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ABSTRACT

This paper constitutes an interim report on the sodium-water reaction
programs performed, using the GE-SOWAT, Gl--SMALL LEAK BEHAVIOR RIG, and
GE-PTTR facilities in support of LMFBR steam generator development and its
application to the Clinch River Breeder Reactor Plant. Test data from
these rigs are presented, including wastage data as a function of water
injection rate, sodium temperature, and orifice geometry. Initial results
for self-wastage of defects under prototypical conditions, and from
proof-of-principle tests of a protected heat transfer tube concept are
also presented. An analytical basis for wastage phenomena is suggested.
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INTRODUCTION

Experience with steam generators and experimental data show extensive
damage may result from small sodium-water reactions (1,2). Significant
economic losses result if major components are damaged, especially if long
downtimes are required for leak location, repair and system cleanup. The
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availability of the Clinch River Breeder Reactor Plant (CRBRP) will depend 11П
on the frequency that such defects occur during the life of the steam
generator units, and the ability of the plant operator to take corrective
action to mitigate the consequences of the small sodium-water reaction.
The United States development program (3,4) has long recognized the importance
of obtaining an understanding of sodium-water reaction phenomena associated
with water leakage into the shell side. This paper presents some of the
latest investigations of the basic phenomena of wastage, self-wastage, leak
detection, etc., and proof-of-principle tests of a protected tube design over
a wide range of water injection rates.

The prime objective.- of these investigations is to obtain a full under-
standing of wastage phenomena, which together with leak detection technology
forms the base technology to define the small leak protection system. This
technology will provide the plant operator with sufficient knowledge to judge
the extent of steam generator damage from the behavior of the leak detection
monitors. Specific objectives of these investigations are:

• obtain experimental correlations for damage rates from an injection
of water through an orifice

• measure the effect of operating parameters and leak location on this
experimental correlation

• obtain a quantitative understanding of small leak phenomena such as
jet characteristics, acoustic power generation, defect growth, defect
probability, etc., in sufficient depth to give confidence that measured
data is applicable toa large steam generator; and allow extrapolation
of the data to both normal and abnormal operating conditions, or allow
its application to future steam generator design.

t provide proof-of-principle tests and examine specific design features j
in support of reference and alternate steam generator conceptual design. j

To meet these objectives the scope of the U.S. steam generator program ^ !
1n sodium-water reaction phenomena is broad. This paper concentrates mainly
on a parametric study of wastage phenomena.

EXPERIMENTAL APPROACH AND TEST FACILITIES

Atomic Power Development Associates sponsored by the U.S. AEC under-
took one of the first, and most comprehensive investigations of wastage
phenomena (4). For many years tneir data nas formed the base for sodium-water
technology (4). At the start of the present program APUA expertise in this
area was used to provide an in-depth critique of the published world data
on small leak wastage, and give an indepenoent assessment of a program to
examine wastage phenomena (5). This critique underlined the requirement for a
systematic examination of operating parameters on wastage; and the need
for a sufficient quantity of data, obtained under controlled conditions, to
provide an accurate measure of tlte effect of each parameter and remove
the ambiguities which existed in the technology at that time. As a result
of tn1s assessment slight changes were made to the planned program, but in
general 1t was a confirmation of the approach which was already being taken.

The present wastage program builds on a datum established during two
earlier programs (3,4). An experimental program using capillary and crack-
type leaks was undertaken as part of the 300 MWe Fast Ceramic Reactor component
development program conducted by General Electric for ESADA (з). These tests
were performed in a twelve inch diameter, stainless steel vessel initially
using static sodium but later converted to become a flowing sodium loop.
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This loop was the basis for the present wastage test rig which has the
acronym SOWAT. Sodium is circulated through the loop by a 20 psi, 20 gpm
electromagnetic pump, the flow being monitored with electromagnetic flow-
meters. Adjacent to the SOWAT rig is a static sodium pot which lias the
acronym SOLLACE. Both rigs are capable of operation with sodium temperatures
upto 1000°F (540 C). In both rigs water/steam is injected against targets
using a pressurized sight-glass reservoir. This system provides a positive
measure of both the rate and quantity of water injected. A full descrip-
tion of these facilities and the associated test procedures are given in
Reference 2 (See Figure 1).

