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DECOMMISSIONING OF GENTILLY-1 - CANADA

by Balarko Gupta
Atomic Energy of Canada Limited

Montreal, Quebec, Canada

ABSTRACT

Canada's 250 MW(e) Gentilly-1 station went into service in 1971 in
the Province of Quebec, Canada, and produced electricity intermit-
tently until 1979. Since April 1986, the station has been decommis-
sioned to a "Static State" following a two-year, 25 million dollars
(Canadian) project.

Access to the Reactor Building has been permanently shut off except
for one airlock that can be made operable for periodic inspection.
Systems inside the Reactor Building have been isolated and sealed.
All radioactive materials and components inside the Service Building
have been removed, the area decontaminated and released to the local
utility Hydro-Quebec for a full scale simulator training centre.
Spent fuel has been put in interim on-site storage inside concrete
canisters. The spent fuel bay has been decontaminated, and a slab
poured on top of it.

INTRODUCTION

Gentilly-1, (G-l) a 250 MW(e), 833 MWth, CANDU (CANada Deuterium
Uranium), type reactor is located in Quebec, Canada* This plant was a
natural uranium fuelled, heavy water moderated, boiling light water
cooled reactor. G-l was put in service in 1971 and operated intermit-
tently until 1978. In 1980 the station was placed into a state of
preservation which could have permitted a restart. In 1982 the Senior
Management committee of Hydro-Quebec and Atomic Energy of Canada
Limited recommended against the rehabilitation of the plant on
economic grounds. Parts of 1982 and 1983 were devoted to engineering
and economic studies related to the decommissioning of Gentilly-1.

A wide range of decommissioning scenarios (stages) were considered.
These varied from safe storage (of all radiological hazards inside the
plant) with surveillance, to prompt dismantling of the total plant and
disposal of all equipment and structures for ultimate release of the
site for unrestricted use. Decommissioning to IAEA Stage 3 was ruled
out because of G-l's proximity to the 600 Mtf(e) G-2 operating plant
and also due to the lack of existence of a commercial radioactive
waste disposal facility in Canada* After careful consideration, a
decision was made to decommission the plant to a "static state" condi-
tion, which is a variant of IAEA's Stage 1 (Ref. 1).
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OBJECTIVES

There were two major objectives involved in undertaking this
project: to reduce yearly operations and maintenance cost of G-l from
nearly $10 million (Canadian) to $1 million, and to gain hands-on
experience ii? decontamination and decommissioning.

SCOPE, SCHEDULE AND BUDGET

The following major activities were completed as the project scope:

. On-site interim dry storage of spent fuel.

. Putting the reactor building, and systems/equipment in it, in a
static state condition.
Removal of all components from the Service Building and parts of
the Turbine Building, decontamination and transfer of these areas
to the local utility Hydro-Quebec for use as a simulator training
centre.
Decontamination of spent fuel bay.

. Development of procedures and the Safety Analysis report to obtain
a decommissioning license (and convert the plant into a waste
storage facility) from the Canadian regulatory authority, the
Atomic Energy Control Board (AECB).

The schedule for the actual decommissioning work was two years
(1984 April to 1986 March).

The budget was set at $25 million (Canadian) for the two year
project.

DRY STORAGE OF SPENT FUEL

Generally speaking, fuel related work is not part of the scope of a
decommissioning project. However in the case of G-l the work scope of
putting the entire facility into a static state required that the
spent fuel pool be decommissioned* There being no national spent fuel
repository yet in existence in Canada, an engineering solution to the
problem was devised.

Some 3213 bundles of irradiated fuel and activated fuel hardware
were stored in eleven cylindrical concrete canisters that were spe-
cially designed for the purpose. Each canister (6 metres high with an
outside diameter of 2.6 metres) has a steel liner that serves ss the
storage cavity for eight specially designed stainless steel baskets.
Each basket contains 38 fuel bundles, each of which is placed over one
basket pin. (The bundles had been stored in the spent-fuel bay for a
minimum of 7 years and the decay heat emitted averaged approximately
1.4 watts per bundle at the time the program was started.) Irradiated
fuel is contained in 85 baskets, while two baskets contain flux
suppressors and keys that were parts of the fuel string.
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TYPICAL STORAGE OPERATION

A typical storage operation started by unstringing the bundles and
removing the central structural tubes (CST) that contained cobalt-60.
Each bundle number was then identified and each bundle was then indi-
vidually loaded into a numbered basket. Both the basket and bundle
numbers were permanently recorded in keeping with IAEA safeguards
requirements. Once a basket was filled, a cover was put on and the
basket assembly was raised into a shielded station by a grapple that
engaged inside a central opening. All these operations were done
underwater for shielding purposes.

Inside the shielded station, the basket cover was removed, the fuel
assembly was dried, and the basket assembly was seal-welded along the
top and bottom by remote semi-automatic welding. The basket was then
moved laterally inside the shielded station to a position directly
below the on-site transfer flask. The flask doors were then opened, a
grapple inside the flask was lowered to raise the basket from the
shielded station into the flask, and the flask doors were closed. The
flask was then ready for transfer to the canister area.

Inside the shielded station, radiation fields of up to 3500 rem
were measured. However, outside the station (and the flask) radiation
fields were always less than one mlllirem (on contact).

To transport the flask to the canister site, a specially designed
trailer was used. The flask was then raised to the top of a canister
by a 15-ton crane. The grapple assembly and a 3-ton crane lowered the
basket from the flask into the canister. The top plug was then welded
to the canister, and an IAEA safeguards seal was installed by Agency
inspectors.

From start to finish, this operation took a crew of six an average
of three hours. Since the process was repeated for all 11 canisters
and the eight baskets each contained, the entire fuel-storage
operation took six weeks, not including five weeks for construction of
the canisters themselves.

The radiation level outside a loaded canister at the time the
program was completed was about 0.6 millirem (on contact)..

A surveillance program on-going since the project completion shows
a radiation profile on contact outside 11 canisters to be between 0.4
to 0.6 millirem per hour.
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Shielded station used in G-i for fuel transfer operation.
Spent fuel bay is on the left.

THE REACTOR BUILDING

Host common pipes, cables, ducts, etc., between the reactor,
turbine, and service buildings were cut and sealed to prevent the
spread of radioactivity. All components In the reactor building were
drained and dried, oil and other inflammable agents were removed;
systems inside the reactor building were isolated and tagged, thus
bringing it to a static state.

Access to the reactor building has been permanently shut off,
except for one airlock that can be made oparable for periodic
inspection. The static state will be maintained for the reactor
building for at least the next 40 or 50 years, with periodic
inspection to ensure structural, integrity. The delay will mean a
significant reduction of radioactivity which will facilitate final
dismantling.
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SERVICE AND TURBINE BUILDINGS

All components including ventilation ducts and partition walls were
removed, rendering all of the service building and parts of the
turbine building into an empty shell consisting of only the structural
slabs and exterior walls. After the fuel was removed, the spent fuel
bay was decontaminated, and a new concrete slab was poured on top of
the bay. All the areas in the service building and parts of the
turbine building were transferred to Hydro-QuSbec who is presently
installing a full scope training simulator for the adjacent 600 MWe
Gentilly-2 reactor.

DECONTAMINATION WORK

Engineering and economic studies, and initial site experience had
shown that large-scale system decontamination to release components
for unrestricted use was neither time nor cost effective.
Nonetheless, a significant decontamination programme was set up at the
site to meet the criteria (Zone-1) to transfar areas for other uses,
and to gain "hands-on" experience for determining future methods and
estimating manpower and cost requirements.

Zone 1 criteria required no loose contamination, no beta fields
above 1.0 millirem per hour and no gamma fields above 0.25 millirem
per hour at 1 cm (Ref. 2).

Major experience was gained through decontamination of the
feedwater and hydrazine dosing system, feadwater sampling system,
various sizes of piping, furl trays, new fuel inside the spent-fuel
bay, several ventilating ducts and fans, and the spent fuel bay
itself.

A Buttervorth hydrolaser model 110 ET was used extensively (at
pressures up to 6000 pounds per square inch) (Ref. 3).

RADIATION PROTECTION

All aspects of the Gectilly-1 decommissioning were regulated by a
license from the AECB, which insisted on the maximum health and safety
protection for workers and the public. To satisfy these requirements,
and the ALARA principle, several documents were developed, specifi-
cally health and safety guidelines and radiation protection standards;
a health and safety manual; and radiation protection procedures.

The health and safety group at site produced and distributed a
computerized report that showed biweekly dose exposure of everyone
working on the project. The individual doses were much lower than
allowable (5 rem per year, 3 per quarter). The maximum recorded dose
for a 12-month period for an individual wr, 225 millirem. However,
the individual dose for most workers was less than 110 nillirem.
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PROJECT MANAGEMENT TEAM (PMT)

The PMT key members came from different divisions of AECL; namely,
the AECL Research Company and CANDU Operations, as well as from other
private companies involved in the nuclear energy field. The team
worked very well as a unit, with each person fascinated by this
challenge, resulting in an environment that was positive, productive
and highly imaginative. The team developed a constructive philosophy
and the following major goals towards the project implementation:

. This would be an "engineered dismantling" and not a wrecking job.
AECL staff would lead all work involving active or contaminated
components. Outside contractors would work in clean areas only.
Workers' safety was paramount before any other consideration.

. A comprehensive training program was set up for all newly hired
employees.

. Follow ALARA (as low as Reasonably Achievable) regarding personnel
exposure.

The site organization was headed by a Station and Project: Manager,
and there were sevan managers/supervisors responsible for Resident
Engineering, Decontamination, Radiological Protection, Fuel Handling,
Operations, Plant Services, and Security. To preserve their indepen-
dence, the heads of Health and Safety and of Quality Assurance had
reporting lines separate from that of the Station/Project Manager.

The total site staff averaged around 100-130 persons; 40 profes-
sional/technical and 50 craftspersons from AECL. Outside contractors
had anywhere between 15 to 25 workers at one time.

Detail work plans and procedures including radiological review
adhering to the ALARA, were prepared by the Engineering and Operations
groups and were reviewed and approved by the Health and Safety groups
before submitting to the AECB for their approval. Although this
approval process somewhat slowed the work progress, it ensured that
proper documents, drawings and procedures were prepared and records
kept. This, clearly contributed to the fact that this two year
project was completed without any significant radiological incident.

The total project scope was completed on schedule and under
budget.

The project also met its objective of reducing the yearly opera-
tions and maintenance cost and providing hands-on experience in
decommissioning.
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Until 1984, about one hundred persons worked at G-l on operation,
maintenance and security activities. Since April 1986, the station
has been totally unmanned. The canister room is equipped with cameras
and alarms which are connected by microwave link to the nearby AECL
La Prade heavy water facility.

There is a surveillance program whereby the air monitors and radio-
logical profiles around the canisters are inspected and reported to
AECB on a bi-annual basis. The reactor building is inspected once a
year to confirm structural integrity, and to check air quality and for
rhe presence of moisture. Hydro-Quebec controls the access to G-l
through G-2 guardhouse, thus providing physical security.

Operations and maintenance cost have been reduced from $10 million
to less than one million per year starting in April 1986. This cost
saving alone will more than pay for this project.

From our observation, although many factors and processes contri-
buted to the success of this job, the Project Team, being as imagina-
tive, cohesive and talented as it was, was unquestionably the most
important factor in this success.

REFERENCES
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THE DECONTAMIHATION AND DECOHMISSIOHISfG OF THE
CHEMICAL PROCESS CELL (CPC) AT THE
WEST VALLEY REPROCESSING FACILITY

By
R. E. Lawrence and

R. A. Meigs

May 1987

ABSTRACT

To support interim storage of vitrified high level waste at the West
Valley Demonstration project, the shielded, remotely operated Chemical
Process Cell (CPC) was decommissioned and decontaminated. All equipment
was removed, packaged and stored for future size reduction and decon-
tamination. Floor debris was sampled, characterized, and vacuumed into
remotely handled containers. The cell walls, ceiling, and floor were
decontaminated. Three 20 Mg (22.5) ton concrete neutron absorber cores
were cut with a high pressure water/abrasive jet cutting system and
packaged for disposal. All operations were performed remotely using two
overhead bridge cranes which included two 1.8 Mg (2-ton) hoists, one 1^.5
Mg (16-ton), hoist, and an electro-mechanical manipulator. Additional
operations were performed by an industrial robot mounted on a mobile
platform. Initial general area dose rates in the cell ranged from 1 to
50 R/hr and were reduced significantly. Target levels of less than 10
mP/hr general area readings were established before decontamination and
decommissioning was initiated; the paper will summarize the specific
results obtained.

1.0 INTRODUCTION

The West Valley Demonstration Project is a Congressionally mandated
activity conducted through the U. S. Department of Energy, Idaho
Operations Office. The operator of the Project is West Valley
Nuclear Services Co., Inc., a subsidiary of the Westinghouse Electric
Corporation.

The objective of the project is the solidification of high level
waste (HLW) generated by commercial nuclear fuel reprocessing which
was conducted at the site from 1966 to 1972. Site operations became
a U. S. Department of Energy responsibility in 1982.

To support the interim storage of solidified HLW, a large shielded
cell is required. To minimize construction costs and maximize reuse
of existing contaminated facilities, the Chemical Process Cell was
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selected as the interim storage area. Hence, the decontamination and
decommissioning of the cell became a contract master schedule mile-
stone, well in advance of the anticipated solidification start date.
This report discusses the work required to complete the decontamin-
ation and decommissioning work in the CPC.

2 . 0 DESCRIPTION OF THE CPC

The CPC is a remotely operated hot cell of the canyon type design.
I t is 28 m (93 ft) long, 6.7 m (22 ft) wide, and 13m (43 ft) high.
Overhead bridge cranes provide maintenance and remote handling
capability. Four lead glass, oil immersed viewing windows allow
control of the cranes from the operating a i s le . There are two
separate bridge cranes on two sets of crane r a i l s . A 14.5 Mg/1.8 Mg
bridge passes over top of a 1.8 Mg power manipulator combination
bridge. The cell was originally built as a fuel dissolution and HLW
evaporator area. Chopped fuel was handled in baskets using the
1.8 Mg cranes. Dissolution was performed in two dissolver vessels
weighing 11.8 Mg each. Operating dose rates in excess of 10E5 R/hr
required concrete shielding walls 1371 mm (54 in) thick.

Support cells include the Equipment Decontamination Room (EDR), the
Chemical Crane Room (CCR), and the Scrap Removal Room (SRR). The EDR
is connected by a tunnel with a shield door part i t ion. A ra i l type
car allowed transfer of equipment between the EDR and the CPC. The
CCR allowed maintenance of the cranes behind a second shielding door
in a low radiation field work area- The SRR was used to transfer
leached cladding pieces (hulls) to a disposal area.

At the outset of the decontamination and decommissioning work in the
CPC the dose rates in the CPC ranged from 12 to 56 R/hr as measured
during a remote survey. Smear samples taken during the surveys
indicated smearable contamination levels in excess of 10E9 dpm/100
cm beta. A video survey showed debris and equipment strewn across
the entire ce l l .

Indications of gross leakage of several active solution transfer
lines were obvious. During plant operations, boiling over of the
dissolver vessels was a well documented occurrence. Failed vessels
were removed during reprocessing operations on thr^e occasions with
typical vessel contact dose rates of 100 R/hr.

3 . 0 PREPARATORY WORK

Prior work to support the decontamination and decommissioning of the
CPC included decontamination and decommissioning of the EDR, the CCR,
and the SRR. In addition, the CPC cranes were overhauled exten-
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sively. Just prior to the start of the CPC work, the oil immersed
shielding windows began to degrade noticeably. The cost and schedule
considerations for removal and total refurbishment led to an
engineered, in-situ repair procedure developed at West Valley- Since
the windows were in good condition until only recently, i t was
reasoned that chemical or radiolytic damage to the glass in the
windows was not likely and that the visibility problems were limited
to cloudy oi l . Cloudy oil is typically caused by oxidization of the
oil in the presence of air and moisture. The uncontaminated oil was
drained and the windows were briefly filled with Freon-113. The
Freon was drained and found to be free of radioactive contaminants.
The windows were purged with nitrogen to remove air, moisture, and
Freon; and the windows were refilled with new oil . Optical clarity
approached that of a new window and has remained excellent for two
years. The procedure was attempted on windows in another cell to
support other decontamination and decommissioning work. Since these
windows had degraded much earlier, results were unsatisfactory,

probably due to etching of the lead
glass. Figure 1.0 shows the view
into the CPC at the beginning of
decontamination and decommissioning.

4 . 0 REMOVAL OF EQUIPtCliT

Due to the fast track nature of
this decontamination and decom-
missioning work, an early decis-
ion was made to size reduce
vessels at a dedicated size
reduction facility rather than to
attempt remote, in-place size
reduction in the CPC. Two op-
tions were investigated for the
removal of the vessels. The
f i rs t included overpacking the
vessels in shielded containers
and storing them outside the
facility.

The second option was packaging
in strong-tight containers
without shielding and trans-

FIQURE 1 . 0 porting tha packages to a
CPC At The Beginning of shielded storage area. Shielded

Decontamination and Decommissioning containers were eliminated from
consideration due to the expense,
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excessive weight, and the one-time-use nature of the containers.
Instead, a multi-use shielded storage area concept was developed.
Concrete storage modules were filled with low dose rate, high density
waste in a compound surrounding the vessel package lay down area.
Forty-five modules were required to surround the 6.7 m x 36., 6 m (22 ft
x 120 ft) area. The entire storage area was covered by a tensioned
fabric structure which was mounted on wheels that ran in tracks on the
ground. Overall dimensions for the structure are 57-3 m (188 ft)
long, 15.2 m (50 ft) wide, and 7-6 m(25 ft) high at the peak. The
structure is moved out of the way to allow crane handling of packages
as large as 3.4 m (11 ft) x 3.4 m (11 ft) x 6.1 m (20 ft) with no
overhead interference.

Remote removal of jumper piping connections was performed in a typical
manner using a crane suspended impact wrench to loosen the Purex
connectors. Jumpers were loaded into a container on the transfer car,
the container was closed using the power manipulator, and then
transferred to the EDR. Figure 2.0 shows a loaded container prior to
movement to the EDR. In the EDR the container was over-packed into an
outer, contamination free container. Pre-staged wrappers were folded
into the container using the EDR cranes, the box lid was closed, and
the box was sealed using a small crane handled impact wrench. A
container radiation survey was performed using a probe on the EDR
cranes and the sealed box was moved out of the plant to the storage
area. All work was planned to keep personnel access requirements to a
minimum. The closest approach by workers was a Radeon smear survey
just prior to removal of the container. On several occasions

FIGURE 2

Container Loaded With Jumpers And Piping
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decontamination of a loaded container was needed. Total group
exposure for these decontamination efforts was as high as 0.5 Man-Rem.
Size reduction of jumpers in the CPC was kept to a minimum by using
large containers and preplanning as much as possible how to load long
jumpers efficiently into the storage container. Contact dose rates on
jumper containers was typically 2 R/hr with hot spots as high as ^8
R/hr which was associated with a low spot in an HLW transfer jumper.
Seven 1.8 m (6 ft) x 1.8 m (6 ft) x 3.6 m (12 ft) boxes were required
to remove all jumpers.

After removal of jumpers and some miscellaneous equipment, prepara-
tions for vessel removal began. All vessel exterior surfaces were
cleaned using 1.1*4 KPa 150 psi live steam from a wand in the power
manipulator grip. Steam was used to circumvent a criticality concern
from addition of rinse water to uneharacterized floor debris. After
steam cleaning, the vessels received a clear fixative coating, the
vessel internals were inspected using a crane suspended video camera,
vessel heel dewatering -was performed if needed with an air operated
jet, and all cooling water nozzles were sealed with rubber plugs.
Vessel inspections showed most vessels to be relatively clean
inside. The exceptions were the recycle evaporator and the low level
waste accountability tank which both had a layer of sludge about 0.3 a
(1 ft) thick, Dissolvers were free of any accumulation of cladding.

Vessels were lifted using the original remote handling strong-backs
and were tipped over onto the transfer car, Figure 3-0 shows a
dissolver being lowered onto the transfer cart. The vessels were

FIGURE 3-0

Lowering Dissolver Onto the Transfer Cart.
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moved to the EDR and packaged in a manner similar to jumper
containers. Ten vessels were loaded into nine boxes. Due to
difficulties encountered with differences between as-built drawings
and interpretations of vessel vendor drawings, rework of al l the
specially built vessel containers was required. Contact dose rates on
the packaged vessels ranged between 100 mR/hr and 110 R/hr.

After transfer of all jumper and vessel boxes to the storage area,
temporary shielding was placed over the boxes with highest dose rate
to reduce external dose rates. General area dose rates below 10 mR/hr
were achieved outside the tent structure.

After the vessels were removed, three additional 1.8 m x 1.8 m x 3.6 m
boxes were loaded with cut-up racks, non-jumpered piping, and miscell-
aneous equipment which was found to have fallen under the vessels.
Size reduction was performed with an ordinary industrial abrasive chop
saw modified to f i t the power manipulator. Blade changes were
performed manually in the crane maintenance area. Several saws were
set up to allow cutting to continue after blade failure. Chop saw
power cables were routed through the crane room into the cell and
required constant attention to prevent tangling on in-cell
equipment. A cable handling system would have increased productivity
significantly.

5 . 0 SAMPLING AND VACUUMING OF FLOOR DEBRIS

Once the vessels and excess piping were removed, an industrial robot
mounted on a mobile platform was moved into the cell to support
sampling and floor vacuuming work. Floor debris was sampled using a
vacuum cleaner motor in a specially fabricated housing. The vacuum
cleaner was handled by the robot and was used to pick up a sample
cartridge from an ordered rack. The cartridges were made from Lucite
25 mm air sampling f i l ter housings. The pressure differential through
the f i l ters was sufficient to hold the cartridge onto the vacuum
cleaner housing without any further mechanical device. The robot
moved the sample cartridge to the floor and obtained a debris sample
by a preprogrammed routine. I t was quickly found that the variations
in the debris and floor levels interfered with totally automated
sampling, sc the program was modified to include a pause for tne
operator to manually obtain a sample. Analytical results indicated
typical Uranium concentrations were 0.1% by weight., One sample
obtained near the dissolvers was as high as 8.0? Uranium. Isotope
ratios indicated that the debris were primarily spent fuel in nature.

To vacuum the debris remotely, a 22.4 KW (30 HP), positive
displacement vacuum system was used in conjunction with specially
designed, remotely handled vacuum containers. The containers were
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553 mm (22 in) OD. and 1067 mm (42 in) high with 6.35 mm (1/J-( in) thick
carbon steel walls. A Goretex cartridge air filter with 0.74 M
(8 sq ft) of filter area was mounted inside each container.

An air pulse system was used to back pulse the filter to maintain low
pressure differentials under high dust loading conditions. Neither
the robot nor the power manipulator was capable of handling the pick-
up nozzle in the tight confinement near vessel mounting pads. In
addition, it was found that the clear fixative which was used on the
vessels had formed an extremely tough crust layer with the floor
debris. After a weei< of minimal progress, it was decided that
vacuuming would be delayed until all vessel mounting pads were removed
and the fixative crust layer could be broken up.

Two weeks of cutting operations were required to remove the 30 vessel
mount pads by cutting through the 38 mm (1.5 in) dia. stainless steel
mounting studs with the abrasive saw. After packaging the floor
mounts in a 1.8 m x 1.8 m x 3.6 m container and treating the fixative
with a 1.0 raolar NaOH solution, vacuuming was resumed. A significant
increase in productivity was noted and the operation was completed
successfully, however, much development work is needed before remote
vacuuming is optimized.

The debris collected weighed 180 Kg (398 lb). The original estimate
for the quantity of floor debris was 1800 Kg (4000 1b). The
difficulty in estimating the mass of debris lies in the loose, fluffy
nature of the atmospherically deposited dust. An estimated 5000 Ci of
total activity was collected in the three containers used. Dose rate
measurements on the containers indicated 15 R/hr at 1.5 m (5 ft). The
debris was transferred to the General Purpose Cell (GPC) which is
located directly below the CPC where it awaits future processing.

6.0 INITIAL DECONTAMINATION

After floor vacuuming was completed, all surfaces in the cell were
decontaminated using foamed alkaline detergents. The foam was applied
with a wand on the power manipulator or from nozzles attached to the
14.5 Mg trolley to clean the ceiling. The foam was allowed to work
for 15 to 30 minutes and was then rinsed with 4900 K Pa (700 psi)
water at 138° C. Several passes were made using the alkaline
detergents before the chemicals were switched to 0.1 M HNQo, During
foaming of the cel l , immediate visible results were obvious. In cell
light levels increased and white streaks were seen as the rinse
solutions ran down the walls. A single decon pass of the cell took
two shifts and generated 3785 1 of spent decon solution. Decontamin-
ation factors were measured using a shielded probe. Decon results are
shown in Table I.
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TABLE I

RESULTS OF FOAM DECONTAMINATION IN THE CPC

LOC.

1

2

3

4

5

6

7

8

9

INITIAL

585

667

643

611

690

855

977

1260

822

AFTER
FOAM

350

355

307

512

437

531

668

708

564

DF

1.67

1.88

2.09

1.25

1.58

1.61

1.46

1.77

1.46

AFTER
ACID FOAM

152

195

210

380

569

629

680

631

438

2

1

1

1

1

1

DF

• 30

.82

.46

.35

.77

.84

.98

.12

.29

DF (TOTAL)

3-85

3.42

3-06

1.69

1.21

2.60

1.44

2.00

1.88

Ave. 793 492 1.62 432 1-33 2,35

All measurements are in mR/hr, gamma only, as measured by a high
intensity CM tube with an Eberline ESP-1 instrument. The probe was
shielded from the CPC floor by a 100 mm x 100 mm (4 in x 4 in) lead
cube. Locations were randomly selected, but repeatable positions
throughout the c e l l . Some measurements may have been affected by
the location of some high dose ra te equipment (vacuum cleaner hoses)
at the time of the survey.

7 . 0 DISSOLVER CORE REMOVAL

The fuel dissolver vessels in the CPC were designed as annular ring
tanks with six fuel basket ports arranged on a 2.1 m (7 ft) dia. To
provide neutron interaction control, a borated concrete core was
built as a cast-in-place structure under each dissolver. There were
two full size cores weighing 20 Mg each and one 4.5 Mg short base
which was provided for a future dissolver. To provide sufficient
storage space in the CPC, removal of the cores was necessitated.
Removal of these cores presented two major engineering challenges.
First, unlike the remainder of the equipment in CPC, the cast-in-
place cores were not designed for remote removal. In addition, the
20 Mg weight of the cores exceeded the CPC cranes lifting capac-
ity. Since the West Valley Demonstration Project has significant
experience in high pressure water abrasive jet cutting operations,
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this cutting method was evaluated and finally selected for removal
of the cor es.

A tracking device was designed to allow tracking of the 240 MPa
(35,000 psi) abrasive/water jet nozzle around the base of the
cores. The tracking device was remotely positioned over the core
and each core was cut off at its base. Each cut required 8 hrs. of
cutting time, used 10,220 1 of water, and consumed 450 Kg of garnet
abrasive grit.

A hydraulic cylinder system was built to fracture any remaining
concrete in the central portion of the core. The two cylinder,
90 Mg (100 ton) capacity jack was suspended on a crane hook and
positioned between the CPC wall and each core. The high pressure
water supply from the abrasive jet cutting system was used to
activate the cylinders. The cores were easily cracked and tipped up
slightly before releasing the water pressure.

Each core was then decontaminated by removing the painted concrete
surface layer using a manipulator held high pressure water rotary
lance. After decontamination, a tipping fixture was positioned over
each core. Clamp bolts were tightened using a canyon impact wrench
normally used for Purex connector removal. Once the fixture was
tightened, the 14,5 Mg crane was used to tip the cores onto s
specially designed high capacity transfer car. Tipping the cores
was required due to the 14.5 Mg weight limitation on the crane in
the CPC. By tipping the cores rather than lifting them directly,
the load to the cranes was limited to half the weight of the core.

The design of the tipping fixture was intended to take advantage of
some guide plates which were shown on the construction drawings of
the cores. When the fixture was placed on the first core, it was
noted that the guide plates had been omitted in the field. A
decision was made to try the lift depending on a friction clamp
only. During the initial lift, the fixture shifted up approximately
100 mm before binding caused the fixture to .grip tightly. The lift
was continued; however, the downward shift in the center of gravity
in the fixture prevented the completion of the tipping since the
center of gravity was behind the plane of the hoist at the top dead
center of the lift. Repeated attempts were made to complete the
tipping, but no combination of trolley and hoist movement was
successful. A 1.8 Mg hook was attached to the rearmost part of the
tipping fixture in an effort to boost the core over center. The
location of the hook caused the clamps of the tipping fixture to
loosen allowing the core to slip half out of the fixture and come to
a rest on the floor at a 30° angle. The core remained half way in
the tipping fixture with the 14.5 Mg crane preventing the fixture
from shifting.
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Recovery efforts were concentrated on core drilling a hole into the
wall of the cell at the center line of the core so that a hydraulic
jack could be used to push the core over into the fixture and onto
the transfer car. A two week schedule delay resulted from the
recovery operations. After completing the removal of the f i rs t core,
the clamping band was replaced on the tipping fixture and the second
core was tipped without incident. The third smaller core was picked
up directly using a fixture designed specifically for i t .

Each core was moved into the EDR and loaded into a heavy duty
container. Contact dose rates were 1 0 to 50 mR/hr. The container
was sealed, moved out of the EDR, loaded onto a t ra i ler , and moved to
a hardstand area where it was stored, surrounded by other waste
containers to reduce the exposed radiation levels.

The garnet abrasive on the floor of the CPC was wet vacuumed into
canisters using a nozzle with a spray t ip , ini t ial ly, and later with
a shrouded high pressure water decon tool suspended from a 1.8 Mg
crane hook. While vacuuming abrasive, a twisting motion on the power
manipulator evidently caused one of i ts telescoping tubes to jump its
guide track. This condition was impossible to detect from outside
the cell . When the manipulator was raised, several guide blocks
inside the tubes jammed against each other, causing the telescoping
tube hoist cable tc fa i l , allowing the manipulator to fall to '.he
floor. The manipulator was recovered with the 1.8 Mg hoists and
moved on the transfer car to the EDR for repairs. A one-month delay
to the decontamination and decommissioning schedule resulted from the
recovery work.

8 . 0 FINAL DECONTAMINATIOH

After removing the abrasive from the CPC, a 1 . 8 m x 1 . 8 m x 3 . 6 m
container was fil led with miscellaneous debris which had accumulated
during the previous operations. A steady buildup of small parts was
observed throughout the decontamination and decommissioning work.
This was primarily due to the large amount of time required to pick
up the small parts. To allow this slow work to go on independent of
the loading of large containers, two baskets made from expanded
carbon steel plate were sent into the cell . Small parts were loaded
into the baskets whenever a manipulator operator was available and no
other work was planned in the cell . Ones the baskets were f i l led,
they were decontaminated with foam and rinse water to decrease the
possibility of a hot spot on the container they were loaded into.
This concept is currently being evaluated as a primary handling
method for the equipment that will be removed from the remainder of
the smaller head-end fuel handling cel ls .
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A dose rate survey after removal of the last container of debris
showed that the general area gamma exposure had decreased to 300 to
900 mR/hr. A decontamination test was performed using high pressure
water with a manipulator held rotary lance. A water flow of
11.4 l/min (3 GPM) and 240 MPa (35,000 psi) was used to remove the
paint and an estimated 3 mm inch of fine cement. Dose rate
measurements were taken at threo test locations using a shielded high
intensity GM tube both before and after the decon passes. The decon
factor (DF) was between 1.1 and 1.3 for the tests performed. The
results of the decon test were much lower than desired or what was
required to reach the original target goal of 10 mR/hr general area
dose rates throughout the CPC. A further investigation was performed
by dr i l l sampling the wall to determine the depth of penetration of
contaminants. Holes were drilled into the wall allowing the dril l ing
dust to slide down a funnel into a vertical vinyl tube. The dust was
thus stratif ied by depth of origin. The analytical lab analysis
showed that the contamination was largely confined to the f i r s t 13 nun
(1/2 in) layer. Comparison of the specific activity of the f i r s t
13 ram layer with the specific activity of some paint chip samples
from the CPC showed that most of the contamination found in the 1 3 mm
layer could be attributable to the paint contamination alone. The
analytical results of the sampling are presented in Table I I .

TABLE I I

DEPTH OF CONTAMINATION PENETRATION IN CPC WALL SAMPLES

SAMPLE 0 -10 ram 10 mm-20 mm 20 mm-30 mm 30 mm-40 mm 40 mm-50 mm

Sample 1
Cs-137 3 .64E-2 2 .19E-4 <3 .50E-5 <4 .46E-5 1 .18E-5
AM-241 5 .25E-4 <4 .54E-6 < 3 . 9 7 E - D <4 .20E-6 <1.O6E-5

Sample 2
Cs-137 1.37E-2 1.61E-3 4.71E-4 <3.i8E-5 1.02E-4
Am-241 1.78E-4 <5.43E-6 <3.3&E-6 <3-13E-6 <3.05E-4

Sample 3
Cs-137 1.47E-1 1.67E-3 1.34E-3 1.58E-3 3.19E-3
Am-241 4.43E-4 <4.8iE-6 <7.96E-6 <6.27E-6 2.91E-5

All numbers are in microcuries per gram.

Since these results did not backup the results of the in-cell decon
test , i t is presumed that the shielding configuration of the
shielded CM tube was somehow altered generating misleading resul ts .
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Final wall and ceiling decontamination was then performed using a
rotary lance 240 MPa (35,000 psi) spray system. Special fixtures
were designed and built to allow the 14.5 Mg trolley to move the
spray system to cover the ceiling and upper walls. Steady motion
must be provided at all times to prevent excessive erosion of the
wall surfaces. The lower wall surfaces were decontaminated using a
crane hook handled, shrouded sprayer which allowed vacuum
containment of the water and all removed debris. Hot spots and
difficult to reach spots were decontaminated using a manipulator
held rotary spray lance. All the rotary spray lances used
hydraulically driven high pressure rotary unions to supply water to
a manifold of sapphire jewel nozzles. Water usage ranges from 5.7
1/min (1.5 gpm) to 15 1/min (4 gpm) depending upon which rotary
lance is in use. Figure 4.0 shows the CPC near completion of
decontamination and decommissioning. The manipulator is using the
rotary spray lance to move debris across the floor.

The final decontamination effort
used 27,630 1 of water and
generated 2120 1 (75 Ft3) of
Class C waste which may be TRU
waste in some of the contain-
ers. The waste is presently
stored for future stabilization
processing. Following the final
decon work, a radiation survey
was performed, the results are
summarized in Table III.

HORK GROUP ORGMJIZATIOW AND
SCHEDULE

The work force dedicated to the
decontamination and decom-
missioning of the CPC was
organized into an engineering
group consisting of two to four
engineers depending upon the
work load and an operations
group typically consisting of
two supervisors and ten decon-
tamination technicians. Engin-
eering work began approximately
six months before the planned
start of decommissioning work.
The organization of the oper-
ations group changed depending
upon the type of work being done

FIGURE

CPC Near Completion of
Decontamination and Decommissioning
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TABI£ I I I

RESULTS OF HIGH PRESSURE WATER
DECONTAMINATION IN THE CPC

LOCATION

1
2
3
4
5
6
7
8
Q

AVERAGE

BEFORE DECON

152
195
210
380
569
629
680
631
438

432

AFTER DECON

67
94

102
110
140
186
257
410
261

181

DF

2 . 2 7
2.07
2.06
3.45
4.06
3.38
2.65
1.54
1.68

2.57

All measurements are in mR/hr, gamma only, as measured
by a high intensity GM tube with an Eberline ESP-1 instru-
ment. The probe was shielded from the CPC floor by a
100 mm x 100 mm lead cube. Locations were randomly selected,
but repeatable positions throughout the c e l l .

in the CPC. During remote operations, with no ongoing waste removal
work, two shif ts of five people were used. A three shif t schedule
was tr ied briefly, but i t was found that work actually slowed down
since only day shift could make entr ies into the CCR and the EDR to
support the remote operations. When waste containers were scheduled
to be moved, the group was prganized into one shif t to support the
man-power needs of container handling.

The master schedule for the project allowed 24 months for the
completion of decontamination and decommissioning work in the CPC.
The s ta r t date was to be the 1st of January, 1985. Due to delays in
the deliveries of waste containers and the sprung s t ructure storage
area, the actual s ta r t date was delayed unti l the enu of March,
1985. During the decontamination and decommissioning work in the
CPC, there were events which resulted in los t time.

For a project with a scheduled duration of 110 weeks, a cumulative
lost time of 35.5 weeks is obviously s ignif ic iant . Through work-
arounds and production ra te improvements, the anticipated completion
was only delayed by 10 weeks.
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Table IV is a summary of schedule delay problems encountered during the
CPC decontamination and decommissioning work:

TABLE IV

SUMMARY OF EVENTS WHICH RESULTED IN LOST TIME

ITEM LOST TIME (WEEKS)

16

2
or 7

1.
3
2
1

weeks
weeks
weeks
weeks

5 weeks
weeks
weeks
week

Delay in delivery of jumper containers
Repair of vessel containers to provide clearances

* Failure, recovery, and repair of the transfer car
* Failure, recovery, and repair of the power manipulator
* Failure, recovery, and repair of the 16-ton crane

Inability to vacuum floor debris around obstacles
Recovery operations for the 22.5-ton core
Replacement of hinged ra i ls between CPC and EDR

TOTAL 35.5 weeks
* Involved more than one incident.

1 0 . 0 LESSONS LEARNED

0 Tool power cabling and hoses were one of the biggest hindrances to
work. A cable and hose handling system could have saved many
manned entries into the CCR and the EDR to repair broken cables and
hoses. A cable carrier system is undar evaluation for use in other
remote cell decontamination and decommissioning work at West
Valley.

0 A decon pass prior to equipment removal would have reduced exposur2
during waste handling and decreased the contamination control
concerns significantly. Sampling of high pH decon solutions which
had come in contact with f iss i le materials indicates there is no
cri t ical i ty concern as long as slab geometries are maintained until
the solids have settled.

0 An on bridge video system would be extremely helpful during remote
decontamination and decommissioning work.

0 A mock-up electro-mechanical manipulator could help to minimize
rework of equipment in contaminated areas, thereby reducing
exposure and saving schedule time.

0 Total replacement, rather than refurbishment of the cranes,
manipulator, transfer car, and hinged ra i l s could have potentially
saved as much as 11.5 weeks of schedule delays.,
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0 An abrasive saw has proven to be a useful manipulator held too l .
0 The addition of one set of master-slave manipulators could have

saved a significant amount of time and exposure to perform tasks
that • ie electro-mechanical manipulator could not perform such as
repl ment of saw blades.

0 A transfer port for small equipment would also reduce manned entry
requirements.
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USE OF FOAM CHEMICALS FOR DECONTAMINATION

by:

R. A. Meigs

MAY 1987

ABSTRACT

A means of rapid, gross smearable contamination removal is being used at
the West Valley Demonstration Project. Decontamination chemicals are made
into a foam using foam stabilizing surfactants and blown with compressed
air onto surfaces to be decontaminated. The foam is left to work for 15
to 30 min. and is rinsed with 3500 to 7000 KPa (500 to 1000 psi) water
sprays. Spent decontamination solution generated ranges from 0.03 1/M to
0.14 1/M2 (0.08 to 0.40 gal/sq. ft.). Decontamination factors for
smearable contamination up to 10 are routinely achieved.

1.0 INTRODUCTION

The West Valley Demonstration Project is a Congressionally mandated
activity conducted through the U. S. Department of Energy, Idaho
Operations Office. The operator of the Project is West Valley
Nuclear Services Co., Inc., a subsidiary of the Westinghouse Electric
Corporation.

The objective of the project is the solidification of High Level
Waste (HLW) generated by commercial nuclear fuel reprocessing which
was conducted at the site from 1966 to 1972. Site operations became
a U. S. Department of Energy responsibility in 1982.

To support the solidification of HLW., a large portion of the former
reprocessing facility will be decontaminated for reuse. Solidifi-
cation support systems will be installed in decontaminated, shielded
cells to minimize construction of new facilities. This work involves
the decommissioning of all old processing equipment and decontamin-
ation of the remaining cell surfaces. It is often desirable to
decrease contamination levels, reduce smearable contamination and
lower airborne contamination levels during the course of the
decommissioning work to reduce personnel exposure levels and decrease
the likelihood of contamination spread.
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Since the West Valley f a c i l i t y has had no operable evaporators since
the mid 197O'ss contaminated water generated must be kept a t an
absolute minimum. This has forced the Decommissioning Department a t
the West Valley Project to develop c a p a b i l i t i e s which effect a
s i g n i f i c a n t deoontamination fac tor with a minimum of water use and
personnel r a d i a t i o n exposure t o perform the decon work.

2.0 DESCRIPTION OF THE FOAMING OPERATION

The foams used a t West Valley a re generated by blowing compressed a i r
in to a mixture of the foam s t a b i l i z i n g chemical and the decontamin-
a t ion chemical which i s being used. Two di f fe ren t chemicals have
been used to da t e . The f i r s t i s an a lka l ine detergent blend ca l l ed
AE-3003, which i s Gommercially ava i l ab l e from the DuBois Chemical
Company. The second chemical used i s 0.1 M HNO? (as mixed and
appl ied) which i s mixed o n - s i t e from the bulk HRO3 tank . The alka-
l i n e detergent blend i s comprised of 1w? NaOH, 1/2v% Isopropyl
Alcohol, and a p ropr i e t a ry mixture of s u r f a c t a n t s . The foam s t a b i l -
i z ing chemical i s Foam-Add, which i s a lso a v a i l a b l e through DuBois
Chemical Company, and cons i s t s of a p ropr i e t a ry blend of anionic
s u r f a c t a n t s tha t give r i s e to extremely s t a b l e foams. Batches of
foaming chemicals a re mixed in the following r a t i o s :

FOR ALKALINE FOAM FOR ACID FOAM
1 p a r t Foam-Add 1 p a r t Foam-Add
2 p a r t s AE-3003 10 parts water

10 parts water HNO? to give 0.1 M
total

The compressed air and foam chemicals are mixed in a tee in a piping
manifold and are pushed by the compressed air through the hose.
Typical foam generating systems are shown in Figures 1 and 2. The
pneumatic pump pressure system uses a piston pump to draw chemicals
out of a drum allowing 190 l i t r e (50 gallon) batches to be used. The
pressure pot system uses a 19 l i t r e (5 gallon) stainless steel
pressure vessel under direct pneumatic pressure to supply the
chemicals. The piston pump system is used for larger jobs where
chemical mixing time must be reduced. Foam can easily be applied to
surfaces 6 m (20 ft) way making it easy for personnel to work from
low exposure areas if required. Foam quality can easily be judged by
how slowly the foam "sags" or flows down a vertical surface. When
the foam consistency is proper, the foam moves very slowly down a
surface. Foam will cling to ceilings and undersides of equipment
making i t one of the few viable decon methods that works on all
surfaces.
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3-0 TYPICAL FOAM DECON SEQUENCE

The foaming and r ins ing systems are located as close as possible
outs ide of the area to be decontaminated, however, as much as 30 M
(100 f t ) of hose has been used with no d i f f i cu l ty . Hoses a^e routed
in to the work area e i t he r through the doorways and airlocks or
through a u t i l i t y penet ra t ion , if one i s available. Filtered water
and compressed a i r are used to prevent damage to pumps. An a ir l ine
l ub r i ca to r must be used when the pneumatic pump pressure system i s
used.

Chemicals are mixed in a p l a s t i c drum for the pneumatic pump pressure
system and in a s tee l pail for the pressure pot systems. The foam i s
applied as quickly as possible, using the ent i re mixed chemical
batch. The operator will typical ly wait in an airlock area until the
foam has worked for 15 to 30 minutes. The foam i s then rinsed using
a 3500 KPa to 7000 KPa (500 to 1000 psi) sprayer using a flow rate of
1.6 1/min. to 11.4 1/min. (2 to 3 gpm). If water splash or leakage
out of the contained area i s of concern, plant ut i l i ty water is used
instead of the pressure washer to rinse down the foam, similar to a
garden hose r inse .

Alkaline foam is used i n i t i a l l y to remove the heavy soi l and grease
layers that are encountered in almost every area of a 20 year old

IV-25



p l a n t . If surveys ind ica te add i t iona l decon work i s needed more
passes using a l k a l i n e foam are done. If the equipment in the area i s
e i t h e r non-functioning or i s corrosion r e s i s t a n t then an HNOo foam
pass i s performed if add i t iona l decon work i s needed a f t e r tne
a l k a l i n e foam no longer appears to he lp . Extremely heavy
accumulations of grease such as bearing l ub r i can t must be removed by
other means such as Freon-113- Light l u b r i c a t i o n fi lms and grease
dr ips are e a s i l y dispersed by the a l k a l i n e foams.

4.0 SPECIFIC DECONTAMINATION OPERATIONS AND RESULTS

4.1 The Ext rac t ion Cell Three (XC-3)

The XC-3 was the f i r s t c e l l at West Valley t o be decontaminated
using foam. The ce l l i s a 4.9 m x 4.6 m x 17.4 in (16 f t x 15 f t
x 57 f t ) t a x i c e l l which contained chemical ex t r ac t i on
columns. Wall surfaces are phenolic painted concrete with a
s t a i n l e s s s t e e l floor l i n e r tha t reaches 460 mm (18 in) up the
wa l l s . After a l l piping and equipment were removed, the f i n a l
decontamination was performed using foam. Work was performed
manually from a cable suspended work platform suspended from
above. All work was staged and supported from a containment
located above the XC-3- Resul t s from a l l decontamination work
described here are shown in Table 1.

4.2 The Product Pu r i f i ca t i on Cell (PPC)

The PPC was a c e l l s imi lar t o the XC-3 which contained the f i na l
product p u r i f i c a t i o n s t e p s including Plutonium ion exchange
columns and Uranium s i l i c a absorber beds. The decontamination
opera t ions were performed in' the same manner as the work in the
XC-3.

4.3 The Uranium Product Cell (UPC)

The UPC is a c e l l loca ted adjacent t o the bottom of the PPC.
The c e l l i s 14 m long x 7.9 m wide x 4.0 m high (46 f t x 26 f t .
x 13 f t ) and contains two 25,000 l i t r e (6600 ga l ) Uranium
product s torage v e s s e l s . Wall sur faces are phenolic painted
concrete with a s t a i n l e s s s t e e l f loor l i n e r t h a t reaches 460 mm
(18 in) up the wa l l s . The c e l l was decontaminated by en t ry
through the man-way door working from f loor l e v e l . Decontam-
ina t ion opera t ions for the UPC were staged from the containment
a i r lock t en t loca ted a t the man-way doors .
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4.4 The Chemical Process Cell (CPC)

The CPC is a remotely operated canyon type cell which was used
for chopped fuel dissolution and concentration of HLW prior to
storage. The cel l is 28 m long x 6.7 m wide x 13 m high (93 f t .
x 22 ft x 43 f t) and is serviced by two overhead bridge cranes
which include an electro-mechanical manipulator. Wall surfaces
are phenolic painted concrete with a s ta inless s teel floor l iner
that reaches 460 mm (18 in) up the walls. After equipment
removal and vacuuming the floor, the cel l was decontaminated
using a foamer/sprayer assembly held by the manipulator. Hosea
were fed through a wall penetration at midcell and a l l support
operations were performed in the operating a i s l e adjacent to the
CPC. A remote switch system controlled solenoid valves which
turned foam and rinse water on and off from a cel l viewing
window. This arrangement allowed nearly continuous cleaning
operations using the pheumatic piston foam generator and 55
gallon batches for the f i r s t time.

4.5 The CPC/Equipment Decontamination Room (EDR) Shield Door Recess

The CPC/EDR shield door recess i s a confined area which is only
accessed from a roof hatch on the EDR roof. The recess area is
9.8 m x 2.4 m x 7.9 m high (32 f t x 8 ft x 26 f t ) and contains a
l a t e ra l t raveling shield door which i s 1 .2mx 4.9 ra x 4.9m
high (4 ft x 16 i t x 16 f t ) . Wall surfaces are phenolic painted
concrete with a bare concrete floor. The door i s phenolic
painted s tee l f i l led with concrete. A containment tent was set
up above the roof hatch to allow removal of the 900 Kg (1-ton)
hatch plug and to support decontamination operations in the door
recess area. I n i t i a l decon work was performed from the tent
using telescoping tube sprayer and foamer wands. This allowed
the floor area to be cleaned without any workers being lowered
down to the floor level . This saved a considerable amount of
set-up work for entry into such an inaccessible location. Final
cleanup of the area was performed with hand held too l s , with
workers standing on top of the door. The foaming equipment was
staged on a roof one level above the EDR roof so that the same
system could be used with a different set of hoses to
decontaminate the CPC/Chemical Crane Room (CCR) door penthouse.

4.6 The CPC/CCR Shielding Door Penthouse

The CPC/CCR shielding door penthouse is an enclosure located
above the CPC and the CCR which contains the shielding door
hoists and the shield door when i t i s in I t s up posit ion. The
enclosure is 2.4 m x 4.1 m x 7.6 m high (8 ft x 30 ft x 25 f t )
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and is comprised of a steel structure surrounded by painted
concrete block. Decon operations were staged through two
containment tents which accessed both upper and lower decks.
This work was performed at the same time as work in the CPC/EDR
door recess.

5.0 Discussion of Decontamination Results

Specific results obtained for a particular decontamination operation
depend on a number of variables. The primary consideration is the
type of contamination to be removed. If an area has gone without
decontamination for an extended period, a build-up of greasy soils
will make decontamination more difficult and will make the advantages
of foam decontamination mere obvious. For example, in the CPC no
decontamination work had beer, performed on the walls of the cell in
its entire lifetime. A spray-down with live 11*10 KPa (150 psi) steam
had little visible effect.

Rinsing down with utility water also showed no noticeable change in
the dirt on the walls. During the foaming operations in the CPC,
Immediate results were seen as clean. white streaks were left behind
on the walls as foam streamed down the walls. The light level in the
cell increased dramatically as cleaning progressed.

A further consideration is whether scrubbing can be done on the
surfaces. Although good results can be obtained without scrubbing,
better results are seen when scrubbing is performed with deck brushes
or brooms. It has also been observed that during warmer weather or
if the chemicals and rinse water are heated better cleaning
results. There is no radiological data to support better DFs under
these conditions, however.

The final factor affecting foam decontamination results is the
condition of the surface being decontaminated. Stainless steel
surfaces give better DFs than painted carbon steel or painted
concrete as might be expected. Surfaces near warm equipment such as
motors, gearboxes, and bearings are usually more contaminated than
their surroundings and do not respond as well to foam
decontamination. This may be related in part to the lubricants used
on these pieces of equipment. Additional studies are being performed
at West Valley to determine the affects of paint quality on
decontamination factors. It is expected that paint which is
Improperly applied and cured will make decontamination of the painted
surfaces nearly impossible.
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TABLE 1

RESULTS OF SPECIFIC FOAM DECONTAMINATION OPERATIONS

AT THE WEST VALLEY DEMONSTRATION PROJECT

JOB

XC3

PPC

UPC

CPC

EDR
Door

"f CCR
vo Door

CCR/
Cranes

AREA
DECONNED

( M2 )

430

370

180

1 4 5 0

320

390

370

WATER

(Litre)

1 500

1495

950

31,000

1135

1500

1210

WATER

(Litres/M2)

0.04

0.03

0.04

0.18

0.03

0.03

0.027

TIME REQ.

(Days)

4

4

2

10

3

3

3

SURVEY
TYPE

C

C

C

R

C

C

R

INITIAL
CONTAMINATION

FINAL
CONTAMINATION DF

1100 Kdpm/IOOcm2-aIpha 85 Kdpm/100cm2-alpha 13

56 Kdpm/100em -alpha 17 Kdpm/100cm2-alpha 3.5 (walls)
332 Kdpm/1OOcnT-alpha

20 \dpm/100cm2-alpha

714 mR/hr-gamma

10 Kdpm/100cm2-beta

30 Kdpm/100cm -beta

5000 mR/hr-beta

20 Kdpm/100cm -alpha 16.b ( f loor)

5 Kdpm/100cm2-alpha 4.0

388 mR/hr-gamma 1.882

1 Kdpm/100cm2-beta 10.0

10 Kdpm/1 OOctrr-bet a 3-0

1000 mR/hr-beta 5.0*

(1) Water volume estimated from spraying time with 3 gpm.

(2) Due to the high levels of contamination, no smear surveys were taken. Estimated DF for smearable contamination i s
1000. This i s due to the extremely sculed surfaces before decon. Smearable contamination surveys are indicated by
a "C" under survey type. Radiation surveys are indicated by a "R" under survey type.



6.0 ADVANTAGES OF FOAM DECONTAMINATION

The advantages of foam decontaminat ion a r e bes t summarized by
comparison with more t y p i c a l methods such as d i l u t e de t e rgen t
scrubbing and high pressure washing as In the following table:

TABLE 2

COMPARISON OF FOAM DECONTAMINATION WITH OTHER METHODS

PROBLEM

Time required

Worker
exposure

Reaioteability

Water volumes

Chemical use

Redeposition
of soi ls

Set-up time

FOAM DECON

low u n l e s s
scrubbing

low unless
scrubbing

extremely
easy

JDETER GENTS

longer due t o
scrubbing

higher due t o
scrubbing

scrubbing
d i f f i cu l t

0.03 - 0.14 1/M2 0.17 - 0.70 1/M

low

low

1/2 day

5 to 10 times
higher than foam

low

1/2 day

HIGH P. WATER

longest , prec is ion
pos i t ion ing needed

highest , p rec is ion
posi t ioning needed

reaction forces
are high

0.17 - 0.70 1/M2

none

high without
chemicals

2 days

7.0 SUMMARY

Foam decontamination i s an e x c e l l e n t means of reducing high l e v e l s of
smearable contaminat ion . Water and decontamination chemical usage
are minimized. Equipment and ope ra t ing expenses a re very low and
r a d i a t i o n exposures t o personnel can be reduced t o very low l e v e l s if
not e l imina ted completely by performing work remote ly . Foam
decontaminat ion i s h igh ly recommended where a quick r educ t ion in
smearable and a i r b o r n e contaminat ion i s needed p r i o r t o removal of
equipment or maintenance o p e r a t i o n s . I t i s a l s o recommended for use
in routine hot cell operations on a periodic basis to reduce future
decontamination difficulties from aging of the contamination layers.
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REMOTE CUTTING AND REMOVAL OF CHEMICAL PROCESSING CELL'S
CONCRETE PEDESTAL BASES

by:
R.E. Van.dervort

and
L.W. Wiedemann

ABSTRACT

As part of the decommissioning of the Chemical Process Cell (CPC) at the West Valley Demonstration
Project (WVDP), three 2.24 m (7 ft -4 in) diameter blocks of steel reinforced concrete had to be removed
from the floor of the CPC. These blocks, which were cast into the CPC floor and covered with stainless
steel as part of the floor liner, had to be cut free from the floor prior to removal in one piece. Tooling was
developed to remotely cut the pedestal within 13 mm (1/2 in) of the floor with a 240 M Pa (35,000 psi)
abrasive water-jet cutting system. Two of the pedestals weighed 20 Mg (22'/i tons) each with only a 14.5
Mg (16-ton) overhead hoist available for handling. Special fixtures were developed which allowed the
pedestals to be tipped over onto a transfer car. The transfer car was also a WVNS design, specifically built
for pedestal removal. The pedestals were ultimately transferred into an outer room for placement in metal
boxes for disposal.

1.0 Introduction

The West Valley Demonstration Project is a Department of Energy (DOE) project to solidify the liquid
wastes remaining at the West Valley site from the reprocessing of commercial nuclear fuel assemblies. West
Valley Nuclear Service Company, Inc., (WVNS), a subsidiary of Westinghouse Electric Corporation, is the
prime contractor for the DOE in the operation of the site.

The waste, which is stored in underground tanks, will be solidified into a borosilicare glass for eventual
storage at a federal repository. Until such time that the glass logs will be shipped from the West Valley
site, they will be stored on site in one of the shielded cells within the existing facility. This cell, referred to
as the Chemical Process Cell (CPC), is the largest cell at the West Valley site. The CPC is equipped with
overhead hoists (one 14.5 Mg and two 1.8 Mg) and an electro-mechanical arm (PAR).

In order for the cell to be used for storing the g'ass logs, the entire cell had to be cleaned out. Since
the cell was designed for remote operations, the vessels, piping, and other hardware were removed utilizing
the overhead cranes and PAR.

With the vessels removed, the only major items that remained to be removed were three 2.24 m (7 ft -4
in) diameter borated concrete blocks referred to as pedestals (see Figure 1). These pedestals were used as
neutron absorbers for the dissolver vessels during dissolution of the spent fuel. They were permanently cast
in place with no capability for removal. Their 20 Mg (45,000 Ib) weight exceeded the in-cell hoist's 14.5 Mg
capacity. These two factors combined to make their remote removal a unique engineering challenge.

Two of the pedestals were 2.65 m (8 ft - 8!4 in) tall and weighed 20 Mg. The third pedestal was 460
mm (IS in) tall and weighed 4.5 Mg (10,000 lb). The pedestals were not of a uniform cylinderical shape but
had 6 equally spaced vertical Vee notches that were 0.5 m (20 in) wide by 0.25 m (10 in) deep. The Vee
notches were lined with 4.8 mm (3/16 in) stainless steel the full height of the pedestals. The lower 460 mm
of the pedestals were covered with 10 gauge stainless steel as part of the CPC floor liner.
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Figure I
Concrete Pedestals in CPC

Due to the radiation and contamination levels in the CPC, any method chosen for the pedesia.l
removal would have to be done remotely. After giving consideration to methods that would break the
pedestals into pieces, it was decided to remove the pedestals in one piece by cutting them off at the floor
with the ultra high pressure 240 M Pa (35.000 psi) abrasive water-jet cutting system (ABJET).

The following removal concept was developed to remove the pedestals from the CPC:

• Cut the pedestals at the base, including the stainless steel skin around the.pedestal and the steel rftiar
holding the pedestal to the floor at a construction joint with the ABJET cutting system;

• crack the pedestal loose from the floor at the construction joint by pushing between the side of the
pedestal and the cell wall with a hydraulic jacking system;

• tip the pedestal over onto a specially designed transfer car using the overhead hoist;

• move the pedestal into the adjacent Equipment Decontamination Room (EDR) with the transfer can

• lift the pedestal from the transfer car with the two overhead hoists available in the EDR and place in a
steel box for contamination containment;

• move the boxed pedestal from the EDR and load onto a flatbed trailer for transport to a temporary
storage area until it could be disposed of as radioactive materials in a disposal area.
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2.0 Equipment Description

The pedestal cutting fixture (see Figure 2) design utilized the ABJET cutting system and positioning
tracker. It was rolled steel plate ring with a circumferential guide for the hydraulically operated tracker to
ride along. The ring was designed to fit around the pedestal and sit on the larger diameter pedestal base. Jt
had a lifting bail assembly that allowed the fixture to be set in position with the overhead hoist.

Figure 2
Pedestal Cutting Fixture in Place on Full Scale Mock-Up

The tracker was held to the ring with open link chain that went around the ring and passed over a
hydraulically driven sprocket on the tracker. As the hydraulic motor to the sprocket was operated, it
pulled the tracker around the ring. Variable tracking speeds and direction could be achieved by controlling
flow to the hydrauiic motor.
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A mount for the ABJET nozzle to the tracker was developed such that the nozzle could be remotel}
installed and removed from the tracker with the PAR. The mount design was such that when the nozzle
was removed for carbide iube replacement on the ABJET nozzle, it could be positioned back onto the
tracker without having to realign the nozzle with the previously started cut. The mount was also equipped
with mechanical adjusters that a'lowed adjustment of the nozzle up and down and in and out when the
cutting fixture was first installed around the pedestal. These adjusters were designed to be operable with the
rotating wrist of the PAR.

The pedestal cracking device (see Figure 3) was designed to push on the top edge of the pedestals with
two 45 Mg (50-too) capacity hydraulic cylinders thai operated with a maximum hydraulic pressure of 69 M
Pa (10,000 psi). The cracker would be positioned between the pedestal and the L75 m (5 ft - 9 in) thick
CPC steel reinforced concrete wall. Since one of the pedestal's Vee notches was aligned with the wall, a
Vee shaped pusher head was designed for the end of the cylinders.

Figure 3
Pedestal Cracking Fixture
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To tip the 20 Mg pedestal onto the transfer car, a two-piece frame work was designed (see Figure 4)
that would be placed over the pedestal and clamped in place with four 32 mm (1 lA in) diameter bolts
tightened remotely with an impact wrench hung from the overhead hoist. The framework provided a lifting
bail for the overhead 14.5 Mg hoist to be attached to lift on one side of the pedestal for tipping. The
position of the bail was such that it would only require 10 Mg (l2!/j-tons) of lift by the hoist to tip the
pedestal on its side. The bail was positioned such that as the pedestal is being tipped and the bail is in
direct alignment over the wheels, the pedestal's center of gravity (e.g.) is located just in front of this line
such that the e.g. will cause the pedestal to tip over.

•' Jft

$ . * •

Jit -;

Figure 4
Pedestal Tipping Fixture
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Before the pedestal was to be tipped over, it had to be moved toward the transfer car approximately
460 mm (18 in). This was required for the pedestal to be centered on the transfer car for even weight
distribution and for centering in the tunnel connecting the CPC to the EDR. With the pedestal in the
horizontal position, there was less than 300 mm (12 in) of clearance on each side of the pedestal as it
passed through the tunnel. To provide this lateral movement, wheels were incorporated in the tipping
fixture on the bottom edge of the frame opposite the lifting bail. As the pedestal was tipped, the wheels
supported the pedestal and allowed it to be rolled. Due to the irregular slope of the floor, a leveling '.rack
plate for the wheels was developed (see Figure 5). This plate was positioned under the wheels and was
supported by beams that bridged the sloped portion of the floor. This track plate had side rails ior each
wheel to accurately guide the pedestal toward the transfe. car. Also, wheel stops were buiit into the plale
that, positioned the pedestal at the exact location prior to tipping it onto the cart such that the pedestal
was centered on the cart.

Figure 5
Tipping Fixture Track Plate
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A new cart was designed for the pedestal removal and for use in completing the remaining
decontamination effort in the CPC. The transfer cart design was patterned after conventional railroad cars
with a main low slung bed and two pivoting end trucks. One of the end trucks has four wheel drive, driven
by an electric motor.

To remove the 4.5 Mg short pedestal from the CPC, a lifting fixture was designed that was set over the
pedestal and clamped in place with two bolts like thuse on the tipping fixture (see Figure 6). This allowed
the pedestal to be lifted with the 14.5 Mg hoist and placed on the transfer cart for removal to the EDR.

Figure 6
Short Pedestal Lifting Fixture
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3.0 Equipment Testing

A full-scale mock-up of the 20 Mg pedestal was designed along with a support frame to simulate the
CPC floor, wall, and transfer cart tracks (see Figure 7). The mock-up was used to train the selected learn
of operators on the use of the equipment and to make a functional checkout o* the equipment. The cutting
fixture was tested for fit by remotely setting it into place on the full-scale mo-rk-up with a mobile crane
and completely cutting the mock-up off with the ABJET nozzle. The hydraulic cracker was tested with the
water from the ABJET power unit and found to work well. The transfer car was installed on the support
frame tracks and temporarily wired so that it could be operated. The tipping fixture track plate and
support beams were positioned around the pedestal in preparation for placing the tipping fixture on the
pedestal. The tipping fixture was assembled and positioned around the pedestal. It was tightened to the
pedestal w'ith the use of a hand held impact wrench. The fitup of the framework to the pedestal was
checked and found to be very good. A 54 Mg (60-ton) mobiie hydraulic crane was positioned alongside of
the pedestal in preparation for tipping. The pedestal was slowly and smoothly tipped onto the transfer cart
(see Figure 8). All parts of the operation went as was planned during the design of the equipment.

Figure 7
Full Scale Pedestal Mock-up on Support Frame
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Figure 8
Tipping Pedestal Mock-up onto Transfer Cart

With the pedestal on the cart, the track plate and beams were moved with the crane as would be done
in the CPC. The transfer cart was then operated with the 20 Mg load. This operation was also very
smooth both starting and stopping. Weight measurements were taken on the pedestal with a dynamometer
to measure the actual force required to tip the pedestal over 11,300 Kg (25,000 lbs.), to stand it back up
9525 Kg (21,000 lb.), and its total weight 20,000 Kg (45,000 lbs.).

Mock-up equipment also included a separate 0.3 m (I ft) section of a pedestal. This short model was
used for miscellaneous ABJET testing but proved to be most useful testing the short pedestal lifting frame.
The lifting fixture was positioned on the pedestal and tightened in place with an impact wrench just as was
done on the tipping fixture. Additional weight was added to the pedestal so that the test would be done on
a pedestal heavier than the one in the CPC. The fixture was lifted with the mobile crane and held with no
sign of slippage.

4.0 Pedestal Removal in Cell

At this point, the mock-up testing was completed. The equipment was disassembled and moved to the
EDR for movement into the CPC. The new transfer cart was installed first so that it could be used for
equipment transfer. ABJET water and hydraulic hoses were passed through a core drilled hole in the EDR
outer wall for connection to the cutting fixture prior to its transfer into the CPC.
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The cutting fixture and hydraulic cracker were taken into the CPC on the transfer cart. The cutting
fixture was lifted from the transfer cart with the 1.8 Mg hoist, positioned over the first pedestal to be cut
and lowered in place. The ABJET nozzle was then installed on the tracker. The PAR was used lo adjust
the nozzle 13 mm ('/2 in) below the top edge of the pedestal base and 25 mm (1 in) away from the side of
the base. It took approximately 7 hours to complete the cut around the pedestal to an estimated depth of
380 mm (15 in).

When the cutting was completed on this pedestal, the nozzle was removed and taken to the crane room
along with the hydraulic cracker. The water hose from the nozzle was removed and installed on the
cracker. The cracker was then taken back into the CPC and positioned between the pedestal and the wall
with the 1.8 Mg hoist. The pedestal was successfully cracked with less than 18 Mg of force exerted by the
cracker. The cracker was then returned to the CPC crane room.

The cutting and cracking operation was repeated on the two remaining pedestals. About 1360 Kg (3000
Ib) (0.6 m' (21.5 cubic ft) of grit and 26,500 I (7000 gallons) of water were used for cutting all three
pedestals. The water was pumped from the floor sumps to the plant's liquid waste tank during the cutting
operation. The location of the sump from the cutting area was far enough that the grit settled out on the
floor and did not affect the operation of the sump pump.

A remotely handled rotary decon nozzle which operated with 69 M Pa (10,000 psi) water from the
ABJET power unit, was used to clean the pedestals prior to installing the tipping fixture. This step was
included to reduce the contamination as well as the radiation levels on the pedestals before they were
transferred into EDR. It also cleaned the floor where the support beams for the guide tray were to be
installed.

The tipping equipment was brought into the CPC and set in place around the first 20 Mg pedestal
using the 1.8 Mg hoist (see Figure 9). Detail inspection with the portable CCTV revealed that wedge plates
on the pedestal Vee notches which were shown on the drawings did not exist. The design of the fixture
only considered these plates as stops to prevent the pedestal from sliding out of the fixture if slippage were
to occur. They were not part of the primary attachment of the fixture to the pedestal. The in-cell impact
wrench suspended from a hoist was used to tighten the bolts on the tipping fixture. Three of the four bolts
were tightened satisfactorily. The fourth bolt would not tighten; it was later found that a spacer nut on the
bolt moved and locked the bolt such that it would not rotate. Since it would have taken several work shifts
to remove the fixture and make the necessary repairs and the fixture appeared to be clamped adequately, it
was decided to try to tip the pedestal with the set-up as it was. When the 14.5 Mg hoist started to lift the
pedestal, the top band slipped several inches and then bound tightly around the top of the pedestal so the
decision was made to continue with the tipping operation. The pedestal was tipped onto the wheels and
moved to the stops on the track tray. The pedestal continued to be tipped with the hoists until it reached
the balance point with the crane hook in line with the wheels. The slippage of the fixture moved the center
of gravity of the pedestal relative to the fixture such that it would not tip over by itself. Af.er several other
unsuccessful efforts to tip the pedestal over, one of the 1.8 Mg hoists Was attached to the bottom of the
fixture. It had been observed that during the initial tipping attempts the pedestal would break over center
but the stretch on the 14.5 Mg hoist cables would pull it back. It was felt that if the 1.8 Mg hoist could
hold the pedestal in the "over-center" position until the slow speed 14.5 Mg hoist could be lowered, the
tipping operation could be completed Unfortunately, as the 1.8 Mg hoist pulled on the fixture, it loosened
the hold the fixture had on the pedestal and allowed the pedestal to slip out of the fixture and onto the
floor. The bottom end of the pedestal ended up resting on the floor with the top end stiil in the tipping
fixture resting on the cart. Initial inspections did not find any damage to the equipment.
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Figure 9
Tipping Fixture on Pedestal in CPC

A recovery plan was developed that would put the pedestal back onto the cart. With the top end of the
pedestal still positioned over the cart, it was felt that the bottom of the pedestal could be rigged with a
sling and lifted with the 14.5 Mg hoist to a horizontal position. The pedestal could be pushed onto the
cart. A sling was modified with a push pole that would allow the PAR to place the sling under the
pedestal. A 200 mm (8 in) diameter hole was core drilled through the 1.75 m (5 ft - 9 in) thick wall of the
CPC in line with the center of the bottom of the pedestal. The location of this hole was in an operating
aisle between the CPC and another cell with 1.5 m (5 ft) thick walls. A 6 m (20 ft) length of 152 mm (6 in)
diameter pipe was inserted in the hole. With the pedestal lifted to a horizontal position, a hydraulic jack
was placed between the pipe and the adjacent cell wall such that the pipe would push on the base of the
pedestal (see Figure 10). This method proved successful in completing the pedestal tipping op-ration and
transfer of the pedestal onto the cart for removal from the CPC. This entire recovery effort took two
weeks to develop and complete.
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Figure 10
Slipped Pedestal Recovered to Transfer Car

The pedestal was moved to the EDR where it was removed from the cart with slings, spreader beams
and the two overhead hoists that had enough capacity to lift the pedestal. The pedestal was placed in a
steel disposal box, that was sealed, checked for external contamination, then transferred to a temporary
storage area outside until such time that it can be disposed as radioactive waste.

Close inspection of the tipping fixture after its removal from the first pedestal found that bending had
occurred in the bands that wrapped around the pedestal. Also, the clamping bolts needed to be replaced.
New parts were ordered and assembled on the fixture which resulted in another week delay in the schedule,
li was taken back into the CPC wheie it was installed on the second pedestal. This time all bolts were
tightened, no slippage was noted and the pedestal was tipped just as i; was originally planned. This
pedestal was also transferred into the EDR, placed in a disposal box. and moved outdoors for storage.
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The short pedestal lifting fixture was taken into the CPC where it was installed on the pedestal. This
pedestal was lifted by the 14.5 Mg hoist and positioned on the transfer cart and taken to the EDR. This
pedestal was also placed in a disposal box along with it's lifting fixture. This box was taken to storage
outside with the other pedestals.

5.0 Lessons Learned

In reviewing this project and the problems encountered, the tipping fixture bolt and eventual slippage
of the pedestal onto the CPC floor was the only major problem encountered that impacted the schedule.
When the pedestal cutting started in the CPC, the CPC operations were 35 days behind schedule. Even
with the 3 week delay caused by the slipped pedestal and its recovery, the final removal of the pedestals
from the CPC ended jp to be only 6 days behind the original schedule, recovering 29 days of the CPC
schedule. This schedule recovery was due to the equipment operating in a relatively trouble free manner,
extended shifts worked by the operators, engineering coverage on shift and the skillful remote operation of
the equipment by the operators.

This completed a project that was initially considered by some to be too difficult to attempt. Due to an
aggressive schedule for completion, an intensive WVNS team effort had to be put forth. Three engineers, i
draftsman, and 2 summer students (with only drafting class background) developed the concepts, designed,
ordered, and followed fabrication of all the equipment. A select team of operators worked with the
engineers during the equipment checkout and mock-up testing. This was followed by the engineers working
with the operators on shift during the actual pedestal removal. During the recovery of the slipped pedestal.
Engineering, Operations and Radiation and Safety worked as a team to minimize the recovery time and
put the project back on the planned production schedule.
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RHO-ttM-SA-81

DECONTAMINATION AND DECOMMISSIONING OF A
FUEL REPROCESSING PILOT PLANT, A PROGRESS REPORT*

D. R. Speer
Rockwell Hanford Operations
P. 0. Box 800
Rich!and, Washington, USA

ABSTRACT

The Strontium Semiworks complex on the Hanford Si te operated as a
p i l o t plant from 1949 t o 1967 to develop two d i f ferent methods for fuels
reprocessing and a method for separating strontium from high level l i qu id
waste. The complex was maintained in safe storage from 1967 un t i l 1983
when the decision was made to decontaminate and decommission the plant.
Alternat ives considered were: 1) earthen entombment without demolit ion;
2) par t ia l dismantlement/entombment; 3) razing of a l l above ground
structures; 4) t o ta l dismantlement; and 5) no act ion. An Environmental
Assessment was prepared for the project in 1984 and a Finding of No
Signi f icant Impact was issued on May 15, 1985. The approved method of
decommissioning was Alternat ive 2 based upon s t a b i l i t y of the end product*
cost of the project, and projected Impacts. As of July 1987 three
buildings have been decontaminated* two buildings have been completely
dismantled, and the main process bui lding has been pa r t i a l l y dismantled
and entombed. Remaining work Includes cleaning out a 19Q»000-L (50*000
gal . ) tank, decontaminating and demolishing a 61-m (200-ft) stack*
entombing an exhaust f i l t e r system* and placing an engineered barr ier over
the entombed f a c i l i t i e s .

INTRODUCTION

The Strontium Semiworks complex* located 1n the 200 East Area of the
Hanford Site* was bu i l t 1n 1949 as a p i l o t plant for the Redox fuels
separation process. In 1954 the complex was converted Into a p i l o t plant
fo r the piutoniurn-uranium (PUREX) process. I t continued in t h i s capacity
unt i l i t was shut down in 1956.

After extensive decontamination* the complex was modified and put
back into service in 1961 for the recovery of strontium from f i ss ion
product waste. The l as t processing operation performed was the
pur i f i ca t ion of one batch of amer1cium» curium* and promethium. The
f a c i l i t y was ret i red in 1967 and maintained 1n a safe storage mode unt i l
the s ta r t of decommissioning in 1983.

The complex o r ig ina l l y consisted of a f i ve -ce l l chemical processing
bui lding ( f igure 1) and i t s support f a c i l i t i e s . The major complex
constituents were as shewn in f igure 2.

This work was performed for the U.S. Department of Energy under
Contract DE-AC0&-77RLO-1030.
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Figure 1 . 201-C Process Building and 271-C Aqueous Make-up
and Control Building

Figure 2. Strontium Semi works Complex
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INTRODUCTION (Continued)

In 1982. an engineering study was prepared to evaluate the
f e a s i b i l i t y of decommissioning the complex based upon several al ternat ives
and the projected costs of each. A decision was made in 1983 to proceed.
From 1983 to 1985 the pre-project documentation was prepared, which
consisted of 5 detai l end Project Plan, an Environmental Assessment, and a
Safety Analyses Report. The consensus of these documents was that the
project could be carried out at reasonable cost and with minimal r isk to
personnel or the environment. The worker radiat ion exposure was estimated
to be from 0.11 to 0.21 man-Sv (110 to 210 man-rem) and the projected cost
was $4.9 mi l l i on in 1984 funds with no contingency. The hypothetical
worst case doses from a project accident are shown in Table I and the
calculated long term doses to an on-site intruder one hundred years
fol lowing completion of the project are shown in Table I I .

Table I . Doses Resulting from a Worst Case Accident

Total body

Bone

Lung

Liver

Work Force
1-year
dose

12

190

53

26

(inan-Rem)*
50-year

dose

170

3100

53

780

Public
1-year

dose

2.5

25

5.9

2.9

(man-Rem)
50-year

dose

200

1000

5.9

87

* man-Sv = man-Rem/100

Table I I . Calculated Doses to Intruders

Total

Bone

Lung

* Sv =

Body

Rem/100

Salvage
1-year
dose

0.013

0.25

700

Digger (Rem)*
50-year

dose

0.55

7.5

7.3

Homesteader (Rem)
1-year
dose

0

3.0 E-5

7.1 E-5

50-year
dose

3.6 E-4

8.5 E-3

8.7 E-5
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OPERATIONAL ACCOMPLISHMENTS

Accomplishments t o date inc lude the decontamination of t h e 215-C
B u i l d i n g , the 276-C B u i l d i n g , and the 2707-C B u i l d i n g . The 271-C B u i l d i n g
has been dismant led. The 201-C B u i l d i n g has been dismantled and
demolished t o a he ight of 3 m (10 f t ) above grade and the remaining
por t i ons entombed i n concrete. Decommissioning d e t a i l s on each b u i l d i n g
fo l low.

215-C Gas Preparation Building Decommissioning

The 215-C Building is a two-room, one-level concrete structure. The
main equipment room is 8 x 3 m (27 x 10 f t ) and housed the compressor, a i r
dryers, and controls for the 201-C process a i r system. The other room is
3.6 x 1.8 m (12 x 6 f t ) and contained fused switches for operating the
compressor and a i r dryer. On the south side of the bui lding i s a lean-to
which protected three compressed a i r tanks. The bui lding was contcimi naked
with low levels of beta- emitt ing radioisotopes.

Decommissioning began by removing a l l of the equipment. Al l
equipment was buried in a low level waste burial ground, except for the
compressed a i r tanks which were not contaminated and were sold to the
public as excess government property. The bui lding structure was
decontaminated by wiping down and is current ly being used as non-
contaminated storage.

The roof of the building remains contaminated with low levels of
radioisotopes.

2707-C Storage and Change House

The 2707-C Building is a one-level wood frame structure, 18 x 7.3 m
(60 x 24 f t ) . The bui lding was constructed to provide maintenance and
instrument shops and hot and cold locker rooms. A personnel
decontamination room located in one corner of the f a c i l i t y contained a
sink, cabinets, and supplies.

The bui lding was decontaminated by removing the decon sink and a l l
contaminated materials in the area. The roof remains contaminated with
low levels of radioisotopes.

776-C Solvent Handling Fac i l i t y

The 276-C Building has a steel framework, insulated metal s id ing,
concrete f loors and roof. Overall dimensions are 5.5 m wide by 15 m long
(18 x 49 f t ) with the east half r i s ing four f loors above grade (14 m).
The building contained equipment and tanks for the treatment and storage
of process solvents used in 201-C operations. A heating and vent i la t ion
(HVAC) unit was located on the second f l oo r .
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Decommissioning was performed by dismantling the HVAC system and a l l
piping and conduit. Tanks were removed from the upper f loors through
removable wail panels. The building surfaces were decontaminated by
wiping.

271-C Aqueous Makeup and Control Building

The 271-C Bui ld ing, a three story structure on a concrete foundation,
was constructed of steel framing with insulated metal siding and a steel
deck roof. Floors were constructed of 12.5-crn-(5-in.-) th ick concrete
slabs.

The building contained piping, pumps, control instrumentation for the
201-C Bui ld ing, a heating and vent i la t ion uni t and twenty-one aqueous
chemical tanks. The tanks ranged in size from 113 t o 3030 L (30 t o
300 g a l . ) .

The bui lding was decommissioned via dismantlement. A l l piping,
conduit, instrument l ines , and small equipment were cut out and removed
once they were ident i f ied as to potential hazards (acids, rad ioac t iv i t y ,
e t c . ) . Large equipment and tanks were temporarily l e f t Tin place. Al l
loose radioactive contamination in the bui lding was removed by wiping or
was stabi l ized by paint ing.

Each section of siding was unbolted from the bui lding and lowered to
the ground with a crane. The bui lding superstructure was then dismantled
by rigging onto a section with a crane and using an oxyacetylene torch to
cut the section loose. The large tanks on each f loor were removed as that
f loor level became accessible by crane.

201-C Process Building

The 201-C f a c i l i t y consists of three integrated ce l l s (A, B, and C),
seven process ga l le r ies , a gallery exhaust system, a hot shop, and an a i r
treatment room. In addition., two below-grade ce l ls (D and E) are
connected to the east side of the f a c i l i t y . Layout of the ce l ls is shown
in f igure 3 and a cross section of the bui lding as i t stood pr ior t o
decommissioning is shown in f igure 4.
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Figure 4. Cross Section View of the 201-C Building
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This building housed all of the process tanks* piping, and columns.
Although the building was designed for contact maintenance, very few, if
any, entries were ever made into A and C cells. All of the valv«b, pumps,
and columns were located in B cell away from the process tanks.

Decommissioning of 201-C was carried out in four phases: I) gallery,
hot shop, and air treatment room dismantlement; 2) B cell decontamination;
3) cell and gallery entombment; and 4) B cell demolition.

Gallery, Hot Shop and Air Treatment Room Dismantlement. The B sample
gallery contained process samplers, several of which had leaked during
operation. The northernmost sampler had leaked an acidic solution in
sufficient quantities to contaminate the wall in a triangular pattern down
to grade level. The contamination was etched several centimeters into the
concrete. The A and C valve rooms conteined asbestos-lagged piping arid
valves. These galleries were decommiss?oned by removing contaminated
equipment. Smearable contamination w«s wiped off or painted over. A
large wall area below the leaking sampler was chipped out to a depth up to
8 cm. Concrete saws scored the wall before hydraulically operated chisels
chipped out the concrete.

The upper gallery structures were dismantled iisuch like the 271-C
Building by removing the roof and siding and cutting the superstructure.

The hot shop and the air treatment room were decontaminated and
dismantled using the same methods used on the galleries.

