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1. INTRODUCTION

This document describes the experiment operating specifications
for the Reactivity Initiated Accident (RIA) Test RIA 1-4 to be
conducted in the Fower Burst Facility (PBF) at the ldaho National
Engineering Laboratory as part of the Nuclear Regulatory Commission's
Fuel Behavior Programl. The overall experiment requirements and
objectives for the RI/ Test Series are described in the RIA Experiment
Requirements Document2 while the experiment specifications for
Test @IA 1-4 are described in the Test RIA 1-4 Experiment
Specification Document3. RIA Test Series I objectives are to
provide 4ata for the evaluation and possible revision of current
niclear reactor licensing criterii e arding hypothetical control rod
drop or ejection accidents in commercial nuclear power plants. These
experiments will also provide fuel performance data during a RIA event
for model development and assessment p. vposes. The most severe RIA is
the postulated boiling water re.ctor (BWR) control rod drop during
reactor startup, therefore the Series [ tests are heing conducted at
coolant conditions (pressure, temperature, ani flow rate) that are
typical of hot-startup conditions in commercial BWRs. A specific
objective of the test is to provide information pertaining to core
coolability and coolant channel integrity following a RIA event at on
energy insertion equivalent to the present licensing criteria of
280 cal/qg.

Test RIA 1-4 will consist of a 3x3 array of preirradiated fue)
rous. The nine fuel rods will be 5.7 wt¥ enriched U02, zircaloy-4
clad, Westinghouse MAPI rods irradiated to an average burnup of
approximately 5250 MWd/t in the SAXTON pressurized water reactor.

The test sequence will begin with steady state power operation to
condition the fuel and esiablish a short-lived fission gas inventory
and determine the fuel rod power calibration. The test train will be
removed from the in-pile tube (IPT) and one of the fuel rods
replaced. The eight aluminum-cobalt shroud flux wires will be
replaced with 100% cobalt flux wires. The PBF core flux wires will

- — e e e i
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also be replaced. Several trial power hursts will be performed with
the test train out of the IPT at varinus reactor periods to verify the
reactor period which is required to provide the desired enerqy
deposition of 280 cal/g UO2 for the actual power burst. The test
train will be reinserted into the IPT and the actual power burst for
Test RIA 1-4 will be conducted. The IPT lcop will be cooled down and
depressurized, thus terminating the test sequence.

The nine-rod bundle of test rods is expected to be highly
oxidized with a high probability of fuel rod failure and flow blockage
of the assembly. The test assembly will be transported to the hot
cells for disassembly and postirradiation examination.

Section 2 of this document describes the fuel rods, flow shroud,
test assembly and instrumentation. Section 3 presents the op~rating
procedures for the conduct of Test RIA 1-4. Section 4 presents the
data acquisition and reduction requirements for test conduct and
posttest analyses. The posttest operations support requirements are
presented in Section 5 and the outline for the postirradiation
examination requirements is preserted in Section 6. The
instrumentation status checklists are contained in Appendix A.



2. EXPERIMENT DESIGN

Test RIA 1-4 will consist of a nine-rod hundle of test rods made
up of previously irradiated MAPT fuel rods contained within a zircaloy
flow shroud. Grid spacers will maintain a 3x3 rod array (sen
Figure 1). A support structure will center the rod bundie and flow
shroud inside the PBF IPT. The test train instrumentation 4il1l also
be attached to the support structure. Specifications fo- the fuel
rods, grid spacers, flow shroud, support structure, and
instrumentation are presented in this section,

2.1 Fuel Rocs and Flow Shroud

A total of ten 5.7 wt% enriched unopened MAPI fuel rods
previously irradiated to an average burnup of approximately 5750 MWd/t
will be used in Test RIA 1-4. The nine fiel rods in tiie 3x3 array for
the power calibration and conditioning phase are designated as Fods
804-1, 804-10, 804-3, 804-4, 804-5, 804-6, 804-7, 804-8, 804-9. The
tenth rod designated 804-2, will be used as a replacement for 10
in the bundle after the power calibration and conditi 11ing tec “se
is completed. 1he specific information on rod designations, fus=l
enrichment, average burnup, internal gas composition and internal
pressure for each of the rods is presented in Table I. The
as-fabricated nominal design characteristics of these fuel rods are
given in Table II, Fuel Rods 804-1, 804-5 and 804-6 are instrumented
with two cladding thermocouples each, as described in Subsection 2.3.

The nine-rod hundle of test rods is positioned within a zircaloy
flow shroud (see Figure 1). The fuel rods are positioned in the flow
shroud by a series of four grid spacers with a rod-to-rod pitch of
14.3 mm. The grid spacers are centered at 15, 320, 625, and 930 mm
above the bottom of the fuel region.

2.2 Test Assembly

The test rod bundle, flow shroud and associated instrumentation
are held in place in the IPT of the PBF hy a suppor structure

" “JL) A
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TABLE I
SPECIFICATIONS FOR INDIVIDUAL FUEL RODS FOR TEST RIA 1-4

i Original

Original Fuel Average 235 U Backfill Backfill
R West inghouse  Enrichment Burnup Weight Gas Pressure
Number Number (wt¥% 235 U) (MWd/t) g/rod Composition (MPa)
804-1 M-15 5.7 5110 27.0 Air 0.103
804-2 M-29 Sad 4950 27.0 Air 0.103
804-3 M-17 5at 4770 27.0 Air 0.103
804-4 M-19 5.7 5610 27.0 Air 0.103
804-5 M-62 5.7 5450 27.0 Air 0.103
804-6 M-24 5.7 5150 27.0 Air 0.103
804-7 M-38 5.7 5050 27.0 Air 0.103
804-8 M-39 5.7 5550 27.0 Air 0.103
804-9 M-61 5.7 5650 27.0 Air 0.103
804-10 M-15 Swd 4560 27.0 Air 0.103
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Fig. 1 Schematic cross section of Test KiA 1-4 assembly
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referred to as a test assembly. The test assembly consists of a
hanger rod which connects the test hundle to the IPT closure head. A
fine mesh fragment screen is located between the test rods and the PBF
[PT outlet to prevent fuel and clatding fragments from teing dispersed
throughout the IPT in the event of fuel rod failure.

2.3 Instrumenta.‘on

The insirumentation for Test RIA 1-4 is designed to provide
information for use in the calorimetric calculation of the rod hundle
power during steady state operation. The cladding thermocouples will
also provide an indication of time in film boiling and tne coolant
pressure transducers will provide information on possible coolant
pressure pulse generated during the power burst.

2.3.1 Fuel Rod Instrumentation. The measurement requirements

for > fuel rod instrumentation are summarized in Table [IT and
inc i nstrument description, range, response “ime, and signal
conditioning,

Fuel Rods 804-1, 804-5 and 804-6 will each be instrumented with
two claduing surface thermocouples. The other six fuel rods will be
uninstrumented. The cladding surface thermocouples are titanium
sheathed, Type S thermocouples with spaded junctions. The
thermocouples are resistance welded to the cladding outer surface.
The axial elevation is measured from the bottom of the fuel stack and
the circumferential orientations of the the- couples are as shown in
Table III, and Figure 2,

2.3.2 Test Assembly Instrumentation. The test assembly
instrumentation consists of the following:

(1) Two EGRG Idaho, Inc., 69 MPa pressure transducers for
measuring large pressure pulses. One transducer is located
near the flow skvoud outlet and the otner is located near
the shroud inlet,
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Measurement

Claddine
Surface
lemperature

Lladding
Surface
Temperature

Claading
Surface
Temperature

e

a. A1) elevations 2re measured from the bottom nf the fuel

Instrumants
Instrument __oer Rod
Thermocouple 2
Thermacouple 2
Thermocouple 2

TABLE ".1

TEST RIA 1-4 FUEL ROD INSTRUMENTATION

Instrument
Location
590+2mm
@ 315450
790+2mm
@ 135457
590+2mm
@ 375450

790+ 2mm
B 135450

590+2mm
@ 13'6_'35"
79042mm

@ 375450

a

Rod to bhe
Instrumented

804-1

804-5

804-6

stack.

Operating

- _P.angp -

3N0 to 2150 K

300 to 2150 K

300 to 2150 K

Estimated -
Response |
Time(s) Ca~ments o |
0.10 Resistance welded ]
Type S with spade
junction and titan-
jum sheath,
0.10
)
I
0.10
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(2)

(6)

(7)

(8)

Two EG&G Idaho, Inc., 17.2 MPa pressure transducers, one
located near the shroud outlet for the measurement of normal
system pressure and the other transducer is connected by
tubing to the flow shroud wall at 452 mm above the bottom of
the fuel stack.

Two Flow Technology bi-directional flow turbine meters
located in tandem at the flow shroud inlet.

Four EG&G Idaho, Inc., Type K thermocouples located at the
flow shroud inlet to measure the coolant inlet temperature.

Two EG&G Idaho, Inc., Type K thermocouples located at the
flow shroud outlet to measure the coolant outlet
temperature.

Two EG&G Idaho, Irc , Type K thermocouples attached to the
outer wall of the fliw shroud at 0 ana 180 degree
orientations to measu-e shroud temperature,

Eight removable (0.51% cobalt-99.49% aluminum) €lux wires
positioned vertically (two per side) on each of the four
outer surfaces of the coolant flow shroud to measure the
time averaged neutrnr flux during the power calibration and
conditioning phase.

Eight removable (100% cobalt) flux wires positioned
vertically (two per side) on each of the four outer surfaces
of the coolant flow shroud to measure the t..c averaged
neutron flux during the power burst.

Two Reuter-Stokes cobalt self-powered neutron detectors
(SPNDs), one each located at, 0 and 180 degrees on the outer
surface of the coolant flow shroud, to measure the relative
neutron flux for use in correlating reactor power to the
calibrated fuel rod power.

10
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(10) Eight pairs of EG&G Idaho, Inc., Type T differential
thermocouples positioned at the inlet ani outlet of the
coolant flow shroud to measure the temperature rise across
the shroud.

(11) Two Reuter-Stokes platinum self-powered gamma detectors
(SPGDs), one each located at 90 and 270 degrees on the outer
surface of the coolant flow shroud, to measure the relative
gamma flux.,

(12) Two ev c iated U-235 fission chambers locatad on opposite
corners of the coolant flow shroud to r aasure relative
neutron flux.

