
__ -
-_ ___ ___ _

EGG-TFBP-5600
Revision 1

j May 1982

OPERATIONAL TRANSIENT TEST SERIES

TEST OPT l-2

EXPERIMENT OPERATING SPECIFICATION
'

nucob nsbaMe j8 feSBarck are at

Z. R. Martinson

U.S. Department of Energy
Idaho Operations Office * Idaho National Engineering Laboratory

-

; ;,
. , ,;

.

-- ,

,

,

\
' ' ,

,

,

~ .1,.~.

. L I,7,. ' % % % summuq . , , .

f',N """"'I M 8'="4 m7 ,. ;

4+~~
,

m . ---- - _ ---
-Wm, , g aw-~+'- ~

_ . _ _ . ,, .y_ - - -;
_

. u + . g ---- =-- , 2-,

wment s L -

4 ', '
i

. _ _ _ _ _

a

This is an Informal report intended for use as a preliminary or working document

Prepared for
U.S. Nuclear Regulatory Corrmission
Under DOE Contract Number CE-AC07-76ID01570
FIN No. A6041

8208030048 820531 Y Idaho

PDR RES .

; 8208030048 PDR

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



!

0 EGsG...~. .-94
.Oma EG,,40 306

.

F

,, ,

INTERIM REPORT

Accession No.

Report No. EGG-TFBP-5600
Revision 1

Contract Program or Project Title:

Thermal Fuels Behavior Program

* .
Subject of this Document:

Operational Transient Test Series, Test OPT l-2, Experiment Operating
Specification

Type of Document:

Experiment Operating Specification

Author (s):

Z. R. Martinson

Date of Document:

May 1982

Responsible NRC individual and NRC Office or Division:

M. Silberberg

This document was prepared primarily for preliminary or internal use. It has not received
full review and approval. Since there may be substantive changes, this document should
not be considered final.

EG8G Idaho. Inc
Idaho Falls, Idaho 83415

O

Prepared for the
U.S. Nuclear Regi.'atory Commissiono

Washingon, D.C.
Under DOE Contract No. DE AC07-761D01570

NRC FIN No. A6041

INTERIM REPORT

-__



EGG-TFBP-5600 Rev. 1
May 1982

OPERATIONAL TRANSIENT TEST SERIES
TEST OPT l-2

EXPERIMENT OPERATING SPECIFICATION.

b

Z. R. Martinson

-

'
-

R. K. McCardell, Manager
Experiment Specification and Analysis Branch

~S~

R'. R. Hobbins, Manager
Program Development and Evaluation Branch ,

|? f. p |m dg

P. E. MacDonald, Manager
LWR Fuel Research Division

(
\

[j)V
' J. P. Kester, Manager

TFBP Technical Support Division.

'
.

C. O. Doucette, Marypte'r
PBF Facility DiviFion

THERMAL FUELS BEHAVIOR PROGRAM
EG&G IDAH0, INC.

._ - -



_

EGG-TFBP-5600, Rev. 1

Mr.y 1982

OPERATIONAL TRANSIENT TEST SERIES
TEST OPT l-2

EXPERIMENT OPERATING SPECIFICATION-

,

Z. R. Martinson

,

h

i

I



CONTENTS

1. INTRODUCTION .................................................... I
2. E X P E R I ME N T DE S I G N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.1 Fuel Rods and Flow Shrouds ............................... 3
2.2 TestTrain...............................................8

2.3 Instrumentation .......................................... 8
2.3.1 Fuel Rod and Flow Shroud Instrumentation ......... 8
2.3.2 Test Train Support Structure Instrumentation..... 10

. 2.3.3 P l ant I nstr umen tat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 '

3. E XPERI MENT OPERAT I NG PROCEDURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.1 Instrument Status Checks and Minimum
Operable I nstrumentat ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.2 Loop Heatup ............................................. 21

3.3 Rad ionucl ide Tracer I nject ion . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.4 Prenuclear Instrument Drift Recording ................... 22

3.5 Fuel Conditioning ....................................... 22

3.6 variable Orifice Calibration ............................ 24

3.7 P owe r T r a n s i en t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.8 Post-Transient Steady-State Operation ................... 29

3.9 L o op C o o l d own . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9

4. DATA ACQUISITION AND REDUCTION REQUIREMENTS ................... 30

4.1 Data Acquisition Requirements ........................... 30

4.2 Data Reduction Requirements ............................. 30

4.2.1 Q u i c k L ook Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.2.2 Test Results Report ............................. 36

,

5. POSTTEST OPERATIONS SUPPORT ................................... 41

6. POSTIRRADIATION EXAMINATION REQUIREMENTS ...................... 42 ,

7. REFERENCES .................................................... 44

ii

.. . ..



APPENDI X A--STATUS CHECKLI STS FOR I NSTRUMENTATION . . . . . . . . . . . . . . . . . . . 45

APPENDIX B--FLOW BALANCE MEASUREMENTS ............................... 51

FIGURES

1. Schematic of fuel rod shroud pair showing flow path ............ 6

2. Cross-sectional view of test assembly showing relation-
ship between fuel rods, shrouds, and rod and shroud'

instrumentation ................................................ 7

'. 3. Planned test rod peak power history during Test OPT l-2
transient (0 to 60s) .......................................... 26

4. Planned test rod peak power history during Test OPT l-2
transient (0 to 1200 s) ........................................ 27

5. Strip chart setup for OPT l-2 power calibration,
conditioning and power burst phases ............................ 35

TABLES

1. Test OPT l-2 f uel rod designations and burnups. . . . . . . . . . . . . . . . . . 4

2. Test OPT l-2 fuel rod design characteristics . . . . . . . . . . . . . . . . . . . 5

3. Test OPT 1-2 fuel rod and snrouc instrumentation ............... 9

4. Test OPT l-2 test train assembly instrumentation ............... 11

5. Operating conditions for power calibration ano conditioning
and transient phases for Test OPT l-2 .......................... 17

6. Minimum requireo operable instrumentation during
various phases of Tes t OPT l-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

7. Test rod power history for Test OPT l-2 transient . . . . . . . . . . . . . . 28

8. Test OPT l-2 instrument identification, data channel
recording and display requirements ............................. 31

9. Quick look data processing requiremens ......................... 37
, 10. Data qualification requirements ................................ 39

-

-

iii

- _



1. INTRODUCTION

This document describes the experiment operating specifications for
the Operational Transient Test OPT l-2 to be conducted in the Power Burst
Facility (PBF) at the Idaho National Engineering Laboratory (INEL) as part
of the Nuclear Regulatory Commission's Fuel Behavior Program.1 The
overall experiment requirements and objectives for the OPTAAN Test Series-

are described in the OPTRAN Experiment Requirements Document,2 while the
experiment specifications for the test OPT l-2 are described in the Test.

3OPTRAN 1-2 Experiment Specifications Document and the pretest
predictions are presented in the Test OPT l-2 Experiment Prediction
Document.4 OPTRAN Test Series objectives are to provide fuel behaviorI

data to determine the consequences of anticipated transients and support
the evaluation and possible revision of current licensing criteria
regarding anticipated transients in conrnercial nuclear power plants.

The purpose of this document is to specify the experiment operating
procedure for Test OPT l-2. The objectives of Test OPT l-2 are: (a) to
determine whether light water reactor fuel rods are likely to fail or be
severely damaged and (b) to identify the damage mechanisms which may occur
during a severe boiling water reactor anticipated transient without scram
(ATWS). The OPT l-2 test rods will be subjected to a power and flow
transient which is representative of that predicted by vendor analyses for
the most severe ATWS--a main steam isolation valve closure without scram.
Two shrouded preirradiated BWR/6 segmented fuel rods will be tested and two
unirradiated BWR type heater fuel rods will be used to preheat the coolant

235for the two test rods. The two test rods were enriched with 2.87% 0,

clad with Zircaloy 2, and irradiated to an average burnup of 8
and 9.6 GWd/t in a General Electric boiling water reactor (BWR). The two

235heater rods are unirradiated and fabricated with 10 wt% 0 and-

Zircaloy-2 claading.
.

The test consists of extensive steady state power operation to
condition the test fuel rods, fuel rod power calibration, a power transient
and a steady-state power operation if fuel rod failure is not detected

following the power transient. The PBF power transient will begin with

1
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2steady state coolant conditions cf: 7.93 MPa and 1400 kg/m =s shroud

coolant mass flux. The core power will be ramped in order to provide an
axial peak rod power transient history which starts at 37 kW/m a
increases to 328 kW/m, and then decreases to zero power. The test rod

2coolant mass flux will be reduced to 500 kg/m .s within 22 s after the
power transient to simulate a recirculation pump trip and consequent flow
reduction in a BWR. The test rod cladding may fail due to pellet cladding

*

interaction in a manner similar to Rod 802-3 in Test RIA 1-2 which had
22 longitudinal cracks, all less than 1 cm long. The heater rods may fail
due to cladding overstress from fuel expansion. Test rod or heater rod -

*

cladding failure is not expected to result in significant coolant pressure
pulses (less than 0.5 MPa) or in the significant loss of fuel (less than
1 g UO )"

2

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

.