B Cell Decontamination. Since the Project Plan called for the
demolition of the upper 6 m (20 ft) of this cell, the interior had to be
decontaminated and all equipment and piping removed from the upper
portions. This task proved to be the most demanding of any performed to-
date because of the high levels of contamination and the high radiation
dose rates present. The initial dose rates encountered were several Gy/hr
from the floor with one hot spot measuring 50 Gy/hr (5,000 rad/hr). The
first effort was to pour a 0.3-m- (1-ft-) thick cap of concrete on the
floor to seal in the contamination and reduce dose rates to a tolerable
level. Concrete with a superplasticiser additive was pumped onto the
floor and smoothed out with rakes.

An electrically driven scaffold was then suspended from the ceiling
along the centerline of the cell to allow access to the upper portions for
decontamination. Initial radiation readings in the areas where piping and
equipment had to be removed were approximately 1 to 50 rnGy/hr (0.1 to
5 rad/hr) at 0.6 m (2 ft) from the wall.

Heated solutions of potassium permanganate and sodium hydroxide were
sprayed onto the walls to wash the contamination off. This was generally
successful, as dose rates were lowered to 0.1 to 1.0 mGy/hr
(10 to 100 rnrad/hr) at 0.6 m (2 ft).
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The scaffold was then relocated in turn to each of the wall areas and
the piping and equipment were removed. Pipe was removed by first assuring
that each was drained by tapping it with an explosively actuated pipe tee.
Any residual liquids were drained into a container and disposed of. The
piping and equipment were removed down to 0.6 m (2 ft) above grade and
placed on the cell floor where concrete was poured to entomb it.

After the piping and equipment were removed* the cell interior was
sandblasted with a water injection sandblaster (figure 5) to remove
residual contamination. This system deconned the walls to generally less
than 0.1 mGy/hr (10 mrad/hr). Spots greater than 0.1 mGy/hr were limited
to hairline cracks and other discontinuities in the concrete. These were
removed by chipping them out with a small ram-hoe. The west wall of the
cell was not deconned to this level since it was to be treated separately
during the demolition phase due to its general interior and exterior
contamination status.

PRESSURIZED
WATER NEEDLE VALVE

NOZZLE ADAPTOR

NOZZLE
HOLDER

ABRASIVE
AND AIR

WATER

INJECTOR

JETS \
ATOMIZED
WATER

AIR '
ABRASIVE
WATER

PS86D8-176

Figure 5. Water Injection Sandblast Head
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Entombments. The remaining cells and the lower galleries were then
f i l l ed with a bulk grade of concrete which was formulated to be
essentially self-leveling.

However* before the cells could be f i l led* there were ten large tanks
(greater than 1900-L [500-gai.] capacity) which had to be f i l l ed to
prevent them from breaking loose and floating and to prevent large void
areas in the entombed cells. F i l l ing these tanks was a d i f f i cu l t task.
There were no readily accessible f i l l pipes and high radiation dose rates
in the cells prevented access to the tanks. Several alternative methods
were evaluated including remotely cutting holes in the tops of the tanks
with an arc torch. The method chosen was to pums a thin slurry of grout
into each tank via i t s l iquid level measurement tube (0.6-cm [1/4- in. ]
inside diameter). Testing found that slurry of 50 % f l y ash and 50 %
cement mixed with water could be pumped and would cure to a dry form.
Thirteen tanks were f i l l ed with slurry* including three which were
included for operational convenience.

After a temporary exhaust duct had been connected to a different
cover block opening* the cells were f i l l ed by pumping concrete through the
cover block openings in their tops. The temporary exhaust connection was
necessary since the normal exhaust port was located at the bottom of the
cells. Concrete was pumped at rates of approximately 60 rn^/day
(80 yd^/day) during the f i l l i n g by using a stationary pumper truck and
feeding i t with 7.6-m3 (10-yd) delivery trucks.

The galleries were f i l l ed by pumping through holes 1n their tops.
Concrete was poured in l i f t s of 1.2 m (4 f t ) and allowed to cure for
48 hours before the next pour so that the gallery walls would act as their
own forms. Even so* one section of wall broke through and had to be
formed up with plywood.

B Cel 1 Demol it.ion. The demolition of the upper 6 m (20 f t ) of the
l*5-ffi-(5-ft~) thick walls and roof of B Cell was performed by dr i l l ing
vertical 5-cm-(2-in.-) diameter holes in a staggered pattern with one hole
for each 0.2 m̂  (2 f t^) of surface area. The holes were f i l l ed with an
expanding grout (S-Mite^) and allowed to cure for at least one week. The
expanding grout produced a general cracking and stress in the structure
which faci l i tated i t s demolition with a ram-hoe rated at 6000-J
(4420-ft/lb) breaker force.

The west wall of the cell was demolished by fe l l ing i t into the cell
cavity. The steel reinforcing bars in the wall were scored with
10-cm-(4-in.-) deep cuts on the inside ar.d outside surfaces. Slanting
holes were dr i l led into the base of the wall at the cut point and f i l l e d
with S-Mite to provide a fracture zone. The two D8-L caterpillars were
attached to l i f t i ng eyes installed near the top of the walls to pull the
wall over into the ce l l .
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After feTiing* the wall section was capped with concrete t o seal i t
into the monolith ( f igure 6) .

Figure 6. Cross Section of 201-C Entombment

REMAINING ACTIVITIES

Ac t i v i t i es which remain to be accomplished include the cleaning out
of a waste tank (241-CX-70); the demolition of the 2707-C Building and the
291-C Bui ld ing; decontamination and demolition of the 61-m C200-ft) t a l l
exhaust stack; entombment of the exhaust f i l t e r system; and construction
of an engineered earthen barr ier over the entombed f a c i l i t i e s .

Tank 241-CX-7Q Cleaning

Tank 241-CX-70 is a 190,000-L (50/000-gal.) capacity waste tank
located southeast of 201-C. The s tee l - l ined concrete tank is 6 m (20 f t )
in diameter and 4,5 m (15 f t ) high and i t s top is located 3.3 m (11 f t )
below grade.

The tank contains 39,000 L (10,300 gal . ) of residue waste with 300 Ci
of strontium-90, 51 Ci of cesium-137, and 10 Ci of plutonium-239, -240.
The Project Plan requires that th is waste be removed to the high-level
waste storage and processing system in the 200 Ee.st Area.
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The tank w i l l be cleaned by i ns ta l l i ng a rotary tank si ulcer and pump
assembly 1n a caisson located in the ground and immediately over an access
r iser . Due to the radiological res t r ic t ions of th i s task, the s lu ic ing
w i l l be semi-remote. The waste solut ion w i l l be pumped overground in a
5-cm (2- in . ) diameter pipel ine for 33 m (110 f t ) where i t w i l l connect to
an exist ing below-ground waste transfer pipel ine. The l igh t * f l u f f y
nature of the waste material readily lends i t s e l f t o pumping and the to ta l
pumped volume is anticipated not to exceed 378,000 L (100,000 ga l . ) .

2707-C Building Demolition

The 2707-C Building must be demolished to allow construction of the
engineered earthen barr ier . I t s demolition w i l l be carried out using
standard dismantlement and demolition techniques.

291-C-l Stack Decontamination and Demolition

The 291-C-l stack* 61 m (200 f t ) t a l l , is bu i l t as a stack within a
stack. The outer stack is constructed of concrete and steel and tapers
from 4.3 m (14 f t ) in diameter at the base to 2.3 m (7.5 f t ) in diameter
at the top. The inner stack is constructed of brick and mortar and tapers
from 2.7 m (9 f t ) in diameter at the base to 1.5 m (5 f t ) in diameter at
the top. The inner and outer stacks are separated by a free annular
space. An annular shaped sheet metal cap on the top seals the inner and
outer stacks together.

The in te r io r of the inner stack is contaminated with high levels of
strontium and very lew levels of plutonium. A radiat ion exposure p ro f i l e
taken in September of 1966 showed levels of 2.5 t o 3.5 mGy/hr
(250 to 350 mrad/hr) measured along the centerl ine from the top down to
about 12 m (40 f t ) from the bottom. At that point* the exposure rate
climbs to exceed 90 mGy/hr (9 rad/hr) near the bottom. Contair.ination
smears taken in the annular area near the bottom show only a few hundred
counts per minute on a pancake-style GM counter.

Decontamination is planned via remote sandblasting ( f igure 7) . The
rotary blast head w i l l be lov/ered down the stack with a winch at a rate of
25 cm/min (10 in . /min) . Reverse stack ven t i la t ion w i l l draw the dust down
the stack and into the large f iberglass and high-eff ic iency part iculate
a i r (HEPA) f i l t e r system. A pneumatic sand transfer system w i l l move
spent sand from the stack base to tank 241-CX-70 where i t w i l l be covered
with concrete at a la te r date. The stack w i l l be radio! ogical ly surveyed
as cleaning progresses to assess decontamination. The goal is to achieve
residual exposure rates of 0.05 mGy/hr (5 mrad/hr) or less. Following
sandblasting, the stack and annul us w i l l be f i l l e d with grout to the 2.1-m
(7 - f t ) level (grade). The inner stack and annul us w i l l be painted with
remote rotary spray point heads as necessary to cover minor remaining
contamination.
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Figure 7. Remote Sandblasting Equipment for the 291-C-l Stack

Following decontamination, the stack above grade level wi l l be felled
with explosives using the vee cut technique. The stack wi l l fa l l into a
trench excavated in the earthen barrier material directly'south of I ts
base. A water mist spray wi l l be set up along the trench to control dust
and to capture any residual materials which may become airborne when the
stack hits the ground. After felling» the stack remnants wi l l be broken
up and covered over with an earthen barrier.

Exhaust Fi l ter System Entombment

The exhaust f i l t e r system consists of a fiberglass f i l t e r unit and a
HEPA f i l t e r unit. The fiberglass f i l t e r unit contains 40 deep-bed
fiberglass f i l t e rs which are 1.5 x 1.5 x 1.2 m thick (5 x 5 x 4 f t ) . The
f i l t e r s are housed 1n an underground concrete cell that is 15.8 m long by
8.2 m wide by 2.4 m high (52 x 27 x 8 f t ) . This f i l t e r system contains a
calculated 600 Ci of strontium and cesium and 5 Ci of curium and
piutoni urn.

The HEPA f i l t e r unit* constructed of steel» is 4 m long by 1.9 m
wide by 2 m ta l l (13 x 6 x 6.5 f t ) and houses 22 f i l t e r s . The HEPA f i l t e r
system contains an estimated 900 Ci of strontium and cesium.

Decommissioning of Uiess f i l t e r banks Includes high pressure grouting
to f i l l a l l internal voids and capping with concrete.
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291-C Bai laing Dismanfiement

The 291-C Building is the exhaust system fan house for the 201-C
Bui ld ing. The st ructure, 11 x 7.3 x 3.4 m high (36 x 24 x 11 f t ) , is a
wooden frame bui lding with a 7O-hp e lec t r i c fan and a 70-hp steam turbine
fan.

Decommissioning w i l l involve removal of the fans and duct work,
removing or painting a l l loose contamination, and dismantling the bui ld ing
with techniques s imi lar to those used for the 2707-C Bui ld ing. Removal of
the fans and duct work w i l l require negative vent i la t ion to prevent the
release of contamination.

Engineered Barr ier Placement

An engineered earthen barr ier as shown in f igures 8 and 9 w i l l be
placed over a l l entombed waste. This barr ier w i l l be constructed of
bottom ash from the 200 East A/-ea Steam Plant, sand, topsoi l and a
geotext i le ( f iberglass c lo th ) . Rock armoring is t o be placed on a l l side
slopes.

The design of t h i s barr ier is based upon engineering performed by
Rockwell for long-term mult i layer barr iers sui table fo r placement over
high-level transuranic (TRU) waste s i tes at Hanford. The high-level/TRU
barr iers for Hanford are being designed t o l as t thousands of years without
act ive maintenance. The Strontium Semiworks barr ier incorporates several
of the features of a high-level/TRU waste barr ier . However, since the
entombed Strontium Semiworks s ' t e w i l l be low-level waste, i t s bar r ie r
need not las t nearly that long without maintenance.

DECOMMISSIONING INNOVATIONS

During the course of t h i s project thus fa r several innovative
techniques have been used. Motorized scaffolding allowed safe access t o
the upper reaches of the 15-m- (50- f t - ) high B Cell without requir ing
people to climb on f ixed scaffolding or walk over dismantlement debris on
the f loor of the c e l l .

Explosively activated pipe tees were used to safely open old
pipelines to assure that they were empty of residual l iqu ids before
cu t t i ng . These tees could be set up to safely drain l iqu ids in to a
catchment for la te r disposal.

A bulk f i l l grade of concrete allowed the pouring of over 500 m3
(700 yds^) of concrete without v ibrators or other means to achieve a
reasonably level surface. The bulk f i l l grade was also less expensive
than standard at a delivered 100-k (60-mi) round t r i p cost of only $56/m3
($43/yd).
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Figure 8. Area Drawing of Semi works Earthen Barrier
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Figure 9. Earthen Barrier Design Cross Section
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A slurry grout was used to f i l l tanks through existing small-diameter
pipelines. This prevented the need for direct tank access for their
f i l l i n g .

A water injection sandblast technique was used to clean the walls of
a hot cell while preventing the recontamination of already cleaned areas.
The injection system successfully prevented airborne contamination.

Other equipment used to enhance the operational safety of the project
includes the use of Gore-Tex R clothing for protection from skin
contamination in a wet* hot environment. A controlled descent device was
also used when working at heights above 3 m (10 f t ) . These devices were
anchored overhead and would automatically lower workers at a rate of
0.6 m/min. (2 ft/min.) in the event of a fa l l or in the event that an
emergency escape was necessary.

SUMMARY

The decontamination and decommissioning of the Stront ium Semiworks
Plant has provided numerous oppor tun i t i es t o use e x i s t i n g and newly
acquired s k i l l s and techniques.

Performance has met or near ly met the estab l ished schedule; however,
unant ic ipa ted changes in the overa l l scope or d i f f i c u l t y have dr iven the
project anticipated cost up to a current total of $6.7 mil l ion. The total
expended personnel radiation dose is lower than originally anticipated due
to aggressive management of ALARA techniques. The current total dose is
0.06 rnan-Sv (6 man-rem) and remaining tasks are low-exposure work.
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SPENT FUEL POOL CLEANUP AND STABILIZATION

R. L. Miller, P.E.
UNC Nuclear Industries

Richland, Washington, USA

ABSTRACT

Each of the plutonium production reactors at Hanford had a large water-
filled spent fuel pool to provide interim storage of irradiated fuel while
awaiting shipment to the separation facilities. After cessation of reactor
operations the fuel was removed from the pools and the water levels were drawn
down to a 5- to 10-foot depth. The pools were maintained with the water to
provide shielding and radiological control.

What appeared to be a straight forward project to process the water,
remove the sediments from the basin, and stabilize the contamination on the
floors and walls became a very complex and time consuming operation. The
sediment characteristics varied from pool to pool, the ion exchange system
required modification, areas of hard-pack sediments were discovered on the
floors, special arrangements to handle and package high dose rate items for
shipment were required, and contract problems ensued with the subcontractor.

The original schedule to complete the project from preliminary engineering
to final stabilization of the pools was 15 months. The actual time required
was about 25 months. The original cost estimate to perform the work was
$2,651,000. The actual cost of the project was $5,120,000, which included
$150,000 for payment of claims to the subcontractor.

This paper summarizes the experiences associated with the cleanup and
radiological stabilization of the 100-B, -C, -D, and -DR spent fuel pools, and
discusses a number of lessons learned items.
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INTRODUCTION

There are eight fuel storage basins at retired production facilities in
the 100 Areas at Hanford. Two of these basins were modified and are used for
N-Reactor fuel storage (105-KE and 105-KW). Two other basins (105-F and 105-H)
were stabilized by filling with soil following the reactors' shutdown. The
remaining four basins (105-B, 105-C, 105-D, and 105-DR) contained contaminated
water, sediment, materials, and equipment left in the basins at the time the
reactors were shut down between 1964 and 1969.

As part of the safe storage responsibilities for the retired reactor
areas, DOE-RL requested that IJNC proceed with the project to clean up and
stabilize the 105-B, -C, -D and -DR fuel storage basins. The project included
the removal of the contaminated water, sediment, materials and equipment in
order to reduce the potential for a loss of radiological control and to
minimize surveillance and maintenance efforts for these facilities while
waiting for final decommissioning. One of the objectives of this interim
stabilization project was to leave the basins in a condition that would not
affect the decommissioning options to be considered through the National
Environmental Policy Act (NEPA) process for the final disposition of the
shutdown reactors. The project work was originally planned in nine phases.
The first phase, preliminary engineering and project planning, was completed in
January 1984. the ninth phase is project closeout, which included a final
project report.

The other seven phases were divided into the work tasks to be done by UNC
and tasks to be performed by a subcontractor.

UNC

• Small material/equipment removal (Phase II),

• Concrete surface cleaning (Phase III),

• Large material/equipment removal (Phase IV), and

• High dose rate item removal (Phase V).

Subcontractor

• Sediment removal and disposal (Phase VI),

• Contaminated water processing (Phase VII), and

• Final concrete sealing (Phase VIII).

These seven phases were to be completed sequentially for the D, DR, B, and
C basins. The sediment removal and disposal and processing of the contaminated
water by the subcontractor for all four basins was to be completed by September
30, 1984.

The actual work did not follow the planned sequence. The concrete surface
cleaning (Phase III) was left until the final concrete sea1ing (Phase VIII)
with both phases performed by UNC.
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DISCUSSION

General

The fuel storage basins are located in the 105-B, -C, -D, and -DR reactor
buildings which are in the 1OO-B/C and 100-D/DR dual reactor areas. These
areas ere located along the south side of the Columbia River where it traverses
the northern part of the Hanford Site in south-central Washington State. The
reactor areas are located approximately 30 miles from the city of Rich land
(Figure 1).

j~

100D&DR 100 H
100 H

Figure Hanford Site
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The fuel storage basins are located at the rear of the reactors (Figure
2). The concrete basin area served as a collection, storage, and transfer
facility for the irradiated fuel elements discharged from the reactor. The
water in the basins served both as coolant and as shielding. Although the
arrangement of the 105-C basin is slightly different, each reactor fuel storage
basin consists of a discharge chute and fuel element pickup area, a storage
area, a transfer area, and a wash pad area. The total floor area for these
components averages between 7,000 and 10,000 ft2.

TOP VIEW TRANSFER AREA

PICK-UP
STATION

STORAGE AREA

SIDE VIEW

PICK-UP AREA

STORAGE BASIN

Figure 2. Layout of Fuel Storage Basin within Reactor Building
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The transfer area pits which measure 6 ft-4 in. x 9 ft are located at one
corner of the fuel storage basins and at the inner end of the fuel transfer
areas. The transfer pits are 5 ft deeper than the basins and are connected to
the basins by a canal and a monorail system (See Figure 3), He^e the
irradiated fuel was loaded into casks, then raised by an overhead crane and
placed in special railroad cars for shipment to the chemical reprocessing
facilities in the Hanford 200 Area.

At the time of the basin cleanup project each of the basins had from 4 ft
to 10 ft depth of water for radiological control. A scum layer consisting of
accumulated dust and algae covered the surface of the water. Each of the
basins contained significant quantities of miscellaneous debris and hardware
remaining from reactor operations. This miscellaneous material consisted
mainly of contaminated piping pieces, thermocouple wires, fuel storage buckets,
tongs, reactor process tubes, and fuel element spacers. Covering the floor of
each basin was varying depths of sediment.

The sediment appeared to be primarily iron oxide and silt with a depth of
less than one inch at 105-C and up to six to twelve inches at 105-D and 105-DR.

N
REACTOR

BLOCK AREA
B& D

NORTH TRANSFER
PIT

SOUTH TRANSFER
PIT

RAILROAD
TRACK

Figure 3. Typical Layout for Fuel Storage Basins
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Radionuclide Inventory and Radiation Survey

Samples of tie sediment and water were taken at each basin. Table 1 shows
the concentration of each major radionuclide. The total mass of sediment at
each basin was estimated at 50,000 kg. The average beta-gamma and plutonium-
239/240 concentrations in the basin water were 2.2 x 10 5 and 3.7 x 10 * p
Ci/liter, respectively.

An underwater probe was used to measure the dose rates over the entire
floor area of each basin. Dose rates ranged less than 100 mR/hr to hot spots
of several R/hr at contact. The personnel working level above the basins was
uniformly 1 mR/hr or less.

Pro.iect Plan and Objectives

The objective of the Fuel Storage Basin Cleanup and Stabilization Project
was to remove the contaminated water and sediment from the 105-8, -C, -D, and -
DR fuel storage basins and "fix" the remaining contamination in order to reduce
the potential for a loss of radiological control and to minimize surveillance
and maintenance of these facilities while waiting for final decommissioning
disposition. The intent of this effort was to leave the basins in a condition
that would not require any substantial subsequent decontamination to effect the
final decommissioning mode.

The work would remove the water from each storage basin to preclude any
possibility of leakage, and to stabilize the dry basins such that the potential
for spread of contamination to the environment would be minimized. In order to
do this the sediment and debris had to be removed from the basin floor.
Further, the basin walls needed to be hosed down as the water level was lowered
so that the additional sediment generated by the cleaning action could also be
removed. When the water was completely drained, the basin walls were surveyed
and when a potential existed for possible spread of contamination, the
applicable areas were "stabilized" in a manner to minimize the possibility of
losing contamination control.

The objectives for this project supported the overall Decommissioning
Programs' main objective, which is to decommission all of the shut-down
facilities in the 100 Areas of the Hanford site in the safest, most
environmentally sound, and most cost-effective way possible.

Pro.iect Activities

Small Material/Equipment Removal. Small material/equipment removal began
at 105-B basin in early 1984. Equipment and hardware that would fit into the
fuel storage buckets and have a contact dose rate of less than 200 mR/hr were
removed. The loaded buckets were placed into 10 mil plastic bags with
industrial grade vermiculite as an absorbent and then placed into fiberboard
boxes for disposal. Other small items with contact dose rates of greater than
200 mr/hr were removed and packaged in shielded containers for transport and
disposal. Any items having high dose rate and having the dimensions of a fuel
element were stored in small underwater shielded casks for later packaging and
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Area Location Pu-2J8
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transport to 100-N Area for accurate identification. Remote handling
techniques were used for removal of small items; consequently, personnel dose-
rates were usually less than 100 mrem/hr. The small material/equipment removal
phase of the project proceeded as planned. Removal of all visible small items
from 105-B basin was complete during the week of February 9, 1984, and
completion of the other three basins shortly thereafter.

Large Material/Equipment Removal. Some special tooling was designed and
fabricated to assist in the removal of large items. Large items were present
in all the basins and ranged from pieces of large piping and structural steel
to process tubing. The 105-C basin had the greatest quantity of large items
mainly in the form of zirconium process tubing. The zirconium tubing required^
segmenting to piece sizes that would easily fit into shipping containers.
Cutting of the longer pieces of tubing to lengths that would fit into the
shipping containers was accomplished by use of a remote-controlled tubing
cutter jig. Even though contact dose rates on some tubing sections were
several R/hr, personnel dose rates averaged less than 100 mrem/hr during the
packaging operation. Due to high dose rates, all zirconium tubing segments
were packaged into special lead- or concrete-lined boxes (UNI-4476 containers).

When all visible hardware (small and large) was removed and packaged, the
basin floors were raked to uncover any remaining items that may have been
covered with sediment. A significant number of small items were removed as a
result of the raking. The concrete walls and structures above the cover water
in the basins were washed down with water to remove loose contamination.

Water and Sediment Removal. A subcontractor was obtained on a fixed-price
contract to remove the water and sediments from the basins. The subcontractor
began water and sediment removal at 105-D basin in July 1984. Subcontractor
equipment consisted of a vacuum head to remove sediment, a filter press to
remove sediments from the water, cation and anion exchange columns, final
filters, holdup tanks to provide sample points before release of water, and
associated piping and pumps to run the system.

The subcontractor processed about 620,000 gallons of water from the 105-D
basin. Of this quantity, 120,000 gallons required reprocessing prior to
discharge because the water would not meet the release levels1- The major
difficulties experienced by the subcontractor during the liquid removal were
related to plugging of the ion exchange columns, and failure of the filter
press to remove particles. As a result of equipment problems, the holdup tanks
became contaminated and required subsequent decontamination prior to resuming
operations.

The subcontractor removed approximately 400 ft2 of sediment from the 105-D
storage basin. Two vacuum head designs were tried in unsuccessful attempts to
collect the sediments on the filter press. Finally, the basin sediment was
washed with a fire hose into the transfer pits and manually shoveled into 55-
gal drums. The contact dose rate on the sediment in the pit was 1.5 R/hr.
Personnel dose rates ranged from 200 to 350 mrem/nr while the sediments were
shoveled into the drum.
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During the washdown, it was discovered that what was thought to be the
floor surface was actually compacted sediment. The compacted sediment ranged
in thickness from less than an inch up to ten inches. During the removal of
this compacted sediment, additional basin debris was uncovered which included
two suspect fuel pieces. These suspect fuel pieces were shipped in shielded
casks from 105-D to 105-C which served as a collection point until all suspect
pieces could be transferred to 100-N for accurate identification.

The subcontractor completed removal of the water and sediment from 105-D
basin after 90 working days at the end of September 1984 and began setting up
at the 105-DR basin.

The subcontractor began processing water and sediment from the DR basin
during October 1984. A bag filter had been added to their processing system at
105-D and was added at the pond discharge for 105-DR to protect against
possibly contaminating the discharge pond. Approximately 70,000 gal had to be
reprocessed from the holding tanks prior to discharge because the water failed
to meet the release limits. The subcontractor again experienced problems with
processing the basin water due to particulate material.

The subcontractor removed approximately 400 ft3 of sediment from the DR
storage basin. A new vacuum head design was tried in an unsuccessful attempt
to collect the sediment on the filter press. As at 105-D basin, the sediment
was finally removed by washing it into the transfer pits with a fire hose and
manually shoveling it into 55-gal drums. Dose rates were similar to those
experienced at the 105-D basin.

Fewer total items were found in the DR sediment, but of these items three
were identified as suspect fuel elements. The suspect fuel elements were
transferred to 105-C for examination, and were eventually sent to 19Q-N.

The subcontractor completed removal of the water and sediment from 105-DR
basin after 30 working days at the beginning of November 1984 and began setting
up at 105-B basin. An additional filter was added upstream of the ion exchange
columns to prevent plugging of the columns by particulates.

The subcontractor processed approximately 100,000 gal of 105-B basin
water, of which 60,000 gal were discharged following once-through processing to
the 105-B discharge pond and approximately 40,000 gallons had to bs reprocessed
prior to discharge because the water failed to meet the release limits.
Processing problems were traced to contamination by particulate material in the
holdup tanks. As a result, basin cleanup work was again delayed while the
tanks were decontaminated.

As the water was lowered to the 6-in. level, increased dose rates were
encountered around the pickup chute. Attempts by the subcontractor to remove
sediment from this area resulted in increased dose rates to personnel from the
lowered water level and from particulates accumulated in the process equipment.
As a result, UNC directed the subcontractor to raise the water level for
shielding, to suspend operations at 105-B, and to mobilize his equipment to the
105-C fuel storage basin. The subcontractor had worked 30 days in 105-B. The
final cleanout of the 105-B basin was completed later by UNC forces.
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Water and sediment processing from the 105-C basin began in December 1984.
When the cover water was processed down to about the I-ft level, the dose rate
above the water and at the work areas began increasing significantly. Work was
then suspended at the direction of UNC after 15 working days.

The agreement with the subcontractor was renegotiated to allow completion
of the subcontract with the current status of the basins. UNC purchased the
subcontractor's processing equipment by exercising the options provided in the
original contract. The subcontractor left the facilities in April 1985 and UNC
resumed operations at the 105-C basin in May 1985.

Prior to resuming operations, the process equipment utilized by the
subcontractor was evaluated and several modifications were made to both the
equipment and operating procedures. The following is a brief summary outlining
these changes.

1. The major cleanup problem was the inability of the subcontractor's equipment
to process the particulates and water simultaneously. The particulate
material caused low flow rates through the system due to plugging and
process water contamination. To eliminate these problems, the following
design and procedural modifications were made by UNC:

A. Particulate bursts from the filter press were eliminated by
recirculating the water through a 1300-gal mix tank during
interruptions in system flow, which eliminated pressure and flow
transients across the filter press. In addition, the filter press was
precoated with diatomaceous earth and water clarity was checked prior
to commencing operations.

B. Two "CUNO" filter units were placed between the filter press and ion
exchange columns to protect the inlet screens from becoming plugged
with particulate material. The plugged screens were replaced with
clean screens to ensure good system flow rates.

C. An ion exchange column containing IRA-938 Anion Resin was included in
the system to remove any colloidal material from the process water.

D. A bag filter was placed downstream of the ion exchange columns to
capture possible resin fines.

E. Two 20,000-gal holdup tanks were thoroughly decontaminated prior to
commencing operations. In addition, the tanks were coated with ALARA
Coat to ensure that any residual contamination remained fixed.

2. Only three ion exchange columns were utilized: two 25-ft^, sodium-form,
cation exchange resin columns and one IRA-938 anion exchange resin column.

3. A new vacuum head was designed by UNC. A bronze, swimming pool-type, vacuum
head was utilized. In order to maintain the sludge in suspension, several
high pressure water nozzles were added to the head (Figure 4).

4. A new diaphragm pump was ordered. The 2-in. flap valve design could pump
material as large as 1-3/4 in. in diameter.

IV-68



Figure 4. The Vacuum Head as Modified for Use in the Fuel Storage Basin.

IV-69



After considering personnel radiation exposure and waste packaging
requirements, a decision was made to move the sediments to the transfer pits
for interim storage. Following cleanup of the transfer pits to ensure that no
fuel elements remained prior to sediment storage in the transfer pits, dams
were fabricated for the transfer pit areas at the basins to add depth and
prevent solid items from entering the pits. Portable dams were devised to help
direct the sediment to the pits and to provide sufficient settling time for the
sediment. See Figure 5 for the conceptual drawing of the sediment transfer.
In addition, dewatering manifolds consisting of a matrix of CUNO filters
(Figure 5) were placed at the bottom of the transfer pits along with 18 in. of
sand and gravel to dewater the sediment after transfer was complete.

UNC processed approximately 80,000-gal of water from C basin and
discharged it to the 105-C discharge pond. All water processed was well within
the release limits.

UNC moved approximately 600 ft3 of sediment to the C basin transfer pits.
Approximately 50% of the sediment was transferred utilizing the vacuum head
described above. Because of the large amounts of debris (plastic sheeting,
paper, clothing, etc.) present in the sediment, it was necessary to transfer
the remaining material using fire hoses. It had proved too difficult to
manipulate the vacuum head through the debris. The water was supplied to the
fire hoses by recirculating water out of the transfer pits, through the filter
press, and back to the basin. As a result, approximately 30 ft3 of sediment
were removed by the filter press and subsequently packaged for disposal as low-
level waste based on sediment sample analysis. Final sediment transfer was
performed manually using shovels. Screens were devised to make sure that no
fuel fragments or other debris were accidentally allowed into the pits.

While fuel elements (real or suspect) were stored at the 105-C basin
facility it was necessary to provide additional security measures to protect
the material.

A full-time security patrolman was assigned to the basin area. The
security procedure called for a patrolman to check the building and to all
entrances to the storage basin area.

UNC completed the sediment transfer and water removal from the 105-C basin
in August 1985. Containment covers fabricated to place over the sediment in
the pits were put in place August 16.

UNC resumed water processing at 105-B basin in September 1985 with the
improved system developed at 105 C basin. Approximately 650,000 gal of water
were processed to release limits and discharged to the 1.05-B discharge pond.
UNC's experience at the 105-C basin with the equipment and the situation led to
two major decisions about handling the sediment at the 105-B basin: 1) Because
of personnel exposure and waste packaging requirements, a decision was made to
move the sediments into the transfer pits for interim storage; 2} Because of
the operational difficulties experienced with the vacuum head at the C basin,
the decision was made to utilize the washdown approach for transferring the
sediments into the transfer pits except for high dose-rate areas, where the
vacuum system was required to reduce dose rates prior to washdown. The vacuum
system removed enough sediment from the high dose-rate areas so that the use of
the dams that had been built as a contingency to maintain water levels for
shielding were not required.

IV-70



I

TRANSFER
PIT

FUEL STORAGE
BAY (TYPICAL TO SPRAY

NOZZLESSLUDGE
PUMPVDEWATERING

PUMP

DEWATERING
SYSTEM

HOSE

8 in. SAND

6 in. CRUSHED ROCK

DEWATERING MANIFOLD

Figure 5. Transfer Pit Containment Design



Approximately 600 ft3 of sediment was moved to the transfer pits.
Approximately 30 ft3 of sediment was removed from the filter press after the
recirculation of washdown water from the transfer pits.

UNC completed removal of the water and transfer of the sediment in the
105-B storage basin in December 1985. Containment covers were placed over the
sediment in the pits January 20, 1986. Figure 6 shows a cover in place. Final
dose rates over the sediment were 15 mR/hr at the deck level at each pit except
the south pit at 105-C, where the rate was 5 mR/hr. Dose rates on contact (the
cover was not shielded) were 1 R/hr at both 105-B pits and 1.5 R/hr (south pit)
and 350 mR/hr (north pit) at 105-C.

A total of 14 suspect fuel elements were found during the 105-B basin
cleanout. These elements were ultimately transferred to 100-N for final
examination and identification.

Figure 6. 105-C Transfer Pit after Installation of Cover
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While the final cleanout of the 105-B and 105-C basins was still underway,
preparation for the final fixing of contamination on the concrete walls and
floors of the basins was initiated. Several sealers were tested and an asphalt
emulsion (ATCO 1840) was selected as the stabilizing material.

Due to the deterioration of the concrete in many areas, the walls were
swept and vacuumed to remove dust and loose pieces. To control airborne
contamination during this task, the basin deck was covered with plastic and two
HEPA ventilation units were installed. Before the asphalt was applied,
concrete samples were taken for final characterization^. The average working
dose rate before and after fixing the contamination was less than 5 mrem/hr.

The ATCO 1840 was rolled on and stabilization of the 105-D basin was
completed on September 3, 1985. Similarly, stabilization was completed at the
105-DR basin on September 23, 1985.

Sweeping of the 105-C basin was completed on October 17, 198E. A new
Graco Bulldog airless sprayer was used to apply the ATCO 1840. The use of the
sprayer reduced the time required to coat the basin from 14 days to 4 days.
Similarly, sweeping and coating of the 105-B basin was completed on January 24,
1986.

The present condition of the four fuel storage basins is considered to be
sufficiently stable to require minimal surveillance and maintenance until final
disposition. The final disposition of the basin facilities will be determined
by the NEPA process currently underway for decommissioning the surplus Hanford
production reactors.

Over the course of the project, there was one lost workday accident, ten
minor first aid injuries, and eleven skin contamination cases. Five of those
individuals received skin contamination when a hose clogged, became disengaged,
and sprayed the workers. They were all successfully decontaminated. One
Radiation Occurrence Investigation was held. During packaging of radioactive
waste, radiation dose rates exceeded those permitted by the Radiation Work
Permit. One individual received 160 mrem which could have been avoided if
proper work methods had been followed. Disciplinary action was taken against a
Supervisor and a Manager as part of the corrective action. A total of 41 man-
rem of exposure was used over the course of the project.

Of the final inventory of suspect or identified fuel elements, 45 pieces
were identified as fuel, 55 pieces were identified as non-fuel (spacers, test
material holders), and 33 pieces required further testing.

Waste Management. A total of 24,300 ft^ of solid wastes were removed from
the basins and packaged and transported to the Hanford 200 Area low level waste
burial facility. The total volume of liquids that were treated and released to
the environment was about 1,210,000 gallons.
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Lessons Learned. The complexity and duration of the basin cleanout
project provided several areas where the original approach to the task did not
provide the most efficient or cost-effective solution. As the project
progressed, there were a number of design and operation changes that were made
to the equipment systems and a number of evaluations and decisions made that
can benefit future decommissioning projects. Of special note are the following
items:

0 The division of project tasks between UNC and the subcontractor caused
some delays in the project schedule when high-dose-rate items were
found in the hard packed sediment.

• A Project Engineer with the necessary responsibility and authority must
be assigned to major projects; this in lieu of an engineer assigned
only as a technical advisor.

• Major projects where the exact complexity of the work is not entirely
understood require detailed up front planning and engineering rather
than attempting to "fast track" the project.

• Subcontractor equipment design should be reviewed in depth to provide
assurance that the design is adequate for the work.

t A realistic assessment of the complexity and magnitude of a project
must be made before commitments to milestones, schedules, and costs are
made.

• Adequate contingency must be included in decommissioning project cost
and schedule estimates to allow for the unexpected.
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DECONTAMINATION TECHNOLOGY - A U.S. PERSPECTIVE

R. P. Allen
Pacific Northwest Laboratory
Richland, Washington USA

ABSTRACT

Substantial progress has been made in the U.S. since the 1982
International Decommissioning Symposium in developing, demonstrating
and applying chemical and selected nonchemical decontamination techni-
ques. Although nuch of this progress has been motivated by the
decontamination requirements of operating facilities, the resulting
technology is directly applicable to decommissioning-related decon-
tamination needs. This paper provides an o^ftrview of these advances
and applications to provide a U.S. perspective for the decontamination
technology and applications presented at the 1987 Symposium.

INTRODUCTION

Decontamination is an integral and very important part of almost
all decommissioning operations. Representative applications include
decontaminating major systems and components as a precursor to other
decommissioning operations to reduce radiation exposure to decommis-
sioning personnel; the selective removal of contaminated concrete and
other surface layers to permit the handling and disposal cf the
underlying material as nonradioactive waste; the decontamination and
reuse of tools, equipment ano protective clothing used in the decom-
missioning operation; the decontamination of removed components and
materials for volume reduction or recycle and reuse; and the decon-
tamination of structures and sites to prescribed residual radio-
activity limits for reuse or release.

The objective of this paper is to provide an overview of major
U.S. decontamination technology advances and applications in the five
years since the 1982 International Decommissioning Symposium. Although
many of these decontamination techniques were developed or applied
primarily for major maintenance/repair operations, to support post-
accident recovery activities, or even for non-nuclear applications,
the resulting decontamination technology and experience base is
directly applicable to decommissioning needs.
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The status of decontamination technology in 1982 is well repre-
sented by the various techniques and applications reported in the
Symposium papers1 and other conference proceedings and reports2"14 of
that period. For example, loose or smearable contamination on struc-
tural and component surfaces was removed by vacuuming, hand or mechani-
cal scrubbing with detergents and chemical agents, the application of"
foam containing decontamination agents, high-pressure water, strip-
pable coatings, and the use of organic solvents and high-pressure
Freon.®

Techniques used or developed for stripping paint and tile and the
removal of contaminated concrete surface layers included solubilizing,
grinding, chipping, mechanical and flame spall ing, sandblasting and
water blasting. Metallic surfaces with fixed contamination were
decontaminated using acids, immersion and in-situ eiectropolishing,
and electropickling. Abrasive cleaning and vibratory finishing were
used to remove fixed contamination from both metallic and nonmetallic
surfaces.

Other decontamination techniques in use in 1982 included ultra-
sonic/chemical decontamination of removed components, steam/hot water
cleaning, and the application of decontamination gels and pastes. The
chemical decontamination of utility-owned nuclear plant primary
coolant circuits was just beginning. Site decontamination was accom-
plished using conventional earthmoving equipment, such as backhoes,
front-end loaders and bulldozers. Some studies had been conducted
exploring the use of polyurethane foam to strip contamination from
soil surfaces, and the removal of soil contaminants by wet screening
and attrition scrubbing.

The following sections provide an overview of the further refine-
ment and application of these decontamination techniques and new
developments since the 1982 international Decommissioning Symposium.

CHEMICAL DECONTAMINATION TECHNIQUES

Substantial progress has been made during the last five years in
further developing chemical decontamination techniques for application
to major nuclear power reactor systems and components.5"7 More than
30 successful decontamination operations have been conducted during
this period on BWR recircu'latior, and reactor water cleanup systems and
on PWR channel heads. Although the primary motivation for the develop-
ment of this chemical decontamination technology is exposure reduction

IV- 76



associated with special maintenance operations such as the replacement
of recirculation system piping, the resulting technology is directly
applicable as a precursor to plant decommissioning operations.8

The majority of these decontaminations have been performed using
a dilute chemical process in which a low concentration of reagent is
circulated through the component or system. Either feed-and-bieed or
fill-and-drain methods are employed, and the radioactive waste is
usually removed with ion exchange resins. The two types of dilute
chemical decontamination systems currently available employ either
combinations of mildly reducing organic acids and chelating agents3 or
a stronger reducing agent based on a low oxidation state metal ion
(LOMI). Both of these processes are effective and produce adequate
decontamination factors with proper application. However, both may
require an oxidizing pretreatment for corrosion films with a high
chromium content of the type commonly encountered in PWR systems.

Concentrated chemical decontamination processes also have been
further developed and applied. The decontamination of the retired
Dresden-1 reactor using this alternative approach9 produced decontami-
nation factors ranging from 2 to 25 in the various reactor systems and
subsystems.

As a result of this recent development activity, chemical decon-
tamination of reactor systems and major components is a rapidly
maturing technology with several vendors offering a variety of proven
decontamination processes and services. It should be noted, however,
that the major process selection considerations for an operating
plant, such as minimum impact on outage time and corrosion concerns,
are not important for decommissioning-related decontamination opera-
tions. Considerations such as cost, iecontamination effectiveness for
maximum exposure reduction, and radioactive waste volumes and the
associated handling, processing, and disposal requirements8'10 may
dictate selection of a different chemical decontamination process for
a decommissioning operation than those preferred for operating plants.

NONCHEMICAL DECONTAMINATION TECHNIQUES

The nonchemical decontamination techniques discussed in this
section refer to the variety of surface cleaning and removal methods
developed or adapted for component and facility-type decontamination
applications- Since these techniques and their applications have been
described in a recent review paper,11 only significant recent develop-
ments or decommissioning-related applications of the nonchemical
decontamination techniques will be highlighted in this paper.
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Manual Techniques

Although there have been continuing improvements in equipment and
procedures for facility decontamination, the emerging interest in
using robotics and other remote technologies to perform manual decon-
tamination tasks such as washing, scrubbing, vacuuming and steam
cleaning has the most potential for significant savings in cost and
exposure. Recent examples include the Nine Mile Point Unit 1 testing
of an underwater robotics device for scrubbing and vacuuming13 anri the
extensive use of robotic systems at the West Valley Demonstration
Project for decontamination and other decommissioning-related tasks. lb-

Abrasive Cleaning

The recent development and application of abrasive cleaning
technology has focused on the air slurry technique,15 in which a
water-abrasive slurry is propelled against the contaminated surface by
a jet of compressed air. This three-component approach permits better
control of the surface removal rate than with conventional air or
water abrasive blasting methods. The amount of material removed can
be matched to the specific decontamination requirements to permit
decontamination of a variety of metallic and nonmetallic materials
with minimal secondary waste generation.

Ultrahigh-Pressure Water

The initial development work on an ultrahigh-pressure water
scarifier for contaminated concrete surfaces that was reviewed at the
1982 Decommissioning Symposium10 has been extended to include the
decontamination of metals17'18 and the development and demonstration
of a remotely operated cleaner/scarifier.19 The metal decontamination
studies demonstrated that ultrahigh-pressure water (>70 MPa) can
remove corrosion layers and even erode stainless steel surfaces for
the proper combination of nozzle stand-off distance and traverse rate.

The effectiveness of these higher pressures for decontamination
applications was confirmed using TMI-? leads-crew sections with cesium
contamination incorporated in a tightly adherent surface layer, This
fixed contamination was readily removed at a pressure of 240 MPe and a
stand-off distance of 15 cm to give essentially bare metal and a
decontamination factor of more than 140. It should be noted that the
severe surface roughening produced by this process, which represents a
serious disadvantage for operating systems subject to recontamination,
is not a concern for decommissioning-related applications.
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The further development of ultrahigh-pressure water technology
for metal and concrete decontamination has resulted in a remotely
operated cleaner/scarifier that has a swath width of 35 cm and can
remove concrete to a depth of 0.6 cm at 1 cm/s. The device is equipped
with a shroud and vacuum system that contains and collects the water
and cutting debris to leave a clean and virtually dry surface.

Electrochemical Techniques

Electropolishing is developing into a mature decontamination
technology that is used for a variety of exposure reduction and waste
management applications.20 Although phosphoric acid remains the
primary electrolyte, some work has been done to explore alternative
electrolytes that are more amenable to purification and recycle.21

Sodium nitrate electrolytes of the type used for electrochemical
machining will decontaminate metal surfaces, with most of the removed
metal precipi c ing as a hydroxide. However, electrical efficiencies
are quite low unless very concentrated, acidified solutions are
employed.

The recent focus for electropolishing has been on the development
of procedures and equipment for the in-situ decontamination or pre-
polishing of large compor(ents and surface areas. Examples include the
in-situ decontamination of steam generator channel heads to reduce
radiation exposure during tube inspection and repair operations, the
prepolishing of hot cell liners and the surfaces of reactor refueling
cavities to facilitate subsequent decontamination, and the prepolish-
ing of replacement reactor recirculation piping to retard radiation
buildup. The inside surfaces of t^e 0.3 to 0.7-m diameter replacement
oiping for the Monticello Plant, for example, were electropolished at
the site using special movable internal cathodes that could accommo-
date elbows, reducers, crosses and other complex pipe geometries.

Although the development of in-situ electropolishing methods for
large components and surface areas has been primarily for prepolishing
applications, the same technology is directly applicable to decommis-
sioning needs. Specific consideration also has been given to remote
applications of electropolishing and cerium redox decontamination for
decommissioning operations.22
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Strippable Coatings

The major advance in fixatives technology since 1982 has been the
development of a self-stripping coating material. This polymer pene-
trates and bonds to the corrosion layer and, upon curing, develops
sufficient internal stress to spell the corrosion layer from the
substrate. The spalled coating and incorporated contamination can be
collected by vacuuming. As with other strippable coatings, applica-
tion thickness must be closely controlled for ready removal or spall ing.
However, unlike the other coatings, the cured self-stripping coating
is water soluble and can be removed by scrubbing for areas that fail
to spall.

Although the self-stripping coating was originally developed for
rust removal from carbon steel,23 tests show that it also is effective
in removing smearable and even some fixed contamination from stainless
steel.24 Moreover, no essential difference in decontamination effec-
tiveness was noted for coatings removed by self-stripping as compared
with thinner coatings that did not spall and were removed by scrubbing.

Mechanical Techniques

Several industrial mechanical descaling techniques havp been
evaluated for decontaminating the inside of piping.25 These include
various types of rotating brushes, cutters, scrapers and hones; and
cylindrical scrapers and devices with abrasive surfaces that are
forced through the piping by water pressure. Both the rotating wire
brush and the rotating brush hone (a brush with nylon bristles tipped
with silicon carbide pellets) appeared promising for in-situ pipe
decontamination applications. Both techniques removed surface corro-
sion layers to base metal and were capable of negotiating and cleaning
pipe elbows. Radioactive tests on 30-cm diameter BWR pipe indicated
ready removal of accessible surface contamination at a traverse rate
of about 1 mir/s, but v^ry slow removal of contamination in pits and
other subsurface features.

The mechanical decontamination work also encompassed the develop-
ment and demonstration of unique delivery systems for high pressure
water used to flush loose contamination from drain piping systems and
other comparatively inaccessible areas.26 This included eval.^tion of
a 50 MPa, 1600 cm3/s rotating cavitating jet system for decontamina-
ting drains; an eight-jet, self-feeding mole nozzel for decontamina-
ting small-diameter piping; and a unique segmented, cable-manipulated
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nozzel positioning mechanism that can be inserted through e tube or
other existing access point and remotely operated to deliver high
pressure water to specified offset locations within ft reactor head or
other constricted area.

High-Pressure Freon Cleaning

Freon cleaning has become an accepted and important decontamina-
tion technique7l for a number of component and facility applications.
Although higher pressures ( >30 MPa) have been explored, most of the
development work has been oriented toward new or more demanding
applications such as the decontamination of large cranes or hot cell
equipment.

Application Examples

In addition to the preceding discussion of specific nonchemical
decontamination techniques, there ara a number of recent examples of
the application of one or more decontamination methods that provide
valuable information on planning, costs, exposure,, waste volumes and
other considerations that are important for decommissioning-related
decontamination operations. These examples include:

• Use of grit blasting, a high-temperature steam cleaning/vacuum
cleaner, an ultrasonic Freon degreaser, a bead blasting glove
box, and manual techniques tc decontaminate the steam generator
channel heads, the reactor refueling cavity, a variety of tools
and equipment, and facility surfaces as part of a year-long
outage to replace the steam generators at the H, B. Robinson
Nuclear Plant.28

• Use of various facility decontamination techniques including the
removal of contaminated concrete surfaces by grinding as part of
the West Valley Demonstration Project.29>30

• Use of scabbling techniques to decontaminate concrete shielding
slabs from the TMI-2 plant to substantially radwaste disposal
volumes.31

• Use of scabbling, scrubbing and vacuuming techniques to remove
contaminated concrete and coatings as part of the decontamination
operations at TMI-2.32
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SOIL DECONTAMINATION

Although various soil decontamination or segregation processes
have been explored, in-situ vitrification, presently under active
development, is the only alternative to soil removal . The extensive
experience gained through recent site cleanup activities has, however,
provided a substantial data base and methodology for planning and
conducting soil removal operations. '35 In addition, potentially
applicable new technology for pavement cutting and soil excavation is
being developed by the Gas Research Institute to reduce costs
associated with the installation and replacement of underground
piping. This includes improved pavement-and concrete-cutting tech-
niques; robotic digging systems; a hand-held rotary excavation tool; a
supersonic air nozzle for excavating soil; and a multipurpose field
support vehicle that provides a soil stabilizer mixing system, a
vacuum soil removal system, and compressed air and hydraulic power
supplies for the new cutting and excavation equipment.
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ABSTRACT

Garigliano BWR is a 160 MWe power plant which operated from 1964 to
1978. In 1982 the ENEL Board of Directors declared i t definitively out-of-
service.

Specific studies were started to select the best decommissioning
alternatives. A feasibility study on dismantling and decontamination of all
the building components was performed in preparation for decommissioning of
the turbine building in a few years.

Specific experimental activities were also started specifically in the
decontamination field. A programme which deals with the dismantling and
decontamination of the tube bundle of a feed-water preheater i s the most
important and significant task.

The aim of this research is to decontaminate the tubes as much as
possible in order to reach the unrestricted material release limits.

Preheater No. 4, which was operated at the highest temperature and
pressure, was selected for the experiments. The bundle has tubes with 16 mm
OD in AISI Type 304; the full length of tubes in the preheater is about
12000 m. The tubes are covered with an adherent contaminated oxide layer
both inside and outside; the contamination was measured to be about 65
Bq/cm2 of 60-Co mainly.

Other decontamination studies such as decontamination tests on small
valves with aggressive chemical, spent decontaminant treatment and
decontamination tests with more recent chemical processes are also reviewed.

Part of the work presented in this paper i s being carried out as a
jointly funded project with the Commission of the European Communities, as
part of the Community Research Programme on the Decommissioning of Nuclear
Installations (1984-1988).

INTRODUCTION

Garigliano power plant i s a 160 MWe Boiling Water Reactor with dual
cycle. It operated from 1964 to 1978 generating 12,5 10̂ kWh with a capacity
factor of 68%. In August 1978 i t was stopped due to damage to one of the
two Secondary Steam Generators (SSG).

In March 1982 the I ta l ian Electr ici ty (ENEL) Board of Directors
declared i t definitively out-of-service. In December 1982 ENEL approved an
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"Action Plan" to put the Garigliano plant in safe storage conditions for at
least 30 years. This decision was supported by the fact that more than
30 inan-Sv are needed for immediate dismantling; moreover there is no storage
area or final waste disposal at present in Italy.

At present the irradiated fuel elements are being taken out of the
plant and transported to the Avogadro storage pool; high and medium level
radioactivity wastes generated during the plant life are also being treated
and conditioned1.

In th i s context several R & D a c t i v i t i e s were s ta r t ed in the
decontamination field in particular. These activities are being performed in
collaboration between the Special Unit for Decommissioning (USD of ENEL G 4
T Division) and the Thermal and Nuclear Research Centre (CRTN of ENEL R 4 D
Division), with CISE lab support.

Some research was and is sponsored by the Commission of the European
Communities as part of the Community Research Programmes on the
Decommisioning of Nuclear Plants and Installations (1979-1988).

DISMANTLING AND DECONTAMINATION OF THE TURBINE BUILDING: FEASIBILITY STDDI

In the safe storage of the plant the turbine building is considered a
boundary part and i t could be decommissioned in a few years. Therefore a
feasibi l i ty study on dismantling and decontamination (up to unrestricted
release limit) of all the building components was performed as a possible
alternative to decommissioning . Direct melting of scraps for both release
and reuse in the nuclear field, was also considered as another alternative.

About 1930 tons of materials are installed in the turbine building with
about 33000 m of contaminated surface. The base materials are carbon and
low alloyed steels. The radioactivity inventory is about 38 GBq (1021 mCi)
mainly due to 60-Co (80%) and 137-Cs (15%) with traces of 134-Cs, 54-Mn and
90-Sr. The highest contamination levels were measured inside the primary
steam pipe (3-7 kBq/em2), inside the off-gas line (1.1 kBq/cm } and in the
condenser not-well (0.7 kBq/cm ).

The average dose rate levels inside the turbine building are about
10 ;uSv/h with a maximum of about 100 juSv/h near the condensate water
treatment system. All inventary data are detailed in Table I.

The purpose of the feasibility study was to select techniques which can
decontaminate components as much as possible, in order to allow tne
unrestricted release of the materials (a limit of 1 Bq/em^ or 1 Bq/g for
beta and gamma emitters, was considered).

The dismantling and cutting of a l l building components before
decontamination was considered as the basic goal, in order to minimize the
secondary wastes. Several decontamination techniques were considered and
compared in terms of effectiveness, secondary waste generation, plant and
safety impacts, costs and so on.

The results show that there is no single decontamination technique
which can be used for a l l components or parts and that the use of more
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decontamination techniques is needed.
Four decontamiantion techniques were selected for decontaminating all

conponents: electropolishing, for pieces with simple geometries (flat and
concave shapes); water jet with abrasives, for quite complex pieces (mainly
convex shape); ultrasounds in aggressive chemicals, for heat-exchangers and
condenser tube bundles; freon je t , for engines and a l l parts with loose
contanination.

The relative quantities for each technique in terms of weight,
contaminated surface and radioactivity are summarized in Figures 1-3. A
snail part of the materials (.3'W wt.) was considered for direct storage
without decontamination, for economic reasons in particular.

To perform the decommissioning of the turbine building components, a
requirement of more than 200000 man-hour (of which 70000 man-hour in
surveilled areas) was estimated; 20 people for about 5 years were
considered, A total exposure of 0.5 man-Sv (50.5 man-rem) was also estimated
as detailed in Figure 4.

The decontamination activities will generate about 50 tons of secondary
wastes and a l l the dismantling works will generate more than 200 tons of
other wastes such as insulation, clothes and so on.

Among the selected decontamination techniques, the use of ultrasounds
in aggressive chemicals did not appear to be fully developed. In order to
acquire more knowledge in this field, a specific experimental research
programme was started. This programme deals with the dismantling and
decontamination of the tube bundle of a feed-water preheater-1.

Moreover, in order to reduce as low as possible the quantity of
materials not to be decontaminated, some experiments were carried out on
chemical decontamination of small valves^.

DBfBLOPMEST OP THE AGGRKSSIfE CHEMICAL WITH OLTSASODMD DECOMTAMI1ATIO1
TECHNXQCE

Foreword
The tube-bundles of feedwater preheaters are characterized by very high

contaminated surfaces (both 10 and OD) and relatively low weights. As a
consequence direct melting could be considered only for disposal and not for
release.

Among decontamination techniques the use of aggressive chemicals could
•eet the objective of unrestricted release. Nevertheless direct (dynamic)
chemical decontamination needed too large solution volumes. Therefore
chemical decontamination in a tank after dismantling the tube bundle was
considered.

Taking into account the geometric features of the bundle pin-tubes and
previous results from aggressive chemical decontamination experiments, the
use of ultrasounds in connection with chemicals wa3 considered in order to
enhance the effectiveness of the process.

In this context the experimental research programme was outlined as
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follow:
- lab tests on pin-tube specimens in order to select operative conditions;
- in scale testing on small tube assemblies;
- selection of procedures for residual radioactivity measurements;
- total dismantling and decontamination.

Actually the lab tests are concluded, meanwhile the scale tests and the
selection of radioactivity measurement procedure are in progress.

For the experimental activity the preheater No. 4, which was operated
at the highest temperature and pressure, was selected.

The bundle has tubes with 16 mm outside diameter in A1SI Type 304; the
full length of tube in the preheater is about 12000 m. The tubes are covered
with an adherent contaminated oxide layer both inside and outside. The
contamination was measured to be about 60 Bq/cm of 60-Co on the inside
surface and about 5 Bq/cm2 (90% 60-Co and 10% 137-Cs on the outside
surface). The contaminated oxide layers are mainly composed of magnetite and
hematite with traces of Ni, Cr and Cu . Some SEM images are given in
Figure 5.

Laboratory testing
The lab tests were performed to optimize the process parameters such as

the kind and concentrations of aggressive chemicals, temperature, time,
ultrasonic frequency and power.

Concerning aggressive chemicals the use of strong acids such as HC1,
HF, HNCU and their mixtures was considered on the basis of previous
experimental works on hard chemical decontamination^' ' * ' . The
concentration of chemical ranges from 2 to 10% vol.

The laboratory tests were carried out at the ENEL/DECO laboratory using
3 cm long specimens cut from the tubes; some more tests were performed using
40 cm long tubes.

To perform the experiments, the tube specimens were immersed in a thin
beaker (or in a proper tank) with the aggressive chemical solution. The
beaker (or the tank) was then put in the ultrasonic tank which was f i l led
with demineralized water.

The decontamination effectiveness was commonly evaluated by measuring
the 60-Co radioactivity before, during (as steps), and after the t e s t s by
Na-I detector.

Before testing real specimens of tube-bundle, several preliminary tests
were performed with aluminium and steel specimens in order to check the best
position in the ultrasonic tank, and the power and frequency of the
ultrasonic transducer. As a result, the following experimtnts were carried
out with the specimens in the centre of the tank and with 20 W/l of
ultrasonic power at frequency 20/40 kHz.

The series of tests on 3 cm long tube specimens were carried out in the
following conditions:
- 2 temperatures: 40 (low) and 70-80°C (high);
- 2 aggressive solutions: HC1 and HF/HNÔ ;
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- presence or absence of ultrasounds.
Moreover some reference tests were made in desnineralized water with

ultrasounds.
Some more tests were performed on tube specimens after the total

decontamination of the outside surface by electropoiishing, in order to
check the process effectiveness on the inside surface.

The tests at low temperature were started at room temperature.
Nevertheless, after about 1 h, the solution reached 40°C because of the
action of ultrasounds. In the tests at 70°C the solution was previously
heated by a common electric immersion heater which allowed control of the
test temperature thoughout the test.

Some results are presented in Figures 6-7. They show the presence of a
synergic effect between aggressive chemicals and ultrasound. In particular
the weight losses CAP) and the decontamination effectiveness (DF) can be
expressed by:

AP= APU+ APC+ AP S

DF= DFU DFC DFS

where u is the ultrasonic effect in water, e is the aggressive chemical
effect without ultrasounds and s is the synergic effect between chemicals
and ultrasounds. AP and DF are function of many parameters such as kind
and nature of oxide layers, temperature, time and so on.

The synergic effect on tube specimens is more evident in the HF/HNCU
solution.

During these tests, information on the contaminated oxide was also
recorded. It appeared to be composed of two separate layers: the former, red
in appearance, is dishoraogeneous and inconsistent, it is easy to remove
(ultrasound in water can take it off) and it retains about 8O-9OJ of the
radioactivity; the latter, black in appearance, is more compact, tenacious
and difficult to remove. Figure 8 shows the 60-Co and 137-Cs radioactivities
as a function of the thickness removed.

Three more tests were performed on 40 cm long tube specimens using one
tube specimens in each test.

In order to ensure renewal of the solution the chemical solution was
circulated slowly by a small pump.

The results show that the HF/HNOg solution is most effective in
removing the contamination: at the end of the test the tube treated with
HF/HNOg solution appears to be clean and shiny, while the tube treated with
HC1 solution appears to be still covered with the oxide.

A single test was also carried out on several specimens, about 10 cm
long, loaded in bulk using a HF/HNOg solution at room temperature for 240
min; the solution was not recirculated.

The results show tube specimens with different behaviours. The removed
radioactivity ranges from 96 to 100*. Looking at the specimens, some are
clean and shiny, others are still black and oxidized on the entire surface
and others are partly covered with oxide.
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At the end of these lab tests, it was decided to use the solution
HF/HNOo with ultrasound at low temperature for in scale tests (even if other
conditions were shown to be effective). On making this choice it is always
possible to improve the decontamination effectiveness by increasing the
temperature (from low to high) and/or the concentration of chemicals.

In scale test

After the laboratory testing a preliminary test on an assembly of 20
tubes about 40 cm long was performed in the hot chemical laboratory of the
BWR Garigliano power station using a special rig.

The test was performed in the following conditions: volume of solution:
27.5 litres; total surface: 72.8 dm2; c'.iemical solution ;. 3% vol. HF+10J
vol. HN03 for 5.5 h and; 5% vol. HF+10% vol. HNO3 for 1 more h. The test
started at room temperature; nevertheless because of the effects of
ultrasound and pump, t*ie temperature increased to 40°C in 3 h.

The decision to add some more 2% vol. HF was taken during the test when
a visual check of the assembly showed that some tubes were not clean after
5.5 h of test time.

Looking at the tube assembly after the test, some tubes appeared to be
still partially dark, covered with a black oxide, on the external surface.
The weight losses and the average arithmetic values of the removed
radioactivity for each tube, are given in Figures 9-10.

A preliminary analysis of this results shows that:
- the tube assembly is partially contaminated; the gross DF is about 120 as
arithmetic average and about 30 as harmonic average;

- only some tubes of the assembly appear to be totally cleaned: the position
in the tank seems too have some effect;

- the increase of the solution aggressiveness by adding aore HF did not
appear to have any appreviable effect.

At the end of the test, the spent decontaminant solution was discharged
and neutralized up to pH 8 by adding about 4.5 kg of NaOH. The residual
sludges recovered on the conical bottom of the tank were discharged after
separation from the floating solution. The volume of the sludges was about
3 1 with a radioactivity of about 40 kBq/1 (about 100% 60-Co). The volume of
the floating solution was 35 1 with a radioactivity of 0.4 kBq/1 (85* 60-Co
and 15* 137-Cs).

Residual radioactivity measurements

Direct gamma spectrometry was selected as base techniques for measuring
the residual radioactivity on the decontaminated tubes. Gamma counts were
performed on each test specimen at the end of the test and compared with the
measurement before testing. Usually the measurements were carried out by Ha-
I detectors and referred to 60-Co.

In order to validate these measurements specific gamma spectrometries
were performed. The measurements on 40 cm long tuoes were performed using a
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large cylindrical (5"x4") Na-I detector connected to a multichannel
analyzer. It was located in a shielded box commonly used for Whole Body
Counter measurements and it has a very low background level (2.5 nSv/h).

To optimize the system, several measurement geometries were checked.
The selected geometry considers the tubes located vertically around the
detector at a distance of about 5 cm. This geometry has the highest
sensitivity and it is axysymmetric allowing us to measure from 1 to 24 tubes
with the same calibration.

The system was calibrated using a standard 60-Co source to mark the
inside surface of tubes similar to the tubes to be measured both for
dimension and material.

As a preliminary conclusion, this system configuration allows us to
measure the residual radioactivity on a number of 40 cm long tubes from 1 to
24 in a few minutes (5-10 min) with a detection limit much lesser than
1 Bq/cm ; in the worst case of a single tube the detection limit is about
0.1 Bq/cm2 and 0.1 Bq/g (Figure 11).

Some views of the radioactivity measurement system are given in
Figures 12-13.

Concerning the more general problem of radioactivity measurements a
specific program to determine low beta and X emitters such as 55-Fe, 59--Ni
and 63-Ni in the oxide contamination layer, before and after
decontamination, was started. Preliminary results s!iow, on the inside
surface of the tubes before decontamination, the presence of about 20 Bq/cm
of 55-Fe and 10 Bq/cm2 of 63-Ni (60-Co is 36 Bq/cm2); on the outside surface
of the tubes, before decontamination 0.6 Bq/cm of 63-Ni were measured. All
measurements after decontamination were less than 0.1 Bq/cm2.

OTHER DECONTAMINATION STUDIES

Aggressive chemical decontamination of small valves

In order to check the effectiveness of direct chemical decontamination
on small and complex components, actually considered for storage without
decontamination (3.4% wt. in Fig. 1), some tests were performed o-.i the DECO
experimental loop* Four small stainless steel valves from the primary system
of Garigliano BWR were decontaminated using mainly aggressive chemicals such
as HC1, HF, HNO-, and their mixtures. In two valves before aggressive
chemicals a step^with soft chemical (oxalic and citric acid mixture) was
performed in order to see whether a softening action can help the following
aggressive decontamination.

The results are summarized in Table II. They allow the following
considerations:

- before to take the decision whether to decontaminate or not, 'or
decommissioning needed, a small and complicate component or parts., is
absolutely needed to establish clearly how to measure the residual
radioactivity after treatment;

- using aggressive chemicals, the final residual radioactivity is quite
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independent of the initial dose rate level;
- whatever the decontamination process may b some note spots remain in the
valve (or components); these hot spot will be surely greater than 1 Bq/g
or 1 Bq/cin2;

- when the decontamination is performed, it is very difficult to establish
"a priori" if the valve (or component) can be released or not; valves (or
components) which are more simpler or covered with loose contamination
will more probably be totally decontaminated than valves (or components)
which are more complex or covered with thick and tenacious contamination.

Treatment o£ spent waste solution arising from aggressive chemical
decontamination

Many batch tests were performed in order to establish the experimental
ranges of precipitation of Co and Fe in varying the nature of the spent
solution (HF+HNOg, HCl+HNOo and HC1), the initial concentration of iron
and/or cobalt, the kind of neutralization agent, presence of flocculant and
so on.

As a conclusion, spent radwaste solutions in aggressive mineral acids
coming from surface decontamination can easily be treated for volume
reduction by means of the simple chemical process of neutralization with
NaOH and/or CaO. Improvement of the purification was noticed by adding
chitosan to the early radwaste solution . The radioactivity of tn« treated
spent rad solution was less than or around 0.1 Bq/cm' .

The residual sludges arising from neutralization and precipitation were
also characterized. The main results are:
- the residual sludges retain more than 90% of water;
- three phases are usually present in the dry residual: hydroxides such
as Fe (OH)^ and so on, salts and particulate oxide matters;

- the radioactivity of course is retained only in hydroxide and
particulate phases.

Chemical decontamination tests with more recent processes
A specific qualification program using chemical decontamination in

operating BUR plants to save man-res, was started some years ago with
reference to Caorso BWR power plant. Samples arising from the primary system
of Garigliano BWR were used for the experiments.

Althought the main purpose of this program is the evaluation of
material compatibility with reference to stress corrosion cracking, the
decontamination effectiveness measured on Garigliano samples with different
processes is reviewed.

The decontamination tests were performed in DSCO loop with the
following peocesses: Can-Decon, LOMI, Diluite Citrox and CORD/OZOX 11»12.
The main test conditions and results are summarized in Table III.

Looking at these data a large range of DFS can be seen. Apart from the
intrinsic differences on each process, some variations of DPS are related to
the differences in the nature of contaminated oxide layer.
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A correlation between decontamination and corrosion appears quite
obvious in the sense that as effective is the process as the corrosion can
occur.

These chemical processes do not allow surely to reach the unrestricted
release of materials, nevertheless they could be same very interesting in
decommissioning activities mainly for reducing radioactivity levels before
dismantling works.

CONCLUSION

Studies related to Garigliano BWR decommissioning show that releasing
the turbine building components decontamination is an in te res t ing
possibility; four decontamination techniques would need: electropolishing,
water jet with abrasives, ultrasounds in aggressive chemical and freon jet.

Direct melting for release or reuse in the nuclear field is another
alternative.

The preheater tube bundles are a particular case and for their release
decontamination is the only possible way. The experimental tests on the
aggressive chemical with ultrasound decontamination process on tube bundle
samples show that this technique is very promising*although more experiments
are needed.

The experimental tei3ts performed on small and complex components
(valves), by aggressive chemical decontamination, show that some hot spots
always remain on the decontaminated parts. Therefore i t is very difficult to
establish "a priori" if the component or part can be release or not.

Spent waste solutions from aggressive chemical decontamination can
easily be treated by a chemical neutra l izat ion and prec ip i ta t ion .
Purification can be improved by adding chitosan powder.

The lab testing performed on the soft chemical decontamination
processes such as Can-Decon, LOMI, Diluite-Citrox and CORD/OZOX, show that
they do not allow us to reach unrestricted release although they could
nevertheless be very interesting in decommissioning activities.
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Table I - Inventory

Coftpenents

Pipes and valves

Pumps

Heat-e»change

Tanks

Condenser

lurbine

Total

of components in the Garigliano fjtffl

Height Contaainatzd surface

(ton)

260

BO

180

40

(.60

910

1930

(.')

2500

12500

500

16600

1000

33000

turbine building.

Radioactivity

(«,)

19.?

0.*

5.?

1.1

IO.O

1.6

37.7

Kind of

•aterial

Carbon and

Jow alloyed steels

TP 30<- stainless steel

13 * Cr stf*J

Copper al1oy

steilitf

Height

(torn)

150

1B0

1)5

5
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Table II - Aggressive cheiical decontamination tests on valves from Garigliano BHR.

Valve

. . .

1

2

3

4

r » p .

GLOBE

Y-IYPE

GLOBE

Y-TYPE

N

("!

1

1

1

1

1

i

I

Height

(kg)

10.5

25.5

10.2

24.5

Surface
inside

(da2)

12.5

;.o

12.5

7.0

tatal

(da2)

21

19

21

19

Initial
ease

( • S v / h )

0.5

2.0

10.0

10.0

Oecantaainatiaa

araccsl

US •

US •

US •

US •

» C 1 .

»C2 *

it •

SC ••

us •

us .

sc .

*C2

BB

EL

*C2

Residaal
Radiaactiait;

Ca-M Gs-137

4.5 0.2

85.9 0.9

2.8 1.5

50.5 1.0

SpeciFic Residual Radiaactivity
Height

(84/9)

0.44

3.41

0.41

2.08

Total surface

(Bq/ca2)

1.2

45.8

2.0

26.8

(*) Decontamination steps:

- US - ultrasounds in deiineralized water: 20-25 kHz; 15 w/1; 10-70 «in; 30«C.

- AC1 - aggressive che«ica!s: HC1 4.1* vol.; 6h; WC.

- AC2 - aggressive cheiiols: HF (0.7S-1.5 * vol.) • HKO (2.5-5 X vol.); 8-!0 h; 40-«0»C.

- SC - soft cheaicals: 0» 0.125 X ut • CIT 0.125 X at; 24 fcj 80-110'C.

- Ml - water pressure: 4 kg/ca ; 10 ain.

- BS • brushing (outside surface); with detergents.

- EL • electropolishing: 75X H P0 , O.t lA/ci ; 9 h.

Fable III - Cheiical decontamination tests with >ore r;cfnt processes on contuinittd >ISI 304 Type saiples froa Gariqliann Bifi.

DecDntaainati«n Factors

Oecont. process Test conditions Dic**taainati«li Factvrc after 5 ain ultrasanads

in deaineralizeri aater

CAM-DECON

DILUITE C1IR0X

LDKI

CDRD/OZOX

0 . 1 * . 95°C, 0.2-3 a / s , 25 h

0 . 2 * . 115«C, 0.2-3 a/s , 2* h

0.125* CIT • 0.125* OX. BO'C, 1 a/s. <4 h

0.006 K/l V I I * 0.018 N/l Foraate * Fora. »cid
• 0.036 tl/1 Pic. »c>e, 90'C, D.3-* tit, 3h

HMnO 200 ppa. OXtllC 2000 ppa,

24 h. 0.2-4 a/s
S0H. 3 steps.

1

1

4

.(-I.
7.9

2-2.

1 . *

. 1 - 1 .

.1-5.

a

9

4

7

-

1.2

1.1

2-2.9

13.3- >1OO

1.9

1-53

-

1.3

-

MOO

1.9-2.0
8.4

1.8

1.3-1.5

35- >100

-

-

1.1

2.5-7

38- -100

4.1

27- >100

1.7

-

>!D0

(*) Decontamination Factor is ratio between initial antf final counter* with Na-I o> &* detector.

A : saaples 1-'o* 2k" primary recirculation pipe.

B ; saiples froi separaticn baffle oF channel head of SSG.

C ; saiples fro* auxiliary lines of pr'iuurf systea.
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3.4 » No ^ g ^ H ^ * •

18 * Freon h

ElectropoNaMne

?

T^C—-£^ )

/ Uttratounds (n aogr***^* clwmict.1*

S7.3 % uiirnaounda in aggregate chemtcale

5 *
Water jet »lm abraahrae

FIG. 1 - FEASBILITY STUDY ON D8MANTLM0 AND DECONTAMINATION OF FKJ. 2 - FEASIBILITY STUDY ON OlSMAHTLtXQ AND OECONTAUMATKMi W-
TURBIHE BULIMNG COMPONENTS OF GARKU.IANO BWR : TURBINE BUH.DMO COMPONENTS OF OAfMOUAMO BWR :
« OF DECONTAMMATION TECHNKKIES M TERM OF WEIQHT (TOTAL % OF DECONTAMMATION TECHNKHJES M TERM OF COMTAMNATED
WEIOHT 1832 TONS) SURFACE (TOTAL SURFACE 33072 nf)

71.5 % ElectronoMarring

Ik No
f20.d %UHiaaoufidii in aai^eaaiva chamicale

B2 % SXmmutmna and cutting

3 . 7 * Olllior
3.8 % Waala treatment

r acljvHieaJ "^ 7

16.3 » HeaMi phyalca

F«. 3 - FEABMLtTY STUDY ON DISMANTLING AND DECONTAMMATION OF FO. 4 - FEASMUTV STUDY ON DISMANTLING AND DECONTAMMATION OF
TUNBME BUILDING COMPONENTS OF GARIGUANO BWR : TUMNNE •UCDMO COMraNENTS OF QAmOLIANO BWf) :
« OF DECONTAMMATION TECHNIQUES M TERM OF RADIOACTIVITY MAN-REM 0BTrt«UTION M EACH WOAK ACTIVITY
{TOTAL RAWOACTIVrTY 1021 Bid. FREON<0.8 * ) « OF A TOTAL OCCUPATIONAL DOSE OF 60.S MAN-REM
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1000

1000 x 3000x

FSG. 5 - SEM VIEWS OF THE CONTAMINATED SURFACE
OF A TUBE OF THE PREHEATER No. 4 OF
GARIGLIANO BWR

o HjO.ULT

• HF/HNO 3

0 HF/HNO3,ULT

I 40 "C

S 103

&

•O 1 0 * -

100 200
Time <min)

300
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10*-

O HjO.ULT
• HF/HNO3
0 HF/HNOj.ULT

70 «C

GROUND LEVEL

300
Time <min)

FIG. 6 - 60-Co RADIOACTIVITY VERSUS TIME IN TESTS FIG. 7 - 60-Co RADIOACTIVITY VERSUS TIME IN TESTS
WITH ULTRASOUNDS AND HF/HNO3 SOLUTION AT 40 °C WITH ULTRASOUNDS AND HF/HN03 SOLUTION AT 70" C
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Ftfl. 8 - WEKJHT LOSSES OF TUTC8 USED 1 THE mELJMMARY
M-SCALE TE»T

FIG. 8 - 60-Co AND 137-Cs RESIDUAL RADIOACTIVITY
AS A FUNCTION OF THE THICKNESS REMOVED
ON THE INSIDE SURFACE

FKJ. 10 - NEM9VEC *O-Co MBSOMTmiTY ON TIMES 1WED K THE
MtELNMMV M-aCMJE TE»T

Unrestricted release limit

10 -3

40 60
Counting time (min)

80 100 120

FIG. 1 1 - MINIMUM DETECTABLE RADIOACTIVITY VALUES *S A FUNCTION OF COUNTING TIME (0
AND NUMBER OF TUBES (Hi
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FIG. 12 - VIEW OF THE SUPPORT OF THE TUBES FOR
THE RADJOMETRIC MEASUREMENT SYSTEM

FIG. 13 - VIEW OF THE RADIOMETRIC MEASUREMENT SYSTEM
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ABSTRACT

This paper discusses techniques and equipment used for cleanup
at Three Mile Island Unit 2 (TMI-2) that could be applied directly
for decommissioning any chemical or nuclear facility. The
technology discussed concentrates on those approaches that either
substantially reduce exposure to the work force engaged in
decommissioning or those actions that result in volume reduction of
contaminated materials. The key issues presented are surface
decontamination, removal of contaminated surface material, internal
pipe cleaning, remote tools, and the workhorse robot.
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significant contributions to the development of the remote equipment
discussed herein. Finally, at TMI-2 Paul R- Bengel, Michael D.
Pavelek, and David L. Giefer have been significantly responsible for
developing and implementing the technologies discussed in this paper.

INTRODUCTION

The March 28, 1979 accident at TMI-2 contaminated the reactor
building with fission products to such an extent that no entries
were possible until 1 1/2 years after the accident. Even today, the
basement level is only accessible to remote operated equipment.

As the accident was brought under control, and the plant was
returned to cold shutdown, experts convened at Three Mile Island to
determine the cause of the accident and to assist in the accident
cleanup. Now, eight years after the accident, the reactor building
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is readily accessible in the upper levels, and the damaged core is
being removed. While it was predicted in 1983 that it would take
between 13,000 and 46,000 person rem to accomplish this task, the
actual exposure is currently expected to be less than 8000 person
rem. Total exposure to date is approximately 3800 person rem with
over half the expected exposure having been received.

The cleanup at TMI-2 has been accomplished with a joint
agreement between GPU Nuclear, the Department, of Energy, and the
Electric Power Research Institute to assist in the research and
development areas. The accident itself and ensuing damage were
carefully studied, and the most effective tools and techniques were
developed for cleanup. While the effort at TMI-2 is not aimed at
decommissioning, many of these cleanup techniques are directly
applicable to activities associated with cleaning a plant suitably
for its decommissioning.

SURFACE DECONTAMINATION

The accident had released 200,000 gallons of contaminated water
from the reactor coolant system, which carried fission products to
all areas of the reactor building. The initial effort in cleanup
was aimed at washing down the resultant residue from manned areas to
the basement. A combination low- and high-pressure spray was used
for maximum effectiveness. Squeegee brooms were used to continually
move the water/debris from cleared areas to minimize
recontamination. The water source was accident-generated water
which had been removed from the basement and filtered.

The spraying was a manual operation using standard,
commercially available equipment. The filter process for the water
supply was developed at TMI-2. This system, called the submerged
demineralizer system, used zeolite resins which underwent testing to
determine effectiveness and disposability.

The initial use of water spray achieved a dose rate reduction
of approximately 50%. The reason for this limited effectiveness was
because much of the contamination had penetrated into the paint and
concrete and was bonded to the surface. The water spray was
effective as the first step in reducing the manrem even though it
did not achieve desired cleanup. Temperature of the water spray was
not a factor.

Flushing the walls required less water flow rate and pressure
than flushing the floors, and the overall approach had to be planned
to minimize recontamination. Final disposition of the dirt and
contamination that was flushed to low points was to collect it with
a wet, vacuum-type system and separate out the solids and
contaminants for disposal.
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With the introduction of the teleoptirated mobile robot, ROVER,
water spraying is now conducted as a remote, unmanned operation.
The use of a water spray continues as part of surface
decontamination just as it was introduced in 1980.

High-Pressure Water Flush. Water at a flow rate of 18 gal/min
and nozzle pressure of 6,000 psi was found to be effective in
covering large areas and in moving heavy contamination to pickup
points. Directing the water was difficult at higher flow rates, and
over spray tended to redistribute contaminants to clean areas.

High-Pressure Water Jet. Water at a flow rate of 7-12 gal/min
and a nozzle pressure of 3,000-6,000 psi was found to be effective
at dislodging surface contamination on complex surfaces. This tool
had to be used cautiously because the water jet could remove surface
material at close distances.

Ultra-high pressure sprays (to 35,000 psig) were effective in
removing contaminated paint from surfaces in most cases, including
epoxy-based paints. However, it should be noted that the
enamel-based paint on the manway cover of a steam generator could
not be removed in this way.

Mechanical Scrubbing. Industrial-type scrubbers removed a
small amount of the surface when operated normally in conjunction
with a water flush. This method was very effective, especially on
painted surfaces.

Steam Jet and Vacuuming. Water at 330OF was sprayed onto the
surface under a local vacuum of approximately 16.7—in. hge using a
Vacu-mactf". This was especially effective in removing layered
contamination bound by films of oil, etc. and was particularly
useful on cable trays, deck grating, and other complex surfaces
where acceptable alternatives did not exist. An important benefit
of this system was that it used a minimum of water and collected it
in a single vessel.

Water Scrubber. A 15° rotating water jet floor scrubber at a
pressure of 6,000 psi and at flow rates of 15 to 18 gpm was used on
horizontal surfaces. Recontamination was a serious problem when
using this method.

