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ABSTRACT

Leak detection for Liquid Metal Fast Breeder Reactor steam generators 1$
an important economic factor in the shutdown, repair and restart of a plant.
Development of leak detection systems in the U.S. has concentrated on four
areas: (1) chemical (Hg and O2) leak detection meters; (2) acoustic leak
detection/location techniques; (3) investigation of leak behavior (enlarge-
ment, damage effects, plugging and unplugging); and (4) data management for
plant operations. This paper discusses the status, design aspects, and
applications of leak detection technology for LMFBR plants.
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1.0 INTRODUCTION

Common Liquid Metal Fast Breeder Reactor (LMFBR) steam generator design
practice in the U.S. and in Europe utilizes single wall tubes as a barrier
between the secondary sodium circuit and the high pressure water/steam circuit.
Although thorough material specification, weld development, state-of-the-art
inspection techniques and quality control will render the probability of a
large failure of a tube extremely low, the possibility of small defects cannot
be completely eliminated. Experimental work with very small orifices, through
which water/steam is injected, indicates that even if such defects are initially
plugged, they will eventually enlarge and remain open. When water is injected
Into sodium continuously, a sodium/water reaction zone is formed. Should other
heat transfer tubes lie in this zone, Impingement wastage can cause secondary
failures to occur leading to the possibility of a major sodium/water reaction,
and the potential for major damage to the unit. To minimize the possibility
of such an occurrence, a rapid response leak detection system is provided,



Current leak detector technology is based primarily on the use of chemical
detectors. Over the past several years Argonne National Laboratory (ANL) has
pursued the development of a hydrogen diffusion tube type detector for use in
sodium [1] or in the cover gas [2]. Oxygen meter development is also underway
in several foreign countries [3,4] and in the U.S. [5,6].

An alternate system of leak detection under early development in the U.S.
utilizes acoustic techniques [7]. This approach also provides the potential
for locating the leak within the affected steam generator module.

This paper summarizes U.S. progress in four key technology areas addressing
steam generator leak protection development. These areas are:

1. Chemical leak detection
2. Leak behavior
3. Leak detection data management
4. Acoustic leak detection/location

2.0 CHEMICAL LEAK DETECTION

Feasibility of in-sodium impurity monitors was demonstrated under the
National Meter Development Program in the early 1970's. Quantitative measures
of performance for in-sodium hydrogen and oxygen monitoring were made. Monitors
based on these design data were used in SCTI-MSG tests at the Liquid Metal
Engineering Center (LMEC [8]) and in Core Component Test Loop (CCTL) testing at
ANL in 1975-76. Monitors of an improved, but similar, design are currently being
used to provide leak detection for the EBR II double-walled steam generators [9,10],

2.1 In-Sodium Hydrogen Meter

In-sodium hydrogen meter development has concentrated on the development of
a reliable hydrogen-permeable membrane of high purity nickel coupled with a stable,
large capacity ion pump (Figure 1). In normal (dynamic mode) operation, the
membrane is continuously evacuated, and the ion pump current is a measure of the
hydrogen concentration in the sodium. Membrane design is a function of the
system operating pressure and temperature, membrane lifetime, sensitivity and
signal response requirements. A tubular membrane with nominal wall thickness
of .25 to .36 mm (10 to 14 mils) has been found most suitable for operation
where the system operating pressure is <\. 1.07 MPa (150 psi) and temperatures
at the membrane are % 480°C (900°F). The time required for hydrogen to permeate
a .36 mm (14 mil) membrane under these conditions is -v 20 seconds. Since the
hydrogen meter reading is a direct function of temperature, the temperature of
the sodium flowing past the membrane is controlled to ± 3°C (* 5°F). Experience
has shown that a hydrogen meter requires several weeks of operation to achieve
stable operation. A certain amount of "run-in" is therefore recommended prior
to plant start-up. A degree of signal drift appears inherent with hydrogen
detectors. Therefore, hydrogen meters require regular calibration (-v. monthly).
Measurement of the hydrogen pressure in equilibrium with the sodium (equilibrium
mode) provides a base point on the calibration curve, and the slope can be
determined by injecting hydrogen at a measured rate into the sample steam just
ahead of the hydrogen meter. An on-line system for making such Injections through
a helical coil of Ni tubing has been designed by ANL [11].

