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SUMMARY 

LAMPRE, a 1 MW experimental fast reac­
tor, fueled with plutonium and cooled by 
sodium, operated successfully for two and a 
half years.** In this simple system, the use 
of plutonium fuel and liquid metal coolant 
proved to be straightforward. Some of the 
experience gained with this system should be 
applicable to larger, more complex fast reac­
tors. 

Adequate coolant purity was maintained 
in the LAMPRE system so that a refractory metal 
container for the fuel could be satisfactorily 
used. Nitrogen from the atmosphere"was ob­
served to diffuse into the coolant loop through 
the pipe walls, which operated at temperatures 
in the range 450°C to 55G°C; the nitrogen con­
centration in the gas space above the sodium 
was controlled by periodic flushing, and no 
ill effects attributable to the nitrogen were 
observed. 

During the course of the experiment, 
fission products and plutonium were released 
into the coolant loop. This had only a minor 
effect on the established procedures for reac­
tor operation, fuel handling, etc. Additional 
conservatism was applied to maintenance tasks, 
but it appears in retrospect that more than 
necessary caution was used. 

The distribution of fission products in 
the system was not examined in detail, because 
not all of the loop was accessible to gamma 
scanning equipment. Where measurements could 
be made, the results — particularly with re­
spect to cesium — are consistent with fission 
product transport and distribution observed in 
laboratory experiments. 

A major part of the core structure, 
and some of the coolant loop, was disassembled 
after the conclusion of the reactor experiment. 
This was accomplished without particular dif­
ficulty. The level of dispersable plutonium 
contamination was lower than had been expected. 
In the hot trap system, plutoniimi contamination 
was firmly fixed on the pipe walls; sections of 
these components were removed from the loop 
without any-special techniques to prevent the 
spread of radioactive materials. The larger 
sections of gas piping attached to the top of 
the reactor vessel contained detectable levels 
of plutoniimi, but conventional bagging tech-

%S.oOi . / ^ ^ 

niques were adequate to permit uneventful dis­
assembly of the system. Smaller gas lines 
connected to the fuel charging machine were 
safely removed without bagging. 

INTRODUCTION 

Other papers in this session have de­
scribed the operation of fast reactors which 
resemble the breeders that may be a part of 
the nuclear power complex during the next dec­
ade. The experience which will be discussed 
here was obtained with a somev/hat different 
reactor: it was physically very small, and it 
generated no electrical power. Its only simi­
larities to a fast breeder were that it was 
fueled with plutonium, cooled by sodium, and 
operated at temperatures about equal to those 
proposed for the central station reactor. It 
may seem unlikely that much information rele­
vant to operations of large systems was ob­
tained with this 1 MW reactor which dumped its 
power to an air radiator. However, some of 
the operating experiences selected for dis­
cussion here will perhaps be of general inter­
est . 

Though LAMPRE (as well as some aspects 
of its operation) has been described previ­
ously (1-7), a brief review of the reactor's 
design and purpose is appropriate before 
operating experiences are discussed. 

The short-term objective of the LAMPRE 
project was quite limited. In 1957, when 
serious work on the liquid plutonium fuel pro­
gram began, there was (even as in 1967) no 
flexible reactor facility for testing fast 
reactor fuels in a hard spectrum at high 
temperatures. 

LAMPRE was constructed to provide such 
a facility at the Los Alamos Scientific Lab­
oratory. The primary purpose of this low 
cost, fast neutron system was to permit inves­
tigation of some of the most obvious questions 
about the suitability of liquid plutonium 
alloys for use as fast breeder fuels. It ap­
peared that the operational stability of such 
a system, and the extent to which gaseous fis­
sion products escaped from the fuel, could be 
assessed in a preliminary way by tests made in 
such a facility. Clearly the modest power 
rating of the reactor would limit its useful-

*Work performed under the auspices of the U. S. Atomic Energy Commission. 
**The coolant loop was in service for approximately three and one-half years. 
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ness for establishing definitively the poten­
tial burnup capability of the fuel. However, 
it was hoped that (a) this experimental reac­
tor would run reliably at a high plant factor 
and thereby offset to some extent its low 
power rating, and (b) that more conclusive 
data on burnup capability would be obtained in 
a larger, follow-on reactor experiment. (This 
last goal was not achieved because the liquid 
plutonium fuel program was cancelled by the 
AEC in 1965.) 

The general design of the system for 
implementing the program objectives is best 
described by reference to several illustra­
tions. Figure 1 shows a fuel element (an 8-in. 
long, 7/16 in. diameter tantalum capsule which 
contained a 6 in. height of liquid plutonium 
alloy) and its extension, or handle, by means 
of which the fuel element could be inserted 
Into and removed from the reactor. About 140 
of these fuel element assemblies constituted 
the core, which was located in the 10-in. dia­
meter reactor vessel shown in Figure 2. 

