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Summary

A radio chemical pilot plant for the reprocessing of irradiated

nuclear fuels has been built by AB Atomenergi at Kjeller in Norway»

In the report a short description of the main equipment is

given as well as of the procedure during the erection of the plant.

Finally the results and experiences from the cold tests, tracer tests

and active runs are indicated.

Printed and distributed in May 1965



LISTJ3F CONTENTS

Page

Summary 1

1. Introduction 3

2. The plant 3

2. 1 Engineering flowsheet 3

2. 2 Equipment 4

2. 3 Instrumentation 4

3. Erection and mechanical tests for the plant 5

3, 1 Joints 5

3. 2 Piping 5

3. 3 Welding 6

3.4 Leak testing 6

3. 5 Pumps and flow-meters 7

3. 6 Valves 8

3. 7 Extraction columns 8

3. 8 Silica gel column 9

3. 9 Evaporators 9

3. 10 Sampling 10

4. Cold tests and tracer tests 11

5. Experimental period and discussion 11

Acknowledgements 12

References 13

Figures 14



3 -

1. Introduction

A radiochemical pilot plant for the reprocessing of spent

nuclear fuels has been built by AB Atomenergi in localities belong-

ing to the Institutt for Atomenergi at Kjeller, Norway. The plant is

located in the hot chemical laboratory building close to the Norwegian-

Dutch facility erected for the same purpose [ l ] . The Swedish plant

contains equipment mainly for the separation of uranium, plutonium

and fission products, whereas the fuel dissolution and the waste

handling are performed in the Norwegian-Dutch plant. Certain other

services as chemical analysis are also carried out by personel be-

longing to the Institutt for Atomenergi.

2. The plant

The planning of the plant process and the preliminary engineer-

ing flowsheets have been described previously [2, 3, 4, 5] and only a

short review of the flowsheet is given in this report.

2. 1 Engineering flowsheet

The chemical process may be considered as a modified Purex

process where the plutonium-uranium partition is carried out in a

silica gel column.

A detailed equipment flowsheet is given in Fig. 1.

The feed solution was delivered from the Norwegian-Dutch

plant to a feed tank (01), which also served as a feed adjustment tank.

The adjusted solution was pumped to the first extraction column (40),

where it was contacted with tributyl phosphate. The aqueous waste

stream was collected in a high-active waste tank (02) from which it

could be transferred to a fission product evaporator located in the

Norwegian-Dutch facility.

The organic solution flew via two tanks (04 and 05) to a silica

gel column (41) previously conditioned with Fe (III) solution and stabi-

lized with hydrazine nitrate. In this column the plutonium was reduced

to the trivalent state and absorbed, while the uranium passed through

and was collected in a uranium catch tank (09).
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Plutonium was eluted from the silica gel column by 1 M nitric

acid. The eluate collected in the plutonium catch, tank (10) was oxidized by

sodium nitrite, nitric acid was added and the solution was introduced in-

to an extraction column (42) of the second plutonium decontamination stage.

After stripping (column 43) the purified plutonium nitrate solution was final-

ly concentrated in a plutonium evaporator (61).

The organic uranium solution in the uranium catch tank (09) was fed

to a uranium stripping column (44). The resulting aqueous solution was con-

centrated in a uranium evaporator (60).

For recovery, the used tributyl phosphate solutions from the two

stripping columns (43 and 44) were treated in a column (45) with sodium car-

bonate solution and dilute nitric acid.

2. 2 Equipment

Extraction columns, tanks, evaporators and piping were manufactu-

red of stainless steel mainly of a quality equivalent to AIS1 304 L. The equip-

ment was contained in three shielded boxes with a total volume of 43 m .

Ordinarily, joints were welded; howevers for certain pieces of

equipment as the silica gel column, sampling machine, pumps, valves and

ot-detectors flanges were applied. In these instances the equipment was

housed in small separate boxes. These boxes were connected to a fan venti-

lating active equipment, whereas the main large boxes had a separate venti-

lation system.