The reference design of Clinch River Breeder Reactor Plant (CRBRP) steam
generator is based on a modular concept using a tube-in-shell heat exchanger, the
difference in relative expansion of the tubes and shell being accommodated by a
hockey-stick geometry. The tubes have a diameter of 0.625 inches, a wall thick-
ness of 0.109 inches, set into a triangular array with a minimum distance of 0.5
inches between adjacent tubes. Sodium fills the shell side, the tubesheets
at either end being immersed in static liquid without cover gas spaces.

An alternative design was also considered which surrounded each heat transfer
tube with a sacrificial protector tube. This protected tube concept limits
the sodium-water reaction to the vicinity of the defective tube. The steam
generator lias a bayonet tube geometry with \\ inch diameter heat transfer
tube surrounded by a 1/8 inch thick protector tube providing an annulus gap
of 3/8 inch. The protected tubes are on a triangular array with 3/8 inch
minimum gap between protector tubes. All heat transfer tubes are fabricated
from 2^Cr-lMo ferretic steel; with the reference material for the protector
tube being 304 s/s austenitic, although some tests were made using 2%Cr-lMo Protector
tubes. Proof-of-prtnciple tests were made in both the GE-SOWAT facilities and
also in a specially constructed test facility, Protector Tube Test Rig (PTTR).
The PTTR is essentially a large pot of static sodium containing a geometri-
cally similar section of the steam generator. A sophisticated sodium water
reaction containment and venting system, and a water injection device completes
the main features of the facility (See Figure 2). Tests on the protected tube
concept formed only a small portion of the overall program; most of the data
is from a parametric study of the reference hockey-stick design. Details
of the proof-of-principle tests are included because of the range of test
sections used for examining multiple target damage lead to an extension of
reported wastage phenomena.

During the course of the test iwogram both Ь£ test data, and
Information from other sources (6) showed that self-wastage of the defect/
orifice was an Important factor. A test facility was constructed to
specifically investigate small leak behaviour and micro leaks (See Fig. 3).
This loop has flowing sodium and steam at prototypical pressures and temperature,
with an oversized cold trap to maintain prototypical impurity levels on the
sodium side during prolonged leakage experiments. The water-side chemistry
is controlled to CRBRP steam generator conditions.

TEST SECTION DESIGNS

Most of t!ie test data has been obtained using a standard test section
in the SOWAT loop. Among the criteria used during the loop and test section
design were:

t easy removal of the test section following a wastage experiment, and
ability to obtain fast turnaround between tests.

• removal of the sodium from the test sedtion immediately following a test,111
to preserve evidence of reaction product deposition and damage phenomena

t ability to check the alignment of the water injection patn prior to
insertion into the test loop.

• simple injection system design to allow rapid replacement of an orifice
which had plugged prior to a test

• continuous gas purge through the injection orifice prior to water
injection.

A conflicting requirement for the design of a test section is the maximum
cross-sectional area of the test section, while maintaining prototypical sodium
flow velocities. Flow through the loop is limited by the electro-magnetic pump ca-
pacity, and reaction product buildup and realistic system geometry call for maximum
cross-section of approximately 1" by 3/4" or 1/2" through which sodium flows at
upto 10 ft/second (Ref. 2).

Many other designs of test sections have been used during the program
to examine specific design features. Some of these were used in place of the
standard SOWAT test section and reflected the same limitations described above,
others were immersed in static sodium and had less severe geometry restriction.
For example, several test sections were used in support of the proof-of-prin-
ciple tests of the Protected Tube concept. Earlier comparative tests used
the standard SOWAT test section, with a cross-section of Г'хЗ/4". This was
replaced by a test section (FWC #1) which had a cross-section of approximately
l"xl-3/8", and incorporated multiple targets simulating the protected tube
design. At relatively high water injection rates it was suspected that steam
blanketing of the restricted cross-section occurred. Л test section (FWC #2)
which modelled a 90 sector of the protected tube design replaced the simple
test section. A similar model was used for static sodium tests (FWC #3),
which provided information on the effect of sodium velocity for example. In
later tests a 7% inch length of heat transfer tube witli its associated protec-
tor tube was used. This was a full 360° model, but the adjacent heat transfer/
protector tube assembly was modelled by a 90° segment bolted to the full
protector tube (FWC #4). A similar model was made with three adjacent
sets of 90° segments simulating the conditions which allowed the jet to
traverse between two adjacent tubes before impinging onto the third pro-
tector tube assembly (FWC #5).

