
_ _ _ _ _ _

|
I

g EGnGw.w .
FCPM EG&G 398
m... u ni

INTERIM REPORT

Accession No.
EGG-TFBP-5213Report No.

Contract Program or Project Title:
.

Thermal Fuels Behavior Program
'

Subject of this Document:

Operational Transient Test Series, Test OPTRAN 1-1, Experiment Operating Specification

Type of Document:

Experiment Operating Specification

Author (s):
.

R. E. Lai'ointe, Jr. , Z. R. Martinson

Date of Documeat:
.

September 1980
e

Responsible NRC Individual and NRC Office or D' vision:

M. L. Picklesimer

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

EG&G Idaho, Inc.
Idaho Falls. Idaho 83415

Prepared for the
U.S. Nuclear Regulatory Commission-

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

NRC FIN No. A 6041

INTERIM REPORT

-| J.
'

, ,
,

.. _..
.

[k"
* * -

4 0



, __

EG&G-TF8P-5213-
September 1980

' OPERATIONAL TRANSIENT TEST SERIES
TEST OPTRAN 1-1

EXPERIMENT OPERATING SPECIFICATION
.-

: .
t

By

'

R. E. LaPointe, Jr.-
Z. R. Martinson

Approved:

Y l(
'

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

,

:

ff. ]pdu f''

P. E. MacDonald, Manager
LWR Fuel Research Division

Aq.
i AW.

p 'TFBP Technical Support Division
J. P. Ke:ter, Manage.

C. O. Doucette, Marpiger
! P8F Facility Division
,

!

'

THERMAL FUELS BEHAVIOR' PROGRAM-

EG&G IDAH0, INC.
.

!-

f

I

- . . - . -, ,-. - - ., - . , , . - , - - -. . , . . . . - ,



(.
.- .- - ._

--

CONTENTS

1. . . INTRODUCTION ..... .............................................. l
. . .

2. ' EXPERIMENT DESIGN ............................................... 2

'2.1 Fuel Rods and Flow Shrouds ................................ 3

2.2 Test Assembly ............................................. 3
.

2.3 -Instrumentation ........................................... 3
.

2.3.1 Fuel Rod and Flow Shroud Instrumentat' ion .......... 8
2.3.21 -Test Train Support Structure Instrumentation....... 8

'2.3.3 ' Plant Instrumentation ............................. 13
3. - E X P ER IME NT O P ER AT I NG PROC E DUR E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15

3.1 Instrument Status Checks and Minimum
Operable Instrumentation .................................. 15

,

3.2 First Loop Heatup ......................................... 22
_

3.3 R adi onucl i de Tracer Inj ec ti on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
~

13 . 4 Prenuclear Instrument Drif t Recordi ng . . . . . . . . . . . . . . . . . . . . . 23 -

3.5 F i r s t S l ow P ower R amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4

3.6 -First Steady State Operation...................'............ 24-

3.7 First Power Transient ..................................... 24-
3.8 Second Loop'Heatup ........................................ 26 L

3.9 S ec o n d Sl ow ' P ower R amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.10 Second Steady. State Operation ............................. 26 ~

-3.11 Second Power Transient .................................... 26
3.12 Third Loop Heatup ......................................... 28
3.13 Th i rd Sl ow : Power R amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28'

.

.

3.14 | Third Steady State Operation .............................. 28
.

3.15 .T h i rd P owe r Tr an s i e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
_

.

J

l

L ii

,

._

-

.!

._ __ . _ _ . _ _ . _ ,



_ . . . . . .

3.16 Fourt h S l ow Power R amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.17 Fourth Steady State Operation ............................. 30
3.18

.
Fourth Power Transient .................................... 30

3.19 F i f t h S l ow P owe r R amp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .~ 31

3.20 Fifth Steady State Operation .............................. 31
'

3.21 Fifth Power Transient ..................................... 31.-

3.22 Loop Cooldown ............................................. 31,

4. DATA ACQUISITION AND REDUCTION REQUIREMENTS ..................... 34

4.1 Data Acquisition Requirements ............................. 34
4.2 Data Reduction Requirements ............................... 34

3
'

4.2.1 Test Conduct ...................................... 344.2.2 Quick Look Report ................................. 40
4.2.3 Test Results Report ............................... 41

5 .' POSTTEST 0PERATIONS SUPPORT .....................................4

43

6. POSTIRRADIATION EXAMINATION REQUIREMENTS ........................ 45
, .

7. REFERENCES ...................................................... 48.

APPENDIX A STATUS CHECKLISTS FOR INSTRUMENTATION . . . . . . . . . . . . . . . . . . . . 49

APPENDIX B FLOW BALANCE MEASUREMENTS ................................ 57

FIGURES
,

1. Cross-sectional view of test assembly showing relation-
ship between fuel rods, shrouds, and rod and shroud
instrumentation ................................................. 6

4

2. -The Battelle, PNL four quadrant test train assembly ............. 7

3. Test fuel rod power history ..................................... 19
4. Planned test rod power history during Test OPTRAN 1-1

transient No.1 ................................................. 25

5. Planned test rod power history during Test OPTRAN 1-1
'

transients No.2 ................................................ 27.

|
-

iii

.

,

wp " Y w - y e w



f

6. Planned test rod power history during Test OPTRAN 1-1
transients No.3 ................................................. 29

7. Planned test rod power history during Test OPTRAN 1-1
transients No.4 ................................................. 32 .

8. Planned test rod power history during Test OPTRAN 1-1
transients No.5 ................................................. 33

'

9. Strip chart setup for OPTRAN 1-1 power calibration,
conditioning and power burst phases ............................. 39

.

TABLES

1. OPTRAN 1-1 Fuel Rods ............................................ 4

2. Test OPTRAN 1-1 Fuel Rod Design Characteristics ................. 5

3. Instrumentation for Test OPTRAN 1-1 Fuel Rod and Shroud ......... 9

4. Instrument Requirements for Test OPTRAN 1-1 Test Train
Support Structure ............................,...........l....... 10

5. Operating Conditions for Power Calibration and Condi-
ti oning and Transient Phases f or Test OPTRAN 1-1 . . . . . . . . . . . . .. . . 16

.

6. Minimum Required Operable Instrumentation During
Variour Phases of Test OPTRAN 1-1 ............................... 21 .

7. Test OPTRAN 1-1 Instrument Identification, Data Channel
Recordi ng and Displ ay Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

8. Data Qualification Requirements ................................. 42

9. Results of Radiological Hazards Analysis for Test
OPTRAN 1-1 .................................. ................. 44

.

.

iv

1

)



- _. ._ - .

t

|
4

1. INTR 000CTION-

Thisdocumentdescribesthebperimentoperatingspecificationsfor-
the Operational Transient Test OPTRAN 1-1 to be conducted in the Power

~

.

'

Burst Facility (PBF) at the Idaho National Engineering Laboratory (INEL) as
part of the Nuclear Regulatory Comission's Fuel Behavior Program.1 The

~

overall experiment requirements and objectives for the CPTRAN Test- Series
~

;, are described in the 0PTRAN Experiment Requirements Document 2 while the
experiment, specifications for Test OPTRAN 1-1 are described in the>

Test OPTRAN 1-1 Experiment Specifications Document.3 OPTRAN Test

Series' 1 objectives are to provide data for the evaluation and possible
revision of current nuclear reactor licensing criteria regarding'

anticipated transients without scram in commercial nuclear power plants.4

The purpose of this document is to specify the experiment operating;

procedure for Test OPTRAN 1-1. This test will simulate BWR/6 reload fuel
behavior during an anticipated transient' representative of a turbine trip
without steam bypass in a BWR/4 reactor. The test rods will not experience,

boiling transition and the test is directed towards evaluating the<

- probability of stress corrosion cracking (SCC) assisted pellet cladding
interaction (PCI), cladding damage mechanism.

Test OPTRAN 1-1 will consist of separately shrouded preirradtated i

BWR/6, segmente,d fuel rods-(in the four-rod Battelle hardware). The six

rods tested will be 2.87 wt.% enriched UO , Zr-2 clad General Electric
2

Co. rods irradiated to m overage burnup of 4.8 GWd/t (2 rods),13.9 GWd/t
(2 rods) 15 GWd/t, and 5 GWd/t in a General Electric (GE) boiling water
reactor (BWR).

i

| The test will begin with a 22 hour steady state power operation to
precondition the fuel, determine the fuel rod power calibration, and to,

'

produce a short-lived fission product inventory. The first' transient will
begin with steady state coolant conditio $ of: . 550 K, 7.24 MPa and<

3350 cm /s shroud coolant flow. The core power wil'1 be ramped in order to
-

1

e

I
.

