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ABSTRACT

The main characteristics of the Phénix core control are
summarized.
The current stale of the investigations related to the 1989
?i<d 1990 negative reactivity transients are presented with
emphasis on the results of the very low power tests recently
performed.

1. INTRODUCTION

Following the four negative reactivity transients which
occurcd at PHENIX in August and September 1989 and
September 1990 a vast programme of investigation has been
undertaken in order to identify lhc cause of the trips.

A thorough examination of all the information available
from the plant and extensive studies of all the possible
phenomena have not allowed the transients Io be explained.

A programme of tests in two stages has been proposed at
very low power ( < 20 MW) then at 350 MW power.

After a summary of the PHENIX core control and trip
system the results of the very low power tests are presented
and the future programme outlined.

2. CHARACTERISTICS OF THE CORE CONTROL AND
TRIP SYSTEM

2-1. Core control

PHENIX core can be approximately modeled as a "point
reactor" : the diameter and length of the fissile zone are
about Ix 0.85 m.

This result is sor.ir interesting features :

The ncutronic flux can be controlled by a small number
of absorbant rods : 6 control rods arc located at mid-radius
of lhc fissile core. The local perturbations of flux and power
arc limited. The reactivity insertion corresponding to lhc 6
control rod drop during a trip is typically between 10-12 S
(start of run after refuelling) to 20 S at the end of run. As the
reactivity inserted by one control rod is 2 Io 3 S, and the core
behaves as a "point reactor" (local crilicalily is impossible),
one rod would insert enough negative reactivity to shutdown
the reactor. Two rods fully inserted arc enough to keep the
reactor subcrilical after return to a sodium température of
250°C. The feedback effect between "zero power" and
nominal power is about 3.3 S.

The time required for shutting down the reactor is short.
Following a trip signal, after 100 ms the rod drop is about
35 mm which is equivalent to 1 -1.2 $ (1 $ = 0.3610"2).

2-2. Con instrumentation

The core monitoring consists essentially of three types of
measurements :

(i) neutronic flux,
(ii) fuel subassembly temperatures,
(hi) fuel failure detection.

They are connected to the reactor automatic safely
shutdown system.

2-2-1. Neutronic flux control

Depending on reactor power level, three sets of detectors
are used:

(i) low flux channels :
2 fissions chambers located into the primary vessel in the

radial neutron shielding. They are on operation in subcritical
and critical conditions (up Io ICC5 of nominal power).

(ii) Intermediate flux channels :
3 boron counters located under the vessel in a graphite

block (up to 5.10"3 of nominal power).

(iii) High flux channels :
3 ionisation chambers located with the boron counters ;

and associated with an on line reactivity meter.

The thresholds are the following :

Channels

Low flux

Intermediate
flux

Logic

1/2

2/3

Doubling
time

5s

5s

Flux

1.5.104 c/s

1.5.1O4 c/s

Reactivity

High flux 2/3 10 s 1.06 N.P.* ± 2 J c t s

* N.P. is the nominal power for (he run. This threshold is
updated (wo or (hree (imes per run (a few per cent) to take
into account the bum up effect.



The high flux channel signals arc also used Io calculate
the power to flow ratio trip parameter (1.2 of nominal
power/flow).

In the case of the negative reactivity events the reactor
tripped on the "-2.7 cts" threshold. The response time of the
reactimctcr was 40 ms, the normal delay between the trip
threshold reach and the rod drop is about 160 ms. So the rod
drop occured 200 ms after the start of the phenomenon.

2-2-2. Fuel subassemblv temperatures

The sodium outlet temperature of every fuel subassembly
(S/A) is monitored by two thermocouples. The core inlet
temperature is measured at the primary pump outlets.

Every 1.5 seconds all the S/A positions are scanned. If
the S/A AT is higher by more than 120C compared with the
theoritical value, the reactor is automatically tripped.

2-2-3. Fuel failure detection

PHENIX failed fuel detection and location systems have
been described in detail in reference 1.