A fuel transfer machine (Figure 3) was 
attached to the top of the reactor vessel; it 
was used to lift fuel assemblies out of the 
reactor, to remove the fuel capsules from the 
handles, and to install new fuel capsules. 

Reactor control was provided by mov­
able sections of a neutron reflector outside 
the vessel; the reflector assembly is shown 
in Figure 4. These control elements were actu­
ated by hydraulic cylinders located beneath 
the reactor, as shown in Figure 5. 

The coolant system, which contained 
about 8 ft^ of sodium, is shown in Figures 6 
and 7. 

The obvious simplicity of the LAMPRE 
system illustrates the basic philosophy applied 
to its design. This was to provide the capa­
bilities necessary for normal operation in the 
most straightforward manner, and to omit spe­
cial or infrequently needed capabilities which 
might be required to deal with a great variety 
of hypothetical (or even barely conceivable) 
misfortunes. It was felt that most non-normal 
circumstances could be dealt with adequately 
by brute force, if they occurred. This point 
of view probably seems more naive now than it 
did in 1959, but it still has some merit. In 
the case of a reactor which must run on a 
fixed schedule, it may however be difficult to 
achieve the required balance between the ini­
tial cost of providing for varying eventuali­
ties and the penalties associated with having 
the reactor off the line while its staff in-
(vents "fixes" and accumulates "operating ex­
perience." 

The chronology of the LAMPRE program 
is indicated in Table I. The "operating exper-
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Fig. 1. LAMPRE Fuel Capsule and Handle. 

ience" which is discussed here was selected 
from events that occurred during the five year 
interval from late 1960 to late 1965. This 
period covers the disassembly of the reactor 
as well as its actual operation. 

The specific areas of operating exper­
ience which are described include (a) main­
taining purity of the coolant, (b) the appear­
ance of nitrogen in the cover gas system, (c) 
fission products and fuel in the coolant, (d) 
mechanical design features; some good, some to 
be avoided in the future, and (e) the handling 
of plutonium contaminated fuel elements and 
components in relation to normal operation of 
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Fig. 2. LAMPRE Reactor Vessel. 

the reactor and to final disassembly of the 
system. 

COOLANT PURITY 

It was kno\-m that the tantalum fuel 
container in the LAMPRE core would not be 
tolerant of large concentrations of oxygen in 
the sodium coolant. When the reactor was being 
designed, it had not been established what the 
threshold level of unacceptable oxide content 
was, but there was evidence that cold-trapped 
sodium would not be satisfactory for use with 
tantalum. On the other hand, laboratory ex­
periments showed that circulating the sodium 
through a hot trap filled with zirconium foil 
and operated at 650°C to 700°C provided ade-

Fig. 3. LAMPRE Fuel Transfer Machine. 
(A helium atmosphere was maintained 
at all times in the machine.) 

quate coolant purity so that corrosion of the 
tantalum by the sodium was no problem. The 
LAMPRE system was therefore equipped with 
three such hot traps installed on a bypass 
section of the sodium loop. Each trap con­
tained 5.5 lb of zirconium metal in the form 
of 0.007 m . thick foil. (The coolant loop 
contained about 350 lb of sodium; the ratio 
of the foil area to sodium volume was 10 ft" . 
Circulation of sodium through the hot traps 
was originally produced by a small auxiliary 
electromagnetic pump; this failed early in the 
game because of unsuitable construction, but 
the m a m loop Ap produced approximately 1% by­
pass flow through the hot traps. 

Reactor grade sodium was initially 

) 
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Fig. 4. LAMPRE Rerlector Assembly. 
(Reactivity control for LAMPRE was provided by 
movable neutron reflector segments, outside of 
the reactor vessel. The vessel had not been 
installed when this photo was made.) 

charged to the system dump tank, which had 
both a cold trap and plugging indicator. Plug­
ging temperature m the dump tank circuit was 
110°C when the sodium was admitted to the main 
loop. (The main loop had been evacuated and 
baked at 350°C for 8 days.) After 5 days' cir­
culation in the main loop, the sodium was re­
turned to the dump tank for additional cleanup; 
the plugging temperature at this time was 
~115°C. When this cycle had been completed, 

•
sodium was returned to the loop in prepa-
ion for loading the Core I into the reactor. 

No further cold trapping was performed on the 
main sodium charge, but the dump tank circuit 

Fig. 5. LAMPRE*Control Elements and 
Associated Hydraulic Cylinders for Actuation. 

was continuously cold trapped during the 3-1/2 
years that the coolant loop operated. There 
were small interchanges of sodium between the 
tank and the main loop during this time be­
cause of leakage across a defective valve seat. 

Prior to loading Core I, one of the 
three hot traps was cut off the line and the 
zirconium foil was examined. Only the foil at 
the inlet end of the trap (about 10% of the 
total) showed evidence of oxidation. The re­
maining hot traps were removed when the reac­
tor was disassembled. Analysis of the foil 
from these has not yet been completed. 

