire

replacement and the connection of the 801-5 shroud pressure transducer
have been made and before the transient power burst.

15



MINIMUM REDUIRED OPERABLE INSTRUMENTATION DURING

TABLE VI

VARIOUS PHASES OF TEST RIA 1-1

PRE- INSTALLATION PURING PRE -
or TEST HEAT-UP POWER PRE-
INSTRUMENTATION NUMBER TRAIN IN CAL TBRATION TRANSIENT

1PT PHASE PHASE
17 MPa Shroud Pressure (4) 4 of 4 Req'd 3 of 4 Req'd 3 of 4 Req'd 3 of 4 Reqg'd
Transducers
Fuel Thermocouple {1 Reg'd Req'd Req'd Req'd
Cladding Thermo=- (4} 4 of 4 Req'd 3 of 4 Req'd 2 of 4 Req'd 2 of 4 Req'd
couples
Plenum Thermocoup les 1 Hot Req'd Not Req'd Not Req'd Not Regq'd
Internal Pressure (2) ? of 2 Req'd 1 of 2 Req'd 1 of 2 Reg'd 1 of 2 Reg'd
Transducers
69 MPa Coolant Pressure n Req'd Req'd Req *d Req 'd
Transducer
17 MPa Conlant Pressure {7) T of 2 Reg'd 1 of 2 Reg'd 1 of 72 Reg'd 1 of 2 Req'd
Transducer
Fuel Rod Coolant (4) 4 of 4 Req'd 4 of 4 Req'd 3 of 4 Reg'd 2 of 4 Req'd
Flowmeters
Cladding LVDTs (D] 4 of 4 Req'd 3 of 4 Req'd 2 of 4 Req'd 2 of 4 Req'd
Coolant Inlet (4} 4 of 4 Req'd 2 of 4 Reg'd 1 of 4 Req'd 1 of 4 Req'd
Thermocouples
Coolant Outlet {43 4 of 4 Req'd 2 of 4 Req'd 1 of 4 Req'd Not Regq'd
Thermocoup Tes
Conlant Differential {4) 4 of 4 Reg'd 4 of 4 Req'd 4 of 4 Req'd Not Req'd
Thermocoup les
SPHDs (2} Duadrants ? of 2 Quadrants 2 of 2 1of 2 1of 7

of 5 each) Req'd Quadrants Quadrants Quadrants
Req'd Req'd
Three of either: Three of either:  Three of either:

Core Transient lon Not Reg’d Not Reg'd EV.1, EV-2, EY-1, EV-2 EV-1, EV-2, TR-1,
Chambers Capable of TR-1 and TR-1 and and TR-2, Req'd
Monitoring Expected TR-2, Reg'd TR-2, Req'd

Peak Power
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Prior to any data acquisition, the PBF/DARS output will be veri-
fied by inputting voltages to the low level amplifiers or in accordance
with a checklist to be supplied by the Instrument and Data Systems
Section. This checklist will be incorporated in the Experiment
Operating Procedures and will be signed off by the supervisor of the
Instrumentation and Data section or his alternate prior to Toop heatup.

In the event of a DARS channel failure, permission must be
obtained from the Supervisor of the Instrumentation and Data Section or
his alternate before the failed channel can be changed. If any
channels are changed subsequent to the DARS verification then the
changed channels must be reverified. In addition, any channels being
doubly recorded on the surveillance system channel electronics cannot
be changed after verification. A posttest integrated data systems
calibration will be performed after reactor building re-entry is

permitted.

3.2 Loop Heatup Prior to Power Calibration

The initial part of testing will consist of a hydrostatic pressure
check, followed by heatup of the loop to the desired coolant tempera-
ture, pressure, and flow, which are: 538 + 1 K, 6.45 + 0.14 MPa, and
760 + 15 cm3/s flow through each flow shroud, respectively. Instru-
ment status checks will be made during heatup and again after the loop
coolant temperature has increased to 538 K. If possible, the IPT flow
bypass will be measured at 538 K by closing the flow bypass line valve
and then measuring the flow through the four flow shrouds and the total
Toop flow. Care should be taken not to exceed the 820 cm3/s flow
capability of the shroud flowmeters. The flow bypass valve will then
be opened to verify that an experiment flow of 85 cm3/s can be
obtained at 538 + 1 K and 6.45 + 0.14 MPa.

Data will be recorded on the DARS during the hydrostatic pressure
check, the heatup, and the flow checks.
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3.3 Prenuclear Instrument Drift Recording

Data channels shall be recorded for at least 30 minutes to estab-
1ish any instrument drift rates. This recording should be done after
heat-up and prior to nuclear operation at stable system conditions of:
538 + 1 K inlet temperature, 6.45 + 0.14 MPa IPT pressure, and
760 + 15 cm3/s flow through each flow shroud.

3.4 Fuel Rod Power Calibratijon and Conditioning

The objectives of the power calibration and conditioning phases of
the test are to intercalibrate the thermal-hydraulically determined
fuel rod power with reactor power and the self-powered neutron detec-
tors (SPNDs) mounted on the test assembly and to achieve pellet
cracking and partial fuel restructuring of the unirradiated fuel rods.
The on-1ine power calibration will be accomplished by measuring the
coolant pressure, coolant inlet temperature, coolant temperature rise,
and experiment flow for each rod. An axial peak-to-average neutron
flux ratio of 1.35 will be used for preliminary calculations. The
required coolant conditions during these phases are: 538 + 1.0 K inlet
temperature, 6.45 + 0.14 MPa IPT pressure, and 760 + 15 cm3/s flow
through each shroud. The anticipated PBF operation during these phases
is summarized in Table VIII. Power calibration data will be recorded
for about five minutes at each power level. The maximum ramp rate
(increase or decrease) in fuel rod power should not exceed 1 kW/m per
minute.

A temporary Channel 3 reactor shutdown is required that will shut-
down the reactor if any of the cladding surface thermocouples on Rod
801-1 or 801-3 indicate a temperature exceeding 700 K. The shutdown
circuit will include a time delay of 2 seconds to eliminate shutdown
from noise spikes. This circuit will be removed or made inoperable
prior to running the power transient.
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TABLE VIII

OPERATING CONDITIONS DURING POWER CALIBRATION AND CONDITIONING
PHASES OF TEST RIA 1-1

Expected Expected
Time Peak EUT] Rod Anticipated Temperature
Durat1on[a] Power LD Reactor Power[?] Rise of IPT
{(minute) (kW/m) (MW) Flow (K)
30 0 to 13 0 to 7.5
5 13 dub 2.9
7 13 to 20 7.6 to 11.6
5 20 11.6 4.5
6 20 to 26 11.8 to 15.1
5 26 15.1 5.9
6 26 to 37 15.3 to 18.6
5 32 18.6 7.2
6 32 to 38 18.8 to 22.0
5 38 22.0 8.6
6 38 to 44 22.4 to 25.5
5 44 25.5 10.0
6 44 to 48 25.9 to 77.8
180 48 27.8 10.9
47 48 to 3 28 to 1.7
10 3 Taid 0.7
41 3 to 44 1.8 to 25.5
180 44 25.5 10.0
41 44 to 3 25.9 to 1.7
10 3 lad 0.7
35 3 to 38 1.8 to 22.0
180 38 22.0 8.6
35 38 to 3 22.4 to 1.8
10 3 1.8 0.7
29 3 to 32 1.8 to 18.6
180 32 18.6 7.2
6 32 to 26 18.8 to 15.1
5 26 15.1 5.9
6 26 to 20 14.3 to 11.6
5 20 11.6 4.5
7 20 to 13 11.8 to 7.5
5 13 Fi 2.9
13 13 to O 7.6 to O