A majority of the U.S. operating experience with meters of this type has J09-
been obtained in early SCTI tests, in tests at the CCTL leak detector test loop
at ANL and at EBR-II. Tests have shown the meter to be capable of detecting a
change of -v 3 ppb by weight of hydrogen against a normal hydrogen background in
a steam generator of ^ 100 ppb.

2.2 Cover Gas Hydrogen Meter

During low temperature operation (̂  160°C), such as at plant start-up or part
power, the hydrogen bubbles from a steam leak dissolve slowly and remain entrained
for multiple sodium passes around the circuit. Some of these bubbles reach
the cover gas. The resulting increase in hydrogen concentration is much larger
in the cover gas than in the sodium due to the relatively small mass of the cover
gas. Under these circumstances a hydrogen meter in the cover gas provides greater
leak detection sensitivity than in the sodium. A cover gas meter is being de-
veloped for this purpose [2], This detector functions along the same principles
as the in-sodium detector. The essential change required, because of the poor
thermal conductivity of the gas compared to liquid sodium, is to use thermostati-
cally controlled electric heating to maintain the membrane temperature. The
meter, as shown in Figure 2, is installed in a cover gas region of the steam
generator or in an expansion tank. The hydrogen content of the cover gas is
customarily expressed in terms of parts per million by volume rather than by weight.
The cover gas meter currently being developed in the U.S. is anticipated to be
capable of measuring a 10% change in hydrogen concentration, or 2 Vppm at a
typical background level of 20 Vppm.

2.3 Electrochemical Oxygen Meter

The oxygen meter has two inherent advantages over the hydrogen meter as a
steam generator leak detector: (1) it responds instantly, eliminating the ^ 20
second delay for hydrogen diffusion through the membrane, and (2) the background
oxygen level is more stable and lower (i.e., closer to saturation at the cold trap
temperature).than the hydrogen level. The steam generator tubes are a source
of hydrogen during power generation (and especially at startup), but not of
oxygen. Partially offsetting these advantages is a tendency for a smaller
fraction of the oxygen, than of the hydrogen, in the in-leaking steam to be
immediately detectable. Both types of detectors are desired in order to pro-
vide independent confirmation of leak signals.

The oxygen meter under development is an electrochemical concentration
cell using an oxygen ion-conducting solid electrolyte. Meters currently in use
in the U.S. are conmercially available (Figure 3) and utilize Tho2 doped with
Y2O3 - approximately 7.5% by weight as the electrolyte. The reference electrode
is air. Electrical contact is made through a platinum deposit on the ceramic.
The electrolyte tube is sealed to the stainless steel containment by an annulus
of frozen sodium in a finned standpipe. A gasket-sealed mechanical coupling
simplifies electrode replacement and backs up the frozen sodium seal. The
electrical connection to the reference electrode is brought out through a feed-
through with commercial metal-ceramic seals.

Tests of the oxygen meter show excellent sensitivity as a detector (comparable
to the hydrogen meter), but considerable vulnerability to cracking of the
electrolyte tube. Current development is concentrated on development of a



reliable, high-temperature metal-to-ceramic seal In order to eliminate the thermal
gradient and subsequent large stresses Imposed on the ceramic by the frozen
sodium zone. Other reference electrodes are also being evaluated.

2.4 Leak Detection Module Design

The meter development described above forms the basis for the design of leak
detector modules. Presently, three types of modules have been designed for
use on an LMFBR.

1. Oxygen Hydrogen Module (OH) using both oxygen and hydrogen meters
In sodium stream.

2. Hydrogen Module (H) using only the hydrogen meter in sodium stream.

3. Hydrogen Cover Gas Meter

An OH module Is Illustrated In Figure 4. Key features include the following:

• Hydrogen meter employing a nickel diffusion tube, an 8 liter/sec
vac-Ion pump, and an 1on1zat1on gauge.

• Two oxygen meters (electrochemical cells) connected In series.

• Isolation valves - to permit removal/maintenance without loop draining.

• Electromagnetic pump - providing up to 3.8 Hters/m1n (1 gpm) flow
through the loop.

• Regenerative counterflow heat exchanger.

t Regulated clamshell heater - to provide a constant sodium temperature
to membrane.

• A coil of nickel tubing through which hydrogen can be diffused into
the sodium ahead of the hydrogen meter at a measured rate.

• Trace heaters for temperature control, preheating system, and sodium
melting.

• Control and instrumentation - temperatures, flow, alarms, data
acquisition.