4

a. Initial rod power will be the maximum rod power achievable in PBF at |
thermal power of 26.5 MW.

<
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2. EXPERIMENT DESIGN

Test OPT l-2 will be conducted with four fuel rods; two irradiated

rods and two unirradiated rods. The shroud outlet of each unirradiated rod
is attached by tubing to the shroud inlet of a BWR/6 prev'iously irradiated
fuel rod. The fuel rods, flow shrouds, and fuel rod instrumentation are
supported by the test train. This section briefly describes the design*

associated with each compnnent of the fuel rods, flow shroud, test train
and instrumentation. Further information is available in the Experiment..

Specification Document and the Experiment Configuration Specification.

2.1 Fuel Rods and Shrouds

Two preirradiated BWR/6 segmented test fuel rods provided by tne

General Electric Co. will be tested. In addition to the two test roas, two

unirradiated fuel rods will be used to heat the coolant for the test rods.
The designations for the rods will be 902-1, 902-?, 902-3, and 902-4.
Designations and burnups for the four fuel rods are given in Table 1. The

nominal design characteristics for the OPT l-2 fuel rods are given in
Table 2. A schematic of a pair of rods and the coolant flow path is shown

in Figure 1. A plan view of the fuel rod orientation and instrumentation
within the in-pile tube (IPT) is shown in Figure 2.

Each test fuel rod is surrounded by a coolant flow shroud. The
shrouds are fabricated from zircaloy-4 tuoing and have a circular cross

section with an inner diameter of 19.05 0.1 mm and a wall thickness of
1.8 mm. The outlets of the flow shrouds for rods 902-1 and 902-3 are
connected by tubing to the shroud inlets of Rods 902-2 and 902-4,
respectively. Remotely operated orifices, installed at the shroud outlets
for Rods 902-1 and 902-3, provide a bypass for the coolant exiting the~

heater rods. The orifice will be adjusted to proviae the requirea flow
reauction following the power transient.

.

3
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TABLE 1. Tear OPT l-2 FUEL R00 DESIGNATIONS AND BURNUPS

Fissile MassOriginal
Core

U235 + PuOriginal Rod Axial PBF OPTRAN Burnup
Designation Location Rod Type Designation (GWd/t) (g)

N. A. N. A. Reference 902-1 0 62.0
0D07-4 Top Reference 902-2 9.6 13.9
N. A. N. A. Reference 902-3 0 62.0 .

0A06-4 Top Reference 902-4 8.0 14.5

.

+

/

4

4
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TABLE 2. TEST OPr 1-2 FUEL R00 DESIGN CHARACTERISTICS

Characteristics * GE BidR/6 Rods Heater Rods
Fuel

Materiat
UO2 U02Enriched pellet stack length (mm) 752.6b 752.6

Pellet outside diameter (use) 10.57/10.62C 10.57
Pellet length (non) 10.66 10.66
Endconfiguragion chamfer chamfer
Density (1TD) 95 to 96 95 to 96
Initial enrfchment (wif) 2.87 10

Cladding

Material Zr-2 Zr-2
Tube outside diameter (num) 12.52 12.52
Tube inside diameter (nun) 10.80 10.80
Cladding thickness (nun) 0.86 0.86

Fuel Rod
*

Overall length (asn) 1133.35 953.b
Gas plenum length (use) 139.7 50.8Flux depressor pellets

92.3% Hf0 -7.7% Y 023 none2Diametral gas gap (non) 0.229/0.178C 0.229Fill gas composition As received HellumFill gas pressure As received 0.31 MPa
Getter assembly outside diameter (m) 6.10 none
Getter assembly length (non) 50.8 none

Shrouds

Material Zr-4 Zr-4
Tube outside diameter (non) 22.225 22.225
Tube inside diameter (use) 19.05 19.05
Connecting Ifne outside diameter (m) 15.88 17.48
Connecting iine f nside diameter (nun) 13.8,9 14.33

a. Data are preirradiation values.

b. Pellet stack aise, contains 12.7 nun of hafnf um-yttelum oxide pellets at each end of fuel column. Total
length 178 nun,

c. 0007-4/0A06-4

d. Theoretical density (TD) of UO2 is 10.97 g/cm3



'

l
1

;

i

i

dL

VARIABLE
ORIFICE

EM
o

O ---.- o eFLOW HROUD
| !HEATER FUEL ROD "

(UNIRRADIATED) N s'

\< a

\ O w
| O N

R ROD
| U

| FLOW SHROUD (PRE-lRRADIATED),
m

n

SlHGLE PHASE -

) (SUBCOOLED)
COOLANT

i

,

Figure 1. Schematic of fuel rod shroud pair showing flow path.

. . .

--- - --- --



.

Fuel rod / shroud assembly The 0-degree position
positions for each flow shroud or

fuel rod is tcward the
center of the assembly.quadrant 1 - rod 902-1

REACTOR
- quadrant 2 - red 902-2

NORTHquadrant 3 - rod 902-3
quadrant 4 - rod 902-4

.

Zr water tube SPND string Cladding thermocouples
SPGD

Flux wire Flux wire

O
Test fuel rod

Heater rod
, ,

:

Q1 Q2 O
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Fission - Fission
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'
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steel insert = -

Feater rodCladding
.

thermocouples
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SPGD

SPND string

49.38 m -+

Figure 2. Cross-sectional view of test assembly showing relationship
between fuel rods, shrouds, and rod and shroud instrumenta-

.

tion.

7

.



2.2. Test Train

A Battelle Northwest Laboratory four-rod test train will be used for
OPT l-2. Each fuel rod is fixed rigidly to the shroud at the top and the
rod is free to expand axially downward against the fuel rod axial growth
measurement transducer (LVDT). The test fue! rods are positioned such that
the axial midplane of each active fuel stack is at the same elevation as

,

the axial midplane of the PBF core fuel rods ( 4 mm) and each rod is
centered in each flow shroud.

. .

2.3 Instrumentation

A orief description of the OPT l-2 instrumentation is provided in this
section. The experiment instrumentation is designed to provide
calorimetric measurement of the rod power during steady state operation and
to aid in determining fuel rod characteristics and failure mechanisms
during the transients. None of the fuel rods will be opened in order to
maintain the fuel chemistry in the irradiated rods. No rod internal
instrumentation will be used.

2.3.1 Fuel Rod and Flow Shroud Instrumentation

The fuel rod instrumentation is summarized in Table 3 which include;
instrument description, location, rod designation, and range.

The two irraaiated rods (Rods 902-2 and 902-4) are each instrumented
with three claading thermocouples (6 thermocouples). The cladding
thermocouples are 0.70 mm diameter, zircaloy sheathed tungsten-rhenium.
One thermocouple on each of Rods 902-2 and 902-4 is located at the

0* orientation (towards the test train axial centerline) and 70 t 2.5 mm
above the axial midplane of the test rod fuel. A second thermocouple on
each roa is located at 120* and plus 170 2.5 mm, and the third at 240*

.

and plus 270 2.5 mm.

8
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j TABLE 3. TEST OPT l-2 FUEL R00 AND SHROUD INSTRUMENTATION

>

Fuel Rod
Measurement or Shroud Instrument'

DInstrument location * Number Range Comments
Claddin9 70 1 2.5 mm - 0' 902-2 300 to 2000 K Resistance Welded. Premium grade
inermocouples (6) 170 1 2.5 mm - 120' 902-4 tungsten-rhenium.

j 270 t 2.5 mm - 240*

Shroud flux wires (4) 180' 902-1, as received 0.51% cobalt, 99.49% aluminum.
902-2,
902-3,
902-4,

All elevations are relative to the axla1 midplane of the P8F core, all orientations relative to thea.
center of the assembly.

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

us

I

|

|



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

P.3.2 Test Train Support Structure Instrumentation

Table 4 contains a list of the instrumentation for the test train<

support structure including information on the measurement, location,'

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

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

2. A 13.8 MPa pressure transducer located outside the IPT head

connected by tubing to the midplane of flow shroud 902-2 to
measure normal system pressure.

3. A 13.8 MPa pressure transducer located outside the IPT head

connected by tubing to the midplane of flow shroud 902-4 to
measure normal system pressure.

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

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

6. A turbine flow meter located in the cross-over tube of Rods 902-2
'

and 902-4 to measure inlet flow.