Strippable Coatings. Strippable coatings (Imperial ALARA DECON
1140) were used on floors and equipment. These were effective in
removing surface contamination and in temporarily protecting clean
surfaces from being recontaminated. This was one of the fastest and
least labor intensive decontaminaton methods, although it
contributes to the waste bulk. It has an added advantage over water
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in that no secondary processing is required prior to disposal. Best
results were obtained by spraying the coatings onto the surfaces.

A self-stripping, non-toxic copolymer was also tested on
heavily corroded reactor vessel guide studs and found to be
effective in removing oxides and loose surface contamination. Two
applications reduced surface contamination from 260,000 dpm to less
than 500 dpm essentially releaseable as no longer contaminated. The
copolymer flakes off the surface as it drys trapping the rust and
contamination within the material's matrix.

SURFACE REMOVAL

A significant amount of the contamination from the accident
penetrated porous, unpainted surfaces or bonded to the paint or
metallic surfaces. This required removal of some portions of the
surface, varying from the paint layer or the metallic oxide film, to
fractions of an inch of concrete.

Many different techniques were evaluated, including liquid
abrasive blasting, chemical treatment, scabbling, ultra-high
pressure water, and vacuum blasting. Important criteria in
evaluating the surface removal techniques were the minimization of
airborne contamination or added waste and the removal efficiency.

Abrasive Blasting and Grinding. These conventional methods
were discounted early in the evaluation process because they tended
to create airborne contamination and/or added to the waste disposal
problem.

Mechanical Scabbling. Controlled impact breakdown of concrete
surface using reciprocating pistons is an industrial technique for
preparing concrete for resurfacing. A standard commercial, manually
operated system was evaluated for removing contaminated surface
material from floors early in the cleanup with very good results.
Later, EPRI developed a remote operated 7-piston scabbier with a
vacuum system mounted on a remote operated vehicle, identified as
the MOOSE to eliminate operator exposure and fatigue. The MOOSE can
scabble up to 400 square feet of concrete surface per hour, removing
1/16 inch of the surface. Although not completed in time to
contribute directly to TMI-2 cleanup, this has been used
successfully at other nuclear plants. A 3-piston head scabbier was
built on the LOUIE-2 remote operated vehicle and has been
successfully used in limited access areas of TMI-2. Mechanical
scabbling has proven to be very effective in removing the necessary
amount of surface to achieve the desired decontamination, minimizing
the waste dispos~l problem. The reacting forces created by the
mechanical operation make it difficult to use on vertical surfaces
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and the inherent size of the vehicle restricts its use to fairly
open areas. Hand tools are employed for smaller areas and trim work.

Hydro Scabbling (Scarification). Ultra-high pressure water
jets were used to remove contaminated surface from vertical walls.
Pressures up to 36,000 psig were used with both a single jet for
detail scarifying or rotating jets for wide area coverage. The
actual gun weighed only 13 pounds and could be operated manually,
with a remote manipulator or with a robot.

The water jet erodes the surface away and its effectiveness is
dependent on surface hardness, pressure, flow rate, stand-off
distance, and rate of movement.

The hydro scarifier offers the advantages of low reaction
force, small light-weight tool, and relatively high production
rate. The disadvantages are the spread of contamination, the need
to use another process to pick up and dispose of the waste, and the
difficulty in controlling the actual desired amount of surface
removal, which is affected by the variation in hardness of the
different materials and aggregate of concrete.

The residue from the water scabbling was removed by water flush
and vacuuming and subsequently separated from the water and disposed
as waste.

INTERNAL PIPE CLEANING

Mechanical and hydro non-chemical devices were evaluated for
cleaning reactor coolant system piping. The evaluation phase
consisted of off-site laboratory type testing by EPRI of a wide
range of devices and the on-site evaluations of two devices found
most suitable for TMI-2.

The basic cleaning problem defined for the laboratory was to
remove corrosion layers and loose fuel debris in pipes with 90°
elbows varying from 0.75-in ID tubing to 3-in ID stainless steel
pipe. The corrosion was simulated with paint and high-temperature
oxides; the debris was simulated with tungsten powder. The devices
tested varied from water jets to rotating tools to pipes. The
criteria for evaluation was cleaning effectiveness, ease of
operation, and adverse effect on pipe finish.

As a result of the laboratory evaluation, three devices were
selected for evaluation at TMI-2: a rotating brush, FLEX HONE tool,
and two rotating water jets, the MOLE NOZZLE and the Cavijet nozzle.
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The FLEX HONE used a motor-driven rotating brush assembly of
nylon bristles with silicon carbide tips. The tips were available
in 2-, 4-, and 6-in diameters. The MOLE NOZZLE used an 8-jet nozzle
at 10,000 psig. The cavijet nozzle used a special nozzle operating
at 7,000 psig to produce bubbles for cleaning action.

The FLEX HONE and MOLE NOZZLE were initially tested at TMI-2
for effectiveness in cleaning drains which were believed to be
substantial radiation sources. The success of the FLEX HONE and
MOLE NOZZLE on the drains was inconclusive, principally because the
test conditions were considerably different from the original
requirements for the reactor coolant piping. The FLEX HONE and MOLE
NOZZLE have not been tested on the reactor coolant piping to date.

The ideal use of these tools was to use the MOLE NOZZLE to
remove loose debris and then the FLEX HONE to remove corrosion
products, followed by the MOLE NOZZLE to flush the pipe again. Soft
materials such as paint or PVC tended to clog the FLEX HONE silicon
tips.

The cavijet, while not yet tested at TMI, was found to be very
effective in removing surface coatings and is still planned for use
in the reactor vessel.

REMOTE TOOLS FOR OEFIJELING

Removal of the damaged core from the reactor vessel nessitated
design, fabrication and testing of a family of tools. These tools
consisted of a special purpose end effector attached to a
long-handled pole. The end effectors varied from a simple hook to
hydraul.icly operated shears; a catalog of over one hundred different
end effectors was created. The long-handled poles were segmented
into 22-ft and 7-ft sections with the longest reach being 36 ft.
High-pressure lines were run through the center of the tools.

The tools operated through a slotted, rotating work platform
installed above the reactor vessel. This work platform includes
power and controls for both the work platform and the tools.

Upon removal of all the loose material from the reactor vessel,
A*ES, an Automated Cutting Equipment System will be employed to
dismantle the lower core support structure and access fuel that has
flowed from the core area. ACES is an industrial robot that can
manipulate a plasma arc torch in five degrees of freedom to cut
stainless steel structures varying from 2.5-cm to 35-cm thick and
under 35.4-ft of borated water.
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MANFRED, MANipulator For REmote Defueling, is a double-armed
remote manipulator that will be used in conjunction with ACES to
dismantle the structures in the reactor vessel. A 40-in arm will be
used to stabilize the MANFRED, while a 72-in arm will be used for
actual dismantling. Position information from both ACES and MANFRED
will be fed to a display system for use by the operators for
collision avoidance between the two systems.

WORKHORSE

The Workhorse is a remote work vehicle developed by
Carnegie-Mellon University specifically for the TMI-2 basement
environment. It consists basically of a telescoping boom mounted on
a wheeled mobile platform with outriggers for stability. The boom
can reach to a height of 23 ft above the floor and includes a family
of end effectors for performing work, such as grinding, cutting,
etc. Electric motors supply the basis power including a
20-horsepower hydraulic power plant. A manipulator arm, attached to
the boom, can be taught to perform tasks, making the Workhorse a
true robot.

CONCLUSION

The cleanup techniques developed at TMI-2 are useful for
surface decontamination during decommissioning. The benefits
derived at TMI-2 have been to:

o Reduce worker exposure
o Reduce the amount of material to be disposed of as

contaminated waste
o Reduce the quantity of high-level waste
o Increase the production rates.

The key factors in achieving these benefits are more effective
tooling and extending the workers' reach via remotely operated
tooling.
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MICROWAVE DECONTAMINATOR
FOR CONCRETE SURFACE DECONTAMINATION IN JPDR

Hideo YASUNAKA, Masanao SHIBAMOTO, Takenori SUKEGAWA,
Taichirou YAMATE and Mitsugu TANAKA

Japan Atomic Energy Research Institute,
Tokai-mura, Ibaraki-ken 319-11, JAPAN

ABSTRACT

Radioactive contamination of nuclear facilities must be evaluated to
determine appropriate decommissioning procedures which address both worker-
exposure and waste management. The Japan Atomic Energy Research Institute
(JAERI) measured concrete surface contamination prior to the dismantlement of
the Japan Power Demonstration Reactor (JPDR). Measured penetration-depths of
the contamination were within 2cm of the surface.

JAERI has developed a microwave decontaminator for concrete surface
removal. It can remove the surface of concrete to a depth of more than lcm
with a single-pass, and be used for walls as well as floors.

Concrete surface contamination of the JPDR will be removed by both the
microwave decontaminator and conventional machines to evaluate the usefulness
of the microwave decontaminator.

INTRODUCTION

Concrete surface contamination occurs at nuclear facilities from spills;
and leaks of radioactive liquids during operation.

The decommissioning of a facility produces radioactive wastes which must
be treated and disposed of in a controlled manner. The removal of the
contaminated concrete surface layer before the demolition of buildings reduces
the volume of radioactive waste.

Concrete surface contamination was measured in the JPDR to make a
decommissioning plan prior to the dismantlement of the facility. Penetration-
depths of contamination were within l-2cin of the surface. Contamination was
found not only on floors but also on walls.

Scabblers and plainers used for construction work are planned to be used
for concrete surface decontamination. However, they can not remove a lcm of
thickness of concrete surface with a single-pass. Thus, much time is needed
to remove contamination which has penetrated to the depth of 2cm.

Starting in 1983, JAERI has been developing a microwave decontaminator to
remove concrete surface contamination.* It can remove more than lcm of
concrete surface in a single-pass. Its usefulness for concrete surface
decontamination was confirmed by performance tests.

This presentation will describe the concrete surface contamination of the
JPDR, performance of the microwave decontaminator and its applicability.

* This work was performed by the Japan Atomic Energy Research Institute under
contact from the Science and Technology Agency of Japan.
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CONCRETE SURFACE CONTAMINATION OF THE JPDR

Concrete surface contamination was surveyed as part of the plan for the
dismantlement procedure of the JPDR.

Loose contamination was measured by the smear method, and penetrating
contamination was measured by analyzing drilling samples.

Contamination was found in the reactor containment, liquid wasts treat-
ment building, turbine building and spent fuel storage building.
Radioactivities in other buildings were lower than the background level. The
contaminating nuclide was mainly 60Co, but 137Cs was found in limited areas of
the liquid waste treatment building, turbine building and spent fuel storage
building. Figure 1 shows the distribution of contamination on the first
basement of the turbine building. Contamination was widely distributed on the
floor, and same was partly found on the walls. Penetration-depths were within
2cm of the surface of the concrete.

Figure 2 shows an example of the contamination penetration depth of the
floor of the liquid waste treatment building. Contamination was not found
within 5cm of the surface, but more than lO'^uCi/g was found at a depth of
6-7cm. A review of the JPDR operation record disclosed that a large spill of
radioactive liquid occured, and the contamination had been covered by mortar
in order to prevent it from spreading. This indicates that documentation of
contamination during operation is very useful for planning reactor
decommissioning.

Figure 3 shows contaminated area as a function of penetration-depth.
Eighty-three percent of contamination was within 2cm of the surface. Where
scratches or cracks in the concrete surface had occurred, the radionuclides
penetrated more than 2cm. The deepest penetration depth was 11cm.

MICROWAVE DECONTAMINATOR
Device

Contamination limited to surface coatings can be removed by scabblers and
plainers. However, they do not have "sufficient performance to remove
penetrating contamination. A microwave decontaminator has been developed for
removing this type of contamination. It is able to be used on walls and
ceilings as well as floors.

Microwave energy irradiated to concrete is absorbed within a few
centimeters of the surface of the concrete. The absorbed energy heats water
of hydration in concrete. This causes both high steam pressure and subsequent
concrete surface removal by a spalling process as shown in Fig.4.

An isometric view of the prototype decontaminator is shown in Fig.5.
It consists of three 5kw magnetron units in parallel ((Din Fig.5), wave guides
(25 and irradiating heads (|3D. 2450MHz microwaves generated by magnetrons
propagate through the wave guide to the head and onto the concrete surface.
The head moves at a constant speed for continuous surface removal, and the
head can be oriented to walls, ceilings and corners. The standoff (distance
between the head and concrete surface) is adjustable by raising or lowering of
the head. Concrete debris is collected by the vacuum system attached to the
microwave irradiating head.
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Performance Test and Discussion
Performance tests were conducted to obtain operational data for the

microwave decontaminator. The results were:

Shape of irradiating head. Figure 6 shows shapes of three types of
irradiating heads, a spread type, a straight type and a tapered type. It also
shows a cross section of the concrete removed by each. The spread type
removes the concrete surface deeply and smoothly, compared with the other
heads. Therefore, the spread type was chosen as the irradiating head of the
microwave decontaminator.

Effect of parallel irradiation. The material volume removed was compared
for one, two and three magnetrons. Three units in parallel removed up to 14
times the volume of one unit, and 6 times the volume of two units. This
demonstrates the effectiveness of parallel irradiation.

Standoff. The removal depth increases as the standoff decreases as shown
in Fig.7. A standoff of 20mm was selected because of good performance and
because a concrete surface is usually a little irregular.

Head moving rate. The effect of the head moving rate on removal depth is
shown in Fig.8. The removal depth varies inversely as the head moving rate.
Contamination partly remains at more than 4mm/sec. Then the head moving rate
was determined to be 3mm/sec. Furthermores overlap of successive scanning
passes is necessary as shown in Fig.9(a). Contamination remains without
overlap as shown in Fig.9(b).

Dust concentration and size of concrete debris. Controlling dust
concentration is important to minimize worker exposure. Dust concentration
was 2mg/m3 using the vacuum system, and 200mg/m3 without the vacuum system at
about 2m from the concrete surface. Figure 10 shows a weight distribution of
concrete debris by size. About 70% of concrete debris was larger than 5mm in
diameter.

Collecting of concrete debris by the vacuum system. At first, 50% of the
concrete debris was collected by the vacuum system. But, through the
improvement of the shape of the attachment, this was increased to 70%. An
increase of the vacuum system capacity should provide more improvement.

Influence of water content in concrete and cracks on concrete surface.
Two concrete blocks with different water content were tested to compare the
removal depths. Table I shows the composition of the blocks. The removal
depth was 22mm for A3 and 16mm for B. The water content was 4.3% for A, and
3.5% for B. The removal depth increases in accordance with water content.
Cracks also effect removal depth, occasionally having an infavorable effect on
spalling because of the escape of steam.
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Effect of coating on concrete surface. The effect of paint coatings was
investigated using epoxy and urethane resins. The removal depth was reduced
to 80% of concrete without coating. Gases produced were analyzed. Toxic
gases were to be undetectable.

Performance in comparison with conventional techniques. The performance
of the microwave decontaminator was compared with those of various existing
decontamination machines. Their features and results are suinnarized in
Table II. The removal depth and volume of the microwave decontaminator were
larger than those of other machines. The microwave decontaminator was
effective for wall decontamination. However it was difficult to use a
scabbier and a plainer for a wall, because they were toe heavy to be supported.
The microwave decontaminator presently does not remove sufficient material
from inside corners. A special head will have to be developed. A hand-
breaker was effective for walls and corners, though it needs much time to
decontaminate large areas. A steel grit blast generated a large quantity of
secondary wastes, and work efficiency was small. It is not suitable for
decontamination of a large area.

As the prototype microwave decontaminator is larger than other machines,
it has to be compact in order to decontaminate in a confined -place of a
nuclear facility.

Applicability for nuclear facility decontamination. The microwave
decontaminator can remove penetrated contamination within 10-20mm of the
concrete surface by a single-pass operation, and 20-40mm by a double-pass
operation. This will remove most contamination on uncoated concrete surfaces
in nuclear reactor facilities. It is also applicable for decontamination of
coated concrete floors and walls.

CONCLUSION

A microwave decontaminator is being improved further to make it compact
and to equip it with a self driving system and a flexible wave guide for
easy operation.

In the JPDR, concrete surface decontamination will start in 1989. The
microwave decontaminator and conventional decontamination machines such as
scabblers and plainers will be used. Operational data about these
decontaminators will be obtained to demonstrate the usefulness of microwave
decontaminator for concrete surface decontamination. These data will be
useful for decommissioning of nuclear power reactors in future.
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Table. ] Composition of Concrete Blocks Tested

Mix proportion
Water
Portland cement
Sand
Aggregate
Water-cement ratio
Slump *

1
3
6

] 2
0
1 8

A
7 Okg/m3

2 5kg/m3

5 Okg/ra3

0 0 kg/in3

5 2
. Ocm

1
2
7

1 2
0
7

B
3 9 kg/m3

9 Okg/m3

8 4 kg/m3

0 5 kg/is3

. 4 8

. 5 cm
* Slump is an index of consistency of concrete

Table. II Comparison of Concrete Removal Characteristics
among Decontaminators

Tool

Microwave
decontaminator

Scabbier

Plainer

Hand-breaker

Steel grit
blast

Power source

Electricity

Compressed
air

Electricity

Compressed
air

Compressed
air

Concrete removal
mechanisn
Spa11ing caused
by steam pressure

Impact of steel
head

Removal by
cutter blades

Impact of steel
chisel

Steel grit
blasting

Removal depth
by single-pass

15- 30mn

3-7mn

2-km

5- 10nm*

l-5«n

Removal volume
per hour

40x10 3ra3/hr

40x10 V / h r

30xl0-3m3/hr

20xl0:'ro3/hr

1.0x10 3ra3/hr

* Considered to be only a single-pass operation.
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DEVELOPMENT OF A PROCESS FOR THE REMOVAL OF RADIOACTIVELY CONTA-

MINATED COATINGS FROM CONCRETE STRUCTURES, WHEN REPAIRING OR

SHUTTING DOWN NUCLEAR PLANT *

Engelfried, R.; Klopfer, H.; Ricken, D.; Schmidt, R.

University of Dortmund, Konstruktive Bauphysik

Federal Republic of Germany

1. ABSTRACT

In nuclear installations, to prevent radioactive contamination of

structural and plant components, their surfaces are given protec-

tive coatings. The aim of the project was the development and

trial of a process for the removal of contaminated coatings.

An experimental plant was built. Coatings, as used in practice,

where applied to concrete, cement screed, cement-lime mortar and

s:eel plates.

By application of liquid nitrogen, removal of the coatings was

achieved under certain circumstances.

2. INTRODUCTION

Component surfaces, so-called building structures, must be de-

contaminable within the control area, i.e. unavoidable radioactive

surface contamination must be at least partly removable through

washing processes. The contamination must not result in an irre-

versible coating of the concrete and steel construction materials.

For this reason, the pertinent component surfaces are given spe-

cial coatings. Typical structures are:

* The research project was sponsored by the Ministery of Research

and Technology of the Governement of the Federal Republic of

Germany
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On concrete

Dispersion improved cement filler, thickness about 500 p.m.

Epoxy cover coating, thickness about 100 urn.

On screed surfaces

Epoxy intake primer (non-coating).

Epoxy cover coating, thickness about 1000 um.

On steel surfaces

Epoxy zinc dust primer, thickness about 50 um.

Epoxy cover coating, thickness about 50 um.

On cement-lime plaster surfaces

Epoxy filler, thickness about 500 um.

Epoxy cover coating, thickness about 100 um.

If repairs are carried out on these structures, or if a shutdown

of the complete plant is under consideration, a partial decontami-

nation of the surfaces will initially take place, where required

using chemical-physical cleaning processes. Afterwards, the resi-

dually contaminated coating will be removed. After the removal of

these radioactive surface coatings, a repair or demolition of the

no longer contaminated components can be carried out. Up to now,

the following conventional processes are available for coating

removal:

• The sand blasting process

• The high-pressure water jet process

• Flame cleaning

• Pickling

•Chiselling off the coated concrete zone close to the surface.

Especially the blasting processes have been known for some consi-

derable time, and are extremely effective removal processes. How-

ever, these unavoidably produce dust, aerosols and smoke. In
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addition, secondary refuse is produced, such as shotblasting re-

sidues, water, etc.. If the processes are used in this case, both

primary as well as secondary waste would be radioactively charged,

which would make their disposal increasingly difficult. Spreading

of these radioactively contaminated particles in the substrate

materials concrete, screed, steel and lime-cement plaster, as well

as in the air, is unacceptable. The most serious disadvantages of

this process have thus been specified.

This was the reason for developing a new removal process, which is

not subject to these disadvantages. The requirement specification

for such a removal process is:

'The coating must be removable, insofar as it is contaminated

radioactively.

•Spreading of radioactively contaminated components, both in

building structures as well as in the air must not occur.

f Critical secondary waste, must not occur.

• Disposal of the removed coating must be possible in a simple

and safe manner.

ftyymer coating

3. ACTION PRINCIPLE OF THE REMOVAL PROCESS

II- materials are strongly cooled, they contract and become brittle,

This rule can be utilized un-

der certain conditions for the

removal of coatings. Fig. 1

shows a concrete beam coated

on one side with a uniform

polymer coating. If this com-

pound structure is cooled, due

to the material specific ex-

pansion behaviour, different

Concrete beam

Fig 1 Coated concrete beam
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negative expansions in both layers are produced thus generating

constrained stresses. These stresses can be accurately stated by

means of Hooke"s law:

0 = E • £ (1)

With the compound structure urier consideration, the E module of

the polymer coating is larger or smaller than the concrete sub-

strate. Nornally, it will be slightly smaller. However, it does

not have a dominant effect in our deliberations regarding the

intended stress deveJopment. By comparison, the expansion dimen-

sion, is of major importance in relation to the target, which in

the event of a temperature change nan be specified as follows:

'0

The thermal length change coefficient ot^ is that of the material

specific dimension, which characterises the elongation behaviour

of the material under changing temperatures, i.e. with a tempera-

ture interval &t>. The coatings bound by organic high polymers,

always have a higher thermal length change coefficient than that

of the substrate concrete. This produces the finding that the

intended action mechanism of the tension structure is especially

determined by this thermal length change coefficient in connection

with a trial induced operated temperature interval.

In principle, two alternatives lead to the intended forced

tensions:

A) The total compound system is cooled, in that it is subjected

on all sides to a "refrigeration medium". The compound loaded

forced stresses are then produced from the resultant difference

In the compound body contraction stresses between concrete (a)

and coating (b):
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Aa, = E a, (3)

B) The compound system is cooled, as rapidly as possible (cold

shock), by the application of a "refrigeration medium" solely

from the coated side. The temperature interval Ac9 of the con-

crete is thus practically zero, which causes contraction to

occur solely in the polymer coating.

Aon = (4)

Supply cf a
re*r,gerQtion
mpd IUTI

Withdraw! of neot
teoas to contractions
in the polymer coding

Fig 2 One-sided application of c
refngerot'on medium

It is easy to see that the

forced stresses produced in

Alternative B are greater.in

size than the forces arising

from the considered diffe-

rence from the total cooling

of the compound structure.

In the latter case, the com-

plete contraction efforts of

the coating is faced with

the virtually uncontracted

concrete beam. Fig. 2

clearly shows these details.

The second alternative is preferred below, especially as it is

simpler to implement on building structures of the considered

installation. Through one-sided, rapid supply of a "refrigeration

medium" and the consequently initiated contraction efforts within

the coating-plane, forced stresses are produced in the threshold
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between the concrete beam and the coating, which under certain

circumstances result in breakage between both these compounded

substances. In the specified target analysis, the radioactively

contaminated coating would separate in splinters from the non-

radioactively contaminated concrete, without decomposing into

fine particles, thus permitting relatively easy disposal.

4. SELECTION OF AVAILABLE "REFRIGERATION MEDIA"

The specification made on potential "refrigeration media", is in

principle:

11 mus t,

• cause extremely strong cooling,

•be applicable easily and safely,

• be easy to dispose of, and

• have an acceptable price.

From several possible materials, after a rough selection, there

remained the following four "refrigeration media":

• Air

• Oxygen

• Nitrogen

• Carbon dioxide

When liquefied, air and oxygen are easy to apply, and cause very

strong cooling. Disposal directly into the atmosphere is not pro-

blematic. However, due to the oxygen, neither of the substances

is inert, and in the liquefied state form dangerous explosive

compounds. For safety reasons, both these media must therefore

be excluded. There; thus remain nitrogen and carbon dioxide, which

require further fine selection:
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Nitrogen is liquid under normal pressure, when cooled to - 196°C.

It can be applied in the liquefied state, as well as in the

gaseous state at practically the same low temperature, producing

very considerable cooling in both aggregate conditions. Nitrogen,

applied in the liquefied state, evaporates under normal ambient

conditions. The required heat energy is obtained by the liquefied

nitrogen from its environment and thus the coating to which it is

applied. This effect, which can also be described as the produc-

tion of "evaporation coldness", leads to an additional, quite

considerable cooling effect, which does not arise where cold,

gaseous nitrogen is applied.

Where liquefied nitrogen is applied, a detrimental effect is the

so-called Leidenfrost phenomenon. The gas envelopes produced

around the liquefied nitrogen droplets, produce a heat transfer

resistance between the "refrigeration medium" nitrogen and air

resp. the coating to be cooled. Rapid cooling of the item to which

the medium is applied, is thus hindered.

Initial touch trials have shown that the removal of a coating by

the application of liquid nitrogen is successful, and that maximum

heat removal is present, when the liquid nitrogen is applied

finely atomized.

Carbon dioxide is available in the liquefied state in cylinders,

at room temperature subject to a pressure of 50 bar. During rapid

escape of the liquid carbon dioxide partial evaporation occurs,

the unevaporated residue initially solidifies to so-called dry

ice. During evaporation and subsequent sublimation of the dry ice,

a temperature of - 78°C is produced. Compared with the application

of nitrogen, considerably reduced cooling occurs. Additionally

detrimental is the foam structure of the dry ice, since the heat

energy removing medium cannot be exchanged rapidly enough due to

its inertness from the rheological aspect. Variations in the
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manner of application of the dry ice did not produce any improve-

ments. The removal of coatings from the substrate was not possible

in this way by any of the methods used.

5. DEVELOPMENT AND OPTIMISATION OF AN EXPERIMENTAL INSTALLATION

Based on the conclusions from the touch trials, it appeared that

coatiny removal through the application of finely atomized liquid

nitrogen was the most promising. A nitrogen jet system was de-

veloped and built, with the following major components:

A 160 1 capacity storage tank for liquid nitrogen, mounted on a

mobile support structure. Between the storage tank and support

structure, a pressure gauge is fitted, which indicates the con-

sumption of liquid nitrogen during application. Via a dip tube,

liquid nitrogen is taken from this storage tank by means of a

pressurising device.

Picture 1 : Nitrogen jet system
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A nitrogen jet carriage, consisting of a vehicle propelled by

electric motor, which can horizontally move at variable speeds of

between o.5 and 1.5 m/tnin. A spraying device is fitted on this

vehicle, which is supplied with liquid nitrogen from the storage

tank, via a special, thermally insulated supply line.

Picture 1 shows a photograph of the trial plant.

With regard to the intended coating removal success, considerable

importance was given to the design of the nozzle head. Two details

had to be given precedence:

Fitting

The nitrogen must be supplied to the spray head by a line system,

in which evaporation is prevented. If this is incomplete, pulsation

occurs to a greater or lesser extent, depending on the gaseous

proportion produced in the liquid

nitrogen jet, which results in an

inhomogeneous spray pattern. This

can be counteracted by a phase

separator upstream of the spray

head. Fig. 3 shows the design of

this type of spray head with

phase separator. The special

characteristic of this component

is that the liquid nitrogen is

supplied separately to each

nozzle.

An alternative spray head design

is shown in Fig. 4. The liquid

nitrogen is supplied here to the

side of a nozzle module system.

At the other end of the nozzle

row, via a valve, gaseous nitro-

r :
• n

A.

Fig 3 Nozzle head with phase separator
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Fig £. Nozzle head

gen can be released

during the initial

phase of nitrogen

application (in this

phase, evaporation of

the liquid nitrogen is

preferred).

Optimisation regarding

the maximum supply of

liquid nitrogen at the

spray head is generally

achieved by an adequate

flow speed in the line

system, combined with appropriately produced pressure.

The nozzle head design (cross-section and outlet opening) as well

as the setting angle 01: the spray head and the distance of the

surface to be applied, must be selected so that a uniformly

covering spray pattern is produced. Fig. 5 shows the spray pattern

that occurs, as a function of the distances from a nozzle brush

equipped with 5 nozzles (dia. 1-5 mm,

setting angle 60°), which is passed

across the surf ace at an angle of 45° .
Nozzle D'usti

*6o°

U-

Fig 5 Spray pattern

As originally stated, the aim is to

subject the compound system to forced

stresses, through strong refrigeration,

which will result in separation of the

coating. The temperatures which occur

during nitrogen application, were de-

termined during a separate series of

trials. Temperature sensors were

fitted at differing depths under the
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surface of coated and uncoated concrete slabs. Using the specified

jet system, liquid nitrogen was applied to the concrete slabs pre-

pared in this manner. A nozzle head was used, located transverse

to the direc-

tion of travel.

Distance to the surface of the coctng <n-nm W h i c h W3S

•0 - 2 -4

20 f N + . . + / -N + ^ equipped with

0 _i_ \ / A ZL V y nozzles of
•j° t \ / \ / 1.5 mm diame-

."fS ! \ / !/ ter and outlet

[II t \ / II openings of 60°
~2 ; W each. The speed

.",oo I I of travel was

[!2g j I set at 0.8m/min.

"•to I I The angle of

. r,, I the nozzles to
•» x J y

Fig 6 Temperature profiles t n e direction

of t ravel was

45°.

Fig. 6 shows a diagram of the measured temperature profiles:

• In direct proximity to the surface: about - 14O°C

• About 2 mm under the surface, i.e. in the threshold area between

coating and concrete slab: - 60°C to - 7O°C

• About 4 mm under the surface: about O°C

6. TRIAL RESULTS

Using the experimental facility, liquid nitrogen was applied to

numerous trial slabs of concrete, cement screed, steel and lime-

cement plaster, which had been given so-called decontamination

coatings. The result of one series is given here, since this is

representative of several trials. Using this series, the laws,

the possibilities as well as the removal limits of coatings by
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heat removal, based on the present state of the art, can be re-

presentatively shown. The concrete slabs used as the carrier of

the coating, are within quality category B 35. So-cal'J.&d Agepan

slabs were used as moulding for the concrete, such as are used

during the concreting of nuclear power plant. The concrete slabs

with a fine-coarse, and low-shrinkage surface structure were

primed with a non-pigmented, epoxy impregnation and cover coated

with various polurethane coatings. The coating structures and the

ageing conditions were varied as follows:

•The pigment volume concentration (pvc), i.e. the volume related

ratio between binder and pigment/fi1ler material amount of the

cover coatings, was used in the trial series in the following

stages:

Variant 1 0%

Variant 2 12%

Variant 3 24%

Variant 4 36%

•The particular cover coating was executed in three different dry

layer thicknesses:

Variant 1 1.0 mm thick

Variant 2 0.5 mm thick

Variant 3 0.25 mm thick

•The nitrogen application was made parallel, after the previous

air, water and furnace storage of the coated concrete slabs:

Variant 1 Storage at normal climate 20/65

Variant 2 Water storage for 6 weeks at 20°C

Variant 3 Furnace storage for 6 weeks at 60°C

Variant 4 Combined furnace and water storage for 6 weeks at 60°C

in the furnace and 20°C in the water
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All trial slabs were placed horizontal under the above specified

conditions. The jet applicator vehicle was traversed across the

surface at a speed of 0.8 m/min. The liquid nitrogen was applied

across the direction of travel by a fitted nozzle brush system,

inclined at an angle of 45° from the vertical. 6 spot nozzles were

fitted on the nozzle brush. Each nozzle had a diameter of 1.35 mm

and an opening angle of 60°.

Depending on the variants of the used samples, virtual or partial

separation of the coating occurred, with a 1 ... 2 mm thick layer

of the concrete sticking to the back of the separated coating- The

separation process can be characterised as follows:

Initially, cracks occurred in the coating parallel to the di-

rection of travel. Generally, these were between the spot nozzles

and covered the complete coating thickness. After tearing

longitudinally, the coating initially curved tranversely, then

Picture 2 : Concrete slabs after nitrogen application
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along the direction of travel and then came away, so to speak, in

single strips from the concrete. Where successful, the raising was

always limited to those zones of the specimens that were away from

the edge. In the edge zones, the coating did not separate due to

the disturbina effects that arose there.

Pictures 2 and 3 show photographs of the surfaces of the blasted

slabs immediately after the application of the nitrogen (Picture 2)

and after additional removal of the loose coating strip (Picture 3).

Vertically, 3 neighbouring slabs each are grouped in a column with

the same pvc, with the triple group on the left being pvc = 0%

(unpigmented), whilst the next triple group being pvc = 12%, then

pvc = 24% and the group on the outside right having a coating with

a pvc = 36%. The three individual columns of the pertinent pvc

groups differ in the thickness of the coating, with the slab of

the first individual row being 1 m.Ti thick, the second individual

row 0.5 mm thick and those of the third individual row having a

coating with a thickness of 0.25 mm.

Picture 3 • Concrete slabs after nitrogen application
and after additional removal of strips
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The horizontal rows are assignable through appropriate conditioning

to the preset age conditions of the coating systems. The uppermost

row is that of the normal climate - stored slabs, the row under-

neath contain in sequence the water stored, the furnace stored and

the furnace/water stored slabs.

The mechanism of separation and the separation patterns can be

explained as follows:

Over the nozzle brush, fitted across the direction of travel,

considerable cooling of the coating also occurs across the di-

rection of travel. Consequently, contractions occur in the cover

coatings, again across the direction of travel. During these con-

traction efforts, the coating is locally subjected to excess

tensile strength, so that a crack is produced in the longitudinal

direction.

That this tearing generally occurs between two nozzles, is evi-

dently due to the overlapping of the spray cone of two neighbouring

nozzles, as shown in Fig. 5. The forced heat removal generated

there by the higher supply of "refrigerating medium" generates

between every two nozzles a maximum stress, within which the

coating tears. The continued contraction effort then leads in the

neighbouring sector to a lifting of the coating.

On both sides of the crack, the fracture surfaces are characterised

by a different type of structure to that in the subsenquently

curving sector of the coating. This indicates that in the tearing

area only shearing forces occur which can separate in a zone of

the concrete that is close to the surface, whilst in the neigh-

bouring sector vectoral added stresses from shearing and curving

processes .lead to a separation of the coating.
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In Picture 3, if one views all slabs in their variants, it is

evident that the best removal success is achieved with a coating

with a pvc of 12%. By comparison, with reducing and increasing pvc,

the efficiency drops. With reducing pvc, the determined behaviour

can be explained by the fact that the polymer binder can avoid the

forces produced by the temperature drop by creeping, due to its

high proportion of plastic deformers, which then counteract tr»e

removability. With rising pvc, the increasing proportion of fillers

and pigments produces a reduced creep capacity as well as a smaller

thermal length change coefficient*^. Whilst the creep capacity is

adequately reduced, the thermal length change coefficient is not

sufficiently large so that adequate force stresses occur which

actuate the separation. However, the smaller the thermal 13ngth

change coefficient of the coating becomes, the smaller are the

contraction efforts and the associated forced stresses in the

neighbouring area.

It was additionally noted that the coating removal success rate was

at its maximum when the thickness of the applied coating was about

1 mm. With a thickness of 0.5 mm, partial removal is still possible,

although the success rate decreases noticeably when the thickness

is only 0.25 mm. This reaction can be explained by the fact that

the forces which lead to forced stresses between coating and

substrate, increase with increasing coating thickness. In addition,

the coating is subjected to increased cooling, since the heat flows

out of the concrete base at a slower rate due to the increased

thickness. By comparison, the binding forces between coating and

concrete are in principle the same with thicker and thinner

coatings.

It has also been found that the coating removal success rate is

increasingly improved, the smaller the (close to the surface)

stability of the coated concrete. This is easy to explain, if one

realises that a low-grade layer of concrete also has a lower

shear and tensile strength.
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7. SUMMARY AND FORECAST

Based on the deliberation, that coatings on construction materials

are subject to contracting stresses under strong cooling, which

can lead to separation, a trial installation was built, with which

liquid nitrogen {- 196°C) can be applied to a coating as a "re-

frigerating medium".

Trials have shown that the separation of coatings is successful

under certain conditions. Favourable factors for the separating

process are stability that is not too high in the close-to-the-

surface coating substrate, a high thermal length change coefficient

oCĵ  of the coating, a minimum creep capacity and a specific layer

thickness of the coating. In addition, the success rate can be

improved by rapid, shock cooling, which can be obtained especially

through installation and application technical optimisation of the

heat transfer during liquid nitrogen application.

The tests have also indicated the possibility of the specific use

of coating systems, which are formulated from the outset for easy

separation, e.g. through incorporated nominal fracture levels,

which will allow at least partial removal. There is also the pos-

sibility of removing thin layered coatings when combined with

thick layered auxiliary coatings.
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ABSTRACT

A Uranium enrichment pilot plant was decommissioned in
1985-1986. This paper concentrated on decontamination concept,
methods and results for the equipments and parts decontaminated.
The kinds of metals involved in the decontamination action were
Copper, Me&el, Aluminium, alloy, mild steel, stailess steel and
so on. Decontamination results showed the surface contamination
levels of most parts decontaminated achieved the required level.
The Uranium contents in Aluminium ingots after melt refining
were from 33 to 232ppm. The decontamination liquid wastes were
treated with multiprecipitation method. The contents of Uranium,
NtLckel, fluoride in supernatant were 0.02-0.1mg/lt 0.02mg/l and
O«13nig/1 respectively,

INTRODUCTION

A Uranium enrichment pilot plant was decommissioned in
1985-1986. After decommissioning the buildings would be used for
other purpose. The equipments were not expected to be reused.
It was decided to dismantle and decontaminate these equipments
for metal recycling. The equipments were contaminated by Uraniua
compounds, mainly UO2F2, with nearly the same isotope composi-
tion of natural Uranium. According to the operation history,
the residual UO2F2 was estimated to amount to 15-2OKg, The
contamination levels of inner surface of dismantled components
were measured and ranged from 0.002 to 4 Bq/cm2for alpha conta-
mination, from 3 to 140 Bq/cm2 for beta contamination.

Considering the nature of contamination chemical methods
were selected as the principal decontamination methods, mecha-
nical methods and melt refining were also used when necessary.

The decontamination methods used in routine maintenance
were not suitable for the purpose. To develop decontamination
methods of high efficiency, some chemical decotaninatioti and
melt refining experiments were carried out. On the basis of
experiment results some decontamination procedures were reco-
mmmded.

EXPERIMENTS OP CHEMICAL DECONTAMINATION

Selection of Decontamination Agents

In order to select the suitable decontamination agents
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for various metals, more than 20 kinds of agents with different
compositions were tested with representative samples. The results
were as follows

Decontamination of Copper parts Using 5/S(NH$2C03+2#H202*
5MN%)2CCk (pH9), 5#A1 (NO3)3 +1 .5#Fe(N.O3)3 +0.2#H2SC>4 (pH1.5), 2M
HCl, or 1.5M HNO3 as decontamination agent with soaking time of
10 rain., the decontamination efficiencies (to be simplified as DE)
were higherihan 97$. The best decontamination effects were obtained
when 5$ (NH4)2C03 + 2% H2O2 wa3 used. During decontamination the
reactions proceeded violently. 3o the operation must be performed
at a site with good ventilation and necessary safety measures. If
5$ (NHz^CO^ solution, was used, reaction was more gentle, but it
needed much longer time to achieve the required effect.

Decontamination of Nickel parts The results showed when
H ) 0 0 2% H 0 1 M WQ 1M HC / N C O 10 D

c o n n a t i o n of icel parts he r e s l s owed when
57$ (NH4)2003 + 2% H202i 1 .5M WQj, 1M HC1, 5/° N&2CO3 + 10 EDTA-Ka2,
5f° A1(NO3)3 +1.5% Fe (1*03)3 + 0.2> H2SO4 was used as decontamination
agent separately with soaking time of 1 hr., the DE were all higher
than 87?5. For the first three agents, the DE were higher than 98?S.
The Uranium contents in decontaminated Nickel plates with 0.2mm of
thickness were below 5ppm.

Decontamination of Aluminium alloys parts Some decontamination
agents were given out in following sequence according to their
decontamination effectiveness: 1 ,2M HCl = 1 .5M HNO3 - 5^ BkOH >
5fo AliWx)-* + 1 .5£ Fe(NO3)3 + 0.2/o H2S04^5# (NH4)2C03 + 2^ H2O2 =
5% Ai(NO3)3 = 1^ Fe(N03)3 , %i (NH4)2CO3 > 5?° Na2CC>3. For 5%
Na2CO3, 5^ (NH4)2C03( H Fe(ND3)3 or 5^ Al(N,O3)3» when soaking for
2 hr., the obtained DE were 80^, 90/&, 95^ and 92^. respectively. The
results were close to their maximal DE. So there was no need to
extend the soaking time further. For 5^ (NH4)2C03 + 2$ H2O2, 5%
AL(NiO3)3 + 1 S% Fe(N/33)3 + 0.236. H2SO4, 1 .2M HCl or 1 .6M ̂ 6 3 , with
soaking time of 1 hr., the Uranium contents in decontaminated Alu-
minium plates with 4mm of thickness were below 7ppm.

All of decontamination results for various agents showed that
alpha emitter (U) was easier to be removed from the surface than
beta emitters (UX-j ,UZ,UX2) (See Table I), and the beta emitters were
easier to be sorbed on the surface. It wa3 found that after decon-
tamination the beta surface residual activity reduced with time.
After 300 days the beta surface contamination levels would be near
to the alpha residual contamination levels measured immediately
after decontamination. It showed the residual beta activity was
mainly contributed by 3h.0rtl.ife daughter of Th-234.

Tue Uranium contents in decontaminating solutions effected the
DE obviously, especially for beta DE. Fig.1 and 2 also showed that
Uranium was easily complexed or disoluted into solution and it s
daughters had greater tendency to remain on the surface. For comp-
lexing agents, for example 5# (NH4}2CO3, it was found when Uranium
contents (added in the form of UO2F2) in decontamination solution
were higher than 5 gU/L, DE (alpha, beta) would be improved. For
corrosive agents, for instance HNO3, Uranium and its daughters came
into solution all together. More recontamination happened when the
concentrations of Uranium and its daughters in solution increased,
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Table I Alpha, Beta Activities Residual
On the Surface of Aluminium Parts
After Decontamination

sample chemical decontamination laying aside after decon.

wing
plate
(cast)

valve
barre l

comp-
ressor
plate

composition of
decon. solut ' .

jĵ NaHCOxipHB)
5$Na.2C03 +2/£H2O;J

5 (̂NiH4)CO3+2^H;p
5f°{ NH4) CO3 (pH9)

5$Al(N!Qj5)-j;+1 .5/0
Fe (NO3) 3 +6 • 2/£H2

5/£Na2C03 (P^13)
5 # NaOH

1 ,5M HNO3
1 ,2M HCl

5# NaHC05(pH8)

5?° Na2C03(pH1'i)

5^(KH4)2CO3+2^H.
5^(HH4)2CO,(pH9'
5-Al(N0_)_+1 ,5$

5i Na^H3 ' 2"
1 ,5M HNO,

pH 1 HCl

1^ Pe(NO,) , (pH2.

°2

304

2°2
)

4

.5)
i

time
(hr)

22

1

1

22

1

22

0,
1
0,

24

4,

1

4 .

1

1

1

4 .
2

2

.5

.5

.5

.5

5

a l

4
0

0

pha beta
T
,6
.7

less 1

1

2

1

0
0,

BDL

10

1

5

0 .

10

0 .

oe
0 .

0 .

.6

.3

.6

5
1

2

3

(*)
30

73
0

8

3
7

BDL

less
less

22

24

1

8

3
2

2

1

3 .
7 .

1
1

,6

5

time
( d )

300

300

300

301

302

301

301

300
300
301

302

302
302

302

301

300

300

300

300

beta
(*)
less 2
less 2
BDL*

BDL

BDL

EDL

BDL

BDL
BDL
BDL

9

BDL

1

BDL

EDL

BDL

EDL

BDL

BDL

* BDL- Below the Detection Limit
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7 t / J *r 7
Uranium contents in 55& (NIL)CO, (gU/L)

Fig, 1 Uranium contents in decontamination solution versus
decontamination efficiency.
Left- for beta DE, Right- for alpha DE

O l 3 S * ' 3
Uranium contents in O.1M HCI (gU/L)

Pig.2 Uranium contents in decontamination, solution versus
decontamination efficiency.
Left - for beta DE, Right- fo r alpha DE
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especially for the daughters.
Decontamination of mild steel parts Most parts of the equip-

ments were made of mild steel. Among them the steel pipes were the
most difficult to be decontaminated, because there were rusty and
crud on the inner surface in varying degrees. This condition also
caused quite different decontamination effects for different agents,

The beta contamination levels on the inner surfaces of steel
pipe with slight corrosion were 30-200 Bq/cm2, For these pipes only
2M HC1 or of higher concentration and 15$ H3PO4 + 8.5/6 CrOj had
satisfactory effects (decontamination factor more than 300;. Ths
Uranium contents in ILe pipe with Java 01 thickness were below 8ppm
after decontamination with soaking for 4hr..

When the ratio of the volume of hydrochloric acid solution to
the surface of decontaminating parts equal to 10-15, the concen-
tration of hydrochloric acid solution should be higher than 1M to
obtain effective decontamination (Fig,3), During practical opera-
tion the concentration of hydrochloric acid solution should be
kept higher than 2M. In decontamination some fraction of U02^ was
reduced into U4+ and then deposited on the surface of pipe. Porous
rust could obsorb much more Uranium compounds, so that the surface
contamination, level would increase rapidly until rust on the sur-
face disappeared (Fig.4). The Uranium contents in hydrochloric
acid solution must be kept below 3 gU/L and the concentration of
hydrochloric acid solution higher than 2M during decontaminating
steel pipes.

Hand scrubbing of unwieldy parts There were a lot of unwie-
ldy parts that could not be decontaminated with soaking, ̂ p hand
scrubbing decontamination technique was employed. Experiment resu-
lts showed after scrubbing with 5# (NH4)2C03 or 1-2M HNO3, the
surface contamination levels could be decreased to required level
(Table II).

The Decontamination Procedures Recommended

Based on the experiment results and considering some other
factors, following decontamination procedures were recommended:

Copper-
(1) 5# (NH4)2C03 -f- 2% H2O2, soaking for 10-20 min.,

rinsing. (2) 2M HNO3, soaking 10 min., rinsing.
Nickel-

(1) 5$ (Nli4)2CO3 + 2f» H2O2, soaking for 10-20 min.
rinsing. (2) 1M HNO3, soaking for 10-20 min., rinsing.

Aluminium alloy-
(1) ofo. (KH4)2C03, soaking for 1-2 hr., rinsing, (for

slightly contaminated parts;
(2) 2-4M HNO3, soaking for 10-20 min., rinsing, (for

heavily contaminated parts)
(3) 10>6 HaOH, soaking for 10-20 min., washing, (for

shallow layer contaminated parts;
When the required level could not be achieved using

above mentioned procedures, melt refining would be employed.
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Table II Results of Hand
Parts Metal Charact. of Decont. solution

surface

OK 7/8 steel light yellow
item
item 0.8M HNO3

green-yellow ""*"••

i t e m j,»\-<*'q.i2
2,SH2O2
0 .8M" rDJO

appara- q
tus tanka

item
black

greenr-yellow IK
yellow 5,t
dark grey
grey
grey

4
item

ccmpre- . ,
ssor cast3teel g^y-green

yellow
yellow

sfieve 3*3' sreen

%?** steel grey

1 ,5M HNO3
0.8M KMO

1 ,5M HKO3

Scrubbing
Beta

or ig i . 1

147 3ti/cm*
160
37

230
400

310

103
86
23
15

8
6

666
233
170

s t

2.1
6.4
3 .3
7.1

°3.5
40.4

7.4
6.2
1 .1
2 .7

5

43
13.1

6.2

DF
2 nd

3.2
10.7
11 .7
16

29.3

55
42
24.6

1
3.9

20.3
12

17.3

3 rd

3.2
14.5

46.9
67.1

4.1O4

32.7
32.3

9.3

21 .8

origi

43
30
26
40
37

33
27
26
40

7
43

2

21

Alpha
. 1st

1 .7
33.3
28.5
3.5
9.1

152

3.4
10

4,2
1.5

1 .5

3 .7

DF
2nd 3rd

1
8

312
3

36

597

16
36

4
2

18
2

,9 7.2
.2 22.9

.9

.5

.4 262

.6

.8

.3

30

12

12

1 .9 1 .2 12



Mild steel-
Hand scrubbing with ?% (NH4)2C03 or 1-2M HNO3; or

2-4M HC1 soakiig for 1-8 hr.f rinsing.

Decontamination Results of Equipments and Parts

1300Tons of various metals were decontaminated with recommended
procedures. The measurement results showed that the beta surface
contamination ranged from 0.2 to 17 Bq/cm2 o n 7207 parts and the
alpha surface contamination levels from 0.003 to 1 .51 Bq/cm2 on 3J>0
parts. The contamination levels of most of the parts achieved the
required level after decontamination.

MELT REFINING EXPERIMENTS

During long period of operation, Uranium contaminants could
entry into the inside of metal, especially for cast Aluminium parts.
Measurements showed the Uranium contents in different depth of cast
aluminium parts were 0.5-1 mm, 53OOppm; 3-4 mm, 335Oppm; 9-10 mm,
13ppm, The beta contamination levels in different depth were given
in Table III.

Table III The beta contamination levels
in different depth of cast aluminium
parts (Bq/cm2)

No. surface 1 mm 2 mm 3 vm 4 ran 5 ûn 6 nun 7 ram

62
63
64
71
72
73

36.3
2 .5

14.8
15.0
18.1

104

18
10

.0

.4

3
12

77

.2

.1

.6

18.2
5.6

BDL*
0.47
0 . 5
6.1

3.6
1 .6

BDL

BDL

3.5
0.04

* BDL- Below the detection limit

For the sake of metal recycling or volume reduction of solid
waste, the melt refining experiments were carried out with the cast
aluminium parts mentioned above.

Tatsuhika, Uda.(1) and Heshmatpour, B. (2,3) had reported
their experiment results of melt refining. They pointed out fluo-
ride-containing fluxes were effective. The goal of our experiment
was to select suitable fluxes for large scale melt refining. At
high temperature whether the Uranium can be removed from the basic
metals, it depended on the molecular free energy of their oxides.
When melted, the shallow layer of the aluminium parts could be
removed as A12O3 from the melted aluminium and UO2F2 decomposed to
UO2, came into slag with AI2O3. Because of the very active chemical
properties of aluminium at high temperature, it could reduce UO2
into U ( 4A1 + 3UO2 = AI2O3 + 3U ) and form (Al-U) alloy. Suitable
fluxes could delay or inhibit this reaction. During the experiments
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more than one hundred kinds of fluxes with various compositions
were tested. Effects of melt temperature, melt period, composition
of aluminiumalloy and times of melt on the DE were studied. Total
gamma activity and residual uranium in aluminium ingots were used
to assess the effects.

Results of Melt Refining Experiments

The results showed all of the fluxes that contained fluoride
had better effects. Other useful fluxes were also given in Table IV

The total gamma activity of aluminium ingots decreased with
time, as presented in Fig. 5 and 6. It indicated that Uranium was
easier to be removed from aluminium by melt refining than its? daug-
hters. Th-234 was the main contributor of gamma activity. Those
phenomena were similar to that in chemical decontamination.

Melt temperature appeared to have evident influence on DE of
Uranium, except when the mixtures of fluoride and chloride were
used as fluxes (Fig.7) . That was because high temperature was favo-
urable for Uranium to exist in form of oxide (Fig.8). Short melting
time was advantageous to melt refining of aluminium (Fig.9). Within
10 min,. after melt down of aluminium, Uranium oxide could be con-
centrated into slag. It was found that the composition of aluminium
alloys had great influence to Uranium residual in ingots (Table V).

Table IV Decontamination efficiency of various fluxes

No.

on cast aluminium alloy

flxix composition sample total gamma residual(^) U residual(^)
(wt (g) min. laying (d)

1 14KaF76KCH 0 BaCl2 100
2 14NaF1Na2C0376KCl i m

10BaCl2
3 14HaP76NaCH0CaCl2 100
4 141:LC114NaF62KCl
- 10BaCl2
0 1 5L1C115NaF5O BaCl2

20KC1
6 KC1
7 SaCl2
8 50KCl40BaCl?10CaCl2i00
9 5OKC15OBaCl2 100

10 90NaCH 0Na2C03 100
11 50BaCl250Na2S04 50
12 26NaC174Na2S04 50

100

100

100
100

29.4 9.5 (173d)

43.5 10 (167)

35.2 9.2 (128)

33.3 9.1 (151)

45.5 16..1

23,8
16.1
20.1
34.5
32.3
22.7
29.1

16.9
12.3
10.4
23.8
27.8

(15D

(149)
195)
(167)
(167)
(167)

8.6

8.9

8.6

8.3

14.9

15.8
11.2
10.2
19.7
26.6
22.6
23.5

17+11

26+15

28+17

19+12

18+7

26+14
27+17
20+1 2
39+20
47+18
45+16
29+4

* Amount of fluxes: 10$ Of sample wight
Melting temperature: 800 "C
Melting time: 1hr.
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Table V Effects of composition of aluminium a l l oys
to the uranium r e s i d u a l {/<>)

f lux composition
(tft/o)

14NaF76J:ci10BaCl2

26NaC174Na2SO4

KC1

50KCl40BaCl210CaCl2

composition of aluminium a l l o y s ( ^ )
88.5A1 9 .
0.21Mg 0 .
0.03Mn 0 .
0.002CU

13.4+0

13.7+0

5.0+0

•<.?+o

19Si

005F«

.5

.7

.4

.6

89.97A1 7.5Si
0.29Mg 0.3Zn

i 0.003Fe0.001Cu

20 .0+2 .0

29.3+0.1

26.9+0.1

40 .0+3 .0

91 .76A10.0431
1 .66Mg0.03Mn

0.01 CuO .001 Fe

18.0+1 .0

28.0+3.0

4.0+2.0

10.0+2.0

The first and third aluminium alloy appeared to have higher
DE. The raason perhaps was that there was higher contents of Si
(9.19$) in the first alloy and higher contents of Mg (1.66$) in
thethird one. When increase of Si content, Uranium had more chance
to form uranium silicides. It would reduce the probability of
forming (Al-U)alloy. For the third one the formation of (Al-%)
alloy resulted in the decrease of free energy(Fig.10). The equili-
brium constant of (Al-Mg) allov with U02 would also decrease with
increasing Mg contents (Fig.11). So uranium wcuM be removed more
easiljr. Duplicating melt refining was not helpful to decontamina-
tion.

In the experiment 3 tons of uranium-contaminated aluminium
alloy parts were refined. Original beta contamination levels were
between 0.5-24 Bq/cm2, and uranium contents between 38 - 2100ppm.
Melting temperatures were about 750 - 800 C. Melt period was 20 -
30 min. The maximum uranium content in the aluminium ingot after
melt refining was 232ppm (beta surface contamination level less
than 2 Bq/em2) and its average cont' it was 102ppm. Those value
(102ppm) responded to 7.2 10-8Ci/lCg. Partition radio (defined as
the amount of contaminant in ingot divided by the amount of conta-
minant in slag) was 0.013 - 0.005.

Table VT and VII presented the results of melt refining tests.
All of the results were better than those in laboratory experiment.
The reason was different melt technique was employed.

Melt Refining Procedure Recommended

Based on the results obtained following fluxes and other
parameters were recommended:

Fluxes - (1) 14,1 i«W + nG\ kc;i 1- I'Xl jt.iji-

KC1(?)
(3) 50# KC1
(4) 26% NaCl

BaCl2 CaCl2

IV-146



Free energy (cal/g atom)

o

CD

o
Ml

(0

oo
S3
+

Equilibrium constant(K)



Table VI Results of Melt Refining

No. sample flux composition flux origin U ingot U slag partita on
(Kg) (Wt£) (&) (ppm) (ppm) (ppm) ratio,**

2

4

V
Jl

7

8

9

10

11

12

13

14

V
Jl

16

17

18

19

20

21

150

150

150

150

150

150

110

140

120

140

150

150

170

150

145

120

190

150

150

BaCl2

BaCl2

50KCl40BaCl21 OCaCl,

item

item

item
item

item

item

item

item

90NaCl 10Fa2CQ,

70NaCl 3ON3a2CO,

5OKCl4OBaCl21 OCaCl2

10NaCl80BaCl21OCaClg

70NaCl 30Na2C0,

90NaCl 10Na2C0,

70NiaC120Hia9C0,
iOBaCl2 ^

70MaCl 30NaoC0,

10

10

> 5

VJ
l

V
Jl

10

10

7

7

7

7

10

9

5

10

10

5

5

5

780

780

1570

1600

1300

1300
1600

1600

1600

1600

1800

1800

2100

1100

1600

500

600

200

100

187

182

150

118

135

160

232

63

134

125

156

139

71

34

33

34
68

29

71

4370

7320

9990

2470

6840

1350

4690

2

1

1

5

2

1

4 .

. 2

.3

.4

. 0

.1

.5

3.10"^

10-2

10-2

10-2

10-3

10-2

10-2

* Melting temperature 750-800 "C
Melting time 2O-3Omin.

** Partition ratio defined as the air aunt of Uranium in the
alumini'ua ingot divided Tbj- li.e nrvr.ir.i: of Urv~riuir. in
the 3las.
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Table VII Surface contamination levels of aluminium ingots
after melt refining

No. sample flux composition
(Kg) (Wt4

origin* ingot(Betat* ingot(Alpha)
(Bq/cm2) (Bq/cm2) (Bq/cm2)***

3

4

5

7

8

9

TO

11

12

13

14

15

16

17

18

19

20

21

150

150

150

150

150

150

110

140

120

140

150

150

170

150

145

120

190

150

150

BaCL2

2aCl2

50KCl40BaCl21 OCaCl2

item

item

item

item

item

item

item

item

90NaCl 10Na2C03

70-NaCl 30Na2C03

50KCl40BaCl21 OCaCl2

10NaCl80BaCl21 OCaCl2

70NaCl 3ONa2CO3

90NaCl 10Na2C0_,

7ONaCl2ONa2C0310BaCl2

70NaCl 30NaoC0,

3

8

16

17

13

15

16

16

17

17

18

18

24

15

16

12

14

0 . 7

0 . 5

0 . 7

0 , 6

0 . 7

0 . 6

0 . 7

1 .8

2 . 0

1 .4

0 . 4

0 . 9

1 .1

0 . 7

0 . 3

0 . 7

0 . 8

0 . 8

0 .2

0.005

o.n

0.009

0.007

0.007

0.002

0 .011

0.005

0.009

0.001

0.008

0.002

0.003

0.002

0.002

BDL****

BDL

* That was an estimated value.
**It was measured after 60 days of decontamination.
*** It was measured after 120 days of docontamination.
****EDL means oelow the detection limit.
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Melt temperature: 900 "C
Melt period: 10 - 20 min.

RADIOACTIVE WASTE MANAGEMENT

Liquid Waste Management

In decontamination three kinds of liquid wastes were generated
Alkaline liquid waste mainly came from decontamination of separa-
tion membrane . Contents of U, Ni, P in this waste were 4c8 g/L,
5.4 g/L,2.8 g/L respectively. Acidic liquid waste came from decon-
tamination of aluminium, copper and mild steel parts. Acidity was
about 1M and uranium content was about 2 mg/L. Liquid waste with
Al(0H)3 was generated in decontamination of aluminium parts with
shallow layer contamination by 10/2 NaOH, uranium content was near
to 0.7 mg/L.

Precipitation and sorption methods were used to treat the
first two kinds of waste. The flow sheet was asfollows;

CO? NaOH(S)

IT1
dischags

(UO2)Pe(CN)6

Radioactive sludge MnO2+UO2

Contents of U, Ni, F in the supernatant after treatment were
0.02 - 0.1 mg/L, 0.02 - 0.5 mg/L and 0.02 - 0.13 mg/L respectively,

The liqiud waste containing Al(0H)3 was solidified with
cement.

Solid Waste Management

Radioactive slug sent to plant to recover uranium. Combus-
tible wastes, such as cotton, cloth, masks, gj.oves, wood and so
on, would be burnt to reduce the volume. 21 Tons of metal parts
that were difficult to decontaminate were stored as solid waste.
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CONCLUSION

In the decontamination experiment and practice valuable
results end experiences were obtained for the decontamination of
nuclear facilities contaminated by uranium. The experiences indi-
cated that following chemical decontamination procedures can be
used:

Copper- (1) 5# (MH4)2CO3 + 2# H2O2, soaking for 10-20min.
(2) 1M HNOx, soaking for 10-20min.

Mickel- (1) 5$ (NH452CO3 + 2fo H2O2, soaking for 10-20ain.
(2) 1M HNO3, soaking for 10-20min9

Aluminium alloy-
(1)5^ (NffyjCOj, soaking for 1-2hr. (for slightly

contaminated parts)
(2) 2-4M HRO3,soaking for 10-20min. (for heavily

contaminated parts)
(3) 10/a MaOH, soaking for 10-20min. (for shallow

layer contaminated parts)
Mild steel-

(1) hand scrubbing with 5^(NH4)2CO3 or 1-2M HNO3
(2) 2-4M HC1, soaking for 1-8hr.

Melt refining for aluminium alloy with internal contamina-j
tion:

Fluxes- (1) 14# NaF + 76% KC1 +10^ BaCl2
(2) KC1
() ^
)

()
(3) 5O^KC1 + AQfo BaCl2 +
(4) 26?S NaCl + lAfo Na2304

Melting temperature- 900 C. Melt time- 10-20min.

Precipitation and sorption procedure can be used to treat
the radioactive liquid waste generated from decontamination. The
contents of U, Ni, F in supernatant were O.O2-iO.l mg/Lt 0.02-
C.5 mg/L andO.o2-0.13 mg/L respectively.
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DECONTAMINATION FOB DECOMMISSIONING OF NUCLEAR POWEB PLANT A-1

J. Bla2ek; E. Hladky; D. Majersky; V. fiehdc'ek
Nuclear Power Plants Research Institute
Trnava, Czechoslovakia

ABSTRACT

The paper presents results of phase analysis of
corrosion product layers formed on a low-alloy steel of the
secondary circuit and stainless steel of explosive mixture
combustion system in the NPP A-1 and results of experimental
verification of decontamination efficiency of different
procedures for chemical and electrochemical decontamination of
materials mentioned above. A methodology is described for
determination of acceptable residual contamination of metallic
materials from decommissioning of nuclear power plant for
their introduction to the environment after remelting and
reprocessing.

INTBODUCTION

The Nuclear Power Plant A-1 {NPP A-1) with C0 2 cooled
and heavy-water moderated reactor with 150 MWe output was
definitely shutdown in Febr. 1977, after 5 years of operation.
Considering existing technological base, availability of waste
management and disposal facilities in Czechoslovakia the NPP
A-1 is currently under decommissioning to the first upgraded
stage (according to the IAEA classification), with partial
dismantling of the secondary and selected auxiliary circuits.
Among operative decommissioning problems, the issues concerniig
decontamination of materials from the circuits and metallic
LLW management have to be studied. The objectives of the
research were:
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a) to characterize nature of contaminated corrosion layer on
both secondary and auxiliary circuit surfaces,

b) to develop chemical and electrochemical decontamination
techniques enabling reduction of personnel exposure during
dismantling of equipments or material decontamination on
the level permitting its unrestricted reuse,

c) to elaborate fundamental approach to assessment of residual
contamination level of metallic materials for their
unrestricted reuse*

CHARACTERISTICS OF CONTAMINATED CORROSION LATER

For decontamination experiments and also for
characterization of corrosion products layer by optic
microscopy, SEM, X-ray diffraction and Moessbauer spectroscopy
samples were taken from different parts of secondary circuit
(carbon steel) and from the inlet pipe of the explosive mixture
combustion system (stainless steel). The samples were cut to
the size of 30 x 30 mm.

Results, of phase analysis have proved that corrosion
layer on carbon steel surface can be divided into two specific
parts:

a) upper layer is thin,compacta It consists of substituted
magnetite with higher content of Cu, Mn and Zn.

b) lower layer, adhering to the base material represents a
bigger part of the entire corrosion layer. This part
consists of compact, mechanically firm magnetite (thickness
from 0.1 to 0.3 mm) with different degree of nonstoichio-
metry and smaller portion (up to 30 %) of hematite,
goethite and small particles of oxides. The whole layer is
unhomogeneous.

A part of the material has contaminated layer loosely
bound to the base material. The layer is formed by remarkably
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nonstoichiometrical magnetite and by comparable amount of iron

oxides in the higher oxidation stage and oxides in the form of

small particles. Contamination is represented by at least 94 %

of 60Co and the rest is 1 3 7Cs.

The contaminated layer of stainless steel contains- a

small portion of iron oxides (cca 4 %) and from 40 % to 50 %

of another compounds of Fe and Fe . A presence of FeCpO..

.2HpO was proved by X-ray analysis. On a besi3 of analyses

results and determination of metals in decontamination solutions

we can presume that contamination layer is formed by metallic

compounds (Fe, Ni) with radiation-chemical products of D-0

end entraining CCL radiolysis.

+ —2
Mean specific activity of samples a = 700 - 270 Bq.cm

with a main part of Co and Cs.

CHEMICAL DECONTAMINATION

For experimental verification of efficiency we have chosen

decontamination agents referred to in the literature as

successful for low-alloy and stainless steels and solutions,

whose composition was based on better familiarity with

processes of corrosion layers dissolving. An influence of

ultrasonic (US) impact on decontamination efficiency was

experimentally verified at simultaneous treatment with ultra-

sound and the agent and also the impact of ultrasound after

chemical decontamination of samples.

Experimental Procedure

In experiments, 21 cvr of decontamination solution per

1 cm of sample was used. The decontamination process was

carried out in a glass beaker placed into thermostat. The

samples were rinsed with distilled water after extracting from

the decontamination solution and dried by hot air or ultra-
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sonically treated finally *in glass beaker, placed into a
laboratory ultrasonic tank.

Decontamination efficiencies were evaluated by
decontamination factor (DF) and by residual count rates of the
samples (n ) after the decontamination.

Test Results and Discussion

Decontamination of Low-Alloy Steels. The decontamination
efficiency by oxalic acid of 10 - 50 g.drn""̂  concentration at
T = 90 °C and exposure up to 3 hours, was low and DF<3. The
efficiency was increased by addition of H~0o or H~SO,

c. d c. 4
respectively, but in spite of this, it was still low.

The DF < 2.8 was obtained with the mixture of acids, such
as: HNO^, H2SQ4, H-PO^, concentrations within 0.2 - l.Omol.dl

3,
at T = 50 °C and.3 hours exposure* The samples, mainly the bulk
material, were considerably damaged after the decontamination
and local deep corrosion of the base material was visible.

The results of performed decontamination tests in the
reducing mixture of CH2O-HCOOH are reported in Tab. I and Tab.
II.

Table I Decontamination tests in CHpO-HCOOH mixture at 50 °C
with subsequent ultrasonic treatment

Solution cone.

CH2O /0\4§7
HCOOH /5.487
CH2O /5".4§7
HCOOH /0.247
CH20 /0.247
HCOOH /0\4§7

t = 3 1

Am /§7

1

0.48

1.08

hours

DF

2.97

2 .6

2.86

A

1

1

1

t = !

m /?7

, 8

.85

. 9

? hours

DF

25.8

42.5

45.7

+ 0.5
in Ĥ

1

1.

m
.81

•94

94

hour US
0

DF

60

112

86.8
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Am - mass loss of sample after decontamination as percentage

of the initiax mass

II Decontamination efficiency in the CH20 /0".48 rn.ol.dir7

- HCOOH /0\46 mol.dm~37 solution at 20 °C

Time

/Hour7
5

48

72

300

Am

r%j
0.03
U9
2 . 2

3.75

DF

1.24
74

142

27.2

In the process of chemical decontamination not only

dissolving of corrosion layer occurred, but also its cracking

and peeling off so thin scales were deposited on the bottom of

beakers.

The decontamination efficiency of CH9O~HCOOH solution can

be enhanced 2 - 3 times by subsequent ultrasonic treatment of

samples in pure water after their chemical decontamination

(Tab. I). Ultrasonic treatment incresised DF on already damaged

corrosion layer after chemical treatment but had not increased

the corrosion effect.

The decontamination efficiency of this solution was also

very good at the laboratory temp era tvire but the long exposure

of samples was necessary. We have observed that after a certain

exposure time a recontamination occurred . The decontamination

results obtained after 3 days showed a possibility to use this

solution even at the decontamination of NPP components and

surfaces of circuits prior to dismantling.

On a basis of favourable preliminary results with the

solution of HgSO. - Na^SpO where reducing agent had positive

effect on dissolution of the corrosion layer and it was the

only possible source of e~ for reduction of Fe-3 in the oxide
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layer, we have used for this purpose elemental sulphur. The
results of planned experiment with Hp3O.~S-EDTANap carried out
in order to obtain dependence of n and DF on composition of
the solution are in Tab. III.

Table III Dependence of DF on composition of Hp
solutions
T = 50 C, t = 3 hour and 0.5 hour ultrasonic
treatment in clean water (50 °C)

Sample
No

i

2

3
4

5
6

7
8

Solution concentrat ion
/"mol.
H2S04

0,5

0.5
0 .5

0 .5

1.0

1.0

1.0

1.0

dm"3_7
S

0.062
0.062

0.25
0.25
0.062

0.625
0»25
C.25

EDTANa2

0.008
0.018
0.008
0.018
0.008
0.018
0.008
0.018

Am

r%j
2.01
1.985
2.25
2.12
2.48
2.49
2.97
2.48

DF

7.46
21.05
43.6
4 1 . 1 5
36.08
29.2
69.6

Obtained regression equations after conversion from
dimensionless data x. to real concentration data /mol.dm"^ 7
in coordinates Z. have the following form:

028.7 Z, ~ 3 968.73 :y(n r e s) = 1 278.3 - 1
+ 3 813.7 Z.Z

+ 9 661.2
- 13 712 Z ?Z 3 + 2 986.7

The values of coefficients at parameters Z., Z«, Z«
interaction member Z|Z2, Z2Z« in the equation (1) prove that
all 3 components of the solution take part en the total
decontamination effect. The given regressive equation can be
used for the decontamination process optimization.

(1)

and at

IV-158



From the DF values obtained after further decontamination

in the given solutions we can further state that, in general,

it is possible to achieve DF = 100 - 1000 (even more) at various

concentrations in the given concentrations range after 3 - 5

hours decontamination.

The decontamination of samples in different agents was not

effective enough to reach a residual level of contamination

n < 0,37 Bq.cm even if the ultrasonic treatment has been

applied afterwards. That is why an influence of simultaneous

action of solution and ultrasound-, alternative impact of

chemical agents and ultrasound in water and an influence of

decontamination solutions specific activity on DF and n was

investigated.

The results have shown that by alternative action of the
_2

agent and ultrasound n^__ < 0.37 Bq.cm can be achieved on thatg ^

materiel in H2SO4 (1 mol.dm"
J). An efficiency of H^PO^ and

solutions based on HCOOH + EDTANa? was not sufficient. The

process of recontamination has been observed after longer

exposure to the agents. At the decontamination with solutions

already used, especially with lower concentrations, the lower

DF were obtained. Utilization of fresh solutions at repeated

decontamination of the samples enabled to reach n < 0,37
_o res ~™

Bq.cm .
A comparison of decontamination effects of solutions

K^SO. and H-PQ. without and with simultaneous ultrasonic2 4 3 4
treatment showed that ultrasound accelerates the decontamination

process in average 2 - 3 times and this speeding up depends on

an intensity of ultrasonic field.

Decontamination of Stainless Steel. With regard to the

characteristics of contaminated corrosion layer on stainless

steel from the explosive mixture combustion system, the

oxidizing and oxidizing-reductive agents such as: HNO- (8 g.draJ),
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CH20 (15 g.dm"
3) + CHOOH (10.34 g.dm 3 ) + EDTANa2 (3.36 g.dm

 3 )

or NP (nitric acid - permanganate) + Citrox respective were

successful for decontamination prior to dismantling.

ELECTROCHEMICAL DECONTAMINATION

Experimental Procedure

Experiments were carried out in standard arrangement,

where the potential of the working electrode was measured

against SCE, and conductance with temperature were followed-up

continually during the electrolysis . The electromagnetic

stirrer with heating agitated and heated the solution to the

required temperature. After electrolysis the electrodes were

pulled out under voltage from the solution, rinsed with water.

dried and activity was measured.

Test Results and Discussion

Decontamination of Low-Alloy Steels. During anodic

oxidation and cathodic reduction in the electrolytes on the

basis of HNO-,, HgSO., H~PO, and oxalic ecid, decontamination

efficiency was observed depending on the process main parameters,

as e. g. electrolyte concentration and temperature, current

density and duration of electrolysis.

Cathodic reduction in the 10 % HgSO^ and in the mixture of

10 % H2SO4 with 10 %
 H3 P O4 was successful in the aspect of

decontamination. Regarding the properties, in the further

experiments H^PO. was used as an electrolyte.

^ increase was demonstrated in increased rate of

corrosion layer dissolution and decontamination efficiency.

DF = 258 was reached in 40 % (vol) H^PO- after 20 min. of

electrolysis.
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Sample mass losses after the decontamination were up tc

6 %, depending on the electrolyte concentration and duration of

the electrolysis.

Prom the effect of electrolyte (20 % H^PO.) temperature,

at current density i = 0.5 A.cm" , on the time dependence of

the sample residual activity (n.) it follows that the most

suitable electrolyte temperature was about 80 °C. Non-linear

regression analysis of different curves n., = f(t) showed that

at given flov density and materiel, at 80 °C, independently on

acid electrolyte type and its concentration, the following

polynomial best fitted the curves

log nt = a - ct
2 + et4 (2)

The shape of time dependence of residual activity was

changing at lower temperature, so its course was most suitably

described by following polynomial

log nt = e - bt + ct
2 (3)

Solution of polynomials for real cases

coefficients a, b, c, e) enables to determine duration of

decontamination necessary for obtaining required residual

contamination. Necessary condition for solution existence is,

that for given polynomial, following condition is satisfied

for big tj nt = f(t) = 0.

Results from the performed experiments showed that it

was possible by use of electrochemical decontamination to

reduce the residual contamination level up to the level of

specific activity, allowing unrestricted use of the material

off the controlled sone. Necessary time of the electrochemical

decontamination for given electrolyte depends mainly on the

size of current density and thickness of the corrosion layer

that is to be dissolved.
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~2
For the given material and current density of 150 A.dm

this time was 30 - 60 min. At the given current density the DF

value was increasing with time and for the time given it was

increasing with the current density, but the dependence was not

linear.

Decontamination of Stainless Steels. Effect of electrode

polarity, flow density, type, concentration and temperature of

electrolyte on decontamination efficiency was studied for

contaminated stainless steels from the explosive mixture

combustion system. Experiments were carried out with samples

not decontaminated as well as with chemically decontaminated

ones, in order to verify effect of previous chemical

decontamination on electrochemical decontamination efficiency.

From the results obtained at anodic and cathodic

polarization of samples as well as in regime with polarity

reversation in one minute intervals was obvious that anodic

oxidation and regime with polarity reversation are for

decontamination rate more effective than regime of cathodic

reduction. For samples previously not decontaminated, background

level at anodic oxidation or polarity reversation was reached

after 5 - 6 min, for samples chemically decontaminated it was

reached later, after minimum 14.

Regardless chemical composition of decontamination

solution, previous chemical decontamination negatively

effected DF time dependence at following electrochemical

decontamination.

Effect of flow density observed in the range of 0.1 - 0.5

A.cm has influenced decontamination rate. For samples

previously chemically decontaminated, the background level

has been reached in 10 ̂  H,PC),, at T = 80 °C and i = 0.5 A.cm"2

-2
in minimum 14 min.; at i - 0.1 Aocm after the same time about
4 % of original activity as n __ was obtained.

IV-162



The dependence of decontamination efficiency on
electrolyte temperature is significant. With increasing
temperature (up to 80 °C) time needed for obtaining given DF is
decreasing.

RELEASE OF MATERIALS FROM NUCLEAR INSTALLATION DECOMMISSIONING
TO THE ENVIRONMENT

Decision on equipment or material reuse can be based on
assessment of acceptable libiits for radionuclides activity in
material given either per weight or surface units.

There are the following basic aspects for assessment of
the acceptable limits of radionuclide activity in material
released for reuse (recirculation):
- assessment of limit for contribution to the total dose to
public (annual effective dose equivalent) caused by this
performance,

- preparation of "scenarios" describing the most probable
pathways for material release to the environment (recirculation
procedure),

- calculation of maximum permitted activity of individual
radionuclides in the released material, by which any limits
of annual dose equivalent will not be exceeded at any stage
of its use according to considered scenarios.

Regarding the potential increasing amount of released
material from the decommissioning of nuclear installations it
seems useful to regulate even the total amount of released
material (total amount of radionuclides). Assessment of limit
collective dose equivalent from material release seems to be
very suitable for this purpose.

Detailed analyses of present and anticipated radiation
sources to public in Czechoslovakia as well as evaluation of
approaches to this issue in other countries led to
recommendation of following criterion for material release:
- annual effective dose equivalent to an individual from the
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critical population group will not exceed lin.it value vf

10 AJSV.

Scenario of Material Release to the Environment

In the first stage we considered the following scenario:

transportation of material from NPP — interim storage at

municipal site — melting in the furnace — unlimited use of

remelted material. The main attention was focused on evaluation

of the risks tc the public from the material on the site and
1 5remelting in furnance '

Three potential exposure pathways to the public were

considered during the interim storage of materials:

- external irradiation from material,

- radionuclide release from material via soil to water sources,

- release to the atmosphere.

Effect of material melting as well as effect of resulting

remelted material depends on behaviour of radionuclides present.

in melting process. Three boundary cases were considered:

- all radionuclides are during melting released to the

atmosphere,

- the whole radionuclides inventory stays in the resu?iting

material (metal) after remelting,

- the whole radionuclides inventory stays in slag.

Apart from this a case v/ith theoretical values of

homogeneous radionuclide distribution among all three

components (i. e. metal, slag, atmosphere) was considered.

Immediate impact of material remelting on environment is

connected with radionuclide release to the atmosphere during

melting. In the further stage, radiological impact of other

by-product of remelting — slag — was assessed.

Up to now, wide possibilities of unlimited use of

material by population in the form of objects for everyday

use (cars, furniture, dishes) were not assessed. In order to
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get besir orientation of the rsnge of radiological burden to

the public caused by material application we narrowed an

application mode to one case: Steel from material remelting

will be used for building construction. We assumed its build

into concrete foundation of service rooms with annual stay of

2000 hours. Regarding building practice the considered

dilution factor of iron in concrete v/as 0.25.

Conclusion en the Base of Scenario Evaluateen. Results

of verifying calculations showed principial applicability of

our scenarios for assessment of effect of uncontrolled release

of material from NPP decommissioning to the environment or at

its reuse. In spite of interim character of calculations,

following conclusions can be formulated from the results

obtained (on the relation to the annual limit of the effective

dose equivalent of 10 yuSv):

a) In order to lower risk annual dose equivalent limit it seems

suitable to eliminate interim off-site storage of material

prior its processing. Material should be transported directly

from NPP to metallurgical plant and it should be immediately

processed there.

b) Important risk is represented by slag material.

Possibilities of its use will be limited by level of radio-

nuclide concentration in slag as well as by its physical

and chemical properties. It would be useful to consider

slag storage at shielded controlled sites.

c) Regarding the very conservative condition of calculations,

the material can be released without any risk at

radionucliue activity of 1 - 10 Bq.g and at total value of
i _o

surface contamination of 4 Bq.cm .

d) Value of collective dose equivalent will be decisive for

assessment of the total amount of material that can be

released to the environment. It appears necessary to include

the other activities connected with material release into
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the calculation of collective dose equivalent (preparation

to transportation, loading and unloading of material,

material handling at furnace etc.).

Data on material melting characterization contain

considerable conservativism. So in order to obtain reliable-

data on radionuclide behaviour by remelting, experimental

materiel melting v.'ith very lov: rsdicnuclide contents is under

preparation.

CONCLUSION

This report presents results of phase analysis of

corrosion products on carbon steel from the secondary circuit

and stainless steel from the explosive mixture combustion

system in NPP A-1, together with results of research in the

field of decontamination efficiency dependence of various

procedures of chemical and electrochemical decontamination of

given materials. It also gives methodology of acceptable

residual contamination assessment for metallic materials from

NPP A-1 decommissioning and their introduction to the

environment after remelting.

The layer of corrosion products formed on cerbon steel of

the secondary circuit consists of a layer of compact,

mechanically stable magnetite (thickness 0,1 - 0.3 caa) with

different degree of non-stoichiometry and substitution of

Fe-ions (Zn, Cu, Mn) v/ith portion (up to 30 %) of meghemite,

hematite, goethite and small particles of oxides. Corrosion

layer is unhomogenous, a part of material has less adhering

corrosion layer to the base material.

The contaminated layer on stainless steel from the

explosive mixture combustion system contains iron oxides

(relatively 4 %) and other compounds with Fe and Fe^+. RTG

analysis determined presence of FeC2O..2H2O in the layer.

Decontamination of samples from secondary circuit v/as very
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successful with the "reducing" solutions of CH--HCOOH Bt 50 °C

and K 2 4 ^

The effect of ultrasound on removal of chemically

undamaged layer is relatively low. US caused 2 - 3 times

increase of DP on damaged corrosion layer after decontamination,

v.'ithout an increase of corrosion effect. Effect of US decreases

with increasing sample-US transducer distance.

