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ABSTRACT

FFTF instrumentation and preoperational tests are examined here to determine
whether the proposed tests and associated instrumentation can provide relevant
information needed for verification of systems codes such as SSC Details of both
the in-core and out-of-core instrumentations are studied and their accuracy exam-
ined. From a series of multichannel core calculations, the temperatures in instru-
mented subassemblies were correlated with temperatures in uninstrumented subassem-
blies. It is found that FFTF can furnish relevant steady-state data at different
core conditions for use in systems code validation. The two FOTA channels will
provide the most valuable in-core data. However, the FFTF natural circulation
tests should be considered as only one of a series of experiments necessary to val-
idate a large systems code.
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The Fast Flux Test Facility (FFTF) is a 400 MWt reactor which can provide

near prototypical data* ' to check out loop-type LMFBR system codes.* ' The

objective of this study is to examine the FFTF instrumentation and determine

whether the proposed tests and associated instrumentation can provide relevant

data for validation of systems codes such as the Super System Code (SSC).

First the FFTF instrumentation is examined here with systems code validation in

mind. FLODISC, ' a multichannel core only code, is then used to discuss the

correlation between temperatures in instrumented and uninstrumented subassem-

blies.

The FFTF fuel assemblies do not have temperature probes in the rod bundles.

Consequently, the only means of obtaining in-core temperatures is through the

use of instrumented open test assemblies. An eddy current flow meter will be

installed in each FOTA (Fueled Open Test Assembly) and AOTA (Absorber Open Test

Assembly). Several thermocouples are planned for the two FOTAs.

Table 1 shows a summary of the parameters to be measured outside the core,

the type of detectors to be used and their locations. Table 1 also includes a

column of comments and questions concerning some of the instruments and/or

measurements. Along the primary loop outside the reactor vessel, there are

three thermocouples per loop installed in the elevated section of the IHX pri-

mary outlet (cold leg) and a magnetic flow meter around the piping between the



TABLE 1
FFTF System Parameter Measuring Instrumentation

Parameter Measured

1. Temperature
A. Core Outlet

Temperature

B. Control Rod
Coolant Outlet
Temperature

C. Reactor Inlet
Temperature

D. IHX Primary
Outlet Tem-
perature

E. IHX Secondary
Inlet and Out-
let Temperature

Detector Location

Over each driver fuel
assemb1yt below the
Instrument tree flow
duct. The sensors are
part of Flow tempera-
ture Removable Assembly
(FTRA).

At the outlet stream of
the coolant. This Is
part of the TRIA.

Three thermocouples per
loop. Installed in
thermowells. Located In
the elevated section of
the IHX primary outlet
(cold leg).

Detector Type

Three 1/8" OD S.S.
sheathed, chrome!-
alumel ungrounded
thermocouples.

Two 1/8" OD S.S.
sheathed, chromel-
alumel ungrounded
thermocouples.

?

Chrome!-alumel
thermocouples.

?

Comments/Questions

No provisions made for
measuring fuel/clad or
coolant temperatures in
or nearer the core
(except by OTA or CLIRA).

Only temperature measured.
Reverse flow may occur
here during natural cir-
culation and should be
measured.



TABLE I (cont.)
FFTF System Parameter Measuring Instrumentation

Parameter Measured Detector Location Detector Type Comments/Questions

F. Reactor Outlet
Plenum Temper-
ature

G. Reflector Out-
let Temperature

H. Primary Hot and
Cold Leg Temper-
atures

I. Secondary Hot
and Cold Leg

J. DHX Secondary
Outlet Temper-
atures

K. DHX Serpentine
Coll Tempera-
tures

L. DHX Tube Bundle
Temperatures

Two sensor locations to
be used for each param-
eter. Exact locations
not found.

Two sensor locations for
each parameter. Exact
locations not found.

Three thermocouples per
module, located near out-
let serpentine coll
numbers 1, 34 and 66.

Two double element RTDs
per location Installed
In thermowells. Expected
accuracy Is ± 5°F.

Two double element RTDs
per location Installed
In thermowells.

Thermocouple

Reflector region may be
very Important during
natural circulation, so
both temperature and flow
rates should be measured.

The ID being large and
since stratification possi-
bilities exist along with
flow redistribution 1n the
pipe, more detailed temper-
ature distribution measure-
ments are suggested.

The expected accuracy^9)
of these 8 RTDs Is ± 5«>F.