!
i

1
10
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TABLE 4. TEST OPT 1-2 TEST TRAIM ASSEMBLY INSTRlMNTATION
!
,

i Instrument Recording
g Measurement Instrument Location Range Conspents

i
! Coolant Pressure Transducers 0 to 13.8 W a To measure normal system

| pressure transducer (2) attached by tub- pressure. Transducers
ing to the mid- will be outside IPT head..

plane elevation*
,

of 902-2 andi
' 902-4 flow shroud

Co,lant Pressure One transducer 0 to 69 Wa To measure system pressurei
I pre.sure transducer (1) located near the ch:nges.
I upper particle

screen
!'
| Coolant External Outside IPT 0 to 13.8 W a To measure normal system

pressure pressure head; near the pressure.
transducer (1) shroud outlet'

of 902-4.
.

-

Coolant flow Turbine Inlet of flow 63 to 1000 cm3 s'
/

I flowmeter (4) shroud

Outlet Turbine flow- In outlet of 63 to 1000 cm3 s/
coolant flow meter (2) flow shrouds

902-2 and 902-4
t

Coolant inlet Thermocouple (2) In flow shroud 300 to 1500 K Premium grade Type K
,

temperature at inlet of Rods thermocouples.
! 902-2 and 902-4

Coolant inlet Thermocouple (2) Inlet of 300 to 1500 K Premium grade Type K
temperature flow shroud thermocouples.

902-1 and 902-3

Coolant outlet Thermocouple (2) Outlet of 300 to 1500 K Premium grade Type K.

; temperature flow shroud thermocouples.

} 902-2 and 902-4
i Coolant outlet Thermocouple (4) In flow shreuds (2) 300 to 1500 K Premium grade Type K
g
g t.mperature at outlet of and above variable thermocouples.
g Rods 002-1 and orifice outlet (2)
' 902-3.
.

Coolant inlet RTD (1) Inlet region of 300 to 600 K Premium grade RTD.*

'. temperature Rod 902-2

; Coolant Thermocouple At inlet 0 to 30 K Premium grade Type K
differential pairs (6) and outlet (4) each shroud and*

; temperature Type T (2) thermocouples,

for 902-1 and 902-3.j

I
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TABLE 4 (continued)
.

Instrument Recording

Measurement Instrument location Range Comunents

R21ative Cobalt SPMOS Ore detector 0 to 2.5 x 10I4 Reuter-Stokes SPN0 in Q2
2neutron flux 833 ass- located on the n/cm 's Idaho Laboratory SPNG in Q4

762 sun- water tubes in
quadrants 2 and
4. (0-m eleva-
tion).

Rtlative Cobalt SPMDs Five detectors 0 to 2.5 x 10I4
neutron flux (100 num) (5) located on the n/cm2.s

water tube in -

quadrant 1
(-300 -120, +7,
+166, +300 pun)

RPlative Cobalt SPN0s Five detectors 0 to 2.5 x 1018
2neutron flux (100 sun) (5) located on the n/cm .s

water tube in
quadrant 3.
(0, +150, and
+300 sue)

R214tive U-235 fission One fission chan- O to 2.5 x 10I4
2neutron flux chambers (2)' ber and gansna n/cm .5

compensating
chamber located

i on the water
tubes in quad-
rants 2 and 4.
(0-aun elevation)

j R21ative Platinum SPGD One detector 0 to 6.0 x 108
gasena flux (100 sen) (2) located on the R/lir

water tubes in
quadrants 1 and ,

3. (0- en eleva-
tion)

Cladding LVOT (4) Bottom end of 2.5-25.4 nun Two Schaevitz (Q2 and Q4) LVDTS
axial elonga- each rod + 12.7 nun Two EG&G (Q1 and Q3) LVDTS
tion.

Variable orifice Stepping motor Out of IPT 0 to 38 nun Readout will be in terms of
position encoder 0 to 1001.

Variable orifice Pressure Out of IPT 5.5 to 12.5 MPa
pressure transducer

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

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

9. A Chromel-Alumel (type K) thermocouple mounted near the outlets'

of each flow shroud to measure outlet coolant temperature.
. .

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

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

12. Four pairs of Chromel-Alumel (type K) thermecouples connected

differentially, one junction located at the inlet and one
junction at the outlet of each flow shroud, to measure
temperature rise in the coolant.

13. Two pairs of copper-constantan (type T) thermocouples connected
differentially one junction located at the inlet of the flow
shroud and. one junction at the outlet of the variable orifice of
flow shrouds 902-1 and 902-3, to measure temperature rise in the

coolant.

14. Twelve self powered neutron detectors (SPNDs), one each in
quadrants 2 and 4, and 2 strin9s of 5 SPNDs located in
quadrants 1 and 3.-

- 15. Two U-235 fission chambers and two detectors for gamma

compensation located in quadrant 2 and 4 to measure relative

neutron flux.

13
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16. Two platinum self-powered gamma detectors (SPGD) located in
quadrant 1 and 3 to measure relative gamma flux.

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

|

18. Variable orifice position (2).
.

19. Variable orifice line pressure (2).
.

2.3.3 Plant Instrumentation'

I

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

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

2. PPS-1, anu PP5-2, ion chambers,

; 3. TR-l, TR-2 ion chambers.

4. EV-1 ion chamber.

5. In-pile tube system pressure.

6. In-pile tube differential pressure.

7. Loop flow rate.

8. Loop fission product detection system.

a. I gamma spectral data channel (PDP-15)
,

b. 3 gross gamma channels
,

c. I delayed neutron channel

14
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d. 2 flowmeter channels

e. I thermocouple channel

9. Loop pressure transoucers (6).

10. Loop pressure Heise gauge.*

i

11. Transient rod position (4)..

I 12. Power demand function (1).

13. PPS protective function (4).

14. Primary heat exchanger differential temperature (1).

15. Reactor coolant flow (1).

16. Three 0.51% cobalt-99.49% aluminum flux wires in existing flux
wire holder localtions.

!

i

.

9

d
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3. EXPERIENT OPERATING PROCEDURE

Details of the experimental procedure of Test OPT l-2 for each
operating phase are discussed below along with instrumentation status check
requirements ano heat up procedures.

*

The nuclear operation for Test OPT l-2 will consist of fuel rod
calibration and conditioning phase during a slow power ramp followed by a
shutdown for xenon decay and then a power ramp preceeding the power"

transient. Interspaced between these phases will be instrument status
checks. Based on OPT l-1 results the expected indicated figure-of-merit
(F0M) for the OPT l-2 fuel rods is $1.15 kW/m per MW for the test rods
and $2.1 kW/m per MW for the heater rods for the control rods withdrawn
to 30 inches and the transient rods at 10 inches. The specific operating
sequence for the test is presented in Table 5. The total planned core

energy release for the test is about 1200 MW hours. Each experimental
operating phase and the instrumentation status requirements are considered

below.

3.1 Instrument Status Checks and Minimum Operable Instrumentation

To monitor the experiment and to meet test objectives, it is necessary
that certain instrumentation be operable throughout the experiment or
during specific phases of the experiment. The loss of a critical
instrument or a critical combination of instruments needed for a current or
subsequent test phase will require that test procedures be suspended uritil
the OPT l-2 Project Engineer's approval has been obtained to continue the
test. Since instrument status will be monitored on the PBF/DARS display,
the source of instrument output difficulites can range from instrument
malfunction or failure, signal conditioning, transmissions or DARS
calibration problems. If the experiment is interrupted by an apparent
instrumentation malfunction, it will be necessary for cognizant data system -

and instrumentation personnel to determine the source of the malfunction
indicated and the remedial action necessary for test procedures to

continue. If it is determined that a critical instrument has failed or
that repairs can only be made by removing the test train from the reacto ,
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TABLE 5. OPEkATING CONDITIONS FOR POWER CAllBRATION AND CONDITIONING AND TRANSIENT PHASES FOR TEST OPT 1-2

Heater
Rod

Time Anticipated Peak Rod Inlet Shroud Coolant
dDuration Reactor Pe.er Power Tewperature flow Pressure

(hours) (Ped) kW/m (k) (1/s) (Wa) Consnents

8 0 0 Ambient 0 Ambient Cold hydrostatic check of
to 8.3 loop pressure should not exceed 8.3 PFa (1200 psla).

8 0 0 Ambient to 0.68 Ambient DARS autocalibrations; Instrument check at 350 K.
550 to 7.93 1000 heatup to 550 K or maximum possible with loop

heaters.

4 0 0 550 0.68 7.93 Instrument check, zero of(sets, and
DARS autocalibration

8 0 0 550 0.30 7.93 Radionuclide injection (may be done at this or
a later time).

2 0 to 20 0 to 26 550 0.95 *7.93 Fuel conditioning (ramp
j rate of 0.5 kW/m/ minute.

32 20 to 26.5 26 to 37a 550 0.95 7.93 (Ramp rate of
'0.35 kw/m/hr); core power measurements.

12 26.5 37a 550 0.95 to 0.30 7.93 End of fuel condittening; core power
! measurements.