,
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provide an. axial peak. rod power during the transient history which starts
at'3-4 kW/m increases to 120 kW/m and then decreases to zero power. After '

this transient the test train will be removed from the in-pile tube, one or
two of the fuel rod 1 and their flow shrouds will be removed from the test'
train and replaced nith the other preirradiated fuel rods. If any rods
have failed, they wi'l be replaced. The second transient will be performed

.

at the same steady state coolant conditions but the axial peak rod power
history will start at 38 kW/m, increase to 150 kW/m and then decrease to

.

zero power. Af ter this transient, a fuel rod will be replaced with another
preirradiated fuel rod if two rods were not replaced after the first
transient. The third transient will be performed at the same steady state
coolant conditions, but with an axial peak rod power history which will
start at 38 kW/m, increase to 190 kW/m, and then decrease to zero power.
If fuel rod failure does not occur in the first three transients, two
additional transients with energy releases up to the core , limit'may be
performed. The test will be terminated if three or four fuel rods fail
af ter the first transient'or if one or more fuel rods f ail after any of the,

,

following four transients.
.

Section 2 which follows, describes the design of the test fuel rods,
test assembly, and instrumentation associated with Test OPTRAN 1-1.
Section 3 presents the plans for the conduct of Test OPTRAN 1-1. Section 4

- discusses the data acquisition and reduction requirements. Sections 5 and
6 describe the posttest operations support and'the postirradiation
examination requirements. Appendix A provides the status check lists for
instrumentation and flow balance sheets.

2. EXPERIMENT DESIGN

Test OPTRAN 1-1 will be conducted with separately shrouded BWR/6 fuel

rods which have been previously irradiated. The fuel rods, individual flow
shrouds,'and fuel rod instrumentation are supported by the test train. '

<

This section briefly describes the design associated with each component of
,

.

2

.

4

+ r e g



-. .-- -

!

-
,

the fuel rods, flow shrouds, test train and instrumentation. Further
'

-information is available in the Experiment Specification Document and the
Experiment Configuration Specification.'

.

2.1 Fuel Rods and Shrouds
.

*

The fuel rods consist of preirradiated BWR/6 segmented rods provided
;, by the General Electric Company. .The designations for the fuel rods will'

be. 901-1, 901-2, 901-3, 901-4, 901-5, and 901-6. Only four of the rods;

will be tested at any one time. Fuel Rods 901-5 and 901-6 will be used for
changeout. The fuel rod designation and burnup are given in Table 1. The

nominal design characteristics for the OPTRAN 1-1 fuel rods are given in
; Table 2. A plan view of the fuel rod orientation and instrumentation
i within the in-pile tube (IPT) is shown in Figure 1.

.

Each test fuel rod is surrounded by a coolant flow shroud. The4

shrouds are f abricated from zircaloy-4 tubing and have a circular cross
'

section with an inner diameter of 19.05 mm and an outer diameter of 22.1 mm.
,.

2.2 Test Train

i

The Battelle Northwest Laboratory four-rod test train will be used for
OPTRAN 1-1. The test train positions and supports four test fuel rods

j symmetrically as shown in Figures 1 and 2. Each fuel rod is fixed rigidly
to the shroud at the top of the fuel rod. The rod is free to expand
axially downward against a linear variable differential transformer (LVDT),
that will measure the axial growth of each rod.

4

2.3 Instrumentation

A brief-description of the Test OPTRAN 1-1 instrumentation is provided
in this section. The experiment instrumentation is designed to provide

-

,

calorimetric measurement of the rod power during steady state operation and
~

|
to aid'in determining fuel rod characteristics and f ailure mechanisms

.

3

!
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TABLE 1. OPTRAN 1-1 FUEL RODS

Fuel
Fissile

PBF OPTRAN Original Description Average Mass
Test Rod Number G. E. NumDer Type Burnup (GWd/t) (U235 + Pu g)

901-1 0D07-2 Reference 13.9 11.3 .

901-2 DTB-2406 Zirconium liner 4.8 15.0
901-3 5005-5 Reference 13.9 11.3
901-4 DTB-2810 Fuel additive 4.8 14.0 *

901-5 9001-4 Reference 1; 9.0
901-6 5A08-2 Reference 5 16.2

-

e

S

.
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TABLE 2. TEST OPTRAN 1-1 FUEL R0D DESIGN CHARACTERISTICS

Cnaracteristicsa GE BWR/S Rods

Fuel

Material
U02Enricned Pellet stack length (mm) 752.6u'"

Pellet outside diameter (mm) 10.57 (0.416 in)Pellet lengtn (mm) 10.66 (0.420 in)
End configuration cnamfer.

Density (%TD)c 95 to 96
Initial enrichment (wt%) 2.87

Cladding

Material Zr-2
Tuoe outside diameter (mm) 12.52 (0.493 in)
Tube-inside diameter (mm) 10.80 (0.42F in)
Cladding thickness (mm) 0.86 (0.034 in)

,

Fuel Rod

Overall lengtn (mm) 955.4 (37.6 in)
Gas plenum length (mm) 139.7 (5.5 in)

-

Flux depressor pellets 92.3% Hf0 -7.7% Y 02Diametral gas gap (mm) 0.228 (0.009 in)2 3,

Getter assembly outside diameter (mm) 10.56 (0.416 in)
Getter assemoly lengtn (mm) 50.8 (2.0.in)

a. Data are preirradiation values,

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

c. Tneoretical density (TD) of UO2 is 10.97 g/cm3,

__

O

.
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Fuel rod / shroud ass'embly The 0-degree position
positions A for each flow shroud or

jf fuel rod is toward the
quadrant 1 - rod 901-1/ center of the assemMy.

REACTORquadrant 2 - red 901-2 f;0RTH
quadrant 3 - rod 901-3 -

quadrant 4 - rod 901 4/901-5/901-6
.

Zr water tube Si't;0 string *

SPGD- /
Flux wire Flux wire

"aximum shroud O-.

diameter
Fuel rod

; SFNO

w , a2 o -
.

s
Fissicn - 5-g .g Fission *

chamber O )
,

chamber

} . .- Flow shroud
ISPN3 %

Stainless
/ g4

- - Cladding strain-

steel insert
{ g3 gages

,

9h , N
| j Flux wire

Flux wire

SPGD
SPND string

L 49.28 cm -

Figure 1. Cross-sectional view of test assembly showing relationship
between fuel rods, shrouds, and rod and shroud instrumenta-
tion. -
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during the transients.- Figure 1 illustrates the location of the fuel rod
instrumentation. None of the fuel rods will be opened in order to maintain
the fuel chemistry in the irradiated rods. No rod internal instrumentation
will be used. .

2.3.1 Fuel Rod and Flow Shroud Instrumentation
.

The fuel rod instrumentation is sunmarized in Table 3 which includes .

instrument description, location, rod designation, range and response time.

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

,

and radiation sensitivity of the cladding strain gauges. These gauges are
identical to the cladding strain gauges.

,

All four test rods are interfaced with LVDTs for measurement of -

cladding elongation.

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

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

2.3.2 Test Train Support Structure Instrumentation

Table 4 contains a list of the instrumentation for the test train
support structure including infcrmation on measurement, location, range,
and response time. The test train instrumentation consists of the
following: ' '

.

t'
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TABLE 3. INSTRUMENT REQUIREMENTS FOR TEST'0PTRAN 1-1 FUEL R00
AND SHROUD-INSTRUMENTATION

f

Fuel Rod
Instrumegt or Shrogd InstrumentMeasurement Instrument Location Numoer Range: .

!' C1 adding Strain gauge 0 + 2.5 mm-180*- 901-3 +2%* circum- -200 + 2.5 mm-180*
-

ferential'- -
..

,

strain

"

C1 adding Strain gauge- ~0+ 901-3 +2%
longitudinal -200 +_ 2.5 mm-0'
strain

- 2.5 mm-O'
_

,

Snroud Strain gauge + 25 + 2.5 mm-45 901-3 +2%
strain

'

-175 ~ 2.5 mm-45*
--

f
<

-gauge>

j sensitivity
i

; Neuteon Flux wire 180' 901-1, as
flux 0.51% cooalt, 901-2 received

; 99.49% -901-3
! aluminum 901-4

901-54 ,

901-6

'
.

F

'

All elevations are relative to tne axial midplane of the PBF core, alla.
orientations relative to tne center of tne assemoly.

4

o. Snroud numoer is tne same as its corresponding rod numoer.-

.

:

$
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I T?BLE 4. . INSTRUMENTATION FOR TEST OPTRAN 1-1 . TEST
'

,

' TRAIN SUPPORT STRUCTURE
!

i
a~

. Instrument Instrument<

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

.

outlet of tne
flow shrouds

|. .

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

outlet of the
flow shroud

,

i Coolant External Outside IPT
. O to 13.8 MPa

pressure pressure head, connected
transducer (1) to shroud midplane

by tuning.e

.

t Coolant flow Turbine Inlet of each 63 to 820 cm3 s/
flowmeter (4) flow shroud'

i

! .