Table IV summarizes the test assembly instrumentation including
information as to description, range, response time, and signal
conditioning. The schemutic in Figure 3 is a representation of the
Test RIA 1-4 test train. The relative positions of the test assembly
instrumentation are also shown in is figure.

2.3.3 Plant Instrumentation. Plant instrument data to be

recorded on the data aquisition systems along with the test assembly
and fuel rod data are as follows:

(1) NMS-3 ion chamber

(2) PPS-1, PPS-2, PPS-3, PPS-4 ion chambers
(3) TR-1, TR-2 ion chambers

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

(5) In-pile tube system pressure

(6) In-p“le tube " p»

1
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Measurement  Instrument

Support Structure

Caelant Pressure

P.essure Transducers

Coolant Pressure

Pressire Transe _er

Coolant P essure

Precssure Transducer

Coo lant Turbine

Flewr” e F lowme ter

Coc lant Thermoc oup 1e

Inlet

Temperature

Coo lant Thermocoup le

Out let

Temperature

Flow Shroua Thermocoup le

Temperature

Neutron Flux Mlux Wires
a .

Number

8(100%
Cohait)

8(0.51%
Cobalt)

jod

£ IV

TEST TRAIN INSTRUMENTATION FOR TEST RIA 1-4

Ins trument
Location 2

Near Test
wundle Flow
Inlet and
Out 1ot

Support
Structure

Suppor t

Structure

Flow Channe!
Inlet

Rod Bundle
Flow Iniet

Rod Bundle
Flow Outlet

375 ¢+ 1 mm

Vertically
Along Flow
Channel

Operating Range

0 to 69 MPa

0 to 17.2 MPa
0 to 17,2 MPa

0.568 to
5.68 1/s

300 to 600 K

300 to 600 K

300 to 1600 K

1 x 1018 pyt

Estimated -
Response
Time (s)

1 x 10-4

1 x 10-4
0.01

N/A

N/A

0.10

Comments

To measure large pressure pulses,

To measure normal system pressure.

Connected hy tubing to flow shroud
wal® at 457 mm elevation.

Attached to outer wall of flow shroud
at 0 and 180 degrees,

0.51% cohalt wires for steady state
operation; replaced with 100Y cohalt
wires for power burst,
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Meosurement

Relative
Neutron Flux

Coalant
Differential
Tenperature

Relative
Gamma Flux

Relative
Nexitron Flux

Instrument Number

TABLE [V front vaund

Instrument
Location 2

Operating Range

Cobalt SPND 2

Thermoc oup e
Pairs

8 Pairs

Piatinum 2
SPGD

U-235 Fission 2
Chambers

2 SPND on
outer surface
of flow shroud
on opposite
sides at 0 and
180 degrees.
Active length
centered at
45241 .

At Inlat and
Outlet of Rod
Bundle

2 SrGD on
outer surface
of flow shroud
on opposite
sides at 80
and 270
degrees.
ktive -Eﬂgth
centerad at
45241 mm,

Attached to
the outer
surface of
flow shroud
n opposite
corners,
Active length
centeregd at
762 + 1 mm,

16410 n/cm? s

0 to 20 K

1 x 102R/hr

3. All elevations are measwed from the bottom elovation of fuel stacks.

T Estimated

Response

Time [s) - Comments

0.00? Gamma and neutran sensitivicy of
each SPNU must be measured,
1015 mm active length,

N/A Type 7 thermocouples.

0,002
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assembly showing relative locations of the test assembly instrumen-
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(7) Loup flow rate
(8) Loop fission product detection system

(9) Core fuel rod lirear variable differential transformers
. (LVDTs) (3)

(10) Reactor vessel strain gauges (6)

(11) Loop pressure transducers (6)

(12) Ashcroft loop pressure gauge

(13) Core pressur2 transducers (3)

In addition, (0.51% cobalt-99.49% aluminum) flux wires will he
installed in both the reflector and fuel regions of the core for the
power calibration and preconditioning. 100% cobalt flux wires will be
instilled before the power burst. The digital readout for the

Ashcroft loop pressure gauge should be available for monitoring from
the PBF control room.

15




3. EXPERIMENT OPERATING PROCEDURE

Details of the Test RIA 1-4 experiment procedures are described
for each of the experiment operating phases along with the
requirements for the instrumentation status checks and heatup
pracedures in the following sections.

Test RIA 1-4 is to be conducted in three primary test phases:
(a) “he fuel rod power calibration and conditioning phase, (b) the
trial power bursts, and (c) the power burst transient. Interspaced
between these phases will be several instrument status checks, loop
heat-up, and loop cooldown steps. The nuclear portion of the
operation will begin with the power calibration phase, which will also
serve as a conditioning phase. This will be followed by a shutdown to
remove and replace the tesc train flux wires, and an exchange of fuel
reds. During this time when the test train is removed from the IPT,
several trial power bursts will be performed to assess the proper
period for the actual power burst., The test train will be reinserted
in the IPT and the power burst will be performed, thus terminating the
Test RIA 1-4 test sequence. The specific operating sequence for the
test is presented in Table V and is shown graphically in Figure 4.

3.1 Instrument Status Checks and Minimum Operable Instrumentation

To monitor the >xperiment 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
exper iment, The loss of a critical instrument or a critical
combination of instruments needed for a current or subsequent test
phase will require the test procedures to be suspended until the RIA
project leader's approval has been obtained to continue the test.
Since instrument ctatus will be monitored on the PBF/Data Acquisition
and Reduction System (PBF/DARS) display, the source of instrument
output difficulties can range from instrument malfunction or failure,
signal conditioning, transmission or DARS calibration problems. If
the experiment is interrupted by an apparent instrumentation

16

5 8

~J

S #

s}



Rl

vid

359] 404 3duanbas buljeuasd)
y) auw|

.A 4. .
— —
= —
BdW) NSS4y Wask —
e 'S A
T T R lu
= -4
p - Mo o
1y \
- -
— > M 19 U] / —y
A e e
T s A
e / —
- 4 injeaad 1aju] / -
- e i A
7] )
\ MO |4
— / " m.;,} [y AANSSa4 100
3 o 04
- N LA 009 1 Pdada AU -l
T —
/ E | T — 15414 IMC PLA
11 g -~
b~ m A ﬁ\ 1 MO A .
| ! |
i |
1541 __ T
I
- _ | | "
|!
| I
- | ! _“ -~
B ‘ " i




T

Duration
(Min ar as
_Noted)

0

oll"

30

2l

a5

hr

Peak And
Fower

(ki/m]

0

0 ta 0.1
0.1 to 10

10

0

0.

Tatal
Bu ndle Power
_ (ki)

0.6
6 to 6]

61

Antir ipm.pdb
Reac tor Power
(MW or as Noted)

0

0 to 70 kw
70 kW to 6.9

6.9

OPERATING SEQUENCE FOR TEST RIA -4

Inlet
Temperature

Ambient to 538

538

538

538
538

538

B D
(=T

Shroud

Flow

5.36

-
-

Mg O
ooN
.
neo
a5 O
-

g %

as Req'd
Ambient

Amhient to -

a5

Expec ted
AT Acrass
Shroud (K1

0

n.2

2.6

Comments

Instrument status check,
verify DARS calihration

Cold Hydrostatic check of lnop

Instrument status check prior
to heatup, DIRC review required

Heatup and pressurization
phase with perindic nstrument
status checks at 350, 400,
450, and 500 X

Instrument status check and
verify DARS calibration®,
zaro power offsets taken,
Arift check, DIRC review
required

Flow check (skroud versus
12T bypass)
Start Conditioning Phase |

Power calibration Stap 1
fpawer increase)

Calrulate rod powers




6l

Time?

Duration
(Min or as
__Noted)

P
2

o

10

10
10

10
20

Peak Rod
poupr

(kWim)

10 to 9.1

0.1
0.1 to 20

20
20 to 0.1

n.1
0.1 to 30

0 to 0.1

0.1
0.1 to 40

40

40 tn 0.}

n.1

Total

Bunidle Powoer
QW)

51 to 0.6

122 to 0.6

0.6
0.6 to 183

183

182 to 0.4

0.6
0.6 to 258

258

2%A to 0.A

0.€

Anticipatedh

Reac tor Power
_fw_ar 35 Naoted)

2.9 tn 70 kM

7 bW

N kW ta 13,8

13.8

13.8 to 70 kW

70 kW

10 kW to 71

21

Z1 to "0 kW

70 W

70 kW to 27.3

27.8

278 tn 70 kW

0 kW

rﬂ Tt
Temperaturs

N LS

518

538
538

53R

538

538
538

538

538

538
538

538

538

818

Shroud
Flow
fizs}

Svstem
Prasure
(Mpa

A4

f.45

6.45

6, 8%

6.45

6.45

-xpected
AT Arross
Shroud (K)

n.z

5.2

0.2

7.8

Comment s

Power calihration Step !
{power decrease)

Check 7erns and offsets

Power calihration Step ?
powsr increase)

Calculate rod powers

Power calibration Step ?
[power decrease)

Check zergs and offsets

Power calisration Step 3
[power increase)

Calculate rod powers

Power calihration Step 3
fpower decrease)

Check zerns and of " ts

Power calihration Scep 4
{powar increase)

Calculate rod powers

Power calihration Step 4
fpower decrease)

End Conditioning « jase 1 Check
zeros and offsets




T

Zh

10

o

I(? .5

10
Y25

wn

80

0%

-r-v.'
Juration
(Min or as
_ Natea)

Posk 20
2owar
LkW/m)

2.1 to §

o

5 to 0.1

3.1
0.1 to 15

15
15 to 0,1

0.1

0.1 to 2%

25

25 to 0.1

0.1

Tatal
Bundle Power
kWl
0.6 to 30
30
30 to 0.5
0.6
0.6 to 91
91

91 to 0.6
0.6

0.6 to 152
152

152 to 0.6
0.6

0.f ta 212

Ant icipatadh
Reactor Powsr

MW or as Noted)

70 kW to 1.8

3.8

3.5 to 70 kW

70 kW
70 kW to 10.4

n.4

10.4 to 70 kW

70 kW

70 kW to 17,4

7.4

17.4 to 70 kW

70 kW

70 bW to 24,7

Inlet

Temperatire

L AR

538

538

§38

538
5338

538
538

538

528
538

%38

B3R

TABLE V (cant inyed!