Earlier tests 1n the PTTR rig tested specific design features at rela-
tively high flowrates. Later tests provide a proof-of-principle demonstration that
the protector tube would contain a large scale water injection equivalent
to full-tube rupture of a heat transfer tube (40 lbs НгОЛес). The
test section was a full size heat transfer tube/protector tube assembly
contained in an outer shell simulating a multi-tube assembly with segments
of protector tube surrounding the main assembly. The final test in the series
extended the data obtained from the SOWAT tests.

Small leak behavior tests were made with six-inch lengths of Ih" 0u tubing
through which 0.003 inch diameter noies were mechanically drilled (0.T00 wall
thickness). To reduce the rate of flow through these holes the tubing was
swaged to give an elongated shape to the "defect". Following swaqina the
defect size was stabilized by heat treating for two hours in an fnert atmos-
phere at 1800°F. Defects were calibrated prior to use by measuring the flow-
rate. Water injection orifices for impingement wastage tests were either
mechanically drilled holes (typically 0.004 inches through a wall thickness
of 0.025 inches, to 0.014 inches through 0.110 inch wall thickness); or
small bore capillary tubing swaged over the final 3/4 inch to provide the
required flow rate.



A complementary area of investigation was concerned with injection
system design, and the phenomena of capillary type defects. This led to
well established fabrication and calibration techniques allowing almost
any injection rate to be specified for a test; and test results indicate
that leakages in the range 10"7 to 10~

2
 lbs/sec can be consistently produced

within 10% of a specified rate. The success of these water injection tech-
niques allowed a controlled set of operating and test parameters to be consis-
tently achieved in tlio impingement wastage tests.

The majority of the Impingement wastage tests were in support of the reference
hockey-stick concept, and used the standard test section (cross-section T'xV).
Leakage in the vicinity of a thermal shield was investigated with two plates
3" by 2" separated with spacers along three edges to give a width of 1/16".
A nineteen tube array is being used to investigate geometry effects on wastage
phenomena. The main thrust of this section of the program was to measure the
effect of operating parameters on wastage rate. These correlations forming a
criteria for designing the Small Leak Protection System of the CKHRP. The main
parameters under investigation are:

water/steam injection rate (upto 10 lbs/sec)
sodium temperature (550°F to 950°F)
material resistance
orifice geometry
water phase
water pressure
sodium velocity

(2У>-1Мо, 300 series s/s)
circular to crack)
Iiqu1d-gas)
800 psia to 2100 psia)
0 to 10 ft/sec)

1975.
TFits program is continuing, with an expected completion date early in

TEST EXPERIENCE

Data from the test programs is still being generated and assessed,
however, the main features of this data and its application to the CRBRP can
be presented.

Three distinct wastage mechanisms have been observed during the current
program. The first is 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. Some-
times 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 was observed that damage can occur
both In the immediate vicinity of the injection orifice and also within tne
orifice 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 sizeable
area of the heat transfer tube can occur. It is believed that this damage
is caused by a recirculation, or backwash, of reaction products as a result
of injecting against a concave surface; or due to constricted geometry.

Besides these three damage mechanisms a distinctive circular aurora or
halo often surrounds the wastage pit formed. There is insignificant damage
associated with this halo. A "downstream" effect is also apparent on certain
test samples, the damage being slightly greater on the lower lip of tiie
wastage pit. As well as this downstream effect, there is some indication that
the shape of the crater alters as a function of injection rate. Just prior
to rates of injection which form toroidal craters , the crater has a п-shape.

In the literature two terms are most often used to describe the geometry of 1 1 0
the damage zone on the target; pit type and toroidal type. Such terms are "*•
obviously simplifications and are not completely descriptive of all types of
damage. Quite often a crater which at first sight appears to be a pit is
found to have a toroidal shape on the base when examined with a stereoscopic
microscope.

The objective in making these wastage experiments was to provide
wastage data for a specific design configuration and operating conditions.
Such data would be used to derive wastage correlations and criteria to replace
the umbrella type correlation of data generated at the start of the program
(5). These correlations covered all available data from world sources, much
of which was not applicable to tne reference aestgn.