Coolant inlet Tnermocouple (4) Inlet of eacn 300 to 600 K -

'

,

temperature flow snroud -

' Coolant outlet Tnermocouple (4) Outlet of each 300 to 600 K
Temperature ~ flow shroud

Coolant Differential One at inlet 0 to 20 K
differential Tnermocouples and outlet of
Temperature (4) each flow shroud.

Relative CoDalt SPNDs. One detector 0 to 2.5 x
neutron flux (834 mm) (2) located on the 1014 n/cm2 3

- water tuDes in
cuadrants 2 and
4. (0-mm eleva-
tion).

LRelative Cooalt SPNDs Two strings 0 to 2.5 x
neutron flux (100 nu) (10). of five detec- 1014 n/cm2.s

t tors eacn.loca- ..

-ted on the water'
tubes in cuad-
rants 1 and 3. -

.

'

(0,+150,and.
+300 mm)

c

; - 10
i

,

--n- ~ , . , , , . m .e- n4-y- - -.4 7 , - < - - ;-n ~ n--,--.~ ..w,- , , . , - - - , - ,- ,ee



TABLE 4. (continued)

Instrument * Instrument
Measurement _ Instrument Location Range

Relative U-235 fission One fission cham- 0 to 2.5 xneutron flux cnamoers (2) Der and gamma 1014 n/cm2.s
(continued) chamoer compen-*

sator located
on the water

. tubes in cuad-
rants 2 and 4.
(0-mm elevation)

Relative Platinum SPGD One detector. O to 4.0 x 106
gamma flux (100 mm) (2) located on the R/nr

water tuoes in
cuadrants I and
3. (0-mm eleva-
tion)

.

Cladding LV0T (4) Bottom end of + 12. 7 n's
axial strain each rod

.

.

.

a. See Figure 2 for radial orientations.

.
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1. A 17.2 MPa pressure transducer located near the shroud outlets to
measure changes in coolant pressure.

2. A 69 MPa pressure transducer located near the shroud outlets.

3. A 13.8 MPa Sensotec pressure transducer located outside the IPT
,

head connected by tubing to the midplane of one of the flow
shrouds to measure normal system pressure. -

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

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

.

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

.

7. An LVDT located at the bottom of each fuel rod to measure '

cladding axial strain.

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

9. Twelve self-powered neutron detectors (SPND) one located on each

water tube in' quadrants 2 and 4, and 2 strings of 5 detectors
located in the water tubes in quadrants 1 and 3.

10. Two U-235 fission chambers to measure relative neutron flux
located in quadrants 2 and 4 water tub?s.

.

11. Two platinium self-powered gamma detectors located on quadrants 1 .

i and 3 water tubes.

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

2.3.3 Plant Instrumentation

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

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

4. EV-1, EV-2 ion chanbers. '

5. In-pile tube system pressure.
.

6. In-pile tube differential pressure..

7. Loop fiow rate.

8. Loop fission product detection system.

a. 1 gamma spectral data channel
b. 3 gross gamma channels

c. I delayed neutron channel
d. 2 flowmeter channels
e. I thermocouple channel

9. Core fuel rod LVDTs (3).
.

10. Reactor vessel strain gauges (3).
.

13
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i.

11. Loop pressure transducers-(6).
S

: - 12. 'Heise loop pressure gauge.
,,

,

j 13. Transient rod position (4)
. ,

i :

1 t.

;- 14. Power demand function (1) |
;

l * 1

k
i
1

4

|
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3. EXPERIMENT OPERATING PROCEDURE,

1

Details of the expe?imental procedure of Test OPTRAN 1-1 for each,

; operating phase are discussed below along with instrumentation status check
requirements and heat.up procedures.

.

%

: ~ The nuclear operation for Test OPTRAN 1-1 will consist of a fuel rod
t*

power calibration and conditioning phase during the first slow ramp,4

followed by one to five power transients. A slow power ramp will precede
4

each of the power transients. Interspaced between these phases will be
instrument status checks. Af ter each transient, the data will be analyzed

,'
to' evaluate fuel rod response. The specific operatus :equence for the
test is. presented in Table 5 and the power history is shown graphically in
Figure 3. Each experimental operating phase and the instrumentation status

: requirements are considered below.
f

*

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 sLspended until

| the OPTRAN 1-1 Project Engineer's approval has been obtained to continue

the test. Since instrument status will be monitored on the PBF/DARS
display, the'soerce of instrument output difficulites can range from.

instrument malfur.ction or failure, signal conditioning, transmissions or
DARS calibration problems. If.the experiment is interrupted by an apparent 4

instrumentation malfunction, it will be necessary for cognizant data system
and instrumentation personnel to determine the source of the malfunction

~

indicated and the renedial action necessary for test procedures _ to,

continue. If it is determined that a critical instrument has failed or
'

that repairs can only be made by removing-the test train from the reactor,+

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

Anticipated
. Time Duration Reactor Power Peat Rod Power Inlet Temperature Snroud Flow System Pressure

(hours) (MW) 'kW/m (k) (1/s) (MPa) Comments
,

8 'O O Anetent 0 Ambient to 7.6 Cold HyJrostatic Check of Loop. Pressure should not
exceed 7.6 W a (1100 psig).

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

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

1 0 0 550 0.1, 0.2, 0.3 7.24 Flow checks (Shroud versus IPT bypass) .
0.4, 0.6, 0.8

s 1.0
cn

24 0 0 550 0.35 7.24 Reactor startup chects.radionuclide injection

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

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

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

8 0 0 550 to Aseient 0.350 to 0 7.24 to 0 Loop cooldoen and :*epressurization, data reduction

32 0 0 Amotent 0 0 Remove test train, replace one fuel rod,
replace test train in IPT

$
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TABLE 5. (continued)

-

Anticipated
Time Ouration Reactor Power Peak Rod Power Inlet Temperature Shroud Flow System Pressure

(nours) (MW) kW/m (t) (1/s) (MPa) Comments

8 0 0 Ambient 0 Ambient to 7.6 W a Cold hydrostatic check of loop. Do not exceed
7.6 MPa

8 0 0 Ambient to 550 0.68 7.24 Heat up and pressurization, instrument status check
at 350 K

2 0 0 550 0.68 7.24 Instrument Status Check and DARS auto-ca11 oration
zero power offsets taken. DIRC review required

2 0 0 550 0.68 7.24 Reactor startup checks

25 0 to 24.8 0 to 38 550 0.68 7.24 Second slow power ramp

2 24.8 38 550 0.350 7.24 Second 2 hour steady-state operation
u

0.1 24.8 (initial) 38 550 0.350 7.24 Second power transient

8 0 0 550 to amoient 0 0 Loop cooldown and depressurization, data reduction
32 0 0 Ambient 0 0 Renove test train, replace one fuel rod, replace

testQ train in IPT
U 8 0 0 Amoient 0 Ambient to 7.24 MPa Cold hydrostatic check of loop
d
g 8 0 0 Ambient to 550 0.68 7.24 Heatup and pressurization, instrument status chect

at 350 K,
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TABLE 5. (continued)

Anticipated
Time Duration Reactor Power Peak Rod Power Inlet Temperature Shroud Flow System Pressure

(hours) (MW) kW/m (k) (1/s) (MPa) Comments-
1

2 9 0 550 0.68 7.24 Instrument status check and DARS auto-calibration,
2ero power and flow effects taken

2 0 0 550 0.68 7.24 Reactor startup checks

~ 25 0 to 24.8 0 to 38 550 0.68 7.24 Tntrd slow power ramp

2 24.8 38 550- 0.35 ~ 7.24 Third 2 nour steady state operation

0.1 24.8 (initial) 38 550 0.35 7.24 Third poner transient

4 0 0 550 0.68 7.24 Data reduction, reactor startup check
-

9 0 to 24.8 0 to 38 550 0.68 7.24 Fourth power ramp

2 24.8 ' 38 550 0.35 7.24 Fourth steady state operation

0.1 24.8 (initial) 38 550 0.68 7.24 Fourth poner transient

4 0 0 550 0.68 7.24 Data reduction, reactor startup cnecks
9 0 to 24.8 0 to 38 550 0.68 7.24 Fifth power rasp

2 24.8 38 550 0.35 7.24 Fifth steady-state operation-

0.1 24.8 (initial) 38 550 0.35 7.24 Fiftn power transient

8 0 0 550 to ampfent 0.35 to 0 7.24 to ambient Data reduction, loop cooldown and depressurization.

(283 Total)
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test procedures will remain suspended. This experiment status will be
maintained pending'a decision by the OPTRAN 1-1 Project Engineer and TFBP
management as to the course of action to be followed.