Failed fuel detection :
The bulk delayed neutron monitoring (DNM) is

connected to the automatic trip system. Six samples of
primary sodium are taken at the IHX inlets and pumped to
the DNM cell equipped with 12 Hc3 counters.

The trip threshold corresponds to a sodium activity level
of 85 c/s (equivalent to 25 cm2 recoil).

Since PHENIX start-up, 5 DNM trips have occured (on a
total of 15 fuel failures).

Failed fuel location :
The sodium at the outlet of every fuel subasscmbly (121

positions) is sampled and directed to the failed fuel location
plug in the rotating shield. This device allows two sampling
modes:

- mixing of the sodium taken from all the subassemblies,
- mixing of the sodium taken from groups of three

subassemblies.
Two types of measurements can be performed :
- delayed neutron detection,
• analysis of stable and radioactive fission gas.

3. 1989 AND 1990 NEGATIVE REACTIVITY TRANSIENT
EVENTS

The description of the events, the organization set up to
identify their cause and the results of the analysis carried out
have been presented in reference 2. They are summarized
below.

3-1. Description of the event

A scries of four trips due to a negative power transient
have been experienced.

The signal recorded from the under vessel neutronic
chambers is shown in figure 1. There is an almost linear
decrease then a symclrical rise up to a level lower than the
initial value, a second oscillation with a maximum slightly

over the initial value and the decrease corresponding to the
control rod drop about 200 ms after the start of the
phenomenon.

The amplitude of the two minima varied from one trip to
another. The positive maximum was about the same (107 %
of the initial power) in all cases.

The only other signal recorded on the plant which seems
specific of these trips is a slight increase of the argon gas
blanket pressure but the acquisition rate of the recording
(1 s) was too low to provide an accurate information.
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Figure 1 : Neutronic chamber signals recorded during the
third and fourth trips

3-2. Analysis

A committee has been set up including specialists from
CEA, EDF, NERSA, Framatome and from European
partners : AEA Technology (UK) and Interatom
(Germany).

An extensive study of all possible phenomena has been
carried out. Currently the most likely explanations are
thought to be ei<l,r a spurious signal (ex : electrical
perturbation of the instrumentation) or a movement of the
core subassemblies.

In addition to this study a programme of tests have been
decided, first at very low power then at significant power,
and some special instumentation installed.

4. SPECIALINSTRUMENTATION

The normal plants recording system had not been
designed to record transient as short as the reactivity
phenomenon. Consequently dedicated fast systems were
dcvelopped in order to catch any future event.



Height main fast acquisition systems arc now on
operation :

- continuous recording :

. 2 analog systems (48 measuring channels),

. 2 digital systems (76 measuring channels,
acquisition rate : 1 or 10 msec),

- perturbographic recording :

. 1 analog system (12 measuring channels),

. 2 digital systems (64 measuring channels,
acquisition rate : 4 msec).

Some extra instrumentation were also added :

- in core neutronic chambers,
- neutronic noise analysis,
- sodium-steel thermocouples,
- extra argon gas blanket pressure sensors,
- structures and components position measurements,
- structures and components vibration measurements,
- in vessel acoustic detectors.

A special device was also designed (named SONAR)
aimed at detecting core subasscmbly displacement (see
figure 2). Basically it consists of a tube inserted in the
rotating shield and equipped with 4 ultrasonic sensors.

Three US beams are reflected by three subasscmbly
heads in the external rows of the core. The fourth sensor
measures the tube vibrations. The subasscmbly head
positions arc calculated from the sensor signals. The
accurary is about 1 mm.

In total 140 different measurements arc routinely
monitored with redundancy at an acquisition rate lower than
10 msec.

Every individual measuring channel was qualified and its
dynamic characteristics measured (ex : response lime).
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Figure 2 : Schematic of the ultrasonic device for core
subasscmbly movement detection

5. TESTS AT VERY LOW POWER (Oct. 91 to March 92)

S-I. Objectives

A series of tests were carried out from Oct. 91 to March
92. They had several objectives.