Module development has concentrated on the design of a small EM pump and the
design of an integral hydrogen diffusion type calibration system.

2.5 Prototype Leak Detector Tests in SGTR

Prototype chemical leak detector tests will be run in the Steam Generator
Test Rig (SGTR) as part of the Few Tube Test (FTT) Program. The primary emphasis
of the tests will be on component operation and procedure check out, with secondary
emphasis placed on obtaining signal resolution and transit time data. The latter
two categories will be investigated in greater detail 1n the test series to be

conducted by Argonne National Laboratory in the High Pressure Test Loop (HPTL) 110
and by General Electric (GE) during the testing of the CRBRP prototype steam
generator module in the Sodium Components Test Installation (SCTI) at LMEC.

The leak detection system to be tested in SGTR consists of two in-sodium
oxygen-hydrogen leak detection modules, one cover gas hydrogen leak detector,
and the instrumentation and control systems associated with their operation. The
locations of the three components In the SGTR sodium loop are shown in Figure 5.

Special injector devices are mounted In the FTT evaporator so.that the
meters' responses to gas or water injections of known sizes can be determined.
The leak Injection system consists of a hydrogen or water supply module, Interface
valving, and the leak Injection devices permanently Installed within the evaporator
unit.

3.0 LEAK BEHAVIOR

It 1s essential that the growth of small defects (leaks of .4 gm/sec or
less of water into sodium) be quantified so that the defects can be located and
removed prior to power operation, or falling this, that the consequences of leak
growth are minimized by prompt detection and corrective actions.

Three distinct wastage mechanisms have been observed. The first Is
impingement wastage - damage of tubes in the path of the reacting water jet.
Damaged areas of the target show two distinct characteristics: a smooth corrosion-
like crater and a gouged-out crater with erosion-like pits. Sometimes both
characteristics are present together, the walls being corrosion smooth and the
base having erosion pits (often with the center raised in the form of a toroidal
crater). Secondly, It Is observed that damage can occur both in the immediate
vicinity of the defect leak and also within the defect itself - a. phenomena
designated as self-wastage. The third damage mechanism, called backwash wastage
damage, has been observed in constricted geometries. At higher leak rates, a
generalized surface damage over a sizable area of the heat transfer tube can
occur. It 1s believed that this damage is caused by a recirculation or back-
wash of reaction products as a result of Injecting against a concave surface,
or due to constricted geometry. Examples of these three types of wastage
damage are given in Figure 6.

3.1 Impingement Wastage

A parametric study of impingement wastage damage was made at General Electric
[12] covering the following parameters:

• Target materials -

t Water/steam injection rates -

Injector orifice geometry -

Sodium temperatures -

Water/steam pressures -

Sodium flow velocity -

Water phase -

Injector-to-target spacing -

Incoloy 800, austenitic (Type 304)
s/s, ferritic (2-l/4Cr-lMo)

up to .59 gm/sec (0.0013 lb/sec)

up to .36 nim (0.014 inch) diameter

300 to 500°C (570°F to 935°F)

7.35 to 15.75 MPa (70 to 150 atm)

3.05 m/sec (0 to 10 feet/sec)

liquid, vapor

.25 to 3.56 cm (0.1 to 1.4 inches)



Three materials were examined for wastage resistance, although only
2-l/4Cr-lMo was investigated f u l l y . The resistance of Type 304 stainless steel
and Incoloy 800 are compared to the wastage of the f e r r i t i c steel in the table
below.

Table 1. Comparative Wastage Resistance

Material

2-l/4Cr-lMo

Type 304 s/s

Incoloy 800

High Temp.
460"C (860°F)

1

4

6

Low Temp.
340°C (650°F)

2.5

30

100

The resistances of Incoloy 800 and 304 s/s increase dramatically as the temperature
is lowered. 2-l/4Cr-lMo does not exhibit such a large temperature effect; this
is shown in Figure 7.

3.2 Self-Wastage

It has been shown experimentally that for a steam generator tube spacing
of 15.2 mm (0.6 inch), wastage of adjacent tubes by a small leak does not occur
for leak rates smaller than about .045 gm/sec (10-4 lbs/sec). However, below
.045 gm/sec self-wastage of the leaking tube occurs. It has been repeatedly
observed that these small leaks continue at a low rate for some peri'od of time,
then suddenly enlarge.