Combined treatment by agent (H?SO.) and US enables to
—2

obtain residual contamination level lov:er than 0.37 Bq.ca

Material from the explosive mixture combustion system can

be decontaminated in HNO, solution (7.5 g.dm ): it can be

followed by subsequent decontamination v.dth simultaneous US

treatment in H-PO solution. —~

The electrochemical cathodic reduction is effective for

decontamination of materials from carbon (low-alloy) steel,

whose surface is covered with cca 150 /urn thick corrosion layer,

consisting mainly of magnetite.

Regarding the obtained efficiency of these materials, as

suitable electrolytes appeard solutions of H.JPO. and HpSO, or

their mixture.

Electrolyte temperature significantly effects rate and

efficiency of electrochemical decontamination. The most

suitable temperature is about 80 °C. Kate efficiency of the

process decreases at lower temperature.

Anodic oxidation and regime v/ith polarity reversation, as

for decontamination rete, is more effective than cathodic

reduction regime for stainless steel from the explosive

mixture combustion system.

In the methodology for assessment of acceptable residual

activity on material the preliminary exposure of the public

v.*as assessed for the given material and its surface

contamination.
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CHEMICAL DECONTAMINATION OF THE IN PILE "CART-TC" LOOP FOR

DECOMMISSIONING PURPOSES, SOME EVALUATION ON THE MANAGING ASPECTS OF THE

AGGRESSIVE SOLUTIONS IN RADIOACTIVE AREAS

by

M. Conti and M. Mincarini - ENEA, Health and Environmental Protection

Department, CRE Casaccia, Rome, Italy

B. Bottelli, F. Mantega, M. Oriani - CISE, Milano Italy

Abstract

The paper briefly describes the experience made and the lesson learned

in testing both soft and hard chemical solutions in the decontamination

of the in pile CART-TC loop, located in ESSOR reactor at the European

Communities JRC of Ispra ITALY.

The main objective of the work is to extend laboratory tests to a real

small scale loop in order to get operating experience on chemical

decontamination of significant nuclear reactor systems and to evaluate

the real advantages and limits of this technique in decommissioning

activities.

The main investigations were conducted in order to get knowledge on:

- testing both commercial and experimental chemical solutions

- operating problems in aggressive environment

- waste reduction and management

and, as a conclusion, to make an evalutation on the extension of this

technique to the power plant. The main results are presented.
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The research programme was set up by ENEA and CISE, and is carried put

by CISE assisted by ESSOR reactor's staff.

1. Introduction

A common feature of both experimental and power boiling-water reactors

is the formation of oxides containing activated particles or fission

products on all surfaces affected by the coolant flow. Th^^e oxides may

either be in the form of a compact mass or in powder or slag form,
9

depending on the coolant temperature and speed. This behaviour of the

oxides giyes rise to a uniform exposure rate in simple geometry zones

(especially if operated at high temp'--atures) . In complex geometry zones

or in zones affected by a low-speed coolant flow (especially if low

tempei rtures are involved), a considerable exposure rate nonuniformity

may by encountered.

A nuclear plant dismantling must primarily take into account the

exposure rate in the different parts of the plant so that the job may be

organized in such a way as to minimize the integrated exposure rate. Due

consideration should also be given to the fact than once these loops are

open active particulates with highly volatile particles of less than 1

/um may be released. This circumstance will further complicate

dismantling operations both as regards the safety of the personnel and

the possible contamination of the area involved.

These reasons prompted a number of researchers to study and test

chemical decontamination procedures for inner nuclear plant surfaces.

The following points were investigated during the course of the

experiment described in this paper.

- the Decontamination Factor (D.F.) obtained by using different chemical
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solutions;

- the expenditure in terms of dose equivalent adsorbed during the course

of the chemical decontamination,

- the dose equivalent adsorbed on the assumption of a dismantling with

and without preliminary decontamination,

- an evaluation of the secondary waste management.

2. Plant description

The plant on which the test is carried out is called CART T.C., which

stands for Cirene Assembly Reactor Test Twin Channel, an experimental

nuclear plant located in the Ispra CCR Euratom Essor reactor. This

plant, commissioned in 1968, has worked for about 4 years with a single

channel set in the reactor core. Subsequently, after a modification

which doubled its radiation capacity arid consisted in the installation

of a second channel, the plant operated from 1976 until the end of 1980.

Technical particulars (see Fig, 1):

- Tot.ale thermal power: 3 MW

- Maximum flow rate for channel: 12 t/h

- Design pressure: 100 kg/cm2

- Maximum operating pressure: 60 kg/cm2

- Coolant conditions at the reactor core output: 254 °C, two- phase at a

max. 15% steam

- Coolant circulation; open loop with reciprocating pumps ar.d pressure

control valves

- Expansion tank with stripping functions

- Low-pressure (10 kg/cm2) and low-temperature (50°C) chemical section.
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3. Decontamination tests

With the radiological situation described in Fig. (1) (the numbers

appearing in Fig. (1) and in the following figures represent the dose

equivalent rate in /uSv/h), six tests were carried out using both soft

and hard acids. The plant was divided into different zones by means of

acid and pressure-resistant flexible joints. This division was due to

the need of investigating the behaviour of oxides with a differtent

morphology due to their having grown at different coolant temperatures:

- between 50 and 60 °C

- between 130 and 150 °C

- between 250 and 260 °C.

For the purpose of a "real time" monitoring of the behaviour od the

oxide involved, a corrosion test section based on the linear

polarization technique Fig. (1) was set up, in which different pipe

specimens were munted for each new test.

The functions of preparing, pumping, heating, purification through

filters and resins and final collection of the test solution were

carried our by the plant's own equipment.

Systems that did not fully meet test requirements were modified

accordingly.

The first configuration to be carried out affected a large part of the

plant, a part common to all the other configurations which includes the

pumping assembly, heater, expansion and stripping tank and the chemical

section. Whith the nuclear plant in operation, most pipes and components

of this zone worked at temperatures rangin from 50 to 60 °C whilst the

heater temperature ranged from 240 to 254 °C. Soft acid was used for

decontamination purposes and the temperature did not exceed 90 °C Fig.

(1).
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The configuration involved and the dose equivalent intensity values at

the end of the test are shown in Fig. (2).

The second configuration concerned a piping section operates at 130 -

150 °C which was treated with the same soft acid but at a temperature of

120 °C.

Fig. 3 shows the conf iguratj on and the results in terms of dose

equivalent rate values.

The third test was carried out on a conf iguratj on concerning a zone

operated at 250 °C. The temperature of the solution used was 120 °C.

Fig. 4 shows the configuration and the test results in terms of exposure

rate.

The fourth and fifth tests were carried out on the fourth configuration.

Low-concentration hard acids were used. The results in terms of dose

equivalent rate in the different locations of the plant are shown in

Fig. 5. Two values are recorded for each measuring point: the left-hand

value refers to test N° 4 and the right-hand value to test N° 5.

Test N° 6 concluded the first test run and was carried out on a plant

configuration which included almost the whole primary loop. A

high-concentration {-^> 4%) hard-acid solution was used. The results of

this test are shown in F:jg. 6.

The figures show that in simple geometry zones there is a significant

decrease in dose equivalent rate values whereas an increase in activity

is noted in complex geometry zones and in zones with very low coolant

speeds.

In order to verify the reliability of the activity values measured in

the corrosion test section, a pipe specimen of about 100 mm was

witndrawn during the course of a decontamination test.

The specific activity measurements made on this pipe specimen have

i
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confirmed the validity of the corrosion test section measurements.

The above pipe specimen interior was examined by means of the smear-test

method. The results thus obtained showed that the transferable

contamination and especially the airborn migratory part of it is almost

nil.

4. Modification of the plant for test purposes

4.1 Plant function restoration

In 1980, upon completion of the irradiation programme, the plant was

left in a stand-by condition and full of demineralized water with a good

conductivity value. After about five years of inactivity however, many

plant functions, especially the control functions, had to be restored in

the original operating conditions by replacing or repairing the damaged

parts.

4.2 Accommodating the plant to meet test requirements.

The work carried out in order to make the plant suitable for

decontamination tests included following items:

- the heater designed to operate at three power levels (100 - 200 - 300

kW) without regulation was provided with regulation facilities for

each power level,

- The d«mineralized water feed tanks were insulated and provided with a

25 kW electric heater for the purpose of heating the soft acid

solution,

- a corrosion test section was installed behind the heater for the

purpose of monitoring corrosion parameters. The corrosion test section
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was provided with two gamma activity sensors enclosed in a demountable

2-ton lead shield for whose installation the floor has to-be suitably

reinforced. Arrangements were also made for cooling the gamma sensors

located inside the lead shield,

- the cheiriccil section had to be converted in order to m?ke it suitable

for the in-line purification of the soft acid solution,

- in addition to the restoration of existing gamma chains, further gamma

chains were installed in strategic points of the plant for the purpose

of monitoring the gamma activity course directly on the pipes and

components involved,

- many sealing joints between pipes and components had to be modified in

order to mount the f'jxible joints used for setting up the different

confi gurations.

4.3 Test configuration set-up

Two kinds of armoured 2 to 7-metre long flexible joints were used for

setting up the various test configurations:

- teflon joints

- ethylene-propylene joints.

The former, which are both acid and heat-resisting, feature a certain

rigidity after their first usage so that once used they cannot be reused

for a different configuration. The latter, which maintain their

flexibility after many hours of continuous duty, show their limitation

at around 110 °C even if used only for soft acids.

It has consequently been necessary to optimize the performance of both

types in order to keep the secondary waste production within reasonable

limits.-
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4.4 Test procedure

Tests were preceded by a preparatory stage and followed by a conclusive

stage. The following are the typical test stages common to all

decontamination tests.

4.4.1 Pipe specimen withdrawal and subsequent preparation for their

insertion into the corrosion test section.

4.4.2 Gamma count be means of the (Ge-Li) spectrometer and weighing of

the pipe samples.

4.4.3 .Mounting the pipe specimens in the corrosion test section.

4.4.4 Filling the unit with demineralized water.

4.4.5 Forced circulation for seal testing.

4.4.6 Forced circulation of demiriarealized water at operating

temperature for temperature regulation facility setup.

4.4.7 Lead shield erection around the corrosion test section and gamma

sensor cooling system startup.

4.4.8 Flowrate adjustment in the chemical section.

4.4.9 Chemical and radiological instrument setup.

4.4.10 Stopping plant and emptying the water into the effluent tanks.

4.4.11 Filling the unit with an acid solution at 90°C (prepared about

12 hours before the beginning of the test).

4.4.12 Acid solution circulation and degassing.

4.4.13 Heater starting and beginning of test.

4.4.14 whilst the test is in progress, data from the corrosion test

section is monitored, solution samples are withdrawn (from 10 to

30 sample withdrawals per test) and gamma sensors are switched

on for the purpose of monitoring the activity progress in a

significant piping zone.

4.4.15 Heater turnoff at the end of the test; emptying the solution
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into the effluent tanks.

4.4.16 Corrosion test section isolation and rinsing.

4,,4.i7 Rinsing the unit interior with demineralized water (almost four

m3).

4.4.18 Filling the unit with demineralized water and circulation via

filters and resins.

4.4.19 Lead shield and corrosion test section dismounting.

4.4.20 Gamma count and weighing of pipe specimens in the corrosion test

section.

4.4.21 Gamma mapping of the most significant plant zones involved in

the test.

4.4.22 Neutralization with sodium carbonate of the solution in the

effluent tanks until a pH ranging from 6 to 7 is obtained.

4.4.23 Treatment of the acid solution in the plant storage tank for

onward conveyance to the Ispra Treatment Station.

All these operations, excluding the test itself, employ four persons and

take on the average about 10 working days.

5. Trouble caused by the acid solution management

Only troubles of a certain significance are listed.

- Chemical section

Clogging and subsequent breakage of the sinterized porous filter of

one of the two resin beds, with resin pouring into the plant.

- Reciprocating pumps

Damage of the main pump seals and chromium-plates and ground pistons.
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Major repairs were required to put the pumps back into operation.

- During the preparation of a soft acid test, whilst the seals were

tested with demineralized wat.*r only, and ethylene-propylene joint

slipped off. This brought about the contamination of a considerable

part of the casemate where the loop is located.

- During the course of a hard acid test, acid solution was spilled on

the lower level of the casemate floor, because of a damaged secondary

pump seal. As a consequence of this accident, neutralization, washing

and final decontamination operations had to b"? carried out.

- Acid vapours escaping from above damaged pump seals have put one of

the pump control cubicles out of action, following the damage suffered

by its electronic components.

6. Active waste

Active waste produced during these tests was chiefly of the liquid type

and consisted of a fair amount of water containing active nuclides both

in solution and in suspension. The suspended particulate was separated

by decantation and the remaining liquid was neutralized making sure that

specific activity and pH do not exceed the Ispra CCR Treatment Station

acceptability levels. The particulate was packed in special containers

and sent to the Ispra Treatment Station for subsequent cementation or

bituminization. During the course of the next test run, several liquid

waste pretreatment procedures will be tried out with the view of

minimizing the work of the Ipsra Treatment Station.
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7. Dose equivalent assessment from the beginning of 1985 to the middle

of 1987

During the period under review, four persons worked for about 1300

man-hours in a casemate zone where the average dose equivalent rate

amounted to about 10 /uSv/h (conservative estimate).

During the same period of time the same four persons worked for about

150 man-hours in another casemate zone where the dose equivalent rate

amounted to about 100 /uSv/h (conservative estinate).

To date, the total test expenditure in terms of dose equivalent rate is

-2
2.8.10 man-Sv (2.8 man-rem).

8. Conclusions

From the dose equivalent rate values appearing in the figures it follows

that the chemical decontamination of a plant inner surfaces is effective

in simple geometry zones, i.e. pipes and such—like. On complex

components and in zones where the coolant speed is comparatively low,

concentrations of particles that loosened themselves from the simple

geometry zones meiy be found.

For this reason, a second test run will commence before long, with the

view of carrying out the chemical decontamination of complex plant

components with the aid of the same plant pumping and heating functions

and of the same solutions used during the first test run.

The dose equivalent of the second test run is estimated to be in the

-2
same order as that of the first test run, i.e. about 3.10 man—Sv.

Several considerations may be made starting from two opposite

assumptions, namely:

- dismantling without preliminary decontamination,
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- dismantling with preliminary decontamination.

In the first case dismantling will have to be carried out by using

special protective suits and masks. Personnel will have to work in the

"hottest" casemate zone (see Fig. 1 for dose equivalent intensity

values) for about 1000 man-hours and the dose equivalent adsorbed in

that particular zone alone would amount to about 3.10 man-Sv (30

man—rem).

After the preliminary decontamination, personnel will work in the sane

zone without special protective suits for about 800 man-hours

(dismantling time is obviously shorter than in the first case) at an

average exposure intensity of about 30 /uSv/h whilst the integrated

_2
dose equivalent will amount to about 2.4.10 man-Sv (2.4 man-rem).

To this latter value must be added the dose equivalent required to

complete the chemical decontamination of the plant which is estimated to

-2
amount by the end of the test cycle to about 6,10 man-Sv (6 man-rem).

Consequently, the total expenditure in terms of adsorbed dose equivalent

for a dismantling with preliminary chemical decontamination would amount

_2
to 8.4.10 man-Sv (8.4 man-rem).

This value could be further reduced if proven rather than experimental

techniques were to be used. On the other hand, a careful evaluation will

have to be made of the secondary waste involved and of the cost of the

modifications which will have to be carried out in order to make the

plant suitable for this kind od treatment. As regards the latter figure

the type and quality of these accommodations will have to be taken into

account:

- a simple accommodation from both a constructive and procedural

viewpoint is comparatively inexpensive but may be a source of possible

accidents whose cost can obviously not be estimated;

- an accommodation based on normal nuclear constructive criteria may



practically reduce the probability of accidents to zero but its cost

would be so high as to make any type of chemical decontamination

prohibitive.
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DECONTAMINATION OF NUCLEAR FACILITIES
BY ELECTROCHEMICAL METHODS

Pavlik 0., Sipos T.
Institute of Isotopes of the Hungarian

Academy of Sciences
Budapest, Hunga~y

Vicsevne, Mikd M.
Nuclear Power Station

Paks, Hungary

ABSTRACT

Three electrochemical, remotely operated decontamination
equipments were developed for the Paks NPP. The first equipment
was constructed for the decontamination of the main circulating
pump case, the second equipment for the collectors of the steam
generator and the third equipment for the main gate valve case
of the primary circuit. All the equipments use movable cathods.
The main circulating pump case was decontaminated eight times.
The electrolyte contained sulfuric, oxalic and phosphoric acid.
The decontamination factor of plant decontamination was 10-500.
The duration of the process was 8-12 hours. The collective dose
for the staff (3-4 workers) was about 2-3 mSv, Only 100-200 1
volume of radioactive effluents was produced.

INTRODUCTION

In Hungary the Paks Nuclear Power Plant is operating since
the end of the year 1982. It has pressurized water reactors
of VVER-440 type. Three units of four hundred forty MWs are in
operation, one unit is under construction and will be put into
operation this year. The long-term plans include the installati-
on of two one-thousand MW units.
Systematic and efficient maintenance and inspection are essen-
tial conditions for the safe operation of nuclear power plants,
however, maintenance and supervision are dangerous because of
the personnel exposure hazard. Radiation doses can be reduced
by the decontamination of the primary circuit. The exposure of
the decontamination staff can be reduced using remotely operated
devices. The primary circuit of the VVER-440 type reactor is
made of stainless steel. Therefore agressive physico-chemical
processes can be used thus increasing the efficiency of decon-
tamination .
In the last three years the development of electrochemical de-
contamination was carried out in the institute as a part of a
coordinated research progriiii of the International Atomic Energy
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Agency on the development of decommissioning and decontamination
of nuclear facilities,

ELECTROCHEMICAL DECONTAMINATION PROCESS

Electrochemical decontamination is an application of electro-
polishing of metal surfaces.
Thin /0.01-0.05 mm/ oxid-layers are removed from the contamina-
ted metals using direct electric current between the workpiece
and a cathode in an acidic electrolyte. The anodic oxidation,
taking place on the surface of the workpiece, occurs more slowly
in crevices and more quickly at peaks, and results in a polishing
effect without severe damage of the surface. When electropolishing
a tank containing acidic electrolyte, low direct voltage and high
current density are usually used. Tools, fittings and accessories
or mobile equipment can be decontaminated in such a way.

Figure 1. shows the current density versus potential.

potential *"

Fig. 1. Current density versus potential.

The curve between A-8 follows Ohm's-law, the anode dissolves,
but polishing effect can't be observed.

Me Me" 2e

The oxidation of metal surface begins at point B.

Me + 20H" —•- MeO + H-O + 2e

The electric resistance increases because of the forming oxid-
layer while the current density decreases (B-C). However the
acidic electrolyte dissolves the metal-oxids and thus equilib-
rium sets in between the formation and dissolution of the oxid-
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layer ( C - D ) . Polishing effect can be detected in thi
Th O formation begins at point (J:
lay
The

4 OH' (J, 2 H 2 0

First g a s - b u b b l e s separate slowly from the ar,ode, causing
striped c o r r o s i o n . The gas formation increases in the t-F
se c t i o n , the current yield d e c r e a s e s . The metaj p a s s i v a t i o n
b e g i n s at point G. Section C-D proves to be the best for d e -
co n t a m i n a t i o n and section D-F for' pol i s h i n g .
The p r o c e s s p r o d u c e s very smooth ' 0 .0 2-0.03
and n o n - a d s o r b i n g surface with is resistant
during the following o p e r a t i o n .

/ u m,, n o n - r e a c t i v e
to r e c o n t a m i n a t i o n

F l e c t r o c h e m i c a 1 D e c o n t a m i n a t l o n By Mova b l e Cathod

When c o n t a m i n a t e d large-sized w o r k p i e c e s are sunk into a
tank for e l e c t r o p o l i s h i n g a big volume of ra d i o a c t i v e waste
water is pr o d u c e d .
An in-situ p r o c e s s was developed to d e c o n t a m i n a t e large equipments
that cannot be immersed in an e l e c t r o p o l i s h i n g tank. E l e c t r o -
p o l i s h i n g using m o v a b l e cathode is one of the d e c o n t a m i n a t i o n
m e t h o d s which does not use big volume of liquid and does not
pro d u c e big q u a n t i t i t e s of e f f l u e n t s . The method can be seen
in Fig. 2. "

feed pump
direct
current
supply

movable cathode

contaminated
surface

electrolyte
tank

Fig. 2. Decontamination my movable cathode

The metal object to be
Acidic electrolytes /H-
low direct voltage and'

decontaminated serves as
PO,, H 9SCL, oxalic-acid,

an anode,
citric-acid/

high current density are usually used.
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The electrolyte has to dissolve the removed metal-oxides, to
advance the forming of a protective oxid layer, to conduct
effectively the current and must not cause corrosion. The cath-
ode is made of stainless steel.

To avoid short-circuit the cathode should be isolated from the
surface of the workpiece /anode/ by some water-absorbing material
/sponge, felt/. This material is continuously wetted by the help
of an electrolyte pump, and a power suDply provides electric
current through the felt to the decontaminated surface. The
cathode is slowly moved by the operator or by remote handling.

The electrochemical process has the following advantages:
- High decontamination factor (20-500)
- Short application time
- Produces smooth surface
- Can remotely be handled
- Low volume of liquid radioactive waste

High personnel exposure can be taken into account when man-
handling and difficulties can arise with complicated geometry
or profile.

REMOTELY OPERATED EQUIPMENTS FOR DECONTAMINATION

A remotely operated equipment was constructed for the de-
contamination of the main circulating pump case.
Figure 3. shows the principle of operation. The equipment
consists of the support and the traversing mechanism of the
movable decontamination head and the supply unit. (Fig. 4. and
Fig. 5.) The supply unit is carried by a small truck and can
be craned. There is a 40 1 volume electrolyte tank on the truck.
A feed pump provides the accurate dosage of the electrolyte for
the movable decontamination head. The used electrolyte accumula-
tes on the bottom of the treated pump case and it can be dischar-
ged by a plunger pump into the radioactive sewage. The traversing
mechanism is equipped with a multi-jointed arm moved by pneumatic
cilinders on the inner surface of the pump case. The central
bearing axle can be rotated by a rotative gear right and left
360 degs. The multi-jointed arm pulls away the movable decontami-
nation head from the decontaminated surface after one turn-around,
moves it 45 mm down and presses on the surface again. The compres-
sive force can be regulated between 40-400 N. The position of the
movable decontamination head always follows the curving of the
pump case and the felt fits close to the surface. The uniform
contact between the felt and the surface is ensured by pressure
springs. The movable decontamination head is equipped with mech-
anical sensing device to detect if the head reaches the pipe
connection of the primary circuit.
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electrolyte tank

direct
current
supply

•^zjE feed pump

rotative gear

sponge
cathode

pressure .
spring

main circulating
pump case

bearing
!fW~~ axle

moving swin-
ging arms

to active
sewage

Fig. 3. Electrochemical decontamination equipment for the main
circulating pump case

Results Obtained From Plant Decontamination

Effective decontamination procedures were conducted at the
Paks Nuclear Power Station during the shutdown periods by the
remote controlled electrochemical decontamination equipment for
the main circulating pump case. The main circulating pump cases
(MCP) No.4. and 5. of the first unit and No. 3. and 6. of the
second unit were decontaminated in 1985, No 1. and 3. of the
first unit and No. 1. and 4. of the second unit in 1986. The
electrolyte contained phosphoric, sulfuric ana oxalic acids.
Before decontamination the inlet nozzle for reactor coolant
was plugged in such a way that the electrolyte could not enter
the connecting pipe. The spent electrolyte accumulated on the
bottom of the treated pump case and was drained into the radio-
active sewage. After electrochemical decontamination the inner
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Fig. 4. Support and traversing mechanism

Fig.5. Movable cathode
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surface of the pump case was rinsed with a 12 g/1 boric acid
solution.
The concentration of the radioactive isotopes and
products was measured in the repent electrolyte and
sing solution too. Tne activity of the used felts
after the first decontamination because only max
total activity could be found in the felts. About

the corrosion
in the rin-
was measured
1-2 % of the

150 .". liquid
radioactive waste (together with rinsing water) was produced
during the (lecontatnination procedure.
The duration of the decontamination was 6-8 hours. The procedure
was carried out by 3-4 workers, their collective dose was 2-3 mSv.
The decontamination was followed by chemical and radiometric
analyses.
Table I. shows the removed activity, the removed corrosion
product and the decontamination factor (DF).

Table

Date c

1985.

1986.

1 .

and

I.
4.
5.

2.
6.
3.

1.
1.
3.

2.
1.
4.

locat;

unit
MCP
MCP

unit
MCP
MCP

unit
MCP
MCP

unit
MCP
MCP

Table II. and I
the removed act

Table II.

Locati

1. uni
1. MCP
3. MPC
2. uni
1. MCP
4. MCP

on

t

t

31Cr

1.0
2.0

2.0
9.5

ion

II
iv:

1

DF

27
BOO

490
11

110

46
52

. show
ity and

54Mn

11
8.

7.
12.

.5
6

2
3

53

58
47

27
45

removed
activity
(MBq)

1500

1850
4200

3800
2200

2600
2200

removed
corrosion products

(g metal)

the nuclide and metal
metal as percent of

Activi

Co 5?Fe

.6 2.8

. '/ 2.8

.0 1.4

.7 4.0

ty %
60Co

21.3
25.3

9.1
16.1

9:

4

-

52
42

76
47

54
70

composition of
total in 1986.

5Nb 11DAg 124Sb

4.0 0.5
.4 8.5 0.4

51 2.3
10.6 1 .8
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Table

Locati

1.
i.
3.

2.
1.
4,

unit
MCP
MCP

uni
MCP
MCP

111.

on

t

Compos

F

74
78

74
76

ition

e

.1

. 1

.6
1

. /

of

0
0

0

a

the

Co

a
.1
.1

.4

.3

removed

/
3

1

1
1

Ni

0.0
6. 1

1.3
0.0

metal as

Mn

0
1

1
1

.8

. 3

.5

.4

percent

1
1

1

of total

Cr

4.8
4.2

2.2
1 .6

Figure 6. shows the main circulating pump case after the de-
contamination. It can be seen that the dark oxid-layer was
effectively removed from the inner surface, i.e. the pump case
was cleaned to metal.

Fig. 6. The main circulating pump case after the decontar.ination

Decontamination Equipment For The Collectors Of The Steam Generator

A remote operated decontamination equipment, showed in Fig.7.
was constructed for the collectors of the steam generator. The
equipment consists of the support, the traversing mechanism of
the decontamination head and the control unit including electrolyte
and voltage supply.
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direct
current supply

electrolyte tank

feed pump

gear

movable
cathode

plug —̂

Fig. 7. Decontamination equipment for the collectors of the
steam generator .

The whole mechanism can be craned into the collector and the
control unit inflates the inner tube of the plug. The tube
is fixed by friction and seals between the pipewall and the plug
The decontamination head is fitted swinging on the axle of the
pneumatic cylinder which presses the head on the surface to be
decontaminated. The head moves down at a speed of 20 mm/min. The
whole surface of the collector can be treated in twelve hours.
In the bottom position the control unit stops rotating,moving
and feeding the electrolyte too.

The control unit is carried by a small car and can be craned.
A piston type pump feeds the electrolyte from a tank to the
movable decontamination head. The spent and contaminated electro-
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lyte accumulates on the bottom of the treated collector and is
removed by a plunger pump. The bottom of the collector is closed
by a plug.

The guide rail of the support and traversing mechanism of the
decontamination head is fitted with bearings and is free-wheeling.
The lower bearing socket is built in the plug at the bottom of
the collector. The upper bearing socket is built in a bridge
placed on the upper plane of the collector. The turning is per-
formed by a gear fixed on the bridge.
The decontamination head returns after one turning to avoid any
damage to the vertical rails. The speed of the turning is 0.4
turn/min during continuous moving. The cathode can also be moved
step by step to reduce the damaging of the felt.

Decontamination Equipment For Trie Main Gate Valve Case

An electrochemical decontamination equipment was designed
and is under construction to treat the inner surface of the main
gate valve case. /Fig. 8./

The decontamination of the gate valve case can be conducted only
after removing the cut -off slide-valve. First the two pipe-ends
must be plugged to prevent from the electrolyte or other impuri-
ties getting in. The feeding and removing of the electrolyte is
performed as in the case of the two electrochemical decontamina-
tion processes mentioned before.
The support and the traversing mechanism is craned on the flange
of the gate valve case. The decontamination equipment has two
movable decontamination heads. One of them /head 11./ moving
around the vertical symmetry axis of the case treats the upper
part of the case. The central bearing axle is only rotated right
and left 180 degs to avoid damaging the wires and conduits.
The lower spherical part of the case is treated by head II.
moving round the horizontal axis of the centre of the pipe ends.
The spherical surface of the case and the outer surface of the
pipe ends is simultaneously treated by cathode I.
The moving of both movable heads is complicated because they
have to go round the two guide rails of the cut-off slide valve
as well. About 80 percent of the contaminated surface can be
treated in such a way. The guide rails, the inner and the
sealing surface of the pipe-ends can only be decontaminated by
manually moved cathods.
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direct current
electrolyte tank supply

feed pump
support

rotation of the
two movable heads

swinging
rotation of
movable head

I.

main gate
valve case

movable
cathode

II.

F i g . 8 . D e c o n t a m i n a t i o n equipment for the main gate valve case
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CHARACTERISATION OF THE RADIOACTIVE DEPOSITS ON
PWR PRIMARY CIRCUIT SURFACES

M. E. PICK
Central Electricity Generating Board
Berkeley Nuclear Laboratories
Berkeley
Gloucestershire
GL13 9PB
UK

ABSTRACT

Results from detailed examination of the oxides on a range of Inconel
600 and stainless steel specimens from a number of PWRs are reported. A
variety of techniques have been employed. These include gamma
spectronietry, alpha spectrometry, scanning electron microscopy and wet
chemical analysis. In addition, surface analytical techniques including
secondary ion mass spectrometry (SIMS) have been used to characterise the
oxides. The sources of the major radionuclides prer.ent on circuit
surfaces are considered.. Procedures for decontaminating PWR surfaces are
described. In addition to the PWR specimens, results from a limited
number of specimens from BWRs and CANDU reactors are presented.

INTRODUCTION

In assessing the decontamination and decommissioning options for
LWRs, characterisation of the radioactive deposits is required to provide
information on the radioactive inventory in the system. Knowledge of the
quantities of activation products, fission products and actinides
deposited on reactor pipework during operation is essential in formulating
the overall decommissioning strategy. Similarly, in the assessment of
whether or not to decontaminate and what process to use, knowledge of the
physical and chemical form of the radioactive deposits is required to
assess the potential efficacy of any decontamination options. In spite of
this importance there is only limited information available on the nature
of PWR corrosion products on out-of-core surfaces. This paper describes
detailed examinations performed on a number of Inconel 600 and stainless
steel specimens from PWRs.

CORROSION AND ACTIVITY TRANSPORT PROCESSES IN PWR CIRCUITS

The major constructional materials used in PWR primary circuits are
austenitic stainless steels (AISI 304, 308, 309, 316 and 321) and high
nickel alloys (Inconel 600, 690, 718 and Incoloy 800). For the fuel
cladding Zircaloy is used on all modern PWRs. In addition, there are small
areas of various other alloys in the circuit; the most important of these
is the high cobalt material, Stellite, which is used as a hard-facing in
pumps, valves and various other components.
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The majority of the PWRs of Western design use AISI 304 stainless
steel for the primary circuit pipework and Inconel 600 for the steam
generator (SG) tubes. The major exception is the West German KWU plants
which use Incoloy 800 for the SG tubes. In addition, AISI 308 and 309 is
used as weld overlay material in the main pressure vessel and areas such as
the SG channel heads. On Russian designed VVER plants the major material
of construction is an AISI 321-type stainless steel which is used for both
the primary circuit pipework and SG tubes.

In pressurised water at 300°C, stainless steel and nickel alloys
corrode at a slow but finite rate, forming surface oxides and also
releasing soluble species to the circulating coolant. Particles of oxide
formed by either precipitation or break-up of surface oxides also circulate
In the coolant. The circulating soluble and particulate material can
deposit on the Zircaloy fuel cladding where it is neutron activated;
re-release and deposition and sorption of activated material onto
out-of-core surfaces can then take place. In addition, release of
activated material from stainless steel and Inconel components in the core
can also occur. The Zircaloy fuel cladding also corrodes but releases very
little material to the circulating coolant. In the majority of PWRs,
activated corrosion products are the major contributors to radiation fields
and doses. Typically, about 60% of station dose arises from 60Co (from an
n,y reaction on ^Co) with a further 15% from 58Co (n,p reaction on 8Ni)
and 10% from other activation products. Fission products generally
contribute < 10% of station dose on PWRs. In considering decommissioning
scenarios, of course, cognisance has to be taken of the pure beta-emitting
and electron-capture radionuclides, and also actinides. These do not
contribute to radiation fields but may come to dominate radioactivity
arisings. In this paper, results from gamma and alpha spectrometry of
reactor specimens are presented. Work to determine the levels of
beta-emitting and electron-capture radionuclides is in progress.

EXAMINATION OF SPECIMENS

The specimens examined include Inconel 600 SG tube and stainless steel
from a number of Westinghouse type PWRs, specimens from a number of other
PWRs, including a Russian type VVER reactor, CANDU SG tube and specimens
from two BWRs. The specimens were sectioned into small coupons
(approximately 1 cm^) for subsequent examination* On the PWR specimens
examined there is a fairly clear distinction between the loose
(particulate) oxide on the surface and the fixed (grown-on) oxide. The
former was removed by a few minutes treatment in an ultrasonic bath and
collected on a 0.1 urn Nuclepore filter. With some of the other specimens
examined the distinction between fixed and loose oxide was less clear,
although in general the oxide was separated into these components for
analysis using the ultrasonication technique.

Gamma Spectrometry

Typical results from gamma spectrometry of the Inconel 600 SG tube
specimens are given in Table I. The predominant isotope on all the
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TABLE I TABLE II

Radioactivity Levels on PWR
Inconel 600 SG Tube Specimens

Reactor
(EFPY)

P-21
(1.6)

B-13
(2.1)

L-25
(1.4)

1-4
(2.2)

(2 2)

Indian
Point 2
(2.2)

Ringhals
2

(5.4)

Doel 2
(6.0)

Radio-
nuclide

60Co

125Sb

60Co

125Sb

6 0 C o

51+Mn
1 2 5 S b

60 C o

51*Mn
125Sb

6 0Co
"^Mn

125Sb

60Co

125Sb

60Co

5 7/i

58Co
6 5 Z n

*̂*Nb
106Ru
llQmAg

5̂b
i37Cs

1 " E u
^ E u
155Eu

6 0Co

"co58Co
Q 5 Z n

Nb
12>
125Sb

Total
Activity
(kBq cm"2)

41.4
4.9
0.4

41.1
5.2
0.5

17.8
3.6
0.4

66.2
1.5
0.07

74.0
4.1
0.4

144
10.7
0.4

253
4.4
0.5
170
2.2
0.012
0.15
0.015
0.46
0.0037
0.24
0.0078
0.011
0.011

194
12.6
2.7
992
2.3
0.007
2.2
1.3
0.004

Radioactivity Levels
Stainless

Reactor
(EFPY)

Surry 2
Manway Insert
« 1)

Ringhals 2
CVCS Pipe
(2.2)

Ringhals 2
Manway Insert
(5.8)

Loviisa 2
CVCS Pipe

Loviisa 2
SG Tube
(1.5)

on PWR
Steel Specimens

Radio-
nuclide

60Co

1

58 C O
5 8Co
5ifMn
6 5Zn

Ce

6 0Co
5!+Mn

ioe£
1 2 5 S b
11+l*Ce

Eu
155 E u

60Co
5ttMn

60Co
5 Sin
57Co
6&2n
108mAg
llQmAg

Eu

Total
Activity
(kBq cm"2)

133

248
522
33.7
5.6
0.56

958
26.3
1.7
433
5.2
1.7
0.3
0.2
0.8
0.06
0.04

4.1
0.3

0.26
0.13
0.011
0.018
0.27
0.34
0.0015
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specimens was 60Co, apart from Doel 2 where It was 58Co. The majority of
the 60Co, 72-96%, was associated with the fixed oxide. The other isotopes
detected on all the specimens were 5<+Mn (from n,p on 5tfFe) and 125Sb (from
n,v on 12l*Sb and n,p on 1 2 5Sn). In the case of the Ringhals 2 and Doel 2
specimens, the solutions of oxide stripped from the specimens as described
under chemical analysis were examined after removing the cobalt Isotopes
from the solution. This drastically reduced the Corapton continuum
background and enabled a number of radionuclides present In very small
amounts to be detected. The additional radionuclides detected on the
Ringhals 2 specimen included the fission products i06Ru, 137Cs and lhl*Ce
and the activation products f*Nb (from n,y on 93Nb), and the europium
isotopes 152Eu (from n,y on i 5 1Eu). 15kEu (from n,y on 153Eu) and 155Eu
which is an activation product of ^54Eu.

The 60Co radioactivities are plotted in Fig. 1 versus EFPY, together
with earlier Doel 2 and Ringhals 2 data obtained at BNL and EPRI data .
The data from the BNL studies fall into the same spread as the data from
the EPRI report. A reasonable fit of the data points beyond 1.5 EFPY Is
provided by a simple 60Co build-up/decay equation j- (l-e"^) , with a 60Co
deposition rate of 48 kBq cm"2 per EFPY. If this rate continued throughout
reactor life it would lead to a saturation level of 60Co on SG tube
surfaces of about 350 kBc cm"2 after 25 years.

Results from gamma spectrometry of various stainless steel PWR
specimens are presented in Table II. The major Isotopes were again 60Co,
58Co and 5i*Mn. For the Ringhals 2 manway insert specimen the 6°Co level
was about a factor of 4 greater than on the SG tube (Table I) which had
experienced a similar EFPY. As with the SG tube specimens the majority of
the 60Co radioactivity (75-95%) was present In the fixed oxide. The 60Co
levels on the Loviisa PWR specimens are about 2 orders of magnitude lower
than on the other PWR specimens. Low levels of 60Co were also found on SG
tube from CANDU reactors (Table III). The Bruce 4 specimen, in fact, had
substantially more 65Zn than 60Co. The reasons for the much lower levels
of 60Co on the Loviisa and CANDU reactor specimens are discussed later.

j ] From Be) 1
~ | * BNL Studies •
£ 300r

Deposition R of 46 k Bq cm"2

per year

EFPY
FIG 1. SG TUBE eoCO SURFACE RADIOACTIVITY VERSUS EFPY
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TAELE III TABLE IV

Radioactivity Levels on
CANDU SG Tube Specimens

Radioactivity Levels on
BWR Stainless Steel Specimens

Reactor
(EFPY)

Bruce 3
(5.9)

Bruce 4
(3.5)

Radio-
nuclide

60Co
51+Mn
65Zn

106Ru
^2i+Sb
1 2 5Sb
""Ce

60Co
5kMa
65Zn

I 0 6Ru
1 2 5Sb
137Cs
^ C e

Total
Activity
(kBq cm"2)

0.22
0.05
0.15
2.0
0.70
0.16
3.9

1.7
0.81
18.9
0.73
0.027
0.005
0.77

Reactor
(EFPY)

T
(4.6)

M
(8.7)

Radio-
nuclide

60Co
5t*Mn
58Co
65Zn

103Ru
10 6 R u
1 2 5Sb
it+l+Ce
1 5 5Eu

6 0Co
-i4Mn
65Zn

106Ru
1 2 5Sb
1 3 7Cs
15**Eu

Am

Total
Activity
(kBq cm"2)

133
4.4
1.2
64.6
0.63
13.9
0.47
2.8
0.019

107
1.1
2.4
i.4 i
0.25
0.023
0.070
0.032

The two BWR specimens examined also showed 60Co as the predominant
isotope (Table IV). However, on the reactor T specimen a number of other
radionuclides were present in appreciable amounts, in particular 65Zn (65
kBq cm"2) and the fission product 106Ru (14 kBq cm" 2). The large amount of
6 5Zn present is consistent with the high level of zinc in the oxide on the
reactor T specimens. This zinc originates from the brass condensers and
other components in the feed train.

Alpha Spectrometry

The alpha radioactivity on the specimens was determined directly using
an ORTEC alpha spectrometer equipped with 600 mm2 surface barrier
detectors. This was coupled to a Canberra multi-channel analyser. The
system counting efficiency in 4it geometry was 25%. Typical examples of
alpha spectra obtained from the specimens are shown in Fig. 2 for Doel 2
and Ringhals 2 SG tube. The spectra generally consisted of three or four
main peats corresponding to the following energies and major actinides:-
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A 5.05-5 .10 MeV 2 3 9 Pu + 2 / | 0Pu
B 5 .40-5 .45 MeV 2 3 8 Pu + 241Am
C 5.70-5 .75 MeV 2khCm
D 6.00-6 .05 MeV 21+2Cm [ T 1 ^ 163 d ]

A B C D
(a) Doel 2 (19831S& Tube (b) Ringhols 2 (19B4) SG Tube

FIG 2. TYPICAL ALPHA SPECTRA OBTAINED FROM REACTOR
SPECIMENS

The spectra were analysed using fitting routines and results from the
PWR specimens are summarised in Table V« The data are expressed in terms
of Bq cm"2; the curium isotopes are decay corrected to the time when the
specimens were removed from the reactor.. Two of the reactors, L-25 and
Ringhals 2 (1977) showed < 0.05 Bq cm"2 of alpha radioactivity. It is
possible that this level say represent the quantity expected from uranium
impurities in the circuit, e.g. tramp uranium on fuel. On the other
specimens, the total alpha radioactivity varied from 0.9-26 Bq cm"2.
However, if the 21*2Cm data are neglected the range is reduced to 0.9-4.9 Bq
cm"2. The quantity of short-lived 21*2Cm on surfaces at shutdown will be
very dependent upon when the actinides were deposited. For instance, if
the actinides were deposited as a resuli: of fuel failures a number of years
previously, very little 2i+2Cm would remain.

The reactors examined have experienced up to 6.8 EFPY of operation.
The actinide arisings (excluding 2^2Cm) are plotted versus EFPY in Fig. 3.
It is clear that there is no systematic trend with EFPY. In fact, it is
probably unreasonable to expect any progressive relationship between the
concentrations observed and operating time since fuel failures (which are
probably the major source of the actinides) are not systematic events.
This contrasts with the data for 60Co where a j- (1-e * r) relationship can
be fitted to the reactor data. Clearly, It is not possible, therefore, to
perform a simple extrapolation to predict the actinide levels on
out-of-core surfaces at the end of reactor life after a possible 40
calendar years of operation. Calculation of the actinide inventory at the
end of life also requires aa assessment of the impact of the growth of
daughter products. The major change will result from decay of the
beta-emitter 2ttlPu ( T 1 ^ , 15 y) to 241Am (T 1 /

2, 433 y ) . Therefore,
measurement of 21+iPu through chemical separation and liquid scintillation
counting is required.

The actinide concentrations on three BWR reactor specimens were also
measured. The levels recorded (Table VI) were in the range 81-174 Sq cnf~2,
i.e. somewhat higher than on the PWR specimens.
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TABLE V
Actlnlde Radioactivity Measured on PWR Specisene

Reactor

(1)

B-13

P-21

L-25

1-4

Indian Pt 2

Doel 2
(1984)

Ringhals 2
(1977)

Ringhals 2
(1984)

Ringhals 2
(1979)
304 SS

Ringhals 2
(1984)
304 SS

EFPY

2.1

1.6

1.4

2.2

2.2

6.8

1.2

5.4

2.2

5.8

Total Alpha
Activity
(Bq cm"2)

0.89

1.96

0.022

4.85

4.92

1.67

0.044

25.9

3.07

7.7

Actinide Activity (Bq cm"2)

23 9pu+2'+0pu

0.48

0.70

0.0078

1.37

1.74

0.14

0.022

0.78

1.41

0.41

238Pu+2i+1Am

0.37

1.11

0.013

2.85

2.70

0.89

0.020

1.41

1.30

0.78

[2^Cm]

0.0052

0.13

G.0015

0.63

0.48

0.56

0.0026

0.48

0.34

0.32

[2i'2CmJ

n.d.

n.d.

no in.

n.m.

n.m.

0.093

n.m.

23.3

n.m.

6.15

[] Decay Corrected 2i+1*Cm and 2k2Cm data.
(1) = Inconel 600 SG tube except where

stated otherwise.

n.d. = not detected
n.m. = not measured

TABLE VI
Actinides Measured on BWR Specimens

Reactor

M

T

L

EFPY

8.7

4..6

4.7

Total Alpha
Activity
(Bq cm"2)

111

174

81.0

Actinide Activity (Bq cm"2)

239pu+24 0 p u

16.7

5.9

21.1

238Pu+21+1Am

70.3

11.5

54.0

[2^Cm]

23.7

8.1

P2Cm]

0.4

148

5.6 |
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3 4 5 6 7
EFPY

3t-

!Sl-

FIG 3. SG TUBE SURFACE ACTINIDE CONCENTRATIONS VERSUS
EFPY

W = 0 2 1 . 0 4 2 !

(cc = 0 3 3 3

FIG A TIME DEPENDENCE OF TOTAL
METALS ( F e . C r . N Q WEIGHT IN
OXIDE ON INCONEL SG TUBES

Chemical Analysis

After removal of particulate oxide by ultrasonic bath treatment the
fixed oxide on the specimens was stripped using a 20% bromine/methano1
solution. For Inconel SG tube this was a rapid procedure (< 10 mins
required). However, for stainless steel specimens it was very slow and it
was easiest to cut a thin slice from the specimen at the surface and
dissolve away the base metal. The stripped oxide released as flakes was
collected on a 3 um Nuclepore filter and rinsed with methanol. A few
individual flakes of oxide were retained for scanning electron microscope
(SEM) examination and the rest was fused in a platinum crucible using a
mixture of sodium carbonate and sodium tetraborate. The fused mixture was
then dissolved in nitric acid for atomic absorption analysis. Cobalt was
determined by electrothermal atomic absorption after extraction into
chloroform using l-nitroso-2-naphthol .

Results from analysis of Inconel SG tube for iron, nickel, chromium
and cobalt are shown in Table VII. With respect to the base metal the
fixed oxides are all enriched in chromium which varied from 30-55%. Iron
concentrations were in the range 21-38% and nickel 23-48%. The loose
particulate oxide was lower in chromium than the fixed oxide and higher in
iron and nickel. The range of compositions observed were chromium 16-30%,
iron 22-48% and nickel 28-53%. Cobalt concentrations in the fixed oxide
range from 0.46-1.7% and show a considerable enrichment (7-30) over the
cobalt in the base metal. The oxide metal weight on the SG tubes is shown
in Fig. 4 versus EFPY of operation. A straight line fit with a correlation
coefficient of 0.93 was obtained. This showed that the total weight of
oxide was increasing by about 60 ug cm"2 per EFPY.
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TABLE VII

Inconel SG Tube Oxide Composition (Normalised to 100% (Fe+Ni+Cr)
and Oxide Weight

Plant

Reactor C

Indian
Point 2

Ringhals 2

Ringhals 2

P-21

B-13

L-25

1-4

(EFPY)

2

1

3

1

2.

1.

2.

.2

.2

.2

.6

.58

12

37

21

Oxide

Fixed
Loose

Fixed
Loose

Fixed
Loose

Fixed
Loose

Fixed
_,oose

Fixed
Loose

Fixed
joose

Fixed
Loose

Percentage
Composition

Fe

26
27

21
47

38
22

27
42

21
38

26
48

31
44

24
44

Ni

36
52

24
37

23
53

29
28

48
37

25
36

26
41

32
36

Cr

38
21

55
16

39
25

44
30

30
25

48
16

42
16

44
20

0

1

1

0

0
0

0
0

0
0.

0.
0.

Co

.48

.7

.5

.95

.62

.23

.66

.28

.46

.30

50
33

1

%

0

0

0

0

0

0

0

0.

Co in
Base
Mo tai

.057

.073

.042

.043

.055

.059

.057

.058

Total
in
( o

1
n

1
n

0
n

2
n

0
0

0
0

0.
0.

0.
0.

Metals
Oxide
m-2)

• i.0

.d.

.10

.d.

.55

.d.

.15

.d.

.46

.26

.77

.20

.71
27

56
20

n.d. = not determined

Results from the analysis of various stainless steel oxides are given
in Table VIII. For the fixed oxide chromium concentrations ranged from
28-44%, iron 32-58% and nickel 12-34%. In general, compared with the
Inconel SG tube, the stainless steel oxides contained similar amounts of
chromium but less nickel and more iron. Cobalt concentrations, with the
notable exception of the Loviisa 2 specimens, were similar (0.44-1.15%) to
those in the SG tube oxide and also showed an enrichment over the base
metal composition. The total weight of metals in the oxide on the
stainless steel specimens is somewhat greater than on the SG tube specimens
of a similar SFPY.
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TABLE VIII

PWR Stainless Steel Oxide Composition
(Normalised to 100% Fe+Ni+Cr) and Oxide Weight

Reactor

B

D

Surry 2
Manway
Insert

Ringhals 2
CVCS Pipe

Ringhals 2
Manway
Insert

Beaver
Valley
Manway
Insert

Loviisa 2
CVCS Pipe
SG Tube

EFPY

n.k.

n.k.

1

2.2

5.8

0.77

1.02

1.5
1.5

Oxide

Fixed
Loose

Fixed
Loose

Fixed
Loose

Fixed
Loose

Fixed

Fixed
joose

Fixed
Loose

Fixed
Fixed

Percentage
Composition

Fe

47
81

46
84

46
38

47
60

39

32
51

38
72

44
58

Ni

15
5

12
7

16
46

16
22

19

34
45

17
23

12
13

Cr

36
14

40
9

38
17

37
18

43

33
4

44
5

41
28

Co

0.85
n.d.

n.d.
n.d.

1.15
0.40

0.55
0.22

0.44

0.30
0.11

0.49
0.17

0.059
0.084

% Co in
Base
Metal

0.068

n.d.

0.13

0.13

0.13

n.d.

0.078
0.061

+.

Total Metals ;

in Oxide

(g nT2)

2.32

5.0

11.6
0.27

2.25
0.83

10.4

3.S
1.1

7.4
7.8

6.4
1.0

n.d. = not determined
n.k. = not known

The cobalt concentrations observed in the oxide on the Loviisa 2
specimens are of particular interest in relation to data from the other
reactors. The cobalt concentrations in the fixed oxide from Loviisa 2 show
no enrichment over the concentration in the base metal. In contrast, the
cobalt concentrations in the fixed oxide on the other reactor specimens,
mainly from Westinghous;e plants, shew enrichment factors over the base
metal cobalt concentration ranging from 4-30. The Loviisa reactors are
reported to contain no Stellite. This suggests strongly that the high
cobalt concentrations observed in the oxides from Westinghouse type PWRs
arise from Stellite wear and corrosion. This conclusion is also supported
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by a mass balance study for Westinghouse PWR circuits . It is unlikely
that the fact that Loviisa 2 is an all stainless steel plant is
significant. Reactcr B (Table VIII) is also an all stainless steel plant
which is known tc contain Stellite, and the oxide analyses show a cobalt
concentration s;'.mil?.ir to those observed on the Westinghouse type plants.
On the specimens from BRUCE-CANDU reactors (Table III) very low 6°Co
arisings were also noted. On these reactors, steps have been taken to
replace the majority of the Stellite by other hard-facing materials and
steam generator tubing containing a low concentration of cobalt (< 0.015%)
has also been used.

For comparison with the PWR specimens, results obtained from two BWR
specimens are shown in Table IX. On the reactor T specimen there was
enrichment of chromium in the inner fixed oxide and substantial quantities
of zinc were present in the oxide. The loose oxide contained less chromium
and more iron. Hence, apart from the zinc, the fixed oxide on this
specimen was similar in composition to the oxide on stainless steel FWR
specimens. With the reactor M specimen both the fixed and loose oxide were
predominantly iron based.

TABLE IX

BWR Stainless Steel Oxide Composition and Oxide Weight

Reactor

T

M

EFPY

4.6

8.7

Oxide

Fixed
Loose

Fixed
Loose

Percentage

Fe

41
65

60
86

Ni

7
6

15
5

Cr

31
12

13
2

Composition

Zn

12
16

7
4

Mn

8
1

4
1.9

Co

0.30
0.45

0.28
0.35

Total Metals
in Oxide
(g m-2)

6.3
3.8

3.9
2.4

Metallographic Examination

A section through the Indian Point 2 SG tube oxide is shown in
Fig. 5a. The oxide is less than 1 um thick. The surface of the tube was
very smooth with no evidence of pits or oxide penetration down grain
boundaries. However, some of the SG tube specimens showed penetration of
oxide into the metal, e.g. the Ringhals 2 (1981) specimen shown in Fig.
5b. Typically, the oxide extend-ad up to 10 um into the metal.

A section through the Ringhals 2 CVCS pipe is shown in Fig. 6a. The
pipe surface Is quite rough with a peak to valley distance of 20 \m and
the oxide appears to follow the surface contours. The manway insert which
had an oxide layer up to 5 [im thick in places is shown in Fig. 6b. In
general, the stainless steel specimens examined tended to have rougher
surfaces than the SG tubes which were invariably almost completely smooth.
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FIG. 5.

SECTIONS THROUGH PRIMARY SIDE

OXIDE ON SG TUBE
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FIG 6. SECTIONS THROUGH PRIMARY SIDE OXIDE ON STAINLESS
STEEL SPECIMENS

Scanning Electron Microscopy

An electron-micrograph of the oxide on Ringhals 2 (1983) SG tube is
shown in Fig. 7a. There are a number of sma.l_ particles on the surface but
they only occupy a small proportion of the surface area. A more
interesting electron-micrograph is that shown in Fig. 7b which is of the
underside (i.e. oxide-metal interface) of the oxide stripped from the tube
using bromine/methanol solution. The pattern shown corresponds to where
oxide has penetrated down grain boundaries as shown on the metallographic
sections. The Ringhals 2 and Doel 2 specimens all showed varying degrees
of oxide penetration down grain boundaries to a maximum depth of about 10
^m. On the other SG tube specimens examined there was very little evidence
of any oxide penetration into the metal.

Electron-micrographs of the stainless steel specimens examined
tended to show a rather rougher surface than the SG tubes, as expected
from the metallographic sections. The CVCS pipe shown in Fig. 8a
appeared to consist of exposed metal grains up to 50 urn across and areas
where grains may have been torn from the surface, possibly during
manufacture. The manway insert surface shown in Fig. 8b appeared to have
been polished in two directions with 50 \M. grit.

Analyses of the stripped oxide flakes using X-ray analysis on the SEM
tended to confirm the results of the atomic absorption analyses for iron,
nickel and chromium. A number of other elements were detected in the oxide
including manganese, titanium, silicon, copper and zinc; however, on the
PWR specimens these were generally present at levels of less than one or
two percent. Analyses of discrete 1 .m spots showed little variation in
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(a) Topside
Oxide-Water Interface

2 0 Pm

(b) Underside
Oxide-Metal Interface 20 urn

FIG 7. ELECTRON-MICROGRAPHS OF
PRIMARY SIDt-J OXIDE ON RINGHALS 2
(1983) SG TUBE

(b) Manway Insert

ELECTRON - MICROGRAPHS OF
PRIMARY SIDE OXIDE ON RINGHALS 2
STAINLESS STEEL SPECIMENS

composition; although where oxide had penetrated into the Inconel base
metal it tended to be slightly more chromium rich than the surface oxide.

Surface Analytical Techniques

Secondary Ion Mass Spectrometry (SIMS). Specimens were examined using
a VG SIMS system with an argon ion beam. The beam energy was 4.5 kV, and
the current used was generally in the range 20-30 nA. Specimens were
exposed for times up to 4 hours, depending on the changes observed In the
mass spectrum.

A spectrum from a RInghals 2 specimen after 5 mins sputtering is shown
in Fig. 9. Chromium-52 and iron-56 give strong signals but the nickel-58
signal is very weak. There are strong signals from potassium-39,
aluminium-27 and sodium-23. The SIMS sensitivity factors for different
elements vary markedly, for instance by three orders of magnitude between
alkali metals and transition metals. The raw SIMS data must be processed
using relative sensitivity factors to produce quantitative data. In the
present work these factors were derived experimentally for iron, nickel and
chromium; for other elements literature data were used. The other main
elements which were detected in the spectra included magnesium -24 ,
silicon-28, titanium-48, manganese-55, zinc-64 and zirconium-90. The
signals at 68 amu (atomic mass units) and 72 amu are probably due to 52Cr0+

and 56Fe0+, respectively. In the region above 100 amu signals from Mê "1"
species, e.g. Cr2

+ and CrFe+, appear.
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The results obtained from sputtering through the Ringhals 2 oxide are
plotted in Fig. 10. The profile shows a slight decrease in chromium and a
slight increase in iron through the oxide. The nickel concentration is
fairly constant. Aluminium, zirconium, titanium and zinc are present at
levels from 0.5-3.0% at the oxide surface but their concentrations fall as
sputtering proceeds through the oxide. The Inconel SG tube specimen
examined showed similar profiles to the stainless steel specimens.

One of the main points to emerge from the SIMS study was that there is
no clear evidence of a layer-type structure for the PWR fixed oxides; for
instance, an inner chromium rich oxide layer and an outer layer consisting
mainly of iron and nickel oxides. Instead, the concentration profiles for
the major oxide constituentst i.e. iron, nickel and chromium were
relatively smooth demonstrating that the oxide is fairly homogeneous in
composition.

X-Ray Diffraction and Laser Raman Spectroscopy. Results from
examination of the PWR reactor specimens with low angle X-ray
diffractometry on a Philips vertical diffractometer showed that the oxide
in all cases corresponded to a magnetite type spinel structure. This was
also revealed by examination using Laser Raman Spectroscopy at Harwell
Laboratories. To date, it has not proved possible to determine whether the
oxide is a normal or inverse spinel.

OVERALL SUMMARY

Inconel SG and stainless steel specimens from a number of different
PWRs have been examined. The chemical composition of the oxides is very
similar, they are all enriched in chromium by about a factor of two
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over the base metal chromium concentration of 16-18%. The other major
elements in the oxide are iron and nickel. In addition, manganese,
titanium, silicon, cobalt, copper and zinc are present ?.t levels of a few
percent or less. The oxide thickness on stainless steel specimens is
higher than on the Inconel SG tube after a similar EFPY. For instance, the
thickness on the Ringhals 2 stainless steel manway insert after 5.8 EFPY is
up to 5 iitn, compared with about 1.5 nm on SG tube. On the SG tube the
oxide appears to be growing at a linear rate. There are insufficient data
available to determine the rate of growth of stainless steel oxides. The
stainless steel specimens are much rougher than the SG tube specimens, this
may partially account for the higher oxide burden on the former.

The predominant gamma-emitting radionuclide on virtually all the
specimens examined, including some from BWRs, is 60Co, formed from 59Co.
It is considered that the major source of the 60Co is the high cobalt alloy
Stellite. This conclusion is supported by data from the Russian designed
Loviisa 2 VVER reactor. The 6°Co levels on specimens from this reactor
which contains no Stellite are about two orders of magnitude lower than on
Westinghouse reactors. Low levels of 6°Co are also found on Inconel SG
tube specimens from CANDU reactors where efforts have been made to remove
the majority of the Stellite and to lower cobalt impurities in the Inconel
SG tubes.

Most of the other gamma-emitting radionuclides measured in significant
quantities on the specimens, e.g. 51+Mn, 58Co, 65Zn, 1 0 6Ru, 1 2 5Sb are
shorter-lived than 60Co. Therefore, the 60Co deposited on out-of-core
surfaces will continue to dominate radiation fields for tene of years after
shutdown. The long-lived gamma-emitting radionuclide, 9**Nb, which is
likely to be the dominant contributor to radiation fields after long decay
periods, was detected on one of the specimens examined.

On nearly all the specimens examined alpha-eiritting actinides have
been detected; typical levels range up to 5 Eq cm of longer lived
actinides (238Pu, 2 3 9pUj 2 4 0 P u a n d 2^1^) o n P W R specimens and 100 Bq cm"2

on BWR specimens. These actin-'des are thought to arise as a result of fuel
fai3ures during operation. Clearly, their presence on out-of-core surfaces
must be taken into account in assessing decommissioning scenarios. At the
time of writing the levels of pure beta-emitting and electron capture
radionuclides on the specimens have not been determined. However, these
radionuclides, e.g. Ni and 5Ni, may well dominate residual
radioactivity, although not dose-rates, over long decay periods.
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NEW METHOD FOR DECONTAMINATION OF

CONCRETE WITH MILLING CUTTER
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12-20, Honcho 4-chome, Nihonbashi,

Chuo-ku, Tokyo 103, Japan

ABSTRACT

The techniques up to this time on removing the contaminated concrete
surface have some problems, c^.ch as irregular depth of removal, difficulty
of collecting the scraped debris and so on. As a solution of these
problems, new method with original milling cutter and vacuum collecting
system had been developed.

Milling cutter can scrape the concrete surface to a few millimeters
depth accurately by one pass. The scraped debris is shaped uniform powder
and is collected almost 100 % by vacuum collecting system. This method has
so many advantages, such as radioactive waste reduction, prevention from
internal exposure of workers, recontamination prevention and easy
measurement of residual radioactivity after decontamination.

This report describes the development, demonstration, experience and
outline of new method completed as "Clean Cut Removal System".

INTRODUCTION

When radioactively contaminated nuclear facilities are to be
decommissioned, the decontamination of concrete surface of floors and walls
in the building is necessary. Purposes of the decontamination are as
follows:

- to minimize the radiation exposure of personnel
- to minimize the activity of the surface contamination to a level which
permits unrestricted use of previous controlled area, i.e. to permit
materials from a demolished plant to be treated as normal building
waste.

The depth to which radioactivity penetrates into concrete is generally
a few millimeters depending upon the nature of concrete (its porosity), the
duration of exposure, the composition of contamination and the condition of
protective coating. The peneration depth is reported that the KRB-A
Gundrenasingen Power Plant, West Germany, approximately 1 mm for protective
coating by epoxy paint and approximately 5 mm for no coating. The Gentilly-
1, Canada, shows the same results.
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Required efficiency for concrete decontamination methods is as follows:

(1) Prevention from internal expos.ire of workers: a non-dust method
or a method which can completely collect the produced dust.

(2) Minimization of radioactive waste: accurate removal of
contaminated concrete surface.

(3) Easy collection of radioactive waste.

(4) Easy measurement of residual radioactivity after contaminated
surface removal (smoothly removed surface).

(5) Non-recontamination.

Contamination which penetrates into concrete cannot be removed by
using hand scrubbing method or chemical decontamination methods, but ca^ be
removed using mechanical methods such as chipping hammers, grinders,
scabblers, drills & spallers and sand blasters. All these methods,
however, have such defects that they entail the internal exposure of
operating personnel as well as the spread of contamination due to the
aerosol activity, increase radioactive waste due to the removal of non-
contaminated concrete, or involve extra labor for debris recovery.

So, it was necessary to develop a new method which can safely and
easily remove contaminated concrete surface. After the basic research, the
concrete cutting method was selected by the following reasons:

(1) In order to remove concrete surface with a depth of several
millimeters uniformly and smoothly, scraping (thin cutting off)
is a more effective method rather than hitting and scarifying.

(2) Fine-grained particles are effectively obtained by cutting and
so it is easy to collect by vacuum system.

(3) There are no secondary radioactive wastes because cutting method
does not use extra materials.

DECONTAMINATION OF CONCRETE WITH MILLING CUTTER

Concrete milling technique and the produced debris collecting
technique had been researched & developed since 1983. Many subjects had
been solved by experiments, fabrication of experimental machines and
demonstrations, and prototype machines for practical use was completed as
"Clean Cut Removal System".
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De}relopment_of Concrete Surface Milling Technique

It is very difficult to scrape the high strength concrete surface,
because concrete includes hard aggregate and its material characteristics
are not uniform. There were many subjects to solve, such as change of
reaction force, impact force, excessive power load and tear and wear of
cutter tips. Several equipments were made to get basic data for accurate
concrete surface milling technique, and various experiments were pursued.

The milling cutter has many tips arranged at regular intervals on the
outer circumference of the cylindrical body.

Experiments were practised by equipments which include the milling
cutter rotated with electric motor, the situation between cutter and
concrete sample was kept constantly and the speed of cutter movement was
changeable.

Test samples were made as plates using the concrete of compressive
strength, Fc = 300 kg/cm' and maximum coarse aggregate size, 2.5 mm.

Full view of experiment is shown in Fig. 1. Experiment on concrete
cutting is shown in Fig. 2.

Experiment for cutting device. The experiments for cutting device
had been pursued to gain the data of the following factors. (1) width of
cutter (2) rotating speed of cutter (3) moving speed of cutter (4) cutting
depth. These data had been examined from the following points of view.
(1) pressing force of cutter to concrete (2) power for cutter movement (3)
power for cutter rotation.

The result indicated that the moving speed of cutter had most
influence on the pressing force of cutter to concrete and the cutting depth
had next weight on it. The pressing force was influenced a little by
rotating speed of cutter. As the rotating speed of the cutter became
faster, the pressing force tended to be less. The pressing force was in
proportion to the width of cutter. The maximum pressing force of cutter to
concrete was 1000 kg under the condition of cutter width 20 cm, cutting
depth 5 mm and moving speed 100 cm/m.

The power of cutter movement was not influenced by above mentioned
factors and it indicated constant value. Provided that the cutter width
was constant, the power for cutter rotation was influenced mainly by
rotating speed, secondary by moving speed and a little by cutting depth.

Measurement of vibration. To gain the design factors for experimental
machine, vibration was measured during the experiment of milling cutter.
The vibration acceleration showed the peak value when the cutter scraped
aggregates in concrete and it indicated the necessity of shock absorbing
mechanism. The biggest value was measured in cutting device, the nest was
experimental equipment, and the third was concrete samples. The
acceleration of vibration showed different value depending on the
frequency, and three frequency zones, low (50 - 150Hz), middle (300
500Hz), high (800 - 9 0 0 H E ) , indicated high value. Maximum acceleration was
measured more than 30 G.
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Improvement, for cutting material. Experiments had repeated to select
most suitable material as bits for cutter. The important factors for bits
are hardness and tenacity. After trials and errors, some kind of cemented
carbide tip was found as most suitable material. And for the practical
use, the cutter had designed with exchangeable tips.

During the experiments, it sometimes happened that the tips were torn
and worn by the big impact force. To solve this defect, the hydraulic
shock absorber was adopted, then the tear of tips lost and the wear of tips
diminished. The tips wore 1 mm by scraping the concrete surface about
80 m long. The cemented carbide tip has sharp-angled edges on its four
faces so that one tip can be used four times. Relationship between wearing
length and cutting volume is shown in Fig. 3.

By using these experimental data, many subjects like the shape and
size of cutter, rotation number, motor power, control system for smooth and
accurate cutting and shock absorber, were examined and new type machines
were designed. Fabrication of experimental machines and test cuttings were
repeated several times and the original milling cutter system was
completed.

Development of Concrete Debris Collecting Technique

It is very important subjects to collect the debris which was arisen
by scraping the concrete surface, because scattering of debris causes the
internal exposure of workers and the recontamination of scraped surface.
Experiments was pursued to create the suitable collecting device.

Measurement of scraped debris size. Scraped debris which is smaller
than 10 jim becomes aerosol particles, and bring on internal exposure.. It
is rather difficult to transport the debris bigger than 1 mm. So the
distribution of dust was measured in weight. Measurement was practised by
standard sieve-analysis method and liquid precipitate method.

The distribution of scraped debris size is shown in Fig. 4.
The two straight lines were lead from the data which was measured by

standard sieve-analysis test and liquid precipitate method.
Rosin-Rammler logarithmic function which was guided from two straight

lines is as follows :

-0.00081 X D U 5 8

R = 10 X 100

R : weight of debris left on sieve (%)

D : debris size ( p.m )

The scraped debris by milling cutter was distributed 90 % to the range
of 10 ;im - 1 mm. Bigger than 1 mm was 7 % and smaller than 10 ;im was about
2.2 - 2.8 %. The dust was such uniformly distributed and almost every part
was smaller than 1 mm, so it was very suitable for transportation.
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Measurement of extracted air volume and pressure loss. In. actual
concrete decontamination works, it is required to transport the scraped
debris through at least about 3Q m long flexible hose. Air velocity that
does not leave the dust in the flexible hose, is over 15 m/s which is
twice of terminal settling velocity 7.5 m/s for 1 mm size particles. To
get the required air velocity, relationship between extracted air volume
and pressure loss were measured by changing the size and shape of flexible
hose. After above mentioned examination, the capacity of blower was
decided and the design of prototype machine was practised.

Examination of mechanism required for dust collection. Several
methods that could collect dust safely and easily were examined. For
example, clear away method of dust which is stuck on bag filter, method of
filter and drum exchange, volume detection of debris in the drum,
minimizing debris volume in the drum and security assurance against
breaking filter or flexible hose, etc.

Clean Cut Removal System

Clean Cut Removal System is a method which can accurately scrape the
contaminated part of concrete by rotating the cylindrical milling cutter
with cemented carbide tips and collect the concrete debris and transport it
simultaneously into a drum. This system can cut off concrete surface with
aggregate & coating smoothly to a depth of several millimeters.

Prototype machines. The original milling cutter is the feature of
Clean Cut Removal System which can be applied to all types of concrete
surface by changing the supporting and moving mechanism, according to the
shape and space of objective facilities. Presently, large type for
spacious floors and high walls and small type for narrow places and corner
were completed as prototype machines for practical use.

Large type cutting device is shown in Fig. 5. Large type collection
device is shown in Fig. 6. Small type cutting device and collection device
are shown in Fig. 7.

I— Large type cutting device
— Large type —

I— Large type collection device
Clean Cut Removal System —

I— Small type cutting device
— Small type —

'— Small type collection device
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Advantages. Clean Cut Removal System has the foiJowing advantages.

This system, which had various control system, is able to scrape
concrete to a depth with aggregate or coating accurately and smoothly.
So it can minimize the volume of radioactive waste.

The scraped dust are simultaneously collected and accumulated
directly into a drum, so there are no troublesome works for
recovering, no fear of the operator's internal exposure and no
recontamination of the surroundings.

The surface of concrete after cutting is very smooth and free from
dust, making it easy to measure the residual radioactivity and to
carry out the repair work.

Secondary radioactive waste is not produced because abrasives and
cooling water are not used.

DEMONSTSATION BY NON RADIOACTIVE CONCRETE STRUCTURE (COLD TEST)

Various kinds of cold test were carried out in a concrete structures
to confirm the effectiveness of each device. One of the structures was 6 m
wide, 8 m long and 3.7 m high, and one part of its wall and floor was
finished up epoxy coating. Concrete strength was 240 kg/cm' and the
maximum size of coarse aggregate was 25 mm.

Cutting Range of Demonstration

The large type cutting device was able to cut the surface of wall
automaticaly from 30 cm to 210 cm at the height of floor level, and cut the
surface of floor except the range of 50 cm adjacent to wall side. As it
can be estimated usually that the contamination zone is spread to about 150
cm high from floor level, the height of demonstrated cutting is enough.

The small cutting device was able to cut the surface of floor
perfectly, and cur the surface of wall to 85 cm high from floor level,
except the range of 10 cm near tha corner. The cutting range of
demonstration is shown in Fig. 8

Milling Test of Steel Plate

Many steel materials are laid on the surface in the nuclear
facilities, and are sometimes contaminated. Therefore, the milling test of
the steel plate on the wall and floor surface was made to confirm whether
the cutter and/or the tips were broken or not.

As a result, steel plates were able to be scraped with adjusting the
cutting speed & depth, but the conditions were not same to the concrete.
The cutter and tips did not receive any damage by steel milling.
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Surface After Removal

The surface after removal by the small type cutting device is shown in
Fig. 9 and surface after removal of epoxy coated concrete is shown in Fig.
10. The epoxy coated concrete surface, which was removed 3 to 5mm deep at
one pass, was very smooth, and the cutter scraped aggregates evenly.
Because the surface temperature of cutter tips weren't hot just after
cutting, and can be touched by finger without any problem. This was caused
by air coling effect of collection device, and epoxy coating could be
scraped easily without melting.

In order to confirm whether the scraped dust is left on the cut
concrete surface or not, fluorescent material applied concrete surfaces
were scraped. As the result, there were rarely the fluorescent materials
left on the smoothly removed concrete surface, and it can be said that no
recontamination after removal.

Efficiency of Collection Device

Measured efficiencies of collection device are the followings. 99.9 %
of the concrete dust was collected in the bag filter and directly put into
a drum. Fine concrete dust having passed through the bag filter was
perfectly collected by the pre-filter and EffiPA filter.

The number of dust particles was counted with the particle counter in
order to check the purity of exhausted air. As a result, the number of
dust particles above 0.3 jim was 0 - 1/0.01 ft3 at the cutlet of the HEPA
filter unit, though it was 10,000 - 200,000/0.01 ft3 at the inlet of the
HEPA filter unit.

Thus the air exhausted from the blower is very pure, and contaminated
concrete can be removed safely. Concrete dust collected in drum is shown
in Fig. 11.

Dust Leak Test

In order to confirm whether the concrete dust was scattered from the
cutter hood and upper part of drum under exchange, the leak test was
carried out by the following way.

The green house was 2 m wide, 2 m long and 3 m high, covered with non-
charged film. The clean air, which passed through the HEPA filter, was
sent to the green house and made aerosol particles minute and steady.
After such preparations, the number of particles were countered four cases,
before, during the cutting and before, during drum exchange, then the
difference of data were examined.

The samples were collected from the side & bottom of cutter hood and
the upper part & the 30 cm outside of drum under exchange. View of dust
leak test is shown in Fig. 12.
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EXPERIENCE ON CONTAMINATED FACILITY (HOT TEST)

DecontaminationWork Cond ition

The decontaminatior of the concrete surface was carried out on the
floor of the radioactive waste disposal facility for about a week in
November, 1986.

This facility was irtended to reform after decontamination and partial
dismantlement.

Although activity was low, it was spread to the entire surface of the
floor. The maximum acti\ity was 2.5 kBq/lOOcm2.

The small type cutting device and the large type collection device
were used.

The operators were wearing a half-covering mask for safety. No
temporary particular fences and ventilation equipment for the operation
were used. The removal operation was carried out by three persons: an
operator for the small cutting device, an assistant for measuring
radioactivity after the removal, and a worker required for shift.
Experience of contaminated facility is shown in Fig. 13.

Decontamination Effect

After one-pass cutting of 3 mm removal depth, the surface
contamination density in the most part of surfaces was reduced to the
background level. Particular areas, where the contamination had penetrated
deeply, was spottily found in several places, and the contamination was
reduced to the background level by several extra removals (15 mis), The
removed surface was smooth, so the residual contamination was measured very
easily.

Radiological Safety

In order to exam'.ne the influ€>nces of the removed dust to the
surroundings, radioactive concentrations in the air were measured at the
following locations: the working room, around the milling cutter hood,
outlet of the HEPA filter and apper part of drum under exchanging. The
results indicated the same value to the background level and the
radiological safety was confirmed against internal exposure of workers and
recontamination of the sxuroundings.

9leaning of Devices After Operation

The cutting device and the waste collection device, which have bp.en
used for the concrete decontamination, were carried away from the
facilities after cleaning with water and radiation survey.

Short hoses of the cutting device to which radioactive dust adhered,
all filters, and parts of the flexible hose were disposed as the
radioactive waste.
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CONCLUSION

The most important subject while decommissioning works is safety. The
essentials for maintaining radiological safety are reduction of radiation
exposure to workers and prevention of the contamination spread. Safety is
assured by easy collection of radioactive waste and simple operation.

Clean Cut Removal System can remove concrete surface accurately and
collect the scraped debris into a druni systematically, so this system is
more safe than others. The present system will be of great help to
maintenance, repair and decommissioning of nuclear facilities.

Sato Kogyo will continue its endeavours to improve Clean Cut Removal
System to meet the user's expectations.
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Fig. 5 Large type cutting device Fig. 6 Large type collection device

Fig. 7 Small type cutting device and collection device
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Fig. 8 Cutting range of demonstration Fig. 9 Surface after removal by
small type cutting device

Fig. 10 Surface after removal
of epoxy coated concrete

Fig. 11 Concrete dust collected
in drum
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Fig. 12 View of dust leak test Fig. 13 Experience of contaminated
facility
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METAL SEGMENTING USING ABRASIVE AMD
RECIPROCATING SAWS
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ABSTRACT

This paper presents the results of a study conducted at the
Pacific Northwest Laboratory (PNL) under U.S. Department of Energy
sponsorship to evaluate a light-weight, high-power abrasive saw for
segmenting radioactively contaminated metal components. A unique
application of a reciprocating mechanical saw for the remote dis-
assembly of equipment in a hot cell also is described- The results of
this work suggest that use of these techniques for selected remote
sectioning applications could minimize operational and access problems
and be very cost-effective in comparison with other inherently faster
sectioning methods.

INTRODUCTION

Electrically powered, hand-held abrasive saws are used extensively
for industrial metal working operations. Although these hand-held
units can achieve reasonable cutting rates, the units are heavy and
physically demanding on the operators. The studies reported in this
paper were conducted to evaluate a lightweight, high-power hydraulic
cut off saw as a possible alternative to plasma torch technology for
the remote sectioning of contaminated equipment.

These studies included a detailed investigation of cutting rate*
blade life and waste generation under constant cutting force or
constant cutting rate conditions. Special waterproof blades were
obtained and the saw was modified to permit testing both under dry
cutting conditions and with a water spray incorporated ir« the blade
guard to attenuate the cutting smoke and sparks. Remote tests of the
high-power hydraulic saw also were conducted in the PNL size reduction
facility1 by sectioning various contaminated components with the saw
mounted on the end of a master-slave manipulator.

This paper also describes the adaptation and application of a
standard industrial pneumatically powered reciprocating saw for the
remote disassembly of equipment in a hot cell. Information presented
includes an illustration of the saw modifications and examples of the
advantages of this cost-effective alternative sectioning technique.
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ABRASIVE SAW

The abrasive saw used for these studies is shown in Figure 1. The unit
was 28-cm wide by 50-cm long and had a 3.2-mm thick by 25-cm diameter blade.
It weighed only 10.5 kg, yet was powered by a 7500 W hydraulic motor. The
light weight and high power-to-weight ratio made this saw comparatively easy
to use for manual cutting operations, with good potential for adaptation for
remote applications using power manipulators or robotics.

FIGURE i. High-Power Hydraulic Cut-Off Saw

A series of initial cutting tests demonstrated the versatility of the
high-power hydraulic saw. It could rapidly section a variety of metals
(carbon steel, stainless steel, aluminum) plus nonmetallics such as plastic
and wood without changing the blade or operating conditions. Unlike the
plasma arc torch, the saw could section components with double-wall con-
struction and it proved relatively insensitive to changes in material thick-
ness or part geometry. Moreover, the hydraulic saw did not require the
component rigidity needed for reciprocating saws or other mechanical cutting
devices when sectioning thinner materials.

A special pivoted test fixture (Figure 2) was constructed that
permitted evaluation of cutting rate, blade life and waste generation
under constant cutting force or constant cutting rate conditions.
Sections of 6.4-mm thick stainless steel were cut into strips at a
series of constant force levels ranging from 20 to 160 N, and at
constant feed rates ranging from 2 to 17 mrn/s. Tests also were
conducted to compare cutting rates for 1.3-cm, 2.5-cm and 5.1-cm thick
stainless steel plate.
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FIGURE ?.. Test Fixture Used to Evaluate Metal Cutting Parameters

The diameter of the abrasive blade was measured before and after each run
to determine blade wear. As part of these tests, special waterproof blades
were obtained and the saw was modified to permit testing both under dry
cutting conditions and with a water spray incorporated in the blade guard to
attenuate the cutting smoke and sparks.

The results of the cutting rate tests are shown in Figure 3 for dry
cutting and for wet cutting using a 35 cm3/s water sp.uy. For dry cutting of
6.4-mm thick stainless steel, the cutting rate increased approximately linearly
with the cutting force, with a threshold value of about 25 N for initiation of
cutting. At the lower cutting rates (<8 mm/s}, there were sparks but little
dust or smoke. The kerf was 5.8-mm to 6.4-mm wide. At the highest cutting
rates the kerf wes narrower (<\4.0 mm), but there was substantial dust genera-
tion.

The dry cutting rate decreased for thicker material, even when normalized
for the cross-sectional area of the cut. At 100 N cutting force, the respec-
tive cutting rates for 0.6-cm, 1.3-cm and 2.5-cm thick stainless steel were
6.8 mm/s, 2.2 mm/s and 0.8 mm/s.

The wet cutting rate (Figure 3) was nonlinear with cutting force. The
cutting rate remained low (<3 mn/s) and almost constant for cutting forces
less than about 125 N, and then increased sharply to values equivalent to
those for dry cutting. The rate for both dry and wet cutting changed slightly
with blade wear and decreasing blade diameter. At low cutting rates, the rate
increased with blade wear, but decreased with wear at high cutting rates.
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FIGURE 3. Cutting Rate as a Function of Cutting Force for
6.4-mm Thick Stainless Steel

The blade wear data for dry and wet cutting are shown in Figure 4 as a
function of cutting rate. Blade wear is normalized with respect to the amount
of metal cut, and reported as cm2 of blade wear per cm2 of metal removed.
Blade life, or the area of metal that can be cut before blade changeout at
i-15-cm diameter, can be estimated by dividing the blade wear/metal removal
ratio into 325. The cubic centimeters of equivalent waste solid volume also
can be estimated from this ratio and the previously noted kerf width values.
The waste from abrasive cutting is a coarse, nonadherent, granular material
that is easily collected for disposal.

The most important observation with respect to the wear data summarized
in Figure 4 is that blade wear increases rapidly and linearly with cutting
rate for both dry and wet cutting. This means that blade life can be extended
significantly and waste volumes can be reduced by operating at moderate
cutting rates. For examp1'3, approximately 8.2 m of 6.4-mm thick stainless
steel could be cut per blade at 1.7 mm/s as compared with less than 24 m per
blade at a 10.2 mm/s cutting rate..

