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Abstract

World nuclear power tends constantly to decrease the permitted ultimate dose of
NPP personnel and population during normal operation and accidents and NPP
decommissioning.

1. ISSUES AND HOW TO DECIDE THEM WHEN DECOMMISSIONING NPP

The conditions and radiological safety of reactor decommissioning project are
determined by:

1) decommissioning concept ("immediate" or "delayed" dismounting);
2) structure and equipment radioactivity;
3) radioactive waste amount (activity, mass, volume);
4) technology of removable and non-removable equipment;
5) doses of personnel and population.
It is known, when decommissioning NPP with BWR or PWR, that radioactive waste

forms an activity of more than 10 MCi. The total mass of waste at NPP decommissioning
is several hundreds thousands of tons, and about 1-2% of the waste has high and medium
radioactivity, which should be disposed off. The potential danger of radioactivity requires
protective measures, eliminating release of radioactive materials into the environment.

Irradiation doses of the personnel involved in NPP decommissioning range from
several hundreds to tens of thousands of man.rein depending on the decommissioning
strategy adopted.

One of the main problems of NPP decommissioning is handling of hot large
equipment. NPP reactors accumulate substantial radioactivity (up to 10 5 CO, which causes
high radiation levels from 1 to 10 Sv/hr.

Dismounting and disassembly of vessel and structures requires development of special
remotely controlled equipment, heavy protective flasks and, hence, large costs or
prolonged plant preservation that reduces irradiation doses, potential releases and
environment contamination.

But, from the point of view of economic, quick rehabilitation of the site is not
evidently advantageous as compared with immediate dismantling.

2. INTEGRAL REACTOR ADVANTAGES

The reactor structure, eliminating a large number of issues during its disassembly,
has obvious advantage. This property is peculiar to AST-500 and VPBER-600 integral
reactors developed in OKBM, N.Novgorod (Fig-s 1, 2).
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VPBER-600 REACTOR

Reactor thermal capacity - 1800 MW
Unit power - up to 630 MW(e)

Heat output
(when electrical power is
decreased down to 430 MW)- up to 645 Gcal/hr

Creation time
Lifetime

- 8 years
- 60 years

VPBER-600 is a qualitatively new level of PWRs
development, further safety enhancement due to
consistent implementation and intensification of
inherent self-protection properties, wide use of
passive safety systems.

1. Reactor core

2. Steam generator

3. Motor pump

4. Guard vessel

5. Water gap between reactor core
and vessel

Fis.l
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AST-500 REACTOR

Reactor thermal capacity - 500 MW

Heat output - up to 430 Gcal/hr

1. Reactor core

2. Heat exchanger

3. Guard vessel

4. Water gap between reactor core
and vessel

Fig. 2
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IRRADIATION LEVELS FROM THE EQUIPMENT OF
AST. VPBER INTEGRAL REACTORS AND PWR-TYPE

REACTOR

Equipment

Reactor vessel:
inner side
outer side

Guard vessel

Reactor concrete
silo lining

Reactor silo
concrete

Dose rate, nSv/s

AST-500

160
10

10

20

0,2

VPBER-600

330
17

14

14

0,15

WER-1000

~3000000
~60000

-

~25000

~200

Fig. 3

A characteristic feature of these reactors, the integral layout, which allows the
arrangement of the main reactor equipment in one vessel separated from the core (neutron
source) by a thick water layer, ensures low neutron fluence to the reactor vessel and
low induced activity of the main metal-intensive equipment - reactor vessel, guard vessel
and structures in the concrete reactor silo, and, hence, low irradiation levels after shutdown
(Fig.3).

Already 1 year after plant decommissioning personnel can work in the reactor silo
without protective measures during The whole working day (including dismounting of such
metal-intensive equipment as the reactor and guard vessels). In this case the maximum
irradiation dose rate in the reactor silo in the area of the core is 0.05 mSv/hr
(Fig-s 4, 5).

The maximum induced activity in the main and guard vessel and concrete structures
of the VPBER-600 reactor does not exceed 50 Ci and of The AST-500 reactor -
15 Ci.