Instrumentation for Test OPTRAN 1-1 have 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, the PBF/DARS output will be verified by
the input of signals to the low level amplifiers or in accordance with a
checklist to be supplied by the Instruments and Data Systems Sec' tion. This
checklist will be incorporated into the experimental operating procedures
and will be signed off by the supervisor of the Instrument and Data System

,

Section or his alternate prior to loop heatup.
.

The pressure during the cold hydrostatic test should not exceed
7.6 MPa (1100 psia) to prevent cladding deformation. During the cold
hydrostatic test, instrument readings at pressures of 20%, 40%, 60%, 80%,
100%, 80%, 60%, 40%, 20% of the 7.6 MPa system pressure will be performed
as follows:

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

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

In the event of a DARS channel failure, pe uission must he obtained "

from the supervisor of the Instrumentation and Data Section or his
,

alternate before the failed channel can be changed. New channels must be

20
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TABLE 6. MINIMUM REQUIRED OPERABLE INSTRUMENTATION
DURING VARIOUS PHASES OF TEST OPTRAN 1-la

,

Pre-Installation Pre-Pomer Pre-Pomer
' Number of of Test Train During Calibration TransientInstrumentation Instruments in IPT Heatup Phase Burst Phase i

j . Cladding circumferential 2 2 of 2 Reo'd I of 2 1 of 2 1 of 2 -; strain gauges
Cladding longitudinal 2 2 of 2 Reo'd I of 2 1 of 2 1 of 2strain gauges
Strain gauge sensitivity 2 1 of 2 Reo'd I to 2 I of 2 1 of 2 '
Coolant pressure 3 2 of 3 2 of 3 1 of 3 1 of 3 iCoolant inlet flow meter 4 4 of 4 4 of 4 2 of 4 2 of 4Coolant inlet temperature 5 5 of 5 2 of 5 2 of 5 2 of 5Coolant outlet temperature 4 4 of 4 2 of 4 2 af 4 2 of 4Coolant shroud differential 4 4 of 4 4 of 4 4 of 4 4 of 4ro temperature.

"
SPND 2 2 of 2 1 of 2 1 of 2 1 of 2'
SPMD 10 (5 in a string) 10 of 10 6 nf 10b 6 of 100 6 of 10bU-325 Fission chae ers 2 2 of 2 1 uf z 1 of 2 1 of 2
SPGD 2 2 of 2 1 of 2 1 of 2 1 of 2
LVDT 4 4 of 4 4 of 4 2 of 4 2 of 4

_
toop pressure gauge 1 1 1 1 1

1

a. Any discrepancies must be approved by OPTRAN Project Leader.
D. 3 in each string of 5 should be operable.
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verified. A posttest integrated data systems calibration will be performed
after reactor building reentry <is permitted.

After DARS-checkout is completed, instrument status checks are to be
made (a) at abc'Jt 350 K, (b) af ter heatup prior to power calibration
phases, and (c) prior to each power transient. Checklists will be

.

completed during the status checks (Appendix A). Certification that each
instrument is within an acceptable range must be made by the .

Test OPTRAN 1-1 Project Engineer or his designated alternate. If the
readings are not within range, or at any time during the test there is an
apparent malfunction in an instrument or data channel, remedial actons must

{ be completed or the Test OPTRAN 1-1 Project Engineer approval must be
obtained in order to continue test operation. Autocalibration of the DARS
channels is required before each slow power ramp and before each power
transient. The plant protective system scram point for OPTRAN testing

,

should be adjusted to as near the core limit as permissible for each power
transient.

.

3.2 First Loop Heatup -

The initial part of testing will consist of a hydrostatic pressure
check followed by heatup of the loop to the desired coolant temperature,

3pressure, and flow - 550 K, 7.24 MPa and 680 cm /s flow-throuyo T h flow
shroud. Instrument status checks will be made at about 350 K and again
af ter the loop coolant temperature has reached 550 K. The loop pump will
be turned off for a few minutes to normalize the coolant pressure
transducers to the Heise gauge pressure at 550 K. The IPT flow by-pass
will be measured at 550 K by closing the flow by-pass line valve and then
measuring the flow through the four flow shrouds and the total loop flow.
(See Appendix B). By-pass ratio of about 3.0 + 0.5 is expected. After the

_

flow bypass measurements are completed, the flow bypass valve should be

adjusted such that a flow of 350 cm3/s can be obtained at 550 K, and
'

7.24 MPa for the next part of the test.
,

.22
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Data will be recorded on the DARS during the hydrostatic pressure
check, the heatup and the flow checks.

3.3 Radionuclide Tracer Injection-

Prior to nuclear operation and following loop heatup and by-pass flow
*

measurement, fission product behavior in the test loop will be
characterized by the release of a radioactive tracer material for,

measurement by the FPDS. With loop conditions maintained at 550 K,
7.24 MPa and 350 cm3 s shroud flow, the sample injection system will be/

operated in accordance with a D.O.P. to provide controlled release of the
tracer material to the test loop. The exact time of initiation of the
sample injection will be recorded in the plant operations log and all other
data will be recorded on the DARS during the sample injection and for
4 hours following the injection. The shroud flow will then be increased to

: 680 cm3/s.

.

-3.4 Prenuclear Instrement Drif t 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 con'ditions.

3.5 First Slow Power Ramp
,

The first nuclear operation will consist of a 20 hour gradual power
increase. During this operation the thermal-hydraulically determined fuel
rod power will be intercalibrated with the reactor power and the SPNDs on,

the test assembly and a short-lived fission product isotope-inventory will
be obtained. For p eliminary calculations, an axial peak-to-average
neutron flux ratio of 1.22 will be used. The required coolant conditions1

-

are: 550 K inlet temperature, 7.24 MPa IPT pressure, and 680 cm3/s flow
through each shroud. The maximum fuel rod power ramp rate is 4.4 kW/m per

,

hour up to 20 kW/m and a maximum ramp rate of 0.9 kW/m per hour from 20 to
34 kW/m.

,
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In case _of an aborted startup, the rod power may be increased during
the next nuclear operation at a maximum ramp rate of 4.4 kW/m per hour up
to the maximum rod power value reached just prior to shutdown.

3.6 First Steady-State Operation

.

After reaching a peak rod power of 34 kW/m, the rod power will be held'

aprroximately constant for two hours. The shroud flow will slowly be .

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

3350 cm /s shroud flow.

3.7 First Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 34 kW/m, the first power transient will be performed. The required
coolant condition prior to the transient are: 550 K inlet temperature,

,

7.24 MPa IPT pressure, and 350 cm3 s flow through _each flow shroud. The/

reactor will be operated to increase the peak rod power from 34 kW/L .a -

120 kW/m in 0.34 s and then decreased to zero power. The power transient
is shown in Figure 4. Cladding f ailure of one or more of the fuel rods
vill be evaluated by the response of the fission product detection system.
It fuel rod f ailure is detected, loop conditions are to be maintained
approximately constant for 4 hours after the power transient. If fuel rod

failure does not occur following the first power transient, the loop will
be cooled and depressurized, the test train removed from the IPT, and fuel
Rod 901-4 and associated flow shroud will be removed and replaced with
Rod 901-5 and shroud. In the event that fuel rod failure is indicated by
the fission product detection system, all of the fuel rod flow shrouds will
be sipped to determine which rod (s) have failed. If two of the fuel rods
f ail following the first power transient fuel Rods 901-5 and 901-6 will be

i used to replace the failed fuel rods. If three or four of the-fuel' rods
~

fail ~as a result of the first power transient, the test will be terminated.
.

|
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3.8 Second Loop Heatup

i
' A cold hydrostatic check'of the loop will be conducted prior to the

second heatup after the test train is installed in the IPT. An instrument
status check is to be made at 350 K and again at 550 K. After the desired
test conditions are achieved, (550 K, 7.24 MPa, and 680 cm3 s shroud/

,

flow), a coolant flow balance check measurement, and zero power-zero flow
'

instrument offsets will be obtained. The DARS is to be recording data .

j during the hydrostatic pressure check, during heatup, during the flow
balance measurements, and during the zero-of fset measurements.

3.9 Second Slow Power Ramp

The'second power ramp will essentially be a repeat of the first slow
power ramp. The required coolant conditions are: 550 K, 7.24 MPa, and
680 cm3/s flow through each shroud. The peak fuel rod power will be
slowly increased from 0 to 38 kW/m (34 kW/m if fuel rod failure occurred

,

during the first power transient) at a ramp rate of 4.4 kW/m per hour up to
20 kW/m and a maximum ramp rate of 0.9 kW/m per hour from 20 to 38 kW/m. -

3.10 Second Steady-State Operation

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

3.11 Second Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 38 (or 34) kW/m, the second power transient will be performed. The
required coolant conditions are: 550 K inlet temperature, 7.24 MPa IPT
pressure, and 350 cm3/s shroud flow. If fuel rod failure did not occur

'

during the first power transient, the reactor will be operated to increase
,

the peak rod power from 38 kW/m to 150 kW/m in 0,34 s and then decreased to
.