[2] 78 hours and 52 minutes total time.
[b]Fuel rod power refers to Saxton rods. MAPI rod power about 1.3% less.

c]Reactor power will be increased to 27.8 MW if measured fuel rod peak power
does not exceed 52 kW/m.
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3.5 Loop Heatup Prior to Transient Testing

Instrument status checks will be made before heatup and again
before performing the power transient burst. IPT loop operating con-
ditions required for the power transient testing will be: 538 + 1.0 K
inlet temperature, 6.45 + 0,14 MPa IPT pressure, and 85 + 5 cm3/s
flow through each experiment flow shroud. The test train flowmeters
will be intercalibrated with the total loop flow by increasing the
experiment coolant flow to a maximum and then decreasing the flow to a
minimum at 538 K. Data will be recorded during the hydrostatic pres-
sure check during the flow calibration, and during heatup. Reactor
primary coolant conditions will be nominally 15,000 gpm flow, 294 to
300 K inlet temperature, and atmospheric pressure for the power burst.

3.6 Power Transient Testing

The reactor period for the transient test will be chosen on the
hasis of the PBF lead rod tests, the RIA Scoping Test, and Test RIA 1-1
power calibration test results. The Channel 3 reactor shutdown circuit
will be made inoperable prior to running this transient.

The following sequence of operations leading to the initiation of
a power transient burst is designed to minimize the steady state energy
before the transient. It is essential that the steady state contri-
bution of the flux wire activation be a small percentage of the power
transient activation.

(1) The reactor will be made critical at about 100 W for determi-
nation of the Tow power critical position of the control rods.

(2) From this position the control rods will be withdrawn an

amount required to establish a reactor transient period of
approximately 10 seconds. The reactor power will be allowed
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(4)

to increase until the "chamber operable 1ight" indicates that
the chambers are functioning properly. Immediately upon
reaching this level, the control rods will be inserted an
amount required to make the reactor subcritical causing the
power to rapidly decrease. Allow no more than 50% power
overshoot above the chamber operable set point in the event a
chamber is not functioning properly.

The transient rods will then be drawn into the core to a
position representative of the reactivity insertion required
for the reactor transient.

The control rods will then be withdrawn to make the reactor
critical at about 100 W. The reactivity inserted by the
withdrawal of the control rods and the worth of the transient
rods will be compared to assure the increment of control rod
withdrawal determined for the reactor transient is not

grossly in error.

The transient rods will then be fully inserted into the core
with the control rod position adjusted to the required incre-
ment of withdrawal determined for the desired reactivity

insertion.

The transient will be initiated manually. The control rod
shutdown time or power trip level will be the same as that
used previously in the RIA Scoping Test for approximately the

same reactor transient period.
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4. DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumentation displays in the PBF Data Acquisition and Reduction
System (PBF/BARS) will identify the fuel rod, test assembly, and plant
instruments according to the identifiers in Table IX. Prior to each
nuc Tear operation, it shall be verified that data are being recorded

and that data are retrievable.

4.1 Data Acquisition Requirements

The data channels should he set to record the data based on the
requirements of Table IX. Those instruments requiring high frequency
recording will be set up to record on the DARS wide band channels or
the E&A system. Those channels on the wide band recorders should also
be recorded on the narrow bands. A1l of the narrow band DARS channels
should be available for display on the Vector General. A1l those
instruments which are designated as minimum operable instrumentation
for the pre-transient phase of Test RIA 1-1 (Table VI) will be recorded
on at Teast two independent systems of equivalent response to insure
against the loss of data in the event that one data system becomes
inoperable. The PBF/DARS will record data during the cold hydrostatic
pressure check, the flow calibration, the heatup phases, during all
nuc lear operation, and be left on until the loop has been depressurized
after the transient. The Surveillance System (SS) need not record data
during heatup and 30 minutes after test termination unless requested by
the TFBD ESRA representative. The wide band DARS and E&A System need
not be turned on except for 2 minutes before and 28 minutes after the
transient power burst. Fiqure 2 indicates the data channels which will
be reaquired to be displayed on the strip charts during power calibra-
tion and fuel conditioning and the transient phase. The display and
recording requirements are subject to change at the discretion of the
TFBD representative in case of instrument failure or unusual test
behavior. The core neutron chamber ranges shown in Table IX are preli-
minary and should be set according to the expected peak power of the
test. The upper range will be set to cover the power peak.
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Measurement
Fuel Pod

Fuel Centerline Temperature
Cladding Surface Temperature
fladding Surface Temperature
(ladding Surface Temperature
Cladding Surface Temperature
Fuel Rod Pressure

Fuel Rod Pressure

Plenum Temperature

Test Train

Shrivad Coolant Flow

Shroud Coolant Flow

Shrand Conlant Flow
Shroud Coolant Flow
Tonlant Pressure

CanTant Pressure

Shraud Pressure

Shroud Pressure

Shroud Pressure

Shroud Pressure

Taclant Inlet Temperature
Conlant Inlet Temperature
Contant Inlet Temperature
foolant Inlet Temperature
Contant Outlet Temperature
Coslant Outlet Temperature
Contant Outlet Temperature
Conlant Outlet Temperature
Coolant Temperature Rise
Contlant Temperature Rise
faolant Temperature Rise
Cnolant Temperature Rise
Cladding Axial Strain
fladding Axial Strain
fladding Axial Strain
Tladding Axial Strain
MNeutron Flux No.
Hourtran Flux No.
Negtron Flax No.
Neptran Flux No.
Nentron Flux No.
Nestron Flux No.
Heutron Flux No.
Newtron Flux No.
Newtron Flux No.
Neutron Flux No. 10

LVDT NG Thra Capacitors

tVRT 0f Thru Capacitors

L¥RT OC Thru Capacitors

LVOT DC Thru Capacitors
Shroud PXD DC Thru Capacitors
Shroud PXD DC Thru Capacitors
Stroud PXD OC Thru Capacitors
Shroud PXD 0C Thru Capacitors

AT NI T ) e

(1]

Instrument Location
T 0.79 mla]
TC 0.46 m - 0°
1C 0.79 m - 1§o°
TC 0.46 m - 0
C 0.7 w - 180°
Kaman 6.9 MPa PXD Fuel Rod Plenum
Kaman 6.9 MPa PXD Fuel Rod Plenum
TC Fuel Rod Plenum
Flow Turbine Lower Shrourd Extensinn
Flow Turbine tower Shroud Fxtension
Flow Turbine Lower Shroud Extension
Fiow Turbine Lower Shroud Extensinn
EGRG A9 MPa PXD Upper Test Assembly
ER&G 17 MPa PXD Upper Test Assembly

