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Abstract

The paper describes design and experience in fabrication of fuel and fuel channels for RBMK
reactors (RBMK-1000 and RBMK-1500) at the JSC "Mashinostroitelny Zavod", Electrostal, Russia.
The most important measures developed and undertaken since Chernobyl accident to increase
operational safety of RBMK reactors are presented. Emphasis is given to modifications in fuel design
and technology including U-Er fuel, rods with a new plug and fuel assemblies with Zr spacer grids.

1. RBMK FUEL DESIGN AND FABRICATION

At present 13 RBMK-1000 units and 2 RBMK-1500 units having the total rated electric
power of 16000 MW are in operation in Russia, Lithuania and Ukraine; this makes 32,7% of the
rated electric power of all the reactors constructed according to the Russian designs.

Fuel for RBMK-1000 and RBMK-1500 is manufactured at JSC "Mashinostroitelny zavod",
Electrostal, and supplied as fuel assemblies (FAs).

RBMK-1000 fuel assemblies are in mass production starting from 1973; at present they are
supplied to 13 units.

RBMK-1500 fuel assemblies are in mass production starting from 1982 and supplied to 2
units.

RBMK-1000 and RBMK-1500 fuel assemblies are designed for generating thermal power
and its transfer to the coolant flow in the cores of RBMK-1000 and RBMK-1500 reactors.

During their operation in the reactors fuel assemblies are immobile. They consist of 2
bundles of pin-type fuel elements connected by spacer and end-grids, a bar with the rod-carrier, two
tailpieces and a nut. The design of a working fuel assembly for the y-chamber is similar to that of a
working cassette but differs in the rod-carrier which has a central cavity for sensors.

Fuel elements for RBMK-1000 fuel assemblies are tubes made of a zirconium alloy filled
with UO2 sintered pellets and sealed with plugs by means of welding.

Components and arrangement of RBMK-1500 fuel assemblies are the same as those for
RBMK-1000 fuel assemblies. The difference of RBMK-1500 FA is that 28 spacer grids-intensifiers
are mounted on the upper bundle of fuel elements to increase the flow turbulence, the elements
have 2 screen pellets near the plug that are made of depleted UO2 and fuel pellets have central
holes.

Fuel pellets and fuel rods for RBMK-1000 and RBMK-15 00 fuel assemblies are
manufactured on automatic lines, components and sub-units - on automatic and computer numerical
control (CNC) machines.

Due to the high organizational level of manufacturing and control RBMK-1000 and RBMK-
1500 fuel assemblies provide for safe and reliable operation of cores with RBMK-1000 and RBMK-
1500 reactors.

From the moment of commissioning the first unit of RBMK type reactor (1973,
Leningradskaya NPP) certain work was carried out related to the modernization and optimization of
fuel rods and fuel assemblies design to increase safety and technico-economic performance of
RBMK.
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2. MEASURES TO IMPROVE OPERATIONAL SAFETY OF RBMK REACTORS

After the accident at Chernobyl NPP a number of technical and organizational measures was
taken at NPPs with RBMK in operation that sufficiently increased their safety and reliability. Due to
these measures nuclear safety of NPPs with RBMK reactors reached a new quality level which
excluded the possibility of an accident with the reactor runaway.

The most important measures related to the safety increase of the units with RBMK were
carried out in the period 1986-1987. The main of them are:

1. Improvement of the neutron-physical properties of the core, performed with the purpose to
improve the protection of the reactor from the positive reactivity under accident and transient
conditions (decrease of steam reactivity factor a,, and scram system circuit loss of coolant effect).

2. Improving the reaction speed of the accident protection system performed with the
purpose to increase the speed effectiveness of the accident protection, introduction of the second,
independent, system of reactor shutdown, excluding the positive reactivity excursion at any position
of control devices.

3. Replacement of fuel channels carried out with the purpose to replace the equipment gone
over its service margin, provision of the design service life of a unit, provision of the possibility to
prolong the service life of a unit up to 35...40 years.