26

. ._.



._

-
- ,.

. .

250 , , , , , , , ,

.
-

200 - -

-
.

7
N

3 150 -
-

-

s.

2 -
-

E
' 100 -

.e
%'
s

1

? :-
-<

1

|

50 I-
.

-
, .

0 * * ' ' * - 2

0 1 2 3 4

Time (s)
Figure 5. Planned test rod average power history during Test OPTRAN 1-1,

transient number 2.

__ _ _ _ _ _ _ _ _ _ _ _ - _. - - _ - _ _ _ _ _ _ _ - _ _ - _ - _ -



|

zero_ power. The second power transient is shown in Figure 5. If fuel rod

f ailure did occur during the first power transient, the reactor will be
operated to increase the peak rod power from 34 kW/m to 120 kW/m in 0.34 s
and then decreased to zero power. The test will be terminated in the event
that one or more fuel rods f ail following the second power transient. If

fuel rod failure is detected, loop conditions are to be maintained
approximately constant for 4 hours af ter the power transient.

.

.

If fuel rod failure is not observed, the loop will be cooled and
depressurized,_the test train removed from the IPT, and fuel Rod 901-5 and
shroud will be removed and replaced with Rod 901-6 and shroud.

3.12- Third Loop Heatup

A cold hydrostatic check of the loop will be conducted prior to the
third heatup after the test train is installed in the IPT. An instrument
status check is to be made at 350 K and again at 550 K. After the desired
test conditions are achieved, (550 K, 7.24 MPa, and 680 cm3 s shroud

.

/

flow). A coolant flow balance check measurement, and zero power-zero flow -

instrument offsets will be obtained. The DARS is to be recording data
during the hydrostatic pressure check, during heatup, during the flow
balance measurements, and during the zero-off set measurements.

3.13 Third Slow Power Ramp

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

'

3.14 Third Steady-State Operation
.

After reaching a peak rod power of 38 kW/m, the rod power will be held
,

1

approximately constant for 2 hours. The required coolant conditions are
550 K, 7.24 MPa, and 350 cm3/s sh'roud flow.

|
1

1
'
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3.15. Third Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
of 38 kW/m, the third power transient will be performed. The required
coolant conditions are: 550 K inlet temperature, 7.24 MPa IPT pressure,
and 350 cm3 s shroud flow. The reactor will be operated to increase the/

peak rod power from.38 kW/m to 190 kW/m in 0.45 s and then reduced to zero
'

p ower,. The third power transient is shown in Figure 6. The test will be .

terminated if one or more fuel rods fail following the third power
transient. If fuel rod failure is detected, loop conditions are to be
maintained approximately constant for four hours af ter the power
transient. If fuel rod failure is not detected, a fourth power transient
will be performed.

3.16 Fourth Slow Power Ramp '

The fourth power ramp will consist of increasing the peak fuel rod
,

power from zero to 38 kW/m at a maximum ramp rate of 4.4 kW/m per hour.

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

flow rate.

3.17 -Fourth Steady State Operation

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

; 3.18 Fourth Power Transient

Following the 2 hour steady-state operation at a peak fuel rod power
,

of 38 kW/m, the fourth power transient will be performed. The required
coolant conditions are: 550 K, 7.24 MPa, and 350 cm3/s shroud coolant

^

flow. The reactor will be operated to increase the peak rod power from
.

38 kW/m to 230 kW/m in 0.73 s and then reduced to zero power. The fourth

,
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power transient is shown in Figure 7. The test will be terminated if one
or more fuel rods fail following the fourth power transient. If fuel rod

f ailure is detected, loop conditions are to be maintained approximately
constant for four hours after the power. transient. If fuel rod failure-is

<

not detected, a fifth power transient will be performt

.

3.19 Fif th Slow Power Ramp

.

The fifth power ramp will consist of increasing the peak fuel rod
power from zero to 38 kW/m at a maximum ramp rate of 4.4 kW/m per hour.
The required coolant conditions are 550 K, 7.24 MPa, and 680 cm3/s shroud
flow rate.

3.20 Fifth Steady State Operation
.

Af ter reaching a peak rod power of 38 kW/m, the rod power will be held
approximately constant for 2 hours. The required coolant conditions are:

"

550 K, 7.24 MPa, and 350 cm3/s shroud flow.
.

3.21 Fifth Power Transient

Following the 2 hour steady state operation at a peak fuel rod power
of 38 kW/m, the fifth power transient will be performed. The required
coolant conditions are: 550 K, 7.24 MPa, and 350 cm3/s shroud coolant
flow. The reactor-will be operated as near the PBF core operation limit as
possible. It is expected that the transient will consist of an increase of
the peak rod power from 38 kW/m to 290 kW/m in 0.77 s. The fifth power
transient is shown in Figure 8. This transient will conclude nuclear
testing.

3.22 Loop Cooldown
.

If fuel rod failure is detected af ter any of the five transients, the
'

loop conditions are to be maintained approximately constant for four hours
af ter the power transient to allow acquisition of FPDS data. After
four hours the loop will be cooled down and depressurized.

31
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4.. DATA ACQUISITION AND REDUCTION REQUIREMENTS-

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

4.1. Data Acquisition Requirements
,

-

The data channels should be set to record the data based on the .

requirements of Table 7. All of the narrow band DARS channels should be,

' available for. display on ~the Vector General. The P8F/DARS will record data

[ during,the cold hydrostatic pressure check, the flow calibration, the-

j heatup phases,~during all nuclear operations, and 60 minutes after each
transient unless a fuel failure is suspected and then it will be 4 hours

; after the transient. Figure 9 indicate.; 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 OPTRAN 1-1 Quick Look r

;

; Report._ The third segmer;t concerns the Test Results Report. - Additional
plotting ~ requirements will be stipulated for the test analysis based'on'

.

j test performance and posttest code. analysis.

!'
; . 4.2.1 Test Conduct ~
!

; - In-order to determine the power ~ transient required ~ to achieve the
_

t- - target fuel rod power history for 0PTRAN 1-1, it wiil: be necessary to "

| process some of the-power-calibration data prior to conducting he first,
,

and possibly, successive = power transients. -The following data /equirements
-are needed:

;
:

! '
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TABLE 7. (continued)
4

Rod Recording Minimum Frecuencya bMeasurement Instrument Location Number Identifier Range Response Recuired (Hz)
f Coolant differential Differential Top & bottom 901-1/5 DELTEMPbbbbO1 0 to 20 K 10

i

Temperature thermocouple pair of each flow 901-2 DELTEMPbbbbO2
type T 901-3' ;DELTEMPbbbbO3

901-4/5/6 DELTEMPbbbb04

Test Train,

System pressure 69 W a EGEG Fxd Near snroud SYSOPRESbb69EG&G 0 to 69 MPa 100. 500
ou'lets

System pressure 17 W a Kaman Pxd Nevr snroud SYSbPRESbo17kA 0 to 17.2 W a 100,500
ou'lets

System pressure 13.8 W a Sensotec Pxd Outside of IPT SYSbPRESbbl4bSENS 0 to 28 Wa 10

Neutron flux Cobalt SPND ' Water tube 0 m NEUTbfLXbbO2bb0 10-8 to 10-3 A 100
quadrant-2

Neutron flux Cobalt SPND Water tube NEUTbfLXbbQ4bb0w quadrant-3 0 m
* Neutron flux Cobalt SPND Quadrant-1-300 mm NEUTbFLXbbQ1-300 10-8 to 10-3 A 100

-150 nun NEUTbfLXbbQ1-150
0 mm NEUTbFLXbbQIbbb0

+150 m NEUTOFLXbbQ1+150
+300 m NEUTDFLXbbQ1+300 ,
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TABLE 7. (continued).

Rod' :U-
Recording Minimum Frequency

Measurement Instrument Location * Numoer Identifter Range Responce Recutred (H2)
_

Neutron'flum SPND Quadrant-3 -300 mm" NEUTbfLXboQ3-303 10-8 to 10-3 A 'l00
-150 mm - NEUTDFLXDbQ3-150

- s

O mm NEUTbfLXDbQ3DbOO.
-

+150 mm NEUTDFLX0003+150
. 300 mm NEUTDFLXo0Q3+300+

4
,

SPGD Water tubesGamma. flux
2' quadrant-1 0 mm ~ GA*MAFLXobQlb0, 10-8 to 10-3 A 100

. .