2. 3 Instrumentation

The main principle for the instrumentation (Fig. 2) was to have no

direct pipe connections between the active area and the operating area where

the instrument panel was located. Difference pressures, used for the mea-

surement of interface levels, liquid levels and density, were converted by

dp-cells (Fig. 3) to electrical signals which were indicated or registered

on the instrument panel. Electrical detectors were used for liquid flows,

temperatures, pressures and in-line oi- and y-measurements. Certain

process variables had to be controlled, such as interface levels, negative

pressures and uranium concentration in the uranium evaporator. The air

supply lines for the instrumentation were equipped with check valves.
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3. Erection and mechanical tests for the plant

After the detailed planning of the plant the actual construction

and testing proceeded as follows:

a) Building of boxes and installation of the main equipment and piping.

b) Installation of the instrumentation.

c) Leak testing.

d) Calibration of tanks, instruments and metering pumps.

e) Hydraulic testing of pipe connections by means of water.

f) Testing of control circuits, evaporators, sampling device and

ventilation systems.

g) Runs with unirradiated uranium solution and tributyl phosphate.

Different parts of the work have often overlapped in time.

The plant lay-out as well as most of the equipment have been

described earlier, hence only certain interesting aspects of the in-

stallation will be discussed in the following.

3. 1 Joints

Every precaution was taken to avoid leakage and contamina-

tion in the large boxes. As a general rule no flanges or couplings

were installed in pipes carrying radioactive liquids. However, at

instances where it was possible to foresee the exchange of certain

pieces of equipment, such parts were installed in small separate

glove boxes, and in these cases flanges were permitted. All boxes

were provided with leak detectors connected to alarms.

Head pots were installed for the introduction of solutions into

the extraction columns.

3. 2 Piping

The gravity flow which was used to a great extent called for

considerable attention. No low points or pockets could be allowed in

pipes where gases or heavy liquids might collect. Tests showed that

feed pipes from head pots to extraction columns had to be drawn

slightly inclined above the stationary liquid level in the pipe; the



position of which was dependent upon the height of the extraction column and

density relations. If a pipe was vertical, air was easily entrained and the

head pot had to be placed correspondingly higher to allow the liquid to flow

into the column without interruptions.

Most tanks had numerous connecting pipes for product solutions,

ventilation, sampling, instrumentation and decontamination solutions.

Furthermore, every tank was supplied with an extra pipe ending at

the highest point of the plant to secure the possibility of adding inactive

solutions, which was found advantageous in several instances.

About 4, 500 meters tubing was installed in three boxes of 43 m

volume, The extensive piping installation made the boxes extremely crowd-

ed (Fig. 4). A careful design proved necessary for the piping lay-out and

the drawing work was considerable.

3. 3 Welding_

For the piping butt-welding with argon as protective gas inside the

tubes was used everywhere possible. Tee-joints were made of turned

Tee-pieces and were welded to the pipes by three butt-welds. Within the

boxes all welds were X-ray checked. In spite of the narrow space avail-

able it was possible to obtain very high quality welds (Fig. 5). As a matter

of fact no leaks were found in any of 4, 000 X-ray checked welds. The severe

requirements, however, made the welding work difficult and also costly.

Welds outside the boxes, which were not X-ray checked, sometimes failed

at leak testing. Thus leaks were detected in 40 fillet joints. Welding be-

tween two pieces of different materials and thicknesses proved to be especi-

ally difficult. Example of this type of welding was the welding between

a pump and a pipe.

3. 4 Leak testing

Due to interconnecting pipes and the difficulty of isolating different

parts of the plant the leak testing was laborious. It proved to be easy to

indicate leakage but it was hard to locate the actual leak. Several different

methods were used for the testing, the least sensitive ones in the beginning

and more sensitive methods gradually applied.
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The following tests were used: air pressure and soap water,

freon test, crack indication, ammonia and phenolphtalein, and final-

ly helium test.

For repair work the pipes were cut by a hacksaw. Because of

space limitations no other method could be used with satisfactory re-

sults. However, by this method much filings was brought into the

system and turned out to be very difficult to remove. The filings cre-

ated a lot of trouble in clogging valves and in destroying teflon bear-

ings and impeller shafts in the extraction columns. Furthermore it

caused ball valves in the Pulsafeeder pumps to stick.