It appears that sodium purity was ade­
quate for compatibility with the tantalum cap­
sules chroughout the experiment. The evidence 
for this is that: 
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1. There appeared to be no chemical 
attack of the tantalum. 

2. The observed increase in hardness 
of the tantalum fuel containers seems to be 
only that attributable to neutron irradiation, 
and not to oxygen pickup. 

3. Metallurgical examination of irra­
diated fuel capsules did not show the presence 
of "oxide platelets" (except for those occa­
sionally found in weld areas; these were as­
sumed to have been introduced during capsule 
fabrication). 

On the basis of this experience, it 
seems that maintaining adequate sodium purity 
to permit the use of refractory metal fuel 
cladding is feasible even in systems much 
larger than lAMPRE. A more conclusive state­
ment could be made if there had been regular 
monitoriiis of the oxide content in the LAMPRE 
coolant. Terhniques for on-stream oxygen anal­
ysis rtt the 0.1 ppm level were not available 
during the lAMPRE program, nor are they at the 
pres'^nt time. But now, at least, there is ad­
ditional information on the parameters which 
dettrmma the effectiveness of hot traps; and 
it appears that a hot trap with a specified 
Jifc, capaDle of maintaining a given sodium 
purity XV a particular coolant loop, can be 
d'-c L^nod arcTding to established rules. This 
Lechrioiogy mjy be applicable to special pro-
hleiT'̂  f̂as in the closed loops planned for 
ITTF) though It does not appear to be needed 
ioi the presently proposed fast breeder designs, 

NrrgoGFN̂  m ^H'E HELIUM COVER GAS 

A gradual buildup of nitrogen in the 
reactor rover gas system was observed soon 
a£te^ tne coolant loop had been filled with 
^"diuPv. This was disturbing for two reasons. 
>''ir3t . it Diight indicate that air was coming 
into tuc system through a previously undetected 
leak: this would eventually exhaust the hot 
traps' capability to maintain a low oxygen 
concertratLon In the sodium. Second, there was 
coniein that nitrogen might be transferred to 
tart aiuir. components in the core and cause them 
to DecoKi'i brittle. 

Exterslve testing failed to reveal any 
dir leak in the system. Chemical analysis of 
pottiiig compounds and insulation used on ther-
a'ocoi'ple wire Inside the vessel indicated that 
they contained no significant source of nitro­
gen. The possibility that N2 was diffusing 
through the wails of the hot traps (\;hose nomi­
nal teriperatuia was 675°C) was initially dis­
counted when it was found that nitrogen en­
tered the system at the same rate after the 
hot trnps were cooled to 475°C. 



TABLE I 

CHRONOLOGY OF LAMPRE PROGRAM 

R & D 

Fuel & Container Studies 
(Laboratory Loops) 

Mockup Critical Experiments 

1957 - 1964 

1957 - 1959 

Core 
I 

Operations 
(0 - 400 kW) 

Warm, Wet Critical 

Hot, Wet Critical 

Core Unloaded 

Feb. 1961 

March 1961 

Jan. 1962 

Core 
II 

Operations 
(0 - 1000 kW) 

Hot, Wet Critical 

Operations Terminated 

Core Unloaded 

April 1962 

July 1963 

April 1964 

Disassembly 
Core, Coolant Loop & 
Auxiliary Systems 

1964, 1965 

After a more careful analysis of the 
data on the buildup of the nitrogen concentra­
tion as a function of time and temperature, a 
plausible explanation for the observations was 
found: Nitrogen was, despite the initial con­
clusions to the contrary, entering the system 
by diffusion through all parts of the coolant 
loop. The relative areas, thicknesses, and 
temperature of all the coolant loop components 
were such that several of them contributed sub­
stantially to the total N2 inflow to the loop. 
A major change in the total rate of N2 buildup 
had therefore not been produced by varying the 
temperature of the hot traps alone. In subse­
quent experiments it was determined that the 
permeation rates of N2 were approximately 
20 ± 10 and 7 * 4 ppm N2/h at nominal system 
temperatures of 475°C and 380°C, respectively. 
Calculated rates, using permeability coeffi­
cients for N2 through iron, (because no data 
for stainless steel were found) were in reason­
able agreement with the measured values. 

An average N2 concentration of ~300 ppm 
was maintained throughout the life of the reac­
tor by purging the helium-filled cover gas 
system when the N2 level had built up to~600 
ppm. Whether this was a useful or an unneces­
sary precaution has not been determined. 

It appears, at least on the basis of 
the LAMPRE experience, that nitrogen will be 

^^normal component of the cover gas in similar 
^ B g h temperature systems. In any specific 
case, however, the possibility that it is 
entering as air probably cannot be ruled out 

definitely unless on-line equipment for oxygen 
analysis is available on the sodium system. 