SLs)

5.36
5.36

5.36
5.36

5.36
5.36

5.36
5.36

5.3
5.36

5.36

5.36

System
Prasire
_[Pa)

645
745
6.45

f.45
f.45

6.45
£.45

f.45
6.45

‘.45

6.45

6.45

£ .45

Expectad
AT Arrass
shroud (K)

1.3

Comments

Start Conditioning Phase T1

Power calihration Star §
[power increase}

Calrulate rod powers

Power calibration Step S
[powar dacrease)

Check zeros and offsets

Power caliSration Step 6
[powar increasel

Calculate rod powers

Power calihration Step 6
{power decrease)

Check zeros and oftsets

Power calibration Step 7
fpowar increass)

Calculate rod powers

Power calinration Step 7
{power decrease)

Check zeras and offgets

Power calitration Step R
fpower increase)




Duration
{Min or as

_Noted)

10
17.5
5
5
= 10
5
5
10
10
10
8
(e 18
&
L
L_o.
o

Peak Rod Tatal
Power Bundle Power
(kwm) (kW)
18 213
35 ta 0.1 213 1o 0.5
0.1 0.6
0.1 to 10 0.6 to 61
10 61
10 to 0.1 61 to 0.6
0.1 0.6
0.1 to 20 0.6 to 127
20 12?2
20 to 0.1 122 te J.6
0.1 0.6
0.1 to 30 0.6 to 183
30 183

Anticipatedh

Reactor Power
(MW or as Nated)

4.3

24.3 to 70 kW

70 kW

70 kW to A.9

6.9

6.9 to 70 kW

70 kW

70 kW to 13.8

13.8

13.8 ta 70 ka

70 kW
70 kW to 21

1

TABLE V fcontinued)

Inlet Shroud
Temperature Flow
(k) (/8]
538 5,36
538 5.36
538 5.36
538 5.36
538 £.36
§38 5.36
538 5.36
538 5.36
538 5.3
518 5.36
538 5.36
538 5.36
&8 5.36

System £ apected
Fresure AT Acrass
_(MPa) Shroud (K

%.45 a1
6.45 --
6.45 0.7
h.45 .-
6 .45 ?.6
6.45 -

6.45 0.2

6.45 -

A.45 5.2

h.45 -

6.45 0.?

6.45 -

h,45 7.8

Comment s
Calculate rod powers

Power calihration Step B
[power decrease)

End Conditioning Phase I1
Cteck zeros and offsets

Start Conditioning Phase III
Power calihrition Step 9
{power increise)

Calculate rod nowsrg

Dower calihration Step 9
(power derrease)

Chack zerns and offsets

Power calibration Step 10
[power increase)

Calculate rod pawers

Power calihration Step 10
(power decrease)

Check zerns and offsatg

Power calibration Step 11
[power increase)

Calculate rod powers




B T
Duration  Peak Rod  Tuta) Peak Anticipatedb
Min o as Power Bundle Power Reator Power
Noted) (kW/m) (kW) (MW or as Noted)
15 30 o 0.1 183 to Q.v 21 to 70 kW
| 5 n.1 9.6 0 kN
20 0.1 to 40 0.6 to 258 70 ki ta 27.8
l 1 40 258 7.8
I z20 40 to 0.1 258 to 0.6 27 .8 to 70 kW
N 15 0.1 0.6 70 kW
5 0.1 to 0 0.6 to 0 70 kW to 0
’ 8 hr 0 0 0
2 hr 0 0 0
!
. 8 hr - .- 0
| ) o
T s 8 bhr - - 0
O

TABLE ¥V fcontinuad)

Inlet
Temperature
LS

538
538
538

538
538

538

538

538 to Ambient

Amh ient

Amb ient
Ambient to 600

Shroud
Flow
{17s)

5.3
5.36

5.36

5.36

5.3 ta 0

System
Presure
_(MPa)

K AE
6.45
6.45

f.45
6.45

6.45

6.45

6.45 to amhient

Amb ient

as Req'd
15.7

Expected
aT Acros.

Shroud (k)

0.2

Comments

Power calibration Step 11
foower decreazse)
Check zeras and ogffsats

Power calibration Step 12
[power increase)

Calculate rnd powers

Power caliSration Step 17
(power decrease)

End Conditioning Phase 1]
Cherk zeros and offsets

Shut reactor rdown instrument
status check and verify DARS
calibrationC

Loop cool down and
depressurization

Remove test train, replace
shroud flux wires, replace
core flyx wires, replace fuel
rod B804-10 with rod 804-2,
prepare reactor for trial
power bursts with test train
out of the IPT

Cold Hydrastatic check of lnop

Heatup and pressurization
phase (300 gpm loop flow!



€2

™

<o

L
=

ot

T Yimed o
Ouration Peak Rog Tota!
{Min or as Power Bundle Power
Noted) {kW/m) (kW]
8 hr 2 o
7 hr 0 o
B hr - o
8 hr . cse
2 hr 0 --
8 hr 0 0
30 a 0
8 hr 0 0
8 hr 0 0
3 0 0
0 0 0

TABLE v {roat inuedt)

Ant icipated? Twiet
R P Temperature
™ or as Noted) (K}

B .

0 600

a 600

0 600 to Ambient
0 Amb ient

0 Amb j ont

0 Amb ient

0 Amb ient

0 Ambient to 538
0 -

0 538

Shroud
Mow

Alfs)

0

0.766

0.766

0.2, 0.6, 0.8,1.0

System Exper ted
Presure AT Acrass

(MPs) Shrowd (K}

15.2 -

1%.2 -

1!! ") e

15,7 to Amhient -

Amh iant -

Amb iant
Amh ient

as Req'd
Ambient to 6,45

Amb tent
6.5

Comments

Conduct trial power %grst |
f 2.3 ms period; 50,000 MW
peak power)

Remo e core flux wires and
send them to counting lab

Conduct tria) power hyrst |7
[ 2.7 ms period; 37,000 MW
peak power)

Loop cooldown and
depressurization

Remove core flux wires and
send them to counting lab

Install test train in IPT

Instrument status check and
veriry DARS calihration®

Coid Hydrostatic check of loop

Heatup and pressurization
phase with periodic instrument
status checks at 350, 400,
450, and 500 K

Instrument status, and DARS
calitration® zero power
offsets taken, drift check,
DIRC review required

Flow check (shroud versys
IPT bypass)




TABLE V (continued)

ime
Duration  Peak Rod Tota) Anti-ipatedd Inlet
[(Min or as Pouer Bundle Power Reartrr Power Temperature
Noted) (kW/m) (kW) _f¥W o~ as Noted) (k)
4 hr - - 538
4 nr 0 J 538
8 hr 0 ) 538 to Amhient

Shroud
Flow

(1/s)

0.746
0.766

0.766

6.45 to Amh!

2t

Exoected
aT Acrnss
Shroud (k)

Corments
Parform Power Burst

Maintain constant system
conditinng to aquire fission
product data.

Begin svstem cool down and
loop depressurization
and posttest DARS calihration

N — e ——— e —— - —— —
o
a. T ne for power calibration steps assumes a ramp rate of 2 kW/m/min.
h.  Reactor power estimated using 1.44 kW/m per MW.
¢.  DARS calibration of all operable instrumentation listed in Table VI.
ba
£
n'._j
¢ =4




malfunction, it will be necessary for cognizant data system and
instrumentation personnel to determine the <ource of the malfunction
indicated and the remedial action necessary for test procedurec to
continue. If it is determined that an instrument has failed or that
repairs can be made only by removing the test train from the reactor,
test procedires will remain suspended. This experiment status will be
maintaived pending a decision by the RIA Project Leader and TFBP
Management, as to the course of action to be followed.

Instrumentation for Test RIA 1-4 have been defined in terms of
minimum operable instrumentation in Table VI for various times during
the test sequence. Instrument status 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 tr loadinc the test train in e in-pile
tube (IPT). Each fuel rod and test assembly transducer wi;. be
checked according to the Instrument Checkout Procedures documented in
the Assembly Pro-euires (TP-RIA-1401 and TP-RIA-140?). Any quality
discrepancy reporis issued as a result of TP-RIA-1401 and TP-RIA-1402
must be signed off by the RIA Project Leader or his alternate. DIRC
review must be completed prior to heatup, prior to performing the
power calibratior, and prior to performing the final power burst.

Status checks are to he made prior to the power calibration
phase, and prior to the power burst. Table VII lists the operating
conditions and the acceptance criteria for each instrument of the
test. The acceptable operation criteria appear in the table as ranges
of measured values in SI units. The ranges stipulated are hased on
the listed 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. The supervisor of the Instrumentation and Data section
and the RIA Project Leader or their designated alternates will certify
that each instrument for the exper iment is within the acceptable
operating limits as specified on the check lists contained in
Appendix A. For any situation in which the instruments are not

L_n
(i)
C

]
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INSTRUMENTATION

Cladding Thermo
couples

Flew Shroud
Trermocoup les

69 MP3 Cool-nt Pressure

Transducers

17 MPa Coolant Pressure

Transducers

Shroud Coolant
Flcowmeters

Coolant Inlet
Thermoc oup les

Coolant OQutlet
Thermocoup les

Coolant Differencial
Thermocoup les

SPNDs
SPGD:

Core Transient [on
Chambers Capable of
Monitor ing Expected
Peak Power

U-235 Fission Chambers

Astcroft Loop Pressure
Gauge

a. Any descrepancies must

TABLE V1

MINIM™ REQUIRED OPERABLE INSTRUMENTATION
DURING VARIOUS PHASES OF TEST QA '-4

Number PRE- INSTALLATION? DUR ING 2 pRE- 2
of OF TEST HEAT-1IP POWER pRE.3
[rigtrumpnt s TRAIN IN CALTRRATION POWER RURST
1PT - PHASE PHASE
(&) 6 of 5 Req'd 5 of 6 Req'n 4 of & Reg'd 4 of 6 Reg'd
(21 ? of * Req'd 1 nf ? Req'd 1 of 2 Req'd 1 of 2 Req'd
(2) 2 of 2 Req'd 2 of 2 Req'd 1 of 2 Req'd 1 of 2 Req'd
(2) 2 of 2 Req'd 2 of 2 Pen'd 1 of ? Req'd 1 of 7 Req'd
(2) ?2 of 2 Req'd 2 of 2 Req'd 1 of 2 Req'd 1 of 2 Req'd
[?2) 2 of 2 Req'd 2 of ? Req'd 1 of 2 Req'. 1 of ? Req'd
(2) 2 of 2 Req'd 1 of 2 Req'd Not Req'd Not Req'd
(8) 9 of 8 Req'd 8 of 8 Req'd f of 8 Req'd Not Keq'd
(e) 2 of 2 Req'd 1 of 2 Req'd 1 of * Req'd 1 of 7 Req'd
(2) 2 of 2 Req'd 1 of ? Req'd 1 of Z Regq'a 1 of 7 Req'd
3 of either 3 of either 3 of either
(4) Not Req'd EV-1, EV-2, EV-), EV-? Ev-1, FV-2, TR-1,
TR-1 and TR-1 and and TR-2_ or
TR-2, or TR-Z, or equivalent Req'd
Equivalent Equivalent
Req'd Req'd
(2) 2 of 2 Req'd 1 of ? Peq'd 1 of 2 Req'd 1 of 2 Req'd
(13 o Req'd Reqg'4 Reg*'d

be approved hy RIA Project Leader,
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INSTRUMENT _
Fuel Rod Tnstrument