56 0 0 -b _.b ..b Shutdown for menon decay. Loop cooldown, variable;
'

orifice liquid installed, loop heatup, flow
measurements.

1

2 0 to 26.5 0 to 37a 550 0.95 7.93 OARS autocalibration, power ramp rate of
0.5 kW/.n/ minute.

? 26.5 (initial) 3;a 550 0.30 7.93 Two hour hold, flow measurements.

0.333 76.5 (initial) 37 to 328 550 0.30 7.93 Power transient.

4 0 0 550 0.30 7.93 Shutdown for data reduction.



___

.

TABLE 5. (continued)

Heater
Rod'

Time Anticipated Peak Rod Inlet Shroud Coolant
d

Duration Reactor Power Power T reture flow Pressure
(hours) (W) kW/m k) (1/5) (MPa) Comments

= . . .

2 0 to 26.5 0 to 37a 550 0.95 7.93 Power ramp rate of 0.5 kW/m/ minute.C

8 26.5 37a 550 0.95 7.93 Eight hour hold or until rod failure detected.
*

8 0 0 550 to 0.95 to 0 7.93 to Loop cooldown.
ambient ambient

(154 hr or 6.4 days)

a. The maximum rod power (up to 37 kW/m) achievable at a core thermal power of 26.5 MW.

b. As required by PDF operations.

,

Post-transient steady state operation will not be performed if fuel rod failure detected af ter power transient.c.

d. Coolant pressure at test train location.

t

4

'I
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.



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

Instrumentation for Test OPT l-2 have been defined in terms of minimum
operable instrumentation in Table 6 for various times during the test
sequence. Instrument status checks are planned before and during the test-

in order to ensure conformity to the requirements in Table 6. Instrument
status checks before the test will occur at the TRA assembly area and again..

in the reactor building following the loading of the test train in the IPT.

Prior to any data acquisition, tne PBF/DARS output will be verified by
the input of signals to the low level amplifiers or in accordance with a
ch9cklist to be supplied by the Instrument and Data System Section. This
checklist will be incorporated into the experimental operating procedures
and will be signed off by the supervisor of the Instrument and Data System
Section or his alternate prior to loop heatup.

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

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

2. Obtain a DARS printout of measurement data and statistics while
simultaneously recording the Heise gauge pressure at each
pressure step.

.

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

.
from the supervisor of the Instrumentation and Data Section or his
alternate before the failed channel can be changed. New channels must be

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

19
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TABLE 6. MINIMUM REQUIRED OPERABLE INSTRUMENTATION DURING VARIOUS PHASES OF TEST OPT l-2a
i

Pre-Installation P re-Power Pre-Power
Number of of Test Train During Calibration Transient

Instrumentation Instruments in IPT Heatup Phase Burst Phase

--| 4 of 6 4 of 6 3 of 6Cladding thermocouples 6
Coolant pressure 4 2 of 4 2 of 4 2 of 4--

bCoolant inlet flow meter 4 4 of 4 2 of 4 2 of 4--

bCoolant outlet flow meter 2 2 of 2 1 of 2 1 of 2--

Coolant inlet temperature 4 b 2 of 4 2 of 4 2 of 4--

Coolant outlet temperature 6 3 of 6 3 of 6 3 of 6--

bCoolant shroud differential 6 6 of 6 6 of 6 2 of 6--

temperature b
SPND 2 1 of 2 1 of 2 1 of 2--

b
SPND 10 (5 in a string) 6 of 10c 6 of 10c 6 of 10c--

bU-325 Fission chambers 2 1 of 2 1 of 2 1 c' 2--

b
LVDT 4 4 of 4 3 of 4 3 of 4--

bLoop pressure gauge 1 j j j--

b
1 0 0RTD 1

_-_b 0 0 3dFission product detection system 3
b

Variable orifice positioners 2 2 2 2--

b
SPGD 2 I of 2 1 of 2 1 of 2--

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

b. All instruments shall be operable at installation except for those accepted on a QDR as (use as is).i

c. 3 in each string of 5 should be operable,

d. No.1 Gansna Detector, Neutron Detector and'gansna spectrometer.
_-.

i

e ~



After DARS t.neckout is completea, instrument status checks are to be
made (a) at about 350 K, (b) after heatup prior to power calibration
phases, and (c) prior to the power transient. Checklists will be completed
during the status checks (Appendix A). Certification that each instrument
is within an acceptable range must be made by the Test OPT l-2 Project
Engineer or his designated alternate. If the readings are not within
range, or at any time during the test there is an apparent malfunction in.

an instrument or data channel, remedial actions must be completed or the
Test OPT l-2 Project Engineer approval must be obtained in order to,

,

continue test operation. Autocalibration of the DARS channels is required
before the initial and each subsequent loop heatup and prior to reactor
startup for the fuel conditioning and before each power transient.

3.2 Loop Heatup

The initial part of testing will consist of a hydrostatic pressure
check followed by heatup of the loop to the desired coolant temperature,
and pressure of 550 K and 7.93 MPa at the test train location. DARS

aprintouts will be taken at 50 K intervals from ambient to 550 K during
tne initial and any subsequent loop heatups. Maximum flow through the

3shroud flowmeters shall be less than 1000 cm /s. Instrument status
checks will be made at about 350 K and and again after the loop coolant
temperature has reached 550 K. The loop pump will be turned off for a few
minutes to normalize the coolant pressure transducers to the Heise gauge
pressure at 550 K for the initial and any subsequent loop heatups and prior
to nuclear operation of each main test phase. The IPT flow by-pass will be
measured at 550 K by measuring the flow through the flow shrouds and the
total loop flow (see Appendix B) with the variable orifice closed, provided

3the shroud flow does not exceed 1000 cm /s. A by-pass ratio of about
2.5 1 is expected. After the flow by-pass measurements are completed,.

3the flow shall be adjusted such that a test rod shroud flow of 300 cm /s

,
is obtained.

a. The loop temperature will be increased to 550 K or maximum achievable
with electrical loop heater. Nuclear heating will probably be required to
obtain 550 K.
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Data will be recorded on the DARS during the hydrostatic pressure
check, the heatup, and the flow checks.

3.3 Radionuclide Tracer Injection

Prior' to test completion and following loop heatup and by-pass flow
measurement, fission product transport behavior in the test loop will be
cnaracterized by the release of a radioactive tracer material for '

measurement by the FPDS. At a convenient time during the test sequence
,

when the ATR metal rabbit facility and the variable orifice system are
operational, the injection sample will be prepared, loaded into the sample

,

injection accumulators, delivered to PBF and installed in the PBF reactor
building. With loop conditions maintained at 550 K,a 7.93 MPa and
300 cm /s test rod shroud flow with the variable orifices opened,b the
sample injection system will be operated in accordance with D.O.P. 3.1.28
to provide controlled release of the tracer material to the test 100p via a
small diameter tube. The exact time of initiation of the sample injection
will be recordea in the plant operations log and data will be recorded on
the DARS during the sample injection and for 4 hours following the

3injection. The test rod shroud flow will then be increased to 950 cm /s.

3.4 Prenuclear Instrument Drift Recording

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

3.5 Fuel Conditioning

The primary purpose of this test phase is to condition the fuel rods
to a peak rod power of 37 kW/m or the maximum rod power achievable at a

core power of 26.5 MW. The fuel rods were irradiated in a BWR at a power
.

a. 550 K or as high as possible with electrical loop heater.

b. As specified by OPT l-2 Project Engineer.
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of only about 13 kW/m. The fuel conditioning will consist of a 34 hour
gradual power increase to 37 kW/m and a twelve hour hold at 37 kW/m.

During this operation the heater roo and test rod peak power will be
calorimetrically measured under single-phase coolant conditions and the rod
power will be intercaliLrated with the SPNDs, SPGOs, and fission chambers
on the test assembly. As calculated by reactor physics, an axial
peak-to-average neutron flux ratio of 1.25 will be used for these 0.752 m.

along fuel rods. The required initial coolant conditions are: 550 K

, , heater rod inlet temperature, 7.93 ppa IPT pressure at test train
3locations, ana 950 cm /s coolant flow through each test rod with the

variable orifice in the closed position. Core thermal power measurements
will also be obtained during the fuel conditioning phase.

The test rod power will be increased from 0 to 26 kW/m at a maximum
power ramp rate of 0.5 kW/m per minute and a maximum ramp rate of 0.35 kW/m

per hour from 26 to 37 kW/m. At a fuel rod peak power greater than
26 kW/m, the transient rods will be positioned at -34 inches for a few
minutes and the figure-of-merit measured. The transient rods will then be
positioned at -52 inches for the remainder of the fuel conditioning. In
case of a reactor shutdown during the fuel conditioning, the test rod power
may be increased during the next nuclear operation at a maximum ramp rate
of 0.5 kW/m per minute up to the maximum rod power reached just prior to
the shutdown or 26 kW/m (whichever is greater) and then at a maximum ramp
rate of 0.35 kW/m per hour up to 37 kW/m. The test rod power will be held
approximately constant at 37 kW/m for 12 hours. The reactor will then t,e
shutdown for about 56 hours for xenon decay. The power decrease rate
should not exceed -2 kW/m per minute from 37 to 10 kW/m.