The cause of sudden enlargement becomes evident upon examination of many
leaks at various stages of development. When steam flow begins, sodium and
water react at the sodium/steel interface forming NaOH at high temperature.
The NaOH rapidly attacks the steel around the leak site. As the leak continues,
a conical pit forms in the tube wall. (This is illustrated in Figure 8).
The pit advances to the steam side. When the pit reaches the steam side, the
cross section of the leak path rapidly changes from that of the original defect
to that of the pit thereby producing the observed sudden enlargement.

A plot of time to sudden enlargement against initial leak rate is shown
in Figure 9. The data shown for ferritic steel appear to follow two distinct
trends. All of the tests performed at GE [13] were made with samples which had
been annealed following fabrication of the defect. It was found that with
ferritic steel, the initial injection rate increased following heat treatment.
In some instances the defect did not pass gas prior to heat treatment, but did
after annealing. Generally the initial leak rate increased almost an order of
magnitude following heat treatment. The micro-fissures used by the French and
others were, in general, not annealed. Data from austenitic steels are more
self-consistent. Since these austenitic steels are more stable than the ferritics
in the normal operating temperature regime, little change in injection rate
would be expected when tested in sodium. Comparison of the austenitic steel
data for circular holes and a stress corrosion crack indicates that the defect
shape may not be an important parameter.

4.0 SYSTEM LEAK PROTECTION tit

As an example of the relationship between the leak detector system
characteristics and the leak growth rate (wastage), the ability of an LMFBR
leak detection system to signal a small leak In an evaporator in sufficient
time to effect an orderly shutdown without undue damage to the evaporator is
investigated in this section. For these calculations, 1t is assumed that
an OH module is placed immediately at the evaporator sodium exit and that a
second OH module is placed further downstream in the cold leg of the loop.
The evaporator is assumed to operate at 2.72 x 10*> kg/hr (6 x lO*? lb/hr)
sodium flow with 443°C (830°F) sodium inlet temperature and 315°C (600°F)
sodium outlet temperature.

Figure 10 compares the times required for unit shutdown to the allowable
times set by leak growth. In this figure, the limits of protection are defined
by the intersections of the shutdown time curve with the wastage limits. In
other words, the system provides complete protection, at a given leak size,
If the time required to shutdown is less than the time-for tube wastage.

The first leak signal will occur on the OH module at the evaporator
sodium outlet.

Three levels of signals are contemplated:

• Low - Leak size of - 4.5 x 10"3 gm/sec (TO'5 lb/sec). Response: No
immediate shutdown action taken since a small leak will probably plug
during shutdown.

• Mid - Leak size of - 4,5 x 10"3 to 2.3 gm/sec (10"5 to -5 x 10"3 lb/sec).
Response: Start controlled shutdown.

• iliaJl " Leak size > ?-3 gm/sec (5 x 10~3 lb/sec). Response: Initiate
a rapid shutdown which isolates the water side of the affected unit.

Rate of rise data can be used effectively in providing an early alarm for leaks
of * .23 gm/sec (5 x 10"4 lb/sec). The lower level detection is possible when
the concentration is building up in each pass. Rate of rise settings must be
made compatible with hydrogen background stability. Alarm on a rise of 20 ppb
or less is desired, but experience at EBR-II and other plants suggests that
electrical noise may necessitate a rise setting of 50 to 100 ppb.

In addition to the time for the concentration at the meterto rise to the
concentration alarm level (or the rate-of-rise alarm to be activated), three
delay times are assumed: (1) the flow transport time from the leak location to
the meter, (2) the flow transport time within the leak detector module (20 seconds),
and (3) the membrane diffusion time (20 seconds) for the hydrogen meter.

A confirming signal will be given by the OH module In the loop cold leg.
This 1s assumed to occur after a flow transport delay time of 20 seconds.

The operator response time is arbitrarily assumed to be 5 minutes. It
1s believed that operator response to Initiate corrective action will occur
significantly faster and that 5 minutes is a conservative bound.



Upon confirmation of a leak signal, the operator will initiate a reactor
shutdown. When the temperatures reduce to the point where the sodium loop AT
is approximately 28°C (50°F), the operator will Isolate the affected module,
dump the water, reduce the steam pressure and backfill the water side with
nitrogen. Isolation and water dump will require approximately 15 minutes for
the evaporator from the tfme of initiation of the shutdown.