Fuel Rod 804-)
Cladding T/Cs (2)

Fuel Rod 804-5
Cladding T/Cs (2)

Fuel Rod RO4-6
Cladding T/Cs (7}

Test Train Insurusientaticn

Flew Stroud Thersoacoup’
Flow Shroud Turbine Flowseters(2)

Coolant Inlet T/Cs (4)

Coolant Dutlet T/Cs (7)
Coolant AT T/C Pairs (B)
17.2 MPa Shroud Pressure Trans-

ducers (1)

17.2 MPa Pressure Transducer (1)
69 MPp Pressure Transducer {2)

Keutron Detector (2)

Gamma Detector (2)

420 to 470 K
430 to 470 K

430 to 270 K

457 to 470 K

1.8 to 2.2 /s

440 .~ 480 K

440 to 460 X

-1.J0 to ~'.0 K

+ ;.0 MPa of Ashrroft
Guage

+ 2.0 MPr shcyoft

g?gg"‘ ¢, Ashcroft
Guare
w > 108

R - 106

_ ACCEPTABLE RANGE

522 to 544 K
522 tn 554 X

522 to 554 ¥

522 to §
5.1 to 5.
528 to &
878 to 5

+ 2.0 MPa of
Asheroft Gauge
+ 2.0 MPa of

Aschroft wa:
#3.5 MPa of Ashcroft

Gauge
IR - 108

IR > 106

a. As determined hy average readiry of the inlet thermocouples on test train,

b. As determined by Ashcroft loor pressure guage.

Hde v 000

A el « A _Ac

522 to 554 K

§22 to 554 K

527 to 554 K

+ 2.0 MPa of Ashcroft Gauge
43,5 MP3 of Ashcroft Gauge

R > \06
IR » 106




functioning within the specified 1imits, the approval cf the RIA
Project Leader or his alternate 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 taken
where possible. Criteria Jeviations must be cross-checked against the
minimum operable instrumentation list presented in Table VI and
appropriate actiuns taken where necessary. The last status check will
be performed just before the power burst.

Prior to any data acquisition, the PBF/DARS output will be
verified 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 and RIA Project
Leader or their designated alternates prior to loop heawup. All data
channels must be calibrated prior to racording test data. T he data
acquisition equipment for the Fission Product Detection System (FPDS)
is to he checked for proper operation pric~ to nuclear operation, and
any malfunction reported to the RIA Project and FPDS Project Leaders.

In the event of a DARS channel faiiure, permission must be
obtained frca the Supervisor of the Iustrumentation and Data Section
or his alternate before the failed channel can be changed. If any
channels are changed subsequent to the DARS cerification, then the
changed channels must be reverified. An integrated data systems
calibration of the minimum required ins‘ruments listed in Table VI
will be performed just prior to and just after each nuclear
operation. In the event that the DARS becomes inoperative during
nuclear operation, the reactor power will be quickly reduced to 70 kW
o less.
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3.2 Heat Up Phase Prior to Power Calibration and Conditioning

The initial part of the testing will consist of a complete
instrument status check and verification of the Data Aquisition and
Reduction System (DARS) to insure it is operating correctly, This
checkout will be followed by a hydrostatic pressure check of the IPT,
The maximum shroud flow will not exceed 2 1/s during heatup.
Following the hydrostatic check and loocp heatup, a coolant flow check
will be performed as specified in Table V., The coolant flow check
data is to be recorded on the flow halance checklists presented in
Appendix A. The purpose of this is to verify coolant flow rates and
obtain flow bypass ratios for use in calculating coolant flow rate in
the event of a flow turbine meter malfunction. Another instrument
status check and DARS data listing is tc Le obtained after tne flow
balance has heen completed prior to heatup of the loop. During the
heatup phase, DARS data printouts are to be obtained at approximately
50 K increments based on average test train inlet temperature and an
instrument status check list is to be completed at approximately 450 K
and again at the desired test temperature, 538 K. Instrument offsets
will be determined and th2 DARS directorvy will be changed to
compensate for the zero power offset,,

PBF/DARS on-line display will be monitored by ESRA personnel
throughout heatup to evaluate e experiment instrumentation. DARS
data printouts are to be taken approximately every hour th-ough the
entire test segusnce and after each planned or unplanned change in the
system conditions,

3.3 Prenuclear Instrument Drift Recording

Data channels shall he recorded for at least 30 minutes to
establish any instrument drift rates. This recording should be done
after heat-up and prior to nuclear operation at stahle system
conditions of: 538 + 1.0 K inlet temperature, 6.45 + 0.14 MPa IPT
pressure, and 5,36 + 0.2 1/s flow through the flow shroud.

29
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3.4 Fuel Rod Power Calibration and Conditioning

The objectives of the power calibration and corditioning phases
of the test are to intercalibrate the thermal-hydraulicallv determined
fuel rod ndle power with reactor power and the self-powe 2d neutron
detectors | SPNDs) mounted on the test assembly and to achieve an
inventory of short lived fission products in the irradiated MAPI fuel
rods. The on-line power calibration will be accomplished by measurir)
the coolant pressure, coolant inlet temperat.re, coolant temperature
rise, and coolant fiow through the flow shroud. The power
calibration/comitioning cycles are shown in Figure 4,

Czlibration of the DARS channels for the minimum required
instruments list.4 in Table VI is required prior to the pzrformance of
the power calibratinn/preconditioning test phase and also at the
conclusion of the power calibration/conditioning test phase. Data are
to be recorded on both the narrow band and wide band channels for the
power calibration/conditioning test phase. The required coolant
conditions during these phases ara: 538 + 1.0 K inlet temperature,
5.45 + 0,14 MPa IPT pressure, and 5.36 + 0.2 1/s flow through the flow
shroud. To perform the calibration, the reactor power will be
increased to a predctermined level, the system allowed to reach
equilibrium ( 5 to 10 minutes) and the fuel rod bundle power and
neutron detector outputs measured and a DARS data printout ohbtained.
Af+er each power step the fuel rod bundle power is reduced to nearly
zei ‘0,1 kW/m), a DARS data printout obtained, and the
instrumentation offsets checked. This procedure will be repeated for
a number of power level steps up to a maximum reactor power of
approximately 27.8 MW, The maximum power increase ramp rate for the
ralibration phase of the test > kW/m per minute, The maximum power
reduction ramp rate is not limited. The PBF reactor control rod
position is to be recorded hy the reactor console operators for each
power level during the power ,libration/conditioning test phase. The
operating sequence for Tect RIA 1-4 is presented in Tahle V.



The figure-of-merit, relating total bundle power to driver core
power, has been calculated to be 9.6 kWw/MW. This value will be
compared with the figure-of-merit determined durinag the test.

A temporary Channel 3 reactor shutdown circuit is required to
shutdown the reactor if the cladding surface thermocouples (CLAD TMP
59-315 01 and CLAD TMP 59-135 06) ¢ Rods 804-1 or B04-§ indicate a
temperature in excess of 700 K. The shutdown circuit will include a
time delay of 2 s to eliminate shutdown from noise spikes. This
circuit wili be removed or made inoperable prior to running the pover
curst.,

After completion of the fuel rod power calibration and
conditioning phases, the loop will be cooled down, the test tr-in
removed from the IPT, and the 0.51% cobalt-99.49% aluminum flux wires
mounted on the flow shroud will be removed and replaced with 100%
cobalt flux wires. The 0.51% cobalt-99.49% aluminum flux wire
installed in the core will be replaced with a 100% cobalt flux wire.
The irradiated core flux wires should be sent to the Radiation
Measurement Laboratory for counting. Fuel Rod 804-10 will be replaced
with fuel Rod 804-2 in the test train. A DARS calibration is to be
conducted along with an instrument status check.

3.5 Trial Power Bursts

The PBF reactor is tn he prepared for the performance of several
trial power bursts to verify the reactor period required to ackieve
the desired energy deposition in the test rod bundle during the actual
power burst. Reactor primary coolant conditions will be nominally
15000 gpm flow, 295 #3 K inlet temperature, and atmospheric pressure,

The trial power burcts will be per” rmed as described in
Section 3.7 with the test train out of the IPT. IPT loop required
operating conditions will be: 600 +5 K inlet temperature,
15.3 +0.2 MPa IPT pressure, and 18.9 +0.2 /s total loop flow. After
each trial burst, the 100% cobait core flux wires are to be replaced
L)ﬁ}fj 2V 6
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and tne irradiated flux wires sent to the Radiation Measurement
Laberatory as soon as possible for counting., Two trial hursts are
tentatively planned, one at a reactor period of 2.3 ms ana the other
at & reactor period of 2.7 ms. The exact reactor periods will be
determined on the basis of the power calibration core flux wire and
on-line results. Data from the two trial power bursts and the power
calibration data will be analyzed to determine if another trial bur:zt
is needed hefore inserting the test train. This determination will be
made by the RIA Project Leader or his alternate.

At the completion of the trial burst testing the loop will be
cooled down and depressurized and test train will he reinserted in the
[PT. An instrumentation status check and DARS calibration will be
performed at this time.

3.6 Loop Heatup Prior to Power Burst Testing

A cold hydrostatic check of the test loop will be conducted prior
tn heatup. The loop heatup will he interspaced with instrument status
checks as shown in Table V. The maximum coolant shroud flow should
not excced 2 1/s. DARS data printouts are also to be obtained at
approximately 50 K increments based on average test train inlet
temperature. An instrument status cneck list is to be completed at
approximately 450 K and again at the desired test temperature, 538 K.
When the desired test conditions (538 +1.0 K coclant inlet
temperature, 0.766 +0.4 1/s coolant shroud flow rate and 6.45
+0.14 MPa coolant pressure) are achieved, 3 coolant flow balance check
measurement, and the zero power ir.strument offsets obtained and
instrument drift characteristics will be recorded.