RELEASE OF FISSION PRODUCTS AND FUEL INTO THE 
REACTOR COOLANT 

Fission products and about 160 g of 
fuel were released into the reactor coolant 
during the course of LAMPRE operations. This 
leakage resulted from the penetration (on three 
occasions) of the fuel capsules by the liquid 
plutonium fuel. 

The initial contamination of the cool­
ant loop occurred after physics measurements 
and plant shakedown had been completed, and 
operation at design power with a high plant 
factor was becoming a reality. After replac­
ing the defective fuel capsule (and those 
adjacent to it in the core) operation of the 
reactor was resumed. The emphasis continued 
to be on achieving as much burnup as possible; 
consequently, diagnostic measurements which 
might have provided definitive quantitative 
information on the fate of fission products in 
sodium-cooled reactor systems took second pri­
ority to keeping the reactor on line. Never­
theless, certain observations were made on the 
behavior of the system. Some of these are 
described below. 

The reactor system was equipped with 
radiation detection equipment which monitored 
a portion of the cover gas volume for the pres­
ence of fission products. This equipment 
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(shown schematically in Figure 8) was located 
at about the mid-point of a 30 ft long, 3 in. 
diameter pipe which interconnected the gas 
volume in the reactor vessel with that in the 
surge tank. Except when substantial changes 
were being made in the sodium flow rate, there 
was no pressure differential available to force 
gas through this line. The detector, there­
fore, probably did not give a quantitative 
measure of the amount of fission products ac­
tually released to the cover gas, nor could it 
indicate the time dependence of the release 
with precision. 

THERMAL NSJLAT10N 

Fig. 8. Fission Product Detector on 
the LAMPRE Cover Gas System. 

At the time of the first release of 
fuel and fission products, it was calculated 
that the pressure of fission gases in the fuel 
capsule was about 145 psi. About 90 g of 
fuel jetted from the capsule in a few seconds 
(as indicated by the reactor power record) , 
but the cover gas monitor gave no indication 
above background until approximately a half 
hour after the fuel release. 

Some months after this first release of 
fuel, a second and third such event occurred; 
pressures in the fuel capsules in these cases 
were estimated to be 370 psi. Figure 9 shows 
the response of the cover gas monitor to the 
second release of fission products. The sig­
nal was readily detected even in the presence 
of the background produced by the unencapsu-
lated fuel present in the core region as a 
result of the first fuel release several months 
earlier. 

Attempts to identify the fission pro­
ducts in the cover gas were not extensive. 

Xe was found in one sample of gas obtained 
some time after the first release of fission 
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Fig. 9. Response of the LAMPRE Fission 
Product Monitor to Release of Fission 

Products in the Reactor Core. 

products from the core; it appears to have 
producted an initial activity of approximately 
5 X 10^ dpm/cc in the cover gas. Both •'•̂ X̂e 
and •'̂ X̂e had previously been identified by 
gamma-ray scanning of exposed portions of the 
cover gas plumbing.* 

*Also, '*̂ A was observed in the high purity 
helium cover gas. The concentration was sev­
eral times that which could be accounted for 
by neutron capture in the '*'̂A present in the 
cover gas. Calculation indicates that in the 
high energy neutron spectrum, an (n,p) reac­
tion with the 200 ppm of '̂'̂K present in the 
coolant would produce radioactive argon in an 
amount approximately equal to that found. 
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The configuration and location of the 

P
koolant loop made it impractical to examine 
the spatial distribution of fission products 
in the loop as a function of time after the 
release of fission products and fuel from the 
core. However, it was possible to obtain 
specimens of coolant using the fuel transfer 
machine to insert and remove small sampling 
devices. The sodium so obtained was analyzed 
for fission products by a combination of gamma-
ray scanning and radiochemical techniques. The 
amounts of plutonium and tantalum present were 
also determined by use of an arc spectrograph 
or by counting methods. 

Initially, when sodium was obtained by 
lowering a sampler through the stagnant top 

surface of the coolant in the reactor vessel, 
no consistent analyses were obtained. Sub­
sequently, a sampler that extracted a sample 
of flowing sodium from the core was devised. 
Specimens obtained in this fashion did yield 
consistent analytical results. 

Table II lists the radionuclides and 
elements which were identified as present in 
sodium samples taken from the reactor core 
during the post-fuel release period of reactor 
operations. 

Prior to disassembly of LAMPRE, a 
limited investigation was made of the spatial 
distribution of fission products in the sys­
tem. In this study, the surge tank and a few 
fuel capsule handles were scanned with a 