.

.

a. 550 K or as high as possible with electrical loop heater.
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3.6 Variable Orifice Calibration

During the 56 hour shutdown period, the loop will be cooled and the
variable orifice system will be filled with DOW THERM A fluid to make the

asystem operable. The loop will be heated to 550 K and the flow shall
3then be adjusted to obtain a shrowd flow of 950 cm /s with the variable

orifice closed. The variable orifice will then be opened and then closed

in about 10% flow steps. DARS data printouts will be taken at each
variable orifice position stage as the variable orifice is opened and then
closed. Practice flow reduction during a simulated power transient will
also be made.

3.7 Power Transient

Following the 56 hour shutdown, the power transient will be
performed. The required coolant conditions are 550 K,a 7.93 MPa at the

3test train, anc 950 cm /s shroud flow. After the reactor is critical the

transient rods will be inserted into the core as required for this

transient. The rod power will then be increased to 37 kW/m or the maximum
rod power achievable at an core indicated power of 26.5 MW at a maximum
ramp rate of 0.5 kW/m per minute. After reaching a peak test rod power of
37 kW/m, the heater rod inlet flow will gradually be decreased from

3950 cm s to decrease the test rod coolant mass flux to about
2 21400 kg/m ,3,b A test roa mass flux of 1400 kg/m ,3 $3

3equivalent to a heater rod flow rate of $300 cm /s if there is no
coolant leakage past the variable orifice. The variable orifice will
remain closed during the first set of flow reductions. A DARS printout
will be obtained at heater rod inlet flow rates of 950, 800, 700, 600, 500,

3400, ana 300 cm /s. The variable orifice will then be opened in small
steps as specified by the OPT l-2 Project Engineer to decrease the heater

.

a. 550 K, or maximum temperature achievable with electric loop heaters.

b. Equivalent flow rates will be calculated by OPT l-2 Project Engineer.
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rod coolant mass flux while the heater rod inlet flow is maintained at
3300 cm /s and the test rod peak power is held at 37 kW/m. DARS printouts

will be obtained at each step. The test rod coolant mass flux will not be
2reduced to less than $750 kg/m s. After the variable orifices are

2fully opened or a test rod mass flux of 750 kg/m s has been obtained,
the variable orifices will be closed in 10% steps until the orifices are

fully closed.-

Following a total of at least ene hour steady state operation at a-

peak fuel roa power of 37 kW/m, the power transient will be performed. The
required initial conditions are: 550 l K heater rod inlet temperature,

27.93 1 0.05 MPa, and 1400 kg/m s coolant mass flux through the test
rod flow shrouds.

After the initiation of Gallop, the reactor thermal power will be
increased over at least a one minute time span to 26.5 MW, which is
equivalent to an indicated reactor power of 28.6 MW when the transient rods
are inserted 10 inches. The power transient power history is shown in
Figures 3 and 4 and listed in Table 7. The reactor will be operated to

increase peak rod power from 37 to 328 kW/m and then decreased to zero over
a 1200 s time span. Using the variable orifice controller, the test rod

2coolant mass flux will be reduced to about 500 kg/m s over a 20 s time
span starting $2 s or as requested by the OPT l-2 Project Engineer after
transient initiation.a If failure of the test rods or heater rods is
detected, loop coolant conditions are to be maintained approximately
constant for four hours. Cladding failure of the test rods or the heater
rods will be evaluated by the response of the fission product detection
system.

.

According to FRAP-T6 calculations,4 the maximum test fuel rod anda.
heater rod cladding temperatures will be about 1050 and 1580 K,
respectively following the power transient.
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TABLE 7. TEST R00 POER HISTORY FOR TEST OPT l-2 TRANSIENT

Nominal
Test Rod Indicated

Time Peak Powera Reactor Powerb
(s) (kW/m) (MW)

0.0 33 28.6
0.95 38 33.0
1.30 50 43.0
1.70 76 65.0
2.00 180 152.7
2.20 264 223.5-

2.43 328 277.5
2.65 279 232.0
3.10 59 50.6
5.10 33 28.6
7.00 22 19.1

20.0 10 8.7
33.5 35 30.4
35 11 9.6
46 14 12.2
60 10 8.7

1200.00 10 8.7
1200.01 0 0
1210.01 0 0

a. Transients will be perfonned with an initial rod peak power of 37 kW/m
provided the thermal reactor power does not exceed 26.5 MW. Preliminary
values for PBF reactor power history were obtained by dividing peak fuel
rod powers by calculated figure-of-merit (1.15 kW/m per MW) . The actual
reactor power history for the transient will be determined after the
figure-of-merit has been measured during the fuel conditioning phase.

b. The indicated reactor power is 8% higher than the true thermal reactor
power when the transient rods are inserted 10 inches.

.
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3.8 Post Transient Steady-State Operation

If failure of the test rods or heater rods is not detected within
four hours after the power transient, the fuel rods will be operated at
37 kW/m for about 8 hours. The purpose of this phase is to determine if
incipient cladding cracks formed during a power transient will produce
delayed cladding failures during subsequent power operations. The test rod
power will be increased from 0 to 37 kW/m at a maximum power ramp rate of
0.5 kW/m per minute and then held approximately constant at 37 kW/m for..

about 8 hours or until rod failure occurs. The required coolant conditions

550 K" heater rod inlet temperature, 7.93 MPa IPT pressure, andare:
3950 cm /s test rod shroud flow.

3.9 Loop Cooldown

The loop will be cooled to ambient after nuclear testing is
completed. If fuel rod failure is detected the loop conditions are to be

maintained approximately constant for four hours after the power transient
to allow acquisition of FPDS data. All data channels shall be recorded
through loop cooldown until the loop pump is secured if fuel rod failure is
detected.

.

.

.

a. 550 K or as high as possible with the loop electrical heaters.
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4. DATA ACQUISITION AND REDUCTION REQUIREMENTS

Instrumentation displays on the PBF/DARS will identify the fuel rod
test assembly and plant instruments according to the identifiers in Table 8.

4.1 Data Acquisition Requirements

The data channels should be set to record the data based on the
requirements of Table 8. All of the narrow band DARS channels should be

'

available for display on the Vector General. The PBF/DARS will record data
during the cold hydrostatic pressure check, the flow calibration, the
heatup phases, during all nuclear operations, and 60 minutes after the
transient unless a fuel failu m is suspected and then it will be until the
loop pump is secured after the transient. Figure 5 indicates the data
channels which will be required to be displayed on the strip charts. The
display and recording requirements are subject to change at the discretion
of the TFBD representative in the case of instrument failure or unusual
test behavior.

4.2 Data Reduction Requirements

Data reduction and plotting requirements are separated into 3 segments
for discussion below. The first segment concerns data reduction and plot
requirements needed for the test conduct. The second segment concerns data

reduction and presentation requirements for the OPT l-2 Quick Look Report.
The third segment concerns the Test Results Report. Additional plotting
requirements will be stipulated for the test analysis based on test
performance and posttest code analysis.

4.2.1 Quick Look Report

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

of the following parameter are requested.

1. Power demand function (1)
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TABLE 8. TEST OPT 1-2 INSTRUMENT INDENTIFICATION, DATA CHANN[L RECORDING, AND DISPLAY REQUIREMENTS

Minimum Frequency

Recording Response RequiredRod b
Measurement Instrument Location * Number Identifier Range (H2)

Fuel Rod

CI(dding elongation LVDT Bottom of each rod 902-1 CLADbOSPbbbO1 -12 to 12 mm 10 WBf
902-2 CLADbDSPbbbO2 2.5 to 25.4 mm
902-3 CLADbDSPbbbO3 -12 to 12 mm
902-4 CLADbDSPbbb04 2.5 to 25.4 mm

Cladding temperature Tungsten-rhenium Cladding 902-2 CLADbTMPbbb70-bbO2 300 to 2100 K 100
thermocouple 902-2 CLADbTMPbb170 1202

902-2 CLADbTMPbb270-2402
902-4 CLADbTMPbbb70-bb04
902-4 CLADbTMPbb170-1204
902-4 CLADbTMPbb270-2404

Flow Shroud

Coolant inlet Type K thermocouple Shroud inlet 902-1 INLTTEMPbbb01 300 to 600 K 10
temperature 902-2 INLTTEMPbbbO2 .