. . ' Quadrant-3- O em GAPW FLXboQ300
-Neutron flux- - U-235 fission Water tubes

cnamber quadrant-2 0 mm FISSCHBRbbQblDO. 10-8 to 10-3 A 100

Water tubes
cuadrant-4 0 mm , . FISSCHBRobQb300

'

FPDSd
'w

lsotope Concentration FPDS Spec'trceeter . FPDS - FP. SPEC' PDP-15 NA ;CN

Gross Gamo Rate No. I Gama Detector FPDS - : FP0GamaooNo.bb1 10 to 106 counts /s 10

Gross Gama Rate No. 2 Gamma Detector- FPDS - FPbG vunaDDNo.bo2 10 to 106 counts /s 10'
i

Gross Game Rate No. 3 Gama Detector FPDS- - FPoGamaooNo.bb3 .10 to 106 counts /s- 10

Gross Neutron Rate Neutron Detector FPDS FPbNeutbODFP.. 10 to 106 counts /s 10
.

to 44 cm3 s 10 %FPDS Flow Rate No. I Flo= meter FPOS - FPDFlomboDNo. 1
0 ~ to 44 cm3 s 10

/ '

FPDS Flow Rate No. 2 Flo= meter FPDS - FPDFlowoobNo. 2 0 /
,

' '

Pipe Temperature- Thermocouple - FPDS - .FPDTemp.bbOPipebFP 300 to 600 K (ss); 1000 K (tr) 10 ,

Plante'

NMS-3 ( 30 MW) Ion Cnamber Plant' - REACDPOWbbMMS-03PT

Plant - REACDPOWDbNMS-04PT JO~ to 30 MW 10NMS-4 ( 30 MW) lon Chamoer
' Plant - REACbPOWbb?PS-01PT 0 to 200 MW 100 C'

PPS-l (200 MW) . Ion Cnamber
REACbPOWbbPPS-02PT 0 to 200 MW - 100-

.PPS-2 (200 MW) lon Cnamner : Plant'

.PPS-3 (200 MW) lon Chaecr Plant -- REACDPOWbbPPS-03PT. 0 .to 200 MW 100' M-

j
RZACDPOWDDPPS-04PT ,O to 200 MW 100PPS-4 (200 MW) . Ion Cnamoer- Plant -

:: e
TEED
b

d
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TABLE 7. (continued)
'

*

Rod Recording Minimum Frequency y
b

Measurement ' Instrument Location * Number, Identtfier p,ng, -Responce Required (Hz)

TR-l'.(200 MW) Ion Chamber Plant - REACDPOWo0200TRIPT. O to 200 MW 100

EV-1 (200 MW)- Evacuation Chamoer. Plcnt
- RfACOPOWob200TR2PT- O to 200 MW. 100TR-2. (200 MW) lon Chamoer

' 'Plant - REACDPOWoo200EVIPT 0 to 200 MW 100

EV-2 (200 MW) fvacuation Chancer Plant REACbPOWbbl00EV2PT 0 to 100 MW 100-

System Pressure PXO Plant - SYSPRESuboHEISEDooPT 0 to 17 MPa 10
IPT Pressure PXD Plant - IPTDDELPobbbDoubPT 0 to 0.69 MPa' 10

. differential
Loop Flow Venturi Plant. - LOOPbfL00nbbDbboPT 0 to 62 1/s 10

VESTRAINobbh0.loPT 0 to 500 in/in 10Vessel Strain Strain Gauge Plant -

VESTRAINODONO.2bPT 0 to 500 in/in 10 -. Vessel Strain Strain Gauge Plant -

Core Rod Axial Growth _ -Core LVDT No. 1 Plant - CLAD DSPoDCORE10PT + 12.7 mm 100
Core Rod Axial Growtn Core LVDT No. 2 '~ Plant - CLAD DSPbDCORE20PT - T 12.7 mm 100
Core Rod Axial-Crowtn Core LVOT No. 3 Plant - CLAD DSPboCORE3bPT 'T 12.7 en 100

LOOPPRESbbb5-200PT U to 34 W a 100Loop Coolant Pressure . O to 34 W a PXD Plant- -

. Loop Coolant Pressure O to 34 MPa PXD Plant - LOOPPRESbbb5-23bPT 0 to 34 MPa 100
Loop Coolant Pressure O to 34 MPa PXD Plant - LOOPPRE5bbo5-24bPT 0 to 34 MPa ,100

w Loop Cwlant Pressure O to 34 MPa PXD Plant - LOOPPRESbbb5-250PT 0 to 34 MPa 100
-Co Loop Coolant Pressure O to.34 MPa PXD Plant - LOOPPRESb005-34bPT 'O to 34 MPa 100-

Lcep Coolant Pressure O to 34 MPa PXD Plant - L90PPRESOOO5-35bPT 0 to 34 MPa -100
COREPFESbODWboboPT 0 to 34 W a 100'Core Pressure -O to 34 MPa PXD Plant --

Core Pressure O to 34 MPa PXD Plant . COREPRESDbbMEbbbPT 0 to 34 MPa 100
Cse Preswre 0 in 34 MPa P10 Plant - COREPRESbbbSEboDPT 0 to 34 W a 100
trentient rod position 1 LVDT TR drive 1 TRANSR000bNUMD0lPT' o to 2 m 100
Transiot rod posttion 2 I VD1 TR drive 2 TRANW ODubNUMo02PT o to 2 m 100

;Trar. stent rod position 3. t.VDT TR drive 3 TRANSROCbbNUMbO3PT o to 2 m 100
Trans wat rod position 4 LVDi TR drive 4 TRANSR0DobhuMb04PT o'to 2 m 100

All elevations are nieasured from axial midplane o'f tF 2el sta:;k. The positive direction is with the coolant flow. Radial orientationsa.
are defined by Figure 1. U
b. b denotes blank.

; c. Not recorded. -

4 d. Fission Product Detection System (FPDS).
j e. The indicated ranges of the core neutron chambers are 200 NW fo* transients 1 and 2, 5000 MW for transients 3, 4 and 5. p

6J
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CLO DSP.01 SHRD FLOW 01 SF.i FLOW 03

CLD DSP 02 SHRD FLOW 02' SHRD FLOW 04

.-

. .

~

CLD DSP 03 SYS PRES 69 EGG GAMMA FLUX Q1 0

,

CLD DSP 04 SYS PRES 17KA FISS CHBR Q2 0

.

REAC POW 30 NMS4 PT SYS PRES 13.8 SENS FP GAMMA No. 1
.

]. REAC POW 200 TR1 PT SYS PRES HEISE PT FP GAMMA No. 2

4

I

NEUT FLX'Q1 0 NEUT FLX Q2 0- FP GAMMA No. 3

NEUT FLX Q3 0 NEUT FLX Q4 0 FP NEUT FP
S

,

;

Figure 9. Strip chart setup for OPTRAN 1-1 power' calibration, conditioning,
and transient phases.

.
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Second order regression fit of each fuel rod-power / chamber output as a
function of control rod position for each of the following: ~ reactor-
power chambers (TR-1, TR-2, EV-1, EV-2) all SPNDs, all SPGOs and all
fission chambers, during the slow power ramp portion of the test.

.

For the evaluation of the. transient power controllability and the
,

transient PPS channels following each power transient, plots and printouts
of the following parameter are requested. -

1.- Power demand function (1)

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

:

3i Tr:nsient rod positions (4) '
-

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

These data should cover a time span from one second prior to transient -

initiation to one second af ter reactor scram.

4.2.2 Quick Look Report

Test data plots and data pretest calculation comparison plots for the
Quick Look Report are to be prepared as soon as practical af ter completion
of the test. The plots generated will go directly into the Quick Look

i Report without redrawing or handling by graphics personnel. The plots
should conform to 8-1/2 x 11 inch paper with conventional margins. All
plotted data are to be in standard SI units. A complete list of the plots
required for the Quick Look Report will be provided by the OPTRAN 1-1
Project Engineer within two weeks of the test. _Upon termination of the-
test, the ES&A representative should be given copies of the PBF console

~

log, strip charts and any-other documentation necessary to estaolish
specific data requirements and to prepare the Quick Look Report.

40,
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4.2.3 Test Resalts Report

Data plot requirements fce'the' Test Results Report are expected to
4 evolve.:during the analysis M the test data. These requirements will be

transmitted to-the data system group as_the need' arises.