(i) To check that the core was in a normal state after the
latest negative reactivity trip in September 1990.

(ii)To record as accurately as possible the nculronic
chamber signals and the control rod positions during a
manual trip in order to confirm the analysis of the negative
reactivity transient which had been done 2.

(iii) To test the special instrumentation, in particular the
SONAR plug.

(iv)To quantify, with the new instrumentation, various
core perturbations :

• primary flow transient,
- primary pump trip,
- gas injection through a primary pump

in order to identify or eliminate some scenarios.

5-2. Checking of the core state

Since the latest negative reactivity trip, only minor
changes of the core loading had been carried out, concerning
subassemblics beyond the second breeder row.

Three tests were successively performed :

- criticality on the 9th of October 1991 after the 13 month
shutdown,

- control rod worth measurement,

- reactivity feedback effect measurement : the reactor is
initially critical in isothermal conditions. The withdrawal of
one control rod leads to the divergence and nuclear power
raises until the feedback effects compensate the reactivity
insertion. The maximum neutronic power reached during the
transient depends mainly on Doppler feedback.

The critical control rod curtain position measured (550 +.
0.5 mm) was in agreement with the value calculated from the
crilicality preceding the negative reactivity trip corrected for
burn-up and Pu241 decay (549.8 ± 5 mm).

The results of the control rod worth measurement and
feedback coefficient measurement were also normal.

The conclusion of this first series of tests was that there
was no sign of any core modification.

5-3. Mnraal trip

The reactor power was raised up to 15 MW and a manual
trip was triggered. The variations of the parameters



monitored by the fast acquisition systems were recorded,
particularly :

- the ncutronic signals (under vessel and in core
chambers),

- the control rod positions.

The negative reactivity signal was reanalyzed using these
results and the control rod calibration. It was confirmed that
when the control rod drop occured the core reactivity was
about constant and close to zero.
5-4. Primary flow transients

5-4-1. Primary pump speed variations

Several cycles of primary pump speed variations were
performed between minimal and nominal speed (figure 3) at
the maximal acceleration allowed by the pump control
system (5 rpm/s). The reactor was critical. The objective of
the test was to detect whether any subasscmbly radial
displacement could occur. The displacement could be
detected both by the reactivity measurement and the
SONAR plug.

The reactivity trace recorded corrected from the inlet
core tempcratur. feedback effect is shown figure 3. The
reactivity follows instantaneously the pump speed. The
maximum amplitude is about + 1.1 cts.

This effect was entirely attributable Io the pressure effect
of (he primary pumps in the diagrid which provokes a
compression of the support pads of the vessel and a relative
displacement between the control rod attached to the reactor
roof and (he core supported by the primary vessel.

The SONAR plug signals did not show any radial
movement of the subassembly head positions.

Hence it could be concluded that the core subassemblies
had no tendency to an outward movement during a primary
flow transient.
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5-4-2. Primary pump trip

The reactor was initially critical with the three primary
pumps at 85 % of nominal speed. One pump was tripped
manually and the following transient was recorded.

The main objective was to measure the effect of the
primary pump non-return valve closure with a possible
hammer effect and the consequences on the core. Figure 4
shows :

• the flowrates through the primary pumps (tripped
pump : n* 3, pump n° 1 and 2 behaviour is identical),

- the acoustic signal,
- the pump outlet pressures.

The transient includes :

- the pump n° 3 slow-down with a flowrate and an outlet
pressure decrease,

- a simultaneous increase of the other pump flowrates (at
constant speed) due to the diagrid pressure decrease.

- beginning of cavitation on pump n° 1 and 2 and increase
of the acoustic signal,

- reversed flow through the tripped pump and start of the
non-return valve closure,

- closure of the valve and stopping of the flow through
pump n° 3. The shock of the valve into its scat corresponds
to the peak of the acoustic signal. A slight pressure increase
at pump n* 3 outlet is measured.
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Figure 3 : Primary flow transients Figure 4 : Primary pump trip



The rcactivily measurement and the SONAR plug signals
did not show any subassembly displacement.