The DARS is to be recording data during the hydrostatic pressure
check, during heatup, and during the flow cal:bration.
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3.7 Power Burst Testing

The
basis of

reactor pericd for the power burst will ke chosen on the
the trial power hursts and power calibration results.

J
Reactor physics calculations and PBF Lead Rod data presently indicate !
that a power burst with a 7.5 ms period will be requirea to obtain a |
corner rod energy of 280 cal/g U02. The tw. cladding thermocouple |
(Channel 3) reactor shutdown circuits will be made iroperable prior to
running the power burst. Reactor primary coclant conditions will be
nomina1ly 15000 gpm flow, 295 #3 K inlet temperature, and atmospheric |

pressure.

The following sequence of operations leading to the initiation of |

a power burst is designed to minimize the steady state energy before |
the transient. It is essential that thec steady state contribution of

the flux wire activation by a smal) percrntage of the power burst

activation,

(1)

(2)

(3)

The control rods will be withdrawn an amount required to
establish a reactor power buret period of approximately

10 s. The reactor power will be allawed to increase until
tue "chamher operable light" indica*es 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 reactor will be made critical at about 100 W for
determination of the low power critical position of the
control rods.

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






4. DATA ACQUISITION AND REDUCTION REQUIREMENTS

Irstrumentation displays in the PBF Data Acquisition and
Reduction System (PBF /DARS) will identify the fuel rod, test assemb ly,
and plant instruments according to the identifiers in Table VIII.
Prior 10 each nuclear operation, it shall be verified that data are
being recorded and that data are retrievable.

4.1 Data Acquisition Requirements

The data channels should be set to record the data based on the
requirements of Table VIII, Instruments requiring high frequency
recording will be set up to record on the DARS wideband channels,
Those channels on the wideband recorders should also be recorded on
narrowbands. All of the narrowhand DARS channels should be available
for display on the Vector General. A1l instruments which are
designated as min mum operable instrumentation for the pre-power burst
phase of Test RIA 1-4 (Table VI) will be recorded on at least two
independent systems of equivalent frequency response to insyrs against
the loss of data. The PBF/DARS narrowband channels will record data
during the coald hydrostatic pressure check, the flow calibration, the
heatup phases during =11 nuclear operation, and untii the loop has
been depressurized aft.r the power burst. Both the widehand and the
narrowband DARS racorders are to be turned on uring the power
calibration/conditioning phace. The wideband DARS is to be turned on
For 30 minutes; starting 2 minutes before and ending 28 minutes after
the power burst. Figure 5 indicstes the data channels which will be
required to be displayed on the strip charts during power calibration
and fuel conditioning, and the power burst. The display and recording
requirements ire subject to change at the discretion of the RIA
Project Leader or his alternate in the event of instrument failure or
unusual test behavior. The core neutron chamber ranges shown in Table
VIII are preliminary and should be set according to the expected peak

power of the test. The upper range should be set to cover the peak
power,
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Measurement

Fuel Rod

Cladding Surface Temperatyre
Cladding Surface Temperature
Cladding Surface Temperature
Cladding Surface Temperature
“ladding Surface Temperaturve
Cladding Surface Temperature

Test Train

Shroud Coolant Flow

9t

Shroud Coclant Flow

Flow Turbine Freguency
Flow Turbine Frequency

Coolant Pressurc
: Coolant Pres ure
Coolant Pressyre
Sheoud Pressure
Coolant Inlet Temperature
Coolant Inlet Temperature
- Coolant Inlet Temperature
Coolant Inlet Temperature
Coolant Outlet Temperature
Coolant Outlet Temperature

TABLE VIl

TEST RIA 1-# INSTRUMENT [DINTIFICATION, DATA HANNEL RECORDING, AND DISPLAY REQUIRFMENTS

_Instrument

TC
TC
T

TC

Bi-directiona)
Flow Turbine
Bi-directional
Flow Turhine
AC Outjut From
Flow Turbine
AC Qutput From
Flow Turbine
EGRG A% MPy Py
EGRG 69 MP3 PXD
EGAG 17 MPa PXD
EGAC 17 MPa PXD
T
TC
TC
TC
TC
TC

a

Location

0.%9
0.79
0.59
0.79
0.59
0.79

Lower
Lower

Lower

Upper
Lower
Upper
Upper
Lower
Lower
Lower
Lower
Upper
Upper

3150
1350
3150
1350
1350
1150

|S3asaa

LI B A |

Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension

Test Train

Test Train

Test Assembhly
Test Assembly
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension
Shroud Extension

LI U D A S ) ' L

[dentifier

CLAD T™P
CLAD ™R
CLAD TMp
CLAD T™P
CLAD ™P
CLAD T™MP

59-315
79-1135
59-315
79-1135
59-13%
79-1315

=

~
o

RIIR

FLOWRATE INLET OITT
FLOWRATE INLET 0277
AC Flowrate 01 7T
AC Flowrate 02 TT

SYS PRES 69EG UTT
SYS PRES R9EG LTT

SYS FRES 17kA uTY
SHRD PRES 17xA OITT
INLT T™p 01 171
INLT TMP 02 17
INLT TMP 03 17
INLT T™MP 04 11
QUT TEMP 01 7
OUT TEMP 0277

DEL TEMP 01 77

_ ___Recording Ranges

-388888 000

to 2100 x
to 2100 K
to 2100 K
to 2100 K
to 2100 X
to 2100 K

to 600 K (ss)
to 600 K [ss)
to 00 K fss)
tn 600 K (ss)
to 600 K (ss!
to 20 K

to ADD K fss\b

1000 X (tr¥
1000 & (te)
1000 K (+r)
1000 € (tr)
1000 ¥ (tr)
1000 € {tr)

Freguancy
Response
Required

High

igh
Algh
High
High
High

Norma 1
Normal
High

High
Norma?
Norma |
High
High
Norma)
Norma)
Normal
Normal
Norma!
Norma}
Normal



TABLE V111 (Continued!

TEST RIA 1-4 INSTRUMENT IDENTIFICATION, DATA CHANNEL RECORD [NG, AND DISPLA( REQUIREMENTS

Lt

Trejuency
> Rad Response
Measurement _ Instrument Location Number  ldentifier —_ _Recording Ranges Required
Fuel Rog
Coolant Temperature Rise AT Pair Top and Bottom of . “wroud - DEL Temp 02 11 0 to 20 K Norma)
Coolant Temperature Rise a7 Pair Top and Bottom of Shroud - DEL TEMP 03 1T 0 to 20 K N.-ma)
Coolant Temperature Rise AT Pair Top and Bottom of Shroud - DEL TEMP 04 17 0 to 20 x Normal
Coolant Temperature Rise aT Pair Top and Bottom of Shroud - DEL TeEmp 05 TT 0 to 20 K Norma
Coolant Temperature Rise AT Pair Top and Bottom of Shroud - DEL TEMP 06 TT 0 to 20 K Norma)
Coolant Temperature Rise al Pair Top and Eottom of Shroud - DEL Temp 07 171 0 ta 20 ¥ Normal
Conlant Temperature Rise AT Pair Top :nd Bottom of Shroud - DEL TEMP 08 171 0 to 20 » Norma)
Coolant Temperature Rise AT Pair Top and Bottom of Shroud - SHROTEMP -0 01 TT 300-600 K /s<); 2100 K (tr) Normal
Flow Shroud Temperature Tf Outer Surfac- of Flow
Shroud (00 - SHRD™ *P-180 02 TT 300-600 K (ss); 2100 v. [ ¢r) Normal
Flow Shroud Temperatre T Outer Surfaces of Flow -10 =3
Shroud (1800) - NEUT FLX -0 01 TT 10 to 10 ° amps High
Neutron Flux Np. ) SPND Outer Su? “ace of Flow 10 .3
Shroua (09) - NEUT FLX-180 02 TT 10 to 10 ° amps High
Neutron Flux No, ? SPND Quter Surface of Flow -i0 -3
Shroud (1809) - GAMMA FLX-90 01 TT 10 to 10 7 amps High
Gamma Flux No.l SPGD Outer Surface of Flow 0 .3
Shroud (900) - GAMMA FLX-270 0217 10 to 107 amps High
Gamma Flux No, 2 SPGD OQuter Surface of Flow
Shroud (2700 - FISS CHRR o1 1T High
Neutron Flux No. 1 Fissior Thamber Outer Surfars of Flow
Shroud (459) - FISS CHBR 02 171 Hiqn
Neutron Flux No. 4 Fission Chamber Ouier Surface of Flow
Snroud (2250) 2
Gross Gamma Rate No. 1 Gamma Detec tor FPDS - FP GAMMA NO.1 Fp 10 to l()6 counts/s Norma
Gross Gamma Rate No. 2 Gammz Detector FPDS - FP GAMMA NO.? Fp 10 to 106 counts/s Norma
Gross Gamma Rate No. 3 Gamma Detectar Fres - FP GAMMA NO.3 Fp 1 to 10, counts/s Normal
Gross Neutron Rate Neutron Detector FuS - FP NEUT Fp 10 to 10 cquris/s Norma |
FPDS Flow Rate No. 1 Flowmeter FPDS - FP FLOW ND.1 FP 0 to A4 cu’jls Norma 1
FPDS Flow Rate No. 2 Floweter FPDS - FFr FLOW NO.? FP 0 to 64 cm” /¢ lorna:
Pipe Temperature le FPDS - +? TEMP  PIPE FP 300 to 600 K (ss); 1000 Kk (tr Norma
Cuﬂcaﬁmeratum m:&cm‘e FPLS - FP TEM®  CUBICLFP 300 to 600 K 'ssz: 1000 ¥ Strz Mormal
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TABLE VIIT TIContiynueg!