The effect of injection rate on the damage rate for two sodium tempera-
tures 1s shown in Figure 4. Variation in water injection rate was obtained
by varying the degree of swaging of the capillary tubes forming the water
Injector. Jets issuing from'thfs cylindrical orifice are needle-like in
shape; previous test experience Indicates such jets provide maximum penetra-
tion rates through the targets on which they impinge (5). Many investigators
and steam generator designers have intuitively suggested that damage rates
will be decreased orders of magnitude 1f "real" defects were used, such as
a fatigue/vibration crack. As can be seen from Figure 4, data obtained with
slit defects indicate that while some reduction in wastage results from the
use of non-circular defects it is a relatively minor relief. It is believed
that this similarity of damage rates for holes and slits is due to stability
criteria which predicts similar jet patterns for both types of orifice. All
of these curves were obtained by injecting superheated steam through the
orifice. The penetration rate is obtained by dividing the maximum crater depth
by the total elapsed time of the test. The water injection rate Is monitored
continuously by timing the descent of water in a sight-glass. Further data
on injection rate at higher levels was obtained, however, it is considered
to be relatively unimportant since the wastage rates exceed values which
allow normal shutdown of the plant before failure of an adjacent tube. Measure-
ment of these higher rates, therefore, becomes rather academic. A comparison
of GE steam data with existing water data (5) is shown in Figure 5.(Note that
this data is plotted on a log-log scale, whereas Figure 4 uses linear coordinates.
Plotting the comparative data on linear coordinates gives Figure 6). From
these plots it would appear that superheated steam and water injections pro-
duce significantly different results! [See discussion on this point later).

The French measured a distinct effect of sodium velocity on the wastage
rate (7), while the Russians report a negligible effect (8). Preliminary
data obtained during the current program indicates that at lower injection
rates the velocity effect is small, but at higher injection rates a complex
interaction occurs between the sodium flow, water injection, and the local
geometry. Figure 7 shows schematically the effect of sodium velocity. It is
postulated that above a certain leak rate the reaction takes place between
an expanding water/steam jet, and a sodium froth/vapor formed by the relatively
large volume of reaction gas bubbling througn the restricted geometry. The
water/steam jet then expands radially to give a larger area of damage on the
target. It is possible thatfri an infinite sea of sodium and a simple target
the curve follows the full line shown in Figure 7, while in a restricted geom-
etry the data might fall as shown on the broken line. Since more gas is pro-
duced at lower temperature (650

u
F) than at higher temperatuers (860 F) one

might expect the froth to form at lower injection rates at the lower temperature.

Tests 1n which a direct comparison of the wastage resistance of differ-
ent construction materials was made Indicate that 304 s/s is a factor of ^4



times higher than 2У>-1Мо at 860 F. Since 2-ljCr-lMo steel is the reference
material only a superficial comparison with other materials was made.
Approximate comparative wastage resistances are shown in Table 1 for several
materials; resistance is compared to the wastage of 2^Cr-lMo steel at 650°F
as a standard.

TABLE 1[Comparative Wastage Resistance

Material

2-l/4Cr-lMo (T22)
304 S/S
Incoloy 800

High Temp (860°F)

1
4
б

Low Temp (650°F)

2 1/2
30
100

Water injected through a microleak reacts at the interface of the sodium
and tube causing an enlargement of the orifice. With time this enlargement of
the orifice moves deeper into the defect until only a thin orifice separates
the sodium and water. High pressure on the water side results in choked flow
through the orifice; the mass flow being primarily a function of the minimum
cross-sectional area. Since the defect is nominally of equal area throughout
the thickness of the wall, only small changes in mass flowrate occur until
immediately prior to the sudden enlargement as the remaining thin edge is
removed by the reaction. At this event the mass flowrate increases by many
orders of magnitude. Such an event has been observed experimentally many times.
During the current wastage and small leak behavior programs some data on self
damage of artificial defects (drilled and/or swaged tubes) has been obtained.
The French have also published some data from their investigation of microleak
phenomena (Ref. 6). This data is plotted in Figure 8, showing the time taken
for a leak to increase in mass flowrate by several orders of magnitude as a
function of initial leak rate. For the French data and the two data points
of Sandusky (Figure 8) the initial injection rate is estimated from a pretest
calibration of gas flowrate. Greene's data is based on water calibration and
constant monitoring of mass flowrate during the test. The French and Sandusky's
data is for ferritic type steel; Greene's data is also for austenitic stainless
steel.

The two full lines drawn through the data emphasize the spread in present
results; the bottom line being drawn through the lower values obtained by the
French, the upper line connects the data generated at General Electric. The
limit of leak detectability suggested (as a result of the SCTI tests) for the
CRBRP secondary sodium circuit is ̂ 2x10-5 lbs/sec. It requires a period of
one hour to detect leaks of this level. If the lower curve is correct then
self damage may cause an orifice of unknown area to appear suddenly in a heat
transfer tube without previous warning of a defect by the small leak protection
system. If the upper curve is correct then it is possible to detect such
microleaks and take corrective action.