TABLE II 

FISSION PRODUCTS, OTHER RADIONUCLIDES, AND ELEMENTS 
IDENTIFIED IN LAMPRE SODIUM SAl-IPLES 

Species 

239,2'.0pu 

Z'̂ Na 

22Na 

51Cr 

5 8co 

S^Mn 

182Ta 

136cs 

137cs 

l'*OLa 

12 7mjg 

129m'j;e 

13lTe 

132Te 

Fe 

Ni 

Cr 

Origin 

Released fuel 

2%a(n,Y)^''Na 

2 3Na(n,2n)2%a* 

5°Cr(n,Y)^^Cr 

58Ni(n,p)58co 

5'*Fe(n,p)5'*Mn 

18lTa(n,Y)182xa 

Fission product"^ 

II II 

II u 

II It 

II II 

II II 

II II 

> 
From coolant loop mat( 

II 11 

II II 

Approximate 
Concentration 
or Activity 

<1 ppm 

~ 

= h yc/cc Na 

— 

— 

— 

is* 

> 0.01 - 10 pc/cc Na 

2rial 5 - 2 0 ppm 

<5 

<1 

*Cin the basis of the observed ^^Na activity, it was estimated that the cross section for this 
reaction In the LAMPRE neutron spectrum was 6 x 10~^ times the effective fission cross section 
for plutonium fission in the core, or approximately 10"^ barns. 

^^The observed ^^^^a activity in the sodium samples corresponds to a concentration of approxi­
mately 0.8 ppm tantalum by weight. 
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gamma-ray spectrometer. ^^^Cg ^as found on 
the walls of the surge tank above the sodium 
level. A qualitative estimate of its concen­
tration could not be made on the basis of the 
scanning data, but a general radiation survey 
of the loop indicated that the fission product 
activity in the surge tank was 30 to 50 times 
the general level in other parts of the loop. 
The results obtained from a scan of fuel cap­
sule handles is shown in Figure 10. The peak 
of the ^37cg distribution occurred at the ap­
proximate level of the surface of stagnant 
sodium in the reactor vessel; normal tempera­
ture at this point was about 200°C. 

10' 
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F- 10 
2 
Z3 
O 
o 
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100 eo 140 

Fig. 10. Fission Product (and neutron 
induced) Radioactivity on a Typical 
Fuel Capsule Handle from LAMPRE. 

(The top of the handle is at the zero inch 
position; nonnal level of the sodium coolant 
was at approximately the 25 in. position.) 

The observed pattern of cesium concen-
£tatlon is consistent with that seen more 

recently in laboratory loops containing irra­
diated liquid plutonium alloys in direct con­
tact with circulating sodium. The role of the 
xenon precursor in the transport of •'•̂'̂Cs was 
not established in LAMPRE, since it was not 
possible to measure ^37cg and ^^6^3 ratios. 
But the experience in the laboratory, plus the 
identification of ^^D^g ĵ ^ tĵ g reactor surge 
tankjshows that there is direct transport of 
this fission product by sodium. 

Some additional information on fission 
product distribution was obtained during the 
disassembly of LAMPRE. At that time, a suit­
ably processed sample of sodium from one of 
the hot traps was beta-counted. The total 
activity was approximately 2.5 x 10^ dpm/g of 
sodium; the beta radiations were tentatively 
identified as those of ^°Sr and ^''^Ru. No 
alpha particles were detected in this sample. 

Later, a 3 cm x 3 cm specimen was cut 
from the stainless steel wall of a hot trap. 
It was cleaned of sodium and examined for 
alpha, beta, and gamma activity. The gamma 
spectrum showed peaks corresponding to those 
from l°^Ru and also from '̂*Mn and ^^'^Ta. A 
measurement of the beta particle end point 
energy supported the identification of '•''°Ru. 
There was no '̂'Sr reported. The observed 
counting rate from alpha-particles on this 
specimen was about 10^ dpm/cm^ of surface, but 
the activity was not swipeable. 

Though the plutonium contamination 
which was transported to parts of the coolant 
loop appeared to be low level, substantial 
amounts of fuel were deposited on components 
in the reactor vessel. Readily visible quan­
tities of fuel alloy were observed on fuel 
capsules adjacent to those from which fuel was 
released, as well as on some capsule handles. 
The presence of this-contamination did not 
affect routine operations (such as fuel han­
dling) in any major way, however, because all 
fueling equipment had been designed to provide 
complete containment of irradiated fuel cap­
sules at all handling stages. The equipment 
was such that it not only minimized the possi­
bility of releasing plutonium in the operating 
area, but more important, it would accommodate 
the accumulated gaseous fission products 
(stored at high pressure in the upper section 
of the fuel capsules) in the event of a frac­
ture of the capsules during fuel transfer 
manipulations. Occasionally small amounts of 
plutonium contamination were found on accessi­
ble interfaces between fuel transfer compo­
nents, but these were readily decontaminated 
by techniques accepted as routine in any facil­
ity which handles plutonium. No release of 
gaseous fission products to the reactor operat­
ing area was ever observed. 

Fission products (from sodium which 
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dripped off fuel capsules during transfer 
iperations) accumulated on some parts of the 
fuel handling equipment. Some fuel alloy was 
also deposited on the fuel transfer gear from 
the contaminated surfaces of the fuel capsules 
and their handles. No operational problems 
resulted, however; in the few cases where re­
pairs to the fuel transfer machine were re­
quired, straightforward techniques, using tem­
porarily installed plastic "glove bags," pro­
vided satisfactory containment of all contami­
nation. 