3. 5 Pumps and flow-met ers

Pulsafeeder pumps were used for metering radioactive liquids

(Fig. 6). This pump consists of two pump heads, one in the active

line and one outside the box. The two heads were interconnected with

a pipe filled with kerosene. To obtain a good metering accuracy it

was important that the kerosene was freed from gas bubbles. To get

rid of entrained and dissolved air the kerosene had to be vacuum

treated after the introduction into the pulse pipe. It was also necessa-

ry for the kerosene to be filled to the correct volume to obtain full ca-

pacity from the Pulsafeeder pumps.

Because of iron filings introduced during repair work, sieves

(120 mesh) had to be installed before every purnp. In spite of this, it

happened that pumps stopped after having worked satisfactorily

for hours. Probably the failure was due to small particles interfering

with the ball valve action in the pump heads.

Special flowmeters, (Fig. 7), were installed for flow measure-

ments in active pipe lines. They worked according to the following

principle. The liquid passing through the pipe was heated. At constant

heat input the temperature rise is a function of the flow rate. Different

solutions will have varying heat capacities, why it is necessary to make

individual calibrations for the actual case in order to get absolute flow

rates. In practice, the heat source consisted of an electrical coil. The

temperatures were measured by means of thermocouples on either side

of the coil and the temperature rise was recorded. A straight line indi-

cated constant flow. The flo\ -meter had to be well insulated as it was



very sensitive to influence from heat sources nearby. The measured accu-

racy was about "t 5 %. Preferably the temperature rise of the liquid should

be in the order of 7-15 C. Below 3 C temperature rise the accuracy

was poor.

3._6 Valve s_

Valves were installed to direct the flows to the silica gel column.

Unfortunately the originally installed bellows sealed stainless steel valves

clogged because of metal filings, why they were changed to air pressure

operated membrane valves which worked satisfactorily.

3. 7 Extraction columns

Vertical mixer-settler columns were used for the extraction. App-

roximate dimensions for the different columns are shown in Fig. 1, where

columns and tanks are drawn in scale. As an example the overall length

of the first extraction column (40) was 2585 mm, the inner diameter of

the upper part 100 mm and of the lower part 70 mm. Fig. 8 shows the in-

sert of the column.

The heights of art equivalent theoretical plate (HETP) for the columns

42 and 44 were calculated to 315 and 250 mm, respectively. The speed of

the impellers was important because of the risk of flooding of the column

at high speed.

Interface measurements were performed by air bubbling at an air

flow of about 1 l/h per bubble tube. The same principle was applied in the

columns 40 and 42 with the interface levels located near the bottoms of the

columns. The introduction of air proved to be of some advantage in allow-

ing a slightly higher impeller speed without any danger of flooding. As a

complementary device an assembly of six electrodes was used to indicate

the interface level. As water is a good conductor for electrical current

whereas tributyl phosphate is a poor conductor, electrodes dipping into the

water phase close an electrical circuit which is displayed on the control

panel by a lamp ramp, In the actual case 0. 2 volts A. C. was applied.

Different types of assemblies -were tested and the one shown in Fig. 8 was

selected consisting of platinum threads in a frame of Araldite, a type of

epoxy-resin very resistant to nitric acid, tributyl phosphate and y-radia-

tion.
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Along the outside of the extraction section of the first column

(40) six thermocouples were spaced (TR 7 - TR 1Z on Fig. 1) for the

measurement of the temperature difference between the point in ques-

tion and the waste stream. As heat is evolved during the extraction

of uranium from the aqueous to the organic phase, the location of the

actual extraction zone could be detected. The largest temperature

difference varied between 4 and 7 C- The thermocouples improved

the control of the column.

An in-line os-detector in the waste stream from the first column

served to control the plutonium losses from this column. The sensitive

part of the detector consisted of a semiconductor covered with a thin

sheet of mica. The influence of ^-radiation could be greatly minimized

by the selection of an appropriate time constant.