Kaman 17 MPa PXD
Kaman 17 MPa PXD
Kaman 17 MPa PXD
Kaman 17 MPa PxD
TC
T
TC
TC
Te
1C
i
TC
AT Pair
AT Pair
AT Pair
AT Pair
LvnT
LvoT
LvoT
LvpY
SPKD
SPND
SPND
SPND
SPND
SPND
SPAND
SPND
SPND
SPHD
LvDT
LVDT
LvnT
LvnT

Kaman
Kaman
K aman
Kaman

17 MPa PXD
17 MPa PXD
17 MPa PXD
17 MPa PXD

Upper
Upper
Upper
Upper
Lower
Lower
Lower
Lower
Upper
tUpper
Upper
Upper

Top and Bottom of Shroud
Top and Bottom of Shroud
Top and Bottom of Shroud
Top and Bottom of Shroud

Lower
Lower
Lower
Lower
0.091
0.7274
0.745
0.640
0.823
0.081
0.274
0.4%7
0,640
0.823
Lower
Lower
Lower
Lower
Upper
Upper
Upper
Upper

A1l elevatinns are measured from lower end of fuel

Test Assembly
Test Assembly
Test Assembly
Test Assemhly
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension

End of Rod
End of Rod
End of Rod
End of Rod
m Quadrant
m Ouadrant
m Quadrant,
m (Quadrant
m Ouadrant
m Ouadrant
m Quadrant
m Quadrant :
m Quadrant
m Quadrant
End of Rod

End of Rod

End of Rod

End of Rod

Test Agsembly
Test Assembly
Test Assembly
Test Assembly

o Lt d (A2 L et b bt o

stack end.

TAB LE Ix

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

Ror

Number

801-3
801-1
801-1
801-3
801-3
801-1
801-3
801-3

FUEL TMP
CLAD TMP
CLAD TMP
CLAD TP
CLAD TMP
ROD PRES
ROD PRES
PLNM TP

FLOWRATE
FLOWRATE
FLOWRATE
FLOWRATE
SYS PRES
5YS PRES
SHROPRES
SHRDPRES
SHRDPRES
SHROPRES
INLT TMP
INLT TMP
INLT TMP
INLT TMP
oUT TEMP
QUT TEMP
OUT TEMP
OUT TEMP
OEL TEMP
DEL TEMP
DEL TEMP
DEL TEMP
CLAD DSP
CLAD DSP
CLAD DSP
CLAD ISP
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
NEUT FLX
LvDT DC
LvpT DC
LVDT DC
LVDT DC
Pxfr bC

79
46-0

03
01

79-18001

46-0

03

79-18003

6.9KA
6.9KA

INLET
INLET
INLET
INLET

01
03
03

01
0?2
03
04

69EG UTT
176G UTT

17kA
17kA
17KA
17KA

.01
27-01
4601
64.01
82-01

9-03
27-03
46-03
64-03
82-03

01

02

03

04

01

02
03
N
01

02
03
04

01

02
03
04
0l

0z
03
04
T
T
T
T
T
TT
7
T
T
T
01

02
03
04
01

PXD
Pxo
PXD

oC
oe
oc

24

02
03
0

Frequenc
Response
Recording Ranges Required
500 to 3000 K High
300 to 1100 K Hig’
300 to 1100 x Higt
300 to 1100 K High
300 to 1100 K High
Q0 to 6.9 MPa High
0 to 6.9 MPa High
300 to 1100 K Normal
0 to 820 cm3/s Normat
0 to 820 cmj/s Normat
0 to 820 s /s Normal
0 to 820 cm’/s Norinal
0 to 69 MPa Normal
0 to 17 MPa High
0 to 17 MPa High
0 to 17 MPa High
0 to 17 MPs High
0 to 17 MPa High
300 to 600 K {ss}; 1000 K {tr} Norma’
300 to 600 K (ss}; 1000 K (tr)  Normal
300 to 600 K {ss); 1000 k (tr)}  Normal
300 to 600 K {ss); 1000 K {tr)  Normal
300 to 600 K (ss); 1000 K (tr})  Normal
300 to 600 K {ss); 1000 K {tr) MNorma!l
300 to 600 K (ss); 1000 K {tr) Normal
00 to 600 K (ss); 1000 K (tr)  Normal
0 to 20 K Norma
0 to 20 K Norma!
0 to 20 K Norga 1
0 to 20K Normal
-5 to 75 mm High
-5 to 25 mm High
-5 to 25 mm High
-51}0 25 -y High
10'11 to 10’3 amps High
10'11 to 10'3 amps High
1071 to 1075 amps High
10:]} to 10'3 amps High
107, to 10'3 amps High
1074y to 1073 amps High
10 11 to 1075 amps High
1073y to 1075 amps High
10777 to 1073 amps High
107" to 1077 amps High
s High
e High
- High
_— High
we High
- Hich
. High
ww High



Measurement
rpns(a)
35 G

Gross famma Rate
fiross Gamma Rate
Gross Gamma Rate
firpss Neutron Rate
FPDS Flnw Rate

FPDS Flow Rate

Pipe Temperature
“yhical Temperature

Piant (M

NMS.T (40 M)

PRS-t (50 MW

PPe.? 180 M{)

PPS-_2 (80000 MW}
PPS-3 {1 MW!

PPS- (16000 M)
PPS-A (16 MW}

PPS-A (1A000 MW

TR-1 (50 MW}

TR-1 (500 MW)

T« 1 {5000 MJ)

TR-1 (50000 M)

TR-? (50 MW}

-2 {500 MW}

TR-? (5000 M)

TR-7 {50000 MW)

FY-1 {50 Md)

Fy-1 (500 MW}

FV.i (5000 MW)

FV-1 (50000 MW)

Fv-? (50 MW)

FV-2 (500 M)

V-7 [50N0 MW)

FY_7 150000 M)
System Prassure

1PT  Preacure

tonp Flow

Vhespl Strain

VYessp] Strain

Core Red Axial firnwth
fare Rod Axial Growth
Core Rod Axial Growlh
Loop Conlant Pressiy: o
Loop Tnnlant Proscyrn
fanp Conlant Preasura
tanp Conlant Presanrs
Poan Coodan) Progiure
Lenp Conlant Procane
Loop Loolant Pressure
Loop Coplant Pressure
Laop Coplant Pressure
Core Pressure

Core Pressure

Core Pregsure

TABLE IX  (Cont inued)