Constant cutting rate tests were conducted using a motor drive on the
test system to move the blade through the test samples at rates ranging from 2
to 17 mm/s. The normalized blade wear/metal removal ratios were similar for
dry cutting either 0.6-cm, 2.5-cm or 5.1-cm thick stainless steel plate, and
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tended to be slightly lower than the constant cutting force ratios for similar
cutting rates. However, the wear ratios for wet cutLing at a constant rate
were almost 50% lower than the ratios for the constant cutting force tests
over the entire range of cutting rates.
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o\**§> o(
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20

FIGURE 4. Ratio of Blade Wear to Metal Removed as a Function
of Cutting Rate for 6.4-min Thick Stainless Steel

Remote tests of the high-power hydraulic saw were conducted in the PNL
size reduction facility by sectioning various piutoniumcontaminated components
with the saw mounted on the end of a masterslave manipulator as illustrated in
Figure 5. The saw could be guided with the manipulator and adequate force
could be exerted to produce acceptable cuts. The hoses connecting the saw to
the hydraulic power unit somewhat limited maneuverability and control, but
this would not be a problem for a power manipulator or robotics application.
The most encouraging finding was that the saw could tolerate substantial
misalignment and twisting during cutting without blade breakage.
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FIGURE 5, Remote Testing Arrangement for the High-Power
Hydraulic Cut-Off Saw

RECIPROCATING SAW

A standard industrial pneumatically powered reciprocating saw was adapted
for remote operation and used to section large components inside a PNL hot
cell2 at a significant savings in time and cost over more rapid cutting
techniques such as the plasma arc torch. This remote sectioning work included
the disassembly of a large furnace by using a 41-cm long saw blade to cut 10-
and 15-cm diameter pipes and 5.1 x 13 cm stainless steel rails, and the dicing
of 70-cm diameter stainless steel vessels and contents using a 94-cm long
blade.

The saw was adapted for remote hot cell service as shown in Figure 6 by
equipping it with a special pneumatic clamp and a pneumatic feed system to
hold the saw against the work piece. Using the overhead crane in the cell,
the saw could be remotely attached to pipes, beams and other equipment pro-
trusions as illustrated in Figure 7. Because of the pneumatic feed system,
the saw would operate equally well in any position including upside down.

This versatility in placement and operating position saved substantial
time and cost compared to the use of o plasma arc torch and other faster
cutting devices, since these latter techniques required extensive reposi-
tioning of the equipment within the cell to provide adequate operator access
with the manipulators. Labor costs also were minimal for the reciprocating
saw despite its low cutting rate because it could operate with almost no
operator attention. The pneumatic drive was immune to damage from stalling
and the system was designed to automatically shut off at the completion of
each cut.. The only required maintenance was periodic blade replacement,
approximately once per shift.
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FIGURE 6. Reciprocating Saw with Pneumatic Clamp and Blade Feed
System for Remote Sectioning Applications

FIGURE 7. Remote Sectioning of Hot Cell Equipment Using the
Reciprocating Saw
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SUMMARY AND CONCLUSIONS

This paper describes the evaluation and application of two different
metal segmenting devices: a light-weight, high-power abrasive saw and a
reciprocating saw adapted for remote operations. Based on these studies, it
is concluded that the hydrauiically powered abrasive saw, because of its high
power-to-weight ratio, versatility and comparative insensitivity to adverse
cutting conditions, represents a practical alternative to the plasma arc tcxh
for many remote sectioning applications using power manipulators or robotics.
Blade wear, waste generation and smoke problems can be minimized by operating
at moderate cutting rates and by incorporation of a water spray.

Similarly, the modified reciprocating saw, although inherently slow, can
be used very effectively for remote disassembly operations where access is
limited for other types of sectioning equipment, The studies and experience
with both of these techniques suggest that their use for selected remote
sectioning applications could minimize operational and access problems and be
\/ery cost-effective in comparison with inherently faster sectioning methods.
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Victor Beyer

Power Clean Industry

Reiniguns- + HandelsgmbH

Rathenaustrafie 6

D 6800 Mannheim 1

A High Efficiency Suction System for Use in Controlled

Areas

Since more than six'jears our company effectualle employs

special equipments of the following specification in the

course of back-fitting, revision and decommissioning

operations in nuclear-units.

The main components of the system are

- the suction and conveyor hose (inner diameter up to

100 mm)

- the blower with electric drive

- the rubble and dust separator including a precleaner

(cyclon) and high efficiency particulate filters.

Precleaher, filters, and blower are mounted in a mobile

rack, the conveyed materials are directly discharged into

drums or container for subsequent further conditioning.

The system is capable of suctioning and conveying pneuma-

tically

- dust of various consistency

- rubble and rubbish of oncrete and brickwork

- ironexchangerand filter materials e. g. charcoal,

resins, diatomitef sand

- insulating materials e. g. asbestos, stone and glass

wool

- sludges and residual liquids
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over a distances up to 180 metres and level differences up to

25 metres.

The efficiency of the dust separation and filtersystem is such

that the exhaust air can be discharged directly to tire working

area atmosphere. The respective limits of radioactivity con-

centration and of hazardous materials in the exhaust air

applicable to controlled areas are permanently met. For in-

stance, the particulate concentration during the conveying

of asbestos materials was lower than 0,25 fibres/m3.

The suction system can be applied directly or in combination

with size reduction operations (shredding etc.) or mechanical

decontamination tools such as brushing, according to the needs

of the various jobs.

The suction system has mainly been used so far for

- removal of insulating material from the interspace

between the pressure vessel and the bioshield,and from

turbine casings, with and without size reduction prior

to suction

- removal of dust layers from surfaces in the containment

vessel and the reactor hall.

The experience gained so far has shown definitely the adavan-

tages

- avoidance of spread of contamination

- minimum staff requirement

- minimum working time

the advantages of the application from economic as well as

health-physical.

Aerosol-activity concentration of conveying-air returned into

the controll-area atmosphere meets the limits concerned.

The particle-concentration during shredding of asbestos-mats

was measured to be 0,25 partcl./m3.

- special brushing devices (protected by patent)

in combination with the exhauster-system.

The various devices suit the geometry of parts and structures

to be decontaminated. So far they have been employed
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effectively to decontaminate parts of the following specifi-

cation by means of a dry, mechanical procedure for instance

in the course of decomissioniRg operations at.the Gundrerc-

mingen Nuclear Power Plant:

- shell plates of tanks, vessels and heat-exchangers

- inner and outer surfaces of pipes and tubes with a

minimum diameter of 300 mm

- plain or large-area structures, for instance turbine

and condensr casings

- concret floors and walls.

Furthermore contamination protective-coating can be removed,

conveyd and racked without contamination of working - area

and immediate environment. The advantages of employing dry,

mechanical decontamination methods are:

- no production of additional- secondary-waste

- conditioning for disposal of the brushed-off contami-

nated layer-material can comparativly easily be

achieved

- preliminary treatment by brushing followed by chemical

or electrolytic decontamination procedures reduces

processing time and amount of secondary waste-material.

Power Clean Industry Reiniguns- und HandelsgmbH is authorized

to employ its staff in controll-areas as ruled by § 20 a

Strahlenschutsverordnung.

Specifications of the unit

The measurement:

Aggregat

2,70 in lenght, 1,60 m width, 2,20 m hight, 2 100 k weight

30 kw power, 2 950 rotations/minute

700 mbar = 7 000 mm head of water

Prefractionator

1,50 m square, 1 800 kg weight, 1 vibrator
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F i l t e r

1 150 m square, 1 850 ra hight of the supports,

1 vibrator, 25 m2 filters contents,

3 53o m total hight, 1 300 kg weight

Special Safety Container

is employed in suction of high-contaminated sludge and water

for safety overflow device.

1,20 m square, 4 supports, 2,80 m hight, 1 vibrator

S h r e d d e r

electrical, 1,50 m square, 2,80 m hight with 4 supports,

2 500 kg weight

Pipes/Tubes

The connections between the components are hoses or pipes with

quick lockings, we arrange the several components in rooms/

places as there are difficulties with the working-place.

Our tubes are flexible plastic-tubes 100 mm diameter.

High contaminated materials will be sucked by double tubes.

The lenght cf tubes/pipes can reach 200 - 220 m. In special

cases we need steel or zinc-plate tubes.

Transport of Equipment

All operations of transport will be carried out like; 3.

"nuclear transport".

The equipment ist shipped in a special container 20 ft. and

the transport has to make special-carriers with all the

necessary licensees.

Between the devices we stock the equipment in the container

in a special hall with licence for nuclear employment. So

we save the very high costs for cleaning and decontamination.
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Examples of our employment in controll-areas

Suck-off the reactor sphere, 2 - 3mm contaminated dust

lenght or pipes from sphere to the aggregat 220 m.

Removal of insulating materials out of the slot between

pressure vessel and biological shield, high contaminated

insulation material. It is a very difficult job, because

the distance-holders are irregular situated and the pipes

reach till to the bottom. Workers has to wear masks.

Suck-off asbestos insulation of turbines. Lenght of the

pipes 180 m.

Suck-off wheel-swart/rust below the turbine.

Workers has to wear complete safety-masks.

- High contminated filter-sludge cut of sett-off-basins.

- Bears, supports, walls, plains concrete, after the shut

down.

Summary

We are able to carry out all operations with the high-capacity

-exhausters and our special equipment by auctioning.

In the same way we carry out transport and packing in all

nuclear areas. We have a very interesting time-reduction.

The contamination of workers will be reduced to a minimal

burden.

The cleaning-succes ist very high. We produce no secundary

waste.

Big plains and walls, high contaminated dust, concrete-

pieces till 95 mm diamter, all goods with a diameter

till 95 mm can be sucked off.

We work without dust and that is a important suoces for the

health of people.

Victor "Sever

IV-242



Paper for presentation at the 1987 International Decommissioning
Symposium, 4-8 October 1987, D L Lawrence Convention Center, Pittsburgh,
Pennsylvania, USA

REMOVING THE WAGE CO-AXIAL DUCTS - AN EXAMPLE OF 'HANDS-ON' DISMANTLING

T Boorman Dip.Tech,(Eng.)
Principal Project Engineer, Decommissioning Group
Windscale Nuclear Laboratories, UKAEA, Sellafield

Seascale, Cumbria CA20 1PF, United Kingdom

R Medlock B.Eng.
Project Engineer, Decommissioning Group

Windscale Nuclear Laboratoriess UKAEA, Sellafield
Seascale, Cumbria CA20 1PF, United Kingdom

ABSTRACT

This paper describes the methods used for dismantling two of the
WAGR co-axial gas ducts which connected the reactor pressure vessel to
the heat exchangers. Each duct system is A| metres long, 860 mm
diameter and weighs l| tonnes.

After assessing several cutting techniques the choice of a standard
oxy-acetylene gas torch was made. (A market survey yielded a
semi-remote profile cutter which was used on the second duct). The
containment boundaries and provision of vesitilation system are detailed.

Radiation dose figures included in this paper show that materials
with surface radiation levels in the 1-10 mSv hr 1 range can be safely
removed and disposed of at modest cost and with acceptable dose uptake.
In particular the lessons are those of good planning, adequate training
and a high level of team involvement. The successful completion of this
work a]lows the planned manual removal of the reactor pressure vessel
top dome to proceed with confidence.

INTRODUCTION

The dismantling of nuclear reactors involves the removal and
disposal of materials of a wide range of specific activities. For the
highar activity materials remote cutting and handling techniques are
essential. As the bulk of the plant is not radioactive then for those
parts manual demolition methods are appropriate. Deciding where to draw
the line between remote and 'hands-on' methods is of vital importance in
planning the decommissioning task. Keeping absorbed radiation doses as
low as reasonably achievable is the guiding principle for these
decisions. What is reasonable? The answer can only be given properly
if all the facts are available. However, ignoring the opportunity to
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use quick, simple, manual methods in the proper circumstances is likely
to lead to unacceptably high costs. One of the objectives of the
decommissioning of the Windscale AGR is to provide information of this
type. This paper describes the removal and disposal of contaminated
parts of the plant within an acceptable radiation dose uptake.

The Windscale AGR was constructed with a built-in neutron shield
immediately above the graphite core. As a consequence the top part of
the steel pressure vessel and its refuelling branches have not been
subject to neutron irradiation in any quantity. The decommissioning
plan includes the manual dismantling of the pressure vessel top dome
region, confirmed by comprehensive radiation surveys. Part of this
manual cutting work is concerned with the removal of the four large
co-axial gas ducts which transferred the C02 coolant between the reactor
pressure vessel and the four heat exchangers (boilers). The hot gas
from the hot box of the reactor passed along the inner duct with the
cooled gas returning via the annulus formed by the inner and outer ducts
(Fig 1). Each duct system is h\ metres long, 860 mm diameter and weighs
\\ tonnes. The inside of the inner duct is lined with stainless steel
insulation material in a sandwich construction.

Cutting and removal of the ducts connected to two of the heat
exchangees ('B1 and 'D!) was necessary early on in the project programme
to allow for construction of the intermediate level waste handling
route. This route uses part of two of the heat exchanger bioshields
which meant that the heat, exchangers had to be moved. This was achieved
by lifting them up by some 12.4 metres to free the necessary space.

DUCT CUTTING STRATEGY

Experiments carried out in WAGR during its 18 year operating life
included the study of cladding failures. Some fuel pins were retained
in the reactor to see how their failures would develop. Consequently
the gas circuit was contaminated with volatile fission products to a
greater degree than occurs in a civil nuclear power station. The
contamination is largely Cs-137 and Cs-134 with a smaller proportion of
activation products, dominated by Co-60. Caesium tends to plate-out on
the first of the cooler surfaces it encounters, so the inside of the
inner duct has the highest contamination levels. The contamination was
not evenly spread, levels in 'D1 duct being about twice those in 'B1.
It was clear that 'B' duct should be cut first to evaluate the method
with lower radiation levels.

To determine whether manual cutting would be possible surveys were
made of radiation on the outside of the outer duct and also of the
levels in the annulus between inner and outer ducts by drilling a hole
(Table 1). The surveys indicated that manual cutting could be
considered.
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Table 1

External Radiation Readings

Co-axial Duct 'B'

Radiation at Contact 400 MSv/hr Y 800 uSv/hr Y
OUTER DUCT 400 MSv/hr 0Y 800 uSv/hr 3Y

Radiation 2 ft from duct 150 uSv/hr v 200 uSv/hr Y
150 uSv/hr BY 200 MSv/hr 3?

Radiation at Contact 4.5 mSv/hr 3? 6 inSv/hr &Y
INNER DUCT 1.2 raSv/hr y 2.5 mSv/hr Y

The choice of cutting tool was limited very much by the working
space available and after consideration of orbital cutting tools the
decision was taken to use oxy-acetylene.

Hazard Assessment

All new procedures and equipment for use on decossaissioning are
authorised for use by the WNL Decommissioning Safety Assessment
Committee. For these procedures the main hazards were considered to be
radiation, air-borne contamination, fire and material handling hazards.

Radiation uptake was controlled by personal alarm dosimeters and
recorded by film badge. Lead sheeting was used locally to minimise
radiation levels.

Air-borne contamination was controlled by containment and
ventilation by two independent systems.

Fire hazards were dealt with by using flame retardant materials for
the local containment and by the provision of suitable sand trays. Fire
extinguishers were located at the work place.

Finally it should be said here that importance was attached to the
drawing up of rigid operating procedures, the right level of supervision
and health physics monitoring, and above all to the full discussion of
all aspects of the job with the work force. This last point contributed
to a smooth operation with each member of the team knowing his job and
able to rely on his colleagues to perform theirs reliably.
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PREPARATION

Ventilation

Oxy-acetylene cutting produces a large amount of dross in aerosol
form. It was beneficial to remove as much fume as possible close to the
burning region utilising existing installations. The reactor vessel and
co-axial ducts were ventilated internally using the Ventilation Chemical
Plant (VCP) (Fig 2). Holes drilled in the outer duct used for radiation
survey were also used to measure the airflow ingress (See Fig 5). An
extractor hood was placed above the duct fed to the Gas Discharge
Treatment Plant (GDTP). Smoke tests were carried out prior to
operations to show the effectiveness of the ventilation and an audible
warning system installed in case of plant failure.

Tenting

A fire-proof PVC tent supported on a steel frame formed the primary
containment with enough working space for two men. A tented chang^ig
area was also constructed, ventilated by the GDTP. The integrity of the
tent was checked daily (Fig 3).

Protective Clothing

The operator and supervisor were dressed in remote air-supply
pressurised suits for protection against airborne contamination with a
qualified dresser in attendance. A full set of welding leathers were
worn over the pressurised suit by the cutting operator and were changed
when contamination levels on them became unacceptable.

DUCT CUTTING

£ Duct

A Clearance Certificate from the Building Foreman was required for
drilling and cutting operations. The morning period was used for
cutting operations *vA the afternoon for cleaning. A 600 mm section of
the outer duct v?as removed from the heat exchanger end. The inner duct
was covered 100 mm shorter to allow easy removal. The edges were
trimmed back to allow blanking plates to be welded onto the open ends
(See Fig 6). These plates shielded the workers from radiation from
within the heat exchanger and inner duct and contained the contamination
on the inner surfaces. Lugs were weeded onto the duct to allow the
hoist to move the large pieces to a sand <-ray for cutting up (see
Fig 7). The upper half of the outer duct wa^ severed into 300 mm
sections and hoisted out into the sand tray. This procedure utilised
the lower half of the outer duct as a dross collection tray to reduce
fire risk. An end cap was tack-welded onto the inner duct after each
severing operation. Once the inner duct
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had been removed the lower half of the outer duct was cut into 300 urn
sections and transferred to the sand box. The open end of the reactor
was sealed with a blanking plate.

D Duct

Internal radiation surveys confirmed the levels on 'D' duct were
approximately twice the levels on 'B' duct. Operator dose would be a
more significant factor in determining working times. To reduce dose
uptake a semi-remote profile cutter was used. The tool ran on tracks
formed to the duct contours held on by magnets. An oxy-acetylene torch
was located on a boom away from the drive mechanism and track (see Figs
8 and 9).

The procedures used to sever 'B' duct were deployed on 'D'. For
'B' duct two burning operatives were used working alternate days. In
the case of 'D' duct, five were used in turn with the working time for
each man regulated by the prescribed dose limits.

It will be seen that the operation to sever both ducts resulted in
a tonne absorbed dose of 34 man mSv.

The highest air sample result was from 'Df duct cutting. The
filter paper measured 400 uSv/hr (Jy. This is equivalent to:

3 x 106 Cpm 70 DAC hrs 3

Waste Disposal and Clean-up

The cut pieces of duct were regularly removed from the working area
by process staff clad in self-powered pressurised suits. Clearly if the
pieces had been allowed to accumulate they would have constituted an
unnecessary radiation source. All the pieces were surveyed by Health
Physics staff. Those falling within shallow land burial limits (<7.5
mSv.h 1) were wrapped and sent for disposal to Drigg in sealed skips.
Those pieces exceeding this limit were dispatched in a purpose made
shielded container to the Sellafield Site Decontamination Centre.

The working area was vacuum cleaned daily and the tent checked and
repaired where necessary, Immediately prior to dismantling it the tent
inner walls were sprayed with a mixture of glycerine and water and then
packed in PVC bags for disposal.

The figures recorded for man dose in mSv are shown in Table 2
overleaf.
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Table 2

Dose assessment (results in mSv)

•B1 Duct

Supervisor
Burner 1
Burner 2
Fitter/Mate 1
Fitter/Mate 2
Fitter/Mate 3
Process 1
Process 2
Process 3
Process 4
Process 5
Process 6
Process 7
Others

CONCLUSION

1.51
2.00
1.86
1.32
0.64
0.09
1.42
0.05
0.15
0.17
0.03
0.17
0.27
2.16

11.8 msr- :nSv

'D1 Duct

Supervisor
Burner 1
Burner 2
Burner 3
Burner 4
Burner 5
Process 1
Process 2
Process 3
Process 4
Process 5
Process 6
Others

3.83
4.12
2.73
1.96
3.02
2.99
0.25
0.22
0.48
0.19
0.09
0.40
2.00

22.3 man mSv

The successful completion of the duct removal work was a
significant step in the decommissioning of WAGR as it allowed a number
of other project activities to proceed.

Some 3 tonness of contaminated material was cut and disposed of
with a total absorbed dose of 34 man mSv. This is regarded as a
reasonable dose given that the material had surface radiation levels in
the 1-10 mSv.h"1 range.

It was necessary to carry out the removal work on the first duct
(B) in two stages in order to fit in with other project work. Clearly
this meant that this first operation was going to be the more expensive
of the two. However, the 30% cost reduction achieved in the second
operation on the 'D' duct is due in part to the lessons learned on the
first job (Fig 4). In particular the lessons are those of good
preparation and planning, the provision of comfortable working
conditions within the limits of what is possible, and especially the
encouragement of team spirit and involvement.

The significance of this work goes well beyond the removal of the
contaminated ducts. More importantly it allows the planned removal of
the top dome region of the reactor pressure vessel to proceed with
confidence.
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12mm holes prior to cutting Heat Exchanger 'B1 duct

Fig 5
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End cap Heat Exchanger 'B

Fig 6
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Preparing to cut and remove the co-axial duct. Heat Exchanger 'B'.

32104 3C

Fig 7
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Serai-remote p r o f i l e c u t t e r - Heat Exchanger 'D ' duct

Fig 8
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Operator controlling profile cutter Heat Exchanger 'D' duct

Fig 9
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AN OVERVIEW OF PLUTONIUM-238 DECONTAMINATION & DECOMMISSIONING
(D&D) PROJECTS AT MOUND
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Monsanto Research Corporation
Mound*

Miamisburg, Ohio, U.S.A.

ABSTRACT

Monsanto Research Corporation (MRC), which operates the Mound
Site (in suburban Dayton, Ohio) for -the Department of Energy
(DOE), has been decommissioning radioactively contaminated
facilities since 1949. Mound is currently decontaminating (for
restricted reuse) and/or decommissioning (for conditional
release) four major plutonium-238 contaminated facilities
(approximately 75,000 ft ) that contained 1700 linear feet of
gloveboxes and associated equipment and services. In addition,
several thousand linear feet of external underground piping,
associated tanks and contaminated soil are being resoved. Two
of the facilities contain ongoing operations and will be reused
for both radioactive and nonradioactive programs. Two others
will be completely demolished and the land area will becoms
available for future DOE building sites. Currently, over 30,000
Curies of plutonium-238 have been removed in waste and scrap
residues.

An overview of the successful techniques and equipment used
in the decontamination and decommissioning of individual pieces
of equipment, gloveboxes, services, laboratories, sections of
buildings, entire buildings, and external underground piping,
tanks, and soil in a highly populated residential area will be
described and pictorially presented.

*Mound is operated by Monsanto Research Corporation for the U.S.
Department of Energy under Contract No. DE-ACOA-76-DPOOO53.
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INTRODUCTION

Mound is a Department of Energy installation located in
Miamisburg, Ohio. The site (306 acres) is located in a
residential/agricultural area of suburban Dayton, Ohio. The
facility is operated by Monsanto Research Corporation for the
DOE in support of weapons and nonweapons programs.

Monsanto has been Involved with radioactive operations since
1944 and the resulting decommissioning operations since 1949.
We are currently decommissioning four facilities that were used
primarily for the processing and encapsulation of plutonium-238
heat sources for various programs, such as the heat sources used
in space applications (SNAP, PIONEER, TRANSIT, VIKING, and
VOYAGER).

The current multimil1ion/multiyear project involves the
extensive decontamination and decommissioning (D&D) of inactive
areas of four facilities: Plutonium Processing (PP) Building,
Research (R) Building, Special Metallurgical (SM) Building, and
Waste Transfer System (WTS). The project was initiated in 1978
and is expected to be completed in 1996.

2
The PP Building is a two-floor (42,000 ft ) reinforced

concrete and concrete block building built in 1967 to process
plutonium-238. Approximately 90% of the building will be
decommissioned for potential future reuse with the remaining 10Z
staying operational.

2
The R Building is a one-floor (54,000 ft ) concrete block

and brick building built in 1943 to research, develop, and
process various Isotopes. Approximately 10Z of the building is
being decommissioned for current and potential reuse with the
remaining 90% staying operational.

The SM Building is a one-floor (17,300 ft2)
steel-frame-with-curtain-walls building built in 1960. A
one-floor (5,700 ft ) concrete block addition was built in
1965. The building was used for process development,
processing, and recovery of plutoniuto-238. Complete removal of
the building, auxiliary buildings, and surrounding contaminated
soil is planned.

The WTS was an underground liquid waste transfer system
built in 1967 and consisted of two underground lines (2,565 ft
each) buried from 6 to 17 ft below ground and a one-level 600
ft concrete block lift station (Building 41) with two
underground tanks. Complete removal of the building, tanks,
underground piping, and surrounding contaminated soil is in
progress.
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The total project (PP, R, SM and WTS) involves the reaov«i
of 1,700 linear ft of gloveboxes; 930 linear ft of conveyor
housing; 25565 linear ft of dual underground liquid waste
lines; and associated contaminated piping, services, equipment,
structures, and soil. Estimated waste volumes generated by the
decommissioning project are: 1,256,000 ft' <100 nCi/g of
Pu--238 and 111,000 ft >100 nCi/g of Pu-238.

Extensive D&D includes cleaning and removal of internal
glovebox equipment and services, removal of gloveboxes, remnval
of associated laboratory equipment and services, structural
decontamination, and disposal of wastes from the PP and R
Buildings. Contamination in the inactive areas is reduced t •:.
an "as low as reasonable achievable" (ALARA) level, and
remaining contamination is permanently sealed so that the areas
can bo reused with minimal restrictions (restricted release).

The tinal exposed average contamination levels in these
facilities after decontamination and sealing will be:

Wipe - <20 dir/min/100 cm2

Direct -<1500 dis/min/100 cm
External Rac^'ation - <1 vnr/hr at surface

These levels are being normally met (except for cracks and
crevices) before sealing. Unrestricted release was not
considered since this would require demolition of the PP and R.
Buildings which are used for ongoing programs and could be
reused for future DOE programs. Demolition would be required
because of known and potential contamination (in structural
members, underneath the facilities, and in cracks and crevices)
and the inability to detect and remove this contamination
without destroying the integrity of the structure* However,
complete D&D was considered the only feasible approach for the
Waste Transfer System, whicn is unusable because of previous
leaks, and SM, which is not reusable because of below-floor
contamination and the curtain-wall construction.

As complete removal is planned for SM and WTS and
respective surrounding contaminated soil, the soil
contamination level should be able to be reduced to near
unrestricted levels* (conditional release).

*A level of 100 pCi/g is the goa2 of remedial action of near
surface (first 12 inches) soil. A lower limit of 25 pCi/g is
the goal for ALARA evaluations. DOE Order 6430 "General Design
Criteria Manual".
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To date, all (1,7 00 linear ft) gloveboxes (with associated
external glovebox equipment, piping, and services) have been
cleaned, stripped of piping and equipment, sectioned if
required, packaged, and removed from the site. Also,
laboratory areas have been completed and are being reused by
other DOE programs. In accomplishing this, there have been no
significant radiation exposures or environmental releases.

There are several unique characteristics of the current
proj ect.

The site is in a residential/agricultural area; thus
outside decommissioning activities are restricted.
(Site boundary is as close as 300 ft).

Normal operations continue in the PP and R Buildings,
and in close proximity to SM and WTS; thus
decommissioning activities aie restricted.

Most gloveboxes were two-level (operating level and
equipment level) and are larger than a standard 4 ft s 4
ft x 7 ft shipping container.

Although oversized shipping containers were used, some
large glovebox^s required sectioning before packaging.

All equipment, piping, and services must be removed from
the gloveboxes before packaging (burial storage facility
requirement).

Three separate funding agencies within DOE (weapons and
nonweapons) require coordinated funding and planning.

Contamination involved is primarily plutonium-238, a
hign-specific-activity transuranic isotope (16.8 Ci/g)
requiring special personnel protectic and waste
packaging.

- The WTS underground lines (and associated contaminated
soil) were located up to 17 ft below the surface on
hilly (up to 140-ft elevation change within a distance
of 600 feet) terrain which required special excavation
procedures•

Weather conditions (wind, rain, snow) and temperatures
(typically -10°F to 100°F) restrict outside
decommissioning activities.

- All radioactive waste must be shipped for off-site
burial.
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As a result of these unique characteristics and our
previous experience in decommissioning facilities, several
techniques were developed in each of the following areas:
planning, exposure control, contamination control, equipment
removal, structural decontamination, and waste packaging.

PLANNING

Direct management involvement and commitment in the
decommissioning project starts at the director level and
continues down to the D&D Management Team. The interdepartment
Management Team consists of a representative from each of the
major D&D functions: Program Management, Operations, Project
Engineering, Maintenance, Technical Support, and Environmental,
Safety and Health Physics, This matrix Management Team
formal ljr meets with the involved Directors on a monthly basis
to discuss status, accomplishments, problems, and plans. The
Team also meets quarterly with the DOE Area Manager and his
staff. This is in addition to the normal weekly and monthly
written reports sent to management and the DOE.

In addition to the formal monthly, quarterly, semiannual,
and annual reviews of D&D plans by MRC directors and DOE
management, plans are formally reviewed weekly in each of the
major D&D areas by direct supervisors; as well as special
planning sessions held for unusual decommissioning activities
along with prejob conferences with the personnel who will be
performing the work.

Decommissioning activities are controlled by using special
work permits such as the "Radiation Control Area Maintenance
Permit." This permit requires interdepartmental review and
approval to ensure that jobs are thoroughly preplanned,
adequate training and safety analysis have been performed, and
proper precautions are being taken.

decommissioning operati
* ^ ^ * ^v *•* ^ ^ *1 i j *v» j»̂  ^i P r* "̂> j** ^ * v* * ^ ^H ^%

The D&D planning efforts include quality assurance and
other ront-ol methods to ensure adequacy, consistency, change
approval, and reporting. Operations are routinely audited by
Environmental, Health and Safety, Quality, Financial, and
Management representatives within the company, by an
independent DOE contractor, by DOE Area and Field Offices, and
by DOE Headquarters.
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The use of computerized project management and scheduling
programs ("Quicknet" and Project/2") facilitate activity and
resource scheduling for complex projects,

Another planning aid has been the use of exception and
trend reporting to increase management awareness and response
to potential problem areas. These reports cover such areas as
radiation exposures, effluents, safety performance, milestone
status, and cost versus budget.

One area of planning has been personnel resources.
Whenever possible, use is made of personnel with prior
operations experience, personnel experienced with
decommissioning operations (including consultants and offsite
contracts), and personnel experienced with piutonium-238 and
other radioisotopes. For new personnel, intensive training and
certification are required. Frequent retraining orientations
and seminars are presented to operations personnel to reaffirm
established techniques and demonstrate new techniques.

EXPOSURE CONTROL

Again, as in planning, direct management involvement and
commitment in exposure control start at the director level in
the Executive Safety Committee's commitment to keeping
exposures and effluents "as low as reasonably achievable"
(ALARA). ALARA goals are set yearly after an interdepartmental
review and evaluations. Monthly trend and exception reports
indicate potential problem areas for management review and
follow-up.

A key part of planning for any D&D activity is exposure
control. This planning for exposure control includes training
and selection of experienced personnel for critical activities,
communication of known or suspected hazards, analysis of
hazards, procedure review, contamination control precautions,
work permits, adequate monitoring, and reporting.

Specific exposure control equipment and techniques include
remote operations (including long-handled or remotely operated
tools and equipment); portable and personnel shielding
(including lead-loaded gloves and aprons); respiratory
protection (full-face mask and supplied-air suits); protective
equipment (clothing, portable enclosures, local exhausters,
contamination fixatives); and special techniques for
contamination control, equipment removal, structural
decontamination, and waste packaging (see appropriate section
for additional details).
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Exposure monitoring is accomplished with ooth in situ and
personnel Thermoluminescent Dosimetry (TLD) (including
extremities), industrial hygiene monitors, selective
plutonium-238 air monitors, fixed position and personnel air
samples, a 1pha/gamma/neutron instrumentation and measurements,
and personnel bioassay samples (nosewipes, urine, blood,
sputum., fecal, and whole — body counting).

CONTAMINATION CONTROL

After as much of the radioactive material as possible is
removed from gloveboxes, equipment, and piping by standard
cleaning and flushing techniques; temporary enclosures,
fixation, and ventilation become the primary means of
contamination control during subsequent removals-

Temporary enclosures are constructed for containment around
aJl separations of giovaboxes, equipment, and piping with a
high potential for contamination release. These enclosures
range in size from a sealed plastic- bag to a series of large
rooms or a building with separate HEPA (high efficiency •
particulate air) filtered exhaust systems (when personnel
access is required). The large enclosures are constructed with
either fire retardant wood or sheet metal framing covered by
heavy clear plastic. In some cases, permanent airlocks are
added to building corridors to increase contamination
containment and increase air pressure differentials.

Contamination fixation is used during glovebox, equipment,
and piping removal after conventional decontamination methods
cease to further reduce contamination levels. The fixation
agent used depends on the application and includes light water
misting, strippable paint, and urethane foam.

A light water misting is used to contain dusting or to
clean in areas which could not be cleaned prior to breaching.

Strippable paint is used primarily on contaminated building
structures as a temporary fixation until final decontamination
can be accomplished.

Fire-retardant urethane foam is used as a fixative inside
gloveboxes after equipment, piping, and services are removed,
and the interior surfaces are cleaned. This fixative minimizes
potential contamination spread during later glovebox
separation, packaging, and shipment. Strippable paint is not
used because of potential long-term radiolysis of the paint
inside gloveboxes. In addition, only a thin layer (1-2 in.) of
foam is used to minimize future potential waste-reprocessing
problems at the burial, or storage, facility.
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Urethane foam is also inserted at separation points in
large diameter piping to provide a contamination barrier during
subsequent cutting.

A third use for urethane foam is as a shoring material in
waste packages (primarily at the four corners, middle of the
side, and top). Agains a small amount of urethane foam is used
to minimize future potential waste-reprocessing problems at the
burial, or storage, facility.

Existing building and/or portable ventilation systems are
used to contain contamination. Portable HEPA-filtered
ventilation systems are used primarily for temporary enclosures
and range in size from 25 to 1500 ft /min.

A minimum three-zone concept is also used in contamination
control. Each zone represents a certain level of contamination
and resulting protection. The first zone is the immediate work
area that needs the highest level of protection (air flow,
personnel, and controls). The second zone is a buffer zone or
airlock, and the third zone is the noncontaminated or
low-potential zone. The first zone is normally the enclosure
being breached, and the second and third zones are plastic
enclosures with the room area being an additional zone.

Administrative control levels are set for airborne and
removable contamination, and gamma/neutron radiation in work
areas. If the control levels are exceeded, then work is
stopped until the levels have been reduced.

EQUIPMENT REMOVAL

Equipment, piping, and services must be removed from the
inside of all gloveboxes (burial facility requirement).
Because most of the gloveboxes contained two levels (standard
operating level and an isolated lower equipment level in the
glovebox well), equipment removal required personnel to enter
the glovebox well (a highly contaminated atmosphere) from the
rear to clean, disconnect, and remove equipment. A plasma
cutting technique was developed to cut out sections of the
operating glovebox floor to gain access to the equipment well
to eliminate the need for initial personnel entrance. All
plasma cutting was performed using the standard glovebox
gloves.

Plasma was chosen for cutting because the resulting smoke
generation is much less than that generated by a standard
cutting torch (thereby reducing the particulate accumulation
and eventual plugging of the glovebox exhaust HEPA filters).
In addition, there is not as much heating of surrounding metal
(because of the faster cutting), and the resulting cut edges
are not as jagged.
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Once access is gained to the equipment well, piping and
services are disconnected using long-handled tools, and
equipment is moved (with glovebox hoists) in order to clean the
equipment and glovebox well. Personnel then enter the well
(via a ventilated enclosure) to remove the equipment.

The equipment is then loaded and secured on a wooden
platform (pallet) outside the glovebox (and inside a plastic
ventilated enclosure which is collapsed around the platform for
containment, thus eliminating the need for bagging). The
equipment pallet is then loaded into a waste container. This
precludes personnel from having to physically carry equipment
to the waste container.

After the equipment is removed from the glovebox, the
glovebox itself is loaded into a waste container.
Occasionally, however, a glovebox is larger than the waste
container and must be reduced in size by sectioning. Initially
a foam wall was applied where the glovebox was to be sectioned,
isolating contamination during the cutting operation. In
addition, the safety plate glass glovebox windows were replaced
with Plexiglas (methyl acrylate plastic) in areas where the cut
was to be made. The outside was cut with a reciprocating saw
(inside a temporary enclosure), and the foam wall was cut with
a piano wire. The exposed end pieces of the glovebox were
capped with sheet metal, and the individual glovebox sections
were then packaged into the waste container.

This sectioning technique was very successful, but time
consuming. In a modified technique, the foam wall was
eliminated from sectioning. The interior surfaces of the
glovebox are coated with a 1 to 2 in. layer of urethane foam
while the normal glovebox exhaust is maintained. Then, before
the stainless steel glovebox is cut, a layer of decontamination
soap foam is applied to the cut area and cutting blade to
contain metal filings. As the cut is made, the area previously
cut is cleaned with a damp rag and sealed with a plastic sleeve
and tape. The glovebox is then turned on its side to complete
the cut. After cutting is completed, the sections are
separated within the plastic sleeve, and the sleeve is crimped,
cut, and sealed. Then sheet metal caps are placed over the cut
and bagged euds. Replacement of the safety plate glass
glovebox windows in the cutting area was also unnecessary, as
development showed there is no breakage if the outside of the
window is taped with plastic tape, the inner surface is foamed,
and a special glass cutting blade is used.
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To separate piping external to the glovebox, several
techniques are used depending on the potential for the spread
of contamination. In low-potential cases, the pipes are cut,
with damp rags and/or plastic bags used for containment. In
high-potential cases, copper pipes less than 1 in. and
stainless steel pipes less than 1/2 in. are cut, using a
crimping tool, and capped. For larger pipes, a small hole is
drilled, urethane foam is injected into the hole, and then the
pipe is cut after the foam has cured. The cut ends can then be
capped. Piping and other materials are reduced in length to
fit in standard 4 ft x 4 ft x 7 ft wajte packages. The
internal surfaces of larger ductwork are painted (to cont-r.in
contamination), separated, and cut in half (diagonally,
usually) to efficiently fit inside standard waste containers
(boxes ) .

For transporting equipment, a variety of lifting devices,
moving dollies, and hoists is used. In addition, the
previously discussed equipment platform is used for
transporting glovebox equipment to the waste container.

STRUCTURAL DECONTAMINATION

In the first step of structural decontamination, all
unnecessary services (pipes, ducts, conduit) are removed (back
to operating headers), and the resulting wall or ceiling
opening is monitored, decontaminated, and sealed. In
contaminated areas, false ceilings are removed, and concrete
ceilings are sandblasted.

In decontaminating walls, the first choice is removal
because of void spaces. For poured concrete walls (especially
bearing w a l l s ) , the paint is removed using paint remover,
general contamination can be mechanically removed, and isolated
spots can be scabbled.

In decontaminating floors, removal of the floor covering
(and mastic) or paint removes most of the contamination. If
the floor is still generally contaminated, a floor scabbier is
used. If it is highly contaminated, removal of 1 to 2 in. of
concrete is usually more efficient. Isolated contamination
spots are then removed with a hand scabbier and vacuum
sweeper. Total removal of the floor is used as a last resort.

Door frames and doors aie removed in it 13lily suspect areas.
If there is not a double door into large areas, a temporary one
is installed to allow waste containers to be moved in and out.
Floor drains are also removed.
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Since this type of work is very dusty, contaminated dust
control is important. This dust is controlled using local
exhausters, light water sprays, and immediate vacuum cleaning.

Core samples of soil under first floors are taken to verify
the condition of soil and remaining underground drain systems.

If isolation of remaining contamination in cracks,
crevices, and structural members is permitted, the first step
is the documentation of the levels and location. The surface
is permanently sealed, and a sign is posted on the exterior
surface; again as a future reminder.

A remotely-controlled, electrically-powered, robotic
excavating machine (Brokk 250 "Mini-Max") was used to remove a
reinforced concrete room in the SM Building and tc remove the
below-ground soil and concrete from Building 41.

The use of an independent contractor to verify remaining
contamination provides assurance of Mound's monitoring results
and documentation for future reference and questions.

WASTE PACKAGING

A variety of waste containers is being used for the
estimated 1,367,000 ft of waste to be generated by the
project. Low level (LSA) waste is packaged in either 55-gal
steel drums or plywood boxes. Most plywood boxes are 4 ft (W)
x 4 ft (H) x 7 ft (L). If the waste has a high density, a
half-box 4 ft (W) x 2 ft (H) x 7 ft (L) is used to lower the
package weight.

For transuranic (TRU) waste, a 20-yr retrievable package is
used. Again, either boxes or 55-gal steel drums are used. The
TRU 55-gal dr xs fabricated of thicker steel than the LSA
drum and com. 1 .s a 90-mil high-density polyethylene linsr
(with a press-fit lid sealed with adhesive).

The boxes used prior to 1986 were fiberglass-coated,
heavy-construction, plywood boxes. In 1985, the use of steel
boxes with a bolted lid, was initiated.

The standard fiberglass/plywood boxes were 4 ft (W) x 4 ft
(H) x 7 ft (L). However, a limited number of larger boxes were
previously used to preclude the size reduction of many large
gloveboxes. Three larger sizes were used with the largest
being slightly less than 6 ft (W) x 9 ft (H) x 12 ft (L).
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A gamma scan and final fiberglassing facility (with a
common turntable) was constructed to determine isotopic content
and apply the final fiberglass seal on the box lid or sections
of the box that were used for loading access.

CONCLUSION

Progress to date on the project has verified the importance
of adequate planning (with flexibility for the unexpected),
matrix organization for effective implementation and control,
experienced and trained personnel with innovative abilities,
frequent communications at all levels of management, management
commitment to safety and ALARA exposures, contamination control
techniques and equipment, variety of waste container sizes,
adequate dollar and time contingency and independent
verification of radiological conditions.
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Japan 319-11
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ABSTRACT

The Japan Atomic Energy Research Institute (JAERI) is developing the
Abrasive-Water Jet Cutting System to be applied to dismantling the
biological shield walls of the JPDR as a part of the reactor dismantling
technology development project.

This is a total system for dismantling highly activated concrete. The
concrete biological shield wall is cut into blocks by driving the abrasive-
water jet nozzle, which is operated with a remote, automated control
system. In this system, the concrete blocks are removed t'- a container,
while the slurry and dust/mist which are generated during cutting are
collected and treated, both automatically. It is a very practical method
and will quite probably be used for actual dismantling of commercial power
reactors in the future because i t can minimize workers' exposure to
radioactivity during dismantling, contributes to preventing diffusion of
radiation, and reduces the volume of contaminated secondary waste.

This work was performed by Japan Atomic Energy Research Institute under
contract from the Science and Technology Agency,
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INTRODUCTION

The biological shield wall surrounding the reactor pressure vessel is

composed of very thick reinforced concrete with high-density steel bars-

It becomes highly radioactive due to irradiation by neutrons during

operation. This radioactivity is generally higher at the reactor side

concrete but it decreases inside the concrete and becomes negligible at

approximately 1 m inside the wail from the surface.

For dismantling these f. lo> :>gi ca! shield walls, both remote controlled

dismantling techniques for highly activated concrete and efficient

demolition techniques for less activated concrete are required. Also,

there must be the capability to cut concrete and steel bars at the same

time and to minimize the volume of secondary radioactive waste.

To meet these requirements, JAERI has been developing four systems

since 1981: the mechanical cutting technique, abrasive-water jet cutting

technique, thermal cutting technique, and controlled blasting technique.

As the first stage of the development, test data were gathered on

cutting efficiency of the equipment, characteristics of secondary waste,

handling and workability of the equipment, etc. through cutting tests using

reinforced concrete structures simulating the biological shield wall. Based

on these data, an appropriate dismantling method for the JPDR was

discussed. Then abrasive-water jet cutting and mechanical cutting

techniques were selected for dismantling highly activated concrete. Actual

equipments for using these techniques have been manufactured. Controlled

blasting was selected for less activated concrete for the JPDR

decommissioning. However, development of the thermal cutting technique was

suspended owing to the problem of large quantities of dross and gas

generation, etc.

In 1986, the development work necessary for JPDR decommissioning was

almost completed. In this paper, the characteristics of the abrasive-

water jet cutting system and the dismantling procedure for the biological

shield wall of the JPDR is described.

DEVELOPMENT OF ABRASIVE-WATER JET CUTTING SYSTEM

General Requirements and Preliminary Tests Results

The abrasive-water jet cutting system can cut steel bars together wi* h

concrete by mixing abrasive with a high-pressure water jet.

An outline of the abrasive-water jet generating unit Is shown in Fi£>
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1. It consists of a nozzle holder which jets a mixture of water and
abrasive, a high-pressure water generator, and an abrasive supplying unit.
This technique is used in industry to cut composite materials for which
ordinary cutting techniques are not applicable, fragile materials like
glass, concrete, or rock.

When this technique is used for dismantling activated concrete
structures, the following are required to prevent unnecessary radiation
exposure of workers and to minimize the diffusion of radioactivity: (1)
remote operation for dismantlement, (2) reduction of cutting time, (3)
reduction of secondary products' volume, (4,' prevention of dust/mist
diffusion, (5) efficient collection of slurry, etc.

In order to solve these problems, cutting cests were performed using
reinforced concrete specimens simulating the biological shield wall. The
equipment used in these cutting tests has the capacity to supply 50 1/min
of water with a pressure of 1 96iMPa and 3 to 7 kg/min abrasive. In these
tests, cutting properties were studied with the parameters of abrasive
material, particle diameter, and nozzle traverse rate. Generation of
secondary products and influence on the surrounding environment were also
investigated. Thus necessary data for the development of an abrasive-water
jet cutting system for dismantling the biological shield wall was obtained.

The results of the cutting tests can be summarized as follows:

1) Regarding the relationships between cutting properties and the
material/particle diameter of abrasive, there was no significant difference
in cutting properties by abrasive material (garnet, steel grit or
Morundum—a brand name for an alumina product), while it was found that #4.0
particle diameter is appropriate as shown in Fig. 2. But comparing the
cutting properties in terms of the volume of abrasive, the specific gravity
of the steel grit is the densest of the three types of abrasive, being
almost twice that of the other two. This means that the volume of abrasive
when using steel grit is half that when using the others.

2) To reduce the volume of secondary products, it is desirable to
reuse the abrasive. Fig. 3 shows a comparison in particle diameter between
the abrasives before and after use. According to these results, there was
the least change in particle diameter in the case of #40 steel grit.

3) Based on the above results, #40 steel grit was selected as the
abrasive to be used in actual dismantling.

4) To determine the number of recycle times of abrasive., the cutting
test was performed using steel grit to investigate the cutting properties
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when the abrasive is reused. It wa:: I'-.urid, as Fig. U shows, that up to the
thi rd recycle there* is no "fian, '̂- in 'he 'jutting proper t ies of th i s
abrasive.

5) Fig. 5 shows the cut t ing proper Lies of th'- abrasive as r e l a t e s to
the number of repeat cutting passes with parameter of nozzle traverse rate.
According to these results , the cutting depth per unit time is increased if
the nozzle t rave ise ra te is made fas t e r , with repeated cut t ing . The
cutting speed, i.e. the nozzle traverse rat'-, was t/ieri determined to be 30
cci/min in order to reduce the cutt.ing + : rr.e in a-tuai dismantling.

6) The amount of slurry which was generated during cutting was 54 to
58 kg/min; the composition was about 0̂% water, about 9% abrasive, and
about 1% concrete dust. Most of the volume :s water, and i t was found that
i t is easy to separate the const: t jer.t 3 :•>•• v. the difference in specific
gravity of each.

7) Generation of dust was 130 to o3- mg/ain, and 83% of the pa - t i des
have a diameter of above 10 ^m, and can easily be collected with a f i l t e r .

8) Generation of subsident mist droplets was between 14 and 20
g/min'm and the diameter was above 30 ,um. This necess i ta ted the mist
eliminator in the ventilation system.

Abrasive-Water Jet Cutting System for Dismantlement of JPDR Biological
Shielding

This system has been manufactured since 1986 based on the results of
the cut t ing t e s t . As Fig. h shows, the system consis ts of high-pressure
pump, abrasive supplying unit, nozzle drive assembly, l i f t assembly, block
bucket, slurry treatment unit, ventilation system, and operation console.
In order to minimize radioac t ive contamination of the system, only the
minimum of necessary equipment is placed near the biological shield wall,
and the system is operated remotely by the operation console which i s
placed outside the reactor containment. The specification and performance
of this system are shown in Table I.

Outlines of each constituent unit aru introduced in the following:

1) The high-pressure pump generates high-pressure water of i^cMPa,
which is introduced to the nozzle through the high-pressure resistant pipes
and a hose. From the nozzle, 50 1/irin high-pressure water is jetted mixed
with the abrasive at 196MPa.
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2) The abrasive is introduced to the nozzle through the abrasive hose
by the abrasive supplying unit which supplies the specified quantity.

»
3) The nozzle drive assembly is hung down inside the biological shield

wall by the lift assembly, and is fixed by stretching the outrigger to cut
concrete into blocks using the high-pressure abrasive-water jet. The
movement of the nozzle is controlled with a cylindrical coordinate system
with three axes—rotational, vertical and lateral, with range of movement
±190°, 700 mm, and 750 mm, respectively. Continuous cutting is,
therefore, possible within this range without changing the fixed position
of the equipment.

The sequence of cutting concrete into blocks is as follows: cutting on
the back side, vertical side and horizontal side. In the case of cutting
from the back, the nozzle is rotated upward and the abrasive jet is
directed upward for cutting. The nozzle traverse rate can be fixed at any
value in the range 0 to 120 cm/min. Driving of the nozzle is made by
automated remote control operation from the control unit consisting of a
control panel and operation console. The location and shapes of blocks to
be cut are programmable.

A) The dismantled blocks are collected and carried away with the block
bucket and transferred to the transfer vehicle and stored in the containers
by the block handling device.

5) Water, abrasive, and concrete slurry coming from the cutting kerf
flow down to the funnel and are treated by the slurry treatment unit. As
shown in Fig. 7, the slurry treatment unit consists of a funnel, abrasive
separator, flocculator and flocculant feed unit, thickener, and effluent
unit, where abrasive particles used are separated from the slurry by the
magnetic separation method for reuse. For separation from the abrasive of
concrete dust, etc. which adhere to the abrasive, showering is also used
during magnetic separation. After separation of the abrasive, the slurry
is separated into concrete dust and water with the flocculator and the
thickener. The concrete dust is stored in the sludge tank. The water is
introduced into the drainage system of the JPDR facility.

6) The dust/mist generated is filtrated through a local ventilation
system, which consists of a heat exchanger for cooling, mist eliminator,
electrical heater, filter, and exhaust unit, as shown in Fig. 8, and is
then introduced to the JPDR ventilation system. The dust is filtrated by
the filter after the water content of the mist has been eliminated
separately.
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DISMANTLING PROCEDURE FOR THE JPDR BIOLOGICAL SHIELD WALL

The b i o l o g i c a l s h i e l d wal l of the JPDR i s a c y l i n d r i c a l r e i n fo r ced
concrete s t ruc ture surrounding the reactor pressure vessel , with an inner
d i ame te r of 2.7 to 3.5 m and with a t h i c k n e s s of 1.5 to 3.0 m. In s ide the
wall , there are 13 mm-thick linei" s t ee l p la tes .

Dismantlement of the biological shield wall w i l l be performed af te r
the reactor pressure vessel is removed. Although the radioactive
inventory values are lower than those inside the reactor or for the
pressure vessel, i t was estimated to be approximately 8 Ci as of the end
of March, 1989. The radiation dose rate inside the biological shield wall
was then estimated to be approximately 250mR/h, even after the pressure
vessel was removed. However, if highly activated concrete about 4-0 cm in
depth is removed from the inner surface of the wall, the value declines to
below 5mR/h and workers can approach i t .

Therefore, i t was decided to dismantle highly activated zones of 4.0 cm
concrete depth from the inner surface of the wall using two remote
controlled techniques: the abrasive-water jet cutting system and the
mechanical cutting system. These two techniques will be used to demonstrate
the effectiveness of the cutting systems developed for actual dismantling.

After dismantling the highly activated concrete, the remaining
concrete of the biological shield will be demolished using the controlled
blasting technique.

As shown in Fig. 9, the dismantling will be performed firstly from the
upper part of the highly activated zones using the mechanical cutting
system, secondly the lower part of the highly activated zone using the
abrasive-water jet cutting system and last ly the remaining part of the
biological shield wall using the controlled blasting technique. The highly
activated concrete will be cut into large blocks to prevent the diffusion
of radioactivity and to reduce radioactive waste. Considering the capacity
of the steel container and. block handling, the size of the blocks was
decided to be 4-0 cm x 4-0 cm x 80 cm for the abrasive-water jet cutting.
The cut-away blocks are handled by remote control and contained in 1 IT.
steel containers and removed. One container can accommodate 4 blocks. In
these dismantling operations, concrete of weight 14.00 tons with
radioactivity 8 Ci will be generated and radiation exposure of workers is
estimated to be 7.9 man-Rem (see Table II).

CONCLUSION

The characteristics of the abrasive-water jet cutting system developed
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as the dismantling technique for biological shield walls can be summarized
as follows:

1) The system is capable of dismantling the highly activated concrete
into blocks under remote controlled operation and preventing radiat ion
exposure of workers.

2) The ncjjle drive assembly .: s cm pact because the cutting reaction
of the nozzle is small, and handling is easy with remote controlled
operation.

3) Concrete can be cut at any position and into any shape, so cutting
and removal of the required parts only (e.g. radioactive parts) i s
possible.

•i) The volume of radiation waste can be decreased by reuse of tne
abrasive.

5) Most of the dust generated during cutting is collected in the form
of slurry and dust/mist generation can be minimized, which is an advantage
in terms of preventing the diffusion of contamination by radioactivity and
radiation exposure of workers.

The abrasive-water je t cutting system can be applied not only to
concrete s t ructures , but a l so to ac t i va t ed s t e e l s tructures . The
efficiency of the system does not deteriorate even for under water cutting.
Without abrasive, i.e. with water je t only, the system can be applied to
cleaning contaminated equipment or exfoliated concrete surfaces. The range
of application could be extended, depending on future developments.

For the future, JAERI will start a full-sea"1- mockup test on the JPDR
biological shield wall using th is system in 1988. Its comprehensive
performance, workability, etc. will be confirmed for actual dismantling at
that time. I t is firmly believed that the data and know-how obtained
through the disinantling of the JPDR biological shield wall will prove the
usefulness of the abrasive-water jet cutting system for decommissioning
commercial power reactors in the future.
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Table I SPECIFICATION AND PERFORMANCE OF
ABRASIVE-WATER JET CUTTING SYSTEM

j Water pressure 196 MPa

Specification f
Water flow rate

! Abrasive feed rate

501 /min

Nozzle traverse rate

3-7 kg /m in j

0-120 cm/min i

Performance
Cutting lime'

Concrete dust generation*

60 min

33 kg

• Cutting time and concrete dust generation per one block cut off
Block size: 40 cm (depth) • 40 cm (height) • 100 cm (length)

Lift assembly Abrasive supplying
unit

f"

R Operation
| ^| console

Nozzle drive \
assembly "

Container

Slurry treatment unit

Fig. 6 ABRASIVE-WATER JET CUTTING SYSTEM
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Table II ESTIMATION VALUE OF DISMANTLING PLAN FOR JPDR BIOLOGICAL SHIELD WALL
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30

Water
50 m3

Saw blade
2 blades

Core bit
3 bits

Abrasive-water
jet cutting

7

580

80

0.6
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Testing the demolition of concrete and pipes with •xplosive
charges within a nuclear powtr plant.

K. Muller: HDR-Safety program Khe - FRG
Kernforschungszen'crum Karlsruhe GmbH
Postfach 3640
0-7500 Karlsruhe

Dr. Freund, Battelle Institut e.V.
Frankfurt/M., FRG

1. Description of HDR and goals of th« HDR-ZER-program

At the HOR a former nuclear power plant an extended nuclear
safety research program was solved since 1974. Encl. 1
shows the test facility and the applicated accident
simulations. Within this program the concrete and pipe
demolition by explosive charges (ZER) is one test group
running since 1983.

For the purposes of disassembly techniques, the HDR is a
facility on which parameters known from single tests can be
checked under realistic boundary conditions for their vali-
dity within a closed containment.

The ZER test group is subdivided into tests on

concrete demolition, ZER B
pipe disassembly, ZER R.

ZER B

When nuclear power plants are decommissioned, it is impor-
tant to disassemble radioactive plant components (biologi-
cal shield) in such a way that only the radioactive port-
ions must be put into final storage.
Breaking up activated and contaminated concrete structures
by blasting seems to be a suitable disassembly technique
from the points of view of radiation protection and eco-
nomy .

The possibility of such disassembly without any hazard to
adjacent structures and to th» reactor containment is to be
demonstrated on the HOR in a real dry containment; such
phenomena as dust emission, shock wave propagation and
activity release as well as necessary protective measures
and the time required for this type of decomposition
technique are to be analyzed.
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The mecnanical equipment components of decommissioned nuc-
lear power plants must be dismantled and conditioned under
the most economic boundary conditions possible and so as to
involve a minimum of radiation exposure to the decommiss-
ioning personnel. Also in this case, the separation of
large pipe systems and components by blasting could be a
possibility.

Information is to be obtained on the HDR under realistic
conditions to allow this method to be evaluated and between
compared with other techniques of pipe separation and remo-
val .

2. TEST EXPERIENCE

experimental setup

Tests conducted on slabs connected with the
structure allow information to be obtained on

original HDR

the different ways in which shock waves are introduced
into the HDR building structure as a function of blast
intens ity
the introduction and behavior of blast waves in the
conta inment
the vibrations produced in the HDR and in adjacent in-
s tallations,
max. possible shock waves and blast intensities in the
plant .

Thus two series of Experiments with slabs were performed
with different coupling to the structure; different rein-
forcements and stepwise increased loadings up to 2.5 kg of
explosives.

Encl. 2 shows the organization of HDR experiments within
the program; encl. 3 shows the experimental setup; encl. »
presents the experimental matrix. Further planning includes
the dismantling of an simulated biological shield within
the original HOR-structure, encl. 5.

Experimental results ZER/B

The blasting load must be subdivided into local and global
loads acting on the HDR containment.

Local loads re characterized by
the forces occurring at the support points of the steel

IV-286



reinforced concrete slab.
slab deflection and deformation,
slab acceleration,
shock wave pressure in the concrete

and thus refer to the load parameters directly acting on
the slab.

Forces rise in a linear fashion with increasing amounts of
explosive in the case of coupling at four points. As a re-
sult of the damage to the slab rising by the same degree,
forces reach a kind of saturation, and the rigidity of the
slab decreases, i.e., subsequent blast make the slab more
and more brittle, encl. 6 .

The slab accelerations reflect the shock type load produced
by the detonation of the blast hole charges even befora
there is any sizable deformation. These shock waves result
in high-frequency loads acting on the slab; in the area
contact mode also the rotunda is excited to
high-frequency vibrations. However, these high-frequency
excitations decay very quickly (after some 10 ms) and are
of no relevance to the damage caused, because their energy
is dissipated over large areas by reflection and
dispersion, encl. 7.

Assessing the distribution of stresses and deformations in
the environment of the blast hole was found to be very dif-
ficult, the pressure drop could be measured only up to a
distance of about 15 cm from the blast hole.

The global impulse type load acting on the HDR in reinfor-
ced concrete blasting can be subdivided into three contri-
butions :

The radial impulse from the slab to the rotunda
The axial impulse tc the HDR by the mass load dropped
on the floor and its dropping velocity.
The explosive cloud impulse (contained in the radial
impulse).

The shaking of the plant by this impulse type load resul-
ting from the explosion mainly occurs at very high fre-
quencies, which are not related to any damage, of the
HDR-structure, and the excitations are of no harm to the
neighbourhood too blast waves decrease within short dis-
tances around the slab, encl. 8.

Screening of the crushed material and dust measurements we-
re performed during the experiments permitting the follow-
ing statements:
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The specific quantity of crushed material is between 1
and 3.8 kg of crushed concrete per g of explosive,
end. 9

ofThis is in agreement with the results of earlier
experiments.
The total quantities of dust are on the order of
10~*mm, relative to the total amount of crushed
material, which is approximately one order of
magnitude higher than determined in earlier experiments
in the open air.
The dust contains material from the sealing plug with a
fraction larger than 107..

The follow-on experiments are to predict transferibility of
HDR results to realistic concrete structures of NPP'S.

ZER R

In the tests conducted on the HDR, reference values in a
realistic environment were determined for the method of
separating active pipes blasting compared to other methods.

The following points were studied:

the necessary charge volumes andoptimization of
configurations ,
testing protective shieldings against fragments,
pipe- and plant behavior during explosive cutting
procedure

The optimized charges are able to
Diameter and 20-30 mm thickness.

cut pipes up to 600 mm

Fragments of the charges can be handled by the used shiel-
ding method, evenwell the used shielding cave is not suit-
able to all pipe systems and needs optimization.

First experiments show high loads with high-frequency
vibrations to the containment when cutting a short pipe
fixed to the wall, and a very low transmission of vibration
when cutting a real loop portion of HDR. encl. 10.

The applied measuring technique needed a lot of evaluation
especially for the very short load duration time and the
impulse load measurement during area coupling.

3. CALCULABILITY OF TESTS

ZER B

Precalculations and recalculations of the tests were

IV-288



carried out.
Information was sought on

the short-range effects,
the introduction of the blasting excitation into the
ambient structure and the building,
the global behavior of the HDR facility (safety
statement),
the transmission of this excitation to adjacent
buildings ,
the transferability of HDR experiments to present-day
nuclear power plant structures.

Four possible steps in computation are envisaged:

Demonstration of the safety of the HDR and of the
technical process and measurement designs,
demonstration of the possibility to determine local
effects and the chain of transmission in the HDR by
precalculations and recalculations of specific tests,
demonstration of the observance of licensing conditions
during disassembly by blasting,
transferability of HDR findings to other plants.

A comparison of global load predictions with the computer
models (simple beam model and shell model) shows good
agreement with the filtered acceleration measuring points,
after a modified time - vs. - load function was set in
which the axial impulse derived from the dropped load was
entered into the computer models as an input parameter.
The global HDR behavior can be determined with sufficient
accuracy by the existing methods of computation, End, 11.

The blast wave peak pressures in the short range blast area
are roughly one order of magnitude below theoretical data.

Code prediction of local load distribution and the
short-range behavior need further evaluation efforts.

4. ENVIRONMENTAL IMPACT AND LICENSING ASPECT

Measures were taken in the neighbourhood of the plant to
learn about the environmental impact to another neai by
situated NPP.

No sign were found, that the high frequency loads lead to
vibrations outside the plant.

Within the plant it could be shown that the high frequency
impuls leads to no damage of components and structures. The
primitive dust protection installation (curtains and venti-
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lation) protected the plant level 1.500 from dust and toxic
gases.

The blastwaves are bearable by the plant structures up to
10 times higher charge loads, even in the narrow
compartments of the HDR. Blast waves data will be used by
german licensing authorities to check future
decommissioning activities in real plants.

The load bearing capacity of hDR is about 10 times higher
than precalculated.

5. References

1. Freund, H.U.; Wegener, H.; Mueller, K.: Quick Look Re-
port Nr. 62-85; Versuchsgruppe ZER, Juli 1986

2. Grimm, R.: Versuchsprotokoll T54.2.1
PHDR Arbeitsbericht 5.106/87
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Encl. 5 Test setup T53.3
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EXPLOSIVE P I P E CUTTING BY SHAPED CHARGES
IN AN ANNULAR CONFIGURATION * )

S t . Schumann, H.U. F r e u n d , W. Horn ing
B a t t e l l e - I n s t i t u t e . V . , D-6000 F r a n k f u r t / M . (FRG)

ABSTRACT

For the decommissioning of nuclear power stations it is necessary to
develop dismantling techniques to minimize the dose of radioactivity for
the personnel. Concerning the primary cooling system the separation of
contaminated steel pipes is solved up to now only unsatisfactorily by
usual cutting techniques like sawing or thermal cutting if there is
impeded access to the tubing by narrow constructions. An explosive pipe
cutting technique was developed to separate thick walled tubes. The
simplicity of the arrangement and its easy applicability are the advan-
tages of this dismantling methode. The developed sleeve charge is assem-
bled from linear modules surrounding the tube wall as a ^olygon. When
initiated the projectiles formed from the metallic liner of the charge
hit the tube wall simultaneously and pipes up to 610 mm diameter and 36 mm
wall thickness were cut. Such pipes comply with the fresh steam pipe of a
recent German boiling water reactor. The impulse load to the tube wall
outside the cutting region is far below the value which would lead to
destructions at the remaining pipe system. Strong confinement of the
charge reduces the blastwave pressure and the damage boundary value of
1 bar is exceeded only within a distance of 3 m to the centre of the
tube. To avoid fragment damage it is ncessary to apply a heavy protective
construction. Using such a construction the developed sleeve charge
technique was tested when cutting a section of the cooling system of a hot
steam reactor (HDR).

INTRODUCTION

For the separation of steel pipes, both mechanical (sawing, milling)
and thermal cutting processes (welding) are usual. The separation of steel
tubing by explosive techniques comes into consideration in cases where the
apparatus for separation has to be simple because the access to the pipe
is impeded by narrow construction and the prevailing conditions restrict
or even prevent the on-site presence of personnel. An example for such
an application is the dismantling of tubes in areas of high radiation
density inside a nuclear power station to be decommissioned.

') Supported by the Federal Ministry for Research and Technology, Bonn
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Explosive pipe cutting by shaped charges may be carried out in two
different ways: from the outside using sleeve charges, or from the inside
using catheter charges. The cutting of tubes from the outside using
sleeve charges and the resulting effects on the environment are discussed.

CUTTING CHARGE DEVELOPMENT

Explosive Cutting Technique

In order to separate steel tubes, so-called cutting charges (linear
shaped charges) are used. With these, the energy of the explosive used
is concentrated into a specific direction by suitable shaping of the
charge /I/. The principle of action of a cutting charge is shown bv the
sketch in Fig. 1. When the explosive is detonated, the so-callea cutting
liner (metals such as Al, Cu, Ag, Pb or their alloys are suitable mate-
rials) is accelerated in the direction of the material to be worked upon
(in this case the wall of a steel tube which has to be dissected), thus
forming a sword-shaped projectile. Although the strength of this "sword"
is low, the velocity it attains (typical values are in the region of
y 2000 m/s) is large enough for it to penetrate the material hydrodyna-

mically.

The penetration depth and the crack propagation, which provide the
resultant cutting depth, depend to a high degree on the properties of the
material to be penetrated. The cutting capacity of a linear shaped charge
for a particular material (e.g. St37 steel) is principally determined
by its specific content of explosive material (mass of explosive per unit
of length), the cross-section geometry and the material of the liner 121.
Normally, the metal confinement and the liner of an linear shaped
charge consist of the same material and are made in one piece. However,
only lead and its alloys are suitable for the enclosure of flexible
cutting charges. All the other metals mentioned above and their alloys
are superior to lead as regards their actual cutting performance; however,
they can only be molded during actual manufacture of the charge.

The spacer element providing the proper standoff necessary to obtain
the optimum cutting depth is integrated within the metal confinement of
the cutting charges as shown in Fig. 1. Attachment and fixation onto the
structure to be cut (the tube wall) is generally achieved by adhesion
or with magnetic attachment. Initiation of the cutting charge may, if
required, be undertaken simultaneously at several points.

Test of the Method with Flexible Cutting Charges

First trials were carried out on the separation of steel tubes using
commercially obtainable, flexible explosive cutting charges to find out the
cutting performance and the effects on the environment incurred during
separacion. Tubes made of mild steel having 220 mm diameter and 10 mm wall
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Pigui'e 1: The principle of action of cutting charges
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thickness as well as tubes consisting of high-tensile steel with a diameter
of 273 mm and 12.5 mm wall thickness were used for this purpose.

A pipe section ? 600 mm in length was welded onto a base plate, which
was in turn fixed onto a massive steel base by means of 3 force trans-
ducers to measure the axial impact force.

For protection against fragments from the metal confinement the
trial setup was concentrically surrounded by an open-top sheet steel
cylinder. In this surrounding cylinder, three marker boards consisting of
50 mm thick Styropor layers sandwiched betwee;n 3 ram light metal plates
were positioned to record fragmentation effects. It was thus possible to
obtain information on the size, direction and penetration power of the
fragments.

In the trials, measurement of the blastwave pressure was carried
out with quartz pressure sensors located at different distances from the
charge.

It was possible to cut both kinds of the above mentioned tubes
accurately and neatly with the charges used. However, the projectiles
formed during the detonation process are comparable slow and not compact,
for which reason the cutting performance of these commercial charges used
is not optimal.

Measurements of the environmental effects conducted during the
trials show that the incidental effects of explosive tube cutting which
are introduced by fragmentation, blastwave and projectile impact on the
tube line are controllable. The trials carried out with flexible linear
shaped charges have figured out a considerable potential for improvements
which led to the development of strongly confined shaped charge modules.

Development of Charge Modules and Improvement of the Cutting Performance

A very useful experimental setup to determine the cutting capacity
of a linear shaped charge can be seen from Fig. 2. The shown arrangement
allows to measure the cutting or penetration depth profile e.g. in steel
as a function of the charge standoff.

In order to reduce the amount of parameters to be investigated
for the improvements from the knowledge about projectile forming linear
and conical charges we were able to make the following statements:

- To cut steel the best form for the liner is a triangle, the best
opening angle h?s to be determined (90° is a very common value).

•• The best material for the liner is copper, the liner thickness has to
be investigated.
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Figure 2: Experimental setup to determine the cutting capacity of a linear shaped charge



- To minimize the amount of nigh explosive, which is very important for
the indoor application it is necessary to have a strong confinement.
From data of explosively driven flyer plates /3/ a thickness of about
30 mm could be estimated to be sufficient.

So v;e started our investigations with the 90°-linear shaped charge
shown in Fig. 2. One half of the obtained cutting profile is outlined
in Fig. 2 also.

In contrast to the behaviour of conical shaped charges the reduction
of the opening angle to 60° reduces the cutting capacity by approximately
30 %. A reason for this result is the lower degree of symmetry which
leads to a very strong particulation of the 60°-linear shaped charge jet.
The x-ray flash pictures in Fig. 3 illustrate how the opening angle
changes jet velocity and particulation.

For three charges having opening angles of 60°, 90° and 120° at
different times two pictures in direction perpendicular to each other
were taken. So beside the degree of particulation for the projectiles
the jet velocity could be determined.

While the projectile become-: even more compact, the increase of the
opening angle decreases the jet velocity (3550 m/s for 60°, 2630 m/s for
90° and 1840 m/s for 120°).

Concerning the 60°-charge, the cutting profiles measured in other
trials allow the conclusion that the destortion of the beam running to
the left side in Fig. 3 ist not typical for this 60°-charge and so does
not explain the bad cutting performance. Beside our experiments we have
carried out one dimensional calculations to simulate the process of jet
formation. The obtained velocities and mass ratios are in good agreement
with the experimental results; these calculations also show that a
degressive coverage of the liner with high explosive reduces the spread
in jet velocity. According to this result we have obtained the best
cutting performance for linear shaped charges having flat opening angJ es
for the liner and a 90°-confinement.

Performance Test: Thickwall Pipe Cutting

The good cutting performance of the developed linear shaped charge
over a large region of standoff leads to a sleeve charge configuration
which is assembled from linear modules surrounding the tube wall as a
polygon. Fig. J-l shows in the upper part the octagon used to cut a pipe of
610 mm diameter and 36 mm wall thickness corresponding to the fresh steam
pipe of a recent German boiling water reactor. The experimental result is
shown in the lower part of Fig. 4; the tube was cut accurately.

JV-303



Figuî e 3: X-ray flash pictures of linear shaped charge projectiles
for different opening angles
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Figure 4: Experimental setup (upper part) and result {lower
part) of the trial cutting a 610 mm 0 x 36 mm St52 tube
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The measurements of environmental effects like blastwave, impulse
load to the tube wall or fragment damage from the confinement, which will
be discussed next, lead to the conclusion, that it is possible to carry
out pipe cutting trials within the containment of the hot steam reactor
HDR under realistic conditions but without high radioactivity in the
piping. Two different types of experiments were carried out within the
HDR to allow the developed pipe cutting method to be evaluated and to
be compared with other techniques.

First, to improve the method, two trials were carried out cutting
tube segments of 830 mm length which were mounted from the outside to
the concrete structure "Rotunde". The tubes of slightly different dimen-
sions (435 mm, 4̂02 mm diameter and 19 mm, 22 mm wall thickness) had
different steel qualitiy (W36-and X10CrNiNbi89-steel). Secondly, the
final trial was carried out to test the method when cutting a real pipe
of the cooling system. The setup is shown in Fig. 5. The W36-steel tube
cut had 438 mm diameter and 20 mm vjall thickness. To avoid fragment
damage it is necessary to catch the fragments of the charge confinement.
The results of the trials carried out at the HDR can be summarized as
follows: the pipes were cut in the desired way except for the first
trial, where one of the four modules was not initiated. This happened
because of a detonator misfunction and the fact that in this only case
the ring of high explosive around the tube was not closed completely
in order to reduce the amount of high explosive.

Environmental Effects of the Method

Fragment protection. Two different types of fragments are obtained
depending on the kind of charge used. In the case of the cutting of
thin walled tubes with flexible linear shaped changes small and fast
fragments are produced. Marker boards were used to detect the effect
of these fragments. For the charges used (80 g/m or 250 g/m high explo-
sive load) a fragment size similar to bullets with 2 mm up to 3 mm dia-
meter and a velocity of 680 m/s up to 940 m/s could be determined. In
the case of the cutting of thick walled tubes with the developed, strongly
confined charge slow and heavy fragments are obtained. Using the x-ray
flash picture technique a fragment velocity of 140 m/s was determined.
These fragments are steel plates with a mass of approximately 850 g.

The attempts to catch the fragments of the charge confinement using
a truck tire or a net built from steel ropes (s. Fig. 4) failed. It was
found, that a very heavy protective construction is necessary to avoid
fragment damage. Basing on these results and the determined kinetic
energy of the fragments of approximately 8.3 kJ, the company Kraftanlagen
Heidelberg built the protection construction having the shape of an
octagon like the charge. The applied steel/rubber sandwich structure and
a total mass of more than 800 kg resulted in a perfect fragment protection
during all three trials carried out at the HDR.
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Figure 5: Experimental setup (dimension in mm)
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Impact force on the pipe during cutting. With an arrangement
similar to the experimental setup used for the test of the method the
impulse to the tube wall in axial direction during the separation was
determined. Fig. 6 shows the measured forces as a function of the high
explosive load necessary to cut tubes of different wall thickness and
diameter. Even for the experiment carried out cutting the St52-steel tube
the stress outside the cutting region is far below the material strength
of steel; the duration of the impulse load is very short, depending on
the high explosive load it varies between 0.05 ms and 1.20 ms.

Blast wave effect on environment. The blast wave released is a
characteristic feature in every type of explosion. This is characterized
by an instant rise in pressure at the wave front and a drop from positive
to negative pressures immediately following it. For a large range of scaled
distance Z = R/W1/3 (distance R scaled with the explosive mass W ) , the peak
overpressure (P) can be expressed by the empirical relation P = A/Z2 /5/.
The proportional factor (A) takes the amount of confinement and screening
effects e.g. by the tube itself or by the fragment protection into
consideration. The propagation of the blastwave overpressure of a
spherical, unconfined charge is fairly well described by A = 20 151. The
comparison of the theoretical predictions with experimental results
shows, that the partial screening by the tube and the confinement of the
sleeve charge lead to A = 6. A further reduction to A - 2 is introduced
by the screening of the very massive fragment protection.

This led to the fact for the cutting trials carried out at the HDR
the damage boundary value of 1 bar only was exceeded within a distance of
approximately 1 m to the axis of the pipe cut.

Evaluation of Results

The suitability of a cutting charge for the separation of steel
tubes can be assessed using the following criteria:

- penetration depth of the projectile
- thickness of fracture zone
- reduction of tube diameter at the location of cutting
- spalling of steel particles at the inner tube wall
- impact force on tube
- effect on surroundings through projection of fragments
- extent of blastwave in the surroundings.

The application of these criteria on the test results obtained
here shows that sleeve charges are basically suitable for the separation
of steel tubes, e.g. in the nuclear field for the dismantling of power
stations. However, this also applies to fields in which access with
large tools (e.g. coping saw or circular cutting equipment) is either
difficult or not possible at all.
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The effects on the surroundings due to fragmentation and blastwave
can largely be reduced by the strong confinement of the charge and the
shielding described.
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ABSTRACT

In dismantling of nuclear reactors, various kinds of treatment of

dust generated by cutting or dimantling concrete structures or components

of reactors are evaluated for safety, cost and performance comparing the

work in air with in water. A method of dust treatment for work in air is

discussed in this study. The dry method has an easy operation in practice

and a good performance in the equipment, but has a problem on the

prevention from radioactive contamination by diffusion of dust in air. For

the purpose of advancing the strong points and eliminating the weak points

in dry method, improved venturi scrubber system is proposed for

dismantling work as a dust collecting system. The system consists of dust

absorbing pipe, dust collector, separator of dust and water and dust

transfer equipment to a storage of waste. This system would be expected

the better performance and the lower operating cost in decommissioning

nuclear reactors, especially, the number of dust filters, for example,

HEPA filters, will be considerably saved.

INTRODUCTION

In decommissioning nuclear plants, a great amount of wet and dry dust

are generated by dismantling work of metallic or concrete structure of

reactors. If water is used in cutting the st-ructure, particles and dust by

cutting are mixed with the water, then the dust becomes a slurry. For the

separation of water from slurry, an evaporator etc, is employed. But if

tJ-,e c.nuentra*.ion of solid particles in slurry is considerably high, the
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slurry is directly vetrificated as a waste material. In practice, water is

easily spread out and the surroundings is widely contaminated with

radioactive dust. So, the decommissioning of nuclear reactors may involve

much generation of radioactive waste which should be evacuated in special

and suitable containers. For the case of separating water and dust from

slurry for disposal of waste, some kind of filter in vacuum and screen

system, like a Oliver filter as an example, can not perfectly eliminate

dust in separated water. Therefore, a good filteration of water is

strongly desired in a radioactive waste treatment facilities unless

separarted water from slurry is enclosed by recirculation means. The use

of water is not so good means except the decontamination in primary system

of nuclear reactors and cutting of high level radioactive materials by

access to them.

In general practise of dismantling work , irradiated components and

radioactive waste are usually cut and broken in atmospheric enviroment.

These dismantling and devolution process produce a large amount of

irradiated dust and the most of dust are easily collected as a rule

because the large particles of the dust precipitate in the bottom of

containers. But fine ^articles and aerosol in the dust are not so easily

collectable. If an intake pipe system of air and generated dust by cutting

are provided, those dust and air need to be separated by a separator and

prefilteration is required. Generally, HEPA filters are employed for the

prefilteration and considerable many number of HEPA filters are expended

because the perfomance of HEPA filters drops in a short time due to

clogging. Prefiteration system itself have been developed before nuclear

age, but a few suitable prefilteratio.n system (1) are provided for

decommissioning of nuclear reactors. Of course, those method are possible

to be improved for decommissioning of nuclear reactors as well as for

other industrial equipments.

Then, at first, a practical dust treatment method is considered in

this study. The method has three processes as shown in Fig. 1. The 1st

stage has a dust collecting tube, the 2nd has a cyclone separating system
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and the 3rd has a filterating system consisting of HEPA filters. In this

system, the HEPA filters can not be expected to be saved.

As next consideration, a water spray system is studied, the dust is

absorbed with water particles and removed togather with the mist. This

system consists of dust collecting system and precipitator by water rust.

The mist is poured into a vessel, if it is neccessary to use it and no

HEPA filters. According to this system, the number of HEPA filters

assembled in the 3rd stage is expected to be considerably decreased

because the dust in air before the inlet of HEPA filter is hardly released.

Then, a dust separating system without HEPA filter and prefilteration

is considered and studied. That is an improvement and development of

venturi scrubber system.

ASSESSMENT OF DISMANTLING TOOLS

Cutting tools for dismantling of nuclear reactors are used in water

and air.

Assessment of cutting tools in water

The cutting tools used in water make a lot of cutting trash as slurry

state during dimantling work. The dust particles and water need to be

separated from the slurry in this disposal.

Equipments or -cools used in water consist of sinks, filters,

centrifugal arrangements, presses, screws and liquid cyclones etc. Sinks

have a large surface area of water in the vessel. Two types of filters are

employed in the equipments, one is a periodically pressurized type and the

another is a continuously vacuumed type. Anyway, these filters are not

exchangeable and not easy handling, and furthermore, the costs are

considerably expensive for dismantling of nuclear reactors. Centrifuge

consume much power, and it is difficult to move them because of heavy
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weight as shown in Fig.2. Presses and screws are also heavy arrangements

and not movable. Liquid cyclones and screens are simple mechanism, but

those perfomances of separation are not so good. Generally speaking,

separation of powderized solid waste and water causes high pressure loss

of fluid flow, and long endurance is desired for the equipments of those

disposal in general industry. Then, as explained above, those equipments

and tools are heavy and net easy handling as movable tools for dismantling

of nuclsar reactors in field work.

Easily spreading contamination is most severe problem for cutting

tools used in water and the use of water. However, these problems are

possibly improved to be compact and easy handling for special conditions.