A simple extrapolation of the LAMPRE 
experience with fission products and metallic 
plutonium in the coolant loop to large systems 
and other fuels may not be justified. But to 
some extent, the observations and conclusions 
summarized below may be valid for many cases: 

1. Detection of fission products in 
the cover gas can be a reliable indication of 
fuel element failure, but to be quantitative 
and to establish time of failure with preci­
sion, circulation of the cover gas may be re­
quired. The detection equipment should be 
capable of identifying specific fission pro­
ducts; a 400 to 4000 channel pulse height 
analyzer in conjunction with a suitable detec­
tor would seem to be the ideal arrangement. 
There should be provisions for recording the 
gamma-ray spectrum of radioactive components 
in the cover gas as a function of time, since 
relative abundances of the fission products 
observed may be useful in diagnosing the kind 
or sequence of failures. 

2. If fission products are released, 
there will probably be localized deposition of 
137f;g Qjj ^Yie loop walls in the coolant cover 
gas region. Whether this selective concentra­
tion is a help or a hindrance as far as loop 
maintenance is concerned will depend on the 
details of the reactor system. Laboratory 
experiments (8-9) have shown that such de­
posits can be (a) removed by flushing with 
sodium, and (b) redeposited in cold traps 
elsewhere in the loop. 

3. The presence of plutonium in the 
coolant loop does not necessarily require any 
special techniques for fuel handling and sys­
tem maintenance; those which would be accepted 
as good practice in the case of systems conr 
taminated with fission products are probably 
adequate. Furthermore, in systems which con­
tain liquid sodium, or solidified deposits of 
sodium vapor, the bagging techniques which 
would be appropriate to prevent sodium oxida-

^^on during maintenance work will be little 
^^fferent than those required for plutonium 
containment. 

EXPERIENCE WITH SYSTEM COMPONENTS 

Fuel Transfer Equipment and Operation 

Fuel transfer equipment, though it is 
in a sense only auxiliary equipment for a 
reactor, has often been a source of unpleasant 
operating experience. This is probably be­
cause such equipment is generally complicated, 
and is expected to perform mechanically pre­
cise operations in a hostile environment whose 
components may be dry inert gas, sodium (either 
liquid or vapor), high temperatures, and in­
tense radiation fields. The requirements on 
the LAMPRE fuel transfer equipment (Figure 11) 
were not as stringent as those typical of 
larger systems; perhaps for this reason, it 
operated in a generally successful manner 
throughout the experiment. Some features of 
its design and comments on fuel handling ex­
periences are discussed below. 

VERTICAL TRANSFER 

HORIZ TRANSFER 
CARRIAGE-^ 

VERTICAL 
CtFT 

SHIELD TOT 

Fig. 11. LAMPRE Fuel Transfer Machine. 

Because the fuel capsule handles ex­
tended above the sodium level in the reactor 
vessel, visual monitoring (with periscopes) of 
much of the fuel transfer operation was 
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possible. The need for precise, reproducible 
positioning of units such as the capsule handle 
grabber was therefore avoided to some extent. 
Position readout was provided for most moving 
parts of the fuel transfer mechanism, but ver­
ification that the proper coordinates had been 
selected, and that full engagement of parts 
had occurred was made in most cases by visual 
inspection. For some of the motions, the com­
bined use of position readout and fixed me­
chanical stops to limit travel was deemed ade­
quate. For a third class of operation, where 
neither position readout nor viewing was feasi­
ble, manually operated devices which allowed 
the operators some "feel," were used. 

The main component of the fuel transfer 
machine was the vertical lift ("r,9 carriage") 
which moved along the length of the transfer 
machine housing. This device carried the cap­
sule handle grabber; it was equipped with suit­
able gears and motors so that the grabber could 
be positioned at r,9 coordinates corresponding 
to the location of a specific fuel capsule 
handle. Engagement of the grabber to the cap­
sule handle was done with a simple spring-
loaded bayonet-type coupling. The vertical 
lift was supported by three loops of roller 
chain which ran on sprockets located at the 
top and bottom of the transfer machine housing. 
Sprocket shafts extended through the housing 
in 0-ring seals. This permitted the shaft 
bearings, and the power source for the vertical 
lift, to be located outside of the housing; 
they were therefore accessible for maintenance, 
and their lubricants could not contaminate the 
reactor cover gas. The shaft seals were lubri­
cated with a proprietary vacuum grease; they 
functioned satisfactorily without maintenance 
during the four-years in which the transfer 
mechanism was used. 

Roller chains were degreased before in­
stallation. They gave no trouble, even in 
the dry helium atmosphere, probably because 
they operated at light loadings (<25 lb/chain)* 
and slow speeds (15 to 30 ft/min). The small 
ball screws in the transfer unit also operated 
satisfactorily without lubrication; they too 
were loaded very lightly. 