TEST RiA 1.1 INSTRUMENT IDENTIFICATION, DATA CHANNEL REGDRDING, AND DISPLAY RFNUIREMENTS

Rod

Instrument Locat ion Humhor Identifier .. Recording Ranges
No. 1 famma Detector FPOS - FP GAMMA NO.1 FP 10 to 106 connts/<
No. 7 Gamma Detector FPDS - FP GAMMA NO.7 FP 10 ta 106 counts/s
No. 3 Gamma Detertor FPDS FP GAMMA NO.Y FP 10 to 106 counts /s
Neutron Detector FPDS - FP NEUT Fp 10 to 10 rqunts/s
No. 1 Flowmeter FPDS - FP FLOW  ND.1 FP O to M emy/s
No. 7 Flowmeter FPDS . FP FLOW NO.2 FP 0 g 61 ¢m™ /g
Thermocoup le FPDS - FP TEMP  P[PE FP 300 to 600 K (ss); 1000 K {tr)
Thermocoup te FPDS - FP TEMP  CUBILLFP 300 te 600 K (ss): 1000 K (tr)
inn Chamher Plant - REAC POW AONMSIPT 0 to 40 MW
Ton Chamber Plant - REAC POW SOPPSIPT 0 to 50 MW
lon Chamher Plant - REAC POW SOPPSIPT 0 Lo 50 MW
[on Chamber Plant - REAC POW SDKPSPT 0 to 50000 MW
Ton Chamber Plant - RFAC POW 16PPSIPT Dt 16 MK
fon Chamber Plant - RTAC POW  16KPSIPT 0 to 16000 My
fon Chamher Plant - RIAC POW TAPPSPT iy 16 MW
Ton Chamher Plant - REAC POW TOKPUANT 5t 16000 My
lon Chamber Plant = RIAC POW  SOTRIPT )t 50 MW
lon Chamher Piant - REAC POW S00TRIPT N Lo 500 My
{on Chamber flant = REAC POW  SKTRIPT 0 Lo 5000 MW
lon Chamber fant, - RFAC POW  SOKTRIPT 0 to 50000 MW
[on Chamher Plant - REAC POW  SOTRIPT 0 ta 50 MW
fon Chamber Plant - REAC POW SOOTRIPT U to 500 MW
lon {hamber Plant - REAC POW  BKTRIPT 0 to 5000 M
{on Chamher Plant - REAC POW  S0KTRZPT 0 to R0000 MW
Fyacuation Chamher Plant w REAC POW  SOEVIPT 0 ta 50 MW
Evacuation Chamber Flant - RFAC POW SOOEV'PT 0 to 500 MW
Evacuation Chamber Plant - REAC POW  SKEVIPT 0 te 5000 MW
Evacuat ion Chamher Plant - REAC POW  SOKEVIPT 0 to 50000 MW
Evacuation Chamber Ptant - REAC POW  BS0EVIPT 1 to R0 MW
Fvacuation Chamher Plant - REAC POW SO0EVIPT O to 500 My
Fvacuat ion Chamber Plant - REAC POW  SKEWIPT 0 to 5000 MW
lvacuation Chamber Plant - RTAC POW  SOKEVIPT 0 Lo H0000 MW
X0 Plant - SYS PRES PT th to 17 MP3
AP PXD Plant - IPT DELP PT 0 1o 0.69 Mpi
Yenturi Plant - Loor FLO PT O to 0,063 m” /g
“train Gauge Plant - VESTRAIN  NOLTPT G to 500 nin/in
Strain Gaune Plant - VESTRAIN  NO.Z PT 0 tn 500 pin/in
“ore LYDT No. 1 Piant - CLAO DSP COREY PT +12.7 mm
Core LVOT No. 7 Plant - CLAD DSP  CORE? PT F17 o
rore LVDT No. 3 Plant - CLAD DSP CORE3 PT +172.7
N to 34 MPa PXD Plant - LOOPPRES  5-20 PT 0 to 34 MPa
N to 34 MPa PXD Plant - LOOPPRES ~ 5-21PT 0 ta 34 MPa
0 ta 34 MPa Pxi Plant - LOOPPRES  5.22 PT 0 1o 34 MPa
N to 34 MPa PXD Plant - LOAPPRES  5-23 PT 0 o 31 MPa
0 tn 34 MPa PXD Plant - LONPPRES 5-74 PT 0 to 34 MPa
T in 34 MPa PXD Plant - LOOPPRES 525 PT 0 ta M M,
1 to 34 MPa PXD Plant - LODPPRES  5-34 PT 0 to 14 MPa
A to 34 MPa PXD Plant - LODPPRES  5-35 PT D to 34 MPa
0 to 34 MPa PXD Plant - LOOPPRES  5.36PT 0 to 34 MPa
N to 34 MPa PXD Plant COREPRES W  PT 0 to 34 MPa
7 to 34 MPa PXD Plant COREPRES NE  PT 0 Ln 34 MPa
7 to 34 MPa PXD Piant COREPRES SE  PT i to 3 MPa

[a] Tission Praduct Detertion Svstem (FPDS)

[F] The indicated ranges nf the core neutron chambers are preliminary and
may he changed at the discretion of the TFBD representative if

NEeesaary,
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Frequenc
Response
Required

Normal
Normal
Normal
Normal
Norma1l
Norma1
Normal
Narmal

Normal
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Hiqh
High
High
High
High
High
High

Normal

Normal

Normal

Normal

Normal
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High




FLOWRATE INLET 03

FLOWRATE INLET 04

CLAD TMP 46-0 01
CLAD TMP 79-180 01

CLAD DSP 03
CLAD DSP 04

SYS PRES 17 EG UTT
INLT TMP 01

CLAD TMP 46-0 03
CLAD TMP 79-180 03

L —

NEUT FLX 46-Q1 TT

DEL TEMP 01
DEL TEMP 02

ROD PRES 17 KA 01
ROD PRES 17 KA 03

FP GAMMA NO. 1
FP GAMMA NO. 2

DEL TEMP 03
DEL TEMP 03

FLOWRATE INLET 01
FLOWRATE INLET 02

FP GAMMA NO. 3
FP NEUT FP

CLAD DSP 01
CLAD DSP 02

SYS PRES PT
IPT DELP PT

Fig. 2 Strip chart set-up for RIA 1-1 power calibration, conditioning, and

transient phases.
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4.2 Data Reduction Requirements

Data reduction and plotting requirements are separated into three
seaments below. The first segment concerns data reduction and plot
requirements needed for the preparation of the RIA 1-1 Quick Look
Report. The second concerns data reduction and presentation require-
ments for the Experimental Data Report and the third for the Test
Results Report. Additional plotting requirements will be stipulated
for the test analysis, based on test performance and posttest code
analyses.

4.2.1 Quick Look Report. Test Data plots and data pretest calcu-

lation comparison plots for the Ouick Look Report are to be prepared
within 72 hours of the completion of the test. Due to the short time
allocated for preparation of this document, it is mandatory that this
requirement be met. The Quick Look Report will only contain plots of
data from the transient portion of the test. That portion of the SPORT
computer program required to compute reactor energy and reactivity as a
function of time from the power history will be programmed into the
PBF/DARS computer and the data processed through the program.

The plots generated will go directly into the Quick Look Report
without redrawing or handling by graphics personnel. The plots size
should conform to 8-1/2 x 1ll-inch paper with conventional margins. A1l
plotted data are to be in standard SI units.

Table X Tlists the plots that are required for the Quick Look
Report. Comparison plots showing FRAP-T calculations and corresponding
data as a function of time are included. The FRAP-T calculations were

previously performed and the output tapes are available for data system
personnel use.