902-3 INITTEMPbbbO3
902-4 INLTTE W bbb04

Coolant outlet Type K thermocouple Shroud outlet 902 1 DUTTEMPbbbO1 300 to 600 K 10
temperature 902-2 OUTTEMPbbbO2 '902-3 00TTEMPbbbO3

902-4 OUTTE N bbb04
Coolant flow Turbine flowmeter Inlet 902-1 SHRDFLOWbblN01 0 to 1200 cm /s 10

3

902-2 SHRDFLOWbblN02
902-3 SHRDFLOWbblNO3
902-4 SHRDFLOWbblN04

Flow turbine AC output Inlet 902 1 ACFLOWbbbblN01 As required WB I
frequency from flow 902-2 ACFt0WbbbblN02

turbine 902-3 ACFLOWbbbblN03
902-4 ACFLOWbbbb!N04

Coolant temperature RTD Inlet 0-2 RTDbTEMPbbbol 300 to 600 K 10

v riable orifice Above shroud 902-i VARIORFbbbPOSbol 0 to 100% open 10a

pusition outlet 902-3 VARIORFbbbPOSbO3

V4riable orifice Type K thermocouple Above orifice outlet 902-1 VARIORFbbbTEMP01 300 to 600 K 10
outlet coolant temperature 902-3 VARIORF bbbT[MP03,

Variable orifice Pressure transducer Orifice sy! tem VARIORFbbbrRrSCI 5.5 to 12.5 MPa 10--

prtssure VAR 10RFbbbPRE503



.

TABLE 8. (Continued)

Minimum Frequency
Rod Recording P.esponse Required

a b
Measurement Instrument Location Number identifier Range (H2)

Ceolant differential Offferential Top & bottom of 902 1 DELTEN bbbb01 0 to 20 K 10
Temperature thermocouple pair each flow shroud 902-2 DELTENbbbbO2

type K 902-3 DELTENbbbbO3
907-4 DELTE W bbbb04

Coolant flow Turbine flowmeter Outlet 902-2 SHRDFLOWbb0UT02 0 to 1200 c.3 s 100/
902-4 SHROFLOWbb00T04

Flow turbine AC output from Outict 902-2 ACFLOWbbbb0UT02 As required WBf
frequency flow turbine 902-4 ACFLOWbbbb0UT04

Test Train

System pressure 69 Wa EG&G Pxd Near shroud SYSbPREsbb69EG&G 0 to 69 W a 10. WBf
outlet

System pressure 13.8 W a Sensotec Outside of IPT 902-2 SYSbPRESbbl4bCLO2 0 to 28 Wa 10
902-4 SYSbPREsbbl4bCLO4
902-4 SYSbPRESbbl4b0UT04

Neutron flux Cobalt SPMD Water tube O m NEUTbFLXbbQ2bb0 '00
quadrant-2,

Neutron flux Cobalt SPN0 Water tube NEUTbFLXbbQ4bb0 100
quadrant-4 0 inn

Neutron flux Cobalt SPMD Quadrant-1-300 mm NEUTbFLXbbO1-300 10-II to 10-3 A 100
-120 nun NEUTbFLXbbQ1-120

7 mm NEUTbFLXbbQ1bb+7
166 nun NEUTbFLXbbQ1+166
300 nun NEUTbfLXbbQ1+300

Ceutron flux Cobalt SPND Ouadrant-3-300 nun NEUTbFLXbbO3-300 10-II to 10-3 A 100
-150 nun NEUTbFLXbbO3-150

0 mm NEUTbFLXbbO3bbb0
150 nun NEUTbFLXbbO3+150
300 pun NEUTbFLXbbO3+300

Gassna compensation Dununy lead Quadrant-1 7 nun GAMACONbb0lbbb0 10-II to 10-3 A 10. WBf

Quadrant-2 0 nun GAMAC0w bbO2bbb0
Quadrant-3 0 nun GAMACONbbO3bbb0
Quadrant-4 0 nun GAMACON bbQ4bbb0

Variable orifice coolant Olfferential Bottom of flow shroud 902-1 VARIORFbbbDELTWOI O to 20 K 10
differential temperature thermocouple pair and above variable 902-3 VARIORFbbbDELTWO3

Type T orifice outlet

.
.
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TABLE 8. (Continued)

Minimum Frequency
Recording Fesponse Required

Rod b
Measurement Instrument Location Number Identifier Range

,
(Hz)a

Neutron flux U-235 fission Water tubes
chand>er quadrant-2 0 an FISSCHBRbbQb2b0 10'jg to 10-3 A 100

Water tubes
quadrant-4 0 me FISSCHBRbbQb4b0 100 g

Ganna flux SPGD Water tube GA mAbbbbb0lb0 10-II to 10-3 g 10, wg
quadrant-1 0 mm
Water tube GApetAbbbbbO3b0
quadrant-3 0 mm

FPDSd

Isotope Concentration FPDS Spectrometer FPDS FP SPEC PDP-ISC MA--

Gr:ss Ganna Rate No. 1 Ganna Detector FPDS FPbGAle1AbbMo.bb1 10 to 10 counts /s 10--

Gr:ss Ganna Rate No. 2 Ganna Detector FPDS -- FPbGApetAbbNo.bb2 10 to 10 counts /s 10

FPbGAMMAbbNo.bb3 10 to 10 ccJnts/s 10Gross Ganna Rate No. 3 Gansna Detector FPDS --

Gross Neutron Rate Neutron Detector FPDS -- FPbMEUTbbbFP 10 to 10 c unts/s 10
FPDS Flow Rate No. I Flowmeter FPDS -- FPbFLOWbbbNo. 1 0 to 44 c; /s 10
FPDS Flow Rate No. 2 Flowmeter FPDS -- FPbFLOWbbbNo. 2 0 to 44 cm /s 10
Pipe Temperature Thermocouple FPDS -- FPbTEN.bbbPIPEbFP 300 to 600 K (ss);

1000 K (tr) 10

Plant

NMS-3 ( 30 MW) lon Chamber Plant REACbPOWbbNMS-03PT 0 to 30 MW 10--

NMS-4 ( 30 MW) lon Chanter Plant -- REACbPOWbbMMS-04PT 0 to 30 MW 10

PPS-1 (MW)' lon Chamber Plant -- REACbPOWbbPPS-0IPT 0 to MW' 100

PPS-2 (NW)* lon Chamber Plant REACbPOWbbPPS-02PT 0 to MW' 100--

Ion Chamber Plant REACbPOWbbTRIPT 0 to MW' 100(MW)**TR-1 --

TR-2 (MW)* lon Chamber Plant -- REACbPOWbbTR2PT 0 to MW' 100
eEV-1 (MW) Evacuation Chamber Plant -- REACbPOWbbEVIPT 0 to MW 100

Systein Pressure PXD Plant SYSPRESbbbHEISEbPT 0 to 17 MPa 10--

IP1 Pressure PXD Plant IPTbDELPbbbbbbbbPT 0 to 0.69 N a 10--

Ulfferential
loop F low yenturi Plant -- LOOPbfL0bbbbbbbbPT 0 to 62 1/s 10 fLoop Coolant Pressure 0 to 34 Wa PXD Plant -- LOOPPRESbbb5-20bPT 0 to 34 W a 10, Wb

10.WBfLoop Coolant Pressure 0 to 34 Wa PXD Plant -- LOOPPREsbbb5-23bPT 0 to 34 W a
Loop Coolant Pressure 0 to 34 Ta PXD Plant LOOPPRESbbb5-24bPT 0 to 34 W a 10. WB--

Primary Heat Exchanger Primary HX DT Plant -- PFHIRDTbbbHXDTPLNT 0 to 25'F 10
Differential Temperature

REARFLOWbbPRIMFLOW 0 to 17000 gpm 10Reactor Coolant Flow Reactor Flowneter Plant --

Spool Piece Coolant Tenperature RTD Plant -- ICSSTEWbbTE20STIC As required 10

Spool Piece Coolant Pressure PXD Plant -- ICPRESSWbbPE095 TIC As required 10



.

