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1. INTRODUCTION

This document describes the experiment operating specifications
. for the Reactivity Initiated Accident (RI A) Test RI A 1-4 to be

conducted in the Fewer Burst Facility (PdF) at the Idaho National
Engineering Laboratory as part of the Nuclear Regulatory Conmission's.

lFuel Behavior Program . The overall experiment requirements and
objectives f or the RI.' Test Series are described in the RI A Experiment

2Requirements Document while the experiment specifications for
Test HI A 1-4 are dascribed in the Test RI A 1-4 Experiment

3Spec ification Document RIA Test Series I objectives are to.

provide data for the evaluation and possible revision of curr ent

nuclear reactor licensing criteri; ce ording hypothetical control rod

Jrop 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 purposes. The most severe RI A is

the postulated boiling water re -tor (BWR) control rod drop during
reactor startup, therefore the Series I tests are being conducted at

'

coolant conditions (pressure, temperature, ar,] 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 RI A event at cn
energy insertion equivalent to the present licensing criteria of
280 cal /g.

Test RI A 1-4 will consist of a 3x3 array of preirradiated fuel
rous. The n.ne fuel rods will be 5.7 wtT enriched UO , zircaloy-4

2

clad, Westinghouse MAPI rods irradiated to an average hornup of
approximately 5250 mwd /t in the SAXTON pressurized watec reactor.

The te;t sequence will begin with steady state power operation to
*

ccndition the fuel and ed ablish a short-lived fission gas inventory
and dotermine 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 P8F core flux wares will

b[j b 20
)



also be replaced. Several trial power bursts will be performed with
the test train out of the IPT at various reactor periods to verify the
reac tor period which is required to provide the desired energy
deposition of 280 cal /g UO f r the actual power burst. The test

.

2

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
ce ils for disassembly and postirradiation examination.

Section 2 of this docu aent describes the fuel rods, flow shroud,
test assembly and instrumentation. Section 3 presents the oparating
procedures for the conduct of Test RI A 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
ex amination requirements is preser.ted in Section 6. The -

instrumentation status checklists are contained in Appendix A.

.

@
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2. EXPERIMENT DESI_GN

Test RI A 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 (se7
Figure 1). A support structure will center the rod bundle and flow.

shroud inside the PBF IPT. The test train instrumentation aill also
be attached to the support structure. Specifications for the fuel

rods, grid spacers, flow shroud, support structure, and
instrumentation are presented in this section.

2.1 Fuel Rods and Flow Shroud

A total of ten 5.7 wt% enriched unopened MAPI fuel rods

previously irradiated to an average burnup of approximately SE60 mwd /t
will be used in Test RIA 1-4 The nine fuel rods in the 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 304-2, will be used as a replacement for 10
.

in the bundle af ter tne power calibration and conditi .1ing ter 'se
is completed. t he specific informat ion on rod designations, fuel

.

enrichment, average burnup, internal gas composition and internal
pressure f or each of the rods is presented in Table I. The

as-f abricated nominal design characteristics of these fuel rods are
given in Table II. Fuel R ods 804-1, 804-5 and 804-6 are instrumented
with two cladding thermocouples each, as described in Subsection 2.3.

The nine-rod bundle 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 struc tu re
C Ti G /9?!uu L
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TABLE I

SPECIFIrATIONS FOR INDIVIOUAL FUEL R005 FOR TEST RI A 1-4

~

Original
~

Original Fuel Average 235 U Backfill B ack fi ll
R Westinghouse Enrichment Burnup Weight Gas Pre ssure'

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 5.7 4950 27.0 Air 0.103

804-3 M-17 5.7 4770 27.0 Air 0.103

804-4 M-19 5.7 5610 27.0 Air 0.101

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 5.7 4560 27.0 Air 0.103

.

e

.

e
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TABLE II
C

1.-
NOMINAL DESIGN CHARACTERISTICS FOR TEST RI A 1-4 FUEL RODS l '' '

-

_MAPI ) ;:-Characteristic a
i

1..
Ft.e l

.

; ..

Material
UO2 !ka.

Pellet OD (mm) 8.59 l ei.:Pellet length (rrn) 15.2 .I
Pellet enrichment (wt%) 5.7 - ~

Density (% TD)b 94 ''t

Fuel stack length (m) 0.914 . .

End configuration dished
.

,

' Cladding
t}

Material zircaloy-4
..
: '

Tube OD (mm) 9.99 "

Tube wall thic<nes; ( m minimum) 0.572 i:
Yield strength (MP3) 570

"

Ultimate strength (MPa) 700
,

Fuel Rod

*

Gas plenum lengch (rin) 45.7 -

Insulator pellets none,

.

,

a. Data are preirradiation values. . ' ' .
b. Theoretical d9nsity (TD) of UOp (10.97 g/cm3). '

.
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REACTOR NORTH

A
!

Coolant flow shroud

"MU/////////////////////"" .

Fuel rods

b -10 \.\I 804-1 304-2 804-3'

x k kxx\ h
<+6.13 am e
,

:

x xN NN 804 4 804-5 804-6 Ki

% %
% n % ~

\ 804-7 |
804-8 304-9 Nj

k
14.3 cm.

| / | ////'

-'ig. 1 Schematic cross section of Test Rl A 1-4 asse.nbly
showing relative positions of fuel rods and coolant flow
shroud.
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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

IPT outlet to prevent fuel and cla1 ding fragments from teing dispersed
throughout the IPT in the event of fuel rod failure.

2.3 Instrumentat ino

The instrumentation for Test RI A 1-4 is Jesigned 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
prassure pulse generated during the power burst.

2.3.1 Fuel Rod Instrumentation. The measurement requirements
f ce fuel rod instrumentation are summarized in Table III and
inc h instrument description, range, response :ime, and signal
c o nd i t i on i ng..

Fuel Rods 804-1, 804-5 and 80?-6 will each be instrumented with
two cladding surf ace toermocouples. The other six fuel rods will be
uninstrumented. The cladding surface thermocouples are titanium
sheathed, Type S thernocouples with spaded junctions. The

thermocouples are resistance welded to the cladding outer surface.

The axial elevation is measured f rom the bottom of the fuel stack and
the circumferential orientations of the the couples are as shown in

Table III, and Figure ?.

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

,

(1) Two EG&G Idaho, Inc., 69 MPa pressure transducers for
measuring large pressure pulses. One transducer is located
near the flow sHoud outlet and the otaer is located near
the shroud inlet.

00 t!0,



TARLE .!

TEST RI A 1-4 FUEL POD IN STR tPEN TAT ION

Es'imi edt

Inst mm.mt, Inste cont R n1 ta'~ Oparating Rewponse
ve**,uremcnt I ns t r:.rmn t por Pn1 Locatinn 1 Instrum.nted Darao Timo/sl Co monts

C l a d1 i rig T h errw o up le 2 590+?mm 804-1 3'O in ' U;0 K 0.10 Resistance welder *
Surfve P 3T5+50 Type S with spaA i
l emp e r 3 t u re 790+26n junction and t itan-

~

O l35+5' ium sheath.