Proof-of-principle tests of specific design features, such as the
sodium inlet region, indicated that tne protector tube concept was a viable
design to limit the sodium-water reaction to the immediate vicinity of
the damage tube. In particular it was shown that the protector tube contained
the reaction equivalent to a large tube rupture (̂  10 lbs/second). For
smaller leak rates the protector tube concept significantly increased the
time taken to waste through an adjacent heat transfer tube, compared to the
time taken for a standard tube-in-shell design (approximately a minimum
increase in time of sixteen times). The minimum time for penetration
of two austenitic steel protector tubes was about 16 minutes, and required
approximately 4.5 lbs of water. The injection rate for this test was
^. 6 x 10-2 lbs/sec, believed to be close to the maximum penetration rate.
With 2 l/4Cr-lMo protector tubes the time was increased approximately
five times longer, but ferritic was not as resistant as the austenttic steel.

The penetration time for the first protector tube, either austenitic 1 1 Q
or ferritic, is that which would be predicted from curves such as Figure 4. "

u

Penetration of the second protector tube is slower, however, than such a
graph would predict. This reduction is believed due to splaying of the jet
for a period as it passes through the hole in the first protector tube;
perhaps until the hole in the first protector tube is large enough to allow
a concentrated jet to reform.

DISCUSSION OF RESULTS

From a synthesis of the data, and a few scope experimental investigations
some understanding of wastage phenomena has been obtained. A rudimentary
explanation of the many facets of wastage phenomena can be attempted by the
use of a combustion hypothesis. This assumes that the water-steam jet acts as
a fuel and burns with sodium, producing liquid-solid-gas reaction products
at temperatures in the region of 2000°-2500°F. This combustion process is
exothermic, and it is possible that in the immediate vicinity of the com-
bustion flame the sodium is vaporized. The reaction will then occur between
water and sodium vapor.

A set of unique photographs show the flame-like structure of the reacting
jet (Fig.9). These were obtained by impressing the reaction onto a metal
surface, using a water injection parallel to the surface. Close to the injec-
tor is the high temperature combustion zone bounded by a flame front; beyond
this zone is the "flame" of hot reaction products. By placing a target in the
path of the flame an indication of the types of damage associated with the
different regimes was obtained. The results suggest that erosion-like damage
is associated with the combustion cone, and corrosion-like damage with the
reaction product flame.

This high temperature flame causes wastage damage to a target on which it
impinges. However, if the fuel supply is reduced, by reducing the mass flow-
rate of water, the phenomena of reversed flame velocity can result. This
means that the flame reaction zone moves back into the "burner" (tunnel burner).
Under such conditions self-damage of the "burner" may result. The amount of
self-damage may well depend upon the temperatures reached by the reaction pro-
ducts and the defect surface. Stainless steel being a poorer thermal conductor
than 2 1/4Cr-1Mo steel, the local temperature may be higher causing a higher
damage rate. Stainless steel was found to have a more rapid self-damage rate
than 2 l/4Cr-lMo steel during the current program (Fig.8).

Taking this self-damage one stage further, it is possible that the damage
potential can be reduced if local heat transfer can be increased. One approach
1s to use 2 l/4Cr-lMo steel of high thermal conductivity; a second approach is
to increase the local cooling of the defect entrance by roughening the surface
of the tube. This roughening will allow cool sodium to cool the "burner" and
may lead to a reduced growth rate for microleaks. It is planned to make com-
parative measurement of self-damage rates to test this hypothesis.

Flames can be either turbulent or laminar. Curves shown In Figure 10
explain some of the properties of such flames (Ref.9). A laminar flame has a
length given by the realtionship

(A)

where d = orifice diameter, U = velocity, D = diffusion coefficient. Making
the assumption that D % dU for turbulent flames, gives the turbulent flame
length (L) as

do (B)



A typical formula for turbulent flame length being (Ref.9)

. i = constant
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16 (0.00255) f Ct -(C)

where f is a proportionality factor of approximate unity and Ct is the mole
fraction of fuel in the jet. Summarizing, the turbulent flame length is mainly
a function of the orifice diameter, and only a weak function of the orifice
velocity. For the special case of water emerging from an orifice with choked
flow it would seem more appropriate to use the jet diameter at which entrainment
can first occur. This is given by (Ref. 10)

/PcAr
de = d o j p e ; (D)

where de = diameter of jet after expansion
Pe = pressure of jet after expansion
Pc = critical pressure
do = orifice diameter
r = ratio of specific heats.