TABLE 8. (Continued)

PIInimum Frequency
Rod

a b Recording Response Required
Measurement Instrument Location Number identifier Range ]HL

LOOPPRE5bbb5-25bPT 0 to 34 W a .0, WBfLoop Coolant Pressure O to 34 MPa PXD Plant --

I.00PPRE5bbb5-34bPT 0 to 34 Wa 10. WBfLoop Coolant Pressure 0 to 34 Wa PXD Plant --

LOOPPRE5bbb5-35bPT 0 to 34 MP4 10. WBfLoop Coolant Pressure 0 to 34 MPa PXD Plant --

fCore Pressure O to 34 Wa PXD Plant COREPRE5bbbWbbbbPT 0 in 34 Wa 10, WB--

fCore Pressure O to 34 Wa PXD Plant -- COREPRE5bbbMEbbbPT 0 to 34 MPa 10, WB
CORFPRE5bbb5EbbbPT 0 to 34 W a 10 WBICore Pressure O to 34 Wa PXD Plant --

Transient rod position i LVDT TR drive I TRANSR00bbNUMh0lPT o to 52 in. 10, WRI
Transient rod position 2 LVDT TR drive 2 1RANSR00bbNUMt 02PT o to 52 in. 19 Waf.
Transient rod position 3 LVDT TR drive 3 TRANSR09bbNUptC3PT o to 52 in. 10, hp
Transient rod position 4 LVDT TR drive 4 TRANSR00bbNUpt,04ri o to 52 in. 10. Waf
Pcwer demand function POWDEWMbbobbb0lP T As required 10 WCf
PPSI high power protection
function PP5leilGHbbPROTFNIH As required 10. WBf
PPSI low power protection
function PPSILOWbbbPPOTFNIL As required 10. VBI
PPS2 high power protection

ffunction PPS2HIGHbb"ROTFM2H As required 10. WB
PPS2 low power protection
function PPS2LOWbbbPROTFN2L As required 10. WBf

a. All elevations are measured from axial midplane of the fuel stack. The positive direction is with the coolant flow. Radial orientations are oeffned
by Figure 1.

b. b denotes blank.

c. Not recorded on DARS.

d. Fission Product Detection System (FPDS).

e. As required for each transient.

f. Recorded on wide band during power transients.

..
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CLD DSP 01 SHRD FLOW IN 01 SHRD FLOW IN 03

CLD DSP 02 SHRD FLOW IN 02 SHRD FLOW IN 04

. .

CLD DSP 03 SHRD FLOW OUT 02 FP GAMMA No. 1

CLD DSP 04 SHRD FLOW OUT 04 FP GAMMA No. 2

CLAD TMP 170-04 CLAD TMP 270-02 CLAD TMP 70-02

CLAD TMP 270-04 CLAD TMP 70-04 CLAD TMP 170-02

SYS PRES 69 EGG REAC POW 30 NMS4 PT FP GAMMA No. 3

SYS PRES 17KA REAC POW TR1 PT FP NEUT FP

Figu're 5. Strip chart setup for OPTRAN 1-2 power calibration, conditioning,
and transient phases.

.

.

e
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2. Transient power from power measurement channels used for power

control. (TR-1 and TR-2) (2)

3. Transient rod positions (4)

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

5. PPS protection functions (4)

6. Variable orifice position (2)

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

Test data plots and data pretest calculation comparison plots for the
Quick Look Report are to be prepared as soon as practical after completion
of the test. The plots generated will go directly into the Quick Look
Report without redrawing or handling by graphics personnel. The plots
should conform to 8-1/2 x 11 inch paper with conventional margins. All
plotted data are to be in standard SI units. A preliminary list of the
data processing required for the Quick Look Report is given in Table 9. A

final data request will be submitted upon termination of the test. Upon
termination of the test, the OPT l-2 Project Engineer should be given
copies of the PBF console log, strip charts and any other documentation
necessary to establish specific data requirements and to prepare the Quick
Look Report.

4.2.2 Test Results Report !

Data plot requirements for the Test Results Report are expected to |
Ievolve during the analysis of the test data. These requirements will be

transmitted to the data system group as the need arises.
'
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TABLE 9. QUICK LOOK DATA PROCESSING REQUIREMENTS

Measurement Time Decimation Rate

All N.B. cnannels All timea .02 Hz
(8 hr history file)

All N.B. channels -5 to +20 s of peak Undecimated
power time

All N.B. channels -5 to +20 min of 1 Hz
peak power time

Flow turbine -5 to +15 s 2000 Hz
frequency (6) of peak power ti.me
(wide-band)

a. Data should be included for following phases: hydrostatic pressure
test, loop heatups, flow by-pass measurements, radionuclide trace
injection, fuel conditioning, power transient, and loop cooldown.

_

M
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The data associated with the fuel rod and test assembly
,

instrumentation presented in Table 10 shall be thoroughly reviewed and

categorized as qualified or failed data. The time period and priority for<

which these data are to be qualified is also presented in Table 10.

.

O

e
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TABLE 10. DATA QUALIFICATION REQUIREMENTS

Test Phase for
Measurement Instrument Data Qualification Priority

Shroud flow SHRDFLOWbblN01 All nuclear operation 1
SHRDFLOWbblN02 All nuclear operation 1

SHRDFLOWbblN03 All nuclear operation 1

SHRDFLOWbblN04 All nuclear operation 1

SHRDFLOWbb0UT02 All nuclear operation 1

SHRDFLOWbb00T04 All nuclear operation 1
. .

Cladding elongation CLADbDSPbbbO2 All nuclear operation 1

CLADbDSPbbb04 All nuclear operation 1

C1 adding temperature CLADbTMPbbb70-bbO2 Power transtent 1

CLADbTMPbbl70-1202 Power transient 1

CLADbTMPbb270-2402 Power transient 1

CLADbTMPbbb70-bb04 Power transient 1

CLADbTMPbbl70-1204 Power transient 1

CLADbTMPbb270-2404 Power transient 1

Coolant inlet INLTTEMPbbb01 All nuclear operation 1

temperature RTDbTEMPbbb01 All nuclear operation 1

Coolant temperature DElbTEMPbbb01 Each slow power ramp 1

rise DELbTEMPbbbO2 Each slow power ramp 1

DELbTEMPbbbO3 Each slow power ramp 1

DELbTEMPbbb04 Each slow power ramp 1

System pressure SYSbPRESbbl4b0UT02 All nuclear operation 1

Neutron flux NEUTbFLXbbQ2bbb0 All nuclear operation 1

NEUTbFLXbbQ3-300 All nuclear operation 1

NEUTbFLXbbQ3-150 All nuclear operation 1

NEUTbFLXbbQ3bbb0 All nuclear operation 1

NEUTbFLXbbQ3+150 All nuclear operation 1

NEUTbFLXbbQ3+300 All nuclear operation 1

FISSCHBRbbQb2b0 All nuclear operation 1

Gamma flux GAMAbFLXbbQ3bbb0 All nuclear operation 1

Reactor power REACbP0WbbbbbTRIPT All nuclear operation 1

REACDPOWbbbbbTR2PT All nuclear operation 1.

REACbPOWbbbbbPPSlPT All nuclear operation 1

REACbP0WbbbbtPPS2PT All nuclear operation 1

'

~

Gross gansna rate FPbGAMMAbbN0. bbl Power transient if I
rod failure occurs.

|

.



TABLE 10. (continued)

Test Phase for
Measurement Instrument Data Qualification Priority

Gross neutron rate FPbNEUTbbbFP Power transient if I
rod failure occurs

Variable orifice VAR 10RFbbbPOSb01 Power transient 1
position VAR 10RFbbbPOSbO3 and during flow checks -

.
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5. POSTTEST OPERATIONS SUPPORT

Before the test and following the power transient, a loop water sample
will be taken for fission product analysis. The sample should be tagged
"For Fission Product Analysis" and with the date and time of sample and
sent to the TRA counting laboratory for fission product and uranium

. analysis. Results of the analysis will be sent to the FPDS Project
Engineer and the OPT l-2 Project Engineer.

- .

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

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

Three 0.51% cobalt-99.49% aluminum flux wire should be installed prior
to the test in the existing flux wire holder and removed after the test is
completed and shipped to the TRA counting room.

.

G
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6. POSTIRRADIATION EXAMINATION REQUIREMENTS

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

1 A gamma scan and nyt. determination of the 0.51% cobalt,
99.49% aluminum flux wires. Each wire should be tagged to
identify wire number, location, test, orientation, and bottom end

^

of the wire.
.

2. The visual, dimensional, and photographic examination of all
four rods.

3. A leak check of all rods if cladding failure is not obvious.

4. Isotopic gamma scanning of Rods 902-2 and 902-4 for the axial
distribution of specific fission product isotopes such as Cs-137
and if scanning can be done shortly after irradiation, I-131.

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

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

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

8. Metallography:

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

.

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

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

42
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!

(d) Cladding failure and incipient cracks of Rods 902-2
* and 902-4.

(e) Fuel melt radius of Rods 902-1 and 902-3.
1

9. Chemical analysis of Rods 902-2 and 902-4 only:;

. .

(a) Incipient cladding cracks.
'

.

(b) Cladoing hydrogen and oxygen content.

(c) Concentration of measurable fission products in fuel.

(d) Fuel burnup

10. Cladding ductility of Rods 902-2 and 902-4.

,

.i

i

I

-

.
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INSTRUPENT STATUS CHECKS

CHECK LISTS
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APPENDIX A

_ INSTRUMENT STATUS CHECKS

CHECK LISTS

INSTRUENT STATUS CHECK

Check List No. 1
.

Pre-Inpile Tube Loading:
.