21 a dd i n g T herm x o up le ? 5'30 + 2 m 804-S 300 to 2150 K 0.10
Surf ace rd 315+50

-

Tempe r a tu re 790+2nn
0 135 +50

"
Cltdding Thermoc o uple ? 513+0mm 801-6 3N to 9150 r 0.10

Surf ace @ 155+50
Temperatu re 790+?isn

9 3T5_+50

__ __

a. All elevitions *re measured f rom the Snttom of the fuel stack..

_ _ - . - - - - . - . - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - _ . - - - - - - - - - - - . - - - - - - - - _ - - - . - - - - - - - - - . - - - . --

-.

%%

.

-

e

e

% 4 * g 9



REACTOR NORTH

b

Flux wires (8) SPNDs (2) Fission
Chambers (2)

(315 )
0.59 m

Rod Rod Rod
804-1 804 10 304-3

804-2
0.79 m

(135o)

O O
0.79 m0.59 m

Rod Rod Rod
O 304-4 304-5 ! 304-6 0
\
\

0.79 m 0.59 mSPGDs (2)O O

Rod Rod Rod
304-7 804-8 304-9

f

/
o o o o

Fig 2. Schematic cross section through the Test RIA l-4 nine-rod
cluster showing the locations of cladding surface thermocouples,
the flux wires, SPNDs, SPGDs and fission chambers. (Elevations,

are relative to the bottom of the fael stack.)
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(2) 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 flew shroud wall at 452 mm above the bottom of .

the fuel stack.
.

(3) Two Flow Technology bi-directional flow turbine meters

located in tandem at the flow shroud inlet.

(4) Four EG&G Idaho, Inc. , Type K thermocouples located at the

flow shroud inlet to measure the coolant inlet temperature.

(5) Two EG&G Idaho, Inc., Type K thermocouples located at the

flow shroud outlet to measure the coolant outlet
temperature.

(6) Two EG&G Idaho, Irc , Type K thermocouples attached to the

outer wall of the #lt w shroud at 0 ano 180 degree -

orientations to measu 'e shroud temperature.
.

(7) Eight removable (0.51% cobalt-99.49% aluminum) #1ux wires

positioned vertically (two per side) on each of the four

outer surf aces of the coolant flow shroud to measure the
time averaged neutror flux during tho power calibration and
c ondit ion ing phase.

(S) Eight removable (100% cob alt) flux wir es positioned

vertically (two per side) on each of the four outer surf aces

of the coolant flow shroud to measure the t i...c averaged
neutron flux dJring the power burst.

.

(9) Two Reuter-Stokes cobalt self-powered neutron detectors

(SPNDs), one each located at, O and 180 degrees on the outer
surface of the coolant flow shroud, to measure the relative
neutron flux for use in correlating reac tor power to the
calibrated fuel rod power.

,) I't
t)\f0
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(10) Eight pairs of EG&G Idaho, Inc., Type T dif ferential
thermocouples positioned at the inlet anj cutlet 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 flew shroud, to measure the relative
gamma flux.

(12) Two ev c Jated U-235 fission chambers locatad on opposite

corners of the coolant flow shroud to r aasure relative
neutron flux.

Table IV sunnarizes the test assembly instrumentation including
inf ormation as to description, range, response time, and signal
conditioning. The schemucic in Figure 3 is a representation of the
Test RI A 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
reccrded 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
.

(S) In-pile tube system pressure

(6) In-p'le tube " P"

. .. a o
, \j ' > . _ | L.
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TARI F IV

TEST TR AIN IN STR!PENTATION FOR TEST RIA 1-:

Est irr i* T i
~

'nstr r"nt R a s p in <,
Yeasure'vnt I n s t r ur,c n t N ua ' incation 4 Operat ing P any Time b.) comments+r

};pport S t ri.r t i,re

C ne l an t Pressure 7 har Test 0 to FM ppa 1x 10 1 To me)sure large pressure pulsas.
P. e ssu re T rans duc-rs .undle Flcw

Inlet an1
Ou t let

Coo l int Pre ss u re l s up p ar t 0 to 17.7 MPa --- To measure normal system pressure.
P re ssu re Transd p S t r tr t u re

Coo lan t r e ss u re 1 Supp or t 0 to 17.7 MPa 1x 10-4 Connected by tubinq to flow shroud
g P re cu re T r an s duc er Str trtu re wal' it 4;? nm elevation.

Coo l in t Turbine ? Flow Channel 0.568 to 0.01
Flcwr .e Flowmeter Inlet 5.68 1/s

C oo lan t Thermor oup l e 4 Rod Bundle 300 to 600 K N/A ---

Inlet F l ow Inlet
Tenp er.i t ure

Coo lan t Thermxouple ? Rod Bundle 300 to 600 K N/A ---

Outlet Flow O Jt let
Tenpera t ure

Flcw Shrouo The rmoc oup le 375 + 1 run 300 to 1600 K 0.10 Attached to nutor wall of flow shroud
'

Tenp e r it u re
-

at 0 and 180 degreas.

Neu tron Flux Flux Wires 8(100T Vertically Ix 1018 nyt --- 0.51% cahalt wires for steadv state
Co5 a l t ) Along Flow ope r a t i nn ; replared with 100Y cohalt

- 8f0.51% Ch inne l wires for power burst.
Con il t )

.
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(7) Loup flow rate

(8) Loop fission product detection system

(9) Core fuel rod linear variable d i t f erent ial tr ans f ormers
(LVDTs) (3),

(10) Reactor vessel strain gauges (6)

(11) Loop oressure transducers (6)

(12) Ashcrof t loop pressure gauge

(13) Core pressure transducers (3)

In addition, 'O.51% ccbalt-99.49% aluminum) flux wires will be
installed in both the refle: tor and fuel regions of the core for the
power calibration and preconditioning. 100% cobalt flux wires will be

' installed before the power burst, 'he digital readout for the

Asternft loop prcsiure gauge should be available for monitoring from
the PBF control room.

,

'

'.)
.'4

' 's
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3. EXPERIMENT OPERATING PROCEDURE

Details of tho Test RI A 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 cnecks, 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 test train flux wires, and an exchange of fuel
r ed s . 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 RI A 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 cxperimer.t 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
corabination of instruments needed for a current or subsequent test

,

phase will require the test procedures to be suspended until the RI A
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 2 ') i
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ma lf u nc t ion , it will be necessary for cognizant data system and
instrumentation personnel to detern.ine the source of the malfunction

indicated and the remedial action necessary for test procedures 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 procedJ res will remain suspended. This experiment status will be

maintained pending a decision by the RI A Project Leader and TFBP
Management, as to the course of action to be followed.