Digital printout of all the data from the reactor neutron detec-

ting chambers (EV-1, EV-2, TR-1 and TR-2) and the SPNDs during the
transient will be required. The logarithmic amplifiers for the SPNDs
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TABLE X
PLOTS FOR RIA 1-1 QUICK LOOK REPORT

VERTJCAL AXIS

HORIZONTAL AXIS

PERIOD
PLOT PARA- PAGE ORTEN- OF TEST
NG. PARAMETER RARGE METER  RANGE  TATION COVERED
1. FUEL TMP 79 03 500 to 3000 K TIME 30s Hor izontal [a]
FRAP-T Calc. Fuel Temp. 500 to 3000 K
Fuel Rod Eneray 0 to 1600 J/g
7. CLAD TMP 46-0 01 & 03 500 to 2200 K TIME s Hor izontal [a]
FRAP-T Calc. Clad Temp. 500 to 2100 K
Fuel Rod Energy 0 to 1600 J/q TIME 30s Horizontal [a]
3. CLAD TMP 79.18001 & 03 500 to 2000 K TIME 30s Horizontal a
FRAP-T Calc, Clad Temp. 500 to 2000 K TIME 30s Hor izontal a
a
4, ROD PRES 6.9 KA 01 0 to 10.0 MPa TIME 30s Horizontal
ROD PRES 6.9 KA O3 0 to 10.0 MPa
FRAP.T falc. Rod Pres. 0 to 10.0 MPa
Fuel Rod Energy 0 to 1600 Y/g
a
5. PLNM TMP 03 500 to 1000 K TIME 305 Horizontal [ ]
FRAP-T Calc. Plenum Temp. 500 to 1000 K
Flowrate Inlet 03 0 to 200 em3/s [a]
6. CLAD DSP 01 0 to 20 mm TIME 30s Horizontal
CLAD DSP 0? O to 720 mm
FRAP-T Calc. Clad Disp. 0 to 20 mm
Fuel Rod Eneray 0 to 1600 J/g [a]
7. CLAD DSP 03 0 to 20 mm TIME 30s Horizontal
CLAD DSP 04 0 to 20 mm
FRAP-T Calc. Clad Disp. 0 to 70 mm
Fuel Rod Energy 0 to 1600 J/g [b]
8. SYS PRES 69EG UTT 0 to 70 MPa TIME 1s Horizontal
SYS PRES 17EG yTT 0 to 20 MPa [b]
9. REAC POW 50KTR1 0 to 50000 MW TIME 1s Horizontal
REAC POW SOKEVL 0 to 50000 MW
Fuel Rod Energy 0 tn 1600 J/g [b]
10. SHRDPRES 17kA 01 0 to 20 MPa TIME 1s Horizontal
SHROPRES 17KA 0?2 0 to 20 MPa
SHRDPRES 17kA 03 0 to 20 MPs
SHRDPRES 17KA 04 0 to 20 MPa [a]
11. FP GAMMA ND.1 FP 0 to 10000 cpm  TIME 3 mip. Horizontal
FPGAMMA  NO.2  FP 0 to 10000 cpm
FP GAMMA NO.3 FP 0 to 10000 cpm [a]
12, FP NEUT Fp As Required TIME 30 min. Horizontal
FP FLOW  NO.1 FP As Required
FP FLOW NO.2 FP As Reguired

a] Zero time on plot should correspond to time
h] Zero time on plot should correspond to time
milliseconds.

of peak power minus 1 second.
of peak power minus 100
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yield the log of the neutron-induced current. These data should be
converted back to actual neutron induced currents and processed through
the SPORT program.

4.2.2 Experiment Data Report. Data plots presented in the Test

RIA 1-1 Experiment Data Report will be used by Experiment Specification
and Analysis personnel in analyzing the test performance.

4,2.3 Test Results Report. The initial data reduction require-

ments for the Test Results Report are given in Tables XI and XII.
Comparison plots of posttest FRAP-T calculations with experimental data
as a function of fuel rod power will be required for the steady state
portions of the test. Comparison plots of FRAP-T calculations with
experimental data as a function of time during the transient will be
required. The calculated energy deposition for each fuel rod as
derived from the SPNDs shall also be plotted. A1l plots will be
1/2-page size - horizontal orientation. Further data reduction
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.
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X1

TABLE

PLOTS FOR RIA 1-1 TEST RESULTS REPORT -
POWER CALIBRATION AND CONDITIONING PHASES

CHANNEL VERTICAL AXIS
REPONSE
HZ PARAMETER
100 CLAD TMP 46-0 O
100 CLAD TMP  79-18001
100 FUEL TMP 79 03
100 CLAD T™MP 46-0 02
100 CLAD TMP 79-18002
100 PLNM TMP 02
100 ROD PRES 6.9KA 0]
100 ROD PRES 6.9KA O3
10 CLAD DSP 01
10 CLAD DSP 0?2
10 CLAD DSP 03
10 CLAD DSP 04
100 NEUT FLX  9-01 TT
100 NEUT FLX 27-01 TT
100 NEUT FLX 46-01 TT
100 NEUT FLX 64-0Q1 TT
100 NEUT FLX 82-Q1 TT
100 NEUT FLX  9-03 TT
100 NEUT FLX 27-Q3 TT
100 NEUT FLX 46-03 TT
100 NEUT FLX 64-03 TT
100 NEUT FLX 82-03 TT
10 RFAC POW  SOTRIPT
10 REAC POW  50TR?PT
10 REAC POW  50EVIPT
10 REAC POW  SOEV2PT
0 INLT TMP a3
SYSPRES 17 EG ©TT
FLOWRATE INLET 03
AVERAGE ROD POWER
{801-3)

RANGE

500 to
500 to
500 to
500 to
500 to
500 to

7 to
0 to

-0.07%
-0.07%
-0.02%
-0.02%

to
to
to
to
to
to
to
to
to
to
% to
0 to
0 to
0 to

D0 o O 0o O o o o

0 to 1000 cmi/s
0 to 50 kW/m

600 K
600 K
2500 K
600K
600K
AO0K

7 MPa
7 MPa

160
160
160
160
160
160
160
160
160
160

to 0.2%
to 0.?7%
to 0.2%
to 0.2%

nA
nA
nA
nA
nA
nA
nA
nA
nA
nA

10 mw
30 nw
30 mw
30 mw
300 to ROOK
0 to 10 MPa

HORIZONTAL AXIS

PARAME T

Average
Average
Average
Average
Averaqe
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Average
Avarage
fvarane
Averane
Averane
Averaae
Average
TIME

ER

Rod
Rod
Rod
Rod
Rod
Rod

Rod
Rod
Rod
Rod
Rod

Power (801-1)
Power (801-1)

Power
Power
Power
Power
Power
Power
Powar
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Power