Assessment of cutting tools in air

Cutting tools used in the air generate fine particles or aerosol

which are floating in the air. Generally speaking, these particles are

separated from the air in waste disposal and the fine particles are

eliminated from the exhaust of air by filters in dismantling of nuclear

reactors. Many kinds of devices are employed, for example, cyclones,

scrubbers, bagfilters, electrostatic filters, HEPA filters and venturi

scrubbers etc.

Low speed type shown in Fig.3, high speed type and multi type are

employed in cyclones. Pressure loss of fluid flow is 100 - 200 mmAq at

velocity range of 10 - 30 m/s for particles of the diameter of 2 - 10 jjm

and the dust collecting efficiency is 50 - 99 % as a perfomance of multi

type cyclone . High speed cyclones are employed for the collecting of

particles of 8 -20 y.n in diameter. The cost of cyclones as equipments are

not expensive, and they have simple mechanisms and also can be operated

with a few troubles. Pressure loss of two phase flow of air and dust in

the scrubbers are 100 - 300 mm Aq at velocity of 2 - 30 m/s for particles

cf the diameter of 0.2 - 2 um and the collecting efficiency is 50 - 99 %•
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Bagfilters , as shown in Fig. /+, are expensive and are not so easy in

operatability of equipments., but those equipments have fairly good

performances for particles of the diameter of 0.1 - 0.2 urn at the air

velocity of 0.01 - 0.05 m/s and the collecting efficiency of 95 - 99 %.

Pressure loss of fluid flow through scrubbers are 100 - 300 nraiAq.

Electrostatic filters, as shown in Fig. 5, must have protecting

arrangements for high voltage circuit. They are not so easily movable for

safety, and the cost is highest in any other filters, but they have

very good performance. The electrostatic filters catch the dust particles

of diameter of 0.2 -0.5 Urn at the flow velocity of 1 - 2 m/s and the

pressure loss of flow is 20 - 30 mmAq. Air filters and blocks, HEPA

filters as an example, have a good perfomances . The diameters of

collectable particles are 0.1 - 30 p at velocity of 0.1 - 3 m/s , and the

pressure drop of fluid flow is 10 - 200 mmAq in the collecting efficiency

of 90 - 99 %• But the cost is considerably expensive. In case of using

KEPA filters as dust collectors, the filters need to be exchanged

frequently to keep a good performance and venturi scrubbers have been

developed for the purpose of eliminating dust in blast furnace gas. These

equipments are not so expensive and suitable for dust collecting system in

good performances. The diameters of collectable particles are 0.2 - 0.5

um at high velocity of 60 - 100 m/s. The pressure drop of fluid flow is

as very high as 500 - 2000 minAq in the collecting efficiency of 90 - 99 %.

Results of assessment of various tools

It is a matter of dismantling of nuclear realtors that the tools

used in water bring a wide radioactive contaminatic •y spread of water or

slurry. It is impossible in practice to enclose completely the

radioactive slurry in the dismantling working space because nuclear

reactor plants have many various holes or floors at different height.

Therefore, it is not so good method to use water for dismantling.

However, the wet method , work in water or use of water, is suitable

for inside of primary system of light water reactors(LWR) In practice,

br-aause water has been already used for LWR. In the case of dismantling in
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air, it is considered that the generated dust by cutting the concrete

structures and components diffuses widely in air. But if the cutting parts

or places are enclosed and filtered, the radioactive dust is prevented

from the wide diffusion in air. In this case, if the pressure of inside

area is kept little lower than the atmospheric pressure ( outside

enviroment ), it is not neccessary that the enclosure is completely tight

for the dust leak. Then, if some good dust collector is employed for

dismantling in air, the adoption of dismantling tools in air is exactly a

good method.

DUST COLLECTING SYSTEM FOR WORK IN AIR

Requirements of dust collecting system

Dust collecting system for dismantling of nuclear reactors required

safety, good performances and low cost. The requirements for the safety

are, first of all, no spread of contamination to other spaces and no leak

of dust and radioactive materials from vessels or pipes. The requirements

for the good performance are easy operation which are compact type or

handy type equipments and easy transfer of the equipments for dismantling.

The requirements of the low cost mean, of course, that the cost of

equipments is low and the maintenance cost is economical. The equipments

for dismantling of nuclear reactors in air equip cutting or demolution

tools and transfer device which transfers the dismantled components and

the dust from the work field to the storage place of dismantling waste.

Now in this paper, the dust collecting system is evaluated on the basis of

above mentioned assessment of tools for dismantling of nuclear reactors.

Dust collecting system

The dust is separated by the separator as above mentioned manner.

Two types of the system are proposed in this study. One is a HEPA filters

with a cyclone for prefilteration as shown in Fig.9, another one is an

improved venturi scrubber with wet dust separator by vacuum as shown in
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Fig.6. If a great many large particles exists in the dust, a cyclone is

••"uitable for the prefilteration because of an economical consideration.

Of course, if the dismantling is operated at the inside of a reactor

container, operators or workmen will use suitable masks, and HEP A filter

is recommended to be used as a similar reason for health physics in usual

nuclear reactor operation. Conventional venturi : crubber expends a large

amount of water which is exhausted to the outside, but this improved

venturi scrubber utilizes an effect cf re-circulating water which

separates the dust in a vacuum filter like a small Oliver filter and the

performance of venturi scrubber is shown in Fig.7. The separated wet dust

is stripped off from the filter, and the separated water is lifted up to

the above mentioned venturi scrubber by multi-stage turbopump ( for

example of perfomance; 0.4 ID /min, 2C - 1'1'J n:Aq, 5 KVi ) which is generated

vacuume suction ( 0.05 - 0.5 MPabs. ) inside the screen as shown in Fig. 8

for details.

The dust collector system in dismantling equips the dust collecting

pipes which intake the dust and carry from cutting work field to the dust

collector for packing into drums and the transfer device which transfer

the drums to the storage of waste else. In this case, two methods are

employed, one is a blower type, and another one is an injector type as

shown in Fig. 9. The mechanical efficiency of an injector is not so good

but very simple and portable device. The performance and efficiency on an

air injector have been investigated by one of the authors (2)(3) and are

shown in Fig. 10 as an example of the experimental results. According to

the studies, an appropriate injector is possible to be equipped for the

collector system.

The improved venturi scrubber

If dismantling dust is vetrificated in waste iisposal, wet di-̂ t is

well disposed by this treatment. The improved venturi scrubber produces

slurry with dust and jet spray of water which the many fine water drops

catch the dust particles. The size in mean diameters as global
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equivalent of almost dust in dismantling is 1 - 1 0 um for mechanical

cutting machine, 0.1 - 0.5 Uffi for thermal cutting machine, and the

concentration of the dust before dust collector is globally 10u - 10 7

particles for unit volume ( 1 cm3 ) in nuclear reactors. The reduction cf

the dust concentration by venturi scrubbber is 100 - 1000 time? of the one

that the collecting efficiency is very high as well as HEPA filter-

Therefore, the purpose can be attained without HEPA filter for each

cutting system by the improved venturi scrubber. HEPA filter has a good

performance for collecting of dust, but it rnuiit be frequently exchanged

because of rapidly clogging by the dust of cutting materials in nuclear

reactors. Unless HEPA filter is frequently exchanged in operation, the

radioactive waste increases considerably as the result, and many new HEPA

filter which is much high in cost must be exchanged frequently. The

stripped wet dust from the vacuum filter contains a little water which is

more easy vetrification for disposal than the case used HEPA filters waste

disposal.

The recirculated water in a diluted slurry increases in

concentration, if the volume of water in a venturi scrubber system is

constant, but the dust concentration of recirculating water is in steady

state because the wet dust is separated and released to the storage of

waste. Then a turbopump is different from the conventional one and is the

special one for this slurry.

Centerized dust collecter system

The cost for unit volume of the dealing dust in the dust collector

and the capacity of transfer equipment of the waste of dust are able to be

decreased if the capacity of the dust collector is increased. The reactor

components and the concrete structures must be dismantled in many parts

for decommissioning of a nuclear reactor. Then, if the dust separation by

venturi scrubber system is centerized as shown in Fig.11, many rarts of a

decomnissionig area are possible to be dismantled at the same time. And

furthermore, if there are many centers of those venturi scrubber system,
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decommisioning of a nuclear reactor will be completed more speedy.
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storage of waste
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Fig. 11 Centerized dust treatment system

CONCLUSION

Dismantling of nuclear reactors in water and in air are evaluated for

safety, performance and cost etc. Generally speaking, dismantling work in

air is , anyway, better than dismantling work in water for above mentioned

items.

Nevertheless, some problems exist in the treatment of generated dust

by cutting of components or concrete structures * And two types of dust

collecting systems, they are, a system of KEPA filter with cyclone type

prefilter and a system of improved venturi scrubber, are evaluated for

performance, operatability and cost, respectively. As a result of the

discussion, the dust collecting system of the improved venturi scrubber

indicates the similar performance to the dust collecting system of the
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HEPA filter v*th cyclone. And the former system can be operated

continuously for a long time without drop of the performance, but the

performance of the latter system is gradually decreased because of

clogging by dust and it must be exchanged with new one to prevent the

increase of radioactive waste . Furthermore, the operating cost of the

latter system is considerably high because HEPA filter is very expensive.

We greatly appreciate the Japan Technology Transfer Association for

help, in technology and the Yamada foundation for help in finance.
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ABSTRACT

A diamond sawing and coring technique has been developed to dismantle a
biological shield in the JPDR decommissioning program. Preliminary cutting
tests were conducted using a prototype machine equipped with sawing and coring
units to obtain the data concerning the characteristics of the cutting machine
as well as to confirm the applicability of this technique for reinforced
concrete. Many data including cutting rates under various cutting conditions
and characteristics of by-products were obtained in the tests. Based on the
results of the cutting tests, the cutting system was designed for safe and
efficient dismantlement of the JPDR biological shield.

INTRODUCTION

The biological shield surrounding the reactor pressure vessel is
composed of massive and heavily-reinforced concrete and is highly activated by
neutron irradiation. By removing an inner activated layer from the biological
shield, ordinary dismantling techniques such as a hydraulic nibbler and a
breaker could be applicable to the dismantlement of the remaining concrete
structure. Japan Atomic Energy Research Institute (JAERI) has developed a
diamond sawing and coring technique for dismantling a biological shield in
the Japan Power Demonstration Reactor (JPDR) decommissioning program. '* '
The sawing and coring technique is advantageous with regard to remote control
of the machine, processing of the by-products and reducing airborne particles
compared with the other dismantling techniques such as an abrasive water jet
and controlled blasting. The diamond sawing and coring technique, therefore,
will be used to dismantle the inner activated layer of the JPDR biological
shield to demonstrate safe and efficient performance for dismantlement of the
reinforced concrete structure.

* This work was performed under contract with the Science and Technology
Agency in Japan.
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Preliminary cutting tests using a prototype machine were conducted in
order to obtain data for the biological shield dismantlement machine and
system design. The cutting system was then designed for the actual dismantle-
ment of the JPDR biological shield using the data obtained in the cutting
tests.

This paper describes the results of the cutting tests and the system
design using the diamond sawing and coring technique for dismantlement of the
JPDR biological shield.

BIOLOGICAL SHIELD OF THE JPDR

Figure 1 shows a cross-section of the JPDR biological shield including
activity levels and dismantling techniques to be applied. As shovm in the
figure, the biological shield has a cylindrical shape and has an inner
diameter of 2.7 to 3.5 m, a wall thickness of 2.5 m maximum and a height of
21 m. The shielding wall is composed of ordinary concrete having a compres-
sive strength of 300 Kgf/cm2. The concrete is reinforced by 29 mm diameter
steel rods on a grid of 15 cm from the region of 8.0 cm from the inner surface
and at an elevation between 12.15 and 9.15 m. The inner surface of the
biological shield is lined with 13 mni thick carbon steel plate. Cooling
pipes, incore monitor tubes and ion chamber guide tubes are contained in the
concrete structure.

EL 18.65m

Removed
using contrclled Wosting

Rentoqd
using oomond sowing ond coring

Concrete ijuCi/g)
Kf3

Stee!
using tbrosive -jet

Fig. ! Cross-Section of the JPDR
Biological Shield
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CUTTING TESTS BY PROTOTYPE MACHINE

Prototype Cutting Machine

Figures 2 and 3 show the prototype cutting machine and concrete structure
used in the cutting tests, respectively. The blades and core bits are tipped
with segments manufactured by molding diamond abrasives and metal powders
under high temperature and pressure. The diameter and widfh are 1070 mm and
5.5 mm for the saw blades and 150 mm and 4 mm for the core bits. The length
of the core bit is 1100 mm. A special 15 hp. high-frequency motor is used
for driving tĴ e blade and another 7.5 hp. is used for driving the core bit.

Test Results

Many tests were conducted with different icinforcing steel-concrete
ratios and cutting parameters such as cutting direction and flow rate of
cooling water. The test results are summarized in Table I. The main results
are described as follows.

Table. I Results of the Preliminory Cutting Tests

Test items

Cutting speed

Traverse rote

Wear rote

Flow rate of

cooling water

Diameter of
airborne particles

Sawing

Coring

Sawing

Vertical

Horizontal

Coring

R/C

R/C
Lined
concrete
R/C

Sawing

Coring

Sow i no

Coring

Sawing

Coring

Test rtsults

788 rpm

4 3 6 rpm

212w"/miR (axiol direction)
-7/1 mm/ i circumfcrtntial \
74 mm/min (direction )

50 """/mln (direction /

40 f^/min (axial direction}

ma*, 0.57 mro/m2

max. 0.19 mm/m*

4,000 CfnVmirc

3,000 cmVmin
max. 16/jm U2jum:90%)

max. 20jum U4jum;90%)

R/C •• reinforced concrete

Cutting depth is 100 mm for R/C and 75 mm
for lined concrete.
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Fig. 2 Prototype Cutting Machine

Fig.3 Concrete Structure Used in the
Preliminary Cutting Test
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Cutting speed. The average traverse rate for cutting was measured
changing cutting directions and the reinforcing steel/concrete ratio with a
stable current supply to the motor. Figure k shows the measured traverse
rates for cutting under various conditions. As shown in the figure, the
traverse rate for cutting decreases with an increase in the steel to concrete
ratio. Since the blades were moved in both radial and circumferential
directions with horizontal cutting of the cylindrical concrete structure, the
contact region of the blade with the concrete surface is larger with horizon-
tal cutting than vertical. Therefore the cutting speed was slower with
horizontal cutting compared with vertical cutting because of larger friction
between the blade and the concrete surface.

Concrete

Concrete

R/C
(4.28%)

R/C
(6.46%)

Lined
concrete
(17.0%)

Vertical cutting

(axial direction)

Horizontal cutting
/circumferential \
\ direction 1

Vertical cutting

(axial direction)

Horizontal cutting
/circumferential \
I direction '

Horizontal cutting

/circumferential \
v direction /

=1

m

)

1

0 100 200 300 400 500 600
Traverse rate (mm/min)

R/C : reinforced concrete

Cutting depth is 100 mm for R/C and

75mm for lined concrete.

700

Fig. 4 Measured Traverse Rate for Various
Contained Stee! Ratios in the Concrete

Characteristics of by-products. It is important to characterize
airborne particles produced by cutting. Airborne particles were sampled close
to the material being cut. The particle size distribution was analyzed. The
particle diameters were mostly less than 2 ym for coring and 4 ym for sawing,
and the maximum diameters of the particles were 16 and 20 ym for sawing and
coring, respectively. These data were used for designs of filters in the
local ventilation system.
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Working time. To evaluate the operation of the cutting and handling
machines, the whole dismantling performance was tested by sawing, coring and
removing the separated concrete pieces, thus simulating the actual dismantling
of the JPDR biological shield. The total sawing area and coring length were
0.8 m2 and 10 m, respectively. Working time was measured for each activity.
The total working time and the ratio of each activity is shown in Fig. 5.
Approximately 75 % of the total work time was required for coring and separat-
ing and removing concrete cores.

Removal of Block

Vertical Cutting
4 0 6 min of
Working tim«

Snopping off
and

Removal of
Concrete Cores

22 %

Fig, 5 Working Time Ratio in the Concrete
Dismantling Activity

Flow rate of cooling water. Since water used for cooling the blade and
core bit is disposed as a radioactive liquid waste, it is desirable to mini-
mize the amount of water used for cooling. The minimum amount of cooling
water needed to ensure good cutting abilitj' was evaluated. Though the cutting
ability was not affected by a water flow rate of 1 1/min, a slurry was depos-
ited on the concrete surface being sawed. However, the traverse rate for cor-
ing decreased to 70 X of the usual value with a flow rate of 1 1/min. Through
the study, practical flow rates with sufficient margin for the system design
were determined to be 4 and 3 1/min for sawing and coring, respectively.
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Wear rate of cutter edge. Wear rates of the blade and core bit were
evaluated in the cutting tests. Figure 6 shows measured wear rates as a
function of the reinforcing steel/concrete ratio. As shown in the figure, the
wear rates of the blade and core bit approximately increase in proporting with
an increase in the steel/concrete ratio. Wear rates of 0.57 mm/m2 for blades
and 0.19 mm/m2 for core bits were selected for fabricating the necessary
number of saw blades and core bits. The area capable of being cut by a saw
blade and a core bit war estimated to be 12 m2 and 32 m2,respectively.
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DESIGN OF THE JPDR BIOLOGICAL SHIELD DISMANTLEMENT

Concept Of The Dismantling System

The dismantlement of the radioactive biological shield must address the
prevention of spread of radioactive contamination and the safety of
workers. The dismantling system design carefully considered the experience
of the one piece removal of a biological shield in JRR-3 (Japan Research
Reactor 3)3). Figure 7 shows the equipment and a dismantling flow diagram
for the JPDR biological shield. In addition, following concepts will be
implemented to minimize worker exposure.

- Cutting and removal will be conducted by remote control,

- A local ventilation system will be used to prevent spread of airborne
particles.

- The Dismantling machine is designed to be easily decontaminated.
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Dismantling System

The dismantling system uses sawing and coring techniques and consists of
a cutting machine, a concrete block handling machine, a local ventilation
system, water processing equipment, monitoring instruments, etc. Figure 8
shows a schematic of the dismantling system. The components of the system are
as follows.

The cutting machine is composed of five main parts as shewn in Fig. 9.
These are sawing and coring units, actuators for moving the sawing and coring
units, a frame for the actuators, blade and core bit grinding unit and
outriggers for positioning the frame. The sawing and coring units are
installed in the cutting machine facing in opposite directions. This allows
the exchange of the units for sawing or coring by rotating the units. This is
done remotely without a worker's direct assistance. The cutting machine has
mobility in three direction? .•. that is, axial, radial and circumferential, all
while confined in a cylindrically shaped space. Table II shows the physical
characteristics of the cutting machine. Ball-screws are used in the actuators
for axial and radial movements, and a harmonic drive is used for the circum-
ferential movement. These transmissions provide the low machine vibration,
precise feed rates and large physical forces necessary to cut reinforced
concrete.
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Rg. 9 Cutting Machine for the Dismantlement
of the JPDR Biological Shield
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Once separated, concrete pieces are handled by one of two clamps, one
for prismatoidal and another for columnar shapes. The clamps have the ability
to hold a 1200 kg prismatoidal shaped concrete piece or a 50 kg columnar
shaped piece even if the power supply fails. The local ventilation system,
composed of a hood and a dust collector, collects mist and dust close to the
cutting machine. The local ventilation system reduces the load on the exist-
ing ventilation system as well as keeping the working area clean. The air
drawn into the hood is exhausted through the dust collector to an existing
duct of the building ventilation system.

Table I Physical Characteristics of the Cutting
Machine for the Dismantlement of the
JPDR Biological Shield

Height

Outer diometer

Weight

Cutting lood

Number of outriggers

Mobility

oxiol

radial

circumferential

5.0 m

2.55 m

15 ton

300 kg

3

1050 mm

945™^-485 mm

380

Dismantling Procedure

The JPDR biological shield will be dismantled after removing the reactor
pressure vessel and all pipes and components from the cavity. Preparation
work will be conducted to prevent the spread of contamination during the
dismantlement of the biological shield concrete as follows.

- Openings in the biological shield will be closed by attaching steel plates
to cover the openings.

- The pipes in the biological shield will be filled with grout.

- A slurry collector will be installed in the bottom of the cavity.

The radioactive biological shield concrete is then dismantled by repeat-
ing the following steps:
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- The cutting machine, suspended from the polar crane is lowered into the
cavity of the biological shield. It is then rigidly positioned against the
wall with its outriggers.

- A portion of the concrete structure is then dismantled by following
sequence: circumferential sawing, coring, removing the concrete cores» then
vertical sawing as shown in Fig. 10. The prismatoidai shaped piece is then
removed and placed in a container.

- The radiation level of container surface is monitored.

- The containers are shipped out of the reactor building.

These activities are repeated and conducted continuously. Approximately
15 tons of concrete will be dismantled by sawing and coring during the 3
month operation.

Core Bit

oncrete

Sc» Blode

1) Horizontal
Cutting

2) Coring 3) Vertical
Cutting

4} Removal of
Block

Fig. 10 Concrete Cutting and Removal Sequence

CONCLUSIONS

JAERI has developed a diamond sawing and coring technique for dismantling
the inner layer of the biological shield in the JPDR decommissioning program.
Preliminary cutting tests by a prototype machine showed that the diamond
sawing and coring technique is applicable to dismantling the reinforced
concrete structure. Cutting speed and working time were evaluated under
various cutting conditions. The wear rates of blades and core bits and
characteristics of the by-products were also evaluated to design the dis-
mantling system for the JPDR biological shield. Based on the results obtained
in the tests, the actual cutting system was designed and fabricated. It is
expected that this system will provide safe and efficient dismantlement of the
JPDR biological shield.
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The actual dismantlement of the JPDR biological shield will be conducted
in 1989 after confirming the applicability of this technique by a mock-up
cutting tests.
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RADIOLOGICAL CHARACTERIZATION - STRATEGY TO AVOID SURPRISE

FRED F. HAiHOOD AND JEFFREY k. BROWN
EBERLINE ANALYTICAL CORPORATTON

OAK RIDGE, TENNESSEE, USA

ABSTRACT

Radiological characterizations are designed to gather information
about the current status of a property, or site. Site, as used here,
represents a parcel of open land, or one KTth improvements. This paper
addresses radiological characterizations, specifically those which are a
part of major remedial action programs. The principal objective of this
work is to determine the distribution of contaminants within and around
a site boundary. Results may be required as input for engineering
assessments and for remedial action design. Inadequately planned and
executed characterizations can lead to inacurate estimates of Haste
volumes, to expanded field measurements, and to delays in construction.
Since funding for si I remedial activities is shared, there is a strong
incentive to make efficient use of available resources. TMA/Eberlme
Analytical has over 15 years experience in providing radiological
support for remedial actions including the clean up of nuclear weapon
test areas, uranium processing facilities. and other radiologieally
contaminated structures. The authors believe that careful consideration
of the discussions presented below will help to minimize surprises once
remedial action begins.

INTRODUCTION

In the organizational phases of remedial action programs,
preliminary studies were carried out to define an overall program scope
and to establish minimum funding requirements. Tttese studies included
an evaluation of the history of sites anticipated to be included in the
program. Once this <as done, sites wsre categorized, and visits were
made in order to determine aach site's current use and make exploratory
radiation measurements. Based on findings of these visits, further
studies were performed. These had a goal of determining whether
existing radioactivity could be controlled through institutional
arrangements. In many cases, it appeared that an engineering solution
would be required to stabilize or otherwise control the spread of
radioactivity. Sites were then designated as candidates for remedial
action, and plans were made to implement the program.

The development of alternatives for remedial action can only be
based! on knowledge of the distribution of radioactivity on an individual
site. Therefore, site designation established the need for a
comprehensive characterization. Remedial action at some sites will
include the stabilization or cleanup of potentially hazardous chemicals
as »ell as radioactivity. While this paper does not address chemical
characterization activities per se, it is felt that techniques discussed
here will be helpful in both cases.
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Site investigations are designed around a series of measurements
and sample analyses which should describe the distribution of
contaminants within a defined area o€ concern. Small sites with minor
previous activity may be characterized in accordance with a generic
plan1. Hork under this type plan includes m-situ radiation
measurements at regularly spaced intervals, and the analysis of uater,
soil, and sediment samples. A comprehensive site specific plan2 is
needed, however, for the characterization of sites used to house
production facilities or for the long term storage of material such as
process residues. In either case, it is essential that characterization
plans be based on known or obtainable information regarding the site.
To accomplish this, one must review a variety of information sources
including historical site files and reports, observations of current
physical features, results of exploratory measurements (from preliminary
visits), and interviews with operational personnel and ouners of
vicinity properties. Even so, characterizations are sometimes foiled by
past events and practices which have been forgotton or which were not
well documented. It is this type situation which can lead to costly
expanded characterization activity and delays in planned remedial
action. The most time consuming and costly situations are those
requiring the collection of numerous soil, water, and sediment samples
which must be analyzed using radiochemical techniques not normally
available in a field laboratory, and the drilling of boreholes in
addition to those originally planned. Others include the re-analysis of
samples for unanticipated radionuclideSi and addition in-situ
radiation measurements in areas beyond those included in original survey
boundaries.

Where surprises have occurred, they have done so in spite of plans
which were believed to be adequate. Characterization planning is a
technology which, as in other cases, improves with expanded experience.
Methods which roay be utilized to reduce the occurrence of unanticipated
situations will be introduced in the following sections.

OBSERVED SURPRISES

Project Managers lead an uneasy life. The last words they wish to
hear from the field are "guess what we found", or "you need to sit down
for this one". On several occasions, the need for expanded
characterization activity was discovered during remediation. Cost
impacts are not limited to those associated with additional measurements
and sample analyses. For remedial action in progress, additional costs
result from construction delays and re-work. This is particularly
troublesome if cleaned and backfilled areas must be re-excavated or the
boundaries of construction must be enlarged. The result of this type
situation is the substantial cost associated with handling, temporary
storage and ultimate disposal of an "extra" volume of contaminated soil.
Examples of ur.usual developments which have resulted in additional work
include those presented in Table I.
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TABLE I

EXAMPLES OF UNUSUAL OCCURRENCES

o Radionuciides with Heakly penetrating radiation;
and which escaped detection during preliminary
surveys (ie: Th-230).

o Unknown haul routes for material when moved
between sites.

o Unknown improvements of haul routes included in
characterization or remedial action.

o Unknown utility construction during periods of
inactivity at an individual site.

o Use of soils containing radioactivity around and
within seners and other underground utilities.

o Unsuspected deep deposits of contaminated material
in areas thought to be devoid of previous site
activity.

o Discovery of materials containing radioactivity
not associated with site operations (for example,
slag from the processing of phosphate rock and fly
ash).

o Failure to include radionuciides required under
state regulations.

o Radioactivity in areas outside planned survey
boundaries, and inhomogeniety of on-site
radioactivity.
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Other investigators have profited from their experiences- A useful
and detailed discussion of "iessions learned" during characterization
and cleanup is given by Hynveen, et al3.

RADIOLOGICAL CHARACTERIZATION PLAN DEVELOPMENT

Radiological characterizations require guidance from a well
organized Hork plan. This document must lead the investigators through
a series of tasks to determine the distribution of radioactivity in open
land and on buildings and equipment. Use of a generic checklist is very
helpful in developing a plan. Items in the checklist should be
inclusive of all potential characterization activities. As one works
through the document, decision points Kill permit the elimination of
certain activities based on previous site operations. Preparation of
the work plan should not begin until there is a clear understanding of
what is to be accomplished. Meetings with project managers, engineers,
and construction managers are the best medium for this task. Although
the initial scope of a characterisation Hill depend on previously
forcasted funds, the final scope of work and associated cost estimates
will result from the planning process itself. To be successful, the
plan must include a statement of objective and technical approach, a
discussion of the probable type and location of radioactivity to be
encountered, instrumentation to be used, a description of each element
of field activity, a discussion of standards, guidelines, and
regulations, a description of Quality Assurance program, and a
description of data evaluation techniques. A copy of the completed plan
development checklist should be presented in an appendix.

Review of Historical Information

In this step of the planning process, it is desirable to review
documents concerning the subject facility itself. Other items needed
for review include a description of processes involved, types of feed
material and product, time periods for operations, accounts of
accidents, spills or other unusual releases of radioactivity,
descriptions of liquid and solid waste streams, type and quantity of
materials handled and shipped, etc. This material is not always readily
available. In some cases, documents have been retired to federal
repositories, or destroyed.

Rhen an entire facility is the subject of characterization (such as
a uranium mill or refinery), it is helpful to review information which
pre-dates construction. This is especially useful in determining
drainage patterns, areas which may have been filled to accomodate new
construction, specific geological features, previous land use, and
pre-existing utilities. To join this information to the current site,
it is necessary to study as-built drawings and construction completion
reports to learn to what extent the existing property was altered and to
predict where radioactivity will flost likely be found. Such detail is
less important for the case where only a smaLl portion of a facility was

IV-342



used to process radioactive material. It is desirable, honever to
review facility drawings to determine the extent of overall facility
involvement.

Prior to the actual collection of documents, it is recommended that
literature searches be conducted using information stored in computer
data bases. A listing of valuable reference material (authors, titles,
and summaries) can be obtained. There are several data bases available
for this type literature search. Representatives from the Environmental
Protection Agency, the Department of Energy, the Nuclear Regulatory
Commission, and the Department of the Interior (Geological Survey) can
provide information on firms with search capability. Once data base
searches have been completed, references should be placed in categories,
and prioritized according to ease of availability.

Maps and Reports. Very useful initial information can be found on
USGS quadrangle maps and in Geological Survey reports. USGS maps dating
from pre-construction to the present provide information on land use
growth over the years. These maps si so reveal changes in roads and
highways, ponds,lakes, streams, and rivers. Geologic reports are useful
in providing information on the geologic strata (glacial till, clay,
sand, gravel, and bedrock) and groundwater. City and county tax maps
may be used to determine land use patterns in the immediate vicinity of
the facility. All of this type information is needed to assess
potential pathways for radiation exposure.

Aerial Photographs. Aerial photographs dating to the 1930's are
available for most areas of the country. For example, the Department of
Agriculture maintains files of photos for all rural areas. These were
taken at intervals ranging from 5 to 7 years, and may be obtained in the
form of copy negatives, contact prints (in stereo pairs or triplicates),
and in enlargements. Photos are also available from the USGS, from
military records through the National Archive in Hashincfton, D. C. , arid
from EG8.G, Inc. which operates an aerial radiation measurements service
for the Department of Energy. The authors have made beneficial use of
aerial photos in the development of characteri2ation plans, and as an
aid in explaining data conflicts. In the late 1970*s, a site in New
Jersey was surveyed and found to contain radioactivity above guideline
values in two small areas. Because of unexpected site development by
the owner, cleanup was initiated. During the project, uranium
contamination was found on a portion of the sits several hundred feet
from the remedial action and in an area not thought to have been
involved in the original operation. After a diligent search, a view of
the site (US Army, cjrea 1943) was located by National Archive staff.
Six men who worked on the site in 194 3 viewed the photograph. Each of
theirs pointed to a single building as their work location, which
corresponded to the recently identified contamination. The construction
contract Has modified and this much larger volume of contaminated soil
was also remo.ed. Periodic aerial photos have also been used to
identify re-routed major stream beds in areas likely to have received
radioactive effluent, the location of sink holes, the status of original
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construction of at least t»o candidate remedial action sites, patterns
of Hind bl<j*ri uranium mill tailings, patterns of erosion around site
boundaries, the location of former landfill areas and Haste sater
storage ponds within facilities, the location of formerly used buildings
now demolished, the location of utilities (sewers sad other underground
piping) and former roadways, and the original boundaries of stored
residues not) relocated. One can see from this brief summary that aerial
photos are a valuable aid in planning tfcs extent of a field measurements
and sampling program.

Site Files and Drawings. Information in this category is a must
for review because it tells the site story. Original as-built drawings
(if available) indicate where buildings are located, depth and size of
footings for foundations and piers, the location, type, and size of
underground piping, the location of ponds and pits, the location and
size of air exhaust systems including filters or bag houses, as well as
details of general construction. Information in 3ite files can be used
to identify the type and quantity of major radioactive feed materials,
to reconstruct flow diagrams for radioactive material, and to
reconstruct material balance diagrams for chemicals used to process
radioactive materials. These files can also yield information
concerning waste generation, treatment, storage, and disposal, health
and safety guidelines in effect during the period of operation, details
of major spills or other releases of radioactivity to the environment,
and details of site improvements and reconstruction or renovation. One
valuable document is a facility construction completion report. It
provides a narrative for as-built drawings and helps to integrate other
bits of site information. Measures which were taken to reduce
construction costs are usually found in this type report. For example,
equipment from other plants could have been substituted for new items.
If these items had been used to process radioactive materials different
from those processed at the current site, additional radionuclides may
be present. Other documents to be reviewed include weekly reports frojr<
departments with responsibility for material processing and control,
periodic reports to funding agencies (if federally owned), annual
progress reports, annual environmental reports, and reports to
regulatory bodies. These provide information on operational trends,
site improvements, time periods for processing each type of radioactive
material, the frequency for monitoring; environmental radioactivity, and
information related to licenses and permits. On-site meteorological
data (if available) will permit an estimate of the probable path for
releases of radioactivity. Some information may not be found in site
documents. For example, feed material for uranium refineries was
delivered as uranium concentrate fro* uranium mills. Specifications for
this product4 required at least 75 percent DaOa along with allowable
percentages of impurities. Host of the uranium concentrate contained
Th-230 in concentrations from 5 to 7 percent of the uranium activity.
The actual significance of this impurity has only recently been realized
when areas thought to be contaminated with Ra-226 were found to contain
Th-230 at concentrations of several hundred Bq/g. Other .information
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which may be missing from site files is the location of sanitary
landfills which could have received matf-rials containing radioactivity
in excess of current guidelines.

Standards and Regulatory Guidelines

In developing the work plan, careful consideration must be given to
an evaluation of local, state, and federal standards and guidelines for
limits of radioactivity on surfaces and in environmental media such as
air, Hater, soil, sediment, and vegetation. Documents shich contain
these standards and guides are basic references for the work plan, and
serve as an aid in developing elements of the field investigation.
Interface Kith representatives of government agencies Kill assure that
characterization activities are planned in accordance with the latest
version of standards and guides. These meetings Hill provide an
opportunity for regulatory personnel to explain requirements under
existing regulations and to suggest a schedule for visits during site
work.

Observations During Site Visits

Upon completing the review of historical information, prepare a detailed
checklist for tasks to be carried out during a visit to the site. This
document should include a list of individual tasks, assigned
responsibilities, and a schedule. A selection of the more pertinent
site related documents should be available. Of particular importance
are maps and photographs, drawings, and reports which describe processes
and facilities. Video and still cameras, and audio tape recorders
should be used to document observations for future reference. Typical
of tasks which might be carried out during the visit are presented in
Table II. All items or. the checklist should be completed before leaving
the site. Conduct a short meeting of the participants to verify
completion of tasks and review the findings. Assemble all relevant bits
and pieces of information in accordance with sections of the
characterization plan where it Kill be utilized. During preparation of
the plan, use this information as a tool in refining the locations for
measurements and sample collection.

Grid System

Planned measurements and sampling on open land should correspond to
locations which are positioned on a site grid system. This normally
consists of a series of mutually perpendicular lines placed at uniform
intervals and tied to the state grid plane. For simplicity, the grid
system can be oriented according to the site Jayout so long as it is
reproducible. Remedial action design drawings mil be related to this
grid. In order to avoid excavation of areas which are not contaminated,
it is important that this grid system be constructed and documented
according to ASTM standards for land survey. Characterization activity
inside and on buildings must also be tied to a reproducible grid system,
however installation of this grid is normally done by the
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TABLE II

TASKS TO BE CONDUCTED DU?,IriG A SITE VISIT

o A general tour of the grounds cind buildings to
compare the current status Kith historical
information.

o An inspection of site drainages including ditches,
snales, and process and storm sewers (to determine
points of access for measurement and sampling
activi ties).

o An inspection of process building floors to
locate sumps, hold-up tanks, and other areas uhere
radioactive liquids could ha/e migrated to areas
beneath the floor.

o An inspection of facilities used to load and
unload radioactive material.

o An inspection of process equipment and of air
exhaust and filter systems.

o An investigation of equipment used for waste
handling, transfer and storage.

o Perform exploratory radiation measurements to
determine general levels of total and transferable
alpha and beta radiation, determine the presence
of weak beta radiation, and determine a range of
gamma radiation levels expected during the
characterization.

o Collect selected soi1/sediment and Hater samples
to identify radionuclides present.

o Determine presence of radon and thoron daughters
if radium and/or- thorium Kas processed.

o Perform a health and safety inspection to identify
potential safety hazards to survey personnel and
to identify chemical characteri2ation tasks.

o Conduct interviews with plant personnel ir the
facility is still in operation, mth former
employees if not, with local officials, and mth
nearby residents. A given set of questions should
be asked of each interviewee in a effort to gain
common information regarding undocumented spills,
waste disposal, construction or renovation which
may have masked contaminatiOK, etc.
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characterization team. The characterization plan should contain a clear
description of ali grid systems and how they are to be used.

Geophysical Surveys

As a means of identifying underground facilities such as sewers and
other piping, and buried items in landfills or in open land in general,
goephysica.l techniques should be utilized. There are three commonly
used method's for this type survey:

o Magnetometer - for use in locating buried metal
items.

o Ground Penetrating Radar <GPR> - for use in
defining boundaries of covered landfills and Haste
pits and to verify indicated underground metals
from magnetometer surveys.

o Electromagnetic Terrain Conductivity (EM) - for
use in detecting high conductivity in groundwater.

Information from these surveys can be used to refine the location of
boreholes for gamma-ray logging and sample coring, placement of
monitoring wells, and to identify potentially hazardous drilling
locations. Use of these techniques should be included in the plan and
the surveys should be conducted in advance of radiological measurements
and sampling.

Radiological Field Activities

The Hork plan elements discussed above trill not in themselves
assure a successful characterization. They can, however, play a mojor
role in designing the location and frequency of measurements and
samples. Careful consideration of the foregoing will suggest areas
where special attention should be placed on certain types of
measurements and where particular techniques may be required to obtain
samples.

Radiation Measurements. These Hi 11 be made at regular intervals on
all grids (inside buildings and outdoors in open land) and in biased
locations nhers there is reason to believe that closely spaced
measurements Hill be required to adequately describe the limits of
contamination. The actual measurements to be performed will be dictated
by the type of radioactive material knonn or suspected to be present.
It must be remembered that some radionuclides emit Ion energy radiation
and may not be detectable on land surfaces using portable instruments
for in situ measurements. Radiochemical analyses of samples may be the
only way to document the presence of these materials. Open land areas
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Hill require gamma-ray scanning surveys to determine those areas with
anomolous radiation levels. Results of these surveys can be used to
establish biased sampling locations as well as to locate boreholes for
gamma-ray logging and core sampling. Gamma ray logging of boreholes is
used to obtain information on the depth and type of radioactivity.
Similar techniques may be used inside buildings to determine the extent
of contamination on and under building flours.

Instrumentation. The type of individual radiation detection
equipment to be used during a survey should be based on site research.
In certain cases, special detectors such as thin sodium iodide crystals,
gamma-ray spectrometers, and large.area gas flou proportional counters
may be required. This will depend on the type of material known to have
been handled as well as radioactivity which could exist as a
co-contaminant. Plans must be made to include an adequate supply of
anticipated instruments, and to provide maintenance and calibration
support. For major characterization, a field laboratory offers an
economical means to perform certain analyses. Typical of instruments
included in a mobile laboratory are: gross alpha and beta counters for
air and swipe samples (also evaporated water samples), alpha
spectrometers to detect specific alpha emitters on air samples and
snipes, high resolution computer based gamma-ray spectrometers for
determining concentrations of gamma-ray emitters in soil, sediment, and
water, and various laboratory equipment for drying/preparing samples,
and for handling Haste material. Equipment for radiochemical analyses
should not be included in a field laboratory unless it can be shown
through a cost study that analyses in the field can meet or exceed
considerations for cost and quality control.

Environmental Samples. The site characterization plan Hill include
details for the collection of environmental samples. Sampling locations
(systematic and biased), frequency, type of sample, and analyses »ill be
governed to a large extent by information obtained during development of
the plan (site research and results from site visits). From a practical
standpoint, the number of samples to be collected and analyzed Hill
depend on available funds. There must be some flexibility in
implementing the plan at the field level. Once sampling equipment is in
place, additional samples should be collected if there is a demonstrated
need to do so based on observations at the sampling site. A selection
of samples for analysis can be made after the fact. Samples uhich are
not to be analyzed initially should be archived in a secure location.
Chain of custody records must be initiated at the time of collection and
maintained for all samples.

Quality Assurance

An on-going and integral part of the characterization is a series
of activities Hhich assure that all work is done in accordance with
procedures and standards. Quality assurance measures need to be
summarized in the work plan. The plan should also include a <1i scu-ssi on
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of the type and frequency of quality assurance audits which mil be
conducted in the field. These audits permit man dyer;; to identify and
rectify situations before there is a serious impact on the quality of
field Hork.

Data Management

de in the work plan a description of methods which Hill be
used to manage and evaluate field data. Mioro computers and integrated
programs offer a powerful tool for remaining current in data review and
evaluation. For example, the use of spreadsheets permits field data to
be segmented by category and geographical site area regardless of the
order in which it was acquired. This type program also allows one to
maintain track of schedules and resources. It is also very useful in
the preparation of tables and graphs for progress reports. Perhaps the
best advantage, however, is the ability to identify problem areas before
leaving the field.

SUMMARY

The foregoing discussion of radiological work plan development is
presented as a guide. The authors have drawn from their experiences in
organizing and conducting field exercises. Considerable work is
required to obtain the maximum useful information within available
resources. In some cases it may be difficult to persuade managers of
the necessity to expend the suggested effort in planning. It must be
remembered, however that repeated trips to the field are expensive and
consume valuable time.
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DECOMMISSION PLANS FOR LOVIISA 1 AND 2 UNITS IN FINLAND

Tapani Kukkola
Imatra Power Company
Helsinki, Finland

ABSTRACT

The reactor pressure vessel will be transported in one piece
to the final repository. The reactor internals will be stored
inside the reactor pressure vessel, which acts as a waste
container. The steam generators will be also transported to tha
final repository intact. The final repository will be a rock
cavern at a depth of 100 meters.

INTRODUCTION

The Loviisa Nuclear Power Plant consist of two VVER-440 type
PWRs. The first unit started its commercial operation in May
1977 and the second unit in January 19'!'' . The electric power of
one unit is 465 MWe. The plant >-.-iS six horizontal steam
generators and six primary coolant yumps. The containment is
made of steel and it is equipped with ice condensers. Each unit
has two turbines. The building volume of one unit is
approximately 500 000 cubic meters. Both units have had
excellent operating history with 79 % and 83 % cumulative load
factors. The plant buildings and containment section are shown
in Figure 1.

DECOMMISSIONING PRINCIPLE

Decommissioning target is the Stage III. The plant will be
cleaned from radioactivity but the buildings and structures will
not be dismantled if not necessary for removing radioactivity or
if tha buildings ana structures will not prevent further plant
units to be constructed on the site. The plant site will be used
for power production purposes also in the future.
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Vsrtcal MCtion through r#»clor building

i . Reactor pressure vesse'
2 Control rod drives
3. Mam circulation pjnip
4 Steam generator
5. Refuelling machine
6. Polar crane
7. Ice condense.
6 inner concrete wall of ^ontammeni building
9 Steel contammem

10 Outer concrete wall of containment building

1 fieacior building
2 Turuine and control building
3 La&ura'-ary building
4 Auxiliary budding
5 Office buitciinji
6 Diesel builflintf
7 400 kV s^'-tchyard
8 110 >.V switchyard
9 Water ipeatmeini plant

10 Service building
11 Information building and training office
t2 Cooling water intake
13 Gas turbines
*>4 Gu&'d house
15 Cooling water outlet

Numerical data Loi Lo?

• Total volume of buildings 510 fJOO m3 390 000 m:

- reaclw building 121000 m' l ? i 000 m
- turbine and control

building 196 000 m' 148 000 nr
•- aunrliary building 90 000 m' 77 000 m

• Soil and rock excavated 237 800 m' 83400
• Concrete Sf.OOOm' 64 000 m
• Heinfctoement steel 09OOt BOOOt
• Steel slructures 3 000t 3000t
. Pipj/wtKk 3 3001 3 6001
• Nurnbor of valves 12 900 12 000
• Instrumentation measuring

points 4 500 4 500
• Irtstrunentaiion cables 1200 km 950 Km

Figure 1. Loviisa plant buildings. Section of containment.

IV-351



The basic idea in the decommissioning is to transport the
reactor, the reactor internals and the steam generators to the
final repository as intact components. The components will be
transported in the same way as they were transported into the
containment during the installation. The reactor pressure vessel
will be used as waste package for reactor internals and dummy
fuel elements. The dummy fuel elements were put into the reactor
core peripheral area for decreasing the neutron doses of the
reactor pressure vessel and the radiation enbrittlement.

Costs and radiation doses can be saved by this way. The
same technology will allow also the change the reactor pressure
vessel, which will be necessary if extending the plant life.

REMOVAL OF PRIMARY CIRCUIT COMPONENTS

Detailed plans were been made for removing the primary
circuit components to the final repository. Figures 2 and 3 show
the reactor vessel disengagement procedure.

The reactor pressure vessel will be transported in one
piece. Its empty weight is 214 tons. It is necessary to have a
radiation shield in the area of reactor core. The concrete
shield having thickness of 300 mm and weighing 55 tons will be
fixed in the midsection of the reactor pressure vessel, Figure 4.

The maximum transportation weight is 282 tons. The nominal
lifting capasity of the reactor hall polar crane is 250 tons, so
the reactor pressure vessel can be handled with the polar crane
by small overloading . The maximum transportation capacity of
available trailer is 320 tons, Figure 5.

The reactor internals will be transported to the final
repository with help of a shielding cylinder and the
transportation trailer. The shielding cylinder is used during
plant operation as a lifting tool and a radiation shield when
extracting the reactor internals for refueling or for reactor
pressure vessel inspections. The shielding cylinder is made of
steel and its weight is approximately 200 tons. The shielding
cylinder is equipped with bottom lid and it is used as a
radiation shield, when the reactor internals are transported to
the final repository.

Steam generators, pressurizer and the bubbler tank will be
transported to the final storage also as intact components. No
additional radiation shields are needed.
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DISMANTLING OF THERMAL INSULATION IN REACTOR NOZZLES AREA SHIELD DISMANTLING AT REACTOR SUPPORTS*) LEVEL

CUTTING OF NOZZLES OF REACTpfi PP£SSUBE

~k® OQJZ
K*'J"A If, "I""*,

.-1—;-

stnuw » » nti

Figure 2. Disengaging of the reactor pressure vessel,
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LOOSING Of SUPPORTING RING WEOCES OF REACTOR PRESSURE VESSEL CUTTING Of SIPHON CONSOLC OF fcACTOB PRESSURE VESSEL

I

TALLATON Of RADIATION SHIELDING LIP. L f TING OF REACTOR

Figure 3. Disengaging and lifting of the reactor pressure vessel.
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Figure 4. Installing of radiation shield and tilting of RPV
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Figure 5. Transporting out the reactor pressure vessel.

FINAL REPOSITORY

The final repository is a rock cavern system, which is
located in the plant site at a depth of 100 m below ground
level. Transport will take place via transportation tunnel. Its
slope is 1:10 and the length one kilometer. All plant wastes
except spent fuel will be stored into that rock cavern system.

In the repository a pit for the reactor pressure vessel is
reserved, Figure 6. The reactor pressure vessel is in upright
position so that the reactor internals and dummy elements can be
positioned into the reactor, Figure 7. The reactor pressure
vessel acts; as waste package for the reactor internals and dummy
elements. The cavern is equipped with a crane, so that handling
of heavy components and the shielding cylinder is possible.
Figure 8.
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Figure 6. Final repository cavern, plan view
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Figure 7. Final repository cavern, section A - A.
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SECT ION B-B

1

Figure 8. Final repository cavern, section B - B .

The steam generators and the pressurizer as well as the
bubbler tank will be positioned into the same rock cavern as the
reactor. Three steam generators will, be put one on top of
another. Because of six steam generators two piles of steam
generators will be accumulated per plant unit.

The activity of reactor internals is 14500 TBg an the
activity of the dummy elements is 30000 TBg. The activity of the
reactor pressure vessel is round about 260 TBg.

The rock cavern will be filled with sand and gravel and
shielded with concrete lock. The transportation tunnel will be
closed by three or four concrete blocks.
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DECOMMISSION TIME SCHEDULE

The time to start the decommission works would be around
year 2015. The designed time schedule of decommissioning is
shown in Figure 9.

2007
Yeara

Plant operations
I
Loviisa 1 commercial

I operation
' Loviisa 2 commercial
'• operation
Storing of spent fuel
Preparatory works for DECON
Decontamination of primary

: circuit

Dismantling of activated
materials

i
Reactor pressure vessel
Reactor internals
Reactor core components

| Biological shield

Dismantling of contaminated
materials

Primary coolant pipes 1
components
Waste handling systems
Contaminated concrete in
spent fuel storage pools
Contaminated concrete in
reactor bldg, auxiliary
bldg and in laboratory

200S i2009j_2_01_0_.2J)l 1 j 201 2 1201 3 \ 201 4 ; 201 5 I 201 6 ; 201 7 j 201 8 201 5)2020[

7\\

i

4-01 : Jast Sending batk of spent fuel

steam uener; tors
I J p] essui izer

J J

eam generators;
f pr»8aurizer j

fsol"itliTic4tion , plant

Figure 9. Time schedule of decommissioning works.
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TEE IMPORTANCE OF FUNDING IN DECOMMISSIONING COST ESTIMATES

Barry C. Mingst
Mingst Engineering
Nevada City, California, U.S.A.

ABSTRACT

Decommissioning cost estimates have been made by several study groups
for the decommissioning of pressurized-'water and boiling-water nuclear
power stations. The results of these studies are comparable when corrected
for inflation and the differences in contingency factors applied by the
study groups. The estimated dismantling costs differ far less than a
factor of 2 in all cases, despite the design differences found in the
plants that were studied.

An analysis of the different methods available for funding the
dismantling of these facilities shows the much stronger effect that the
choice of funding methods has on the net cost of decommissioning. The
total cost of dismantling may vary more than a factor of 4 from one funding
method to another, assuming current or recent historical inflation rates.

The funding methods evaluated include sinking funds, deposits,
negative-salvage value depreciation, and insurance. These funding methods
are taken from the NRC's Notice of Proposed Rulemaking description of
acceptable funding methods.

The funding analysis for this paper is performed using the DECOST-86
computer code. DECOST-86 is a computer code designed for decommissioning
cost and funding analysis. The Battelle Northwest Laboratories' studies
(NUREG/CR-0130 and NUREG/CR-0672) were used as the sources for the
engineering coses of decommissioning used in the funding analysis.

The evaluation of funding options for a nuclear facility, and the
appropriate choice of the funding method best for that facility, are found
to be more important than detailed engineering studies in determining the
net cost of decommissioning during the early portions of a plant's
operating lifetime. This finding is independent of the difficulty in
determining available decommissioning technology up to 30 years in advance
of actual decommissioning.

INTRODUCTION

Decommissioning cost estimates have been made for the decommissioning
of pressurized-water and boiling-water nuclear power stations by several
groups. These studies are primarily limited to calculating the engineering
costs of decommissioning a nuclear power station. These studies have
reached engineering cost estimates that are comparable for PWR's and BWR's
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when inflation is considered and when contingency factors are removed. The
differences in the engineering cost estimates for dismantling are small
(less than 3% in references 1 and 2) since the assumptions for dismantling
are less open to interpretation than other decommissioning modes-

The differences in the actual co6t to the ratepayers or company,
however, can vary significantly with type of funding used to pay for the
decommissioning of a nuclear power station. The use of different funding
methods can change the actual cost of decommissioning by up to a factor of
four.

ANALYSIS

The engineering costs for dismantling a boiling-water reactor will be
used as an example in this analysis. The references also address
decommissioning methods other than dismantling; however, the other methods
vary in both definition and scope from study to study. As a result, the
estimated engineering costs for decommissioning methods other than
dismantling are not readily comparable. These alternative methods may be
described as variations of the mothballing and entombing methods described
in the 1975 Atomic Industrial Forum study. The NRC's Notice of Proposed
Rulemaking (NPR) of February 1985 would relegate these alternatives to the
status of interim steps prior to final dismantling. This paper will,
therefore, concentrate on dismantling as s basis for comparison.

Engineering Costs Used

The engineering costs for dismantling a boiling-water reactor are
considered as $51.5 million in 1985 dollars. This value is based on
reference 2 figures, adjusted for the known inflation between 1978 and 1985
and without s.ny contingency factor. This engineering cost would be
equivalent to $227 million in 2015 for an average inflation rate of 5% over
a 30-year operating life between 1SJ5 and 2015.

Funding Methods Evaluated. The funding methods evaluated in this
paper include sinking funds, deposits, negative-salvage value depreciation,
and insurance. These funding methods are taken from the NRC's Notice of
Proposed Rulemaking description of acceptable funding methods. These
funding methods are defined below:

1) Constant-fee sinking fund: A funding method where the monies
collected, are held in an interest-bearing account, and yearly
charges are assessed as a constant fee over the life of the
fund.

2) Escalating-fee sinking fund: Same as 1, but charges are
assessed at a rate that varies with the rate of inflation.
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3) Deposit for operational life: A funding method in which a
deposit is made in an interest-bearing account such that
there will be sufficient funds at the end of the expected
operational life.

4) Deposit at startup: Same as 3, but the amount of the
deposit will be sufficient at the beginning of the
operational life.

5) Deposit with return: Same as 4, but annual adjustments
are made to the fund depending on earnings and inflation,
with excess funds returned to the customers.

6) Straight-line depreciation: A funding method in which the
operator of the facility funds the dismantling through
internal bookkeeping. A negative-salvage value is assumed
for the facility at the end of the expected operational
life. An internal fund is maintained for the purposes of
meeting costs. Appropriations are calculated as a constant
value each year.

7) Adjusted, straight-line depreciation: Same as 6, but
appropriations are calculated at a rate that increases
each year.

8) Declining-value insurance: A type of insurance where the
value of the surety or policy covers the difference between
the current cost of decommissioning and the current value
of the fund used.

9) Constant-value insurance: Same as 8, but the surety or
policy covers the current cost of decommissioning.

These funding methods are evaluated using the DECOST-86 computer code.
DECOST-86 is a computer code designed for decommissioning cost and funding
analysis. The generic data built into the DECOST-86 code are taken from
the Battelle Northwest Laboratories1 studies (references 2 and 3). The
generic data are used for this example.

Since insurance is not properly a funding method (it must be coupled
with another funding method), it will not be considered in this paper.
Insurance costs can affect the relative economy of the basic funding
methods evaluated in specific cases. These costs typically affect sinking
funds more than deposits and affect depreciation funding most of all.

Results of Analysis. The analysis used a base case of an inflation
rate of 6%, an interest rate of 8Z, a tax rate of OZ, and a finance rate of
10%. These parameters are varied one at a time in the following tables:
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TABLE 1

Actual Cost of Funding (million 1985 dollars) vs. Interest Rate

Yearly Interest Rate
2.5% 5.0% 7.5% 10.0%

Constant-fee Sinking Fund
Escalating-fee Sinking Fund
Deposit - Operational Life
Deposit - Startup
Deposit - Return
Straight-line Depreciation*
Adjusted, Straight-line Depr.*

*Cost to ratepayers. Cost to operator is same as sinking fund.
**Will not cover decommissioning cost.

TABLE 2

Actual Cost of Funding (million 1985 dollars) vs. Inflation Rate

92.7
80.3
218.
79.7**
134.
136.
106.

61.3
58.9
106.
79.7**
95.1
136.
106.

39.4
41.7
52.3
79.7
56.5
136.
106.

24.7
28.6
26.2
79.7
17.9
136.
106.

Yearly Inflation Rate
0.0% 5.0% 10.0% 15.0%

Constant-fee Sinking Fund
Escalating-fee Sinking Fund
Deposit - Operational Life
Deposit - Startup
Deposit - Return
Straight-line Depreciation*'
Adjusted, Straight-line Depr.*

*Cost to ratepayers. Cost to operator is same as sinking fund.
**Will not cover decommissioning cost.

14.
14.
17.
174
4 2 .
54 .
54 .

5
5
3
•
7
6
6

30.
3 3 .
38 .
89 .
4 2 .
115
96 .

5
5
2
0
2
•
6

72.0
63.9
94.6
54.6**
84.3
272.
144.

182.
102.
250.
38.0**
138.
688.
188.
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TABLE 3

Actual Cost of Funding (million 1985 dollars) vs. Finance Rate

5.0%
Yearly Finance Rate

7.5% lfi.0% 12.5%

35.9
38.8
27.9
48.9
18.0
136.
106.

35.9
38.8
36.3
63.6
32.7
136.
106.

35.9
38.8
45.5
79.7
48..8
136.
106.

35.9
38.8
55.2
96.7
65.8
136.
106.

Constant-fee Sinking Fund
Escalating-fee Sinking Fund
Deposit - Operational Life
Deposit - Startup
Deposit - Return
Straight-line Depreciation*
Adjusted, Straight-line Depr.*

*Cost to ratepayers. Cost to operator is same as sinking fund.

TABLE 4

Actual Cost of Funding (million 1985 dollars) vs. Tax Rate

Constant-fee Sinking Fund
Escalating-fee Sinking Fund
Deposit - Operational Life
Deposit - Startup
Deposit - Return
Straight-line Depreciation*
Adjusted, Straight-line Depr.*

*Cost to ratepayers. Cost to operator is same as sinking fund.

0.0%

35.9
38.8
45.5
79.7
48.8
136.
106.

Tax
10.0%

41.6
43.5
52.2
73.1
56.4
136.
106.

Rate
20.0%

48.0
48.7
59.6
66.7
61.8
136.
106.

30.0

55.2
54.4
67.8
60.5
64.9
136.
106.

IV-365



CONCLUSIONS

Tables 1 and 2 show that the differences between the funding methods
chosen may exceed a factor of 4. This factor is reached when the interest
rate is above or only slightly below the inflation rate. The relation is
relatively Independent of the finance rate and the tax rate as shown in
Tables 3 and 4.

As a result of the above analysis, it is concluded that the evaluation
of decommissioning funding options for a nuclear facility is more important
than detailed engineering studies in determining the actual costs of
decommissioning. This will remain true during the construction and early
to middle portions of the plant operating life. Detailed decommissioning
plans developed early in the plant operating life suffer from the inability
to be certain of the final plant system layout and the status of
decommissioning technology and regulations.

Detailed engineering studies are needed prior to actual decommission-
ing. An operating facility may make many engineering changes over its
operating lifetime that invalidate assumptions in detailed studies that
have been performed early in a nuclear facility's operating lifetime. The
results of this paper suggest that it is more appropriate to utilize
generic or modified generic decommissioning studies with periodic review in
early planning for decommissioning. Periodic reviews could be made to
address changes in costs (inflation), changes in technology, changes in
regulations, and additional information from later generic studies.
Detailed engineering studies would be postponed until 5 or 10 years prior
to the end of the initial license period. Detailed engineering studies
could then also address the feasibility of plant life extension at the most
logical time for such consideration.
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WASTE PACKAGES FROM DECOMMISSIONING:
CHARACTERISATION, CONSTRAINTS AND DISPOSAL RISK

J.C. Alder
National Cooperative for the Storage of
Radioactive Waste (Nagra)
5401 Baden, Switzerland

ABSTRACT

In Switzerland projects have been prepared by Nagra for
demonstrating the feasibility of safe disposal for all types of nuclear
wastes. The management of the .decommissioning waste has been thus in a
first approach covered fully from dismantling studies of the 4 Swiss
nuclear plants, through waste conditioning and packaging, up to disposal
in a specified repository with corresponding safety assessement. The
main lessons learned from the links between the different steps are
presented and are summarized with emphasis on the heat producing waste
packages which are one of the main concerns.

INTRODUCTION

Some years ago conceptual decommissioning studies were required by
the Swiss Nuclear Regulatory Authorities for each of the 4 Swiss power
plants to demonstrate technical feasibility, to estimate doses and costs
and to assess the quantities of wastes arising. In parallel, a project
demonstrating the feasibility of safe final disposal for all types of
Swiss nuclear wastes including decommissioning wastes was legally
required. This project should be based on actual geological field data,
describe the repository construction, and include safety analyses. Based
on the decommissioning studies, the initial work for a preliminary
characterisation, classification and repository allocation of the
decommissioning waste was reported at the previous symposium (Ref. 1).
This work was continued to define the appropriate waste package
configurations within the different waste categories to be taken into
account for the repository design, waste package emplacement and safety
analyses in the above mentioned project which was submitted in 1985 to
the Authorities under the title of "Project Gewahr 1985" (Ref. 2).
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A direct link between decommissioning studies and feasibility
studies of safe waste disposal involves definition of practical waste
packages to bfi handled. The lessons learned and the problems identified
concerning the waste form and packaging and the time strategies for
waste package production, storage and disposal are presented in this
paper.

DECOMMISSIONING AND WASTE DISPOSAL SCENARIA

Decommissioning

After 40 years of operation the nuclear plants are shut down.
Dismantling work takes place between 2 and 9 years after shut down. The
alternative of dismantling after 30 years has been investigated in the
decommissioning studies but was not considered in the waste disposal
studies since it is non-conservative for that purpose.

Waste Package

The basic concept of the nuclear plants and Nagra is to use large
concrete containers for the decommissioning waste (2.18 m x 2.08 m x
4.78 m i.e. 21.7 m3 with 10 cm wall thickness and 17.1 m 3 inner volume)
and to condition with cement slurry along with internal metal shielding
if required.

Repositories

The repository design in "Project Gewahr 1985" consists of
underground caverns in marl with a cross-section accommodating 14 la^ge
containers. The remaining voids are filled with special cement. In
project Gewahr, this type of repository (called Type B) is proposed for
low, intermediate and transuranic wastes. Final allocation of wastes
will depend upon safety analyses based on site characterization data; it
is considered important to have a disposal facility allowing emplacement
of the large decommissioning packages in horizontally-accessed caverns.
An alternative engineered facility nearer the surface (Type A) has also
been considered for low level wastes alone.
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WASTE PACKAGE CHARACTERISATION

For feasibility studies of safe disposal, waste categories must be
defined so as to be each represented by a typical waste package. In a
first iteration only 8 wastes categories were considered with no
detailed requirements being put on the waste package. A preliminary
allocation of the waste to the repository A made at this stage had
indicated that about 90% of the waste could be disposed of in this
repository (Ref. 1).

For "Project Gewahr 1985" more realistic waste packages full fill ing
dose rate transport criteria as well as heat production disposal
criteria had to be considered. Therefore the lay-out of the filled
containers (waste component, shielding and geometrical emplacement) was
determined in a first interation step based on the dose rate criteria.
The reference time was chosen conservatively as being 2 years after
shut-down. As a result the 8 initial waste categories had to be extended
by further subdivision of the waste from the reactor vessel and
internals into up to 9 subcategories depending on the nuclear plant
considered.

THERMAL CONSTRAINTS

Disposal of Stacked Containers

Thermal constraints must be considered only for waste subcategories
corresponding to part of the reactor vessel and internals. Container
thermal calculation were made for the cavern design of the type B
repository of "Project Gewahr 1985". As a first iteration step, the
container temperature was calculated as a function of heat production up
to 10 W/m3 for stacked containers in the repository cavern in free air
and also after both backfilling of the cavern (Fig. 1). The decay of the
heat production is governed main);' by Co-60. Material thermal parameters
of the waste packages were conservatively assumed to be those of concrete.
The thermal parameters pertaining to the type B repository (Fig. 1) are
as follows:

Host rock: 2.0 W m-1 K'l and 3.0 106 J nr3 K'l
Concrete: 1-0 W m-1 K'1 and 2.6 105 J nr3 K"1

Cement: 1.0 W r 1 K'1 and 2.2 106 J nr3 K"1
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Initial temperature of the repository materials was assumed to be 35'C
and that of the container 38.5°C.

The results for the maximum temperature in a waste package
given in Fig. 2 for heat loading of 6 W/m3 and for different delays
before cavern backfilling. The larger the delay period, the lower is the
maximum temperature. For a delay period of 0.5 year the maximum
temperature will reach 94°C after 3.2 years and for a delay period of
3 years 83°C after 4.9 years. The maximum temperature gradient is
reached on top of the stack (0.16 °C/cm) after 1.4 years when the cavern
has not been backfilled up to this time (for more details see Ref. 3).

The conclusion of this first iteration step is that; a thermal
loading density limit of about 6 W/m3 is set on the large container at
time of disposal in the described type B repository if one assumes a
limiting concrete/cement temperature and gradient of respectively 100*C
and l°C/cm.

Storage of Individual Containers in Free Air

Containers with a heat production greater than the limit for
disposal of 6 W/m3 will have to be stored temporarily. Further thermal
calculation were then made to determine the constraint on an individual
large container stored in free air (20°C) with the temperature and
gradient limits mentioned above.

The resulting heat load limit for an uniform heat distribution is
about 140 W/m3 and is limited by the temperature gradient. For a
container clear of the ground surface or standing on a concrete floor
the maximum temperature is about 80°C and the maximum surface
temperature about 36°C.

For such a high heat load, the assumption of uniform heat
distribution cannot be used any longer practically because constraints
on dose rate imply that the waste will be centered in the container and
thus lead to an increase limit for the maximum gradient. A calculation
was made for a source of about 1 m 3 surrounded by 0,75 m of cement in
each direction. The corresponding limit for averaged heat load was
decreased to about 30 W/m3 (600 W/container).
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When filling the container, the effect of the reaction heat evolution
during cement setting must be further taken into account.

Effects of radiation and thermal constraints

The thermal constraints described above were then applied to
containers whose configuration {waste component, shielding and their
geometrical emplacement) had been first determined with sole respect
only to the dose rate constraints. The reference time considered in both
cases is 2 years after shut-down; the dismantling (i.e. container
filling) period extends from 2 to 9 years after shut-down. The results
of this screening can be summarized as follows:

- 45 waste packages with a heat production at 2 years of between 6 and
15 W/m3 could be disposed of before the end of the dismantling period,
in some cases with prior on-site storage depending on their time of
production.

- 13 waste packages with a heat production of around 30 W/m3 could give
problems if they are conditioned immediately on waste arising or even
before the end of the dismantling period because of the cement setting
heat and the concentrated source of decay heat. They will need a few
years storage before disposal.

- 70 waste packages with an averaged heat production of more than 120 W/m3

can not be conditioned during the dismantling period because of the heat
source localisation; they may need 1 to 2 decades of storage before
disposal. The problem of the packaging for these wastes must be
reexami ned.

The 128 waste packages mentioned represent 50% of the heat-producing
wastes and 6% of the total decommissioning waste packages from the
4 Swiss nuclear plants (3 GWe).

DISPOSAL RISK

In the safety analyses of "Project Gewahr 1985", all the decommissioning
waste packages were considered to be disposed in the type B repository. For
the key issue of long term disposal safety, the fabrication and storage
problem raised by the 70 waste packages mentioned was not relevant. For
the sake of simplification in a demonstration project, all the other
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wastes packaged in different drum sizes were also assumed to be packed
into similar large containers and disposed of the same way (Fig. 1) as
the decommissioning waste. From the calculated dose to man given by
different radionuclides at different times from the whole nuclide
inventory, the contribution the different decommissioning waste
categories can be calculated. An illustrative measure of relative
disposal risk (R) of the different waste categories can be then
estimated by

R =

where j = radionuclide index
DMj = maximum dose from nuclide j
DL = dose limit (10 mrem/yr in Switzerland)
C = radionuclide concentration of the typical waste package
CL = radionuclide concentration limit

A value R = 1 for given wastes in a specific repository type means that
the Swiss dose limit criteria could just be met for this situation.

A similar estimate was made using the concentration limits for the
repository type A (near surface) and as a comparison also for the US
Shallow Land Burial (10 CFR 61). The results which are used for design
optimisation of the projected repositories can be summarized as follows:

Relative disposal risk of
Swiss decommissioning waste (R) 10"8 10"6 10"4 10"2 10° 102 10*
Repository type B
Repository type A
US Shallow Land Burial

The distribution of the waste volume with respect to the disposal
risk is very similar for the type A repository and the US Shallow Land
Burial. Those wastes which cannot be disposed of in the type A repository
comprise parts of the reactor vessel and internals. These are the same
wastes for which the heat load per package is greater than the
constraint of 6 W/m^ (see above section), and they represent as has been
seen 6% of the total waste packages.
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These results are in agreement with those of 2 American studies
(Ref. 4 and 5) which quote respectively 0.2% (47 m3 burial volume) for a
BWR and 0.7% (133 m 3 burial volume) for a PWR of the waste which cannot
be classified under 10 CFR 61. It must be recalled that the actual
volume is smaller and the package volume greater than the burial volume.
As an example, 12 m3 actual waste volume from the Leibstadt BWR of
940 MWe which could not be disposed of in the Swiss repository type A
have been packaged in 40 containers i.e. 870 m3 having an averaged heat
production slightly over the disposal constraint of 6 W/m3.

CONCLUSIONS

Decommissioning studies and waste disposal safety studies have
taught the following lessons about decommissioning waste packages and
their management:

- It is recognized that a large container is in general more
appropriate for decommissioning waste.

- Problems arise for the high radiation and heat-producing waste from
the reactor vessel and internals. These problems are due to the
combination of all the radiation and thermal constraints which can
result in severe requirements on the waste packages.

- As these particular wastes will have to be disposed in an underground
repository, the thermal constraint for disposal can be rather
restrictive (in this work 6 W/m3 i.e. 120 W/container of 20 m3) and
can lead to requirements for intermediate storage of the waste
packages.

- The production of the waste packages can be also delayed in certain
cases because of further thermal constraints (temperature and
gradient) for free-standing large containers filled with cement.
Although the theoretical constraint amounts to 140 W/m3 for a
container of about 20 m3 homogeneously loaded (2800 W/container), it
reduces to 30 W/m3 (600 W/container) when the waste is centered in
1 m 3 because of dose rate constraints.
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- An indication of the possible impact of the constraint effects is
given by the prediction that the management of 6% of the waste
packages may have to be modified under the present conditions chosen
for decommissioning, packaging and disposal.

- The procedures and timing for packaging the high radiation and heat
producing wastes must be set with simultaneous consideration of all the
mentioned constraints and will depend upon the chosen dismantling
operation (for instance size of the waste components, time of
dismantling) and the disposal scenario.

- Due to their radiation and heat properties as well as their rather
small component volume, these decommissioning waste would be appropriate
for packaging in thick-walled iron containers {as for fuel assemblies)
which would allow for an easy cooling before disposal. This option,
which could reduce significantly the final volume of these wastes,
should be investigated in the future.

- Considerations of the disposal risk of the decommissioning waste have
indicated that part of the reactor vessel and Internal cannot be
disposed of in a near surface repository. For these wastes the thermal
constraints on disposal are most important.

ACKNOWLEDGMENTS

The author wishes to thank Mr. K. Tunaboylu and Mr. B. Buchheim for
their contributions in the decommissioning waste classification and
characterisation as well as Dr. D.J. Gilby and Dr. W.H. Wagner for their
thermal calculations of the large container.

REFERENCES

1. ALDER J.C and K. TUNABOYLU. "Classifying Decommissioning Wastes for
Allocation to Appropriate Final Repositories". Proceedings of the
1982 International Decommissioning Symposium, Seattle, Washington,
USA, Supplement to Symposium Copy, p. 102, October 1982.

2. NAGRA. "Projekt Gewahr 1985". 8 Project Reports NGB 85-01 to 85-08.
Nagra, Baden, Switzerland, January 1985.

IV-375



3. HOPKIRK R.J. and W.H. WAGNER. "Thermal loading in the near field of
repositories for high and intermediate level nuclear waste". TR
85-54, NAGRA, Baden, Switzerland, pp. 57-86, July 1986.

4. U.S. NUCLEAR REGULATORY COMMISSION. "Technology, Safety and Costs of
Decommissioning a Reference Boiling Reactor Power Station: Classifi-
cation of Decommissioning Wastes". NUREG/CR-0672, Add. 2, p. 7.1,
September 1984.

5. U.S.. NUCLEAR REGULATORY COMMISSION. "Technology, Safety and Costs of
Decommissioning a Reference Pressurized Water Reactor Power Station:
Classification of Decommissioning Wastes". NUREG/CR-0130, Add. 3, p.
iii and 7.1, September 1984.

IV-376



Layer 5

_ayer

Layer 3

Layer 2

Layer 1

laterally oriented
concrete waste
container

inserted

backfill cement
injected,

all together
after a
variable
delay time

crane track support
adjusted to simplify
model

host rock

concrete lining and
crane support

longitudinally oriented
concrete waste containers
depositea at start of \he
problem time

backfill cement injected
around bottom layer at
start of problem time

FIGURE 1 : ENLARGED SECTIONAL VIEW OF A FILLED STORAGE CAVERN
SHOWING THE MATERIAL VARIATIONS

IV-377



TEMPERATURE [DEGREES CENTIGRADE]

5
m
to

XV) =£

m o

CD

ox in

zo -<

1

[ .

•

;

Hi —

-

-

-

(Jl

a * • tn g> ->JS a s s s s s 5 i
. . . . i . . . J . . . . i . . . . l . . . . i . . . . l . . , . i , . . . f . . . . « . . . . l . . . . r . . . . ! . . . . i . . . • ! . . , . ( . . .

\ \ \

V\
\ \

w
1 I

1 I
f\ i\ ;,

1 ''\ l

1 'T
/ I '

i ;/ f
. . . . . . . . . . . . . . . . . . • . . . . , . . . . . . . . . , . . . . . * . . . , . . . . . . . . . . . . . . . . .

a

1 
. 

. 
. 

. 
i 

. 
. 

. 
.

•

•

-

i
X
I



Paper for presentation at the 1987 International Decommissioning
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ABSTRACT

In decommissioning the 'Windscale AGR most of the waste items have to
be conditioned in some way to make them suitable for disposal. This
paper describes the techniques used to prepare operational /waste, a term
applied to all of the WAGR's removable channel items, for disposal.
These include plug stringers (the upper part of a fuel stringer), control
rods and arrester mechanisms.

A plug stringer is 10 metres in length and includes a 1\ metre long
neutron shield plug (NSP). The plug section is separated from the NSP
and cut into convenient lengths by 'hands-on' techniques in a ventilated
facility. The NSP is cut in a shielded facility using a carboranduia
disc. Arrestor mechanisms are taken from the core into a modified
thimble flask, crushed to a suitable length and returned.

The tools and procedures adopted are described. A key feature of
this work has been to use simple engineering techniques and to adapt
existing facilities.

INTRODUCTION

At the conclusion of the defuelling operations all 253 reactor
channels contained operational waste. Operational waste in this context
is the term used to describe all of the removable channel items in the
core. These items include plug stringers (the reusable portion of fuel
assemblies), control rods and impact absorbing 'ai-restor mechanisms'
fitted to the bottom of each channel, all of which were designed to be
replaceable.

Comprehensive monitoring of the waste ensu?res that it is separated
into intermediate (ILW) and low level (LLW) waste categories. The upper
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plug stringer was transferred to an enclosed cutting facility following
separation from its neutron shield plug (NSP).

In their original state the NSPs (TLW) are too long to fit into WAGR
rad-waste containers and need to be cut into two pieces- The two parts
are separately transferred back to the reactor using the Refuelling
Machine, where they are stored until the Remote Dismantling Machine
system is available to pass them through the rad-waste container
packaging route.

The arrestor mechanisms (ILW) are also too long for the waste
containers. Their design was based on an energy absorbing 'crumple
tube1. The mechanisms therefore lend themselves very readily to size
reduction by crushing.

The mechanism is lifted into a modified flask positioned over a
channel. A hydraulic ram mounted on top of the flask is used to crush
the mechanism.

The processing of operational waste is an important task which can
be completed early in the reactor decommissioning project without great
expenditure on special handling equipment. Its successful completion is
essential to enable subsequent dependent operations like the dismantling
of the Refuelling Machine and the installation of the Remote Dismantling
Machine to proceed.

Plug Stringer

A plug stringer is some 10m long and from the top downwards consists
of a latch mechanism which seals the fuel stringer into the reactor and
provides a means of lifting it with the Refuelling Machine; a biological
shield section for y shieldingj a tubular section which includes the gas
gag valve for controlling gas flow through the stringer; and finally the
neutron shield plug (NSP) which at its lower end connects directly to the
fuel (Fig 1).

The plug stringer falls into two waste categories. That portion
above the NSP was shielded from neutrons in operation and therefore has
only surface contamination from spalled activation products and fission
products released from fuel failed deliberately in the concluding
experiments. In inost cases this portion lies within the LLW category.
The NSPs however are ILW and to separate the two categories it was
necessary to break the connection between the NSP and the rest of the
plug stringer. This was done at a convenient dowelled joint. The
operation of separating the two parts was carried out under full-time
health physics control on the reactor pile cap by withdrawing the plug
stringer from the reactor using the building crane. The stringer was
withdrawn until the top of the NSP was just exposed. To prevent the
spread of contamination the upper plug stringer was drawn into a
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polythene sleeve as it was lifted out. Taking the weight of the plug
stringer at the top of the NSP, the joint between the NSP and the upper
plug stringer was separated, allowing the upper plug stringer to be
lifted away and placed into a supporting strongback. A standard lifting
adaptor (suitable for refuelling machine handling} was then fitted to the
top of the NSP and it was lowered back into the reactor.

The plug stringer in its strongback was transferred to an enclosed
and ventilated cutting facility established to one side of the pile cap.
A power hacksaw was used to tut the stringer into six handleable pieces
which were then monitored, wrapped and dispatched for disposal to the low
level waste site. This cutting technique produces low velocity swarf in
large fragments thus reducing the spread of contamination. The resulting
swarf was collected by an extract system mounted local to the saw.

Operatives were dressed in self-pressurised protective suits during
the cutting and waste cleaning operations. These suits, with their
re-chargeable battery driven ventilation systems, provide the freedom of
movement and breathing protection of respirators but with a comfort level
similar to that of an air line pressurised suit.

The cutting and disposal of all of the reactor's 230 upper plug
stringers was completed in August 1986. This was the end of the phase of
dealing with low level operational wastes. The next phase was to process
ILW operational wastes to make them suitable for disposal through he ILW
route.

The Intermediate Level Waste Route

Briefly, the ILW route is a.means of packaging rad-waste containers
by remote handling methods with all of the reactor components and
structure that lie within the ILW category. It comprises a Waste
Packaging Building(1) into which empty reinforced concrete rad-waste
containers will be brought to be filled with the waste, grouted and
finished with a poured reinforced concrete lid so that they end as
monolithic containers. The maximum weight of one of these filled
containers is 50 tonnes.

The waste will be carried through the route by the WAGR Remote
Dismantling Machine(2) once it has been cut free or released from the
reactor.

The constraints on the form of the waste are that it must fit within
the internal dimensions of the rad-waste container, that it is within the
lifting capabilities of the machine handling system and that a means be
provided for grabbing the waste.

In the case of operational waste there is no problem with the
weights of the items, but as was mentioned earlier their lengths exceed
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the limiting internal dimension of the container (1.86m). To overcome
this the items are being processed as described later. As far as lifting
features and grab for these items is concerned the same type of grab as
is fitted to the Refuelling Machine Special Handling System will be used.
This is an electrically motorised ball grab which latches through a 43 mm
diameter hole in the item to be lifted. This simple feature was provided
in the design of the arrestor mechanism. All other items are being
fitted with an adaptor which includes a top plate with this same sized
hole.

Neutron Shield Plugs

Neutron shield plugs (NSPs) are made up of two helical sections with
bellows in between shrouded in a thin walled stainless steel tube
(Fig 2). The bellows section with its wall thickness of 7 mm provides a
point where the two sections can be separated by cutting through the
outer tube. The central rod is a convenient fe ture on to which to fit
the lifting adaptor for the lower half.

The cutting is carried out in the redundant shielded facility
previously used to uncouple fuel from plug stringers during the reactor's
operating life. The cell, which is of concrete construction with a lead
brick front wall, is equipped with lead glass windows and handling tongs.
Inside the cell is a multi-purpose six-axis motion machine driven by
remote control from the. operating platform.

To cut through the outer stainless steel tube a slitting disc cutter
was chosen. This is driven by an electrically powered tool mounted on
the multi-purpose machine (Fig 3).

The operation commences by lowering an NSP into the fuel uncoupling
facility using the Refuelling Machine (Fig 4). The NSP is supported in a
rotatable assembly mounted in the floor of the cell.

Four cuts are made,, with the NSP being rotated a i of a turn between
each cut. The disc is enclosed in a swarf box with a vacuum extract
connected to a cyclone filter. This reduces the in-cell contamination
levels to facilitate regular cell entries for maintenance and cleaning.
The cell itself is ventilated via existing systems and a radioactive
particle-in-air detector is positioned adjacent to the cell face to
monitor the air on the operating platform.

After separating the two halves the top section of the NSP is
transferred back to a reactor channel (Fig 5). The bottom half is fitted
with its adaptor (from a stock previously placed in the cell through the
access door), and the fixing screws of the adaptor are tightened by hand
by means of a tong mounted tool. This allows the bottom half to be
similarly transferred back to a reactor channel where both halves will be
stored until lifted out for disposal by the Remote Dismantling Machine.
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Trials using inactive test pieces were carried out to establish disc
speed, type of disc and the feed rate for cutting.

Active commissioning trials on the first two NSPsi have shown that
the equipment and procedures are adequate for the task in hand and the
cell contamination levels have remained encouragingly low.