Instrumentation for Test RI A 1-4 have been definei 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 conf orm;ty to the requirements in Table VI.
Instrument status checks will occur at the TRA assembly 3rea and again
in the reactor building prior tr loading the test train in e in-pile

tube (IPT). Each fuel rod aml test assembly transducer wi . . be
checked according to the Instrumant Checkout Procedu res documented in

the Assembly Prc edares (TP-RI A-1401 and TP-RIA-1402). Any quality
disc repancy reports issued as a nesult of TP-RI A-1401 and TP-RI A-1402

must be signed off by the RIA Project Leader or his alternate. DIRC

review must be completed pr ior to heatup, prior to performing the
power calibratior, and prior to performing the final power burst.

Status checks ere to be made prior to the pcwer calibration
phase, and prior to the power burst. Table VII lists the operating
conditions and tho acceptance criteria fnr nach inst rument of tho

test. The acceptable operation criteria appear in the table as ranges
cf measured values in SI units. The r6nges stipula ted are based on
the listed operatirig conditions and expected accuracies of the
instruments used. Appendix A contains check lists, cons istent with

T3ble VII, that are to be incorporated in the Experiment Operating
P roc e du re s . The superv isor of the Instrumentation and Data section

and the RIA Project Leader or their designated alternates will certify
th3t each in s trument f nr the experiment is within the acceptable
operating limits a3 spec if ied on the check lists cnntained in
Appendix A. For any situat ion in which the instruments are not

iSi 'd\b
{1 {0
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functioning within the specified limits, the approval of 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 deviations must be cross-checked against the
minimum operable instrumentation list presented in Table VI and
appropriate actions taken where necessary. The last status check will
be performed just bef ore 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 chec< list will be incorporated in the
Experiment Ope-ating 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 heatup. All data
ch annels must he calibrated prior to recording test data. The data

acoaisition equipment for the Fission Product Detection System (FPDS)
is to be checked for proper operation cricr 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 frt.n 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 cerification, then the
changed channels must be reverifiei. An integrated data systems
calibration of the minimum required instruments listed in Table VI
w i l l be p er f ormed ju s t pr i or to and just af ter each nuclear
operation. In the event that the DARS becomes inoperative during

.

nuclear coeration, the reactor power will be quickly reduced to 70 kW
ce less.

S Q P, $0
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3.? lieat Up Phase Prior to Power Calibration and Conditioning

The init ial part of the testing will consist of a complete

instrument status check and verification of the Data Aquisition and

Reduction System (DARS) to insu re it is operat ing c orroctly. This

checkout will be followed by a hydrostatic pressure check of the IPT.
The maximum shroud flow wi11 not exceod 21/s during heatup.
Following the hydrostatic check and locp heatup, a coolant flow check
will be perf ormed as spec ified 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 verif y coolant flow rates and

obtain flow bypass ratios for use in calculating coolant flow rate in
the event of a flnw turbine meter malfunction. Another instrument
status check and DARS data listing is tt be obtained after tne flow

h 31ance has been comploted pr ior to heatup of the loop. During the
hoatup phaso, DARS d3t3 printouts are to be obtained at approximately
;0 K inc rements based on average test train inlot temperature and an,

instrument status check list is to be completed at approximately 450 K
anJ again at the desirod trit temperature, 538 K Instrument offsets
will be determined and tha DARS directory will be changed to
compensa te f or the zero power offsets.

PBF/DARS on-line display will he monitored by ES&A personnel
th roughou t heitmp to "v a l ua te :e expor ront instrument at ion. DARS

data printouts are to be taken approximately every hour th ough the
entire test seq:.ence and after each planned or unplannod change in the
system conditions.

3.3 Prenuclear_ Instrument Drift Recording

Data channels sh311 he r& orded for at least 30 minutes to
establish any instrument drift rates. This recording should be done

af ter heat-up and prior to nuclear cperat ion at stable system
conditiens of: 538 1 1.0 K inlet temperature, 6.4510.14 MPa IPT
p re ssure, and R ,36 + 0.P l/s flow through the finw shroud,

n ', P
'
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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-pown 'd neutron
detector s ;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 temper 3t'.re, coolant temperature
rise, and coolant f;ow through the flow shroud. The power

calibration / conditioning cycles are shown in Figure 4

Cclibration of the DARS channels for the minimum required

i n s trumen ts listid in Table VI is required prior to the parf ormance of

the power calibration /preconiitioning 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

c)nditions during these phases arn 538 1 1.0 K inlet temperature,
6.1520.14 MPa IPT p re ssu re, ana 5.3610.21/s flow through tho ' low
@ coud. To perform the calibration, the reac tor power will be

inreased to a predetermined level, the system 3110wed to reach
equilibrium ( 5 to 10 minutes) and the fuel rod bundle power and
notron detec tor outputs measured and a DARS data printout obtained.

Af*er och power step the fuel rod bundle power is reduced to nearly
zer m.1 kW/m), a DARS data printout obtained, and the

instrunentation 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
.

calibration phase of the test ' kW/m pcr minuto. The maximum power

reduction ramp rate is not limited. The PBF reactor control rod
po s it i on is to be recorded by the reactor console operators for each

power level during the power ;libration/canditioning test phase. The

operating sequence f or Test RI A 1-4 is presented in Table V.

L 's 't
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The figure-of-merit, relating total bundle power to driver core
power, has been calculated to be 9.6 kW/MW. This value will be
compared with the figure-of-merit determined during the test.

A temporary Channel 3 rea: tor shutdown circuit is required to
shutdown the reactor if the cladding surface thermocouples (CLAD TMP

59-315 01 and CLAD TMP 59-135 06) c i Rods 804-1 or 804-6 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. Th is

circuit will be removed or 23de inoperable prior to running the power
curst.

Af ter comoletion of the fuel rod power calibra tion 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
mo;nted on the flow shroud will be removed and replaced with 100%
cobalt flux wires. The 0.51% cobalt-99.49% aluminum fius 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
Measu rement Labora tory f or count ing. 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 to he prepared for the performance of several
trial power bursts to ver ify the rec tor period requirod to ach ieve
the desired energy deposition in the test rod bundlo 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 bursts will be per' rmed as described in

Section 3.7 with the test train out of the IPT. IPT loop required
operating condit ions will be:

600 _+5 K inlet temoerature,
15.3 +0.2 MPa IPT pressure, and 18.9 +0.2 1/s total loop flow. After

each tr ial burst, the 100% cobalt core flux wires are to be replaqedq
\/Le

J
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and oe irradiated flux wires sent to the Radiation Measurement
Laboratory as soon as possible for counting. Two trial hursts are

tentatively planned, one at a reactor period of 2.3 ms ano the other

at a re ac t or per i od of 2. 7 ms. The ex ac t re ac tor per i ods w i l l be

determined on the basis of the power calibration core flux wire and
on-li ne resul ts. Data f rom the two trial power bursts and the power

calibration data will be analyzed to determine if another trial burnt

is needed before inserting the test train. This determir.ation will be
m3de 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
IPT. An instrumentation status check and DARS calibration will be
performed at this time.