(801~

(801
{801
(801
(e
(801
(anl-
{801~
(801 -
(801
(801-
(801~
(801

(801~

{801
{801
(801
{801
(r01
{801
{801
(8
(801
(801

{Compasite Plot nn

3)
-3
-3)
-3)
-1)
-1)
1
1
3)
-4)
1)
1)
-1}
1)
-1}
23]
-1
-1}
-1
-1
1)

b
1)

full page of report

RANGE

0-50
0-50
0-50
0-50
0.50
0-50
0-50
0.50
0-50
0-50
(.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
.50
1,50
0.00
0,40
0,50
n.80
Tesgt

Durat

kW /m
ki /m
kW /m
kW /m
kW /m
kW /m
kW/m
kW /m
kW/m
kW /m
kW/m
kW/m
kW/m
kW/m
kW /m
kW/m
kW /m
kW /m
kW /m
ki /m
k¥ /m
kW/m
kW /m
kW /m
kW /m
kW/m

inn

CALCULATION
COMPARI SON

INCLUDED

FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
FRAP-T
NO
NO
NO
NO
NO
NO
NO
NO
NO
NOY
NO
NO
NO
NO
NO
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TABLE X11

PLOTS FOR RIA 1-1 TEST RESULTS REPORT -
. TRANSIENT PHASE

VERTICAL AXIS __HORIZONTAL AXIS
CHANNEL TIME  CALCULATION
REPONSE PARA-  RANGE  COMPARISON
(HZ)  PARAMETER RANGE METER (s} INCLUDED
5000 CLAD TMP 46-0 01 500 to 2200 K TIME n.50 (0] rrapt
5000 CLADO TMP 46-0 01 500 to 2200 K TIME 0.0 (6] rrap-T
5000 CLAD TMP 79-18001 500 to 2200 K TIME 0.50 8] Frap-T
5000 CLAD TMP 79-18001 500 to 2200 K TIME a.0 [ rrapet
5000 FUEL TP 79 03 500 to 3000 K TIME 0.50 (M) prapt
5000 FUEL TP 79 03 500 to 3000 K TIME 1.0 €] erap-T
5000 CLAD TMP 46-0 03 500 to 2200k TIME 0.50l0]  rapot
5000 CLAD TMP 46-0 03 500 to 2200k TIME 0.0 €] rrapoT
5000 CLAD TMP 7918003 500 to 2200k TIME 0501 Frap-T
5000 CLAD TMP 7918003 500 to 2700K TIME 30.0 €] rraeet
5000 ROD PRES 6.9KA 01 0 to 7 MPa TIME 0.50lP)  rrap-T
5000 ROD PRES 6.9KA 01 O to 7 MPa TIME 10.0 [°]  rrap-T
5000 ROO PRES 6.9KA 03 0 to 10 MPa TIME 0.50(b]  Frap-T
5000 ROD PRES 6.9kA 03 0 to 10 MPa TIME 30.0 [ Frapt
5000 PLNM TMP 03 500 to 1000k TIME 0.50[t]  erap-t
5000  CLAD DSP 0l 0 to 3% TIME 0.50(0]  Frap_T
5000 CLAD DSP 01 0 to 3% TIME 30,0 €] rrapet
5000 CLAD 0SP 02 0to 3% TIMF 0.50(6]  Frap-t
5000 CLAD DSP 02 0 to 3% TIME 0.0 (] Frapet
20000 CLAD DSP 03 0 to 3% TIME n.5000]  FRap.T
20000 CLAD DSP 03 0 to 3% TIME 30.0 (€] FrapT
5000 CLAO DSP 04 0 to 3% TIME 0.50[0]  Frap-T
5000 CLAD DSP 04 0 to 3% TIME 0.50l¢]  rrapT
20000 SYS PRES 69EG UTT 0 to 30 MPa TIME 0.50[b] NO
20000 SYS PRES 17EG UTT 0 to 20 MPa TIME n.s0lP] NO
20000 SHROPRES 17kA 03 0 to 15 MPa TIME 0.5000] NO
5000 REAC PWR SOKEVIPT 0 to 5000 M4 TIME L)
5000 REAC PWR SOKEVZPT O to 5000 M4 TIME a.50Lh] NO
5000 REAC PWR S50KTRIPT 0 to 5000 MW TIME [).50[“.] NO
5000 REAC PWR 50K TRZPT 0 to K000 MW TIME O.SO[b] NO
100 FLOWRATE INLET 01 O to 200 cm/s  TIME a.5000)  reLapa
100 FLONRATE INLET Ol O to 200 cm’/s  TIME 30.0 [] recape
100 FLOWRATE INLET 02 0 to 200 cm/s  TIME 0.50(t]  revapa
100 FLOWRATE INLET 02 O to 200 cm’/s  TIME 30.0 [ priars
100 FLOWRATE INLET 03 O to 200 cmd/s  TIME 0.50b]  RreLaps
100 FLOWRATE INLET 03 0 to 200 cm’/s  TIME an.0 [ reLars
100 FLOWRATE INLET 04 O to 200 cm3/s  TIME 0.5000]  ReLapa
100 FLOWRATE INLET 04 O to 200 cm’/s  TIME 30.0 [€]  Recars
10 INLET TP 01 300 to 600 K TIME 30.0 €] NO
10 INLET TP 07 300 to 600 K TIME 30.0 [€] NO
10 INLET TMP 03 300 to 600 K TIME 20.0 (€] NO
10 INLET TMP 04 300 to 600 K TIME .0 (€] NO
10 0UT TEMP 01 300 to 600 K TIME 0.0 [€] N0
10 0UT TEMP 07 300 to AOO K TIME 30.0 [€] NO
10 oUT TEMP 03 300 to 600 K TIME 3.0 [<] NO
10 oUT TEMP 04 300 to 600 K TIME 30.0 ] NO
5000 NEUT FLX  9-03 7T 0 to 0.5 ma TIME 0.50[0] NO
5000 NEUT FLX 27-03 TT 0 to 0.5 ma TIME 0.50(0] NO
5000 NEUT FLX 46-03 TT 0 to 0.5 ma TIME 0.50(0] NO
5000 NEUT FLX 64-03 TT 0 to 0.5 ma TIME 0.50(b] NO
5000 NEUT FLX 82-03 TT O to 0.5 ma TIME 0.50(b] NO

{a] Each plot should also include fuel rod energy (0-1600 J/g) on right
veritcal axis and selected parameter on left vertical axis,

[b] Zero time on plot should correspond to time of peak power minus 50
milliseconds.

[c] Zero time on plot should correspond to time of peak power minus 200
milliseconds.




5. POSTTEST OPERATIONS SUPPORT

Before the test and following each cooldown, two loop water
samples will be taken for chemical and fission product analysis. One
sample should be analyzed for nitrogen, oxygen, and hydrogen and the
other sent to the TRA counting laboratory for fission product and
uranium analysis.

Table XIII 1lists the fission product inventory and the total
activity (R/hr) 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 and
the data in Table XIII. The calculations presented are based on
expected power operation. Deviations between the planned and actual
power histories may require recalculation of the activity levels and
fission product inventories. The TRA hot cell has a current acceptance
1imit of 10‘2 curies of 113] per fuel rod. Efforts are being made
to increase this 1imit. According to Table XIII, intact fuel rods can
be shipped within 84 days after the final shutdown of Test RIA 1-1.
Fuel rods that fail during testing may be shipped within one week after
the test is completed.