So, this AST and VPBER reactor design property defines their decommissioning
concept - "immediate" disassembly in 1-3 years after shutdown (following termination
of preparatory work).
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IRRADIATION LEVELS AT VPBER-600
DECOMMISSIONING

Concrete
reactor

silo

Fig. 4
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IRRADIATION LEVELS AT AST-500
DECOMMISSIONING

Guard vessel

Concrete
silo

Core
location

fiSv/hr

jiSv/hr

500 jiSv/hr

Fig. 5
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3. REDUCED AMOUNT OF RADIOACTIVE CORROSION DEPOSITS

The AST and VPBER plants also show a low activity in the primary coolant caused
by corrosion products and, inturn, low surface contamination of equipment because of
the application of slightly activated materials corrosion-resistant for core and heat
exchange equipment.

4. INTEGRAL REACTOR DECOMMISSIONING

Reactor plant decommissioning starts at unloading of spent fuel and internals.
Unloading of fuel assemblies and dismounting of radioactive internals do not require
special devices and do not limit methods and the time needed for decommissioning work,
because equipment from the reactor is dismounted and unloaded by means of standard
plant facilities used during operation (Fig.6).

At the same stage (calculated for 1-3 years) slightly activated and clean equipment
is dismounted and disassembled, if it is not needed for the following operation stages.

The secondary stage of work (1-2 years duration) is associated with dismounting,
disassembly and removal of reactor plant hot equipment from the plant site.

Slightly activated equipment is disassembled by conventional general industrial
methods under control of the radiological safety service, and special facilities and
mechanisms are not required.

Hot equipment is broken into fragments by means of remotely controlled manipulators
in the concrete silos of the plant.

Fragments are packed into protective transport fasks and removed to regional
radwaste store.

Spent fuel assemblies in special van-containers are transported to fuel reprocessing
plants.

The last stage (1-3 years) is decommissioning of the whole plant including building
structures.

5. EVALUATION OF THE AMOUNT OF RADWASTE AT THE TIME OF
INTEGRAL REACTOR DECOMMISSIONING

Radioactive equipment and structures of AST and VPBER plants can be divided
in contaminations groups according to their accumulated activity (in correspondence with
national radiological safety norms, that allows evaluation of mass, volume and methods
of handling (Fig-s 7, 8).

The hot equipment and structure mass (in-vessel barrel, guide tubes-connecting
device unit, etc.) is - 6 0 t for AST and -90 t for VPBER, the medium equipment mass
(reactor vessel, heat exchange equipment, etc.) is -270 t for AST and -1850 t for
VPBER, the cold and clean equipment mass (guard vessel, concrete reactor silo structures,
etc.) is -1000 t for AST and -3750 t for VPBER.

Liquid radwaste formed during cleaning of the circuit water, the reactor and
equipment decontamination (liquid radwaste activity does not exceed 1000 Ci) should
be reprocessed - it is evaporated, concentrated and bituminized (AST-500) or cementated
(VPBER-600) to confine the activity.

Solid radwaste is also reprocessed: it is ground, burnt, pressed and sintered. It
substantially decreases the total volume of radwaste.
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Refuelling
machine
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assembly

In-vessel
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Fuel assembly and internals reloading
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and disposal
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VPBER-600 MAIN EOUIPMENT MASS AND
RADIOACTIVITY

Equipment
characteristics

Hot, group 3
(in-vessel barrel,
guide tube-
connecting devices
unit, etc.)

Medium, group 2
(reactor vessel,
steam generator
piping, pumps, etc.

Cold, group 1 and
clean (guard vessel,
structures in con-

; crete silo of reac-
tor, etc.

Total
radioactivity,

Ci

~l*107

170

<4

i

Mass,
t

100

1850

3750

Disassembly and
transport conditions

Removed from reactor by standard
means used during operation.
Transported in protective casks

The equipment is dismounted and
parted by conventional engineering
means under the control of radio-
logical safety service. Protective
casks are required to transport
some equi pment

Dismounted as at general industrial
plants and does not require special
protective measures. Transported
without protective casks, organiza-
tional measures are provided

i

Fig. 7
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AST-500 MAIN EQUIPMENT MASS AND
RADIOACTIVITY

Equipment
characteristics

Hot, group 3
(in-vessel barrel,
guide tube-
connecting devices
unit, etc.)