3.6 Looo Heatup Prior to Power Burst Testing

A cold hydrostatic check of the test loop will be conducted prior

to heatup. The loop heatup will be interspaced with instrument status

checks as shown in Table V. The maximum coolant shroud flow should

not exceed 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 check list is to be completed at

approx imately 450 K and again at the desired test temperature, 338 K.

When the desired test conditions (538 +1.0 K coolant inlet
temp e ra tu re. 0.76610.41/s coolant shroud flow rate end 6.45
10.14 MPa coolant pressure) are achieved, a coolant flow balance check
me a s u rem ent , and the zero power i'.strument offsets obtained and

instrument drif t char 3cteristics will be recorded.

The DARS is to be recording data during the hydrostatic pressure
check , during heatup, and during the flow calibration,

r<- 2*5
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1.7 Power Burst Testing

The reactor period for the power burst will he chosen on the
basis of the trial power bursts and power calibrat ion results.
Reactor physics calculations and PBF Lead Rod data presently indicate
that a power burst with a ?.5 ms period will be requirea to obtain a
corner rod energy of 280 cal /g UO . The twc cladding thermocouple2

(Channel 3) reactor shutdown circuits will be made ir. operable prior to
running the power burst. Reactor primary coolant conditions will be

nominally 15000 gpm flow, 295 +3 K inlet temperature, and atmospheric
pre ss u re .

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 the steady state contribution of
the flux wire activation ht a s~all percontage of the power burst
3ctivation.

(1) The control rods will be withdrawn an amount required to
est ablish a reac tor power burst period of approximately
10 s. The reactor power will be allowed to increase until
toe " chamber operable light" indicates that the chambers are
f unc t ion i ng prop er ly. Immediately upon reaching this level,
the control rois will be inserted an amount required to make
the reactor subcritical, dusing the power to rapidly
d ec rea s e. Allow no mo e than 50% power overshoot above the
chamber operable set point, in the event a chamber is not
fu nc t i on ing proper ly.

(2) The reac tor will be made critical at about 100 W for.

determin3 tion of the low power critical position of the
control rods.

(3) The transient rods will then be drawn into the core to a
position representative of the reactivity insert ion required
for the reactor transient.

,
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(4) The control rods will tt on be wit hdrawn to make the reactor
critical at about 100 W. lho reactivity insertod by tho

withdrawal of the control rods and the worth of the
transient rois will be comparod to ensure that the increment

of control rod withdrawal determined for the p,wer burst is

not grossly in error. -

(5) Steps 1 through 4 will be repeated if ne:essary to achieve ;

the calculated control rod position required fnr the power

burst.

(6) The transient rods will then be fully inserted in the core,

with the control rod position adjusted to the equired

increment of withdrawal as determined in steps (4) and (d)

ebove f or the desired reactivity insertion.

(7) The power burst will be initiated manually. The control rod
shutdown time or power trip level wili be the same as that

used previously in the PBF Lead Rod Test Series for
approximately the same rea: tor poriod.

:

Data will be recorded on both the wideband and the narrowh?nd
DARS channels during the power burst test phase. Provisinn is also to

be m>de to record the time of scram initiation and the control rod
seat time referenced to IRIG time. The loop conditinns during the

power bucst (flow rate, temperature and pressure) are to be maintained
approximately constant f or four hours af ter the power burst to allow
acquisitita of FPDS data on >cth the narrowband DARS and PDP-15

rec ording systems. The loop flow rate should not be manu3lly
'

increased during this time period to minimize the possibility of :

altering posttest conditions of the test assembly.

_

l'
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4
DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumentation displays in the PBF Data Acquisition and

Reduction System (PBF/DARS) will identify the fuel rod, test assembly,
and plant instruments according to the ident ifiers in Table VIII.
Prior to 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
requi remer,ts of Table VIII . Instruments requir ing 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 narrowband DARS channels should be available
f or display cn the Voc tor General. All instruments which are
designated as min imum operable instr umentation 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 insure against
the loss of data. The PBF/DARS narrowband channels will record data
during the cold hydrostatic pressure check, the flow calibration, the
heatup phases during a ll nuclear operation, and unt il the loop has
been depressurized af tt r the power burst. Both the wideban1 and the
narrowband DARS recorders are to be turned on 1ur ing the power
calibration / conditioning phase. The wideband DARS is to be turned on
f ar 30 minutes; starting 2 minutes before and ending 28 minutes af ter
the power burst. Figure S indic2tes the data channels which will be
required to be displayod on the strip charts djring power calibration
and fuel conditioning, and the power burst. The disolay and recording
requi rements are subj ect 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 uppet range should be set to cover the peak
power,

t o
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L oop Coolant Press ure O to 30 MPa PXD P1 in t - LOOPPRES c-?3 PT 0 to 14 MP3 Hich
Loop Coolant Pressure O to 34 MPa PXD Plant - LOOPPRES 5-74 PT 0 to 34 MPa High
loop Coolant Pressure O to 34 MPa PXD Plant - LOOPPRES 5 '5 PT 0 to 34 MPa High
Loop Coolant Pressure 0 to 34 MPa PXD Plant - LOOPPR ES 5 15 PT 0 to 14 MPa High
Loop Coolint Pressure O to 34 MPa PXD Plant - LOOnPRES S-15 PT 0 to 34 MPa High

Core Pressure 0 to 31 MPa PXD Plant - COREPPES W PT 0 to 34 MPa Hie
Core Pressure O to 34 MPa PXD Plant - COR E PR ES NE PT 0 to 74 MP3 HiqE

J Core Pressure 0 to 34 MPa PXD Plant - COR EPR ES M PT 0 to 31 MPa High

C:
rw --_. --

a. All elevations aro re lat ive to t he hntt nm elovitinn of the fuel stark
b. Stea.ty state (ss).

L es c. Transient (tr).
- d. Fission Product Detoction Syst om (FPDP

, e. The indicated ranges of the core nea tr on chambors are preliminary an1 may be chanqA1 at the disc rot inn rf tv TF bD repre sen t at ive i' nec ess ary.

_ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ - - _ _ _ . _ _ _ _ _ _ ___ __ ___ _ ___ ____ _ - _ _ __ ._ _ _ ._.___ ______ _ _ _._ _ _ _ _
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FLOW RATE INLET 01 TT INLET TMP 01 TT
FLOW RATE INLET 02 TT INLET TMP 02 TT

CLAD TMP 59-315 01 CLAD TMP 59-315 05 CLAD TMP 59-135 06
CLAD B4P 79-135 01 CLAD TMP 79-135 05 CLAD TMP 79-315 06

DEL TEMP 01 TT FP GAMMA NO. ! FP FP GAMMA NO. 3 FP
D EL TEMP 02 TT FP GAMMA NO. 2 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 SYS PRES PTi

L

NEUT FLX -0 01 TT GAMMA FLX -90 01 TT FISS CHBR 01 TT
NEUT FLX -180 02 TT GAMMA FLX -270 02 FT FISS CHBR 02 TT

Fig. 5
Strip chart set-up for Test RIA 1-4 power calibration,

conditioning, and power burst phases.

y > F'
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Within 24 . hours af ter 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

,

est3blish specif'.c 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 plot
requirtments needed for the test cououct. The second segment concerns

data reduu.;on and presentation r< auirements for the RIA 1-4 Quick
Look Report and the third segment concerns the Test Results Report.
Additional plotting requirements will be stipulated fo- ti a test
analysis, based on test performance and postt t code analyses.

4.2.1 Test Conduct. In order to determine the power burst
required to achieve the fuel rod target energy for RIA 1-4, it will be
nocessary 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-
n.ea su red power during all nuclear operation to determine

total assembly energy during steady state nuclear operation.

,

(2) Second order reg re s si on fit of assembly 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 calibrat ion port ion
of the test.

^l ') i
SI.)I$ J''
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TABLE IX_

POSTTEST DOCUMENTATION REQUIREMENTS

-

Measurement Status
.

- Ambient

538 K (after heatup prior to power calibration)
- Reactor critical (100 kW)
- Ambient
- 538 K (prior to each power burst)

DARS Channel Sotup Log Sheet

Backup data system Channel Setup Log Sheet
DARS Log Sheets

DARS Parameter / Sensor Directory

Strip Charts

Copy of Reactor Consolo Log

.

O

e
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(3) The DARS is to have the cap 3bility 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
calcu iation comparison plots for the Quic'< Look Report are to be '

prepared within 3 working days af ter the completion of the test; it is
mandatory that this requirement be met. The Quick Look Report will
contain only 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 go directly into the Quick Look Report
v ithcut redrawing or handling by graphics personnel. The plots size

should conform to 8-1/2 x ll-inch paper with conventional margins.
All plotted data are to be in standard SI units. That portion of the

O
500R T computer program required to compute reactor energy and
re ac t i v i ty a s a f u nc t i on o f t ime f rom t he p ower h i s tory w i l l b e

programmed into the PBF/DARC computer and the data from the trial
.

power bursts and the actual power burst will be processed through the
program. Digital printout of all 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 anc Me actual power burst will be
req u i red.

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 *horoug!.ly reviewed and
ca teg or ized as qualified, re stra ined, trend, or f ailed d3t a. The time

,

period and priority for which this data is to be qualified is also
orevnted in Table X.

a. B. J. Powe , R. N. Hagen and S. O. Johnson, SPORT-A System for _, Q-

Processing Reactor Transient Dat. on the IBM-7040 Computer, bL-,

ID0-17078 (July 1965). L y,b,
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TABJE X_

D ATA QUALIFICATION REQUIREMENTS

_ __ _ _
__

Measurement Instrument (s) Test Phases for Data Qualification Prioritya

Cladding Surface CLAD TMP 59-315 01 Power Calibration / Conditioning, Powor Burstb 2,1
Temperature CLAD TMP 79-135 01 . awer Calibration / Conditioning, Power Burstb p,1

CLAD TMP 59-315 05 Power Calibra t ion /Condit ion ing, Power Burstb p,1
CLAD TMP 79-135 05 Power Calibration /Condit ioning, Power 3urstb p,1
CLAD TMP 59-135 06 Power Calibration / Conditioning, Fower Burstb p,1
CLAD TMP 79-135 06 Power Calibra tion /Condit ioning, Power Burst 2,1h

Shroud Flow FLOWRATE INLET OlTT Power Calibration / Conditioning, Power Burstb 1,1
FLOWRATE INLET 02TT Power Calibra tion /Cond it ion ing, Power Burstb 1,1

Coo lant Pressure SYS PRES 69 EG UTT Power Burstb i
SYS PRES 69 EG LTT Power Bursth 1

O SYS PRES 17 KA UTT Power BursthPower Calibration /Cond itioning,b 1,1
SHRD PRES 17 KA OlTT Power Burst 1

Caolant Inlet INLT TMP 01 TT Pceer Ca libra tion /Condit ioning, Power Burstb 1,1
Temperature INLT TMP 02 TT Power Calibration / Conditioning, Power Burstb 1,1

INLT TMP 03 TT Power Calibrat ion /Cond itioning, Power Burstb 1,1
INLT TMP 04 TT Power Calibration / Conditioning, Power Burstb 1,1

Coc lant Outlet OU T TMP 01 TT Power Burstb 1Temperature OU T TMP 02 TT Power Bursth I

Coo l ant Temperatu re DEL TEMP 01 through 03 Power Ca libration/ Conditioning, 1
Rise,

k^FlcwShroud SHRD TEMP -0 01 TT Power Burstb ]
Tempera ture SHRD TEMP -180 02Ti Power Bursth I

c,
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TABLE X_ (continuedi

__---_-_ - - ---.__________-_..._ _ ___ .._______. _--- -__._ ~ . .______________ ---_ _ ___ _- - - - - -

Measurement Instrument (s) Test Phases f nr Data Qualificat ion Prioritva

Neu tron Flux NEUT FLX -0 01 TT Power Calibration / Conditioning, Power Burstb 1,1
NEUT FLX -180 02 TT Power Calibration /Condit ioning, Power Burstb 1,1

bFISS CHBR 01 TT Power Calibration / Conditioning, Power Burst 1,1
FISS CHBR 02 TT Power Calibration / Condition ing, Power Bursth 1,1

Ganma Flux GAMMA FLX -90 01 TT Power calibra tion /Cond it ioning, Power Burstb 1,1
GAMMA FLX -?70 02TT Power Calibration /Conditionina, Power Bursth 1,1

Fission Produc t F P G AMMA No. 1 FP Power Burstc 1

Cetec tion F P G AMMA No. 2 F P Power BurstC 1

FP GAMMA No. 3 FP Power Burstc 1

FP NEUT Power Burstc

Recctor Power REAC POW 30 NMS3PT All Nuclear Operation 2
REAC POW 50 TR1 PT All Nuclear Operation 1,,

*- REAC POW SO TR2 PT All Nuclear Operation 1

REAC POW 50 EV1 PT All Nuclear Operation 1

REAC POW 50 EV2 Pf All Nuclear Operation 1

REAC POW 100 KTRIPT All Power Burstsd i
REAC POW 100 KTR2PT All Power Burstsd 1

REAC POW 100 KEV 1PT Ali Power Burstsd 1

REAC POW 100 KEV 2PT All Power Burstsd i

Sys tem P re ssu re SYS PRES PT All Phases 1_n
c'
c o ---

a. Priority rank'eg is: 1-highest, 2-next hignest.
t ~:

r'O b . If possible, data should he qualified for 10 minutes af ter time of peak power.
tn

c. If possible, data should be qualified until loop is depressurized af ter power burst.

d. If possible, data should bc qualified for 1 minute af ter time of peak power for trial and final power
bu rs t s .