4. Introduction related to the decrease of the operational reactivity margin performed to
provide for the automatic reactor shutdown in case the value of the operational reactivity margin
drops down to the threshold value - 30 rods of manual control.

5. Correction of the operational documentation performed to introduce into practice certain
organizational measures for the prevention of the possibility for the reactor to reach unstable state
and to make the wording of the "Technological operation manuals" meet the requirements of
Gosatomnadzor of the Russian Federation.

6. Prevention unauthorized switching-off of the reactor accident protection devices.
7. Making stricter the operational control of the metal of the equipment and piping important

from the point of view of safety.
The measures carried out related to the improvement of neutron-physical properties of the

core exclude the possibility of an accident similar to that occurred in Tchernobyl. The possibility of
the runaway on prompt neutrons is excluded at all design accidents (LOCA) and the shutdown of the
reactor is provided for without unauthorized power growth.

That's why now the problems of the RBMK reactors safety in the broad sense are similar to
the safety problems of the reactors of other types and mainly concentrate on the analysis of the
possibilities of LOCA.

3. IMPROVEMENT OF THE FUEL CYCLE CHARACTERISTICS

Also, the measures aimed at the improvement of safety that are underway since 1986, have
led to a certain decrease of technico-economic performance of the NPPs with RBMK and
worsening of the fuel cycle characteristics: e.g. reduction of fuel burnup.

Taking into account the importance of the RBMK fuel cycle optimization, improvement of
technico-economic performance of NPPs and to improve further safety and reliability of RBMK,
starting from 1993, researches and developments aimed at reaching the above-mentioned targets were
started.

Lately the design modernization and fuel manufacturing technology optimization for RBMK
fuel rods and fuel assemblies are carried out in the followings main directions:
- using burnable absorbers -Er- in fuel;
- introducing a fixing agent of a new design made of a special alloy;
- introducing Zr spacer grids.

3.1. Manufacturing U-Er fuel for RBMK

In 1986, as a result of the actions taken to increase safety, 80 additional absorbers were
introduced into the core of RBMK-1000 reactors and 54 additional absorbers into the core of
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RBMK-1500 that allowed to decrease the steam reactivity a,, down to 0,6-0,8p. Also, it
simultanuously led to decreasing fuel burnup by 25-35% in relation to the design value.

Now RBMK cores are operated with this particular composition.
Further decrease of a,, due to the addition of a larger number of additional absorbers would

decrease burnup and, consequently, would decrease economical characteristics of NPPs.
To compensate for these losses experimental work aimed at improving RBMK fuel

utilization had been done for several years. Lately, the researches were re-focused at using burnable
absorbers which allowed to keep the fuel assembly geometry and technological channel of the core
unchanged.

Having estimated the prospects of this direction of RBMK fuel cycle optimization, JSC
"MSZ" made up a decision to start up U-Er fuel manufacturing with the purpose to develop the new
fuel production in the volumes necessary for fuel deliveries to all NPPs with RBMK by 2000. From
1993 JSC "MSZ" together with the research institutes concerned has carried out researches and
developments regarding the creation of U-Er fuel.

At JSC "MSZ" a decision is made up regarding the organization of a special production area
for the new fuel fabrication. In the shortest dates JSC "MSZ" purchased modem equipment for
completing the new production area (BTU furnace, "Courtoy" press). Simultaneously activities
addressing the development of U-Er manufacturing technologies started at the plant.

The main difference of the new fuel manufacturing from that of UO2 used at present is the
technology of blending of source uranium dioxide and erbium oxide powders.

This operation, on the one hand, is very important because a high degree of uniformity of Er
oxide distribution in the main fuel material is required, on the other hand, it's very complicated
because a relatively small amount of erbium oxide is added.

Nevertheless, the technology of powder blending which provides for the required uniformity
ofEr distribution in UO2 matrix (uniformity factor - not more than 10%) has been developed at
JSC "MSZ" in the shortest time.