It is anticipated that the fuel rod cladding will be heavily oxi-
dized and in an embrittled condition. Therefore, posttest handling,
shipment, and storage should be performed as carefully as possible to
minimize further fuel rod damage. Disassembly should be performed with
the test train in a vertical position, if possible.

The cladding thermocouple and internal pressure transducer leads
should be cut about 25 to 50 mm above the upper end plug. The fuel
thermocouple and plenum thermocouple leads should be cut 25 to 50 mm
above the gas seal in each lead.

Closure plugs should be installed on the upper and lower ends of
each flow shroud after removal from the test assembly to prevent
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further Toss of material from failed fuel rods during handling and

shipment to the hot cell. The test train will be reused in Test
RIA 1-2.
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6. PIE REQUIREMENTS

The flow shrouds for Rods 801-1, 801-2, 801-3 and 801-5 should be
split into two pieces to facilitate fuel rod removal. Care should be
taken to retain all fuel particles during disassembly. The planned
postirradiation examination (PIE) for Test RIA 1-1 consists of the
following:

(1) A gamma scan and nvt determination of the 0.51% cobalt -
99.49% aluminum flux wires for Rods 801-1 through 801-4, and
the 100% cobalt flux wires for Rods 801-1, 801-2, 801-3, and
801-5. Each wire will be tagged to identify Test No., fuel
rod number, test phase, and bottom end of wire.

(2) A gamma scan and nvt determination of the 100% cobalt flux
wires inserted in the core region. Each flux wire will be
cut to 1.22 m length. Each flux wire will be tagged to iden-
tify Test No., irradiation time, and bottom end of wire.

(3) The visual, dimensional, and photographic examination of Rods
801-1 through 801-5. A1l remaining fragments of failed fuel
rods should be weighed for each rod.

(4) A leak check of all rods if cladding failure is not obvious.

(5) The posttest measurement of the void volume and internal gas
pressure and gas analysis of Rods 801-1, 801-2, 801-3, and
801-5 if cladding failure did not occur.

(6) A spectral gamma scan of Rod 801-2 and 801-5.

(7) The neutron radiography of Rods 801-1, 801-2, 801-3, and
801-5.
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(8)

(9)

(10)

(11)

The fission product analysis of five samples each from Rod
801-4 and 801-5 to determine burnup in terms of fissions per
gram of uranium. The Tocations will be determined after
visual examination of the fuel rods. Each sample will be
tagged to identify fuel rod number and axial location of
sample.

The preparation of twenty metallurgical mounts from Rods
801-1, 801-2, 801-3, 801-4, and 801-5. The location of each
of the metallurgical samples will be specified after posttest
visual and photographic examination is completed.

The preparation of two samples for scanning electron micro-
scope (SEM) examination (one each from two rods to be speci-
fied later).

The analysis and documentation of fuel and cladding structure
and estimation of maximum temperatures for each metallurgical

sample.

The analysis and documentation of SEM examination of cladding

fracture surface.

A special examination including one microprobe sample and
four cladding gas samples.
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APPENDIX A
STATUS CHECK LISTS FOR INSTRUMENTATION

The check 1lists provided in this appendix are to be incorporated in
the RIA 1-1 Experiment Operating Procedure.
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INSTRUMENT STATUS CHECKS

Check List No. 1

TRA Assembly Area

This check 1ist is found in "Instrument Check Procedure",
TR-RIA-1101.

Check List No. 2

Pre-In pile Tube Loading

This check 1ist dis found in "Instrument Checkout Procedure*
TP-RIA-1102.

39
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HEATUP INSTRUMENT STATUS

Check List Nn. 3

Reactor Power - 0.0 MW Minimum required
operable instrumentation
Plant IPT Coolant 450 K available for
Temperature RIA 1-1 EOS
Heise Gauge 3.45 + 0.14 MPa Instrument Data Section
representative
Shroud Flow Rate 500 + 15 em3/s TFBD representative
in charge
Certification
Instrument PBF /DARS Required Instrument i
Identifier Reading Range within Range a]
FUEL TMP 79 03 K 420 to 480 K
CLAD TMP 46-0 01 K 430 to 470 K
CLAD TMP 79-18001 K 430 to 470 K
CLAD TMP 46-0 03 K 430 to 470 K
CLAD TMP 79-18003 K 430 to 470 K
ROD PRES 6.9KA 03 MPa 0 to 1.0 MPa
ROD PRES 6.9KA 01 o MPa 0 to 1.0 MPa
PLNM TMP 03 K 430 to 470 K Not Required
SYS PRES 69EG UTT MPa + 3.5 MPa of Heise
SYS PRES 17KA UTT MPa + 1 MPa of Heise
SYS PRES 17SCHUTT MPa + 1 MPa of Heise
FLOWRATE INLET 01 cm3/s 500 + 15 cm/s
FLOWRATE INLET 02 cm3/s 500 + 15 cm®/s
FLOWRATE INLET 03 cm3/s 500 + 15 cm/s
FLOWRATE INLET 04 cm3/s 500 + 15 cm/s
CLAD DSP 01 mm -6.4 to -3.8mm
CLAD DSP 02 mm -6.4 to -3.8mm
CLAD DSP 03 mm -6.4 to -3.8mm
CLAD DSP 04 mm -6.4 to -3.8mm
INLT TMP 01 K 440 to 460K
INLT TMP 02 K 440 to 460K
INLT TMP 03 K 440 to 460K
INLT TMP 04 K 440 to 460K
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OUT TEMP 01 K 440 to 460K

OUT TEMP 02 K 440 to 460K

0UT TEMP 03 K 440 to 460K

OUT TEMP 04 K 440 to 460K
SHRD PRES 17KA 01 MPa + 1MPa of Heise
SHRD PRES 17KA 02 MPa + IMPa of Heise
SHRD PRES 17KA 03 MPa + 1MPa of Heise
SHRD PRES 17KA 04 MPa + IMPa of Heise
DEL TEMP 01 K + 1.6K

DEL TEMP 07 K + 1.5K

DEL TEMP 03 K +1.6K

DEL TEMP 04 K +1.6K

NEUT FLX  9-01 Q IR >108 ¢

NEUT FLX 27-Q1 g r>1080

NEUT FLX 46-01 Q 1rR>108¢

NEUT FLX 64-01 Q R>10% ¢

NEUT FLX 82-Q1 o rR>108¢

NEUT FLX  9-03 Q r>108 ¢

NEUT FLX 27-03 Q R>108

NEUT FLX 46-03 Q 1R>108 ¢,

NEUT FLX 64-03 2 irR>108 5

NEUT FLX 82-03 Q 1R>108 5

[a]This certification must he signed by the Supervisor of the Instrumentation
and Data Section or his alternate. Fnr instruments not within range the
Supervisor of the Test Train Fabrication Section or his alternate must
certify that the instrument is not functioning. For all cases where the
instruments are not within range the RIA Projects Leaders or his alternate
approval must be obtained to continue the test procedures.
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PRE-POWER CALIBRATION INSTRUMENT STATUS