The test proved thai a pump trip and consequent non-
return valve closure did not lead to any dramatic core inlet
pressure transient and had no effect on subassemblies.

5-5. Gas Injection in the primary circuit

The objective of the lest was to investigate the
consequences of a gas entrapment through the core and
particularly :

- the reactivity effect,

• the hydraulic effect on the primary circuit and the
vibration behaviour of the reactor system and the
components (pumps, IHX's).

The injected argon was tagged (natural Xe and Kr85) and
the taggers were monitored both in the gas blanket and at
the core subassembly outlets using the failed fuel location
system gas analysis (see 2-2-3)

A spare primary pump was equipped with an injection
tube into the pump inlet and loaded in the reactor.

Several preliminary injection tests were carried out
reactor shutdown. The final test was performed reactor
critical. A volume of 80 I of lagged argon was injected at a
flowralc of 16 l/s.

The main results arc summarized in figure S. Significant
hydraulic perturbations were measured (see for example
pump flow) but neither hammer effect nor cavitation were
detected.

SO

«0

99.S

9$

9B.5

0

13

V

GAS INJECTION
V'/t/tMriuiiiiiiiii/ti.

\ >

\

PHMAHY PUMP No3 aOWRATE
(% ol ncxrtml value)

IN CORE NEUTHOMC CHAMBER SIGNAL
(S of Initial value)

COHE ACOUSTIC OETECTKM SQNAl.
1% of lnilial valu*)

GAS BUMKET PHESSUHE
Intact)

0 2 20 TIME (Il

Figure S : Gas injection through primary pump n* 3

The reactivity trace shows a slight but significant decrease
during the injection of about -0.3 to -0.6 ct. This is due
essentially to a negative void effect.

The failed fuel location system confirmed that most of
the gas went through the core external rows where the void
coefficient is negative. This result was in agreement with the
hydraulic tests performed on core mock-ups.

The gas was detected by the core acoustic monitoring
(marked attenuation of the signal). The argon gas blanket
pressure increased as soon as the injection started. The
maximum was reached (^. 1 mbar) about 17 s later.

5-6. Conclusion»

The programme of tests at very low power, among which
some had never been done before, was performed
successfully. It was verified that the core and the structures
were in a normal state. Several scenarios could be eliminated
definitively :

- gas entrained by the primary pumps,

- gas trapped into the diagrid,

- pump non-return valve closure.

But no particular scenario could be confirmed. The next
stage toward the identification of the negative reactivity trip
cause is a phase of sustained power operation.

6. FUTURE PROGRAMME

A ten days two secondary circuit operation test period is
planned at 350 MWth and nominal core AT. The objectives

- to monitor, using the special instrumentation, a power
rise and then a sustained power operation until the thermal
equilibrium of the reactor system is reached (about 10 days),

-to measure the reactivity feedback coefficients and
others parameters (for example SONAR plug
measurements, neutronic noise analysis, acoustic detection,
component positions) as a reference for futur operation,

- to carry out a manual reactor trip in order to further
confirm the safety analysis of the negative reactivity trips and
to record a signature of all the measurements during a
normal trip as a reference.

This test phase at power is planned in September 92.
After examination of the results the reactor should be
operated at the same power until the end of run 49 (60 efpd).

7. CONCLUSION

As part as the investigations aimed at identifying the
cause of the negative reactivity trips a programme of tests
has been proposed both at very low and substantial power
associated with the installation of some extra
instrumentation and fast recording systems.



The first pan, at very low power, was successfully
performed. It was checked that the core reactivity and the
feedback effects were normal. The recording of a manual
trip allowed the negative reactivity trip analysis to be
confirmed. Various primary flow transients and gas
injections into the primary circuit showed a normal
behaviour of the primary system in accordance with the
hydraulic mock-up test results. Hence some scenarios,
initially retained, could be rejected. No evidence of
subasscmbly movement was found.

The second stage of the test programme, planned in
Autumn 1992, consists of a ten days operation period at
350 MW on two secondary circuits.
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