Power for driving the vertical lift was 
supplied by an electrically driven hydraulic 
transmission consisting of an axial piston, 
positive displacement, variable delivery pump, 
and a hydraulic motor. This arrangement pro­
vided stepless speed control in either direc­
tion and also made it possible to preset (by 
means of a pressure regulator) the maximum 
force which could be applied by the vertical 

*The strength at the lift was adequate to pro­
vide a fuel assembly withdrawal force of 1000 
lbs. 

lift. The equipment operated satisfactorily 
for four years and required no maintenance 
during that period. 

The r,e motions in the vertical lift 
unit were powered by small motors of the type 
used for pen drives in self-balancing poten-
tiometric recorders. Prior to installation, 
the motors were disassembled, degreased, and 
sparingly relubrlcated with vacuum pump oil. 
These low-priced motors were quite satisfac­
tory, even when used intermittently at volt­
ages substantially above their normal rating. 
One motor failed during the four year life of 
the transfer mechanism; this was apparently 
because of excessive use of high voltage to 
increase its torque. 

Minor electrical troubles caused by 
arcing occurred in the transfer mechanism 
when circuits were energized while the mecha­
nism housing was evacuated. Potting of the 
terminal strips (with proprietary silicone-
base sealant) eliminated the problem. 

Electrical power to motors on the verti­
cal lift was provided via wires spooled on a 
proprietary cable reel in which the use of 
slip rings was avoided by a double-wrapped 
cable configuration. This device functioned 
satisfactorily until conductors failed be­
cause of fatigue from flexing. The cable unit 
was repaired once, and then replaced, during 
the life of the reactor. 

LAMPRE fuel capsules were attached to 
their handles by a threaded connection. This 
method was selected because it seemed that its 
simplicity might more than offset the possibi­
lity of thread galling and subsequent seizure. 
In practice, it was reasonably successful. 
The mating components were 304 stainless steel; 
thread dimensions wei;e carefully specified.* 
The threads of each fuel capsule were in­
spected just prior to installation in the reac­
tor. Precise torque control at assembly was 
not possible, because there was no capability 
for torque measurement in the fuel transfer 
mechanism. As an alternative, the operator 
judged, by observation of the operation, when 
the shoulders on the threaded pieces made con­
tact. During the removal of Core I and Core II, 
about 1% of the fuel capsules could not be re­
moved with the back-off torque (nominally 110 
to 120 lb/in.) produced by the transfer mech­
anism. Auxiliary, manually operated mecha­
nisms, which permitted the application of 

*The handle had a class 3B 5/16-18 thread. 
The major diameter of the male thread on the 
capsule was set at 0.300 ± 0.001 in. Pitch 
diameter was held to the range 0.2712 - 0.2734 
in. Assembly clearance of the two parts was 
therefore 0.004 - 0.009 in. 
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larger torque, were used in the case of these 
few capsules. They were removed by back-off 
torque only 5-10% greater than that normally 
available. 

The fuel transfer equipment was, 
except while actually in use, isolated from 
the reactor by a large valve. Because of this, 
and also because the temperature of the small 
amounts of sodium near the top of the reactor 
vessel was <125°C, only minor amounts of 
sodium vapor were deposited on the fuel trans­
fer mechanisms. This did not interfere with 
their operation. 

Control Elements 

The only significant mechanical mal­
function in the LAMPRE system was the binding 
of the large annular control element, or 
"shim" (Figures 4 and 5). This element, which 
had a reactivity worth of approximately $26, 
was initially the only one of the five control 
devices which could be scrammed. Near the end 
of Core I operations, it was observed that the 
scram time had increased substantially above 
its normal value of 0.9 sec. After consid­
erable investigation, the general nature of 
the trouble was determined, and ways of elimi­
nating it were devised. Though the details of 
this problem were unique to the LAMPRE system, 
reference to them may lead to observations of 
general applicability. 

It was discovered that the binding of 
the shim was a function of reactor power, 
which established the average temperature and 
the temperature gradients in the control ele­
ment assembly and also in the air-cooled 
graphite shielding surrounding the control 
shim. But it was not possible to establish in 
detail what component(s) of the control element 
structure was actually making contact with 
other stationary parts of the reactor system. 
Several unfortunate circumstances contributed 
to this inability to make a detailed diagnosis: 

1. Neither the temperature of the con­
trol element, nor the ambient temperature in 
the control element channel, could be measured 
directly; the conditions under which binding 
occurred therefore could not be precisely de­
fined. 

2. As-built dimensions of the complete 
set of control element components had never 
been determined, though it was known that, 
except for noted deviations, all pieces were 
"within tolerance." A similar situation ex­
isted with respect to the reactor vessel, and 
to the diameter of the air flow channel sur­
rounding the control element. 

3. No parts of the control system 
(except the drive units, which clearly were 
not the source of the trouble) were observable 
by any direct means. 