3. 8 Silica gel column

The silica gel column consisted of a stainless steel tube with

an inner diameter of 150 mm filled to a height of 1200 mm with silica

gel of a pore size of 75 Å. An a-detector was installed to control the

plutonium concentration in the eluate from the silica gel column. But,

with the type of detector used, it was difficult to cover the whole con-

centration range from 1 g/l to 0.01 mg/l because of adsorption of

plutonium upon the mica. The detector could, however, easily be de-

contaminated by 0. 4 M oxalic acid.

3. 9 Evaporators

The evaporators were of the tube and shell type with steam in-

side the tubes, and provided with a sieve-plate column at the top for

the entrainment of the steam. Furthermore, 0. 01 M nitric acid could

be fed to the upper part of the column to improve the decontamination.

The feed was introduced into the middle of the column for the stripping

of tributyl phosphate and kerosene to eliminate the risk of unstable

mixtures in the evaporator. The evaporators worked smoothly and

with a high decontamination.

The uranium evaporator (60) was equipped with an automatic

emptying device controlled by the rise in boiling point, measured as

the difference between the temperature of the liquid in the evaporator
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and condensing steam introduced above the liquid surface. The air-lift

started at a temperature difference of 5 C corresponding to 400 g/l

uranium. The rise in the boiling point is also influenced by the nitric

acid concentration as well as by the uranium nitrate concentration. How-

ever, during the experiments the nitric acid concentration was low (0, 7 M)

and fairly constant and the equipment worked to satisfaction.

3. 10 Sampling •

Sampling was easily and safely performed by means of a sampling

machine. The sampling system is shown on Fig. 9- A glass bottle equipped

with a rubber stopper was put into one of the bottle holders in the sampling

machine. The movable lower part of the machine (the turntable) made it

possible to place the bottle under the correct pair of hypodermic needles.

The turntable was raised until the needles dipped into the bottle and a

vacuum operated air-lift was started. The liquid was circulated for 5

minutes after which time the turntable was lowered and the bottle trans-

ferred to a down-comer tube. The cover was opened and the bottle fell to

the lower part of the tube surrounded by a plastic hose. Pressurized air

was introduced in the tube and the bottle moved down between the double

jaws of a pair of plastic welding tongs into a transport container. The tongs

were closed, the plastic hose was sealed at two places and cut off between

the seals. In order to diminish the absorption of fission products on the in-

side wall of the bottles they were pretreated with dimethyl dichlorosilane.

As the vacuum system had four vacuum groups great cäre had to

be taken when chosing the correct negative pressures. Attention had to be

paid to the highest and lowest possible liquid levels in the tanks, different

densities, the distances between the sampling machine and the tanks, the

position of the air inlets and the flow resistances in the air supply lines.

During actual service the valves in the suction lines over the head

pots sometimes clogged, particularly the valves in pipes connected to

sampling points with a high uranium content. The valves were changed to

3-way valves with one outlet for the introduction of wash solution. The rub-

ber parts in valves over head pots had to be exchanged for teflon as the

rubber swelled in tributyl phosphate solution.
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4. Cold tests and tracer tests

At the end of April 1963 testing of the plant was started with

extraction of unirradiated uranium in the first extraction column (40).

Gradually the whole system was tested and necessary modifications .

were made. These modifications included also essential additional

piping for the testing of new types of flow-sheets based on amine ex-

traction. In August 1963 the system was ready for cold testing in full

scale with all main components :ngaged except the plutonium evapora-

tor. Some difficulties were encountered with the control instrumenta-

tion but the situation could be corrected with the aid of the instrument

manufacturer. The uranium product tank (15) had to be provided with

a heating arrangement in order to avoid crystallization of uranium

nitrate.

At the end of the year 1963 the plant was ready and was connect-

ed to the Norwegian-Dutch plant. At this time tests with tracer activi-

ties could start.

5. Experimental period and discussion

Operation of the plant with irradiated uranium was started in

the beginning of March 1964 and up to the vacation period 1964 five ex-

perimental runs were made. The results from these experiments will

be reported elsewhere [6], The plant functioned very satisfactorily.

The columns showed a good extraction efficiency and were not

sensitive to minor variations in feed and impeller speed. The nuclear

in-line instrumentation proved to be especially useful for controlling

plutonium losses.