TEST RIA 1-4 INSTRUMENT IDENTIFICATION, DATA CHANNE. RECORDING, AND DISPLAY REGUIRIMENTS

——

Fission Product Detection System (FPDS)
The indicated ranges of the core neutron chambers are preliminary and may he changed at the discretion of the TFoD representative if necessary,

Frequency
Rod Response
Measurement _Instrument Location Number Tdent ifier . Recording Ranges Required
FPD;
Plant ®
NMS-3 (30 MW) lon Chamher Plant - REAC FOW 3 NMSPT 0 to 40 MW Norma)
PPS-1 (50 MW) Ton Chamb Plant - REAC POW  51PPSIPT 0 to 50 MW High
PPS-2 (50 M) Ion Chamber Plant - REAC POM S PPS2PT 0 to 50 MW High
PPS-2 (5000 M) Ian Chamber Plant - REAC POW 5 1 PS2PT 0 to S000 MW High
PPS-3 (16 W) ton Chamber Plant - REAC POW 16PS3PT 0 to 16 MW High
PPS-3 {16000 Mi) fon Chamber Plant - REAC POW 16KPLWT 0 to 16000 MW High
PPS-4 (16 MW lon Chamber Plant - REAC POW 10PPS4:y ™ 0 to 15 MW High
PPS-4 (16000 MW) lon Chamber Plant - REAC POW 16KPS4PT 0 to 16000 M4 High
TR-1 (50 MW} Ion Cnambe: Plant - REAC POW  50TR1PT U Lo 50 MW (ssY; 100 MW (tr) High
TR-1 (50000 M4) lon Chamber Plant - REAC POW 100KTRIPT 0 to 00,000 M [tr) High
TR-2 (50 MW) lon Chamber Plant - REAC POW  S0TR2PT N to 50 MW (ss); 100 Md (tr) High
TR-2 (50000 MW) ITon Chamber Plant - REAC POW 'OOXTR2PT 0 to 100,000 MW (tr) High
g EV-1 (50 MW) Evacuation Chamber Plant - REAC POW  SOEVIPT 0 tc 50 MW (ss); 100 W (tr) High
EV-1 (50000 MW} Evacuation Chamber Plant - REAC POW 100KEVIPT 0 to 100,000 MW (tr) High
EV-2 (50 MW} Evacuation Chamber Plant = REAC POW  SOEV2PT 0 to 50 MW fss); 100 MW (tr) High
EV-2 (50000 MW) Evacuation Chamber Plant - PEAC POW 10DKEV?PT 0 to 100,000 MW {tr) High
System Pressure PXD Plant - SYS PRES PT 0 to 17 MPa Norma)
IPT Pressure aP PXD Plant - IPi DELP PT 0 to 0.63 MPQ Norma!
Locp Flow Venturi Plant - LOOP FLO PT 0 to 0.063 m' /s Norma
Vessel Strain Strain Gauge Plant - VESTRAIN NO.T PT 0 to 500 in/in Normal
vessel Strain Strain Gauge Plant - VESTRAIN NO.2 PT 0 to 500 in/in Normal
Core Rod Axial Growth Core LVDT No. 1 Plant - CLAD DSP CORE} PT + 12,7 mm High
Core Rod Axial Growth Core LVDT No. 2 Plant - CLAD DSP CORE? PT +12.7 mm High
Core Rod Axial Growth Core LVOT No. 3 Plant - CLAD DSP CORE? PT +#12.7 nm High
Loop Coolant Pressu-e 0 to 34 MPa PXD Plant - LOOPPRES  5-20 P7 T 0 to 34 MPa High
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRES  &-23 PT 0 to 34 MPa High
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRES  5-24 PT 0 to 34 MP3 High
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRES  5-25 PT 0 to 34 MPa High
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRES  5- PT 0 to 34 MPa High
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPRES  5-35 PT 0 to 34 MPa High
Core Pressure 0 to 34 MPa PXD Plant - COREPRES W PT 0 to 34 MPa High
Core Pressure 0 to 34 MPa PXD Plant - COREPRES NE  PT 0“0 34 MPa High
7 Jore Pressure 0 to 34 MPa PiD Plant - COREPRES SE PT 0 to 34 WPa High
c=
O —_——
a. All elevations are relative to the bottom elevatinn of the fuel stack,
b. Steady state (ss).
s ¢, Transient (tr).
d.
e.

1D




FLOW RATE INLET 01 TT]

FLOW RATE INLET 02 TTI

INLET T™P 01 71T
INLET T™MP 02 1T

CLAD TMP 59-315 01
CLAD TMP 79-135 01

CLAD TP 59-315 05
CLAD TMP 75-135 05

CLAD TMP 59-135 06
CLAD TP 79-315 06

DEL TEMP o1 171
DEL TEMP 02 11

FP GAMMA NO. 1 Fp
FP GAMMA NO. 2 Fp

FP GAMMA NO. 3 Fp
FP NEUT Fp

SYS PRES 69EG UTT

SYS PRES 17kA UTT

REAC POW 40NMS-3 PT

SYS PRES 69EG LTT SHRD PRES 17kA 01 TT i SYS PRES PT
L

NEUT FLX -0 01 7T GAMMA FLX -90 01 TT FISS CHBR 01 1T

NEUT FLX -180 02 TT GAMMA FLX -270 02 7T FISS CHBR 02 1T

Fig. 5 Strip chart set-up for Test RIA 1-

conditioning, and power burst phases.
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Within 24 hours after termination of the test, the RIA Project
Leader should be given copies of the check lists contained in Appendix
A, the strip charts, copies of the reactor console log book pages
pertaining to Test RIA 1-4, and other documentation necessary to
establish specific data requirements and to prepare the Quick Look
Report. A complete list of the required information is given in
Table IX,

4.2 Data Reduction Requirements

Data reduction and plotting requirements are separated into three
segments. The first segment concerns data reduction and nlot
requirements needed for the test co.auct. The second segment concerns
data reduc_lon and presentation r/juirements for the RIA 1-4 Quick
Look Report and the ttird seqment concerns the Test Results Report,
Additional plotting requirements will be stipulate. fo~ t)a test
analysis, based on test performance and postt t code analyses.

4.2.1 Test Conduct. In orcer to determine thas power burst
required to achieve the fuel rod target energy for RIA 1-4, it will be
necessary to process some of the power calibration data prior to
conducting the actual power burst.

The following cata requirements are needed:

(1) Integration of the nine-rod assembly calorimetrically-
measured power during all nuclear operation to determine
total assembly eneryy during steady state nuclear operation.

(2) Second order regression fit of assemhly power as a function
of each of the following: TR.«, TR 2, EV-1, EV-2, SPND-1,
SPND-2, SPGD-1, and SPGD-2 during power calibration portion
of the test.

40



TABLE IX

POSTTEST DOCUMENTATION REQUIREMENTS

Measurement Status
- Ambient
538 K (after heatup prior to power calibration)
- Reac*or critical (100 kW)
- Ambient
- 538 K (prior to each power burst)
DARS Channe! Setup Log Sheet
Backup data system Channel Setup Log Sheet
DARS Log Sheets
DARS Parameter/Sensor Directory
Strip Charts
Copy of Reactor Console Log




{3) The DARS is to have the capability of making on-line plots
of parameter versus parameter to aid in the evaluation of
instrument and fuel rod performance.

4.2.2 Quick Look Report. Test data plots and pretest data
calcuiation comparison plots for the Quick Look Report are to be
prepared within 2 working days after the completion of the test; it is
mandatory that this requirement be met. The Quick Look Report will
contain anly plots cf data from the final power burst of the test. A
complete list of the plots required for the Quick Look Report will be
provided by the RIA Project Engineer within two weeks of the test.
The plots generated will g0 directly into the Quick Look Report
v ithcut redrawing or handling by graphics personnel, The plots size
should conform to 8-1/2 x 11-inch paper with conventional margins,
ATl plotted data are to be in standard SI units. That portion of the
SP0RT? computer program required to compute reactor energy and
reactivity as a function of time from the power history will he
programmed into the PBF /DARS computer and the data from the trial
power bursts and the actual power burst will be processed through the
program. Digital printout of ail the data from the reactor neutron
detecting chambers (EV-1, EV-2, TR 1 and TR-2), SPGDs, and SPNDs
during the trial power bursts anu “n¢ actua) power burst will be
required.

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

The data associated with the fuel rod and test assembly
instrumentation presented in Table X shall be thoroughly reviewed and
categorized as qualified, restrained, trend, or failed data. The time
period and priority for which this deta is to be qualified is also
ores~nted in Table X,

a. B. J. Powe , R, N. Hagen and S. 0. Johnson, SPORT-A System for
Processing Reactor Transient Dat. on the [BM=7040 Computer,

[00-17078 [July 1965). X

4z
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Measurement

Cladding Surface
Temperature

Shroud Flow

Coulant Pressure

Coolant Inlet
Temperature

Coo lant Outlet
Temperature

Coolant Temperature
Rise

cFlow Shroud

Ll
™o
o =N

Temperature

TABLE X

DATA QUALIFICATION REQUIREMENTS

Instrument (s)

CLAD T™P
CLAD T™P
CLAD T™P
CLAD TP
CLAD T™P
CLAD T™P

FLOWRATE
FLOWRATE

SYS PRES
SYS PRES
SYS PRES

SHRD PRES 17 KA O1TT

INLT T™P
INLT T™P
INLT T™MP
INLT T™P

QT T™MP
OUT T™MP

59-315 01
79-135 01
59-315 05
79-135 05
59-135 06
79-135 06

INLET 017T
INLET 02717

69 EG UTT
69 EG LTT
17 KA UTT

01 17T
02 1T
03 17
04 1T

01 1T
02 1T

DEL TEMP 01 through 08 Power

SHRD TEMP -0 O1 TT
SHRD TEMP -180 02Ti

Test Phases for Data Qualification Priorityd

Power Calibration/Conditioning, Power BurstD 2,1
ower Calibration/Conditioning, Power Burstd 2,1
Power Calibration/Conditioning, Power Burstd 2,1
Power Calibration/Conditioning, Power 3urstD 2,1
Power Calibration/Conditioning, Fower BurstP 2,1
Power Calibration/Conditioning, Power Burst® 2,1
Power Calibration/Conditioning, Power Burst® 1,1
Power Calibration/Conditioning, Power BurstD 1,1
Power Burstb 1

Power Bursth 1

Power Calibration/Conditioning, Power Burst® 1,1
Power BurstD 1

Puwer Calibration/Conditioning, Power BurstD 1,1
Power Calibration/Conditioning, Power BurstD 1,1
Power Calibration/Conditioning, Power BurstD 1,1
Power Calihration/Conditioning, Power BurstD 1,1
Power Burstb 1

Power Burstb 1
Calibration/Conditioning, 1

Power BurstD ]

Power Burstb 1



Measurement

Neutron Flux

Gamma Flux

Instrument (s)