4. The shim could not be removed for 
inspection without first dismantling the 
reactor vessel. 

An obvious solution to the problem 
was to somehow regulate the temperature of the 
shim unit so that binding would not occur 
regardless of the reactor power and tempera­
ture. It also seemed best to move the scram 
function from this part of the control system 
to the four control rods, and to operate the 
shim in a powered "rundown" mode so that con­
tinuing malfunctions might be detected by 
more sensitive means than by measuring scram 
time. 

A capability to regulate the shim 
temperature was achieved by installing, in 
the cooling air plenum directly below the 
reactor vessel, an adjustable baffle which 
could be used to vary the portion of the 
shield cooling air which passed through the 
control shim channel. This was a tedious 
task because the only available personnel 
access to this space was through a small air 
duct. Also, the radiation field under the 
reactor vessel was intense enough to require 
that the work be split among several people in 
order to keep individual radiation doses at a 
reasonable level. 

A deacceleration, or snubbing, capa­
bility already existed in all five hydraulic 
circuits of the control system; the addition 
of the scram function to the rod drives there­
fore required only simple changes in the pip­
ing and control wiring which were accomplished 
without difficulty. 

Control Element Drives 

LAMPRE control element drives have 
been described in detail previously (6). 
These simple hydraulic units were completely 
satisfactory in operation. The only mainte­
nance required during a four year period was 
the replacement of a few elastomer valve 
seats, and bleeding the oil circuit to elim­
inate air apparently entrained in the oil 
reservoir. 

Heating System for the Sodium Loop 

The LAMPRE coolant loop was equipped 
with two systems for keeping the sodium hot 
when the reactor was not producing power. One 
was a conventional arrangement of resistance 
heaters on the sodium piping. A second source 
of heat was supplied by a transformer unit in 
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which a portion of the loop served as the 
single-turn secondary winding of the trans­
former (Figure 6). Currents of up to 8500 
amperes were produced in the sodium loop; more 
than 85% of the power ( 35 Kva) was developed 
in the flowing sodium. This method was effec­
tive and reliable. It is most likely not 
applicable to the large diameter piping system 
anticipated in big LMFBRs; but where space is 
limited, and power input must be high, this 
method of loop heating seems to be an excel­
lent one. It might therefore be useful for 
auxiliary sodium circuits on large systems, 
or for cases such as in-pile sodium test loops. 
The only obvious disadvantage is that electri­
cal noise may be developed in thermocouple 
circuits attached to the piping. 

DISASSEMBLY OF THE REACTOR 

About a year after the end of the 
LAMPRE operation, some parts of the reactor 
were dismantled. The general level of beta 
and gamma radioactivity m the system was by 
then quite low (observed gamma-ray dose rates 
.^ic 10-100 "ir/hr) and the dibrssevblv XF~ 
q.iiri-d no corrp] Icatfid nroccciar^^i. 

Ihe cool ant loop ana rcaLtor vessel 
^^ i tL'Bl drain-L, JZ ioaioTi and tiicr f 111c'i 
uzf'i l-""-Iii.»i?i. Sections ci piplr'g V7e7.? cut 
' -• a<- hidr saw? or p^/er jp-r̂ cc-d cut-off s av -
J" t-'aL'iv, these '̂ats x'eie TĴ JJ- witii t'lS equjp 

:iJ^ spc-ci iJ LexiJit^ iJic' 

>.>''t,'i" /̂istc-liel eroi'nd t'̂ c piping el t'le zxte 

that neither the tools nor the inside of the 
bag became contaminated to a detectable level, 
so the use of bagging techniques were dis­
continued, even in the case of pipes which 
could not be drained of sodium. 

Peimianent closures were applied to cut 
piping by driving tapered aluminum plugs into 
the pipe bore and welding steel caps over the 
ends of the pipes. This technique was appli­
cable even for pipes which contained frozen 
sodium, providing of course that sufficient 
sodium was removed to permit fitting the plugs 

After all fuel capsules had been 
removed from the reactor, the fuel transfer 
machine was uncoupled from the reactor. This 
operation did require the use of glove bags, 
(Figure 13) because there was considerable 
plutonium contamination present on the inner 
surface of the transfer machine. A cask to 
contain the fuel capsule handles was subse­
quently installed on the reactor vessel, and 
the handles were pulled out of the reactor, 
and racked in the cask. 

i 
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t^niLrajLed F.icl ' ' r c iusce r Ma'-I- î if- f r^ri cK-2 
R e a c t o r ' v e s s e l . 
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When a l l components of the r e a c t o r 
core had been removed, i t was observed t h a t 
some of the fuel which had been re leased from 
the core had been r e t a i n e d on the fuel assem­
bly support p l a t e . No q u a n t i t a t i v e es t imate 
could be made of the mass of fuel r e t a i n e d on 
the p l a t e s ince n e i t h e r i t nor the catch pot 
below the coolant i n l e t plenum were removed 
from the r e a c t o r . 
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