The evaporators were easy to operate and the selected type of

control for the uranium evaporators, namely the rise in boiling point

temperature, proved to be suitable for obtaining a consta.nt uranyl

nitrate concentration.

After operation with tributyl phosphate extraction the plant has

been decontaminated and is going to be \ised for another type of chemi-

cal flowsheet [7] for plutonium extraction from irradiated uranium

fuel.



- 12 -

Acknowl ed g em ent s

The cooperation with the officials of the Institutt for Atomenergi

at Kjeller has been most inspiring. Special thanks are given to Mr K.

Lindland, Mr B. Gaudernack and Mrs M. Bonnevie-Svendsen.

The skill shown by Mr S. -E. Wiklundh and Mr K. -E. Larsson at

the design of the plant as well as the valuable work done by Mr K. Fryden-

lund, Mr T. Hult, Mr P. van Tilborgh rt the erection, commissioning

and operation has been of great importance.

Acknowledgements are directed to Mr A. H. Larsson for valuable

comments on this report.



- 13 -

References

1. GAUDERNACK B, LINDLAND K P and JOSEPH C J
Operational experience from the Kjeller reprocessing pilot plant.
U. N. Intern. Conf. Peaceful Uses of Atomic Energy, 3rd,
Geneva 1964. P/761.

2. HAEFFNER E and HULT GREN Å V
Method for the separation of plutonium from uranium.
Brit. Pat. 841,602. App. March 7, 1958. Ace. July 20, I960.

3. HAEFFNER E and HULT GREN Å
A method for the separation of plutonium from uranium.
Nucl. Sci. Eng. _3> (1958)471-481.

4. HULT GREN Å and HAEFFNER E
Separation of plutonium from uranium by partition between an
organic solvent and stationary water phase adsorbed on silica
gel.
U. N. Intern. Conf. Peaceful Uses of Atomic Energy, 2nd,
Geneva 1958 r7_, (1958) 324-328.

5. SJÖBORG T U, HAEFFNER E and HULT GREN Å
The planning of a small pilot plant for development work on
aqueous reprocessing of nuclear fuels.
1963 (AE-122).

6. HULT GREN Å
To be reported.

7. HAEFFNER E, HULTGREN Å and LARSSON A
A reprocessing alternative for zircaloy clad natural or slightly
enriched uranium oxide fuel elements.
U. N. Intern. Conf. Pea :eful Uses of Atomic Energy, 3rd,
Geneva 1964. P/418.



- 14 -

Fig. 1. Equipment flowsheet (control panel)

- 15 -

Fig. 2. The control panel

- 16 -

Fig. 3, The roof of box I

In the rear the rack with dp-cells, flow-meters for air

and magnetic valves, in the front the sampling machine

- 17 -

Fig. 4. The interior of box I

- 18 -

Fig. 5, A welder in operation

- 19 -

Fig. 6. Double membrane pump

- 20 -

Fig. 7. Flow-meter

- II -

Fig. 8. The bottom part of the insert of an extraction column

- 22 -

Fig. 9. The sampling system



STEAM BOILER ON

MAIN STEAM VALVE
CONDUCnVTYIN
CONDENSATE TOO HIGH

DRIP TRAY BOX I
1 -— — BOX I

- • — BOXI

- * - — PUMP BOX
1 — — SiO,BQX
1 - • - - • - FEEDPUMP BOX

> TEMP TOO UGH M BOXI

VACUUM TOO POOR IN BOXI

*-550mmVP

MAN SWITCH

AGITATOR
ND4

35

-3600rr*nVP

® WWER PRESSURE TOO LOW

® STEAM PRESSURE TOO LOW

<8> AJR PRESSURE TOO LOW

® RESERVE COMPRESSOR ON

Pu-BOX
ROOF BOX

SAMSUNG BOX

CRUDSUCTKH
SUCTION FROM

PHASE-

tnttir nmTwP mitwP nwTffP
SAMPUNGEQUPMENT

ND3





Fig. 2 The control panel





Fig. 3 The roof of box 1.
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Fig. 4 The interior of box I





Fig. 5. A welder in operation
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