While developing the technology of U-Er pellet fabrication, the following researches were
carried out:
- determination of the optimum blending mode of UO2 powder and erbium oxide in the process of
testing the different types of mixers;
- development of the modes of compacting press powder into "green" pellets;
- determination of the modes of pellet sinterning;
- development of the grinding procedures for sintered pellets;
- determination of corrosion resistance of the finished uranium-erbium pellets.

In 1995 a number of methods and instructions (erbium determination, uranium determination
in U-Er fuel, determination of oxygen coefficient, impurities) was developed for quality control of
uranium-erbium fuel pellets.

Thus, by the beginning of 1995 the fuel assembly design with uranium and erbium fuel,
(0,47 wt% erbium oxide in UO2) was developed at JSC "MSZ" with the participation of the
Research Institutes, as well as the industrial technology of fuel assembly manufacturing, which
included fuel pellets, rods and assemblies. A special production area was founded for U-Er
fabrication.

The first experimental batch of RBMK-1500 fuel assemblies with uranium-and-erbium fuel
in the amount of 150 pcs was manufactured at JSC "MSZ" in 1995 to prove the calculations
performed by reactor experiments. This batch was loaded in the second unit of Ignalinskaya NPP in
the period from June 1995 to January 1996.

In 1996 the second experimental batch of RBMK-1000 fuel assemblies with uranium-erbium
fuel (200 psc) was manufactured at JSC "MSZ" and was loaded in the second unit of the
Leningradskaya NPP in summer 1996. The preliminary results of reactor testing of the new fuel at
both NPPs conformed to the calculations.

At present the issue of the most optimum usage of U-Er fuel in all the units with RBMK
reactors is under consideration.
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3.2. Manufacturing of fuel elements with a new fixing agent

It is welol known that RBMKfuel elements are operated in a more rigid mode than WWER
(PWR) fuel elements because RBMK foresees the usage of a steam water mixture instead of water
and on-power core reload.

Having analyzed the statistical data and reasons of RBMK fuel assembly failures (less that
2% of failures by unloaded fuel assemblies), lately JSC "MSZ" started the process of design and
technology optimization for RBMK fuel elements manufacturing with the purpose to improve their
reliability.

One of the fuel elements optimization directions is the introduction of a modernized fixing
agent for the fuel column. The fixing agent used now is of spring type, made of zirconium alloy and
has a number of drawbacks:
- widely scattered properties of the spring-part that can lead to an increased gap in the centre of fuel
assemblies or to the cladding deformation;
- the material of the fixing agent (Zr-alloy) does not have enough relaxation resistance at operational
temperatures.

The drawbacks mentioned initiated the passing over to modernized spring-type fixing agent
of a new design of Fe-Cr-Ni alloy with an optimum spring part excluding above-menti6ned
drawbacks.

The modernized fixing agent was designed on the basis of experimental researches of the
mobility and the necessary compression of the fuel column.

The alloy used is compatible with the cladding material and fuel, provides for the needed
elasticity and strength of the spring, it is plastic enough during manufacturing and operation and has
thermal stability in the temperature range from 370 to 860°C as well as irradiation resistance during
the service life of fuel elements.

3.3. Manufacturing of RBMK fuel assemblies with zirconium spacer grids

One of the possibilities to improve technico-economic performance of thermal neutrons
reactors (including RBMK) is the decrease of parasitic neutron absorption in the core due to the
refusal to use construction materials with large neutron absorbtion, in particular, the substitution of
stainless steel spacer grids (that are currently used) by zirconium ones.

The neutron-physical calculations performed by Russian Research Center "Kurchatov
Institute" showed that the substitution of stainless steel spacer grids by Zr grids allows to increase
fuel burn up by about 3% without fuel enrichment increase.

Activities to develop Zr spacer grids (ZSG) for RBMK fuel assemblies started at JSC
"MSZ" jointly with Research & Development Institute of Power Engineering (RDIPE, Moscow).