, . . . .



5. OPERATIONS SUPPORT

Before the test and following each cooloowri, 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 valved into the system. One sample shouid be analyzed for.

nitrogen, oxygen, and hydrogen and the other sample seat to the TRA
counting laboratory for fission product and uranium analysis.
Additional elemental analysis of the loop coolant saniples may be
required if requested by the Fission Product Detection System (FPDS)
Project Leader or RI A Project Leader. Copies of the Analysis are to

be sent to the R| A Projec t Leader and the FPDS Projec t L nder.

Core flux wires should be removed and shipped immediately to the
Radiation Measurements Laboratory af te ' the power calibration /-
conditioning phase is completed, and af ter each trial powet burst.
Core flux wire scan results from the power celibration/ conditioning
phase and trial power bursts are required before performing the actual

'
power burst.

Table XI lists the fission product inventory and the total
activity (R/hr) at 30.5 cm distance, in air, f rom the fucl rods at

various times after nuclear operations. T e calculations presented

are based on expec ted power operation. Deviations betwetn the planned

and actual power histories may require recalculation of the activity
levels and fission product inventories. The hot cell ha. 3 current
acceptance limit of 10-2 curies of 1 per fuel rod. According131

to Table XI, intact fuel rods can be shipped to the hot cell

within 106 days af ter tne final shutaown of Test RI A 1-4. Fuel cads

that f ail dur ing te st. og may be shipped to the hot cell within one
week af ter the test is completed.

.

It is anticipated that all fuel rods will f ai!, the fuel rod

cladding will be heavily oxidized and in an embrittled conditon.
Therefore, posttest handling, shipment, and storago should be
performed as carefully as possible to min;mize further fuel rod

r,O 7 ? [,
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TABLE X_I

RESULTS OF RADIOLOGICAL HAZARDS ANALYSIS F01 TEST RI A 1-4

-

_

Decay (aay) a
_ __

._ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ ._

Perameter 1 7 28 56 63 70 77 84 91
_ _ _ _ _ _ _ ___ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _

Ci of I-131 7.609+1h 4.996+1 8.238+0 7.397-1 4.048-1 2.215-1 1.212-1 6.635-2 3.635-2Ci of I-132 2.556+2 7.115+1 8.035-1 2.065-3 neg.
__Ci of I-133 6.903+2 5.961+0 3.S72-7 neg _ _ _ _ _ _ _ _Ci of I-134 2.86-4 neg

_ _ _ _ . . _ _

Ci of I-135 3.064+2 neg
- _ _

R/hr@ 30.5 cm
frem Rod 1.770+3 2.319+2 7.956+1 5.565+1 5.335+1 5.149+1 5.030+1 4. 924 + 1 4.839+1

__
__

a. Based on an average rod.

1b. 7.609+1 = 7.609x10 .
__

_ _ _ _ _ _

%
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damage. All fuel rod instrument leads are to be tagged with the
connec tor number and instrument ident ifier d;r ing the disa ssembly
procedure.

This identification will allow verification of instrument
positions diring hot cell disassembly.

Closure plugs should be installed on the upper and lower ends of,

the flow shroud to prever,t further loss of material from failed fuel
rods during handling and shipment to the hot cell.

s

e

%

[ (> i '? I|
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6. POSTIRRADIATION EXAMINATION REQUIREMENTS

The postirradiation examination (PIE) requirements for Test
RI A 1-4 will vary depending on fuel rod failure and the degree of '

f ragmentation that occurs. It is assumed that all nine rods will
.

Iail. The tentative outline for the PIE consists of the following:

'

(1) A gama scan and neutron fluence (nvt) determination of the
eight 0.51% cobalt flux wires attacned to the flow shroud

d; ring 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 r. umber, location, test
phase, and top end of wi e.

(2) A gamma scan and nyt determination of the four flux wires
insertad in the PBF core. Each wire will be cut to 1.22 m
length and tagged to ident ify wire number, location,
irradiation time, and top end of wire.

s

(3) The visual, dimensional, and photographic examination of the -

flow shroud. All loose fragments of failed fuel rods should
be weighed and screened.

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

(5) Epoxy entire flow shroud with fuel rods in place.

(f ) Sectioning cf the nine-rod assembly to obtain ?O burnup
,

samples and 25 metallurgical mounts,

e

(7) ihe preparation of two samples for scanning electran
microscope (SEM) examination.

(8) Two samples for microprobe analysis and four cladding gas
samples.

5[jf ?]48
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APPENDIX A

STATUS CHECKLISTS FOR INSTRUMENTATION

i
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INSTRUMENT STATUS CHECKS

The checklists provided in this appendix are to be incorporated
ii the RIA 1-4 Experiment Operating Procedure.

4

Checklist No. 1

TRA Assembly Area

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

Check'ist No. 2

Pre-In-Pile Tube Loading

This checklist is found in " Instrument Checkout Pr0cedure,"
# TP-RIA-1402.

.
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IN STRtFENT STATUS PR IOR TO POWER CALIBR ATION

r' sk List No. 3

,

_ _ _ - _ _ _ _ _ ___ __ _ _ _ _ _ _ __

Reactor Power - 0.0 MW Minimum required
,

operable instrumentation
Plant IPT Coolant 538 K available for
Temperature RIA 1-4 EOS
Ac,hc enf t P re ssu re 6.45 MPa Instrument Data Section
ri w q o repre sen ta tive
%roud Flow Rate 5 . 36 1 /s TFBD representat ive

in charge

Certification
: n s trument PBF /D AR S Reouired Instrument is
'Hentifier Readirg Range within Rango a

^ LAD TMP 59-315 01 K 518 to 558 K
r i> D TM P 79-135 01 K 518 to 558 K
'! AD TMP 59-315 05 K 518 to 558 K
LAD IM P 79-135 05 K 518 to 558 K

AD TMP 59-135 06 _K 518 to 558 K i

E LA D TMP 79-315 06 __ _ K 518 to 558 K
;HRD TEMP -0 01 TT K 518 to 558 K *

EHPC TEMP -180 02TT K 518 to 558 K
3Y( PRES 69EG UTT MPa +3.5 MPa of Ashcrof t
EY^ PRES 69EG LTT MPa +3.5 MPa of Ashcroft
:Y S PR ES 17EG UTT MPa +2 MPa of Ashcroft
3RD PPES 17EG OlTT MPa +2 MPa of Ascroft
E0WR ATE INLET 01 TT 1/s 5.36 + 0.2 1/s
~ 0WRATE INLET 02TT 1/s 5. 3fs + 0.2 1/s-