Arrestor Mechanism Crushing

Arrestor mechanisms are fitted to the bottom of all WAGR channels.
They were designed to absorb the kinetic energy of a dropped fuel
stringer by means of plastic deformation of a preformed 'crumple1 tube.
Fortunately no such accident occurred during the 18 years of operation of
the reactor. The mechanisms (Figs 6 and 7) are 1.9 metres long in their
existing state. To fit them into the rad-waste containers it is
necessary to reduce their length by at least 0.5 metres. This is done by
utilising the crumple tube design in a controlled crushing operation. A
flask has been modified by the addition of a winch and grab and a
hydraulic ram to do this job (Fig 8).

The flask is ventilated from the top via a cyclone filter mounted on
the flask body. This reduces the risk of airborne contamination from the
mechanism.

The operation first is to use the Refuelling Machine to 'break out1

the arrestor mechanisms from their holding clips and stack them in
reactor channels. They are then lifted into the flask by the hand
operated ball grab. A 10 tonnt capacity raa crushes them to an overall
length of 1.2m, the ram is retracted and the mechanism put back into its
original channel. The flask is itself positioned over the relevant
channel by the pile cap crane. The grab, winch wire and ran head are
cleaned after every operation.

As with the NSFs the mechanisms are being stored in reactor channels
to be picked up by the Remote Dismantling Machine for packaging into
waste containers. At the time of writing 100 of the 250 mechanisms have
been lifted, crushed and returned to the reactor for storage.

DISCUSSION

Radiation levels on the upper plug stringers were generally low, but
a small number had substantial levels of beta contamination which tended
to concentrate at the gag port section. Localised shielding in the form
of sheet lead was used to protect operatives when unusually high (~
30 mSvh*1 PY) readings were recorded. The great majority of the pieces
(of unshielded contact dose rate of < 7.5 mSvh"1) were sent for disposal
at the low level waste site. The pieces with higher radiation were sent
for decontamination and then to the low level waste site.
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The radiation levels on the NSPs are about 1 Svh"z at the bottom
end and a few microseiverts at the top (Fig 9). It would be attractive
from the disposal point of view if the top half of the NSP came within
the LLW category. Careful monitoring is being done to assess this
possibility. So far the two NSPs cut during the active commissioning
trials have just exceeded the LLW limit.

CONCLUSION

The processing of WAGR operational waste is an activity which is
being carried out early in the project programme in parallel with the
planning and design of remote facilities to deal with the reactor itself-

The programme is to complete all operational waste processing by the
middle of 1988 and current progress indicates that this date will be met.

It can be seen from the paper that every effort has been made where
possible to use redundant reactor facilities suitably modified by the
application of simple engineering techniques.

The small 20 man operations and maintenance team employed to carry
out dismantling tasks has incurred a collective radiation dose of less
than 100 man - mSv per year on this wcrk - a figure well within the
working target limit of 10 mSv per man per year.

REFERENCES

1. BOOKMAN T. "Decommissioning the Windscale AGR",
Nuclear Technology International 1987, pp 69 - 73

2. ASHCROFT D J, and COLLINS N W. "Engineering Design of the Windscale
Advanced Gas Cooled Reactor Decommissioning System",
1987 International Decommissioning Symposium, Pittsburgh, October

1987

IV-384



Latch Mechanism

Biological Shield

Plug

Gag Section

NSP
y

•<

\

Fig 1 PLUG STRINGER

IV-385



Spiral Section

Bellows Section

Spiral Section

7

I

y

y

y \
\
ni

In
ts

CO

Fig 2 NEUTRON SHIELD PLUG (NSP)

IV-386



fa

\

n

V

I

k

NSP

Cutting Cell

Cutting Disc

Multi-Purpose Tool Filter

Fig 3

IV-387



A

Charge Machine

Cutting Cell

Fig 4 TRANSFERRING NSP TO CUTTING CELL

IV-388



Charge Machine

Cutting Cell

Mortuary

\

Reactor

Cut NSP

Fig 5 TRANSFERRING CUT NSP TO REACTOR

IV-3&9



Uncrushed

Fig 6 ARRESTOR MECHANISM

IV-390



Crushed

o
o

F i g 7 ARRESTOR MECHANISM

IV-391



Hydraulic Ram

Ball Grab

Ram Coupling

Fig 8 ARRESTOR MECHANISM CRUSHER

IV-392



Arrestor Mechanism
S'-o"

- O

I '- o
I, ,1

UOO

3o

2o

~

R -

Neutron Shield Plug

l/SA/ ~ O &

2.O

5-00

_ i

. i

Sv

F i g 9 RADIATION PROFILES

IV-393



PROPOSED DECOMMISSIONING OF RADIOACTIVELY CONTAMINATED NaK*

B.W. Brown, R.M. Geimer, D.M. LaRue, F.E. Stoll, R.H. Meservey

IDAHO NATIONAL ENGINEERING LABORATORY

EG&G Idaho, Inc.
P.O. Box 1625

Idaho Falls, ID 83415

C M . Voldness
U.S. Department of Energy

785 DOE Place
Idaho Falls, ID 83402

ABSTRACT

This paper deals with a proposed method- for stabilizing radioactively
contaminated eutectic sodium/potassium (NaK) liquid metal. Approximately
680 liters (180 gal) of contaminated liquid NaK were generated in 1955
during testing with the Experimental Breeder Reactor (EBR-I) at the Idaho
National Engineering Laboratory (INEL). Reaction of the NaK with chlorine
gas to produce solid salts of sodium and potassium is proposed as a means
to stabilize this waste. Preliminary testing was initiated to determine
the reaction conditions required for this process. It was found that
reaction with chlorine is feasible for safely treating the liquid metal.

INTRODUCTION

One of the more complex decommissioning projects at the Idaho National
Engineering Laboratory (INEL), a U.S. Department of Energy (DOE)
laboratory, involves the decommissioning of approximately 680 liters {180
gal) of eutectic sodium/potassium (NaK) liquid metal (78 weight percent
potassium). This NaK is contaminated with transuranic (TRU) radioactive
materials. The contaminated waste was generated in 1955 as a result of an
incident at the Experimental Breeder Reactor (EBR-I), one of the world's
first nuclear power reactors. Tha NaK was used as the primary coolant for
the EBR-I.

The contaminated NaK was drained from the core region and placed into
two 210 liter (55 gal) Mine Safety Appliance (MSA) stainless steel
containers and two containers fabricated from carbon steel pipe sections.
The contaminated NaK was stored at the EBR-I site until 1974, at which
time it was moved to its present location, an underground bunker located
near the center of the INEL.

*Work supported by U.S. Department of Energy, Surplus Facilities
Management Program, under DOE Contract No. DE-AC07-76ID01570.
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The radioactive contamination in the NaK is believed to include
approximately 15 grams fission product radionuclides. The NaK may also
contain a 10.5 gram foil of plutonium, which was inside the reactor but
not accounted for when the core was decommissioned. There is probably
also some nonradioactive zirconium fuel rod cladding material in the NaK.
Due to the fission product contamination of the NaK, radiation levels are
high. Measurements made during the 1974 movement of the NaK showed
contact radiation levels of from 500 mR/hr to 7 R/hr.

In the past, liquid metal coolant materials have been decommissioned
by reacting the liquid metal with steam under a nitrogen atmosphere.
Although this procedure has proven effective, safety concerns exist over
hydrogen gas evolution. The required filtration (HEPA) would pose
significant radiological hazards should water vapor condense on the
filters thereby rendering them ineffective. Because of these safety
concerns, a study was undertaken to investigate other possible chemical
methods to decommission the NaK. This study investigated several possible
chemical schemes and assessed these possibilities using the following
evaluation criteria:

1. Safety
2. Environmental impact
3. Waste form stability
4. Waste volume
5. Project costs
6. Service requirements
7. Processing rate
8. Simplicity of process scheme

The chemical process schemes evaluated included steam/nitrogen,
oxygen, alcohols, sulfur, acids, and halogens (chlorine and bromine). An
analysis of the merits of the various process options was performed. The
results of this analysis indicated that the reaction of NaK with chlorine
to produce NaCl and KC1 was the optimum process option to be pursued under
this project. The major reasons for this selection were improved safety,
no by-product formation, and the potential for waste volume reduction.

A literature survey was undertaken to determine if previous empirical
work had been performed on this reaction scheme, but the literature search
failed to uncover any previous work on this process. A thermodynamic
model was developed to bound possible reaction rates and chemical reactor
size. Analysis of the modeling results indicated that information on salt
density, heat capacity, and thermal conductivity were required before the
reactor design could proceed.

PROCEDURE

The chemical reaction between NaK and chlorine yields two salts,
sodium chloride (NaCl) and potassium chloride (KC1). Eutectic NaK is 78%
potassium by weight. This ratio between the two metals translates into a
molecular formula for eutectic NaK of approximately Na^. Selected
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physical properties for the major species involved in this reaction are
seen in Table I.

TABLE I. SELECTED PHYSICAL PROPERTIES

Na
K

Eutectic NaK
NaCl
KC1

Melting Point
°C

97.8
63.2
-12.6
801
368

AH
Cl,

rxn with
(Kcal/mol)

98.32
104.3
307.0

-

Density at 20uC
(qrn/cm3)

0.968
0.855
0.867
2.164
1.988

Three ways of combining the chlorine and NaK were identified: gaseous
chlorine into pooled NaK, NaK sprayed into gaseous chlorine, and NaK
sprayed into liquid chlorine. Initial experimentation was performed for
gaseous chlorine contacting pooled NaK, as this method was the least
complicated and could alleviate processing complications on the full-scale
system if successful in the laboratory.

The experimental reactor is constructed of stainless steel and has an
interior volume of 8.0 liters. For preliminary experiments with pooled
NaK, a 250 ml stainless steel beaker was placed inside the reactor to
contain the NaK.

Instrumentation includes three thermocouples in a sheath installed
axially in the reactor. Temperature measurements are obtained at 1, 12,
and 24 cm from the reaction zone. Pressure is determined by means of a
pressure transducer and a gage. A load cell on the NaK feed reservoir is
used to measure NaK input to the reactor.

It must be mentioned that the design of the experimental facility was
intended to provide only qualitative results concerning the feasibility of
the process. The reactor was designed to withstand severe pressure and
temperature loads anticipated during this and subsequent experiments.
Rates of reaction reported herein are based on the consumption rate of
chlorine and the cross-sectional surface area of the metal beaker. The
rate of reaction was difficult to estimate when the reaction occurred at
subatmospheric pressures, as the provision had not been made to read
vacuum pressure. In such cases, reaction rate was determined from
temperature rise time and initial NaK quantity.

EXPERIMENTAL RESULTS AND DISCUSSION

Results of experiments conducted with chlorine into pooled NaK are
displayed in Table II. A discussion of each experiment is included below.

IV-396



FABLE II. SUMMARY OF EXPERIMENTS

Experiment Date Conditions*

4/15-4/25

2a 4/30-5/4

0 0

2b

3a 5/7-5/8

-70 gm NaK
[C12]=O.O5-
0.5?
T=21 - 35°C

-10 gm NaK
[Clpl-1.00
T~436C

5/4-5/5 Same

-10 gm NaK
[CloH.OO
fm~51°C

Results

Slow conversion to
KC1, reaction rate
from 44 to 7 mg
NaK/m^s

Some air in purge
line. Slow conver-
sion, reaction rate
of 10 mg NaK/irs.

Very rapid temp,
rise to full scale
(540°C) pressure
drop to subatmos-
pheric. Reaction rate
of 18xlO3 mg NaK/
nrs.

Slow pressure drop
(leak).

Comments

Insufficient time allotted to
detect reaction, more NaK
added until visual inspection
revealed -2.5 cm NaK in
beaker. Metal (solid, liquid)
remaining in beaker probably
non-eutectic NaK.

Yellowish deposit observed on
visual inspection. Reassembled
reactor for cleanup of remaining
NaK. Heating coils used for
remainder of experiment.

Reaction occurred 15 minutes
after heating coilsturned on.
Intent had been to dispose of
NaK for next experiment.
Apparent condensate (frozen) on
metal beaker, purple in color.
Purple coating on reactor walls,
very acidic when HoO added
(to wash). Bottom TC melted off.
SS beaker 114-->93 gm.

Experiment halted due to Clg
leak through damaged TC
thermowell. Repaired leak.
Greenish/yellow deposit on
inside reactor walls.



TABLE II. Continued

Experiment Date

3b

4a

4b

5/11-5/12

5/12-5/13

5/13

00

00

Conditions*

Same

Unknown NaK
[Cl,1=1-00
Tm-49°C

Same

Results Comments

Slow reaction, 22 mg
NaK/mzs.

Slow but accelerating 8.6xlO"5 gmol air added, no
consumption of Cl? effect,
rate of 100 mg NaK/

Exposed 0.09 gmol air to
partially reacted NaK from
Exp. 3a, slight temp, rise°

nrs.

Rapid temp, rise,
P decrease, reaction
rate of 75x10^ mg
NaK/mzs.

More air added (0.0014 gmol).
Cl£ added after evacuation
of reactor. Reaction occurred
immediately. Additional Cl2
reacted with SS beaker (only
bottom remained).

5a 5/18 Unknown NaK
[Cl?]=0.50
T=1Z4°C

Slow P decrease,
reaction rate of
130 mg NaK/nrs.

First run with heating tape,
relatively slow reaction perhaps
due to lower chlorine
concentration.

5b 5/19 8 ntti NaK added
[C17]«1.00
T - 46°C

Rapid P rise, P
decrease when T
~46°C
Tt peak=227°C
rate of reaction *
17xlO3 mg NaK/mzs

Additional NaK introduced
without breaking reactor.
Reaction could be due to 100%
Cl2 or 'seed'of already
precipitated material.



TABLE II. Continued.

Experiment Date Conditions* Results Comments

6 5/20 15 gm NaK 21°C T rise Heating tapes not functional
[ C U W - O O on addition Slow pressure decrease.
T = 53°C of Cl2, reaction

rate of 330 mg

5/29 11 gm NaK 36°C T rise Repeat of Exp. 6, new heating
[C12]=1.OO on addition of Cl2, tapes and TC assembly. White
T = 56°C reaction rate of deposit (salt)with some NaK

40xl0'i mg NaK/nrs included.

<Io *Tb»^m'^t ' Temperature measured by bottom, middle, and top thermocouples,
S approximately 1, 12, 24 cm from reaction zone, respectively.



Experiment 1

Approximatel ' 70 gm of NaK was introduced to the reactor for this
experiment, although it was intended to react a much smaller amount-
Uncertainty as to the quantity actually reaching the reaction vessel
through initially empty feed lines contributed to the reactor containing
this quantity of NaK. The reactor was filled with argon gas at
atmospheric pressure. Chlorine gas was introduced to the reactor and was
consumed at a decreasing rate corresponding to a reaction rate of from 44
to 7 mg NaK/m2s (0.032-0.005 lb/ftzhr). The occurrence of a reaction
was evidenced by a slow decrease in reactor pressure accompanied by an
initial temperature rise (6°C). During this phase of the experiment,
coils around the bottom of the reactor, originally intended for cooling,
were used for heating the reactor in an attempt to increase the rate of
reaction. This heating, to approximately 46°C, had no noticeable effect
on the rate of reaction. Increasing chlorine pressure increased the
reaction rate slightly, suggesting a process involving diffusion of gas
through a reacted solid layer. When the addition of chlorine had no
further effect on the reactor temperature.or pressure, the reactor was
opened for visual inspection. About 40 percent of the stoichiometric
amount of chlorine to react the 70 gm of NaK had been consumed at this
point.

Examination of the contents of the beaker revealed a layer of
pea-sized brown and purple solid. The solid appeared very porous and
contained some inclusions of unreacted metal. This was evidenced by the
vigorous reaction that occurred when the solid was dissolved in water.
Analysis of this solid by X-ray diffraction detected only KC1. Beneath
the surface of the solid in the beaker was a mass of partially reacted
metal. A small amount of liquid metal was also observed, but the beaker
contained mostly solid. This solid material seemed to react with the
residual oxygen in the glove box used to provide a blanket of argon gas)
to form a white/gray solid which was also reactive with water. It was
thought that potassium had reacted preferentially with the chlorine, which
left an unreacted sodium-rich alloy in the bottom of the beaker. The
solid alloy prevented the more dense solid product from sinking to the
bottom of the beaker. It was thought that diffusion of chlorine through
the solid salt layer had caused the slow reaction rate.

Experiment 2a

This experiment was temporarily halted due to plugged feed lines. The
lines were cleared, and a purge line installed, which necessitated
introduced approximately 0.002 gmol of air into the feed system which
contacted a small quantity of NaK contained in the beaker. A reaction
occurred with the NaK and this air purge (or more specifically, oxygen),
indicated by a white smoke which was vented from the reactor. After first
evacuating the argon gas, chlorine was fed into the reactor. A very slow
decrease in chlorine pressure indicated a slow reaction rate (10 mg
NaK/nrs). The reactor was opened and the beaker contents examined,
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revealing a deposit of purple, white and yellow solid in addition to
liquid metal. These compounds could possibly be ferric chloride, salts of
sodium and potassium, and potassium superoxide, respectively.

Experiment 2b

The purpose of this exercise was to completely react the NaK remaining
in the beaker in preparation for another experiment. Heating coils were
initially turned off for this experiment, as they had been shown to have
little effect in Experiment 2a. After several hours, however, it was
decided to use the heating coils in an attempt to increase the reaction
rate.

About 15 minutes after the heat had been applied, a temperature rise
to over 540°C was observed on the instruments, accompanied by a sudden
loss of reactor pressure to below atmospheric pressure. The NaK reacted
at a rate of approximately 18 x 10J mg/nrs, or about three orders of
magnitude faster than during the previous experiment. Inspection of the
metal beaker revealed a condensed (frozen) deposit on the bea!;er
exterior. The beaker also contained a solid mass which was essentially
100 percent converted, and which contained some traces of iron. The.
deposit was also less porous than obtained during the previous
experiment. A loss of approximately 21 gm of the stainless steel beaker
was detected, although the reactor vessel itself was not visibly changed.

It was thought from this experiment that oxygen could serve to promote
the reaction being considered. It is possible that inspection of the
beaker contents (Experiment 2a) had brought metal oxide into contact with
unreacted metal, allowing a reaction such as the following to occur:

2M + 0 2 -> M2O2; M 2O 2 + Cl2 -> 2 MCI + 0 2

M + 0 2 -> M02; M02 + 1/2C12 -> MCI + 0 2

(M being either Na or K metal)

A number of other mechanisms could be postulated, each involving oxygen in
a chain reaction.

It is also possible that during the inspection of the beaker contents
in Experiment 2a, sufficient unreacted NaK was exposed to the surface for
reaction to occur. The heat evolved from this reaction could have melted
the solid alloy, allowing the salt to sink to the bottom, exposing more
NaK for reaction with chlorine.

Experiment 3a

This experiment was halted due to a chlorine gas leak which developed
in the thermocouple sheath.
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Experiment 3b

This experiment was intended to fully convert the partially reacted
NaK from Experiment 3a, Approximately 0.09 gmol of air was introduced to
the reactor, followed by evacuation of the vessel and introduction of
chlorine- No detectable reaction occurred upon air addition. However, a
17°C temperature rise was detected while adding chlorine to the reactor
(thermocouple 12 cm above reaction zone). The reaction rate was about 22
mg NaK/nrs, or about the same as the average rate during Experiment 1.
Inspection of the interior of the reactor vessel revealed the same
purple-colored solid material produced in previous experiments. The
product was only slightly reactive with water.

Experiment 4a

The purpose of this experiment was to expose air to unreacted NaK.
After the reactor which had been evacuated, approximately 8.6x10"^ gmol
of air was introduced followed by 0.45 gmol of chlorine. A slow reaction
(100 mg NaK/nrs) was detected, evidenced by a gradual decrease in
reactor pressure.

Experiment 4b

For this experiment, the reactor was purged with argon gas, and 0.0014
gmol of air was introduced to the reaction vessel. The reactor was then
evacuated and 0.42 gmol of chlorine was introduced to the reactor. The
reactor pressure dropped immediately to subatmospheric and temperature
rose and peaked at 620 and 440 °C on thermocouples 12 and 24 cm from the
reaction zone* respectively. The reaction rate was approximately 75
xlO3 mg NaK/nrs. Chlorine was fed continuously into the reactor until
the temperature peaked and subsequently declined for several minutes.
Upon inspecting the inside of the reactor, it was found that the stainless
steel beaker containing the NaK had itself almost completely reacted with
the chlorine. The excess chlorine had apparently consumed the stainless
steel as well as the NaK, resulting in a deposit of brownish powder
(perhaps FeC^). Again, nearly 100 percent conversion to salt was
achieved.

Experiment 5a

This experiment involved the use of electrical heaWng tape which
enabled heating to much higher temperatures than the hot water heating
coils (120°C as opposed to 46°C). It was thought that the reaction
would proceed at a faster rate, and chlorine concentration was held at 50
percent. A steady pressure decrease was observed, indicating a reaction
rate of approximately 130 mg NaK/nrs.
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Experiment 5b

This experiment involved the addition of 10 gm of NaK to the quantity
of NaK already in the reactor followed by the introduction of chlorine.
The heating tape was turned on after the chlorine was added, and a rapid
temperature rise and pressure decrease was noted as the upper thermocouple
(24 cm above the NaK) approached 46°C. The upper thermocouple peaked at
225°C, while the lower thermocouple (24 cm above the reaction zone)
exceeded 1090°C. The reaction rate was approximately 17 xlO1* mg
NaK/nrs, quite comparable to Experiment 2b. It is believed that the
reaction might have been facilitated by the precipitate already in the
reaction beaker, and not due entirely to the heating tape and pure
chlorine in the reactor. Examination of the contents of the beaker
revealed a completely reacted purple/brown solid. Approximately 13 gm of
stainless steel beaker was lost to reaction with chlorine.

Experiment 6

This experiment was deemed unsuccessful due to malfunctioning heating
tapes. Upon chlorine addition, a temperature rise of 21°C and slow
pressure decrease were noted, yielding a reaction rate of approximately
330 mg NaK/nrs.

Experiment 7

During this experiment, an immediate temperature rise of 36°C was
noticed upon first introduction of chlorine to the reactor. The reactor
had been evacuated after the introduction of 11 gm NaK. The rate of
reaction was about 40 xlO^ mg NaK/nrs. Introduction of additional
chlorine had no further effect on temperature, and it was decided that the
reaction was complete. The reactor was opened and a white deposit was
found inside the beaker. Some inclusions of NaK were evidenced by the
reactivity in water, and the faint bluish/gray color of some of the
deposit, which had been shown to be reactive in previous experiments.

CONCLUSIONS AND RECOMMENDATIONS

These initial experiments with NaK and chlorine have demonstrated that
exposing gaseous chlorine to pooled NaK can be an effective means of
liquid metal stabilization. The reaction proceeds at relatively slow
rates (approximately 50-100 mg NaK/nrs) at room temperature in 100
percent chlorine. The reaction appears to form a solid top layer which
slows further reaction by inhibiting gaseous diffusion. Increasing
pressure can overcome this resistance only slightly. Potassium was found
to react with chlorine preferentially to the reaction of sodium with
chlorine. This initial extraction of potassium alters the Na/K ratio such
that the unreacted metal partially solidifies, preventing the solid
product from sinking to the bottom of the reaction vessel. This slows the
reaction because of gaseous diffusion through the salt layer which must
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take place. This results in not only a slow process, but significant
inclusion of unreacted NaK in the resulting product.

It was found that heat-applied tq the reactor vessel increased the
reaction rate to 17-75 xlO3 mg NaK/nfs. Reaction at higher rates
appeared to more fully convert the NaK to salt. This effect could be
explained in two ways. (1) The exothermic reaction under investigation
might require heat input to overcome the activation energy necessary for
spontaneous reaction. (2) The increased reaction rate with heat addition
is because the NaK alloy, depleted of some potassium, partially solidifies
at room temperature and retains & passivating layer. This layer melts
upon heat addition and allows a much faster reaction to occur as the
product presumably sinks to the bottom and unreacted NaK is exposed to the
chlorine.

Oxygen introduced to the reaction system appeared to promote the
reaction to higher rates than by simply heating the vessel. This is
possibly due to the formation of metal oxides which have a higher
reactivity with chlorine and may participate in a chain reaction such as

M + 0 2 -> M0 2 + 1/2 Cl2 -> MCI + 02.

Further experimentation is necessary to determine the mechanism of
salt formation prior to design scale-up. These experiments should include
the following:

1. Reaction of larger quantities of NaK (50-70 gm) at temperatures
in excess of 98°C (m.-p. Na) in order to substantiate the theory
of solid diffusion limited reaction.

2. Replication of Experiment 1, with temperature being raised to
above 98°C after some reaction has occurred.

3. Introduction of metal oxide to determine the extent of oxygen
participation in a chain reaction.
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ESTIMATING VOLUME OF CONTAMINATED SOIL FOR EXCAVATION;
A QUICK AND SIMPLE METHOD

M. J. Robinet and R. A. Wynveen
Argonne National Laboratory
Argonne, Illinois, U.S.A.

ABSTRACT

Estimates of the volume of radionuclide contaminated soil which oust
be excavated require data on the depth distribution of the contamination.
Using a novel uncomplicated approach, vertical activity distribution data
were obtained on a 1400 m site. The volume of contaminated soil which
had to be excavated was estimated to be between 227 and 425 m . When
the site cleanup was done, 312 m"* of: contaminated soil had to be removed
to satisfy the cleanup criteria.

The basic approach was to drill 193 holes over the entire site and to
make measurements in each using a detector with a side-looking
collimator. Soil samples from the holes were analyzed only to the extent
necessary to obtain sufficient data for demonstrating a correlation
between count rate and activity concentration in the soil. The site was
then conceptually sliced into vertical strips of contamination concern.
The product of the contamination depths which exceeded cleanup criteria
and the areas of the slices gave the volume of excavation required.

INTRODUCTION

Reliable and cost effective estimates of the volume of radionuclide
contaminated soil which must be excavated to achieve a given radiological
criteria is often a major concern in site D&D projects. Unfortunately,
accurate estimates of contaminated soil volume are usually difficult, time
consuming and expensive. A major problem has been the inability to
economically obtain sufficient data on the vertical (depth) distribution
of the contaminant in soil. There is currently no simple or reliable in
situ method to infer subsurface vertical distribution of radioactive
contamination in soil from surface measurements only. In situ gamma
analysis systems can accurately measure radionuclide concentrations in
soil if the depth distribution is already known. ' Also, most
radionuclides which are covered by more than about 25 cm of soil are
essentially hidden from efficient detection at the surface.
Consequently, attempts to predict contaminated soil.volume from surface
radiation measurements only and/or from in situ measurements in a "few"
vertical holes can differ by orders of magnitude from what is actually
present. The methodology described here for obtaining vertical
distribution data and subsequent volume estimates are different from
traditional procedures primarily in the approach to the problem and in the
way that time and resources are used to obtain data.

The advantages of the alternative approach becomes evident when
contrasted to more traditional approaches. Traditional approaches to
obtain vertical distribution data over large areas usually involve the
following steps:
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1. Make exposure rate and/or gross count rate, and/or in situ spectral
measurements on grid points (grid intersection) over the entire site
with radiation detectors held above ground surface.

2. Take additional above surface measurements on smaller grid in suspect
areas.

3. Dig shallow trenches, spread spoils between trenches and make in situ
measurements above soil piles.

4. Take soil samples from walls of trenches. Perform laboratory analyses
on all samples collected to determine radionuclide composition and
concentration depth distribution to depth of trench in sampled area.
In addition to trenching, or as an alternative. take a few core
samples in suspect areas and perform laboratory analyses on entire
length of soil core (in segments).

5. Gamma log the core hole. That is, a detector is placed down the core
hole and radiation measurements are taken at depth increments. The
detector is usually uncollimated or has a down-looking collimator
(coaxial with the vertical hole).

By contrast, the alternate approach described here has the following
steps:

A. The entire surface of the site is scanned with radiation detectors to
identify and document locations of "hot spots". Discrete measurements
are also taken at grid points. The detectors are held above the
ground surface.

B. Soil corings are not taken. Rather, augured 10 cm diameter holes are
drilled over the entire area at equally spaced grid points and at all
hot spots. The efficiency of the drilling crew is optimized because
it is not impeded by sample collection and decontamination
procedures.

C. Take count rate readings in all holes with a detector which has a
side-looking (horizontal) rather than a down-looking colliirator. At
each depth increment, measurements are taken with collimator pointing
at each of the points of the compass.

D. Take soil samples from the walls of the holes rather than from the
center core. The number of samples collected and analysed are
dictated by the number of data points required to demonstrate a
correlation between count rate in holes and activity concentration in
samples from the same location. In some cases, the number of analyses
required can be as few as 20 to 50.

TEST SITE

This alternate approach to obtaining vertical activity concentration
distribution data for soil was developed and applied to the. site of a
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ner radium dial painting factory in Ottawa, Illinois, U.S.A. The size
the site was approximately 15,000 ft2 (1400 m 2). The D&D objective

former
of
was to reduce the average "°Ra contamination at all depths to less than
15 pCi/g (0.56 Bq/g) and to assure that the exposure rate everywhere on
the site would be no more than 20 pR/h at 1 meter above the surface.

SURFACE RADIATION MEASUREMENTS

Three different types of radiation measuring instruments were used to
make the surface measurements. Surface measurements include both contact
measurements and measurements made at distances up to 1 meter above the
ground surface level.

One measurement was made with a 2 mm thick by 50 mm diameter shielded
sodium iodide detector connected to a single channel analyzer-rate meter
(Eberline PG-2 probe with PRM-5-3 analyzer rate meter). An example of
this instrument is shown on the left in Figure 1. The analyzer was
operated in the gross mode (window completely open) with the threshhold
set at 60 keV (using gamma-rays from Am). This detector and analyzer
setting combination were selected because they gave the best signal to
background ratio. Surface count rate measurements made with this
instrument give only a relative indication of radium in the soil and
cannot be directly equated to subsurface radium concentration
distribution. Typical background count rate in noncontaminated areas was
500 counts per minute. Measurements were taken at 2 ft intervals (0.6 m x
0.6 m grid) over the entire site with the detector at the soil surface (1
to 5 cm) .

A second set of measurements was made of exposure rate at about 1
meter above the soil surface. The instrument (Eberline PRM-7 PR Meter)
used for the measurements had a 25 mm x 25 mm sodium iodide detector. The
center object in Figure 1 is an example of this instrument. Typical
background in noncontaminated areas gave readings of 8 to 11 ̂ R/h (micro
roentgen per hour). As with the other instrument, measurements were iaken
at 2 ft (0.6 m) intervals over the entire site. The highest noted
radiation exposure rate on the site was 215 yR/h. A total of less than 5%
of the site indicated this radiation level.

A third instrument was used to measure alpha contamination op the soil
surface. The instrument used (Eberline PAC-4G-3) had a 100 cm^ gas-flow
proportional detector with a 0.85 mg/cm window thickness. An example
of this instrument is shown on the right in Figure 1. The detector was
held as close to the surface as practical. Measurements were, again,
taken at each 2 ft (0.6 m) interval. The effective efficiency of the
detector used in this mode is really unknown. The effective efficiency
(count rate/disintegration rate) could be as low as 1% and probably never
greater than 20%. Therefore, the alpha count rate data is not a true
quantification of the alpha activity on the surface. However, it did
indicate, that in some areas of the site, there was radioactivity directly
on the surface. Under certain conditions, this surface activity could
become windborne.

A total of over 20,000 surface radiation measurements were taken on
the 1400 mZ site.
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Figure 1 Instruments Used"for Surface Radiation Measurements

SUBSURFACE IN SITU RADIATION MEASUREMENTS

Data Collection

As indicated in the introduction, a side-looking, rather than a
down-looking collimator, was used with a 25 inm x 25 mm sodium iodide
detector for taking count rate measurements at depth increments in holes
drilled in the soil (downhole logging). Thotigh the advantages of a
side-looking collimator were seemingly intuitive, a tt-st was done to
measure the response of a detector to the sams activity distribution when
the collimator was down-looking and when the collimator was side-looking.
Soil was simulated with concrete blocks and uniform activity distribution
was simulated with a Cs rod. The test was done by taking
measurements parallel to a 30 cm long rod containing 7.4 x 10 Bq

Cs which was shielded from the detector by concrete blocks. The
results are shown for two different shield thicknesses in Figure 2 for the
down-looking collimator and in Figure 3 for the side-looking collimator.

expected) that with a down-looking collimator, a
seen before the detector reaches the edge of the
and then decreases at all depths. With a
a maximum is seen at about the center of the

rate per depth increment is greater for the
than with the down-looking collimator. Also, the
bas the additional advantage of having a lateral
in general, data obtained using a side-looking

The results show (as
maximum count rate is
upper end of the rod
side-looking
rod. The
side-looking
side-looking
directional

collimator,
change in count
collimator
collimator

response.
colliaiator was considered easier to interpret.

A profile of the activity distribution in contaminated soil was
obtained by making radiation measurements at different depths in holes
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Figure 3 Response of a 2.5 cm x 2.5 cm Nal(Tjt) Detector With Side-look-
ing Collimator When Moved Parallel to a Uniform137Cs Rod.
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drilled in the soil (downhole gamma logging). The instrument used to make
downhole gamma measurements was a 25 mm diameter x 25 mm long sodium
iodide detector connected to a single channel analyzer/rate meter
(Eberline PRM-5-3). The analyzer was used in the gross mode (window
completely open) with the threshold set at 60 keV. A sketch of the
detector in its side-looking collimafcor is shown in Figure 4 and a
photograph of the detector with its analyzer/rate meter is shown in
Figure 5. The collimator was made of lead with a 1 mm thick steel outer
sheath. The lead was 1.5 cm thick on the wall and 2.5 cm on the bottom.
The aperture was a slit 2 cm wide by 3 cm long. The collimated detector
was lowered into the 10 cm diameter holes, and measurements were taken at
15 cm increments. At each depth increment, a separate measurement was
taken with the collimator pointing at each of the points on the compass;
north, east, south and west. Directional differences in count rate give
an indication that the hole may be near a sharp change in activity
concentration or that it may be near a contaminated object such as a sewer
line. The typical background count rate at the soil surface in known
noncontaminated areas was 500 counts per minute. Samples of the downhole
logging data are given in Table 1.

The depth profile of radium in the soil exhibited two different
modes. In 26% of the holes logged, the count rate increased with depth,
reached a maximum and then decreased. This mode of contamination is
referred to here as a type 1 contamination profile (see Figure 6). The
remaining 74% of the holes showed contamination profile where the count
rate was maximum at the surface and decreased with depth (see Figure 7).
The latter is referred to here as a type 2 profile.

For the case of the type 1 profile, one must infer that in some cases,
contaminated subsurface soil may be covered with "clean" soil and that
there was a relatively narrow band of uniform contamination centered at
the depth corresponding to the peak count rate. This, of course, makes
interpretation of any surface gamma measurements difficult. It also
complicates the decontamination process.

One hundred and ninety-three holes of 10 cm diameter were drilled on
the site for downhole logging. The holes were drilled at hot spots and
more or less uniformly over the entire site. Drilling was done using a
small drilling rig (Giddings Company Soil Explorer) mounted on a two wheel
trailer. Figure 7 shows the drilling rig in use. While the trailer is
usually pulled by a vehicle, it can be maneuvered into tight spaces by two
or three people. An experienced operator was able to drill five to six
holes per hour. Holes were drilled down to at least the sandstone strata,
which varied from 60 cm to 120 cm in depth.

Correlation Between In-Hole Count Rate and Radium Concentration

To use the in-hole gamma count rate profiles to estimate excavation
volumes, it was necessary to establish a correlation (at least a trend)
between count rate at given depths and activity concentration in samples
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MEASURING AND
ALIGNMENT ROO

.875" X 1.5" WINDOW

SUPPORT CABLE

LUDLUM MOO. 4 4 - 2
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SCINTILLATOR

LEAD SHELD 3" X 2 .75" DIA.

Figure 4 Downhole Logging Detector.

V

Figure 5 Downhole Logging Detector With Analyzer/Rate Meter.

V-7



<
DC

LU

0 0 -

75 -

50

25 -

0 -

TYPE I DOWN HOLE

CONTAMINATION PROFILES

. . I I ! I I I I I i 3
0 0 .5 1.0 2 .0 3 .0 4 . 0 5-0

LJ
1 -

o:
h-

V
E

 C
O

U
N

<
1

LJ

I uu —

7 5 -

5 0 -

2 5 -

0 -

^————-~_

^ \̂ A

\

TYPE 2 DOWN HOLE

- * - - ^ ^ CONTAMINATION PROFILES

N. 8 ^ v . C

\ \ \

I I 1 I I I I I I ! I
0 0.5 1.0 2.0 3.0 4.0 5.0

Figure 6 Types of Contamination Profiles Found on Site.
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Figure 7 Drilling Rig

from the same location. No samples were collected until the count rate
logging of all holes was completed. The in-hole count rate data were used
to select sample locations which would give an adequate range of
concentration values. Samples were then collected only from the walls of
the hole. This approach offered some advantages:

There is no ambiguity about the true depth interval of a sample.

The volume of a sample is not limited by the diameter of a coring
tube.

Multiple samples can be collected from the same depth Interval.
If there are questions about the possibility of a sample being
cross contaminated, that sample can be discarded and another one
collected from the same depth interval.

The rate of drilling is not impaired by the time required for
sample collection and documentation.

Samples were collected from the walls of holes using a simple cup and
scoop method. A cup was lowered into the hole and soil was scraped from
the sides over a 15 cm depth increment and allowed to fall into the cup
(see Figure 8).

The average count rate between depth increments was used for comparing
the downhole count rate and the laboratory measured radium concentration.
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Figure 8 Method of Sample Collection From Logging Holes.

To keep sample collection cost and related effort to a minimum, an
iterative process was used for sample selection and analysis, i.e., the
results of each laboratory analysis were used as a basis for selecting the
next sample to collect and analyze. This process continued until
sufficient data were obtained to indicate a trend between downhole count
rate and radium concentration in soil. Radium concentration in soil was
measured with a HpGe detector and multichannel analyzer in an on site
mobile laboratory. Measured activity was based on the count rate from the
186.211 keV gamma-rays from Ra. The soil samples were placed on the
detector in 500 cm" Marinelli beakers.

The results of downhole count rates and corresponding radium
concentrations are given in Table 2. Some data in the Table were ignored
because the data were obviously invalid. Those data are, however, shown
to illustrate a point. For example, in Table 2, the concentration
measured in sample 28-1.0 (soil sample #28 at 30 cm depth) was much too
low. The fact that the count rate in the north direction at 30 cm depth
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for this sample (see first entry in Table 2) was 5000 cpm more than the
south and west directions, was a clue that something may be amiss. With
the aid of a metal detector and minor excavation, a highly contaminated
sewer line was found within 60 cm of the sampled hole. The count rate
seen in the hole, was due to the sewer line, and not to contaminated soil.

A plot of the valid data is shown in Figure 9. Based on the trend of
the data, 1500 to 2000 cpm corresponds to approximately 5 pCi Ra/g

S19 Bq/g) and 3000 to 4000 cpm corresponds to approximately 15 pCi
bRa/g (0.56 Bq/g).
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COUNT RATE CCOUNTS/MIN. x I 000)

Figure 9 Effective Concentration in LPI Soil Versus Downhole Count Rate.

METHOD OF ESTIMATING CONTAMINATED SOIL VOLUME

The basic approach used in estimating the volume of soil which should
be excavated to satisfy the cleanup criterion was to conceptually divide
the site into cross sectional slices (see Figure 10) and to look for
depths at which downhole count rates were no more than 3000 to 4000 cpm
(this corresponded to approximately 15 pCi 226Ra/g).

Each cross-sectional slice represented a 10-ft thick section and all
of the downhole data as well as the surface radiation data within each
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Figure 10 Conceptual Slicing of the Site to Estimate Required Excavation.
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Figure 11 Two Sample "Slices" Through Site (Looking West) Showing Depths
of Required Excavation at X Coordinates of 10 Feet and 170 Feet.
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slice were examined. It is interesting that (because of type 1
contamination profiles) the highest surface measurements were not always
in the areas requiring deepest excavation. The maximum depth to 15 pCi/g
was plotted on a work sheet for each slice. Samples of two work sheets
for slices taken at the X coordinates of 10 feet and of 170 feet are shown
in Figure 11. The excavation depths within each 10-ft thick slice were
transferred to the site plan at the corresponding X, Y coordinates for use
by the site D&D crew.

The sum of all of the products of areas and depths gave the total
volume of soil which must be excavated to reduce the Ra concentration
to 15 pCi/g. This volume of soil (which must be excavated to reduce the

Ra concentration to 15 pCi/g) was estimated to be a minimum of
8,000 ft3 (227 m3) and a maximum of 15,000 ft3 (425 ra3) .

The mechanics of computing the volume of contaminated soil is in
principle the same as the borrow-pit method used by land surveyors to
eompute excavated soil volume.

To prevent contaminating clean holes by waterbosrne contaminated soil
(during rain) and by fill-in during future excavation work, all holes were
backfilled with clean mason's sand and capped with about 3 inches of
Portland cement.

COMPARISON OF ESTIMATED AND ACTUAL VOLUME

When the site cleanup was done (six months after estimate).
9,845 ft3 (279 m3) of contaminated soil had to be excavated to satisfv
the cleanup criteria. The packaged burial volume was 11,830 ft""
(335 m3).The estimated volume was a minimum of 8,000 ft3 (227 m3) or
a maximum of 15,000 ft3 (425 m 3).

DISCUSSION AND CONCLUSION

The accuracy of estimating the volume of contaminated soil which must
be excavated to achieve a specified cleanup criteria is often a mute point
because the excavation contractor simply excavates exactly the amount of
the estimate. In the cleanup of the site described here, every step of
the excavation was guided by radiation measurements and on site laboratory
analyses. The volume of soil actually removed was therefore independent
of the initial estimate.

Concerns raised about the method described here are (1) that the
method is practical only for small sites, (2) that it requires "too many"
holes, and (3) that the simplicity of the method disappears if there are
different criteria for each radionuclide in a mixture whose relative
concentration is spatially variable. There is no technical reason as to
why the method could not be applied to any size site. The accuracy of
estimates for large sites may actually improve simply because there would
be a greater number of volume slices to average. However, for a very
large site it would probably be more efficient to divide the site into a
number of areas and deal with each as a small site. The intuitive feeling
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about "too many" holes is understandable, but it also has no technical or
economic bases. The concern about dealing with a mixture of radionuclides
whose relative concentration is spatially variable certainly complicates
the problem of finding a correlation between in-hole count rate
measurements and activity concentration. The problem is compounded
further if the nuclides in the mixture have different cleanup criteria.
In either case, it would be necessary to make gamma spectral measurements
in the holes and generate a correlation curve for each radionuclide of
concern. A spatially variable mixture of radionuclides adds to the
complexity of any method of estimating contaminated soil volume. In the
final analysis, it is a question of objectives and priorities. If it is
important to obtain an estimate which is as accurate as possible, then the
data on vertical distribution of activity concentration must be obtained
as efficiently as practical. The method described here is therefore
believed to be a viable alternative to traditional methods.
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TABLE II

SUBSURFACE ACTIVITY CONCENTRATION AND DOWNHOLE COUNT RATE

SAMPLE
NO.

1-0.5
3-2.9
14-1.5
19-1.5
15-2.0
13-2.0
18-1.0
22-1.5
5-1.0

26-1.0
4-2.0
8-1.0
16-1.0
4-1.5
7-1.5

23-1.0
6-2.5
25-2.0
11-1.5
4-1.0
17-1.5
24-1.0
28-1.0
10A-1.0
10B-1.0
4-0.5
27-0.5

LOCATION

190
165
92
72
131
74

180
136
173
137
86
28
1*4
86
27
153
75
146
18
86
176
146
137
21
21
86
44

X, Y, Z
(FEET)

, 24,
, 24,
, 15,
, 26,

7,
, 8,
, 16,
, 85,
, 58,
, 38,
, 7,
, 28,
, 17,
> ' >
, 36,
, 107,
, 14,
, 87.

8,
, 7,

6,
, 82,
, 37,
, 33,
, 33,
, 7,
, 45,

0.5
2.9
1.5
1.5
2.0
2.0
1.0
1.5
1.0
1.0
2.0
1.0
1.0
2.0
1.5
1.0
2.5
2.0
1.5
1.0
1.5
1.0
1.0
1.0
1.0
0.5
0.5

DOWNHOLE
GROSS COUNT RATE
(cts/niin x 1000)

0.45
0.48
0.5
0.95
2.0
2.0
2.4
2.5
2.7
3.0
3.2
4.0
4.0
4.5
5.0
5.0
5.5
6.0
7.5
8.0
8.6
10.0
10.0
11.0
11.0
19.5
35.0

z^bRa
pCi/g

2.6
1.9
2.6
3.5
8.4
11.1
5.3
8.4
15.7
5.4

26.1
8.4

37.8
35.0
21.6
27.9
22.9
17.7
46.1
25.0
95,5
28.0
2.1
8.3
10.5
243
1180

COMMENTS

Near Hot Pipe

?

Near Hot Pipe
?
?

Basement
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D E C O M M I S S I O N I N G C O S T E S T I M A T I N G A N D C O N T I N G E N C Y A P P L I C A T I O N

T . S . L a G u a r d l a , P E

A B S T R A C T

T h e f u n d i n g o f n u c l e a r p o w e r p l a n t d e c o m m i s s i o n i n g h a s
m a t u r e d I n t o a n I n t e g r a l p a r t o f u t i l i t y p l a n n i n g . S t a t e
p u b l i c u t i l i t y c o m m i s s i o n r e g u l a t o r s a n d t h e U . S . N u c l e a r
R e g u l a t o r y C o m m i s s i o n h a v e r e c o g n i z e d t h e n e e d to a s s u r e t h e
a v a i l a b i l i t y o f f u n d s to s a f e l y d e c o m m i s s i o n t h e s e f a c i l i t i e s
at t h e e n d of t h e i r u s e f u l l i v e s . T h e c o s t e s t i m a t e s f o r
d e c o m m i s s i o n i n g n e e d t o r e f l e c t t h e c h a n g e s In l a b o r a n d
m a t e r i a l c o s t s d u e to i n f l a t i o n , c h a n g e s in w a s t e d i s p o s a l
c o s t s f o r p a c k a g i n g , t r a n s p o r t i n g a n d b u r y i n g r a d i o a c t i v e
m a t e r i a l s , a n d t h e s i t e - s p e c i f i c f a c t o r s for e a c h u n i t t h a t
a c c o u n t for d i f f e r e n c e s in p l a n t d e s i g n a n d c o n s t r u c t i o n .
D e c o m m i s s i o n i n g a c t i v i t i e s i n v o l v e r e m o t e t o o l i n g t o s e g m e n t
t h e r e a c t o r v e s s e l a n d i n t e r n a l s , d e c o n t a m i n a t i o n o f c o n t a m i -
n a t e d s y s t e m s t o r e d u c e o c c u p a t i o n a l e x p o s u r e , c o n t r o l l e d
b l a s t i n g t o d e m o l i s h c o n c r e t e s t r u c t u r e s , a n d r e m o v a l a n d
d i s p o s a l o f r a d i o a c t i v e w a s t e s b y c o n t r o l l e d b u r i a l . T h e
u n f o r e s e e a b l e p r o b l e m s e n c o u n t e r e d in p e r f o r m i n g t h e s e a c t i v i -
t i e s r e s u l t in a d d i t i o n a l c o s t s t h a t a r e a c c o u n t e d f o r t h r o u g h
c o n t i n g e n c y .

T h i s p a p e r s u m m a r i z e s t h e r e c e n t p r o g r e s s in n u c l e a r p o w e r
p l a n t d e c o m m i s s i o n i n g c o s t e s t i m a t i o n a n d c o n t i n g e n c y a p p l i c a -
t i o n . T h e i m p o r t a n t f a c t o r s to b e i n c l u d e d in p l a n n i n g f o r
t h e e s t a b l i s h m e n t of ? d e c o m m i s s i o n i n g f u n d a r e i d e n t i f i e d ,
a n d t y p i c a l r e s u l t s o f r e c e n t e s t i m a t e s a r e p r o v i d e d . T h e
n u c l e a r i n d u s t r y Is p r o b a b l y o n e o f t h e f i r s t i n d u s t r i e s t o
p l a n f o r t h e e v e n t u a l r e t i r e m e n t o f its f a c i l i t i e s , a n d t h e
p u b l i c n e e d s to b e a w a r e o f t h e s e e f f o r t s .

I N T R O D U C T I O N

T h e d e c o m m i s s i o n i n g o f p o w e r r e e i c t o r s h a s d r a w n m u c h
a t t e n t i o n in t h e last f e w y e a r s . W h i l e t h e f o r e c a s t e d d a t e s
o f w h e n t h e s e l a r g e p o w e r p l a n t s w i l l b e t a k e n o f f t h e l i n e is
d e c a d e s I n t o t h e f u t u r e , t h e p r o b l e m s w e w i l l f a c e in d e c o m -
m i s s i o n i n g e x i s t o r a r e b e i n g c r e a t e d n o w . U n l e s s w e p r o v i d e
c h e n e c e s s a r y f u n d s t o p r o p e r l y d e c o m m i s s i o n t h e s e f a c i l i t i e s
at t h e e n d of t h e i r u s e f u l l i v e s ( w h e n e v e r t h a t o c c u r s ) , w e
r u n t h e r i s k o f s h o r t f a l l s In f u n d i n g . S u c h f u n d i n g s h o r t a g e s
c o u l d e a s i l y lead to d e c o m m i s s i o n i n g p r o g r a m d e l a y s a n d
i n e f f i c i e n c i e s .
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M o s t of u s h a v e t r a v e l e d t h r o u g h o l d e r i n d u s t r i a l c i t i e s
w h e r e f a c t o r i e s or p r o c e s s p l a n t s h a v e b e e n a b a n d o n e d , l e a v i n g
b e h i n d u n s i g h t l y , d e t e r i o r a t i n g s t r u c t u r e s p o t e n t i a l l y c o n -
t a m i n a t e d w i t h h a z a r d o u s w a s t e s . T h e f e d e r a l g o v e r n m e n t Is
n o w a t t e m p t i n g to r e m e d y the w o r s t of t h e lot t h r o u g h Its
S u p e r f u n d p r o g r a m - a p r o g r a m l i k e l y to g o o n for d e c a d e s .
Y e t t h i s is a p r o g r a m f u n d e d t h r o u g h t a x e d w a g e e a r n e r s w h o
m a y or m a y not h a v e r e c e i v e d a n y d i r e c t b e n e f i t f r o m t h e
f a c i l i t y w h e n o p e r a t i o n a l !

T h e i n d i v i d u a l t a x p a y e r Is not t h e o n l y a f f e c t e d p a r t y ,
S t a t e s a r e n o w b e i n g r e q u i r e d to h o s t the d i s p o s a l of h a z a r -
d o u s m a t e r i a l s t h a t n e v e r o r i g i n a t e d in t h e i r t e r r i t o r i e s a n d ,
t h e r e f o r e , n e v e r c o n t r i b u t e d any tax i n c o m e . W e h a v e l e a r n e d
f r o m t h e s e e a r l y e x p e r i e n c e s to c l e a n up a f t e r o u r s e l v e s o r ,
m o r e i m p o r t a n t l y , to p r e v e n t s p i l l s or p r o h i b i t u n r e s t r i c t e d
d u m p i n g .

R e c e n t d e c o m m i s s i o n i n g r e g u l a t o r y a c t i v i t y h a s n e c e s s a r i l y
f o c u s e d o n a s s u r i n g that a d e q u a t e f u n d s w i l l be a v a i l a b l e to
s a f e l y r e t i r e p o w e r r e a c t o r s a n d o t h e r f a c i l i t i e s . E f f e c t i v e
p r e p l a n n i n g is n e e d e d to p r o v i d e a d e q u a t e f u n d s to a s s u r e t h e
w o r k w i l l b e d o n e s a f e l y . T h e U . S . N u c l e a r R e g u l a t o r y C o m m i s -
s i o n ( N R C ) h a s b e e n d e v e l o p i n g r e g u l a t i o n s to a s s u r e f u n d s for
t h e s a f e r e m o v a l of r e s i d u a l r a d i o a c t i v i t y . P u b l i c u t i l i t y
c o m m i s s i o n s In M a i n e a n d N e w H a m p s h i r e , for e x a m p l e , h a v e
s i m i l a r laws to a s s u r e t h e i r u t i l i t i e s h a v e p r o v i d e d a d e q u a t e
f u n d s for e a c h f a c i l i t y a n d t h u s a v o i d t h e s t a t e ' s b e a r i n g a n y
u n f a i r f i n a n c i a l b u r d e n .

T h e e s t i m a t e d c o s t s for the a c t u a l d e c o m m i s s i o n i n g o f
l a r g e p o w e r r e a c t o r s h a s r i s e n s h a r p l y in t h e last f e w y e a r s .
T h i s i n c r e a s e is e s s e n t i a l l y d u e to t h e p r e s e n t lack o f b u r i a l
s p a c e for r a d i o a c t i v e and h a z a r d o u s m a t e r i a l s . R e g u l a t o r y a n d
f i n a n c i a l p r e s s u r e h a s b e e n a p p l i e d to f o r c e I n d i v i d u a l s t a t e s
to act u p o n t h e f o r m a t i o n of r e g i o n a l c o m p a c t s for w a s t e d i s -
p o s a l . In t h e m e a n t i m e , t h e L o w - L e v e l R a d i o a c t i v e W a s t e
P o l i c y A m e n d m e n t s Act of 1 9 8 5 1 h a s I m p o s e d a s u r c h a r g e at
B a r n w e l l , S C , B e a t t y , N V , and R l c h t a n d , WA o n all r a d i o a c t i v e
w a s t e g e n e r a t o r s f r o m s t a t e s that h a v e not yet f o r m e d a
r e g i o n a l c o m p a c t . A d d i t i o n a l s u r c h a r g e s w i l l b e i m p o s e d if
r e g i o n a l w a s t e d i s p o s a l s i t e s a r e not o p e r a t i o n a l by t h e y e a r
1 9 9 2 .

A n o t h e r r e a s o n for t h e r i s e In d e c o m m i s s i o n i n g c o s t s is
i n c r e a s e d a t t e n t i o n to c o n t r o l s for p r o t e c t i n g t h e w o r k e r a n d
g e n e r a l e n v i r o n m e n t . E x t e n d i n g c u r r e n t a p p l i c a t i o n s of A L A R A
p r i n c i p l e s at o p e r a t i n g r e a c t o r s Into t h e p r o j e c t e d a c t i v i t i e s
for d e c o m m i s s i o n i n g r e q u i r e s a d o i t l o n a l c r e w t r a i n i n g , m o r e
e x t e n s i v e u s e of r e m o t e t o o l s ( c o s t l y a n d s l o w e r ) , t h e
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I n s t a l l a t i o n o f t e m p o r a r y s h i e l d i n g a n d a m o r e e x t e n s i v e
a p p l i c a t i o n o f d e c o n t a m i n a t i o n t e c h n o l o g y . R e c e n t c o s t
e s t i m a t e s I n c l u d e t h e s e f a c t o r s .

C o s t s f o r w a s t e p a c k a g i n g a n d t r a n s p o r t a t i o n h a v e a l s o
e s c a l a t e d . P u b l i c p r e s s u r e a n d f e d e r a l a n d s t a t s r e g u l a t o r y
a g e n c i e s a r e d e m a n d i n g g r e a t e r a s s u r a n c e a g a i n s t s p M S s d u r i n g
t r a n s p o r t . B u r i a l r e g u l a t i o n s m a n d a t e t h e I s o l a t i o n o f
d e p o s i t e d w a s t e f r o m t h e e n v i r o n m e n t . T h e r e s u l t i n g c o s t s o f
w * s t e p a c k a g i n g a n d t r a n s p o r t a t i o n t o m e e t t h e s e s t r i n g e n t
r e q u i r e m e n t s h a v e I n c r e a s e d t h e c o s t s f o r d e c o m m i s s i o n i n g .

T o I d e n t i f y t h e d e p t h o f t h e d e c o m m i s s i o n i n g f u n d i n g
i s s u e , w e n e e d t o r e v i e w r e c e n t f e d e r a l r e g u l a t o r y r e q u i r e -
m e n t s , p u b l i c u t i l i t y c o m m i s s i o n a n d F e d e r a l E n e r g y R e g u l a t o r y
C o m m i s s i o n i n v o l v e m e n t . T h e U S N R C h a s i s s u e d P r o p o s e d R u l e s 2

o n d e c o m m i s s i o n i n g f u n d i n g , a n d h a s e m p h a s i z e d t h e I m p o r t a n c e
o f A L A R A c o n s i d e r a t i o n s o n p o t e n t i a l d e c o m m i s s i o n i n g e x p o -
s u r e s . T h e U S D e p a r t m e n t o f T r a n s p o r t a t i o n ( D O T ) r e g u l a t i o n s
o n p a c k a g i n g a n d t r a n s p o r t o f r a d i o a c t i v e m a t e r i a l s ^ r e s u l t in
c o s t l y s h i p m e n t s - a n i m p o r t a n t f a c t o r d r i v i n g t h e m i n i m i z a -
t i o n o f w a s t e s g e n e r a t e d . T i t l e 1 0 C F R P a r t 6 1 4 r e q u i r e s t h e
e v a l u a t i o n o f w a s t e f o r m a n d p a c k a g i n g t o a s s u r e r a d i o a c t i v e
w a s t e s w l i l b e I s o l a t e d f r o m t h e e n v i r o n m e n t . E a c h o f t h e s e
r e g u l a t o r y f a c t o r s h a v e a s t r o n g I n f l u e n c e o n d e c o m m i s s i o n i n g
c o s t s a n d n e e d t o b e a d d r e s s e d b y u t i l i t i e s In p r e p l a n n i n g f o r
d e c o m m i s s i o n i n g . T h e s e f a c t o r s w i l l b e d i s c u s s e d f u r t h e r in
t h e n e x t s e c t i o n . U t i l i t i e s h a v e b e g u n t o c o p e w i t h t h i s
s i t u a t i o n a n d h a v e t a k e n s e v e r a l p o s i t i v e s t e p s t o w a r d s p r e -
p l a n n i n g a n d i n f o r m i n g t h e r e g u i a t o r s a n d t h e p u b l i c o n t h e
u t i l i t y d e c o m m i s s i o n i n g i s s u e . T h e n e x t s e c t i o n s w i l l
d e s c r i b e t h e c u r r e n t r e g u l a t o r y i s s u e s a n d w h a t is b e i n g d o n e
t o a n t i c i p a t e a n d p r e - p l a n f o r f u t u r e d e c o m m i s s i o n i n g .

R E G U L A T O R Y R E Q U I R E M E N T S

U . S . N R C P r o p o s e d R u l e

T h e U . S . N R C b e g a n a r e v i e w o f i t s p o l i c i e s a n d r u l e s f o r
d e c o m m i s s i o n i n g in 1 9 7 8 . U p t o t h i s t i m e t h e o n l y g u i d a n c e
p r o v i d e d b y t h e N R C w a s i t s R e g u l a t o r y G u i d e 1 . 8 6 5 , " T e r m i n a -
t i o n o f O p e r a t i n g L i c e n s e s f o r N u c l e a r R e a c t o r s , " l a s t r e v i s e d
In J u n e o f 1 9 7 4 . T h e R e g u l a t o r y G u i d e i d e n t i f i e d f o u r m e t h o d s
o f d e c o m m i s s i o n i n g a c c e p t a b l e t o t h e C o m m i s s i o n : M o t h b a i H n g ,
i n - P l a c e E n t o m b m e n t , R e m o v a l o f R a d i o a c t i v e C o m p o n e n t s a n d
D i s m a n t l i n g , a n d C o n v e r s i o n t o a n e w n u c l e a r s y s t e m o r a
f o s s i l f u e l s y s t e m . T h e s e d e c o m m i s s i o n i n g a l t e r n a t i v e s a r e
b r i e f l y d e s c r i b e d a s f o l l o w s .
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M o t h b a M i n g c o n s i s t s o f p u t t i n g t h e f a c i l i t y i n a s t a t e
o f p r o t e c t i v e s t o r a g e . In g e n e r a l , t h e f a c i l i t y m a y b e l e f t
i n t a c t e x c e p t t h a t a i l f u e l a s s e m b l i e s a n d t h e r a d i o a c t i v e
f l u i d s a n d w a s t e s h o u l d b e r e m o v e d f r o m t h e s i t e . A d e q u a t e
r a d i a t i o n m o n i t o r i n g , e n v i r o n m e n t a l s u r v e i l l a n c e , a n d
a p p r o p r i a t e s e c u r i t y p r o c e d u r e s s h o u l d b e e s t a b l i s h e d u n d e r a
p o s s e s s i o n - o n l y l i c e n s e t o e n s u r e t h a t t h e h e a l t h a n d s a f e t y
o f t h e p u b l i c i s n o t e n d a n g e r e d .

E n t o m b m e n t c o n s i s t s o f s e a l i n g a l l t h e r e m a i n i n g h i g h l y
r a d i o a c t i v e o r c o n t a m i n a t e d c o m p o n e n t s ( e . g . , t h e p r e s s u r e
v e s s e l a n d i n t e r n a l s ) w i t h i n a s t r u c t u r e I n t e g r a l w i t h t h e
b i o l o g i c a l s h i e l d a f t e r h a v i n g a l l f u e l a s s e m b l i e s ,
r a d i o a c t i v e f l u i d s a n d w a s t e s , a n d c e r t a i n s e l e c t e d c o m p o n e n t s
s h i p p e d o f f - s i t e . T h e s t r u c t u r e s h o u l d p r o v i d e i n t e g r i t y over
t h e p e r i o d o f t i m e d u r i n g w h i c h s i g n i f i c a n t q u a n t i t i e s o f
r a d i o a c t i v i t y r e m a i n w i t h t h e m a t e r i a l i n t h e e n t o m b m e n t . A n
a p p r o p r i a t e a n d c o n t i n u i n g s u r v e i l l a n c e p r o g r a m s h o u i d b e
e s t a b l i s h e d u n d e r a p o s s e s s i o n - o n l y l i c e n s e .

R e m o v a I / D I s m a n t I I n g c o n s i s t s • o f r e m o v i n g a l l f u e l
a s s e m b l i e s , r a d i o a c t i v e f l u i d s a n d w a s t e , a n d o t h e r m a t e r i a l s
h a v i n g a c t i v i t i e s a b o v e a c c e p t e d u n r e s t r i c t e d a c t i v i t y l e v e l s
f r o m t h e s i t e . T h e f a c i l i t y o w n e r m a y t h a n h a v e u n r e s t r i c t e d
u s e o f t h e s i t e w i t h n o r e q u i r e m e n t f o r a l i c e n s e . I f t h e
o w n e r d e s i r e s , t h e r e m a i n d e r o f t h e f a c i l i t y m a y b e d i s m a n t l e d
a n d a l l v e s t i g e s r e m o v e d f o r d i s p o s a l .

C o n v e r s I o n c o n s i s t s o f s e p a r a t i n g t h e o r i g i n a l n u c l e a r
s t e a m s u p p l y s y s t e m f r o m t h e g e n e r a t i n g s y s t e m a n d d i s p o s i n g
o f t h e n u c l e a r s y s t e m I n a c c o r d a n c e w i t h o n e o f t h e p r e v i o u s
d e c o m m i s s i o n i n g a l t e r n a t i v e s . T h e e x i s t i n g t u r b i n e - g e n e r a t o r
s y s t e m m a y b e p o w e r e d b y a n e w s t e a m s u p p l y s y s t e m .

T h e C o m m i s s i o n h e l d s t a t e w o r k s h o p s i n 1 9 7 8 a n d 1 9 8 0 t o
g a t h e r p u b l i c c o m m e n t s o n e x i s t i n g r e g u l a t i o n s a n d t o
f o r m u l a t e N R C p o l i c y f o r d e c o m m i s s i o n i n g . C o n c u r r e n t l y , t h e
N R C s p o n s o r e d s e v e r a l d e c o m m i s s i o n i n g s t u d i e s o f f e a s i b i l i t y ,
c o s t , a n d e n v i r o n m e n t a l i m p a c t s f o r e a c h t y p e o f r e a c t o r a n d
p r o c e s s f a c i l i t y , a n d e a c h d e c o m m i s s i o n i n g a l t e r n a t i v e .
D u r i n g t h i s p e r i o d , t h e T h r e e M i l e I s l a n d U n i t 2 a c c i d e n t
r a i s e d s e r i o u s q u e s t i o n t o t h e a b i l i t y o f p o w e r u t i l i t i e s t o
p a y f o r r e c o v e r y f r o m s u c h a c c i d e n t s a n d t o s u b s e q u e n t l y
d e c o m m i s s i o n t h e s e l a r g e r e a c t o r s . T h i s i n c i d e n t w a s t h e
p r i m a r y d r i v i n g f o r c e b e h i n d t h e N R C ' s c u r r e n t p o l i c y t o
a s s u r e t h a t a d e q u a t e f u n d s w i l l b e a v a i l a b l e t o s a f e I y
d e c o m m i s s i o n n u c l e a r f a c i l i t i e s o f a l l t y p e s .

T h e c u l m i n a t i o n o f t h e N R C - s p o n s o r e d s t u d i e s w a s t h e
p u b l i c a t i o n o f a D r a f t G e n e r i c E n v i r o n m e n t a l I m p a c t S t a t e m e n t
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( D G E I S ) o n D e c o m m i s s i o n i n g 6 ( N U R E G - 0 5 8 ' 6 ) . T h i s r e p o r t s u m -
m a r i z e d e s t i m a t e d d e c o m m i s s i o n i n g c o s t s f o r e a c h t y p e o f
f a c i l i t y a n d r e p o r t e d t h e e s t i m a t e d e n v i r o n m e n t a l e f f e c t s ,
p r i m a r i l y t h e e x p o s u r e t o w o r k e r s a n d t h e r a d i o a c t i v e w a s t e
v o l u m e s g e n e r a t e d . O f p a r t i c u l a r I m p o r t a n c e w a s t h e c o n c l u -
s i o n t h a t I n d e f i n i t e m o t h b a l l Ing o r e n t o m b m e n t w a s n o t r e c o m -
m e n d e d , a n d t h a t d e c o m m i s s i o n i n g u l t i m a t e l y s h o u l d i n c l u d e
r e m o v a l o f all r e s i d u a l r a d i o a c t i v i t y f r o m t h e s i t e . T h e
r e p o r t f u r t h e r c o n c l u d e d t h a t c o n v e r s i o n w a s n o t really a n o t h -
er d e c o m m i s s i o n i n g a l t e r n a t i v e b u t I n s t e a d a n a l t e r n a t i v e u s e
f o r p o t e n t i a l l y s a l v a g e a b l e t u r b i n e - g e n e r a t o r e q u i p m e n t .

W i t h t h e s e s t u d i e s a n d t h e D G E I S In h a n d , t h e N R C d r a f t e d
P r o p o s e d R u l e s o n D e c o m m i s s i o n i n g a n d p u b l i s h e d t h e m f o r
c o m m e n t in t h e F e d e r a l R e g i s t e r o n F e b r u a r y 1 1 , 1 9 3 5 2 . T h e s e
P r o p o s e d R u l e s d e f i n e d d e c o m m i s s i o n i n g a s t h e r e m o v a l o f
" n u c l e a r f a c i l i t i e s t o a l e v e l t h a t p e r m i t s r e l e a s e o f t h e
p r o p e r t y f o r u n r e s t r i c t e d u s e a n d t e r m i n a t i o n o f l i c e n s e . "

T h e N R C p r o p o s e d t w o m e t h o d s t o e s t a b l i s h t h e c o s t o f
d e c o m m i s s i o n i n g f o r p o w e r r e a c t o r s . T h e f i r s t is t o p r e p a r e a
s i t e - s p e c i f i c c o s t e s t i m a t e f o r e a c h f a c i l i t y a n d t o p r o v i d e
f o r a d j u s t i n g f u n d i n g l e v e l s o v e r t h e l i f e o f t h e f a c i l i t y .
T h e s e c o n d m e t h o d Is t o c e r t i f y t h a t at l e a s t $ 1 0 0 m i n i o n
( 1 9 8 4 d o l l a r s ) w o u l d b e a v a i l a b l e a d j u s t e d f o r i n f l a t i o n at
t h e r a t e o f t w i c e t h e C o n s u m e r P r i c e i n d e x ( C P I ) .

T h e R u l e s e m p h a s i z e d t h e n e e d t o a s s u r e t h e a v a i l a b i l i t y
o f f u n d s f o r d e c o m m i s s i o n i n g . F o u r m e t h o d s w e r e p r o p o s e d t o
a c c u m u l a t e f u n d s , I n c l u d i n g :

1. P r e p a y m e n t : C a s h o r e t h e r l i q u i d a s s e t s d e p o s i t e d
s e g r e g a t e d f r o m

p
p
I

E

r e p a y m e n t
rI o r t o

: C a s h
s t a r t u p

i c e n s e e a s s e t s .

x t e r n a I S i nk I ng

or c
in

F u n d :

tJier
an

A

Iiquld
a c c o u n t

fund in wh!eft per IodIc
p a y m e n t s w o u l d be m a d e and w h o s e Interest e a r n i n g s ,
t o g e t h e r w i t h the d e p o s i t s , w o u l d be s u f f i c i e n t to pay
for d e c o m m i s s i o n i n g . T h s fund w o u l d be s e g r e g a t e d
from l i c e n s e e a c c e s s .

3. Internal R e s e r v e : A n e g a t i v e net s a l v a g e d e p r e c i a t i o n
m e t h o d that a l l o w s the u t i l i t y to invest the f u n d s in
u t i l i t y a s s e t s that may later be u s e d to float b o n d s
to r a i s e the capital to pay for d e c o m m i s s i o n i n g .

4. I n s u r a n c e •• An I n s u r a n c e p o l i c y m a y be p u r c h a s e d to
cover u l t i m a t e d e c o m m i s s i o n i n g c o s t s .
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T h e $ 1 0 0 m i l l i o n c e r t i f i c a t i o n a m o u n t In t h e p r o p o s e d
R u l e w a s b a s e d o n s t u d i e s 7 , 8 p r e p a r e d b y B a t t e l l e P a c i f i c
N o r t h w e s t L a b o r a t o r i e s ( P N L ) d u r i n g t h e p e r i o d 1 9 7 8 - 1 9 8 0 ,
a n d in a n o v e r v i e w s t u d y b y P r o f e s s o r S i e g e l a t t h e W h a r t o n
S c h o o l 9 . T h e s e w e r e g e n e r i c s t u d i e s t h a t d i d n o t r e f l e c t t h e
s I t s - s p e c I f I c f a c t o r s t h a t h a v e a m a j o r c o s t e f f e c t o n d e c o m -
m i s s i o n i n g . M o r e o v e r , t h e e a r l y s t u d i e s d i d n o t s u f f i c i e n t l y
r e f l e c t t h e A L A R A c o n s i d e r a t i o n s f o r d e c o m m i s s i o n i n g w o r k e r s .
S u c h w o r k e r e x p o s u r e c o n s i d e r a t i o n s a r e r o u t i n e l y i n c l u d e d In
s i t e - s p e c i f i c c o s t e s t i m a t e s .

T h e N R C h a s r e c e i v e d 1 4 3 l e t t e r s o f c o m m e n t o n t h e P r o -
p o s e d R u l e . O f t h o s e w h o c o m m e n t e d o n t h e $ 1 0 0 m i l l i o n c e r t i -
f i c a t i o n a m o u n t , m o r e t h a n 8 0 % o f n u c l e a r p r o p o n e n t s a n d
o p p o n e n t s w e r e o p p o s e d t o i t . B o t h g r o u p s b e l i e v e d t h e $ 1 0 0
m i l l i o n w a s t o o l o w f o r l a r g e p l a n t s a n d d i d n o t r e f l e c t s i t e -
s p e c i f i c f a c t o r s . It is i m p o r t a n t t o n o t e t h a t t h e $ 1 0 0
m i l l i o n Is o n l y t o c o v e r t h e c o s t s o f r e m o v a l o f r a d i o a c t i v i t y
a n d d o e s n o t a d d r e s s t h e d i s m a n t l i n g o f r e m a i n i n g s t r u c t u r e s .
A l t h o u g h n o t s p e c i f i c a l l y s t a t e d in t h e P r o p o s e d R u l e , it is
b e l i e v e d t h e $ 1 0 0 m i l l i o n i n c l u d e s 2 5 % c o n t i n g e n c y - a j u s t i -
f i a b l e a m o u n t f o r t h i s t y p e o f w o r k . H o w e v e r , It t h e n c a s t s
f u r t h e r d o u b t a s t o w h e t h e r d e c o m m i s s i o n i n g c a n b e a c c o m p l i s h -
e d f o r $ 8 0 m i l l I o n w i t h o u t c o n t i n g e n c y . B a s e d o n d i s c u s s i o n s
w i t h t h e N R C s t a f f r e v i e w i n g t h e p u b l i c c o m m e n t s o n t h e
P r o p o s e d R u l e , t h e N R C w i l l l i k e l y d e l e t e o r s i g n i f i c a n t l y
i n c r e a s e t h e $ 1 0 0 m i l l i o n c e r t i f i c a t i o n a m o u n t .

R e c e n t d e c o m m i s s i o n i n g c o s t e s t i m a t e s f o r 1 1 0 0 M W e
r e a c t o r s p r e p a r e d b y u t i l i t i e s a n d c o n s u l t a n t s a r e in t h e
r a n g e o f $ 1 7 0 m i l l i o n f o r P W R s a n d $ 2 2 0 m i l l i o n f o r B W R s .
D e m o l i t i o n o f n o n r a d I o a c t I v e s t r u c t u r e s a n d s i t e r e s t o r a t i o n
a d d s a b o u t $ 3 0 t o $ 5 0 m i l l i o n in 1 9 8 7 d o l l a r s . T h e s e e s t i -
m a t e s i n c l u d e 2 5 % c o n t i n g e n c y .

A L A R A C o n s i d e r a t i o n s

T h e N R C i n t e n t i o n a l l y e x c l u d e d f r o m t h e P r o p o s e d R u l e t h e
i s s u e d e a l i n g w i t h a c c e p t a b l e l e v e l s o f r e s i d u a l r a d i o a c t i v i t y
f o r r e l e a s e o f p r o p e r t y f o r u n r e s t r i c t e d u s e . T h e n u c l e a r
I n d u s t r y h a s l o n g s o u g h t d e f i n i t i v e g u i d e l i n e s f r o m t h e N R C o n
t h i s t o p i c . C u r r e n t g u i d e l i n e s a r e e s s e n t i a l l y b a s e d o n
p r e c e d e n t . T h e e x t e n t o f c o n t a m i n a t e d / a c t i v a t e d e q u i p m e n t a n d
s t r u c t u r e r e m o v a l r e q u i r e d f o r c o n t r o l l e d b u r i a l c o u l d b e
i n c r e a s e d if t h e N R C I m p o s e s m o r e r e s t r i c t i v e r e s i d u a l r a d i o -
a c t i v i t y l e v e l s . T h i s c o u l d i n c r e a s e t h e c o s t o f d e c o m m i s -
s i o n i n g t o r e m o v e , p a c k a g e , s h i p a n d b u r y t h e r a d i o a c t i v e
m a t e r i a l s . W h i l e t h e i n c r e a s e m a y n o t b e g r e a t , t h e u n c e r -
t a i n t y c r e a t e d f r o m t h e l a c k o f f e d e r a l g u i d a n c e w i l l r e q u i r e
f u t u r e u p d a t e s t o c u r r e n t d e c o m m i s s i o n i n g e s t i m a t e s . T h e N R C
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p i a n s t o a d d r e s s t h i s r e s i d u a l r a d i o a c t i v i t y I s s u e . T h e
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) is c u r r e n t l y d e v e l o p i n g
a s t a n d a r d f o r t h e N H C t o a d o p t f o r t h e r e g u l a t i o n .

J u s t a s t h e p r i n c i p l e o f k e e p i n g e x p o s u r e s " a s S o w a s
r e a s o n a b l y a c h i e v a b l e " ( A L A R A ) is i m p o r t a n t f o r o p e r a t i n g
r e a c t o r s , it is o b v i o u s l y e q u a l l y a s i m p o r t a n t f o r d e c o m m i s -
s i o n i n g . T h e a c t i v i t i e s i n v o l v i n g e x p o s u r e I n c l u d e d e c o n -
t a m i n a t i o n , c o m p o n e n t r e m o v a l , a n d c o n t a i n e r l o a d i n g . T h e
p r i m a r y a r e a s o f o c c u p a t i o n a l e x p o s u r e , a n d t h e r e f o r e t h e
a r e a s w h e r e g r e a t e s t e m p h a s i s s h o u l d b e p l a c e d , i n c l u d e :

C u t t i n g a n d r e m o v a l o f p i p i n g a n d c o m p o n e n t s
R e m o v a l o f s t e a m g e n e r a t o r s a n d p r e s s u r i z e r s
C u t t i n g a n d r e m o v a l o f t h e r e a c t o r v e s s e l a n d i n t e r n a l s
C u t t i n g a n d r e m o v a l o f t h e r e a c t o r c o o l a n t p u m p s
D e m o l i t i o n o f t h e a c t i v a t e d c o n c r e t e b i o l o g i c a l s h i e l d
R e m o v a l o f c o m p o n e n t s w i t h o u t s e g m e n t a t i o n .

H o w e v e r , s o m e e x p o s u r e s a r e u n d o u b t e d l y g o i n g t o b e
u n a v o i d a b l e . T h e i n c r e a s e d u s e o f r e m o t e l y o p e r a t e d t o o l s
( r o b o t s ) c a n r e d u c e s o m e e x p o s u r e s ( a t p e r h a p s h i g h e r c o s t ) ,
b u t c u r r e n t r o b o t s a r e n o t c a p a b l e o f c l i m b i n g i n t o a p i p e
c h a s e a n d c u t t i n g p i p e s e l e c t i v e l y s o t h a t o t h e r p i p i n g
s y s t e m s m i g h t r e m a i n o p e r a t i o n a l w h i l e s u p p o r t i n g d e c o m m i s -
s i o n i n g a c t i v i t i e s . W h i l e a g g r e s s i v e c h e m i c a l d e c o n t a m i n a t i o n
o f c e r t a i n h i g h r a d i a t i o n l e v e l s y s t e m s m a y b e n e c e s s a r y , it
Is g e n e r a l l y n o t c o s t e f f e c t i v e f o r l o w e r r a d i a t i o n l e v e l s .
A c c o r d i n g l y , s o m e w o r k e r e x p o s u r e m a y b e u n a v o i d a b l e .

D O T P a c k a g i n g R e q u i r e m e n t s f o r T r a n s p o r t

T h e U . S . D O T h a s e s t a b l i s h e d r u l e s f o r t h e s a f e t r a n s p o r t
o f r a d i o a c t i v e m a t e r i a l s in T i t l e 4 9 o f C F t f , P a r t s 1 7 3 - 1 7 8 . 3

T h e s e r u l e s s e t l i m i t s o n t h e q u a n t i t i e s o f r a d i o a c t i v i t y
( c u r i e s ) , e x t e r n a l r a d i a t i o n e x p o s u r e r a t e s a n d t h e n u m b e r o f
p a c k a g e s t h a t m a y b e t r a n s p o r t e d in v a r i o u s t y p e s o f v e h i -
c l e s . T h e y f u r t h e r s p e c i f y r i g o r o u s t e s t s e a c h c o n t a i n e r m u s t
p a s s t o b e a l l o w e d f o r t r a n s p o r t o f r a d i o a c t i v e m a t e r i a l s .
T h e s e f e d e r a l r e q u i r e m e n t s , c o u p l e d w i t h i n d i v i d u a l s t a t e
r e q u i r e m e n t s t o l i m i t a l l o w a b l e p a y l o a d s o v e r t h e r o a d w a y s
d u r i n g s p r i n g t h a w s , h i g h l i g h t t h e i m p o r t a n c e ' o f e f f i c i e n t
p a c k a g i n g t e c h n i q u e s . .

S e v e r a l m e t h o d s h a v e b e e n p r o p o s e d t o i m p r o v e p a c k a g i n g
e f f i c i e n c y a n d t o r e d u c e t h e g e n e r a t i o n o f w a s t s f r o m d e c o m -
m i s s i o n i n g . S o m e o f t h e s e m e t h o d s a r e :

I n c i n e r a t i o n o f c o m b u s t i b l e w a s t e s
W a s t e c o m p a c t i o n
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C h e m i c a l d e c o n t a m i n a t i o n t o p r e v e n t c o n t a m i n a t i o n
C o a t i n g c o n c r e t e t o p r e v e n t c o n t a m i n a t i o n
A d m i n i s t r a t i v e c o n t r o l s t o s e g r e g a t e w a s t e s .

L L W B u r i a l R e q u i r e m e n t s

R e c e n t i n d u s t r y e s t i m a t e s o f t h e d e c o m m i s s i o n i n g r a d i o -
a c t i v e w a s t e v o l u m e f o r a s i n g l e 1 1 0 0 M W e r e a c t o r is a p p r o x i -
m a t e l y 3 5 , 0 0 0 c u b i c y a r d s o f p a c k a g e d w a s t e . If t h e d e c o m m i s -
s i o n i n g o f a l a r g e r e a c t o r w e r e t o c o m m e n c e t o d a y , t h e m o n t h l y
o p e r a t i o n s v o l u m e t r i c a l l o t m e n t s a f f o r d e d e a c h u t i l i t y a t a n y
o f t h e t h r e e e x i s t i n g c o m m e r c i a l b u r i a l g r o u n d s ( a p p r o x I m a t e ly
1 5 0 0 c u b i c f e e t p e r m o n t h , p e r u t i l i t y ) w o u l d be e x c e e d e d b y
t h e t h i r d d a y o f d e c o m m i s s i o n i n g o p e r a t i o n s ! H o w e v e r , if a l l
o p e r a t i n g p o w e r r e a c t o r s w e r e d e c o m m i s s i o n e d t o d a y , t h e e x i s t -
i n g b u r i a l g r o u n d s c o u l d a c c o m o d a t e t h i s w a s t e v o l u m e .