Using these relationships (C and D) indicates the flame length for an orifice
diameter 0.01 is of the order of one inch; the correct order of magnitude for
the flame shown in Figure 9. Measurements of flame length suggest

L/d0 280 -(E)

Assuming that a turbulent flame is associated with a water jetting into sodium
and applying the equations above, it is possible to obtain a basis for correlating
wastage data. To date, wastage rates have been correlated using water injection
rate. This leads to different curves for water liquid and water vapor injections
(Fig. 4 - compare this figure with log scales. Fig.5). However, the length
of the flame depends primarily upon orifice diameter, and is only a weak function
of injection velocity. Plotting wastage rates as a function of orifice diameter
should correlate both liquid and steam damage rates; a prediction that shows
promise as can be seen in Figure 11.

Taking the combustion jet hypothesis further, it is known that injecting
gas into liquid produces a jet angle of V13O, and injecting liquid-into-a-Hquid
produces a jet angle of ̂25°(Ref.ll). Since the flowrate of liquid is about
seven times greater than the flowrate of steam, the energy density of the
jet in both instances is about the same. This suggests that the penetration
rate for both liquid and steam should be similar, but the area of damage would
be greater for liquid jets. Examination of Figure 11 shows that indeed the
penetration rates are similar, and examination of the targets shows craters
of larger diameter for water injection.

The main use of wastage data is establishing design criteria for the
small leak detection system, and operating and shutdown criteria for the
steam generators following detection of a small sodium-water reaction. Fig. 12
is a typical chart used to present the integrated wastage leak detection data
as it is directly applied to the CRbRP. It has been established (Figures 4
and 8) that there are two overlapping damage regimes, impingement wastage and
self wastage. Because of the different operating conditions of the Evaporator
and Superheater units two curves are required for impingement wastage when
plotted as a function of water injection rate. These are curves A and b
(Figure 12). At lower water injection rates self-damage is the prominent
mechanism, and the time to "sudden enlargement" is plotted as curve C.
The final curve, D, is the predicted response of a hydrogen diffusion tube
detector located at the main sodium outlet of the steam generator. For
a given water injection rate the detector will give a positive response
(alarm) in the time shown by curve 0. The vertical distance between the
detection and damage curves is the time available for operator response
and corrective action.

A parametric study of wastage provides a means for predicting or
assessing changes in operational variables, short of emergency shutdown,
which may mitigate the leak damage rates and may allow controlled shutdown. It
should also be emphasized at this point that even if corrective action is
not taken, the vessels are protected by a sodiurn-water reactio» pressure
relief system. This is actuated automatically by overpressure, due to
hydrogen evolution, bursting a rupture disc and removing sodium and reaction
products from the vessel; and at the same time reducing the steam/water
pressure.

Although wastage tests and data are usually associated with leak detection
they also fulfill another important function. They will often provide design
guidance or proof-of-principle tests winch lead to a safer steam generator
unit. For example, wastage tests of a tube support or thermal baffle region
can show if decreased damage is caused, or whether trapping of reaction
products will reduce the effectiveness of the detection system. One series
of such tests provided design verification of a thermal baffle concept, by
showing that reaction products escaped from the narrow gap, and wastage was
no worse than in the unbaffled region.

In conclusion it might be said that wastage data obtained under good
experimental conditions will lead to a safer, more reliable and, therefore,
more economical steam generator design for tlie Clinch River Fast Breeder
Reactor Plant.
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С 5. KNK-Steam Generator Leakage, K. Dumm
Evaluations and Improvements W. Ratzel
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On September 23 1972 the KNK-reactor was shut down

due to a sodium-water reaction.

Detection, localisation and possible leak development

are described and discussed.

Improvements on the KNK steam generator system due to

this leak experience are explained.

Introduction

The KNK reactor was manually shut down on September 2 3

1972 due to indications of a sodium-water reaction in

one of its two steam generators. The leak was assumed

to be a comparably small one as no rupture disc was

actuated. At the time the reactor was running at the

30 % output level and the operating conditions of the

failed steam generator were as given below:

r d
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