TABLE 1 (cont.)
FFTF System Parameter Measuring Instrumentation

•f

Parameter Measured

2. Coolant Flow Rates
A. Core Outlet

Flow

B. Primary and
Secondary
Loop Flows

C. Reflector Out-
let Subassembly
Flows

Detector Location

Same position as the core
outlet thermocouples, I.e.,
below the instrument tree.

1. Magnetic flow meters
installed around the HTS
piping between
(a) IHX primary outlet

and the check valve,
and

(b) Secondary pump and
the IHX Inlet.

2. Venturi flow meter in
the secondary cold leg
piping from the OHX, near
the secondary pump.

Detector Type

Eddy-current flow meter

Permanent magnet flow
meter. Venturi flow
meter only in each of
the secondary loops.

Comments/Questions

This would be a key Instru-
mentation during natural
circulation testing, and
therefore, demands high
accuracy. It is gathered
that the eddy current fIcy
meters to be used in instru-
mented assemblies are being
carefully investigated at. ,
present for thi s purpose.«8)

Accuracy of these flow meters
not known to us. Since this
is critical for the natural
circulation test, pulse neu-
tron flow measuring techniques
are being considered for the
secondary loop.v5)



TABLE 1 (cont.)
FFTF System Parameter Measuring Instrumentation

Parameter Measured

3. Primary Loop
Pressure

4. Secondary Loop
Pressure

5. Primary and
Secondary Pump
Speed

6. Primary and
Secondary Pump
Discharge
Pressure

7. Primary and
Secondary Pump
Tank Level

8. Reactor Flow
Tank Level

3. IHX Recl/xulatio
Line Flow

10. Reactor Vessel
Sodium Level

11. Reactor Cover
Gas Pressure

Detector Location

At location between the
IHX outlet and the mag-
netic flow meter. Three
pressure elements per
loop.

?

At the pumps.

At the pumps.

At the pumps.

Installed on a horizontal
section of piping from
the IHX to the primary
pump tank.

Detector Type

NaK-filled capillaries
connected to pressure
transducers. 50 ms time
response required.

Tachometer attached to
the pump shaft.

NaK filled capillaries
connected to pressure
transducer.

?

?

Permanent magnet flow
meter.

?

?

Comments/Questions

Pressure is measured
only at one point.
Need more pressure data
for model validation.



IHX primary outlet and the check valve. In addition, there is a primary pres-

sure transducer between the IHX outlet and tho flow meter. Instruments to

measure the pump speed, discharge pressure and the pump tank level will also

be available. In the secondary loop there are two flow meters (one electro-

magnetic and one Venturi), thermocouples to measure hot and cold leg temper-

atures, instruments for IHX secondary inlet and outlet temperatures and

instruments for measuring secondary pump speed, discharge pressure and tank

level. By and large, the detectors and their locations are such as to provide

good monitoring of the reactor under normal or close to normal operating condi-

tions. The validation of a state-of-the-art code such as SSC, however, requires

additional instrumentation, as will be discussed below.

In the core region, the temperature and the flow rate are measured below

the instrument tree at the outlet of each driver fuel subassembly. However,

except in the OTAs and CLIRAs (Closed Loop In-Core Reactor Assembly), no meas-

urements are taken within or nearer the core. Thus, axial temperature distri-

butions will not be measured in detail. The coolant flow rate at the outlet

of control and radial reflector subassemblies should also be measured. Thus,

in the event of a natural circulation transient, possible flow redistributions

cannot be properly detected.

Reverse flow down a reflector channel or flow stratification in one of

the horizontal pipes may take place during a natural circulation transient.

However, no instrumentation is available to measure this effect. It should

also be emphasized that even though the instrumentation accuracy is sufficient

for operation under normal conditions, the accuracy at low flow conditions may

not be sufficient. Therefore, the present instrumentation may not be adequate



for validating the flow redistribution capability of a systems code.*8'9' Sim-

ilarly, the detailed axial and radial temperature distribution computed by the

SSC code by its multichannel and multinodal capability may only be crudely

validated using presently designed temperature measuring instrumentation.

Axial temperature profiles along the primary and the secondary pipings

should be measured; these can be easily used to check the code predictions.

Furthermore, at selected positions along the primary and the secondary pipes,

a circumferential temperature profile should be measured since this might give

an indication of possible gross flow stratification.' '

The IHX will play an important role during * natural circulation transient.