4.1 Impingement Wastage (Defects of > 0.08 mm)

The available time for action, at leak sizes of ^ .08 mm (3 mils) or greater,
is set by Impingement wastage damage. The leak penetrates a second tube causing
1t to fall. It Is assumed that the jet from this second leak causes a third
tube to fall and so on, until sufficient pressure is generated by the sodium-
water reaction to burst rupture discs In the loop and drain the unit.

Two sets of Impingement damage curves are shown 1n Figure 10. The lower,
more severe one corresponds to impingement on an adjacent tube. The higher
set Is for impingement on a tube two rows removed from the leak. The impingement
wastage limits given in the literature are based on direct leak impingement
on an adjacent tube and, therefore, are the minimum times for a second tube to
fail. The minimum distance to the first tube is taken to be 1.52 cm (0.6 inches),
and to the second tube 3.81 cm (1.5 inches). This difference in distance has a
major effect on the rate of impingement damage (even neglecting any effects due
to leaks at some angles hitting the tubes obliquely). Data supporting this
conclusion are summarized by Greene [12].

For the adjacent tube, no impingement damage can result if the leak is
less than <v .05 mm (2 mils) in diameter because, 1n this case, the sodium
water reaction zone does not reach to the adjacent tube. For a tube in the
second row, Impingement damage will not result if the leak size is less than
^ .13 mm (5 mils). This is a direct conseguence of the fact that experimental
data show no impingement damage for L/D's (distance to target tube/leak hole
diameter) greater than 300. Similarly, for any given leak size, the impinge-
ment damage on the more distant tube will be less because of the correspond-
ingly greater L/D.

The only available data on tube failure propagation caused by impingement
wastage are provided by Gudahl [14J. In this test, the secondary (target)
impingement tube was pressurized with steam. (Other experiments, in Europe
and Japan, have been done in a bundle configuration but not with the target
tube pressurized with steam/water). A 19 tube bundle of 2-l/4Cr-lMo material
was assembled in a 3.1 cm (1.22 inch) triangular array, simulating an LMFBR
steam generator. The assembled test section was placed in a liquid sodium test
vessel and a steam jet of .64 gm/sec (1.4 x 10-3 ib/sec) was directed through
the space between two adjacent tubes to impinge on a tube 3.8 cm (1.5 inches)
from the injection orifice. The impinging jet penetrated the .277 cm (0.109
inch) wall target tube in 20 minutes. A secondary leak of ,91 gm/sec
(2 x 10"J Ib/sec) was created which, in turn, impinged on one of the adjacent
tubes causing it to fail after an additional 63 seconds. From the size of the
hole, It was estimated that the tertiary failure would produce an injection
rate of about 450 gm/sec ( 1 lb/sec).

Based on this one test, It Is assumed that impingement wastage failure \\2
propagation progresses to a third tube in -\- 60 seconds and that the leak rate
from this tertiary failure is in the intermediate leak range and sufficient
to burst a rupture disc in a few minutes.

4.2 Self-Wastage (Defects of 0.002 to 0.08 mm)

In the range of leak hole sizes from .002 to .08 mm (0.1 to 3 mils) the
limit is set by self-wastage. At the times specified by the limit line, the
small leak can grow rapidly to an intermediate size leak (hole diameter
> 40 mils) which produces a sufficiently large sodium-water reaction to fail
a rupture disc in a short time period.

5.0 ACOUSTICS

The chemical detection system requires sodium flow to carry the reaction
products to detectors on the sodium outlet line(s).. This reduces its effec-
tiveness at low sodium flow and for leaks 1n any stagnant region of the unit.
Hydrogen can be trapped, or held up, within steam generator units especially
1n stagnant or flow restricted regions. Operating experience has Indicated
that facilities (SCTI, Hengelo) and plants (PFR) are susceptible to hideout
and intermittent release of reaction product, with a subsequent reduction 1n the
effectiveness of the chemical monitors. This is especially true for gaseous
hydrogen at low sodium temperatures. Experience has also shown that detection
of a small leak is not sufficient to reduce economic penalties if an excessive
length of time is required to locate the leaking tube.

The only known technique which has the potential for rapid detection of
a small sodium-water reaction, even in static sodium, 1s based on acoustic
monitoring of the unit. It is also the only known technique for accurately
locating the leak. The United States has actively developed acoustic tech-
niques for potential use in many areas of a Liquid Metal Fast Breeder Reactor.
High temperature in-sodium microphones, in-vessel waveguides, and acoustic
data analysis techniques have been successfully demonstrated 1n national
development programs. This broad-base technology has now been specifically
applied to development of an acoustic technique to monitor steam generator
units for small sodium-water reactions.