Check List No. 4

Reactor Power - 0.0 My Minimum required
operable instrumentation
Plant IPT Coolant 538 + 1K availahle for
Temperature RIA 1-1 EOS
Heise Gauge Pressure 6.45 + 0.14 MPa Instrument Data Section
representative
Shroud Flow Rate 760 + 15 cm3/s TFBD representative
in charge
Certification
Instrument PBF /DARS Required Instrument i
Identifier Reading Range within Ranqe%ﬁ
FUEL TMP 79C/L 03 K 512 to 564K
CLAD TMP 46-0 O1 K 522 to 554 K
CLAD TMP 79-18001 K 522 to 554 K
CLAD TMP 46-0 03 K 522 to 554K
CLAD TMP  79-18003 e K 527 to 554K
ROD PRES 6.9KA 01 MPa 0 to 1 MPa
ROD PRES 6.9KA 03 MPa N to 1 MPa
PLNM TMP 03 K 522 to 554K Not Required
SYS PRES 69EG UTT MPa + 3.5 MPa of Heise
SYS PRES 17KA UTT MPa + 1 MPa of Heise
SYS PRES 17SCHUTT MPa + 1 MPa of Heise
FLOWRATE INLET O] cm3/s 745 to 775 cm/s
FLOWRATE INLET 02 cmd/s 745 to 775 cm3/s
FLOWRATE INLET 03 cm’/s 745 to 775 cmd/s
2
FLOWRATE INLET 04 cm3/s 745 to 775 cmS/s
CLAD DSP 01 mm ~6.2 to -3.6mm
CLAD DSP 02 mm -6.2 to -3.6mm
CLAD DSP 03 mm -6.2 to -3.6mm
CLAD DSP 04 mm -6.2 to -3.6mm
INLT TMP 01 K 528 to 548K
INLT TMP 02 K 528 to 548K
INLT TMP 03 K 528 to 548K
INLT TMmP 04 K 528 to 548K
OUT TEMP 01 K 528 to 548K
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OUT TEMP 02 K A28 to 548K

OUT TEMP 03 K 528 to 548K

OUT TEMP 04 K 528 to 548K
SHRD PRES 17 KA 01 MPa + 1MPa of Heise
SHRD PRES 17 KA 02 MPa + 1MPa of Heise
SHRD PRES 17 KA 03 MPa + 1MPa of Heise
SHRD PRES 17 KA 04 MPa + 1MPa of Heise
DEL TEMP O] K + 1.6K

DEL TEMP 02 K + 1.6K

DEL TEMP 03 K + 1.6K

DEL TEMP 04 K + 1.6K

NEUT FLX 9-01 Q IR>108 ¢

NEUT FLX 27-01 Q 1R>108 ¢

NEUT FLX 46-01 5 1R>1082

NEUT FLX 64-01 0 1R>108¢

NEUT FLX 82-01 Q 1R>108¢

NEUT FLX 9-03 Q 1r>1082

NEUT FLX 29-03 Q 1R>108¢

NEUT FLX 46-03 . 1R>108¢

NEUT FLX 64-03 g IR>108%

NEUT FLX 82-03 Q 1R>108

[a] This certification must be signed by the Supervisor of the Instrumentation
and Data Section or his alternate. For instruments not within range the
Supervisor of the Test Train Fabrication Section or his alternate must
certify that the instrument is not functioning. For all cases where the
instruments are not within range the RIA Projects Leader's or his
alternate's approval must be obtained to continue the test procedures.
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PRE-TRANSIENT INSTRUMENT STATUS

Check List No. 5

Reactor Power - 0.0 M4 Minimum required
operahle instrumentation
Plant IPT Coolant 538 + 1 K available for
Temperature RIA 1-1 EOS
Heise Gauge Pressure 6.45 + 0.14 MPa Instrument Data Section
representative
Shroud Flow Rate 760 + 15 em3 /s TFBD representative
in charge
Certification
Instrument PBF /DARS Required Instrument i
Identifier Reading Range within Range |2
FUEL TMP 79C/L 03 K 512 to 564K
CLAD TMP 46-0 01 K 522 to 554K
CLAD TMP 79-180 01 K 522 to 554K
CLAD TMP 46-0 03 K 527 to 554K
CLAD TMP 79-180 03 K 522 to 554K
ROD PRES 6.9 KA 01 MPa 0 to 1 MPa
ROD PRES 6.9 KA 03 MPa 0 to 1 MPa
PLNM TMP 03 _K 522 to 554K Not Required
SYS PRES 69 EG UTT MPa + 3.5 MPa of Heise
SYS PRES 17 KA UTT MPa + 1 MPa of Heise
SYS PRES 17 SCHUTT MPa + 1 MPa of Heise
FLOWRATE INLET 01 em’/s 745 to 775 cn/s
FLOWRATE INLET 02 cm3/s 785 to 775 cmd/s
FLOWRATE INLET 03 cmd/s 785 to 775 cmi/s
FLOWRATE INLET 04 cmi/s 785 to 775 cmd/s
CLAD DSP 01 mm -6.2 to -3.6mm
CLAD DSP 02 mm -6.2 to -3.6mm
CLAD DSP 03 mm -6.2 to -3.6mm
CLAD DSP 04 mm -6.2 to -3.6mm
INLT TMP 01 K 528 to 548K
INLT TMP 02 K 528 to 548K
INLT TMP 03 K 528 to 548K
INLT TMP 04 K 528 to 548K
ouUT TEMP O1 K 528 to 548K
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QUT TEMP 02 K 528 to 548K

OUT TEMP 03 K 528 to 548K

OUT TEMP 04 K 528 to 548K
SHRD PRES 17 KA 01 MPa + 1MPa of Heise
SHRD PRES 17 KA 02 MPa + IMPa of Heise
SHRD PRES 17 KA 03 MPa + IMPa of Heise
SHRD PRES 17 KA 04 MPa + 1MPa of Heise
DEL TEMP 01 K + 1.6K

DEL TEMP 02 K +1.6K

DEL TEMP 03 K + 1.6K

DEL TEMP 04 K + 1.6K

NEUT FLX 9-01 Q 1r>108 @

NEUT FLX 27-01 Q 1r>108 2

NEUT FLX 46-01 Q 1R>108 @

NEUT FLX 64-01 2 1R>108 @

NEUT FLX 82-01 Q 1r>108 ¢

NEUT FLX 9-03 Q 1R>108 @

NEUT FLX 29-03 G R>108 ¢

NEUT FLX 46-03 Q R>108 2

NEUT FLX 64-03 o 1R>108 @

NEUT FLX 82-03 Q r>108 ¢
Fission Product Operable/not Operahle

Detection System operable

[a]This certification must be signed by the Supervisor of the Instrumentation
and Data Section or his alternate. For instruments not within range the
Supervisor of the Test Train Fabrication Section or his alternate must
certify that the instrument is not functioning. For all cases where the
instruments are not within range the RIA Projects Leader's or his
alternate's approval must be obtained to continue the test procedures.
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