The heat transfer coefficient and friction factor in the IHX tubing at low flow

conditions must, therefore, be modeled accurately for a natural circulation

transient. ' The condition in the IHX is monitored by three thermocouples

located at the primary outlet of the IHX. No provision is made for measuring

flow redistribution within the IHX or any abnormal temperature gradients in

the IHX which might develop during a transient. However, inlet and outlet IHX

temperatures should be measured in order to validate the models used in SSC.

Sensitivity analyses were carried out to determine whether the instrumen-

tation can provide the data needed for SSC validation. FLODISC calculations

were carried out for the total loss of electrical power (E-5 transient) event

using a 12-channel representation of the core. Figure 1 shows the results for

channel 1 for several transient times corresponding to the nominal heat rate as

well as for the cases where the heating rate was increased by factors of 1.5

and 5 times the nominal. Since the thermocouples for assemblies are located

above the outlet plenum, an objective of these calculations was to check how

-7-
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well these thermocouples track the temperature in the core (say at 61 inches

above the inlet plenum). Figure 1 shows that insole reliance is placed on

the outlet.thermocouples to monitor what is^appening in the core, a rather

large uncertainty has to be placed on the measurements, especially for cases

where there is. some abnormal heating in one of the elements. A similar study

was made to investigate the possibility of coolant flow reversal in a subos-

sembly. For this purpose, a 3-channel FFTF model was used. It was found that

during a nominal E-5 transient, flow reversal occurred in a channel in about

95 seconds. Flow reversal was also observed in a channel somewhat earlier in

about 85 seconds in the transient, when the heat generation rate was turned

off in that channel, a case which may be compared to the situation of a natural

circulation transient in a core partially loaded with fresh fuel, or a radial

reflector element without heat generation.

To estimate whether the temperature profiles measured at the two FOTA pos-

itions can be used to infer the temperature at other parts of the core, the

results of the FLODISC calculations for different channels in the core were

compared. Figure 2 shows the variation with axial height of the temperature

ratio T./T., where T, is the temperature in channel #1 and T. the temperature

in channel #4, for various times during the transient. Channel #4 is represen-

tative of a FOTA channel, which is assumed to be instrumented with thermocouples

as a function of axial height. Channel #1 is representative of the central

region of the core, and thus, of one of the hotter channels. The deviations

of these curves show how much the axial temperature profiles vary from the meas-

ured FOTA profile. It is seen that for this particular comparison, this varia-

tion is between 5-1555 and varies with time and axial height. Table 2 shows the

-9-
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TABLE 2

Coolant Temperature Ratio of Several Channels
at 78.165 Inches HeighF .

1 . •••

H i ' *

1

Time
(Sec)

0.0

10.0

20.0

30.0

50.0

80.0

100.0

Temperatures (°F)

Ch 4

1077.18

903.4

910.32

939.73

1020.4

1156.6

1228.6

Ch 8

1038.26

889.52

890.56

912,84

976.12

1090.6

1168.7

Ch 1/Ch 4

1-16

1.08

1.08

1.09

1.12

1.13

1.11

Ch 2/Ch 4

1.06

1.03

1.03

1,04

1.05

1.06

1.04

Temperature Ratio between

Ch 7/Ch 4

1.01

1.01

1.00

9.997

0.99

0.99

0.99

Ch 1/Ch 8

1.21

1.09

1.10

1.13

1.17

1.20

1.17

Two Channels

Ch 2/Ch 8

1.10

1.04

1.05

1.07

1.10

1.12

1.10

Ch 4/Ch 8

0.96

0.99

0.98

0.97

0.96

0.94

0.95

Ch 7/Ch 8

1.05

1.02

1.02

1.03

1.04

1.05

1.04



temperature ratios of several channels at a fixed core location for several

times during the transient. The ratios are shown for the two FOTA positions

represented by charnel 4 and channel 8, respectively. For these sets of data,

the temperature ratio varies from 0.94 to 1.21. It is thus seen that an unam-

biguous measure of the temperature! as a function of height and time is availa-

ble only at two core locations, i.e., the two FOTAs. Since the code that is

being validated, SSC, has a multinode and multichannel representation in the

core, it will be impossible to check the accuracy of the computed values

except in these two subassemblies.

FFTF is a unique reactor with a complete set of instruments to monitor

its performance. However-, based on the above analyses, it can be concluded

that the FFTF natural circulation tests can partially validate the SSC code.

These tests will only be one of a series of experiments necessary to completely

validate the SSC code system.
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