Medium, group 2
(reactor vessel,
heat exchanger
piping, etc.

Cold, group 1 and
clean (guard vessel,
structures in con-
crete silo of reac-
tor, etc.

Total
radioactivity,

Ci

~l*106

80

1-2

Mass,
t

60

270

980

Disassembly and
transport conditions

Removed from reactor by standard
means used during operation.
Transported in protective casks ;

i

i

The equipment is dismounted and
parted by conventional engineering
means under the control of radio-
logical safety service. Protective
casks are required ro transport
some equipment

Dismounted as at general industrial
plants and does not require special
protective measures. Transported
without protective casks, organiza-
tional measures are provided

Fig. 8
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VPBER-600 AND WER-440 (NPP'LOVISA") REAC-
TOR UNIT DECOMMISSIONING CONDITIONS

Parameters

Power, MW(e)

Service time, years

Hold-up time
following reactor
shutdown, years

Reactor vessel
radioactivity, Ci

Total radioactivity,
Ci

Irradiation dose
rate in reactor silo,
mSv/hr

Radioactive waste
amount, t

Collective
irradiation dose for
personnel,
man.Sv

VPBER-600

630

60

1

50

~105

(without internals)

0.05

2200

2,5

WER-440 (Atomnaya energiya,
v.67, is.2 Aug., 1989)

470

30

2

7000

~1.3*106

(without internals and steel
cassette-screens)

130

8460
(for 2 units)

23
(for 2 units)

Fig. 9
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6. IRRADIATION DOSE EVALUATION DURING INTEGRAL REACTOR
DECOMMISSIONING

Because the activity and mass of radioactive equipment of the integral reactors
considered are substantially lower than those ones of conventional NPP reactors, this
influences irradiation doses.

According to calculations personnel irradiation dose during VPBER-600 and
AST-500 unit decommissioning is 2.5-3.5 man.Sv taking account of piani-le\el systems).

The radiological effect on the inhabitants during decommissioning was evaluated
proceeding from the amount of radioactive product releases which can enter the
atmosphere. The result obtained was that during AST-500 equipment and reactor vessel
disassembly the reactivity release to the atmosphere including cleaning in wet scrubbers
and aerosol filters gives the value ~3 mCi for Co 60, that is - 2 0 % of the specified
limit.

7. COMPARISON OF DECOMMISSIONING CONDITIONS FOR INTEGRAL AND
VVER-TYPE REACTORS

The advantages of integral reactor decommissioning emerge when comparing
decommissioning conditions for VPBER-600 and VVER-440 "Lovisa" (Fig.9).

The concept of "immediate" dismounting in 2 years following termination of
preparatory work is suggested both for "Lovisa" and VPBER-600 reactors. The main
problem of NPP "Lovisa" decommissioning is the handling of the hot reactor vessel which
must be broken up in hot chambers by remotely controlled equipment and be removed
in large thick-walled casks to stores or the reactor vessel and equipment must be removed
and disposed off as a whole. One should note that special manipulators and other
expensive facilities are not required for breaking up the VPBER-600 reactor vessel.

Comparison results show that in spite of higher power a more prolonged operation
period and shorter hold-up time following shutdown, safety characteristics (activity value,
radwaste amount, irradiation doses) during VPBER-600 reactor decommissioning are tens
and hundreds times smaller than those for VVER-440 reactor.

8. CONCLUSION

So, the structural features of AST and VPBER reactors (including the integral layout
of their main primary equipment and location of a leaktighr reactor in an additional
guard vessel) ultimately simplify the technologically difficult, radiologically dangerous and
expensive decommissioning of PWR (VVER)-type NPP reduce the amount of radwaste
and the costs and make integral reactor decommissioning safe for both personnel and
inhabitants.

238