The approach in the acoustic leak location program has been to place an
array of sensors (accelerometers) on the vessel wall and use array processing
techniques to determine the location of the leak. This assumes that the leak
is stationary In the vessel so that the acoustic propagation time from the leak
to the sensors is constant.

The data processing technique divides a monitored area Into distinct zones
and continuously monitors each zone. Pulses arriving at transducers are
examined for spatial coherence. Randomly distributed pulses are eventually
cancelled by the averaging technique, leaving only'pulses from a specific
location in the zone. The technique has many similarities to cross-correlation,
but examination of pulse generation similarity, rather than wave form similarity,
gives a better probability of success in locating the leak. A second advantage
of the pulse examination system is that It has been specifically designed to
locate a signal source, not merely extract the signal from the background.



A number of tests of the spatial correlation technique have been conducted
to evaluate the ability to locate small steam leaks in a typical steam generator
facility.

The first test was performed In a water tank to demonstrate the ability to
locate a single leak 1n a tube bundle. One tube was drilled with a .34 mm
(13.5 mil) hole and pressurized with air to simulate a leaking steam tube.
Instrumentation on the outside of the vessel detected the acoustic signals
generated by the leak. The only noise in the tank was that due to the leak.
However, the reverberation times were relatively long so the effective signal-
to-noise ratio in this case was close to 0.1. These data are processed to
determine the location of the leak. Figure 11 shows the location as displayed
on the CRT, the size of the square being proportional to the correlation at
.that location.

To demonstrate the location of a steam-sodium reaction, a similar experi-
ment was performed 1n a sodium test facility with a water injection. The
results are shown in Figure 12. Notice the correspondence between the largest
square and the injector. Similar results have been also obtained in the CCTL
at ANL.

The most Important tests of the acoustic leak detection/location system
to date were conducted on the 50 MWt helical coil steam generator in an ERDA/BMFT
cooperative program with the TNO organization and the Neratoom organization
at Hengelo, The Netherlands, during March and April, 1977. A series of in-
jections of argon gas were made over a range of operating conditions, from plant
startup through 34 MWt operation. Preliminary observations made during conduct
of the test indicate that excellent recordings were made of steam generator
acoustical characteristics, Including the injection of argon gas during boiling
operations.

In summary, test results suggest that an acoustic system can be developed
with response times comparable to those for the chemical detectors. Present
data indicate feasibility of detection over the range of protection provided by
the chemical system in the stagnant sodium regions at all flow conditions, and
over the entire steam generator under low flow conditions. Work remains to
demonstrate feasibility in the central tube region at full power operation, due
to sodium flow noise and possibly boiling noise.

Realization of this rapid detection potential is dependent upon successful
completion of the development program now underway. Major uncertainties in
the results are:

1, Equivalence of gas and water injections Into sodium.

2. Verification that noise levels (both boiling and non-boiling) are
essentially identical for large LMFBR steam generators and the
50 MWt Hengelo test model.

For the acoustic system to be practical for LMFBR service, the cost of the hard-
ware must be significantly reduced as compared to the laboratory system tested
at Hengelo. This 1s to be a major thrust of the acoustic development program
over the next two years.

6.0 CONCLUSIONS It3
1.

2.

4,

5.

A rapid response leak detection system 1s required for LMFBR steam
generators to minimize the possibility of major sodium/water
reactions and damage to the unit.

U.S. leak detector development to date has concentrated on techniques
for continuous monitoring of sodium/water reaction products.

In-sodium hydrogen meters are capable of detecting a rise of ^ 3 ppb
by weight against a normal hydrogen background in a steam generator
of •v 100 ppb. Oxygen meters have demonstrated comparable sensi-
tivities; however, they are vulnerable to failure due to fragility
of the electrode tube and its sealing process.

Using chemical leak detectors, steam generators can be protected for
leaks as small as ^ 2.3 x 10~3 gm/sec (5 x 10"6 lbs HoO/sec),
corresponding to defect sizes of ^ .008 mm (0.3 mils).

Acoustic leak detection offers the promise of being a superior
detection system (e.g., faster, independent of sodium flow rate,
locates tube with leak). Major uncertainties are the equivalence
of gas and water injections into sodium and the determination of
noise levels for large LMFBR steam generators.
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Figure 8. Self-Wastage Damage
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