'N ! ' TMP 01 T- K 528 to 548 K
'NLI TMP 02 TT K 528 to 548 K i

:NLT EP 03 TT K R28 to 548 K
_

'NLT TMP 04 TT K 528 to 548 K '
_

OUT TEMP 01 TT K R28 to 548 K

OUT TEMP 02 TT K 528 to 548 K

h)O b )
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DEL TEMP 01 TT K + 1.0 K
DEL TEMP 02 TT K + 1.0 K
UEL TEMP 03 TT K + 1.0 K
DEL TEMP 04 TT K + 1.0 K
DEL TEMP 05 TT K + 1.0 K
DEL TEMP 06 TT K + 1.0 K4

DEL TEMP 07 TT K + 1.0 K
DEL T7MP 08 TT

_K __ 1.0 K+

FP TEMP PIPE FP K 460 to 458 K
NEUT FLX -0 01 TT

_

NEUT FLX -150 02iT

GAMMA FLX -90 01 TT
__

GAMMA FLX -270 02TT

FISS CHBR 01 TT
~

FISS CHBR 02 TT
-.

__

This certification must be sigr,ed by the Supervisor or his alternate ofa.
*

the Instrumentation and Data Section. F or instruments not within the
acceptable operating limits, the Supervisor of the Test Train Fabrication
Section or his alternate most certify that the instrument is not
f u nc t ion ing. For all cases where the instruments a:'e not within the
acceptable operating limits, the RIA Projects Leader er his alternat
approval must be obtained to continue the test procedures.

53 ' ' . ' ,r n ', -
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INSTRUMENT STATUS AF12R POWER CALIBRATION

Check List No. 4

,

Reec tor Power - 0.0 MW Minimum required
operable instrumentation *

Plant IPT Coolant 538 K available for
Temperature RIA 1-4 EOS
Ashcrof t Pressu re 6.45 MPa Instrument Data Sect iun
Gauge repre ,enta tive
Shroud Flow Rate 5 .36 1/s TFBD representat ive

in charge

Certificaticn
Instrument PBF/DARS Requi red Instrument is
Identifier Reading Range within Range a

CLAD TMP 59-315 01 K 518 to 558 K
CLAD TNo 79-135 01 K 518 to 558 K
CLAD TMP 59-315 05 __K 518 to 558 K
CLAD TMP 79-135 05 K 518 to 558 K
rLAD TMP 59-135 06 K 518 to 558 K

,

CLAD TMP 79-315 06 K 518 to 558 K
SHRD TEMP G 01 TT K 518 to 558 K -

SHR0 TEMP 0 32TT K 518 to 558 K
SYS PRES 69EG ult __MPa +3.5 MPa of Ashcrof t
SYS PRES 69EG LTT MPa +3.5 MPo of Ashcrof t
SYS PRES 17EG UTT MPa +2 MPa of Ashcroft
SHRD PRES 17EG 01TT MPa +2 MPa of Ashcrof t
FLOWR ATE INL ET U t 'T 1/s 5.36 + 0.2 1/s
FLOWRATE INLET 021 ~ 1/s 5.36 + 0.2 1/s
INLT TMP 01 TT K 528 to 548 K
INLT TMP OE TT K 528 to 548 K

__
,

INLT TMP 03 TT K 528 to 548 K
INLT TMF 04 TT K 528 to 548 K ,

OUT TEMP 01 TT K 528 to 548 K
_

OUT TEMP 02 TT K 52S to 548 K

hob
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lEL TEMP 01 TT V + 1. 0 K
DEm TEMP 02 TT K + 1.0 K
DEL TEMP 03 TT A + 1.0 K
D Em TEMP 04 TT K + 1.0 K
D EL T MP 05 TT K + 1.0 Kt

D E- TEMP 06 TT K. -+ 1.0 K
U F' TEMP 07 TT K + 1.0 K
R E- TEMP 08 TT K + 1.0 K
Fp TEMP PIPE FP K 460 to 548 K,

N U Ft X -0 01 TT

NT ' FLX .lt 02TT

'1MyA FLX -90 01 TT

+1'"4 F L X -270 02TT

f HSR 01 TT
--

'HBR 02 TT

. - -

e , - -

Th is certification must be signed by the Supervisor or his alternate of>

* he In strumentat ion and Data Section. For instruments not within the.

vceptable operating limits, the Supervisor of the Test Train Fabrication
Co-tion or nis alternate must certify that the instrument is not
+ u nc t i on i ng. For all cases where the instruments are not within the
v eptable eperating limits, the RIA Projects Leader or his alternates
op-oval must be obtained to continue the test procedures.

E, I'. C' .' (7ev
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INSTRUMENT STATUS AFTER TEST TRAIN Ii4SERTION
FOLLOW'NG TRI AL POWER BURSTS

Check List No. 5

__

Reac tor Power - 0.0 MW Minimum required ,

operable instrumentation
Plant IPT Coolant Ambient available for
Temperature RIA 1-4 EOS
Ashc rof t Pmssu re 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 Range 3

CLAD TMP 59-315 01 __K Ambient
CLAD T'4P 79-135 01 K Ambient
CLAD TMP 59-315 05 K Ambient
CLAD TMP 79-135 05 K Amb ien t

CLAD TMP 59-135 06 K Ambient '

CLAD TMP 79-315 06 K Amb ien t
_

.

SHRD TEMP -0 01 TT K A, .ent
,

SHRD TEMP -180 02TT K Ambient
SYS PRES 69EG UTT MPa +3.5 MPa of Ashcrof t
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft
SYS PRES 17EG U TT MPa +2 MPa of Ashcroft
SHRD PRES 17EG OITT MPa +2 MPa of Ashcroft
FLOWR ATE INL ET 01TT 1/s 0.0
FLOWRATE INLET OiTT 1/s 0.0
INLT TMP 01 TT K Ambient
INLT TMP 02 TT K Ambient '

IN LT T'4P 03 Ti K Ambient
INLT TMP 04 TT K Amoient

'

0'JT TEMP 0} TT K Ambient
OUT TEMP 02 TT K Ambient
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DEL TEMP 01 TT K

DEL TEMP 02 TT K

DEL TEMP 03 TT K

_

DEL TEMP 04 TT K

DEL TEMP 05 TT K

DEL TEMP 06 TT K,

DEL TEMP 07 TT K

DEL TEMP 08 TT K

FP TEMP PIPE FP K smbient + 20 K
NEUT FLX -0 01 TT

NEUT FLX -180 02TT

GAMMA FLX -90 01 TT

GA".MA FLX -270 02TT

FISS CHBR 01 TT
_

FISS C48R 02 TT

_

__

__

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

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 instrument is not
f unc t ion ing. For all cases where the instruments are act within the
acceptable operating limits, the RIA Prrjects Leader or his alternates
approval must be obtained to continue the test procedures.