"The data associ eed with the fuel rod and test assembly
'

instrumentation presented in Table 8 shall be thoroughly reviewed and,

9tegorized as qualified or failed. data.- The time period and priority for-

which these data are to be quali' ice is also presented in Table 8.
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TABLE 8. DATA QUALIFICATION REQUIREMENTS

Measurement Instrument Test Phase for Data Qualification Priority

Cladding circumferential strain CLDSTNHPbbbbbOb180 All power transients 1
CLDSTNHPbb-200b180 All power transients 1Cladding longitudinal strain CLDSTNAXDbbbbObbb0 All power transients . 1

. . CLDSTNAXbb-200bbb0 All power transients 1Strain gage sensitivity SGSENSAXbbbb2Sbbb0 ' All power transients 1

SGSENSAXbb-175bbb0 All power transients 1

Snroud flow SHRDFLOWbbb01 All nuclear operation 1
SHRDFLOWbbbO2 All nuclear operation 1
SHRDFLOWbbbO3 All nuclear operation 1
SHRDFLOWDbb04 All nuclear operation 1

Cladding elongation CLADbDSPbbb01 All power transients .1
CLADbDSPbbbO2 All power transients 1
CLADbOSPbbbO3 All power transients 1
CLADDDSPobb04 All power transients 1

M Coolant inlet. temperature INLTTEW bbb01 All nuclear operation 1
RTDoTEWbbbOI All nuclear operation 1

Coolant temperature rise N LOTEMPbbbO1 Eacn slow power ramp 1
D LDTENDDD02 Each slow power ramp 1
"ELDTEMPbbbO3 Each slow power ramp 1

,

.DELDTEMPbbb04 Each slow power ramp 1

System pressure SYSDP'ESbb28bSENS All nuclear operation 1

Neutron flux NEUlbfLXDbO2bbb0 All nuclear operation 1
NEUTbFLXbbQ4bbb0 All nuclear operation 2 YNEUTbFLXbbQ1-300 All nuclear operation 1

. NEUTbFLXbbQ1-150 All nuclear operation 1
,,

NEUTbfLXbbQ1bbb0 All nuclear operation 1 ,2

NEUTbFLXbbQ1+150 All nuclear operation 1
-

NEUTDFLXbbQ1+300 All nucirer operation 1 %-
Gama flux GAMAbFLXt,00lbbb0 All M c. ear operation 1

GAMADFLXbbQ3bbb0 Al'. nuclear operation 2

-

. ,

- W
W
b
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5. POSTTEST OPERATION 5 SUPPORT

Before the test and following each power transient, two loop water
samples will be taken for chemical and fission product analysis. One
sample should be analyzed for nitrogen, oxygen, and hydrogen,.and the other4

shoud be tagged "For Fission Product Analysis" and.with the da's 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 OPTRAN 1-1 Project Engineer.

Table 9 lists the estimated fission product inventory and the total
activity (R/h,-) at 30.5 cm distance, in air, from the fuel rods at various
times after nuclear operation. Scheduling of the' disassembly of the test
train in the canal will depend on worker safety _ limits. The calculations
presented are based on expected power operation. Deviations between the
planned and actual power histories may require recalculation of the
activity levels and fission product inventories. Intact fuel rods should

'

be shipped as soon as possible. Fuel rods that fail during testing may be
shipped within one week after the test is completed. The removable-.

sections of the sample injection system supply line and the FPOS sample
line should be removed from the test train and shipped as soon as possible.

Closure plugs should be installed on the upper. and lower ends of. each
flow shroud after they are removed from the test assembly to prevent loss
of material during handling and shipment to the hot cell if a rod has
failed during testing. Posttest handling, shipment, and storage should be
performed carefully to minimize the possibility of further fuel rod
damage. Fuel rods that have not .obviously f ailed will be leak tested at
the hot cell.

.

i e
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TABLE 9. RESULTS OF PADIOLOGICAL HAZARDS ANALYSIS FOR TEST OPTRAN 1-1

DecayTime(day}
Isotope 0 6 12 24 36 48 60 72 84

I-131(C1) 3.843 + lb 2.864 + 1 1.720 + 1 6.122 + 0 2.179 +0 7.756 - 1 2.760 - 1 9.825 -2 3.497 -2
1-132 1.297 + 2 4.431 + 1 1.232 + 1
1-i33 4.945 + 2 4.618 + 0 3.980 - 2 2. 92 - 4 neg
I-134 1.620 + 3 neg
I-135 1.035 + 3 3.532 - 4 1.196 - 10 0

a. Based on an average rod.
3D. 3.843 + 1 = 3.843 x 10 .

$
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6. POSTIRRADIATiOR EXAMINATION REQUIREMENTS

The planned postirradiation examination-(PIE) for Test OPTRAN 1-1
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 d'imensional and photographic examination of all
six rods.

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

4. Isotopic gama scanning of all rods for the axial distribution of
specific fission product isotopes such as Cs-137 and if scanning

'

can be done shortly af ter irradiation, I-131.
.

5. Neutron radiography of the rods.

6. Pulsed eddy current -(PEC) defect inspection to locate incipient
cracks in cladding walls. Profilometry should be done if
possible at this point also..

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

8. Metallography:

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

.

(b) Fuel cladding'' chemical interaction.

45



i

|

(c) . Cladding oxidation, microstructuis i hydriding.

) (d) Cladding failure and incipient cracks.

9. Chemical analysis:

(a) Incipient cladding cracks.
.

.

(b) Cladding hydrogen and oxygen content.
.

(c) Concentration of measureable fission products in fueli

(d) Fuel burnup.

10. Cladding ductility -

The gas composition in the rod profoundly affects the gap conductance
(and thus the fuel temperature) and the stress-corrosion at:nosphere in

,

contact with the interior surface of the cladding. The structures revealed- -

by metallographic examination of the fuel and cladding, such as fuel grain
size, fuel porosity, and cladding microstructure and oxidation layers are
products of the thermal and environmental history of the fuel rod during
the test, and thus are invaluable guides to an understanding of the fuel
behavior during the test. Chemical analyses such as cladding hydrogen and
oxygen content provide important data which can be related to cladding
properties such as ductility. Cladding ductility greatly influences fuel
rod integrity. Fuel burnup can be used as a measurement of rod test
power. The concentration of measureable fission products helps to evaluate
the fraction of fission products released during the transient.

~

Special techniques are required to measure the chemical species which
might be present at an incipient cladding defect. This measurement is of ~

!interest in the presence of' pellet-cladding interaction (PCI)-induced
,

defects because of the postulated stress-corrosion nature of PCI.

1
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PCI-induced failures are likely in the OPTRAN Test Series, especially
during tests in which the fuel rods will be subjected to multiple power
transients but will not reach film boiling conitions. In the examination i

of PCI-induced incipient defects (those which have-cot penetrated the full
cladding wall),. the preservation of the chemical species at the defect is

! paramount. Thus, the preparation of samples for scanning electron
microscope and electron microscope examination must be carried out in an

-

inert atmosphere.
,

,
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i

INSTRUMENT STATUS CHECK

Check List No. 1

- Pre-Inpile Tube' Loading:
-

i

; This' check list is in the Checkout Procedure identified in DOP 8.1.12,
'

and includes instrument' resistance checks prior to initial loading into the-

'in-pile tube.
,

i
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k

PRE-HEATUP INSTRUMENT STATUS

CHECKLIST NO._

- Reactor Power 0.0 MW

Coolant Temperature 350K

Heise Gauge Pressure MPa

-

Shroud Flow Ratea 0.680 1/s' TFBP Representative in
Charge

.

Certification
-Required Instrument

Instrument PBF/DARS Instrument -Within Range-.,

Identifier -Reading Reading (b)

CLDSTNHP 0 180 mm
CLDSTNHP -200 180 mm
CLDSTAX. 0- 0 mm,

CLDSTNAX -200 0 mm
_

CLAD DSP 01 m 0.0 + 0.5 mc
__

-

CLAD DSP - 02 .mm 0.0 7 0.5 mm
CLAD DSP- 03 m 0.0 I 0.5 mm
CLAD DSP 04 m 0.0 7 0.5 mm
SGSENSAX +25 0 mm

-.

SGSENSAX -175 0 mm
INLTTEMP 01 K 350 + 10 K. ,

INLTTEMP 02 K 350 T 10 K
INLTTEMP 03 -'K 350 T 10 K
INLTTEMP 04 K 350 T 10 K
OUT TEMP 01 K 350-T 10 K,

. OUT TEMP 02 K 350 T 10 K
'

' OUT TEMP 03 K '350 T 10 K
GET TEMP 04 K 350'T 10 K
SHRDFLOW 01 1/s Avg T 0.2 1/s'
SHRDFLOW 02 1/s Avg I 0.2 1/s-
SHRDFLOW 03 1/s Avg 10.21/s
SHRDFLOW 04 1/s Avg + 0.2-1/s'

' DELTEMP 01 K 0.0 7 0.2 K
->

DELTEMP 02 K 0.0 7 0.2 K
DELTEMP 03 K 0.0 T 0.2 K<

i
DELTEMP 04 K- 0.0 T 0.2 K
RTD TEMP 01 K- 350110K

.