This check list is in the Checkout Procedure identified in D0P 8.1.12,
and includes instrument resestance checks prior to initial loading into the
in-pile tube,

1

1

0
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PRE-HEATUP INSTRUMENT STATUS CHECKLIST N0.__,

i

Reactor Power 0.0 MW

Coolant Temperature 350 K

Heise Gauge Pressure NPa

aShroud Flow Rate 0.95 1/s TFBP Representative.

in charge

. Certification
Required Instrument

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

CLAD DSP 01 mm 0.0 0.5 mmc
CLAD DSP 02 mm 0.0 0.5 mm
CLAD DSP 03 mm 0.0 0.5 mm
CLAD DSP 04 mm 0.0 0.5 mm
INLTTEMP 01 K 350 10 K
INLTTEMP 02 K 350 10 K
INLTTEMP 03 K 350 10 K
INLTTENP 04 K 350 10 K
OUT TEMP 01 K 350 10 K
OUT TEMP 02 K 350 10 K
OUT TEMP 03 K 350 10 K
OUT TEMP 04 K 350 10 K
SHRDFLOW IN 01 1/s Avg 0.2 1/s
SHRDFLOW IN 02 1/s Avg 0.2 1/s
SHRDFLOW IN 03 1/s Avg 0.2 1/s
SHRDFLOW IN 04 1/s Avg 0.2 1/s
SHRDFLOW OUT 02 1/s Avg 0.2 1/s
SHRDFLOW OUT 04 1/s Avg 0.2 1/s
DELTEMP 01 K 0.0 0.2 K
DELTEMP 02 K 0.0 0.2 K
DELTEMP 03 K 0.0 0.2 K

-~~~

DELTEMP 04 K 0.0 0.2 K
RTD TFMP 01 K 350 10 K
CLAD TMP 70-02 K 350 10 K
CLAD TMP 170-1202 K 350 i 10 K
CLAD TMP 27-2402 K 350 10 K
CLAD TMP 70-04 K 350 10 K
CLAD TMP 170-1204 K 350 10 K*

CLAD TMP 270-2404 K 350 10 K
SYS PRES 69 EG&G MPa 3 MPa of Heise
SYS PRES 14 0UT 02 MPa 1 MPa of Heise-

SYS PRES 14 OUT 04 MPa 1 MPa of Heise
NEUTFLX Q2 0 nA 0.0 0.5 nA
NEUTFLX Q4 0 nA 0.0 0.5 nA
NEUTFLX Q1 - 300 nA 0.0 0.5 nA
NEUTFLX Q1 - 120 nA 0.0 0.5 nA
NEUTFLX Q1 + 7 nA 0.0 0.5 nA

47
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NEUTFLX Q1 + 166 nA 0.0 0.5 nA
NEUTFLX Q1 + 300 nA 0.0 1 0.5 nA
NEUTFLX Q3 - 300 nA 0.0 0.5 nA
NEUTFLX Q3 - 150 nA 0.0 1 0.5 nA

_'

NEUTFLX 03 0 nA 0.0 1 0.5 nA
__

~

NEUTFLX Q3 + 150 nA 0.0 1 0.5 nA
NEUTFLX Q3 + 300 nA 0.0 2 0.5 nA
GAMM Q1 0 nA 0.0 1 0.5 nA
GAMMA Q3 0 nA 0.0 t 0.5 nA
FISSCHBR Q2 0 nA 0.0 0.5 nA
FISSCHBR Q4 0 nA 0.0 t 0.5 nA -

.

||

.

a. Measured at flow shroud turbine meters.

b. To be initialed by the TFBP representative in charge.

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

&
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PRE-NUCLEAR OPERATION INSTRUMENT STATUS CHECKLIST N0.__

Reactor Power 0.0 MW

Coolant Temperature 550Ka

Heise Gauge Pressure 7.93 MPa
*

aShroud Flow Rate 0.95 1/s TFBP Representative.

in Charge

Certification
Required Instrument

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

CLAD DSP 01 mm 0.0c 0.5 mm
CLAD DSP 02 mm 0.0 0.5 mm
CLAD DSP 03 mm 0.0 0.5 mm
CLAD DSP 04 mm 0.0 0.5 an
INLTTEMP 01 K 550 10 K
INLTTEMP 02 K 550 10 K
INLTTEMP 03 K 550 10 K
INLTTEMP 04 K 550 10 K
OUT TEMP 01 K 550 10 K
OUT TEMP 02 K 550 10 K

I
OUT TEMP 03 K 550 10 K

| OUT TEMP 04 K 550 10 K
SHRDFLOW 01 1/s 0.95 0.2 1/s
SHRDFLOW 02 1/s 0.95 0.2 1/s
SHRDFLOW 03 1/s 0.95 0.2 1/s
SHRDFLOW 04 1/s 0.95 0.2 1/s
DELTEMP 01 K 0.0 0.2 K
DELTEMP 02 K 0.0 0.2 K
DELTEMP 03 K 0.0 t 0.2 K
DELTEMP 04 K 0.0 0.2 K
RDT TEMP 01 K 550 10 K
SHRDFLOW OUT 02 1/s 0.95 0.2 1/s
SHRDFLOW OUT 04 1/s 0.95 0.2 1/s
CLAD TMP 70-02 K 550 t 10 K
CLAD TMP 170-1202 K 550 10 K
CLAD TMP 270-2402 K 550 10 K
CLAD TMP 70-04 K 550 10 K
CLAD TMP 170-1204 K 550 10 K*

CLAD TMP 270-2404 K 550 10 K
SYS PRES 69 EG&G MP a 3 MPa of Heise
SYS PRES 14 OUT 02 MPa 1 MPa of Heise'

SYS PRES 14 OUT 04 MPa 1 MPa of Heise
NEUTFLX Q2 0 nA 0.0 0.5nA
NEUTFLX Q4 0 nA 0.0 0.5nA I

NEUTFLX Q1 - 300 nA 0.0 0.5nA

a. 500 K or maximum achievable with electrical lcop heaters.

49
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NEUTFLX Q1 - 120 nA 0.0 1 0.5nA
NEUTFLX Q1 + 7 nA 0.0 1 0.5nA
NEUTFLX Q1 + 166 nA 0.0 1 0.5nA

-

NEUTFLX Q1 + 300 nA 0.0 1 0.5nA
NEUTFLX 03 - 300 nA 0.0 0.5nA

_

NEUTFLX Q3 - 150 nA 0.0 0.5nA
NEUTFLX 03 0 nA 0.0 0.5nA
NLUTFLX Q3 + 150 nA 0.0 1 0.5nA
NEUTFLX 03 + 300 nA 0.0 1 0.5nA
GAMMA FLX Q1 0 nA 0.0 1 0.5nA
GAMMA FLX Q3 0 nA 0.0 0.5nA -

FISSCHBR Q2 0 nA 0.0 1 0.5nA
FISSCHBR Q4 0 nA 0.0 1 0.5na

.

a. Measured at flow shroud turbine meters.

b. To be initialed by the TFBP representative in charge.

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

.
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APPENDIX B

FLOW BALANCE MEASUREMENTS

'
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APPENDIX B.

FLOW BALANCE MEASUREMENTS

PRENUCLEAR OPERATION FLOW BYPASS MEASUREMENTa

Ccolant Temperature 550 K
Coolant Pressure 7.93 MPa
Valves GT-88-10-29-and GT-88-10-30 must be closed.
Variable Orifice closed.

.

(1/s) (1/s) (1/s) (1/s) (1/s) (1/s),

Nominal Flowrate Flowrate Average Total Bypassb
-

Shroud Inlet Inlet Shroud Loop Flow
Flowb 01 03 Flow Flowrate Ratio
(1/s) (1/s) (1/s) (1/s) (1/s) (1/s)
0.1
0.2
0.3
0.4
0.6
0.7

,
.0.8

' O.9
1.0

a. To be performed only if m;ximum shroud flow does not exceed 1.0 1/s.

b. Definea as: Total Loop Flow Rate-(Average Shroud Flow x2).
(Average dnroua Flow xz)

;

4

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

Coolant Temperature 550 K
Coolant Pressure 7.93 MPa
Flowrate Inlet 01 0.30 1/s

|

Variable Orifice.

Position Flowrate Flowrate Flowrate Shroud Pressure {

(Rod 902-1) Inlet 01 Inlet 02 Outlet 02 02
- (% Open) (1/s) (1/s) (1/s) (MPa)

0

i

f

0

.

*

|
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PRENUCLEAR OPERATION VARIABLE ORIFICE MEASUREMENTS
(Rods 902-3 and 903-4)

Coolant Temperature 550 K
Coolant Pressure 7.93 MPa
Flowrate Inlet 03 0.30 1/s

Variable Orifice
Position Flowrate Flowrate Flowrate Shroud Pressure .

(Rod 902-3) Inlet 03 Inlet 04 Outlet 04 04
(% Open) (1/s) (1/s) (1/s) (MPa)

.

O

!

O
__

,

$
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