,
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INSTRUMENT STATUS DURING HEATUP PRIr SWER BURST

Check L ist No. 6

.

Reac tor Power - 0.0 MW Minimum required
operable instrumentation *

Plant IPT Coolant 450 K available for
Temperature RIA 1-4 EOS
Ashc rof t Pressu re 6.45 MPa Instrument Data << ' ion
Gauo? representative
Shroud Flow Rate 0.766 1/s TFBD representat ive

in charge

Certification
Instrument PBF/DARS Req u i red Instrument is
Identifier Reading Range within Ranae a

CLAD TMP 59-315 01 K 430 to 470 K
CLAD TMP 79-135 01 __K 430 to 470 K
CLAD R4P 59-315 05 K 430 to 470 K
CLAD TMP 79-135 05 K 430 to 470 K_

rLAD B4P 59-135 05 K 430 to 470 K
_

C L/ D R4P 79-315 06 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 U TT MPa +3.5 MPa of Ashcrof t
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcrof t
SYS PRES 17EG U TT MPa +2 MPa of Ashcrof t
SHRD PRES 17EG 01TT MPa +2 MPa of Ashcrof;

_

FLOWRATE INLET OITT 1/s 0. 766 + 0.04 1/s
FL0kRATE INLET 02TT 1/s 0,766 + 0.04 1/s
!NLT TMP 01 TT K 440 to 460 K
INLT TMP 02 TT K 440 to 460 K

,

:NLT TMP 03 TT K 440 to 460 K_

INLT TMP 04 TT K 440 to 460 K r
DU! TEMP 01 TT K 440 to 460 K
OUT TEMP 02 TT K 440 to 460 K___

h (J [', b
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DEL TEMP 01 TT K
___

DEL TEMP 02 TT _K
OEL TEMP 03 TT K

DEL TEMP 04 TT K

DEL TEMP 05 TT K
_ _ _ _

DEL TEMP 06 TT K,

DEL TEMP 07 TT K

DEL TEMP OS TT K

FP TEAP PIPE FP K 366 to 460 K
NEUT FLX -0 01 TT

___

NEUT FLX -180 02TT

GAMMA FLX -90 01 TT

GAMMA FLX -270 0?TT
_

_

FISS CHBR 01 TT
___

__

FISS CHBR 02 TT
_

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

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
f u nc t ion ing. For all cases where the instruments are not within the
acceptable operating limits, the RIA Projects Leader or his alternates
approval must be obtained to continue the test procedures.

,

)
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INSTRUMENT STATUS PRIOR TO POWER BURST

Check List No. 7

i

Reac tor Fower - 0.0 MW Minimum required
operable instrumentation #

Plant IPT Coolant 5.38 K available for
Tempera tu re RIA 1-4 EOS
As hc rof t P re ssu re 6.45 MPa Instrument Data Section
Gauge -representative
Sh.oud Flow Rate 0.766 1/s TFBD representative

in charge

Certification
Instrument PBF/DARS Required Instrument is
Identifier Reading Range within Range a

CLAD TMP 59-315 01 K 518 to 558 K
CLAD TMP 79-135 01 K 518 to 558 K

~

CLAD TMP Sa 115 05 K 518 to 558 K
CLAD TMP 79-135 05 K 518 to 558 K
CLAD TMP 59-135 06 K 618 to 558 K
CLAD TMP 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
~~~

SYS PRES 69EG UTT MPa +3.5 P?a of Ashcroft
SYS PRES 69EG LTT MPa +3.5 MPa of Ashcroft
SYS PRES 17EC- UTT MPa +2 MPa of Ashcroft
SHRD PRES 17EG OlTT MPa +2 MPa of Ashcroft
FLOWR ATE INL ET OITT 1/s 0. 766 + 0.04 1/s
FLOWRATE INLET 02TT 1/s 0.766 + 0.04 1/s
:NLT TMP 01 TT K 528 to 548 K
INLT TMP 02 TT K 528 to 548 K
INLT TMP 03 TT K 528 to 548 K
INLT TMP 04 TT K 528 to 548 K r

OUT TEMP 01 TT K 528 to 548 K
OUT TEMP 02 TT K 528 to 548 K

_ _ _ .

b)O b N
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DEL TEMP 01 TT K

OEL TEMP 02 TT K

DEL TEMP 03 TT K

OEL TEMP 04 TT K

OEL TEMP 05 TT K

. DEL TEMP 06 TT K

DEL TEMP 07 TT K

OEL TEMP 08 TT K

FP TEMP PIPE FP K 460 to 548 K__

NEUT FLX -0 01 TT

NEUT FLX -180 02TT

GAMMA FLX ')0 01 TT

O!WMA FLX -270 02TT
__

FISS CH3R 91 TT

FISS CHBR 02 TT
. _

_

This certification must be signed by the Supervisor or his alternate ofa.
*

the Instrumer 'atian and Data Sect ion. For instruments not within the
acceptable operating limits, the Supel visor of the Test Train Fabrication
Section or his alternate must certify that the instrument is not
f u nc t ion ing. For all cases where the instruments are r.ot within the
acceptable operating limits, the RIA Projects Leader or his alternates
approval must be obtained to continue the test procedures.

,

* 4
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PREPOWER CALIERATION FLOW BALANCE CHECKLIST

CHECKLIST NO 8

Coolant Temperature 5_3_8 K
Coolant Pressure 6.45 MPa

_ -

Flowrate Flowra te Total
Nominal Inlet Inlet Average Loop BypassD

Shroud Flow Bypass 01 TT 02 TT Shroud Flow F lowra te Flow

(1/s) Valve Setting a (1/s) _ (1/s) (1/s) (1/s) Ratio

Valve 29c Valve 30d

0.4>

0.6
__ _ _ _ _

0.8,

1.0m

2.0
_ _ _ _ _

3.0
4.0

___ ____ _ _ _ _ _

'

5. 6
_

.

-

a. Defined as number of full tui ; 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. Val"e 30 is Valve GT-BB-10-30. ;
u_ ;
co :

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ _ _ - - - - - -
'

>

:%

Q'
"

.

9 - e - g -
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PREPOWER BURST FLOW BALANCE C!|ECKLIST

CHECKLIST NO. 9

Coolant Temperature 538 K
Coolant Pressure 6T4S MPa

F i cara te F l owra te Total
Nominal Inlet Inlet Average Loop B_yp a ss b

Shroud Flow Bypass 01 TT 02 TT Shroud Flow Flowrate Flow
(1/s) Valve Setting _[l/s) (1/s) (1/s) _[l/s) Ratio

V a l ve _2qr- Valve 30d,
w

0.4
0.6
0.8

- --

1.0
__

_ _

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

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

2 Total Loop Flow Rate
.

c_ Valve 29 is Valve GT-BB-10-29.

u ,; d. Valve 30 is Valve GT-BB-10-30.
a
Uw

_