6

e

f
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SYS PRES ~69 .EG&G MPa. + 3 MPa of Heise~
SYS PRES 17 .KA. MPat 'T 3 MPa of Heise
SYS PRES 14 SENS MPa T 1 MPa of Heise
NEUTFLX Q2: ~0 nA U.0 + 0.5 nA-

NEUTFLX .Q4~ 0 rA 0.0 T 0.5 nA
NEUTFLX Q1 --300 nA 0.0 T 0.5 nA
NEUTFLX Q1 150 nA 0.0 + 0.5 nA
NEUTFLX Q1- .0 nA 0.0 T 0.5 nA-

Q1 + 150'NEUTFLX nA 0.0 T 0.5 nA -

NEUTFLX Q1 + 300 nA 0.0 T 0.5 nA -

NEUTFLX .Q3 --300 nA 0.0 T 0.5 nA
NEUTFLX Q3 - 150 nA 0.0 T 0.5 nA

.

NEUTFLX Q3 -0 nA 0.0 T 0.5 nA
NEUTFLX Q3 + 150 nA 0.0 T 0.5 nA_

-NEUTFLX Q3 + 300 nA 0.0 T 0.5 nA
GAMMA bbQ1 0- nA 0.0 T 0.5 nA
CAMMA bbQ3 10 -nA 0.0 T 0.5 rA
FISSCHBR -Q2 0 nA 0.0 T 0.5 nA
FISSCHBR Q4 0 nA 0.0 T 0.5 nA
FP TEMP PIPE FP~ K

~

FP FLOW ~ NO. 1 1/s
FP FLOW NO. 2 - 1/s
IPT DELP PT MPa

'

SYS PRES PT MPa
*

PEAK POW .PPS-01PT
REAC POW PPS-02PT

.

REACPOW 100PPS2PT

.

4

a. Measured at flow shroud turbine meters.'

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

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

.
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PRE-POWER CALIBRATION INSTRUMENT STATUS

CHECKLIST NO.__,

Reactor Power- 0.0 MW

Coolant Temparature 550K

Heise Gauge Pressure 7.24 MPa
*

Shroud Flow Ratea 0.68 1/s TFBP Representative in
Charge

.

Certification
Required Instrument

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

CLDSTNHP 0 180 mm
CLDSTNHP -200 180 mm
CLDSTAX 0 0 mm
CLDSTAX -200' 0 mm
CLAD DSP 01 mm 0.0c + 0.5 mm '

CLAD DSP 02 mm 0.0 +~0.5 mm
CLAD DSP 03 mm 0.0 T 0.5 mm
CLAD DSP 04 mm 0.0 T 0.5 mm
SGSENSAX + 25 0 mm

--

SGSENSAX -175 0 mm
INLTTEMP 01 K 550 + 10 K.

INLTTEMP 02 K 550 T 10 K
INLTTEMP 03 K 550-T 10 K
INLTTEMP 04 K 550 T 10 K
OUT TEMP 01 K 550 T 10 K
OUT TEMP 02 K 550 T 10 K
OUT TEMP 03 K 550 T 10 K
OUT TEMP 04 K 550 T 10 K
SHRDFLOW 01 1/s AVG T 0.2 1/s
SHRDFLOW 02 1/s AVG T 0.2 1/s
SHRDFLOW- 03 1/s AVG T 0.2 1/s
SHRDFLOW 04 1/s AVG 10.21/s
DELTEMP 01 K 0.0 + 0.2 K
DELTEMP 02 K 0.0 T 0.2 K
DELTEMP- 03 K 0.0 T 0.2 K
DELTEMP 04 K 0.0 T 0.2 K
RDT TEMP 01 K 550 _T 10 K

i

l.

.

o
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SYS PRES 69 EG&G MPa + 3 MPa of Heise
SYS PRES 17 KA MPa T 3 MPa of Heise
SYS PRES 14 SENS MPa T 1 MPa of Heise
NEUTFLX Q2 0 nA- U.0 + 0.5nA
NEUTFLX Q4 0 nA 0.0 T 0.5nA
NEUTFLX Q1 - 300 nA 0.0 T 0.5nA
NEUTFLX .Q1 - 150 nA 0.0 7 0.5nA
NEUTFLX Q1 0 nA 0.0 T 0.5nA

.NEUTFLX Q1 + 150 nA 0.0 T 0.5nA
NEUTFLX Q1 + 300 nA 0.0 T 0.5nA .

NEUTFLX Q3 - 300 -nA 0.0 T 0.5nA
NEUTFLX Q3 - 150 nA _0.0 T 0.5nA-

~

NEUTFLX Q3 0 nA 0.0 7 0.5nA
NEUTFLX Q3 + 150 nA 0.0 7 0.5nA
NEUTFLX Q3 + 300 nA 0.0 T 0.5nA
GAMMA FLX Q1 0 nA 0.0 I 0.5nA
GAMMA FLX Q3 0 nA 0.0 T 0.5nA
FISSCHBR Q2 0' nA

-

-FISSCHBR Q4 0 nA
FP TEMP PIPE FP K

_

1

FP FLOW N0. 1 1/s
FP FLOW N0. 2 1/s
IPT DELP PT MPa

'

SYS PRES - PT MPa
'

;

REACPOW 100PPS1PT
REACPOW 100PPS2PT

|

}
4 .

a.' Measured at flow shroud turbine meters.

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

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

.
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PRE-TRANSIENT INSTRUMENT STATUS,

CHECKLIST NO._

Reactor Power 0.0 MW

Coolant Temperature 550K

Heise Gauge Pressure 7.24 MPa
*

Shroud Flow Ratea 0.350 1/s TFBP Representative in
Charge

.

Certification
Required Instrument

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

CLDSTNHP 0 180' mm

CLDSTNHP -200 180 m
CLDSTNAX' 0 0 m
CLDSTNAX -175 'O mm
CLAD DSP 01 m 0.0 + 0.5 m '

CLAD DSP 02 mm 0.0 T 0.5 m
CLAD DSP 03 m 0.0 T 0.5 m
CLAD DSP 04 mm 0.0 T 0.5 mm
SGSENSAX + 25 0 mm-

--

SGSENSAX -175 0 mm
INLTTEMP 01 K 550 + 10 K..

INLTTEMP 02 K 550 T 10 K
INLTTEMP 03 K 550 T 10 K
INLTTEMP 04 K 550 T 10 K
OUT TEMP 01 K

-

OUT TEMP 02 K
OUT TEMP 03 K
OUT TEMP 04 K
SHRDFLOW 01 1/s 0.35 + 0.2 1/s
SHRDFLOW 02 1/s 0.35 I 0.2 1/s
SHRDFLOW 03 1/s 0.35 T 0.2 1/s
SHRDFLOW 04 1/s 0.35 T 0.2 1/s
DELTEMP 01 K

-

DELTEMP 02 K
DELTEMP 03 K

-DELTEMP 04 K
RDT TEMP 01 K 550 + 10 K

.

.

s'
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5

SYS PRES 69 EG&G -

MPa + 3 MPa of Heise
SYS PRES 17 KA MPa + 3 MPa of Heise

-SYS PRES 14 SENS MPa T 1 MPa of Heise
NEUTFLX Q2 0 nA

-
-

, NEUTFLX Q3 0 'nA
i NEUTFLX Q 1 - 300 nA
'

NEUTFLX Q 1 - 150 nA
NEUTFLX Q1 0 nA
NEUTFLX Q 1 + 1504

_
nA

NEUTFLX Q 1 + 300 nA -

NEUTFLX Q 3 300 nA
NEUTFLX Q 3 - 150 nA .

NEUTFLX Q3 0 nA ;

NEUTFLX Q 3 + 150 nA
.NEUTFLX Q 3.+ 300 nA

'

GAMMA FLXbbQ1 0 nA
GAMMA FLXbbQ3 0 nA
FISSCHBR Q1 0 nA
FISSCHBR Q3 0 nA
FP TEMP PIPE FP K
FP FLOW NO. 1 1/s
FP FLOW' N0. 2 1/s
IPT DELP PT MPa

'

SYS PRES PT
REACPOW 100PPS1PT

_ _ _ _ _

MPa
'

REACPOW 100PPS2PT.

.

:

..

1

1

a. ' Measured at flow shroud turbine meters,

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

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

$
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APPENDIX B

FLOW i.1 LANCE MEASUREMENTS
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,

PREP 0WER CALIBRATION FLOW BALANCE MEASUREMEN'.;

i

|

Coolant Temperature 550 K'

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

,

-
.

Nominal Flowrate Flowrate Flowrate Flowrate Average Total Bypassa,

i Shroud Inlet Inlet Inlet ' Inlet Shroud Loop Flow
, ,

;! Flow 01 02 03 04 Flow Flowrate Ratio
| (1/s) (1/s) (1/s) (1/s) (1/s) (1/s) (1/s) (1/s)
:

0.1
O.2'

0.3,

i 0.4
0.6,

0.84

; 1.0b -

i .

I
; a. Defined as: Total Loop Flow Rate-(Average Shroud Flow x4). ' '

Total Loop Flow Rate

b. Do not exceed 1.1 1/s maximum shroud flow. '

,

P
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