NEUT FLX
NEUT FLX

FISS CHBR
FISS CHBR

-0 0177
-180 02 1T
01 1T
02 1T

GAMMA FLX -90 01 TT
GAMMA FLX -270 02TT

Power
Power
Power
Power

Power
Power

TABLE X (continued)

Test Fhases for Data Qualification

Calibration/Conditioning, Power BurstD
Calibration/Conditioning, Power BurstD
Calibration/Conditioning, Power BurstD
Calibration/Conditioning, Power Burstb

valibration/Conditioning, Power BurstD
Calibration/Conditionina, Power Burstb

Fission Product FP GAMMA No. 1 FP Power BurstC
Cetection FP GAMMA No. 2 FP Power BurstC
FP GAMMA No. 3 FP Power BurstC
FP NEUT Power BurstC
Reeéctor Power REAC POW 30 NMS3PT A1l Nuclear Operation
. REAC POW 50 TR1 PT A1l Nuclear Operation
- REAC POW 50 TR2 PT A1l Nuclear Operation
REAC POW 50 EV1 PT A1l Nuclear Operation
REAC POW 50 EvV2 PT A1l Nuclear Operation
REAC POW 100 KTRIPT All Power Bursts
REAC POW 100 KTR2PT A1 Power Burstsd
REAC POW 100 KEVIPT Ali Power Burstsd
REAC POW 100 KEV2PT A1l Power Burstsd
System Pressure SYS PRES PT All Phases
on
s
O
a. Priority rank»ng is: 1-highest, 2-next higaest.
F\;b. If possible, data should he qualified for 10 minutes after time of peak power.
i
c. If possible, data should be qualified until loop is depressurized after power burst,

___Priority?

Pl e o ol ol ol ek N o

[

d. If possible, data should be qualified for 1 minute after time of peak power for trial and final power

bursts.




5. OPERATIONS SUPPORT

Befoie the test and following each coolaown, two loop water
samples will be taken for chemical and fission product analysis.
Coolant samples must be taken before the remote loop cleanup equipment
is v2lved into the system. One sample shouid be analyzed for
nitrogen, oxygen, and hydrogen and the other sample scat to the TRA
counting laboratory for fission product and uranium analysis.
Additional elemental analysis of the loop coolant samples may be
required if requested by the Fission Product Detection System (FPDS)
Project Leader or RIA Project Leader. Copies of the Analysis are to
be sent to the R/A Project Leader and the FPDS Project L:ader,

Core flux wires should be removed and shipped immediately to the
Radiation Measurements Laboratory afte, the power calibration/-
conditioning phase is completed, and after each trial power burst.
Core fiux wire scan results from th2 power calibration/conditioning
phase and trial power bursts are required before performing the actual
power burst,

Table XI lists the fission product inveniory and the total
activity (R/hr) at 30.5 cm distance, in ayr, from the fuel rods at
various times after nuclear operations. T e calculations presented
are based on expected power cperation. Deviations between the planned
and actual power histories may require recalculation of the activity
levels and fission product inventories. The hot cell ha. 1 current
acceptance limit of 10'2 curies of 1131 per fuel rod. According
tc Table XI, intact fuel rods can be shipped to the hot cell
within 106 days after tne final shutaiown of Test RIA 1-4. Fuel -ods
that fail during tesi. ng may be shipped to the hot cell within one
week after the test is completed.

It is anticipated that all fuel rods wiil fai!, the fuel rod
cladding will be heavily oxidized and in an embrittled conditon.
Therefore, posttest handling, shipment, and storage should be
performed as carefully as possible to min.mize further fuel rod




9

TABLE XI

RESULTS Of RADIOLOGICAL HAZARDS ANALYSIS FOR TEST RIA 1-4

Decay (agay) @

Parameter

28 56 63 70 77 84 91

Ci of 1-131 7.609+1b 4.996+1 8.738+0 7.397-1 4.048-1 2.215-1 1.212-1 6.635-2 3.635-2
Ci of 1-132 2.556+2 7.115+1 8.035-1 2.065-3 neq. . o
Ci of 1-133 6.903+2 5.961+0 3.572-7 neq o o o —
Ci of I-134 2.86-4 neq
Ci of [-135 3.064+2 neq
R/hr@ 30.5 cm
from Rod 1.770+3 2.319+2 7.956+1 5.565+1 5.33541 5.149+] 5.03C+1 4.924+] 4.,839+]
a. Based on an average rod.
b.  7.609+1 = 7.609x101.

M

=

o

s

NO



damage. All fuel rod instrument leads are to be tagged with the
ronnector number and instrument identifier duiring the disassembly
procedure. This identification will allow verification of instrument
positions during ho: cell disassembly,

Closure plugs shou'd be installed on the upper and lower ends of

the flow shroud to prevent further loss of material from failed fuel
rods during handling and shipment to the hot cel).
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6. POSTIRRADIATION EXAMINATION REQUIREMENTS

The postirradiation examination (PIE) requirements for Test
RIA 1-4 will vary depending on fuel rod failure and the degree of
fragmentaetion that occurs. It is assumed that all nine rods will
fail. The tentative outline for the PIE consists of the following:

(1)

(3)

(4)

(5)

(F)

(7)

A gamma scan and neutren fluence (nvt) determination of the
eight 0.51% cobalt flux wires attacned to the flow shroud
diring the steady state part of the test and the eight
cobalt flux wires on the shroud for the power burst. Each
wire will be tagged to identify wire rumber, location, test
phase, and top end of wi-e.

A gamma scan and nvt determination of the four flux wires
insertad in the PBF core. FEach wire will be cut to 1.22 m
length and tagged to identify wire number, location,
irradiation time, and top end of wire.

The visual, dimonsional, and photographic examination of the
flow shroud. A1l loose fragments of failed fuel rods should

be weighed and screened.

Neutron radiography of flow shroud and fuel rods. A special
fixture will be required to hold the assembly,

Epoxy entire flow shroud with fuel rods in place.

Sectioning cf the nine-rod assembly to obtain 20 burnup
samples and 25 metallurgical mounts.

fhe preparation of two samples for scanning electron
microscope (SEM) examination,

Two samples for microprobe analysis and four cladding gas
samples,

EnNng
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APPENDIX A

STATUS CHECKLISTS FOR INSTRUMENTATION



INSTRUMENT STATUS CHECKS

The check lists provided in this appendix are to be incorporated
ir the RIA 1-4 Experiment Operating Procedure.

Checklist No. 1

TRA Assembly Area

This checklist is found in "Instrument Check Procedure,®
TP-RIA-1401.

Checkist No. 2

Pre-In-Pile Tube Loading

This checklist is found in "Instrument Checkout Procedure "
TP-RIA-1402,
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INSTRUMENT STATUS PRIOR TO POWER CALIBRATION

f a3k List No. 3

. i i — —_——

Reactor Power - 0.0 MW Minimum required 5
operable instrumentation

Plant IPT Coolant 538 K available for

Temperature RIA 1-4 EOS

Ashcroft Pressure 6.45 MPa Instrument Data Section

Gauge representative

Shroud Flow Rate 5.3 1/s TFBD representative

in charge
Certification
Instrument PBF /DARS Reguired Instrument is
[dentif ier Readirg Range within Range 2
TLAD TMP  59-315 01 K 518 to 558 K
CLAD ™MP  79-135 01 K 518 to 558 K
| TLAD TMP  59-315 05 K 518 to 558 K
CLAD T™™MP  79-135 05 - K 518 to 558 K
LAD TMP 59-135 06 K 518 to 558 K |
CLAD ™P  79-315 06 K 518 to 558 K
SHRD TEMP -0 01 TT K 518 to 558 K - '
SHPD TEMP -180 02TT K 518 to 558 K
SYE PRES 69EG UTT MPa +3.5 MPa of Ashcroft
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft
YS PRES 176G UTT _MPa +? MPa of Ashcroft
“HRD PRES 17EG O17T o __MPa +2 MPa of Ascroft
FLOWRATE INLET Q17T a /s 5.36 + 0.2 1/s
“LOWRATE INLET 0277 __1Ys 5.36 + 0.2 1/s
NLT T™MP 01 17 K 528 to 548 K
INLT TMP 02 1T K 528 to 548 K i
INLT TMP 03 1T K 5§28 to 548 K
NLT TMP 04 17 K 528 to 548 K r
T TEMP 01 7T _K 578 to 548 K
OUT TEMP 02 1T K 528 to 548 K
LUY 533



DEL TEMP o1 TT
DEL TEMP 02 11
UEL TEMP 03 717
DEL TEMP 04 1T
DEL TEMP 05 1T
DEL TEMP 06 TT
DEL TEMP o7 1T
DEL T7mp 08 1T
FP TEMP PIPE Fp
NEUT FLX -0 01 TT
NEUT FLX -180 027T
GAMMA FLX -90 01 TT
GAMMA FLX -270 02TT
FISS CHBR 01 7T
FISS CHBR 02 1T

X X 'K ='m =

X x

-

- B S ———

460 to 458 K

a. This certification must be signed by the Supervisor or his alternate of

the Instrumentation and Data Section.

For instruments not within the

acceptable operating Timits, the Supervisor of the Test Train Fabrication
Section or his alternate must certify that the instrument is not

For all cases where the instruments ae not within the
acceptable operating limits, the RIA Projects Leader or his alternat
approval must be obtained to continue the test procedures,

functioning.