The following actions were undertaken:
- on the basis of R & D aimed at choosing the optimum connection type of spacer grids elements,
spot welding (SW) was chosen, metallographic and corrosion studies of SW welds were carried out,
welding modes providing for sufficient corrosion resistance and needed mechanical strength of welds
were developed;
- Zr spacer grids strength calculations were carried out and strength, vibration and corrosion tests of
RBMK Zr spacer grids of different designs were carried out. On the basis of calculations and test
results, Zr spacer grid of alloy-110 of cellular type was chosen with components made of especially
thin-walled tubes, and the design documentation for Zr spacer grids and fuel assemblies with Zr
spacer grids was developed;
- the technology of Zr spacer grids was developed and a number of tests related to choosing the
needed press tools and optimum geometry of source tubes were performed;
- several pilot batches of Zr spacer grids were manufactured and tests on fuel elements bundle
assembling with Zr spacer grids were performed to estimate the damageability of fuel elements and
Zr spacer grids, to determine the assembling force and the possibility to automate the assembling
process. The results proved the possibility to do this. The technology of fuel assemblies
manufacturing with Zr spacer grids was developed;
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- a number of out-of pile tests was carried out on full-scale dummies of fuel assemblies with Zr
spacer grids:
loading-unloading from the simulator of the technological reactor channel to estimate the
damageability of fuel assemblies with Zr spacer grids (RBMK fuel assemblies do not have any
shroud tube), life-time tests in a special rig simulating in-pile conditions (but for neutron fluence)
to determine the Zr spacer grids and fuel assemblies preservation as a whole under conditions close
to operational, transportation tests of fuel assemblies dummies with fuel weight simulation to
estimate Zr spacer grids preservation during product delivery period. Positive results are received
after all before-reactor tests;
- a pilot batch of RBMK-1000 fuel assemblies with Zr spacer grids (150 pcs) is manufactured for
in-pile tests at Leningradskaya NPP.

All fuel assemblies have successfully passed the tests up to burnup values similar to those
reached by mass-produced assemblies (=20 MWd/kg U).

The results of out-of-pile and in-pile tests as well as researches conducted proved the
correctness of the choice of technical solutions made during the designing and manufacturing of Zr
spacer grids.

Taking into account the interest of customers in the soonest passing over to manufacturing
fuel assemblies with Zr spacer grids at JSC "MSZ", with the Research & Development Institute of
Power Engineering participation, a program of Zr spacer grids introduction was developed which is
currently fulfilled.

3.4. Assembling fuel elements with spacer grids

RBMK fuel assemblies have 2 fuel elements bundles in which fuel rods are assembled into a
skeleton. The skeleton is a tube 0 15,0 x 1,25 mm with spacer grids fixed on it. The RBMK-1000
skeleton has 10 spacer grids, RBMK-1500-28 spacer grids.

The need for the provision of non-damageability of the fuel element claddings and surfaces of
the components of spacer grids, as well as the provision of reaching the needed matching of the pair
"fuel element-spacer grid", necessary force for fuel element passing through a spacer grid, and
increasing labour productivity due to the automation of fuel elements assembling required to create a
special assembling technology.

JSC "MSZ" has developed a special automated technology of fuel elements assembling. In
brief, it is the assembling of fuel rods preliminary covered with special coating providing the
following:
preventing fuel elements claddings and spacer grids components from mechanical damages (lines,
scratches, chips) during rods passing through spacer grids, sufficient decrease of the force needed
for fuel element passing through spacer grids and necessary matching in the pair "fuel element-spacer
grid".

Varnish on the basis of polyvinyl alcohol and special glycerin lubricant decreasing the
friction during fuel elements assembling, with a specified film thickness is applied to the surface of
rods.

Bundles of fuel rods are assembled on automatic rigs. Two types of rigs are used during
RBMK fuel assemblies production at JSC "MSZ", that use two different methods: pushing and
pulling of fuel elements.

Pushing rigs have higher productivity (by 1,5 time due to pushing 3 rods at a time instead of
2 on pulling rigs) and smaller sizes that allows to save costly producton area.

After assembling bundles of fuel rods, the special coating is washed away from the rods
surface in fuel rods bundles, this is done in distilled water of a certain temperature. Futher the
cleaned bundles of fuel elements are sent to fuel assemblies fabrication.
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