INSTRUMENT STATUS AF 2R POWER CALIBRATION
Check List No. 4

Reactor Power - 0.0 MW Mininum required
operable instrumentation
Plant [PT Coolant 538 K available for
Temperature RTA 1-4 EOS
Ashcroft Pressure 6.45 MPa Instrument Data Sectiun
Gauge repre~entative
Shroud Flow Rate 5.36 1/s TF8D representative
in charge
Certificaticn
Instrument PBF /DARS Required Instrument 1y
[dentifier Reading Range within Range 2
CLAD T™MP 59.315 01 K 518 to 558 X
CLAD T™™P 79-135 01 K 518 to 558 K
CLAD TMP 59-315 05 - _K 518 to 558 K
CLAD T™MP 79-135 05 - ¥ 518 to 558 K
CLAD T™MP £9.1% 06 _ K 518 to 558 K
CLAD T™P 79-315 06 K 518 to 558 K
SHRD TEMP N 01 TT K 518 to 558 K
SHRD TEMP 1 27T K 518 to 558 K
SYS PRES H9EG UTT - _MPa +3.5 MPa of Ashcroft
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft
SYS PRES 1766 UutT MPa 12 MPa of Ashcroft
SHRD PRES 17EG O'TT MPa +2 MPa of Ashcroft
FLOWRATE INLET C.°T - 1/s 5.36 + 0.2 1/s
FLOWRATE INLET 021" 1/s 5.36 + 0.2 /s
INLT T™MP 01 71T o K 528 to 548 K
INLT T™pP 0 TT o £ 528 to 548 K
INLT T™P 03 1T K 528 to 548 K
INLT T™F 04 TT K 528 to 548 K
OUT TEMP 01 1T - K 528 to 548 K
0UT TEMP 02 1T ¥ 52€ to 548 K
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DEL TEMP o1 TT v +1.0 K

DE. TEMP 02T K +1.0

DEL TEMP 03T K +1.0K

DE. TEMP 04 TT K +1.0 K

DEL TcMP 05 1T K +1.0K |
E. TEMP 06 TT K +1.0 K |
JE. TEMP 07 TT K +1.0K |
NEL TEMP 8 TT K +1.0K

FP TEMP PIPE  FP K 460 to 548 K

NEJT FIX -0 01 TT
NTOT FLX -1:. 02TT
AMMACFLX -90 01 TT
AMMA FLX <270 02TT
S5 CHBR 01 1T
"HBR 02 TT

This certification must he signed by the Supervisor or his alternate of
the [nstrumentation and Data Section, For instrumeats not within the
iwceptable operating limits, the Supervisor of the Test Train Fabrication
“ection or nis alternate must certify that the instrument is not

functioning, For ail cases where the instruments are not within the |
wceptable operating limits, the RIA Projects Leader or his alternates

ipproval must be obtained to continue the test proceduras,
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INSTRUMENT STATUS AFTER TEST TRAIN INSERTION
FOLLOW™NG TRIAL POWER BURSTS

Check List No. §

Reactor Power - 0.0 MW Minimum required
operable instrumentation
Plant IPT Coolant Ambient available for
Temperature RIA 1-4 EOS
Ashcroft Pressure Ambient Instrument Data Section
Gauge representative
Shroud Flow Rate 0.0 1/s TFBD representative
in charge
Certification
Instrument PBF /DARS Required Instrument is
Identifier Reading Range within Ranje 3
CLAD TMP 59-315 01 N _K Amb ient
CLAD ™P 79-135 01 K Amb ient
CLAD T™MP 59-315 05 K Amb ient
CLAD TMP 79-135 05 K Amb ient
CLAD TMP 56-135 06 K Ambient
CLAD T™MP 79-315 06 - __ K Ambient
SHRD TEMP -0 01 TT . K £v o ent
SHRD TEMP -180 0271T o K Ambient
SYS PRES 69EG UTT MPa +3.5 MPa of Ashcroft
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft
SYS PRES 1766 UTT MPa #2 MPa of Ashcroft
SHRD PRES 17EG OITT MPa +2 MPa of Ashcroft
FLOWRATE INLET O1TT 1/s 0.0
FLOWRATE INLET 07T 1/s 0.0
INLT T™P 01 1T . » K Amb ient
INLT TMP 02 1T K Ambient
INLT T™MP 03 Ti K Amb ient
INLT T™P 04 1T K Amp ient
OUT TEMP 0] 17T K Amb ient
OUT TEMP 02 1T K Ambient

Eno
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DEL TEmMP 01 71T

DEL TEMP 02 T

DEL TEMP 03 TT

DEL TEMP 04 TT o
DEL TEMP 05 TT

DEL TEMP 06 TT

DEL TEMP 07 TT

DEL TEMP 08 TT

FP TEMP PIPE FP Ambient + 20 K

NEUT FLX -0 01 TT

NEUT FLX -180 0217

GAMMA FLX -90 01 TT

UL

GAMMA FLX -270 027T

FISS CHBR 01 1T

|
1

FISS C4BR 02 171

|
|

a. This certification must be signed by the Supervisor or his alternate of

the Instrumentation and Data Section. For instruments not within the
acceptable operating limits, the Supervisor of the Test Tr-in Fabrication

Section or his alternate must certify that the instrumen* is not

functioning. For all cases where the instruments are ‘ot within the
acceptable operating limits, the RIA Prcjects Leader or his alternates

approval must be obtained to continue the test procedures.



INSTRUMENT STATUS DURING HEATUP PRI JOWER BURST

Check List No. 6

Reactor Power - 0.0M4 Minimum required
operable instrumentation
Plant IPT Coolant 450 K available for
Temperature RIA 1-4 EOS
Ashcroft Pressure 6.45 MPa Instrument Data Section
Gaug > representative
Shroud Flow Rate 0.766 1/s TFBD representative
in charge
Certification
Instrument PBF /DARS Required Instrument is
Identifier Reading Range within Range @
CLAD T™P 59-315 01 K 430 to 470 K
CLAD T™P 79-135 01 — K 430 to 470 K
CLAD TMP  59-315 05 - K 430 to 470 K
CLAD ™P 79-135 05 ___K 430 to 470 K
CLAD T™MP 59-135 06 - K 430 to 470 K
CLFD TMP  79-315 06 o K 430 to 470 K
SHRD TEMP -0 01 TT - K 430 to 470 K
SHRD TEMP -180 02TT K 430 to 470 K
SYS PRES 69EG uTT MPa #3.5 MPa of Ashcroft
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft
SYS PRES 1766 UTT - MPa +2 MPa of Ashcroft
SHRD PRES 177G 01TT o MPa 42 MPa of Ashcrof.
FLOWRATE INLET O1TT - /s 0.766 + 0.04 1/s
FLOWRATE INLET 02TT - /s 0.766 + 0.04 1/s
INLT T™P 01 1T - K 440 to 460 K
INLT T™P 02 1T - K 440 to 460 K
INLT T™MP o3T1r K 440 to 460 K
INLT T™MP 04 TT K 440 to 460 K
QUT TEMP 01 71T - K 440 to 460 K
OUT TEMP 02 TT i 440 to 460 K
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DEL TEMP 0L TT K R S
DEL TEMP 02 TT K
DEL TEMP 03 T K
DEL TEMP 04 T K o
DEL TEMP 05 TT K -

. DEL TEMP 06 TT K . B
DEL TEMP 07 1T X
DEL TEMP 08 TT K

FP TEAP PIPE FP
NEUT FLX -0 01 1T
NEUT FLX -180 02TT
GAMMA FLX -90 01 TT
GAMMA FLX -270 02TT
FISS CHBR 01 1T
FISS CHBR 02 17

366 to 460 K

a. This certification must be signed by the Supervisor or his aiternate of
. the Instrumentation and Data Section. For instruments not within the
acceptable operating limits, the Supervisor of the Test Train Fabrication
Section r his alternate must certify that the instrument is not
functioning. For all cases where the instruments are not within the
acceptable operating limits, the RIA Projects Leader or his ilternates
approval must be obtained to continue the test procedures,




INSTRUMENT STATUS PRIOR TO POWER BURST

Check List No. 7

Reactor Fower - 0.0 MW Minimum required
operable instrumentation -

Plant IPT Coolant 5.38 K available for

Temperzature RIA 1-4 EOS

Ashcroft Pressure 6.45 MPa Instrument Data Section

Gauge representative

Shioud Flow Rate 0.76€ 1/s TFBD representative

in charge
Certification

Instrument PBF /DARS Required Instrument is
Identifier Reading Range within Range 2
CLAD TMP 59-31501 K 518 to 558 K
CLAD ™P 79-135 01 K 518 to 558 K
CLAD ™P 54.315 05 - K 518 to 558 K
LLAD T™P 79-135 05 K 518 to 558 K
CLAD TMP 59-135 06 - K 518 to 558 K
CLAD T™MP 79-315 06 K 518 to 558 K
SHRD TEMP -0 01 TT K 518 to 558 K .
SHRD TEMP -180 02TT K 518 to 558 K o
SYS PRES 69EG UTT MPa #3.5 ™73 of Ashcroft
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft_
SYS PRES 17E€¢ UTT MPa +? MPa of Ashcroft
SHRD PRES 17EG O1TT MPa +2 MPa of Ashcroft

FLOWRATE INLET 0177
FLOWRATE INLET 02TT

INLT T™P o1 17
INLT T™P 02 71T
INLT T™P 03 71T
INLT T™MP 04 1T
OUT TEMP 01 1T
OUT TIMP cC2 7T

B e —

/s 0.766 + 0.04 1/s

1/s 0.766 + 0.04 1/s

K 528 to 548 K

K 528 to 548 K \
- K 528 to 548 K

K 528 to 548 K
- K 528 to 548 K

K 528 to 548 K
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DEL TEMP 01 17
DEL TEMP 02 1T
DEL TEMP 03 TT
DEL TEMP 04 1T
DEL TEMP 05 1T
DEL TEMP 06 TT
DEL TEMP 07 17
DEL TEMP 08 1T
FP TEMP PIPE FpP
NEUT FLX -0 01 TT
NEUT FLX -180 02TT
GAMMA FLX -70 01 TT
SAMMA FLX -270 02TT
FISS CK3R 21 1T
FISS CHBR 02 1T

460 to 548 K

a. This certification must be signed by the Superviso~ or his alternate of
the Instrumer*ation and Data Section.
acceptabie operating limits,
Section or his a.

functioning.

acceptable operating limits,
approval must be obtained to
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Fo~ instruments not within the

the Supervisor of the Test Train Fabrication
ternate must certify that the instrument is not

For all cases where the instruments are rot within the

the RIA Projects Leader or his alternates
continue the test procedures.
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PREPOWER BURST FLOW BALANCE CHECKLIST
CHECKLIST NO. 9
Coolant Temperature 538 K
Coolant Pressure 6.45 MPa
Fiowrate Flowrate Total
Nominal Inlet Inlet Average Loop Bypass P

Shroud Flow Bwpass 01 1T 02 17 Shroud Flow Flowrate Flow

(1/s) Valve Setting @  (1/s) (1/s) (1/s) (1/s) Ratio

Valve 29  valve 30

—_—0 00
00 O &

|
i

i

a. Defined as number of full turns of valve from fully open position.

b. Defined as Total Loop Flow Rate - Average Shroud Flow.

Total Loop Flow Rate
C. Valve 29 is Valve GT-BB-10-29.
d. Valve 30 is Valve GT-BB-10-30.