T h e l i m i t e d c o m m e r c i a l b u r i a l s p a c e a v a i l a b l e h a s s p a r k e d
r e g u l a t o r s t o f o r c e s t a t e s t o f o r m r e g i o n a l w a s t e c o m p a c t s ,
a n d t o s e l e c t s i t e s f o r w a s t e b u r i a l o n a s c h e d u l e a i m e d a t
m e e t i n g t h e n e e d s o f t h e i n d u s t r y . M o r e r e c e n t l y , t h e p a s s a g e
o f P u b l i c L a w 9 9 2 4 1 , " L o w - L e v e l W a s t e P o l i c y A c t A m e n d m e n t o f
1 9 3 5 , " p e r m i t s c u r r e n t b u r i a l g r o u n d h o s t s t a t e s t o I m p o s e a
s u r c h a r g e o n w a s t e g e n e r a t o r s f r o m s t a t e s w h o h a v e n o t y e t
f o r m e d a r e g i o n a l c o m p a c t .

D e c o m m i s s i o n i n g w a s t e d i s p o s a l is c u r r e n t l y e s t i m a t e d t o
c o s t a p p r o x i m a t e l y $ 3 5 m i l l i o n f o r a n 1 1 0 0 MVie r e a c t o r in 1 9 8 7
d o l l a r s . If t h e s e s u r c h a r g e s a r e i m p o s e d , t h e b u r i a i c o s t s
s h o u l d e s c a l a t e t o a p p r o x i m a t e l y $ 5 4 m i l l i o n in 1 9 3 8 . A l l o w -
i n g t h a t d e c o m m i s s i o n i n g f o r m o s t o p e r a t i n g r e a c t o r s w i i I n o t
o c c u r f o r 1 0 t o 3 0 y e a r s , It is u n l i k e l y t h a t n e w b u r i a !
g r o u n d s c a n b e c o n s t r u c t e d a n d o p e r a t e d a t r a t e s l o w e r t h a n
t h e e x i s t i n g c o m m e r c i a l g r o u n d s . T h e s u r c h a r g e s t h e m s e l v e s
m a y d i s a p p e a r in t h e f u t u r e b u t w i l l p r o b a b l y b e r e p l a c e d b y
b a s e b u r i a l c h a r g e s t h a t e x c e e d t h e s e r a t e s . O n a s i d e n o t e ,
it s h o u l d b e e v i d e n t t h a t t h e s e s u r c h a r g e s a r e f o r c i n g t h e
e s c a l a t i o n o f t o t a l d e c o m m i s s i o n i n g c o s t s w e l l in e x c e s s o f
t h e N R C ' s p r o p o s e d i n f l a t i o n a d j u s t m e n t f a c t o r o f t w i c e t h e
C P I . T h i s is a c r i t i c a l I s s u e w h e n a u t i l i t y t r i e s t o e s t a b -
l i s h a d e c o m m i s s i o n i n g f u n d t h a t m u s t e a r n i n t e r e s t at a r a t e
t o m e e t f u t u r e p r o j e c t e d c o s t s .

R a d i o a c t i v e w a s t e p a c k a g i n g a n d b u r i a l r e q u i r e m e n t s h a v e
b e c o m e m o r e r e s t r i c t i v e in r e c e n t y e a r s . T i t l e 1 0 o f t h e C F R ,
P a r t 6 1 4 , e s t a b l i s h e d s p e c i f i c c l a s s i f i c a t i o n s o f r a d i o a c t i v e
w a s t e a n d r u l e s f o r p a c k a g i n g a n d d i s p o s a l t o a s s u r e t h e w a s t e
w i l l b e s a f e l y b u r l e d a n d i s o l a t e d f r o m t h e e n v i r o n m e n t t o
p r o t e c t m a n . in g e n e r a l , t h e s e r u l e s r e q u i r e m o r e e x p e n s i v e
c o n t a i n e r s t h a n w e r e f o r m e r l y p e r m i t t e d f o r w a s t e d i s p o s a l .
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S o m e u t i l i t i e s h a v e b e g u n v o l u m e r e d u c t i o n p r o g r a m s f o r t h e i r
o p e r a t i n g r e a c t o r s s o t h a t t h e p r o c e d u r e s w i l l b e in p l a c e f o r
d e c o m m i s s i o n i n g . V o l u m e r e d u c t i o n e q u i p m e n t s u c h a s s u p e r -
c o m p a c t i o n a n d i n c i n e r a t i o n a r e b e i n g p u r c h a s e d t o r e d u c e
w a s t e v o l u m e s . It is i m p o r t a n t to m a i n t a i n t h i s e q u i p m e n t a n d
h a v e It o p e r a t i o n a l f o r u s e d u r i n g d e c o m m i s s i o n i n g .

U T I L I T Y R A T E R E G U L A T I O N

P u b l i c U t i l i t y C o m m i s s i o n I n v o l v e m e n t

T h e f e d e r a l r e g u l a t o r y r e q u i r e m e n t t o e s t a b l i s h a d e c o m -
m i s s i o n i n g f u n d is o n l y p a r t o f t h e t o t a l p i c t u r e . A n e q u i -
t a b l e , a s s u r e d m e t h o d m u s t b e p r o v i d e d t o c o l l e c t t h e m o n i e s
f r o m t h e u t i l i t y c o n s u m e r . A l l p r i v a t e l y o w n e d u t i l i t i e s
s e l l i n g r e t a i l e l e c t r i c i t y a r e r e g u l a t e d by P u b l i c U t i l i t y
C o m m i s s i o n s ( P U C s ) . T h e c o m m i s s i o n e r s a r e u s u a l l y p o l i t i c a l
a p p o i n t e e s f r o m all b a c k g r o u n d s , I n c l u d i n g e n g i n e e r s ,
a c c o u n t a n t s , a t t o r n e y s , a n d h o m e m a k e r s . S o m e v i e w t h e m s e l v e s
a s a n t i - u t i l i t y c o n s u m e r a d v o c a t e s w h i l e o t h e r s t r y t o s e e k a
b a l a n c e d o u t l o o k , a l t h o u g h t h e r e s e e m s t o b e m o r e o f t h e
f o r m e r t h a n o f t h e l a t t e r . A l l g e n e r a l l y a c k n o w l e d g e t h e n e e d
f o r d e c o m m i s s i o n i n g f u n d s a n d t r y t o n e g o t i a t e a n e q u i t a b l e
f u n d i n g m e c h a n i s m . T h e P U C s g e n e r a l l y h a v e a s u p p o r t s t a f f o f
e n g i n e e r s , a c c o u n t a n t s , a t t o r n e y s , a n d e c o n o m i s t s t o a d v i s e
t h e c o m m i s s i o n e r s o n s p e c i f i c i s s u e s . T h i s s u p p o r t s t a f f h a s
a l s o b e e n i n f l u e n c e d b y p r e c e d e n t t o k e e p u t i l i t y r e t a i l r a t e s
a s low a s p o s s i b l e f o r c o n s u m e r s .

S o m e P U C s h a v e a d o p t e d t h e d e c o m m i s s i o n i n g c o s t e s t i m a t e s
b a s e d o n o u t d a t e d g e n e r i c s t u d i e s a n d h a v e a p p l i e d s i m p l i s t i c
C P I e s c a l a t i n g f a c t o r s to a t t e m p t t o u p d a t e t h e e s t i m a t e s t o
c u r r e n t c o s t l e v e l s . H o w e v e r , t h e C P I Is a p o o r i n d i c a t o r f o r
t h e e s c a l a t i o n o f s u c h c o s t s a s r a d i o a c t i v e w a s t e b u r i a l . In
1 9 7 8 , t h e b u r i a l c o s t f o r t h e l o w e s t r a d i o a c t i v e l e v e l
c o n t a i n e r w a s a p p r o x i m a t e l y $ 2 . 6 5 p e r c u b i c f o o t . B y 1 9 8 5 ,
b e f o r e t h e L L W A m e n d m e n t s u r c h a r g e s , t h e c o s t w a s a p p r o x i m a t e -
ly $ 2 4 . 8 9 p e r c u b i c f o o t . T h i s is a n I n c r e a s e o f a p p r o x i m a t e -
ly 8 4 0 % in a p e r i o d o f s e v e n y e a r s . T h e C P I o n l y i n c r e a s e d
6 8 % d u r i n g t h e s a m e p e r i o d .

T h e g e n e r i c s t u d i e s d o n o t r e f l e c t t h e s i t e - s p e c i f i c
f a c t o r s t h a t a d d s i g n i f i c a n t l y to t h e d e c o m m i s s i o n i n g c o s t .
T h e s e f a c t o r s i n c l u d e :

1 . S i t e l a b o r c o s t s - m a n a g e m e n t a n d c r e w
2 . S h i p p i n g d i s t a n c e s a n d r o u t i n g d i f f i c u l t i e s
3 . R e g i o n a l c o m p a c t b u r i a l c o s t s
4 . S i t e f a c i l i t i e s a v a i l a b l e - r a l ! s i d i n g , b a r g e d o c k s ,

o r t r u c k r o a d w a y r e s t r i c t i o n s
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5 . S i t e f a c t o r s - s e l s m l c l t y , h y d r o l o g y , s J t e
r e s t o r a t i o n r e q u i r e m e n t s

6 . S i t e s t r u c t u r e s - c o o l i n g t o w e r s , o c e a n , r i v e r o r
l a k e c o o l i n g , i n t a k e / d i s c h a r g e s t r u c t u r e s a n d s t a c k s

7 . P l a n t s i z e - p o w e r r a t i n g
8 . D e g r e e o f c o n t a m i n a t i o n in s e c o n d a r y s y s t e m s

t u r b i n e s , c o n d e n s e r s , a n d f e e d w a t e r h e a t e r s
9 . A r c h i t e c t / e n g i n e e r d e s i g n d i f f e r e n c e s

1 0 . P l a n t m o d i f i c a t i o n s a n d b a c k f i t s
1 1 . E r r o r s In c a l c u l a t e d g e n e r i c v e s s e l a n d i n t e r n a l s

r a d i o a c t i v e i n v e n t o r y - c u r i e s a n d w e i g h t s
1 2 . A l l o w a b l e e x p o s u r e s t o w o r k e r s
1 3 . T w o - s h i f t v s . o n e - s h i f t d e c o m m i s s i o n i n g o p e r a t i o n s
1 4 . U t i l i t y a n d D e c o m m i s s i o n i n g O p e r a t i o n s C o n t r a c t o r

( D O C ) s t a f f i n g l e v e l s
1 5 . R e m o v a l o f n o n r a d i o a c t i v e c o m p o n e n t s / s t r u c t u r e s t o

g a i n a c c e s s t o r a d i o a c t i v e s t r u c t u r e s
1 6 . S o r t i n g a n d s e g r e g a t i o n o f r a d i o a c t i v e w a s t e s
1 7 . W a s t e v o l u m e r e d u c t i o n e q u i p m e n t a v a i l a b l e o n - s i t e
1 8 . O n - s i t e t e m p o r a r y s t o r a g e f a c i l i t i e s f o r r a d i o a c t i v e

w a s t e s a n d l a y d o w n a r e a s f o r s c r a p / s a l v a g e m a t e r i a l s .

S o m e P U C s h a v e r e c e n t l y a d o p t e d t h e N R C ' s P r o p o s e d R u l e
c e r t i f i c a t i o n a m o u n t o f $ 1 0 0 m i l l i o n a s a c e i I i n g . T h i s is in
d i r e c t c o n f l i c t w i t h t h e N R C ' s s t a t e d i n t e n t t o a s s u r e t h a t
s u f f I c i e n t f u n d s w i l l b e a v a l l a b l e t o s a f e l y d e c o m m i s s i o n
t h e s e p o w e r p l a n t s . T h e s e P U C s h a v e d i s a l l o w e d t h e u t i l i t i e s '
s i t e - s p e c i f i c e s t i m a t e s w h i c h , in m o s t c a s e s , w e r e p r e p a r e d b y
r e p u t a b l e a r c h i t e c t s / e n g i n e e r s a n d c o n s u l t a n t s w h o h a v e h a d
d i r e c t " h a n d s - o n " d e c o m m i s s i o n i n g e x p e r i e n c e . In s o c f o i n g ,
t h e P U C s h a v e v i r t u a l l y d i s a l l o w e d t h e r e c o v e r y o f c o s t s t o
d i s m a n t l e t h e n o n r a d i o a c t I v e s t r u c t u r e s a n d r e s t o r e t h e s i t e .

B y f a v o r i n g a l o w e s t i m a t e t o d a y , t h e a m o u n t t o b e
c o l l e c t e d f r o m c u r r e n t r a t e p a y e r s is o b v i o u s l y l e s s t h a n if a
g r e a t e r a m o u n t w e r e a d o p t e d . S u c h s h o r t - s i g h t e d n e s s u n f a i r l y
f a v o r s c u p r e n t r a t e p a y e r s b y n o t c h a r g i n g t h e m t h e i r s h a r e o f
t h e c o s o f d e c o m m i s s i o n i n g f o r t h e e l e c t r i c i t y t h e y
c o n s u m e d . It d e f e r s t h e r e a l c o s t s t o l a t e r r a t e p a y e r s w h o
w i l l t h e n h a v e t o p l a y " c a t c h - u p " t o h a v e s u f f i c i e n t f u n d s
a v a i l a b l e t o s a f e l y r e t i r e t h e f a c i l i t y .

N o t t o l e a v e t h i s i s s u e o n s o s o u r a n o t e , it is
e n c o u r a g i n g t o r e p o r t t h a t s e v e r a l P U C s , n a m e l y t h o s e o f M a i n e
a n d N e w H a m p s h i r e , h a v e a n a g g r e s s i v e s t a t e l a w t o a s s u r e
s u f f i c i e n t f u n d s w i l l b e a v a i l a b l e f o r d e c o m m i s s i o n i n g s o t h a t
t h e s t a t e d o e s n o t f i n d I t s e l f h a v i n g t o a s s i s t t h e u t i l i t y t o
c o m p l e t e t h e j o b at t h e t a x p a y e r ' s e x p e n s e .
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F E R C I n v o l v e m e n t In D e c o m m i s s i o n i n g R a t e m a k l n g

T h e F e d e r a l E n e r g y R e g u l a t o r y C o m m i s s i o n ( F E R C ) is t h e
g o v e r n i n g a g e n c y t h a t r e g u l a t e s w h o l e s a l e r a t e s f o r e l e c t r i c i -
ty t h a t is s o l d to o t h e r u t i l i t i e s , m u n i c i p a l i t i e s , o r a c r o s s
s t a t e b o u n d a r i e s . Its r o l e is v e r y s i m i l a r t o P U C s in s o f a r
as it h a s t h e r e s p o n s i b i l i t y to p r o v i d e e q u i t a b l e e l e c t r i c i t y
r a t e s for t h e c o n s u m e r .

F E R C , like t h e P U C s , h a s o p t e d f o r t h e l o w e s t e s t i m a t e d
d e c o m m i s s i o n i n g c o s t , I r r e s p e c t i v e of e v i d e n c e o f h i g h e r c o s t s
in t h e f o r m o f d e t a i l e d s i t e - s p e c i f i c s t u d i e s p r e p a r e d b y
r e p u t a b l e c o n s u l t a n t s . It h a s b a s e d its e s t i m a t e s o n g e n e r i c
s t u d i e s a n d a p p l i e d CPI e s c a l a t i o n f a c t o r s to a d j u s t f o r
i n f l a t i o n a n d b r i n g t h e e s t i m a t e s to 1 9 8 7 d o l l a r s . F E R C h a s
n o t m a d e its o w n i n d e p e n d e n t e s t i m a t e s to c h a l l e n g e t h e m o r e
r e a s o n a b l e s i t e - s p e c i f i c e s t i m a t e s .

IRS I n v o l v e m e n t In D e c o m m i s s i o n i n g F u n d i n g

M o s t u t i l i t i e s h a v e p r e p a r e d s i t e - s p e c i f i c c o s t e s t i m a t e s
f o r d e c o m m i s s i o n i n g t h e i r p o w e r p l a n t s , a n d h a v e d e v e l o p e d
f u n d i n g m e t h o d s to a c c u m u l a t e s u f f i c i e n t f u n d s f o r u l t i m a t e
p l a n t r e t i r e m e n t . S o m e h a v e u s e d e x t e r n a l s i n k i n g f u n d s w i t h
i n v e s t m e n t s In c o m m e r c i a l or g o v e r n m e n t b o n d s . O t h e r s a r e
u s i n g n e t n e g a t i v e s a l v a g e d e p r e c i a t i o n . T h e I n t e r n a l R e v e n u e
S e r v i c e a l l o w s tax f r e e t r e a t m e n t o f t h e m o n i e s c o l l e c t e d f o r
d e c o m m i s s i o n i n g ( r e m o v a l of r a d i o a c t i v i t y ) If t h e s e m o n i e s a r e
p l a c e d in an e x t e r n a l f u n d , s u b j e c t t o c e r t a i n r e s t r i c t i o n s o n
t h e t y p e of i n v e s t m e n t s . O t h e r w i s e , s u c h c o l l e c t i o n s a r e
t r e a t e d a s o r d i n a r y i n c o m e a n d t a x e d at t h e u t i l i t y ' s n o r m a l
tax r a t e .

G U I D E L I N E S F O R C O S T E S T I M A T I N G

T h e A t o m i c I n d u s t r i a l F o r u m N a t i o n a l E n v i r o n m e n t a l
S t u d i e s P r o j e c t ( A l F / N E S P ) Is a u t i l i t y a n d p o w e r I n d u s t r y
g r o u p d e d i c a t e d to p r o m o t i n g n u c l e a r p o w e r . It r e c e n t 5 y
f u n d e d a s t u d y to T L G E n g i n e e r i n g , I n c . to p r e p a r e a r e p o r t
e n t i t l e d " G u i d e l i n e s for P r o d u c i n g N u c l e a r P o w e r P l a n t D e c o m -
m i s s i o n i n g C o s t E s t i m a t e s " (A I F / N E S P - 0 3 6 ) 1 0 . T h e g u i d e l i n e s
a r e I n t e n d e d to i d e n t i f y a l l t h e a p p r o p r i a t e c o s t s o f d e c o m -
m i s s i o n i n g In a l o g i c a l f o r m a t b a s e d o n c u r r e n t c o s t e s t i m a t -
ing m e t h o d o l o g y . T h e g u i d e l i n e s p r o v i d e a . m e t h o d o l o g y to
e s t i m a t e c o s t s o n a c o n s i s t e n t b a s i s , a n d to f e n d c r e d i b i l i t y
to t h e c o s t e s t i m a t e s to s e g m e n t r e a c t o r v e s s e l s a n d i n t e r -
n a l s , s t e a m g e n e r a t o r s , c o n t a m i n a t e d t u r b i n e s a n d c o n d e n s e r s ,
c o n t a m i n a t e d p i p i n g , v a l v e s , p u m p s , t a n k s , h e a t e x c h a n g e r s a n d
e l e c t r i c a l e q u i p m e n t . T h e d o c u m e n t I n c l u d e s c o s t ' n g f a c t o r s
f o r t h e d e m o l i t i o n of h e a v i l y r e i n f o r c e d c o n c r e t e c o n t a i n m e n t
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b u i l d i n g s , c o o l i n g t o w e r s , a n d s t r u c t u r a l s t e e l b u i l d i n g s .
T h e s e c a l c u l a t i o n s a r e n o t n o r m a l l y w i t h i n t h e e x p e r i e n c e o f
m o s t e s t i m a t o r s . T h e g u i d e l i n e s h a v e b e e n r e v i e w e d b y t h e
I n d u s t r y , d e c o m m i s s i o n i n g e x p e r t s , a r c h i t e c t / e n g i n e e r s ,
c o n s u l t a n t s , a n d b o t h N R C a n d F E R C s t a f f r e p r e s e n t a t i v e s .
W h i l e t h e r e g u l a t o r s m a y b e r e l u c t a n t t o e m b r a c e t h e
g u i d e l i n e s a s a n a t i o n a l s t a n d a r d , t h e y g e n e r a l l y a g r e e It
p r o v i d e s t h e n e c e s s a r y c o n s i s t e n c y n e e d e d f o r c o s t e s t i m a t i o n
a n d c o m p a r I s o n .

M e t h o d o l o g y

T h e b a s i c e l e m e n t s o f all c o s t e s t i m a t e s i n c l u d e l a b o r ,
m a t e r i a l s , e q u i p m e n t , e n e r g y a n d s e r v i c e s ( s h i p p i n g a n d
b u r i a l ) . T h e g u i d e l i n e s p l a c e t h e t y p e s o f c o s t s i n t o t h r e e
c a t e g o r i e s : ( 1 ) a c t i v i t y - d e p e n d e n t c o s t s , ( 2 ) p e r i o d - d e p e n d e n t
c o s t s , a n d ( 3 ) c o l l a t e r a l or s p e c i a l i t s m c o s t s . in a d d i t i o n ,
t h e g u i d e l i n e s a l s o a d d r e s s t h e i m p a c t o f s a l v a g e a n d s c r a p
v a l u e s a n d t h e I n c o r p o r a t i o n o f c o n t i n g e n c i e s . T h e g u i d e l i n e
d o c u m e n t s h o u l d b e u s e d in c o n j u n c t i o n w i t h t h e u s e r ' s o w n
c o s t e s t i m a t i n g d a t a b a s e t o i d e n t i f y a n d c a l c u l a t e t h e s e
d e c o m m i s s i o n i n g c o s t e l e m e n t s .

C o s t C a t e g o r l e s . A c t i v i t y - d e p e n d e n t c o s t s a r e t h o s e t h a t
a r e d i r e c t l y r e l a t e d t o d i s c r e t e a c t i v i t i e s , e . g . , d e c o n t a m i -
n a t i o n , r e m o v a l , p a c k a g i n g , s h i p p i n g , a n d d i s p o s a l . T h e y
i n c l u d e a l l l a b o r , m a t e r i a l s , e q u i p m e n t a n d s e r v i c e s ( s h i p p i n g
a n d d i s p o s a l ) a s s o c i a t e d w i t h t h e " h a n d s - o n " a c t i v i t i e s .

A c t i v i t y - d e p e n d e n t c o s t s m a y b e c a l c u l a t e d b y m e a n s o f
u n i t c o s t f a c t o r s ($ p e r u n i t o f o u t p u t - c u b i c y a r d s , t o n s ,
l i n e a r f e e t , e t c . ) . F o r e a c h t y p e o f c o m p o n e n t , t h e s e u n i t
f a c t o r s i n c l u d e t h e e s t i m a t e d l a b o r h o u r s , c r e w s i z e a n d
c o m p o s i t i o n , w o r k e r b a s e r a t e p l u s f r i n g e b e n e f i t s , c o n s u m a b l e
m a t e r i a l s , s p e c i a l e q u i p m e n t a n d s u b c o n t r a c t o r o v e r h e a d a n d
p r o f i t . T h e l a b o r h o u r s i n c l u d e w o r k d i f f i c u l t y f a c t o r s
a s s o c i a t e d w i t h w o r k o n s c a f f o l d i n g , In p r o t e c t i v e c l o t h i n g o r
In r e s p i r a t o r s , a n d t h e a p p r o p r i a t e t i m e f o r c r e w A L A R A
p l a n n i n g a n d r o u t i n e w o r k b r e a k s . W i t h t h i s a p p r o a c h , u n i t
c o s t f a c t o r s c a n b e d e v e l o p e d f o r v a r i o u s s i z e s o f p i p i n g ,
v a l v e s , p u m p s , h e a t e x c h a n g e r s , t a n k s , a n d f o r s t r u c t u r a l
c o n c r e t e a n d s t e e l . T h e e s t i m a t o r m a y t h e n a p p l y t h e s e u n i t
c o s t f a c t o r s t o t h e d e t a i l e d I n v e n t o r y o f c o m p o n e n t s a n d
s t r u c t u r e s t o d e v e l o p t h e r e m o v a l c o s t .

In a s i m i l a r m a n n e r , c o s t s f o r v a r i o u s s i z e s o f r a d i o -
a c t i v e w a s t e s h i p p i n g c o n t a i n e r s m a y b e e s t i m a t e d f r o m t y p i c a l
m a n u f a c t u r e r s , a n d t h e n u m b e r o f s u c h c o n t a i n e r s e s t i m a t e d
f r o m t h e I n v e n t o r y v o l u m e o f w a s t e . T r a n s p o r t a t i o n o f t h e s e
c o n t a i n e r s t o a w a s t e b u r i a l f a c i l i t y m a y b e e s t i m a t e d f r o m
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p u b l i s h e d t r u c k , r a i l , or b a r g e s h i p p i n g c o m p a n i e s . T h e
n u m b e r of s h i p m e n t s m a y be d e t e r m i n e d f r o m t h e n u m b e r of
c o n t a i n e r s that fit o n the c a r r i e r ( t r u c k , r a i l c a r , e t c . ) a n d
t h e t o t a l w e i g h t to m e e t s t a t e a n d f e d e r a l r o a d w e l g h t l i m i t s .

T h e c o s t for r a d i o a c t i v e w a s t e b u r i a l m a y b e e s t i m a t e d
f r o m p u b l i s h e d b u r i a l f a c i l i t y r a t e s at o p e r a t i n g b u r i a l
g r o u n d s . T h e s e r a t e s i n c l u d e ( 1 ) a b a s i c p e r c u b i c f o o t
c h a r g e , a n d ( 2 ) s u r c h a r g e s for c u r i e s . r a d i a t i o n l e v e l s ,
w e i g h t a n d o t h e r s p e c i a l h a n d l i n g . A s n o t e d e a r l i e r , r e g i o n a l
c o m p a c t b u r i a l f a c l l l t l e s ( w h e n d e v e l o p e d ) m a y I I k e S y i m p o s e
h i g h e r c h a r g e s t h a n c u r r e n t l y i m p o s e d , b u t s u c h e f f e c t s c a n be
a d j u s t e d d u r i n g f u t u r e c o s t e s t i m a t i n g u p d a t e s .

P e r i o d - d e p e n d e n t c o s t s a r e t h o s e a s s o c i a t e d w i t h p r o j e c t
m a n a g e m e n t , a d m i n i s t r a t i o n , r o u t i n e m a i n t e n a n c e , r a d i o l o g i c a l ,
e n v i r o n m e n t a l , a n d I n d u s t r i a l s a f e t y a n d s e c u r i t y . T h e y a r e
not d i r e c t l y a s s i g n a b l e to a n y o n e a c t i v i t y , but a r e e s s e n t i -
a l l y p e r i o d - d e p e n d e n t ; that is, t h e s e c o s t s c o n t i n u e for t h e
d u r a t i o n of t h e d e c o m m i s s i o n i n g p r o g r a m or p e r i o d .

P e r i o d - d e p e n d e n t c o s t s m a y b e c a l c u l a t e d b a s e d o n t h e
p r o j e c t e d t i m e - p h a s e d s t a f f i n g level of p e r s o n n e l f o r p r o j e c t
m a n a g e m e n t , a d m i n i s t r a t i o n , e t c . , for b o t h u t i l i t y e m p l o y e e s
a n d a D e c o m m i s s i o n i n g O p e r a t i o n s C o n t r a c t o r ( D O C ) , If u s e d .
T y p i c a l l y , t h e u t i l i t y s t a f f w i l l b e g r e a t e r d u r i n g t h e f i r s t
y e a r of d e c o m m i s s i o n i n g and d e c r e a s e t h e r e a f t e r to a m o n i t o r -
ing f u n c t i o n . T h e D O C s t a f f w i l l s t a r t s m a l l , g r o w a s t h e
d e c o m m i s s i o n i n g o p e r a t i o n s p e a k , t h e n d e c r e a s e a s t h e
r e m a i n i n g f a c i l i t y is r e m o v e d . T h e p e r s o n n e l c o s t s c a n b e
e s t i m a t e d f r o m t y p i c a l u t i l i t y s a l a r i e s for t h e a p p r o p r i a t e
J o b p o s i t i o n s for t h e d u r a t i o n o f t h e p e r i o d ; h e n c e , t h e c o s t s
a r e p e r i o d - d e p e n d e n t .

C o I I a t e r a I C o s t s . C o l l a t e r a l (or s p e c i a l i t e m ) c o s t s a r e
not d i r e c t l y a t t r i b u t a b l e to o n e or m o r e s p e c i f i c d e c o m m ' s -
s i o n i n g a c t i v i t i e s . S o m e of t h e s e c o s t s m a y b e p e r i o d -
d e p e n d e n t . T h i s c a t e g o r y I n c l u d e s s u c h I t e m s a s h e a v y e q u i p -
m e n t p u r c h a s e , h e a l t h a n d s a f e t y s u p p l i e s , e n e r g y c o s t s ( h e a t -
ing, d l e s e l f u e l , g a s o l i n e , e t c . ) t a x e s a n d p e r m 1ts/I I c e n s e s .

C o l l a t e r a l c o s t s for e q u i p m e n t p u r c h a s e o r r e n t a l m a y be
e s t i m a t e d f r o m h a n d b o o k s or s i m i l a r e s t i m a t o r e x p e r i e n c e .
E n e r g y c o s t e s t i m a t i n g g u i d e s for l i g h t i n g , h e a t i n g , o r a i r
c o n d i t i o n i n g a r e p r o v i d e d In t h e g u i d e l i n e s , or m a y be
e s t i m a t e d f r o m p l a n t e x p e r i e n c e d u r i n g e x t e n d e d s h u t d o w n s .
R e a l a n d p r o p e r t y t a x e s m a y be o b t a i n e d f r o m u t i l i t y r e c o r d s ,
or f r o m t h e local tax a s s e s s o r . T h e g u i d e l i n e s a l s o p r o v i d e
e s t i m a t e s for p e r m i t s a n d l i c e n s e s .
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S a i v a s a and S c r a p

T h e g u i d e l i n e s p r o v i d e s u g g e s t i o n s for an a s s e s s m e n t of
the s u i t a b i l i t y of e q u i p m e n t for s a l v a g e and s c r a p , and the
e f f e c t on net c o s t . H o w e v e r , the c u r r e n t s a l v a g e m a r k e t for
u s e d e q u i p m e n t is v i r t u a l l y nonexistent, as a r e s u i t of r e c e n t
n u c l e a r p l a n t c a n c e l l a t i o n s and the a v a l l a b i H t y of n e w
s a l v a g e d c o m p o n e n t s at $ 0 . 1 0 - $ 0 . 1 5 o n the d o l l a r . T h e e x t r a
c a r e r e q u i r e d to p r e s e r v e the v a l u e of t h e s e c o m p o n e n t s d u r i n g
d e c o m m i s s i o n i n g to r e q u a l i f y them for u s e as n u c l e a r or n o n -
n u c l e a r g r a d e e q u i p m e n t w o u l d d r i v e the r e m o v a l c o s t s up
s i g n i f i c a n t l y , w i t h o u t any g u a r a n t e e of * m a r k e t . F u r t h e r -
m o r e , c o m p l e t e r e n o v a t i o n of t h i s 4 0 - y e a r o l d e q u i p m e n t w o u l d
bd q u i t e c o s t l y to r e q u a l i f y for n u c l e a r a p p l i c a t i o n s .

T h e s c r a p m a r k e t has b e e n s i m i l a r l y d e p r e s s e d in r e c e n t
y e a r s and the s a l e of s c r a p Is e x p e c t e d to b a r e l y o f f s e t the
c o s t s to haul the m a t e r i a l from a l o a d i n g d o c k to the s c r a p
d e a l e r ' s y a r d . T h e s c r a p steel and n o n f e r r o u s m a r k e t s are
c u r r e n t l y s e v e r e l y d e p r e s s e d ( $ 6 5 / g r o s s ton for s t e e l , $ 0 . 4 5
per p o u n d for c o p p e r ) . T h e c o s t s to load It on the t r u c k s ,
haul it to a s c r a p y a r d large e n o u g h to s t o c k p i l e it ( p e r h a p s
5 0 - 1 0 0 m i l e s ) , cut it to steel f u r n a c e c h a r g i n g box s i z e
( 1 8 " x 6 0 " ) , s t o r e It, and load it o n t o t a r g e s or rail c a r s a r e
b a r e l y c o v e r e d by the s c r a p v a l u e .

C o n t I n g e n c y

V i r t u a l l y e v e r y cost e s t i m a t o r of large c o n s t r u c t i o n or
d e m o l i t i o n p r o j e c t s i n c l u d e s s o m e c o n t i n g e n c y . C o n t i n g e n c y is
a s p e c i f i c p r o v i s i o n for u n f o r e s e e n e l e m e n t s of cost w i t h i n
the d e f i n e d p r o j e c t s c o p e - p a r t i c u l a r l y i m p o r t a n t w h e r e
p r e v i o u s e x p e r i e n c e - r e l a t e d e s t i m a t e s a n d the e v e n t u a l
( a c t u a l ) c o s t s h a v e s h o w n that u n f o r e s e e n e v e n t s a n d the
r e s u l t i n g i n c r e a s e in c o s t s are likely to o c c u r .

T h e g u i d e l i n e s g r o u p e d the d e c o m m i s s i o n i n g a c t i v i t i e s
into s e v e r a l c a t e g o r i e s b e c a u s e they s h a r e s i m i l a r c h a r a c t e r -
i s t i c s and p o t e n t i a l for c o n t i n g e n c y e v e n t s . F o u r t e e n c a t e -
g o r i e s w e r e i d e n t i f i e d In the g u i d e l i n e s , as s u m m a r i z e d in
T a b l e i.

A s rioted e a r l i e r , c o n t i n g e n c y is a h i g h l y c o n t e s t e d issue
in u t i l i t y r a t e c a s e s b e c a u s e of the a p p a r e n t m i s u n d e r s t a n d i n g
of the b a s i s for c o n t i n g e n c y and Its a p p l i c a t i o n . W h e n
c o n t i n g e n c y e l e m e n t s a r e b r o k e n d o w n (as s h o w n In T a b l e I) and
a p p l i e d on a c o n s i s t e n t b a s i s from p r i o r e x p e r i e n c e , it
b e c o m e s c l e a r that c o n t i n g e n c y Is a real cost of d e c o m m i s s i o n -
ing, and Is f u i i y e x p e c t e d to be s p e n t .
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T y p i c a l D e c o m m i s s i o n i n g C o s t E s t i m a t e s

R e c e n t u t i l i t y p l a n n i n g for d e c o m m i s s i o n i n g f u n d i n g h a s
I n c l u d e d s i t e - s p e c i f i c s t u d i e s for v a r i o u s a l t e r n a t i v e s . T h e
p r o m p t r e m o v a I / d I s m a n t i I n g a l t e r n a t i v e a p p e a r s t o h a v e b e c o m e
t h e s t a n d a r d for c o m p a r i s o n of d e c o m m i s s i o n i n g c o s t s a m o n g
d i f f e r e n t p l a n t s . W i t h o u t a t t e m p t i n g to a c c o u n t f o r s i t e -
s p e c i f i c d i f f e r e n c e s , t y p i c a l 1 1 0 0 M W e P W R a n d B W R e s t i m a t e s
f o r t h e t h r e e m a j o r a l t e r n a t i v e s a r e s h o w n In T a b l e l i . T h e
b r e a k d o w n o f c o s t s for t h e P r o m p t R e m o v a l a l t e r n a t i v e I n t o
t h e i r r e s p e c t i v e m a j o r e l e m e n t s Is s h o w n in F i g u r e 1.

C O N C L U S I O N S

T h e u t i l i t y I n d u s t r y Is p r o b a b l y o n e o f t h e f i r s t
i n d u s t r i e s t o e v e r p l a n f o r t h e e v e n t u a l r e t i r e m e n t o f i t s
f a c i l i t i e s Ina p l a n n e d p r o g r a m of c o m m i t m e n t a n d f u n d i n g .
R e g u l a t o r s a n d c o n s u m e r a d v o c a t e s a l i k e s h o u l d r a l l y s u p p o r t
t o u t i l i t i e s f o r t h e i r e f f o r t s to b e r e s p o n s i b l e p a r t i c i p a n t s
in t h e c o m m u n i t y , t a k i n g c a r e of t h e i r w a s t e s a n d n o t
d e f e r r i n g t h e s e p r o b l e m s t o f u t u r e g e n e r a t i o n s . T h e
r e g u l a t o r y p r o c e s s e s c u r r e n t l y u n d e r w a y a r a a m a j o r s t e p t o
a c h i e v i n g t h i s s e l f - s u f f i c i e n c y , a n d t h e p u b l i c n e e d s t o b e
m a d e a w a r e o f t h e s e e f f o r t s .
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TABLE !: CONTINGENCY ESTIMATES

Ca<te£O£y Contingency

Engineering, Project Management, Demolition
Management 15%

Utility and DOC Staff Costs 15%
Decontamination 50%
Contaminated Component and Concrete Removal 25%
PWR Steam Generator, Reactor Coolant Pumps

and Piping Removals 25%
BWR RecircuI at ion System Pumps and Piping

RemovaIs 25%
Reactor Vessel and Internals Removal 75%
Reactor Packaging 25%
Reactor Shipping 25%
Reactor Burial 25%
LSA Packaging 10%
LSA Shipping 15%
LSA Bur iaI 25%
Clean Component and Concrete Removals, Clean

Waste D i sposaI 15%
Supplies and Consumables 25%

TABLE 11:

Al ternat ive

Prompt Remova1

Entombment w i t
and Delayed

Mothba11 ing wi
and Delayed

TYPICAL

/D i srnant 1

h 30 Year
D i smanti

th 30 Yea
D i smant 1

COST ESTIMATES

i ng

s Dormancy
i ng

rs Dormancy
1 ng

(11C0 MWe)

PWR

200

230

235

.....
BWR

260

280

285
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FIGURE 1: PROMPT REMOVAL COST ELEMENTS

1100 u:we PWR

Packaging
Shipping 1.4%

Burial 12.7%

Ramoval 30.7%

Staffa 20.8%

Daoonlaminatlon 2.8%

Contingency 20.0%

Other 10.7%

1 1 0 0 MWe BWR

Ramoval 36.1%

Packaging 2.0%
Shipping 14%

Burial 17.4%

Oaoontamlnalton 9.9%

Contingency 20.0%

Stafta 14.1%
Othar «.1

N o t e : " O t h e r " includes e n g i n e e r i n g , e n e r g y c o s t s .
I n s u r a n c e , and staff r e l o c a t i o n e x p e n s e s .
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MANAGEMENT OF G2 DECOMMISSIONING
(UNGG REACTOR)

Authors : Mr Lourme - Technicatome
Mr Richez - CEA/IPSN/UDIN

ABSTRACT.

Technicalome, together with the French CEA, has developpcd engineering methodology for nuclear plant
decommissioning management. Illustration of this methodology is provided through its applications lo
G2 ,eactor decommissioning.

1. GENERAL.

The purpose of this presentation is to describe G2 Reactor decommissioning management, as an
illustration of methodology worked out from available experience.

At definitive shut down time, nuclear facility responsible - owner and/or operator - has to face the
problem of choosing a decommissioning solution, which can be expressed as a stage according to
IAEA definition. Afterwards, when decision on decommissioning stage has been taken, an appropriate
scenario has to be set up, to define the operations leading to the planned stage, taking into account the
goals, the R and D program if any, and the facility specific constraints.

After operating for more than 20 years, French CEA G2 reactor has been definitively shut down In
June 1980. The specialized department UDIN of the CEA/IPSN is responsible for its decommissioning,
TECHNICATOME being in charge of the engineering work, including site work management

The reactor is a graphite moderated CO2 cooled at a pressure of 15 bar. Its nominal output was
260 MV/TH (40 MWe).

2. G2 MAIN TECHNICAL CHARACTERISTICS IN DEFINITIVE SHUT DOWN SITUATION.

2.1. Description.

In this facility, cooling circuits and steam generators are located outside the reactor vessel; the reactor
vessel and the cooling circuits are housed in metal frame buildings, whereas the steam generators arc
installed outdoors (fig 1).
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2.1.1. Reactor Core (fig 2). The core is composed of a pile of 15,000 graphite bars, its section is quite
octogonal of 9.S m of axis and 9 m long. This pile is crossed by 1200 horizontal channels for ihe fuel
elements and 51 vertical channels for the control rods. This active part is surrounded by a graphite
reflector of about 0.8 m thick, entirely shielded by 12 cm thick steel plates and by an insu'ation. This
block is enclosed in a preslressed concrete vessel in form of an horizontal cylinder of 14 m internal
diameter and 18 m long closed at each end by an hemispherical dome. The concrete thickness of the
cylinder and of the domes is 3 m. In order to withstand the IS bars in service pressure and the 30 bars
test pressure the vessel is presiressed by 161 cables tightened each one at 1200 ions. Iis inner lace is
equipped with a 30 mm thick steel liner.

2.1.2. CO. Circuits (fig 3). They are made of carbon steel, and, - not comprising the steam generators -
they involve 1700 in of pipes, 1000 m of which are over 1 m in diameter (up to 1.6 m), with thickness
ranging from 7 io 25 mm. Cooling circuits include number of specific components such as blowers,
coolers, valves, expansion bellows .... Large pipes are equipped with internal fittings, such as deflector
grids, temperature sensor thimbles.

Overall steel weight is in the range of 4000 tons, among which 2500 ions contaminated, including ihe
steam generators, which are described below. Piping over 0.8 m in diameter represents 700 tens,
piping below 0.8 m, 83 tons.

2.1.3. Steam Generators (fig 4). G2 is equipped with four steam generators, 3.5 m in diameter and
32 m long, arranged vertically outside the building. Each one includes several sections, composed of
finned tubes and weights 300 tons.

2.2. Radiological Status.

2.2.1. Reactor Vessel. The major part of the radioactivity is concentrated into the core and is due lo
activation of materials and structures. Activated material weights are approximately'the following:

graphite : 1300 tons
steeJ : 1300 tons

part of the concrete bio shield: estimated at 4000 tons.

Total radioactivity inventory Li the graphite is about 4000 Ci (1.5 x 10fMBq) essentially due to:
C14 : 500 to 1000 Ci (20 to 40 x 10«MBq)

half life: 5600 years.
H3 : 2000 to 3000 Ci (80 to 120 x 10*MBq)

half life : 12 years.
Co 60 : approx. 500 Ci (20 x 106 MBq)
Average dose rate inside the reactor vessel is about 30 to 50 Rad/h, (0.3 to 0.5 Gy/h).
(Measurement performed on G2 in May 1981).
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2.2.2. Circuits. Steam Generators. Ancillary Equipment.
Average contamination level is 5 x 10"* nCi/cmJ(20 Bq/cm2), essentially due to Co 60, half life

5 years. (Measurement performed on G2 in May 1980).

Corresponding overall radioactivity inventory is about 3 to 5 Ci (1 to 2 x 10s MBq).

Dose rates in circuit areas do not exceed a few mrad/h (10 s Gy/h).
In order to avoid contamination spreading risk, reactor vessel and contaminated circuits are kept at a
small negative pressure of air.

3. DECOMMISSIONING STAGE CHOICE.

To make the decision among the three considered stages, the different studies point out the following
main factors as being relevant:

- National decommissioning policy, including government responsibility and public relations aspects;

- The status of the installation, after shutdown and before decommissioning as regards equipment,
radiological and overall control aspects;

- The safety and radiation protection constraints contained in the body of national regulations and
international recommendations;

- The problems connected with waste management (storage, disposal, etc);

- The possible re-use of equipment, premises, buildings and land, and the recovery of materials for
unrestricted use;

- The availability of the means to decommission to a specific stage: techniques, processes, equipment
and workforce;

- The estimates of the cost, the availability of funds and their management wiihin the context of the
financial policy of the enterprise as well as the national authorities;

- The likely social and environmental consequences.

Today in France, no requirement from the regulatory bodies for a definite decommissioning stage:

- First of all, keep the installation at the same safety level as during operation.

- Then make the choice on the basis of the olher criteria

- Gain experience so that a policy can be set up for the future.
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Such an analysis was applied to G2 reactor as follows :

a) National policy in matter of decommissioning.

From a French point of view, G2 decommissioning appears to be a pilot operation, as well as for
the reactor type (graphite moderated - CO2 cooled) as foi its industrial scale.

Targets considered in matter of decommissioning have been the following :

- Dismantling the whole reactor, i.e. the assembly consisting of reactor core, cooling circuits and
fuel loading-unloading equipment.

- Conducting the dismantling operation in good cost conditions.

- Meeting ALARA principle, by minimizing both hazards for environment and workers exposure.

- Completing the works within a reasonable time,

b) Reactor status.

bl. Quality of containment.

Core radioactivity is contained in the steel line- prestressed concrete pressure vessel, which is no
more at service pressure. A study of mechanical behaviour has been performed, showing that no
special short term measures had to be taken to ensure containment integrity : prestressing is
maintained, cable tightening and vessel displacement controls are performed periodically.

CO2 circuits represent a huge contaminated volume, which has to be kept under negative pressure
to avoid contamination spreading risk. Corrosion of piping and supports has to be controlled, with
appropriate maintenance, especially for outdoor structures.

b2. Radiological status involvements.

As to the core, direct access work can not be envisaged : dose rate is too high, and radioactivity,
essentially due to activated materials, can not be eliminated.

Moreover, better knowledge of radioactivity in graphite and concrete was needed to correctly
handle waste generation and disposal aspects.

As to the circuits and steam generators, direct access work was considered possible, as it was for
inspection and maintenance during reactor operation.

c) Safety, protection, industrial security.

Solutions envisaged were analyzed in accordance with ALARA principle and within the frame of
national regulations, with respect to radioactivity, containment barriers, dismantling work, waste
disposal and by-products.
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cl . Considering core dismantling, safety, protection and industrial security involve:

- appropriate concept of necessary remote operated equipment, both in service and maintenance
conditions,

- bio shield and containment restoration at necessary penetrations,

- verification of core structure correct mechanical behaviour during dismantling work.

c2. Considering cooling system dismantling, same aspects involve :

- possible on site decontamination in order to reduce contamination spreading and workers
exposure during cutting, using processes with minimum waste generation,

- avoiding transfer of chemical products - or other - used or generated during work, towards
unaccessible parts of the reactor, namely the core cavity,

- providing for security of handling operations and correct behaviour of the piping support system
all along dismantling work progress.

In case of deferred dismantling, maintaining containment quality has to be provided for, with
respect to ageing.

d) Waste management and disposal,

dl.Reactor core.

No experience was available concerning graphite disposal. Two ways could be considered :
disposal as a solid waste, or incineration. Five disposal processes were identified and analyzed:

- Three in the sen: sea bed burial, deep sea dumping, off shore geological burial.

Those three processes are not so far usual practice : their acceptance, in the frame of an
international consensus, is also depending on national policy.

- Deep geological land repository projects do exist, especially in France, but decision of
construction has not yet been taken.

- In the present slate of technics, C14 embedding possibilities do not allow shallow land burial :
further progress could make it jjossible.

Considering graphite incineration, studies relating to process acceptance showed it necessary to
improve graphite radioactivity knowledge, which also applies to burial solutions.
Appropriate R and D program is: in progress (cumulated neutron flux, impurities, leaching ...).
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d2. Cooling system.

Considering the low contamination, disposal is possible in shallow land repository. But the large
amount of material was reasonable incentive to avoid such a solution and to have in view
maximum reuse or unrestricted release.

The minimum figures taken into account in the analysis were those admitted on a case by case
basis by French regulatory bodies:

10"* u.Ci/cm2(3.7 x 10"2 Bq/cm2) for a emitters

104jiCi/cm2(3.7 Bq/cm2) for JJ y emitters

e) Existing means, methods, process and tools,

el. Reactor core.
As already shown, there was no immediately available technical mems for reactor vessels
dismantling and graphite disposal, but already existing tools, methods, and processes could be
used, subject to some adjustments.

e2. Cooling circuits.

Considering low existing contamination, and subsequently moderate, required decontamination
factor (DF <: 10), it was decided to use chemical or mechanical (sand blasting...) decontamination
in a two step process :
- on site application,
- application, after cutting, in a decontamination workshop.

Obviously, generated waste processing should be taken into consideration in decontamination
process choice.

Cutting was considered feasible by oxyacetylene or plasma, together with usual mechanical
processes, subject to appropriate implementation (generated aerosol collection arid processing).

f) Cost elements

Surveillance and maintenance costs: they are of course "cancelled" in the case of reactor complete
dismantling; they can be reduced in case of circuits dismantling and reactor mothbalHng: less
health physics controls and maintenance operations, possible suppression of under pressure
requirement after appropriate reactor vessel containment reinforcing.

Due to the amount of material involved in the case cf G2 and G3, potentially industrial scale work
is a positive factor in dismantling costs. Moreover, vicinity of twin reactor G3, definitively shut
down in 1984, allows considering that not only studies, R and D, processes implementation and
necessary equipment design performed for G*. will be a priori applicable to G3 - unless regulations
changes, or new processes or technology developments - but that part cf equipment made and used
for G2 dismantling will possibly be reused for G3, which is also true for staff.
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g) Local site considerations.

G2 is not a separate plant, but is located in a nuclear center: surveillance can more easily be
envisaged if necessary and economically acceptable. A waste treatment station is operating in this
nuclear center, including waste disposal procedures : benefit can be taken from processing
generated decontamination wastes in the station.

Conclusion.
On the basis of the foregoing factors, decommissioning option studies have demonstrated the technical
feasibility of stage 2 decommissioning, which is presently under way.

On another hand, from policy considerations, G2 position as first French production reactor and our
desire to carry out the complete decommissioning of a full size industrial nuclear plant led us to
decide stage 3 decommissioning.

Summarized option was:
- First, dismantling whole cooling and auxiliary circuits.
- Then, dismantling reactors core (G2 and G3 operations being carried out in a common non step
program).

4. WORKING OUT THE SCENARIO.

4.1. Circuits - Sieam Generators - Auxiliary Equipment

a) Technical options.

Selected scenario (siage 2) is the following:
- On site decontamination, using self acting devices, then cutting into as big as possible pieces.
- Conveying the pieces in a specialized workshop for final decontamination.
- As for pieces which cannot be reused or released, second step cutting for packaging and disposal
to radwaste storage facility.

This scenario has the following objects :

As already mentioned, main option consists in achieving steel maximum unrestricted release or
reuse. Target considered is the following: unrestricted release of 80 % of initially contaminated
steel (50 % if steam generator internals can not be decontaminated). Parts slightly activated (vessel
inlet and outlet) are not concerned by the above target and are included in radioactive wastes.

Implementation of this guideline leads, in the case of G2, to the following technical options
(fig 5) :

- two steps decontamination system : first on the spot whenever possible, second, if necessary and
achievable, in an auxiliary facility,

- two steps cutting system : first on the spot making big pieces, second for further treatment
(decontamination, control before disposal) in an auxiliary culling workshop,
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- considering the amount of work to be done in second step processing, design of corresponding
dismantling waste treatment station as a production plant, located next to G2 circuits, with
anticipated reuse for G3. Layout of this facility is shown on figure 6,

- considering the large quantity of material involved, techniques are to be applied on an industrial
scale : before working out the detailed dismantling procedures, a full scale test of processes,
procedures and specific tools and equipments is performed on a pilot section cf the circuit,
representative of the whole (hot and cold lines, various diameter and wall thickness pipes, various
components).
Such a preliminary operation allows to select most appropriate handling methods as well as
working area ventilation and containment system. Pilot section (see figures 7 and 8) involves about
290 tons of metal, corresponding to a contaminated surface of 3600 m\ and a radioactivity of
approximately 100 mCi (3.7 x 109 Bq).

b) Associated developments.

Processes and techniques selected to meet the dismantling options are tested and operated on a
significant section of G2 circuits. Works are conducted like or through a pilot procedure. Are
concerned in particular:

bl. on site

- piping decontamination by spraying a chemical gel, with three targets:
- first step maximum DF, making easier second step decontamination, if needed,
- reducing, if not cancelling, radioactive hazards during cutting operation,
- reducing liquid waste generated by decontamination, and preprocessing in order to meet the

specifications of Marcoule nuclear center waste treatment station.

- automatic cutting for large diameter pipes, using a plasma torch carried by a self propelling
trolley,

Both processes can be remote operated, in order to reduce operator exposure.

b2. in the waste treatment station

- semi-automatic system for high sensibility and high speed measurement of residual
contamination of decontaminated and cut pieces, allowing on line identification of pieces meeting
reuse or unrestricted release criteria (surface contamination and mass contamination).

In the same field, melting tests have been planned on low contamination steel pieces, in order to
determine the efficiency of homogenization and dilution with respect to residual contamination
traces.

c) Resulting dismantling scenario.

Corresponding schedule, taking into account the scenario main phases, is shown on figure 9.
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F I G . 6 DISMANTLING WASTE TREATMENT STATION
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4.2. Reactor Core.

Selected scenario is based on wanting to limit the extent of operations inside the reactor vessel (taking
out of the vessel as big as possible pieces) and to carry out maximum of catling and decontamination
operations in a specialized workshop, which must allow, by using self-acting devices, better
performance and efficiency.

Such a strategy necessitates access means, involving heavy machines and shielding equipments.
Two solutions have been envisaged :
- vertical access through the top,
- horizontal access through the fuel loading face (front face).

Difficulties to be handled were the following :

- access through the top needed cutting a large opening on the vessel section where prestressing cables
axial layers cross circular layers (this solution has the advantage of using more common and easy
design means for dismantling and handling).
- front access perfectly matches prestressing cables structure. On the other hand, handling and
radiation shielding equipment design call for more complex and less experienced solutions.

Furthermore, R and D work had to be started in order to complete knowledge of reactor structures
residual radioactivity, as well as means for concrete dismantling and disposal. In the same way, work
had also to be done concerning tools and methods for graphite removal and disposal.

In such reactors, graphite volume is so important that it has a very significant impact of the scenario:
dismantling and handling means are linked to graphite future.

Option for graphite future is not yet decided : it is linked to options relating to UNGG reactors family.
So, program has been started to measure its radioactivity porosity and leachability.

5. EXPERIENCE ALREADY GAINED IN CIRCUIT DISMANTLING.

Pilot section dismantling work started in 1986 second half year,

a) Preliminary operations.

According to scenario guidelines, a specific ventilation system has to be designed and installed to
serve the working zone and prevent contaminated air transfer to other sections and to reactor
vessel.

Performing decontamination involved reagent and generated waste storage area.

Second step operations involved dismantled pieces interim storage and waste trealmen'. station
installation.
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Recovering room for these auxiliary facilities needed previous dismantling of ancillary circuits
most of which considered inactive in France : it was the case for about 270 tons. Only 18 tons were
disposed off as radioactive, because surpassing permitted limits and consisting in small size
components, efficient contamination of which was not anticipated.

So as to give access to the main piping and components of the pilot section, 35 tons of 400 mm
diameter circuit equipment has to be dismantled and put in interim storage to be later
decontaminated in the dismantling waste treatment station.

b) First pilot subsection dismantling campaign.

It was performed in representative containment and ventilation conditions, with respect to future
work : pilot section was made separate from the other circuits, by cutting the main pipes at the
pilot section limits - with no prior decontamination - and welding caps at both ends of the cut It
was then possible to ventilate the pilot section independently of the other sections.

Main target was testing gel decontamination and automatic plasma cutting of 1600 mm diameter
pipes.

Concerning full size decontamination tests, gel spraying and rinsing were performed by a
decontamination specialist entering the pipe in protective suit. Target was to gain data and
experience in order to prepare remote operated decontamination procedures.

Dismantling elementary sequence was the following :

- fixing a mobile containment air lock at the pipe inlet, negative pressure being held in the pipe by
the auxiliary ventilation system,

- decontaminating about three meters of pipe in a single operation,

- controlling surface contamination (smear test),

- removing the mobile containment,

- cutting the decontaminated section into approximately 1 ton pieces (up to 1.7 m long) using
automatic plasma cutting machine,

- keeping pieces considered decontaminated for release in an inactive storage area, to be later
processed through the final control station,

- keeping pieces either not decontaminated or still contaminated above release limit in active
interim storage, to be later processed through second step operations.

An auxiliary second step cutting facility is used if necessary, to reduce pieces size before storage.

Weight balance of dismantled pieces handled from the beginning up to the end of first subsection
work is summarized in table 1.
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Table 1

G2 DISMANTLING WASTE
(First pilot subsection, including preliminary operations)

Part dismantled

Preliminary
operations.
Auxiliary facilities.

Pilot section : up to
0 400 piping.

First pilot subsection.

SEPI expansion
bellows.

$ 1600 piping.

TOTAL

Inactive

Weight
(tons)

272

10.5

Active

Weight
(tons)

18.5

35

7.6

2.9

3.5

3.5

71

Contamination level

3.7 to 37 Bq/cm2

3.7 to 37 Bq/cm2

37 Bq/cm2

37 Bq/cm2

37 Bq/cm2

37 Bq/cm2

Processing

Rad waste disposal.

Interim active
storage at G2.
To be decontaminated.

Interim active
storage at G2.
To be decontaminated.

On site decontaminated.
Inactive storage
before final control.

Interim active
storage at G2.
To be decontaminated.

On site decontamination
Inactive storage
before final control.
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Comments arc the following :

Concerning pipes plane surfaces, on silc smear test controls, and y spectrometry measurements on
samples show that for initial contamination up to 2.5 x 102 jiCi/cm2 (900 Bq/cm2), residual
contamination is below 105)j.Ci/cm2(0.37 Bq/cm2).

Concerning internals, such as deflecting grids, expansion bellows, with initial contamination
around 103 jiCi/cm2(37 Bq/cm2), DF reaches a few units, but is not sufficient to allow unrestricted
release, h appears necessary to remove the internals before performing pipe decontamination in
order to reach release limit ; a preliminary decontamination before removing the internals limits
contamination fixing during cutting operations.

It has beer, verified that due to the low contamination level, fixing during cutting was not an
obstacle to sufficient second step decontamination.

Concerning liquid waste, generation from decontamination process is about 10 litres for 1 m2.

c) Subsequent operations.

Second subsection dismantling started in.spring 1987. This section, and the following comprise not
only pipes, but circuit components such as valves, blowers, coolers.

The good results obtained in the first subsection (homogenous decontamination along the pipe,
knowledge of operating times) has allowed doubling the pipe length to be decontaminated in a
single operation. For example, decontamination of a 6.2 m long section - 27 m2- was performed
within three hours and generated 270 litres of liquid wastes.

Technique for circuits components decontamination with minimum waste generation and
minimum preliminary cuttings is being developpcd : tests with chemical foam are under way and
process is planned to be available in the second half of 1987. In the meantime, components, after
culling connecting pipes, are kept in active interim storage.

d) Dismantling waste treatment station.

Final control and second step decontamination facilities are planned to be in operation in the
second half of 1987.
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6. CONCLUSION.

Already performed studies and experimentations resulted in the following statements :

a) Circuits.

- Decontamination : to have a good process is not enough, appropriate means to put it into
operation are also necessary.

- Residual radioactivity measurement.

A stationary, high sensitivity, counting station has been developped : it would be appropriate lo
have also available a mobile on site counting device, after decontamination.

Important comment:

- When facing so low radioactivity, decontamination processes must be able to allow unrestricted
release of a great part of dismantled metal pieces. If not, decontamination should not be
attempted : wastes are to be packaged for disposal and final storage in active repository.

b) Reactor core.

- So far, only preliminary strategy studies are performed.

- It is necessary to first correctly appraise constraints in connection with penetration opening :
among these, the big volume of outer cell and access air lock.

Therefore, feasibility is investigated for basically different solutions.

- A set of important technical aspects depends on selected solution regarding waste future.
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ABSTRACT

Two Hanford Site contractors independently formulated readiness
review methods to prepare for decontamination and decommissioning (D&D)
projects. One readiness review method provided an independent management
review process. The other method provided a review by personnel directly
involved in the project and concise documentation procedures. A unified
system is now used at Hanford which combines r̂.e best aspects of both
readiness review methods. The unified method assigns category levels
based on certain job characteristics. The category assigned to the
project then indicates the required level of management review prior to
proceeding with the D&D project. In addition, the concise documentation
procedures are now used for all category levels.

INTRODUCTION

The initiation of decontamination and decommissioning of major
nuclear facilities should always be preceded by a logical systematic
readiness review prior to beginning work. Standard methods have been
developed from similar readiness reviews performed for many years in the
nuclear industry during the startup of new facilities. Examples of such
methods are the Occupancy Use Readiness Manual, ERDA-76-45-1, SSDC-1*
published by the Energy Research and Development Administration in 1976
and the Work Process Control Guide, DOE-76-45/15, SSDC-15* published by
the U.S. Department of Energy. Two separate contractors at the Kanford
Site have developed readiness review systems and outlines for
decontamination and decommissioning projects. These systems were
developed independently and were based upon experience and guidance found
in generic readiness review outlines. This paper summarizes the two
systems, referred to below as System One and System Two, and explains a
refinement for Hanford decommissioning which combines the best parts of
both into one Unified Readiness Review System.

* This work was performed for the U.S. Department of Energy under
Contract DE-AC06-77RL01030.
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SYSTEM ONE READINESS REVIEW PROCESS

The System One readiness review process is initiated with the
selection of a Startup Team and a Review Board. The Startup Team is made
up of persons knowledgeable in the Decontamination and Decommissioning
(D&D) task to be undertaken. The team chairman is usually the
representative from the organization performing the actual decommissioning
(referred to as Operations). Other team members are selected from Quality
Assurance* Research and Engineering, Safety and Environment/ and Quality
Information. The Startup Team evaluates all aspects of readiness and
provides written documentation of each individual aspect.

The Review Board is made up of senior persons from the same
organizations; however, they are selected by the top-level managers
(Directors) of the organizations and are operationally removed from any
direct connection with the performance of the decommissioning. The Review
Board judges the adequacy of documentation of readiness and* when
satisfied that all aspects are ready, recommends to the Operations
Director to approve startup. The Operations Director in turn directs
Operations to perform the work.

The Startup Team reviews each individual item in the Readiness Review
Checklist for appropriateness to the decommissioning to be done. Items
which are judged to be not applicable are documented as such and are not
reviewed further. Items which are judged to be incomplete are
supplemented with additional items. The Team then assigns each individual
item to one or more Team members for completion. The documentation of
readiness for each item is reviewed by the Team and* if complete* approved
and submitted to the Review Board for review and approval. In this way
each individual item is reviewed and approved (closed out). In some cases
there will be items which cannot be closed out prior to the start of
decommissioning, such as cutting and welding permits. These can only be
granted within 24 hours of the actual cutting or welding. In this case,
the item is carried forward as an anomaly and is closed out formally after
the work has started. In other cases there will be items which can be
closed prior to the start of decommissioning but* for the convenience of
operations, are selected for c'Josure after approval to start is granted by
the Operations Director. These items are carried on an Open Item list and
approval is granted contingent upon closing each of the items prior to
actual startup. This process is graphically represented in figure 1.
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SYSTEM ONE READINESS REVIEW PROCESS (Cont'd)

JUADINESS
OUTLINt

RHO QA Mf- i

X HAM
...Y -, , MfWBER

Figure 1. Startup Team Review Process Flow

System One Readiness Review Outline

The System One Readiness Review Outline is organized Into three major
areas: Facilities and Related Equipment* Procedure and Managerial Control
Requirements* and Personnel. Each of these major areas is broken down
into sub-areas, as noted in figure 2. The sub-areas are further broken
down; an example of which is shown in Attachment 1» Industrial Safety and
Hygiene. This outline is intended to serve as a catalyst to the thought
process in evaluating readiness to start a project. It is not intended to
be a rigid road map which does not allow deviation.
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System One Readiness Review Outline (Cont'd)
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Figure 2. System One Decontamination and Decommissioning
Readiness Review Outline

SYSTEM TWO READINESS REVIEW PROCESS

The System Two readiness review method is a two-step process. The
first step is the completion of readiness review checklists* which are
compiled into a Readiness Review Report. The second step is the Readiness
Review Meeting, where participants have a final opportunity to review the
readiness checklists prior to project authorization.

The overall compiling of the readiness review Checklists is the
responsibility of the Decontamination and Decommissioning (D&D) engineer
assigned to the project. The checklists cover Engineering* Health
Physics* Operations, and Safety requirements which must be addressed prior
to the start of decommissioning activities.
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SYSTEM TWO READINESS REVIEW PROCESS (Cont'd)

The engineering portion of the checklists is completed by the
assigned D&D engineer and covers the following topics: project scope
def in i t ion , photo documentation, design information review, on-site
inspections ver i fy ing drawings and ident i fy ing security matters, work task
ident i f i ca t ion , detailed work procedures and job safety analysis,
environmental and hazard assessment documentation, s i te preparation, and

estimates.

The health physics portion of the checklists is completed by the D&D
health physicist assigned to the project and covers the following topics:
project scope review, radiological data review and radiological surveys,
drawings and operational h istory, sample requirer.ients, type and extent of
surveys, release and survey c r i t e r i a , preliminary and f ina l Allowable
Residual Contamination Levels (ARCL) calculations, As Low As Reasonably
Achievable (ALARA) considerations, radiation work procedure review,
environmentai controls, and special instrumentation.

The operational portion of the checklists is completed by D&D
Operations personnel and covers the following topics: documentation and
posting requirements, t ra in ing , equipment and materials needs and
inspection, security matters, and industr ial and radiological safety.

When a l l aspects of the project have been systematically reviewed and
the checklists have been completed, the D&D engineer assures that a l l
checklists are signed off and compiled in a Readiness Review Report with
a l l appropriate supporting documentation. The next step in the readiness
review process is the formal Readiness Review Meeting.

Participants in the Readiness Review Meeting have direct and Indirect
invclvement in the project. In addition to the assigned engineer, heslth
physicist, planner, and operations supervisor, the managers of D&O
Engineering, Health Physics, Planning, and Operations have direct
involvement. The personnel indi rect ly involved are the D&D Department
manager and the Department of Energy representative.

At the formal meeting, copies of the Readiness Review Report ere
distr ibuted for review. The material is discussed and questions are
resolved. Questions which are not adequately addressed in the report are
resolved subsequent to f inal project authorization. Once the part icipants
are sat isf ied that a l l relevant aspects of the project have been
adequately addressed, the D&D manager gives a formal approval to begin the
project as outlined in the detailed Decommissioning Work Procedures (DWP)
for the project.

V-60



System Two Readiness Review Outline

The System Two Readiness Review Outline is organized into Safety*
Operations* and Engineering requirements. Each of these major headings is
detailed further as shown in figure 3. Many of the subheadings shown in
figure 3 are further broken down as shown in Attachment 2. This outline
is also designed to serve as a catalyst for a readir.sss thought process
and is not intended to be a cookbook type of rovisw outline.
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Figure 3. System Two Decontamination and Decommissioning
Readiness Review Outline
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EVALUATION OF SYSTEM ONE AND SYSTEM TWO

Both systems have good and bad q u a l i t i e s . System One i s h igh ly
formalized wi th a systtfli of checks and balances to assure top management.
of a deta i led review. At the same t i n e , System One does not incorporate a
standard, concise format fo r documenting readiness fo r each ind iv idua l
review item. System Two lacks the formal one-Gver-one type of review cf
each readiness i tem; instead, i t r e l i es heavi ly on the reviews of
i nd i v i dua l s . System Two does u t i l i z e a concise format fo r gather ing
together a l l of the nisjor documentation re la ted t c a decommissicnirg task
such as review check l i s t s , environmental documentation, safety ana lys is ,
e tc .

Un i f ied Readiness Review System

The Un i f ied Readiness Review Systerr combines the best features of
System One and System Two and incorporates a new method to assign review
categor ies. The highly formal ized System G.">e, w i th a systen. vf checks and
balances, i s used t o assure top management review when needed as described
below in Category 3. The System Two Readiness Review, using the less
formal Readiness Review meeting, is used when needed as describee1 "-n
Category 2 below. A new leve l cf review, described below in Category 1 ,
is also now being used. The concisely formatted Readiness Review Report
from system two i s also incorporated i n to a l l categor ies cf the Un i f i ed
System.

In the Un i f ied Readiness Review, the p ro jec t scope is assessed before
the pro jec t begins to corrpare the p r o j e c t ' s re la t i onsh ip t o other
previously performed pro jec ts based on the tasks involved, environmental
and occupational sa fe ty , and q u a l i t y assurances. Based on t h i s
assessment, the managers of the D&D Engineering and D&D Operations put the
pro jec t in to one of three categor ies, described below as Category 1 ,
Category 2 , or Category 3.

Category 1 . The tasks i d e n t i f i e d in the pro jec t scope are comparable
t o previously performed tasks and a l l environmental and occupational
safety and q u a l i t y assurance considerat ions are also comparable.
Therefore, the tasks may be performed v ia a l e t t e r from the Manager, D&D
Department, au thor iz ing work to commence based on the reviews and
recommendations of the Managers of Decommissioning Operations and
Decommissioning Engineering. Documents used f o r comparative review are
referenced to f i l e .

Category 2. The tasks identif ied in the project scope are comparable
to previously performed tasks and al l environmental and occupational
safety and quality assurance considerations are also comparable, but soir.e
additional safety and/or quality assurance concerns may exist. An
"Informal" Readiness Review Meeting is held. All items that are
different from the comparison documents are identified and al l additional
safety and/or quality assurance requirements are included on "Informal"
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Readiness Review C^xrkl i s t s . An informal Readiness Review Meeting must be
held (as described in System Two) t o assure tha t everything i s ready p r io r
t o commencing work a c t i v i t i e s .

As a minimum* the Informal Readiness Review (IRR) Committee members
w i l l consis t of representat ives from D&D Operations. D&D Engineering*
Safety* and Qual i ty Assurance. The work scope tasks may be authorized v ia
a l e t t e r from the Head Manager of Defense Waste Managerr-ent and
Decontamination and Decommissioning* based on the review and
recommendation of the Informal Readiness Review Committee.

Category 3. The tasks i d e n t i f i e d in the pro jec t scope* when compared
t o previously performed tasks* have major d i f fe rences, are new or unique*
and/or are of major s ign i f i cance to warrant a f u l l , formal* readiness
review as described in System One.

CONCLUSION

Combining System One and System Two readiness review processes i s
r e s u l t i n g in e f f i c i e n t * uniform methods t o prepare fo r decommissioning
pro jec ts and prov id ing uniform concise documentation fo r a l l Hanford S i t e
projects.

The project readiness reviews are more eff icient because work which is
similar to previous projects does not require extensive top-level
management review, thus allowing "routine" work to progress must faster
from readiness review to project commencement. Other projects which are
more complicated receive str icter reviews by different levels of
management, depending upon job complexity.

These- different review levels or categories also allow for more
f lex ib i l i t y in arranging projects during the year because routine projects
can be slipped into the schedule and implemented ahead of schedule i f
needed.

Lastly, the concise gathering of readiness review documentation into a
Readiness Review Report benefits all projects because information for each
particular project is uniformly laid out and readily accessible for third-
party review and historical record.

REFERENCES

1. Decontamination and Decommissioning Readiness Review Out l i ne .
RHO-QA-MA-2, Rockwell Hanford Operations, Rich! and, WA, 1984.
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Attachment 1. Industrial Hygiene and Safety Review Items
System Two Readiness Review Outline

1. Are systems controlled by lock and tag? Ident i f ied and implemented?
Assessed for adequacy?

2. Are physical safety systems operational and functioning? Can any be
inadvertently by-passed?

3. Are required u t i l i t i e s in place? Operational?
4. Venti lat ion system balanced and functioning? Difference of Pressure

tested?
5. Approved storage for flammable material available?
6. Restrooms, change rooms, eating f a c i l i t i e s available? Field of f ice

space available?
7. Routine services provided, i . e . , bus service, snow and trash removal?
8. Recorders with time indicators set properly?
9. Are containments available for sampling/maintenance, i . e . , p last ic

wrap, pre-fabricated tents?
10. Are special handling devices required? Ident i fy .
11. Identi fy unique or special cleaning materials, equipment or waste

disposal requirements.
12. Warning signs in place, i . e . , Restricted Area, Keep Out, On-Mask Only,

Radiation, High Voltage?
13. Suff ic ient l igh t ing available?
14. Noise control/protection required and available?
15. Are a l l f ix tures and equipment requiring dismantling tagged or

identi f ied?
16. Evacuation routes designated and posted?
17. Personnel protective clothing provided:

Head - Hard hats or other head covering.
Eye - Safety glasses or goggles.
Hand - Gloves
Foot - Safety shoes, shoe covering.
Hearing - Hearing protectors, ear plugs.
Respi ratory - SCBA
Skin - Coveral1s
Special Work Procedure Clothing

18. Occupational hazards reviewed:
Electrical
Mechanical
Chemical
Explosive (gases)
Combustible
Flammable
Pyrophoric
Corrosive
Toxic: Poison

Pathogenic
Carcinogenics
Pressure
Nuclear Radiological
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Acoustical
Thermal
Kinetics
Mass* gravity* height
Biological agents (snakes* spiders* etc.)

19. Will any confined space entry be required? Is 1t adequately
controlled?

20. Are adequate barriers established to separate D&D from operations?
21. Is demolition of a facility Involved? Have all requirements of

Industrial Health and Safety been met?
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Attachment 2. Advanced Industrial Safety Review Items
System Two Readiness Review Outline

a. Are access routes safe for vehicles required?

b. Are loading and unloading areas adequate?

c. Are access doors operable?

d. Are services to the site functional?

e. Are working surfaces adequate for personnel and equipment?

f. Are heavy lifting needs identified and equipment in serviceable
condition?

g. Are safety rails and barricade needs identified?

h. Are electrical systems able to be energized?

i. Specific safety concerns. (List)

j. Have piping systems/conduit been identified in accordance with Special
Procedures?

k. Have air samples been taken for oxygen content?

V-66



DEVELOPMENT AND VERIFICATION OF CODE SYSTEM
FOR MANAGEMENT OF REACTOR DECOMMISSIONING

(COSMARD) FOR THE JPDR DECOMMISSIONING

Shunji ONODERA, Satoshi YANAGIHARA,
Tsutomu KITANAKA and Mitsugu TANAKA

Japan Atomic Energy Research Institute
Tokai-mura, Ibaraki-ken, 319-11, Japan

ABSTRACT

A code System for management of reactor decommxssioning (COSMARD) has
been developed to estimate management data such as manpower, worker exposure,
cost, related to the decommissioning of the Japan Power Demonstration Reactor
(JPDR). It is also possible to make schedules of the dismantling activities
by PERT calculations using the data in the code system. We have used the
COSMARD to evaluate and plan the dismantling activities in the JPDR
decommissioning program. During this study, the COSMARD proved to be a useful
tool for the management of the decommissioning activities.

INTRODUCTION

In planning the economical and safe decommissioning of nuclear power
plant, management data such as manpower, worker exposure, cost needs to be
estimated. However, it is not easy to estimate these data because they vary
with decommissioning procedure and inherent plant characteristics. Therefore
s code system for managing and planning reactor decommissioning is required
to easily estimate these data according to the various decommissioning
scenarios. Japan Atomic Energy Research Institute (JAERI) has developed
COSMARD as one of the developmental techniques* of the JPDR decommissioning
program.1)>2) The COSMARD was used to evaluate JPDR decommissioning
management data. The preliminary planning was made by PERT calculations
contained in the COSMARD using the management data estimated under realistic
JPDR decommissioning conditions. Dismantlement of JPDR started in December,
1986. A wide variety of decommissioning data has already been collected
through the program. These data will be used to verify and if necessary
improve the COSMARD. The code system will be applied to planning and
managing of commercial power reactor decommissioning in the future.

This paper describes the results of the evaluation of the JPDR
decommissioning plan by the COSMARD and compares dismantling activity
calculated and collected data.

* This work was performed by the Japan Atomic Energy Research Institute
under contract from the Science and Technology Agency of Japan.
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CONCEPT OF THE COSMARD

Methodology

Work breakdown structure. Before developing the COSMARD, dismantling
activities were analyzed by Work Breakdown Structure (WBS) in a technical
design study for the JPDR decommissioning. Figure 1 shows an example of
activity analyzed by the WBS. Furthermore, each of the tasks in the
dismantling activities were placed into one of the five categories, prepara-
tion, dismantling, packaging, shipping, and cleaning up, in order to simplify
the dismantling activities. The calculation sequence reflects the analyzed
dismantling procedure in the COSMARD. Therefore, the management data
calculated by the COSMARD are expected to correspond closely with those of the
actual JPDR decommissioning.

Level 0 Level 1 Level 2 Level 3

l~ 1 Reactor Building -J

r-1.1 Generol Components-
in the Building

r-JPDR Site -

- Off Site

• Operation
Support - i

- 2 Turbine
Building-—

-3 Rodwoste
Building ( I)

-4 Rodwaste
Suilding (HI

5 Control
Building —

-6 Fuel Storage
Building —

- 7 Emergency
Building—

- 1 . 2 Core Internals —

13 Pipes Connected—i
to RPV

r 1.1.1 Third Floor
1.1.2 Second Floor

-1.1.3 Firs! Floor
-1.1.4First Bosement
- 1 t .5 Second Basement

r 1.2.1 Dryer
-5.2.2CoreSpory

Sparger
-1.2.3Holddown
-1.2.4 Riser Bottom

Yoke
-1.2.5 Copsule Holder

-1.4RPV-
r 1.4.1 Upper Head
-1.4 2 Main Body
-1.4.3 Stud Bolts
- 1 . 4 . 4 Thermal

Insuloter
- 1.4.5 Support Device

-1 .5 Biological Shield—*

1 6 Concrete Structure
(Contaminated)—>

I 7 Concrete Structure —i
(Non-Contaminated)

- 1 . 8 Containment Vessel-*

F ig . 1 WORK BREAKDOWN STRUCTURE FOR THE JPDR DECOMMISSIONING
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Unit manpower factors. Having stressed the importance of appropriate
planning for the decommissioning activities, efforts were made to standardize
manpower factors for various dismantling activit5.es by using the WBS. A
manpower expenditure for each activity is calculated based on the unit
manpower factor which is contained in a data base of the COSMARD. The unit
manpower factors are characterized according to the activities. The
difficulty of each dismantling activity in a high radiation environment and/or
confined space was accounted for applying a suitable multiplication factor.

Dismantling techniques. Various cutting techniques with remote handling
will be applied to the dismantling activities for highly activated and
contaminated components in the reactor building. The dismantling sequence and
related cutting techniques developed in the program are shown in Fig. 2. The
COSMARD has the capability to evaluate the management data regarding activi-
ties using techniques developed. Characteristics of the cutting devices such
as cutting speed and utility consumption are contained in the data base to
evaluate the management data when applying these techniques.

Dismontling Sequence

General Components

Core Internals

I Pipes Connected to RPV

RPV

I
Bio'ogical Shield Concrete I

Concrete Structure (contaminated)

I
[Concrete Structure (non-contominated)|

Containment Vessel

Technique

Conventional Technique

Underwater Plasma Arc

Shaped Explosive, Rotary Diskcutter

Underwater Arc Saw

Abrasive-woter Jet,
Oimond Sawing ond Coring Machine

Controlled Blasting

Conventional technique

Fig.2 SEQUENCE AND TECHNIQUE FOR DISMANTLING
THE REACTOR BUILDING
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Cost estimation. Decommissioning cost is evaluated according to activity
dependent and period dependent items, as normally used for the cost estima-
tion. 3) The activity dependent items are related to manpower, number of
containers, utility consumption, etc. The period dependent items are related
to contingency, routine maintenance, rental fee of temporary buildings etc.
The total decommissioning cost is estimated for each year by adding the
activity dependent costs expended in the year to the period dependent costs..
A few percent inflation rate is also included in the cost estimation.

Structure Of The COSMARD

Figure 3 shows structure of the COSMARD. As shown in the figure, the
COSMARD consists of three parts; a management data calculation code, PERT
(Program Evaluation and Review Technique) calculation code and a data base of
the JPDR decommissioning. These parts contain the following elements.

InpuS Ooio
• Dismantling Sdiedtik
• OecontominotlOfi Factor
• Dismantling f tort Dote

• Classification of Woste

• Arliml U/nrl Tim* Enrinr

• Other*

*

1
Doto Base

•Physical ond Radioactive Inventory
"Dose Rote
•Decontamination Technique*
•Dismantling Techniques
•Others

1

Manogement Data Colculo'vlon Code
•Decoy Calculation
• Decontamination
• Dismantling of Contoinrrient ond Reoctor
• Dismantling of Auxiliary Buildings
• Waste Treatment otter Dismantling
• Summation ond Dato /Arrangement

i

L ____.

PERT Code
• Scheduling
•Management Doto Cumulating
•Others !

1

Output

•Figures
•Tobies
•Networks

Results
• Ouontilies of

Wastes
•Manpower
•Costs
•Worker Exposure
• Others

j

Fig. 3 DESCRIPTION OF THE COSMARD

Management data calculation coJe. This code has subroutines to calcu-
late: (1) radioactive inventory, (2) management data from decontamination
activity before the dismantling-, (3) management data from dismantling of
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reactor building and components, (4) management, data from dismantling of
auxiliary building and components, (5) management data from activities after
completion of the dismantling, and (6) data processing.

Radioactivities of components are calculated considering the decay time
in subroutine(l). Dismantling wastes are categorized into five radioactive
levels. The total waste and radioactivity of each level are also calculated
by this subroutine. Management data from dismantling are derived in sub-
routine (2) through (5). Calculated results are summed in subroutine (6) to
output and transfer for scheduling.

Scheduling. The calculated results of the management data calculation
code are transferred to the PERT code. They are also summed to derive a
schedule. The management data are obtained as a function of days together
with main scheduling parameters such as critical path and network relation
between the activities.

Data base. The data base has six subfiles which include physical and
radioactive inventories, dismantling procedures and machine performance used
for the dismantling. The physical inventory file contains plant component
information such as location, weight, volume and characteristics. The
radioactive inventory file has becquerel numbers of activated nuclides con-
tained in the components. These are Co-60, Ni-59, Mn-54, Eu-152, C-14, Fe-55,
etc. The other files contain information to use for the calculation of
manpower expenditures and container numbers, etc.

RESULTS AND DISCUSSION

An estimate of the amount of radioactive waste from the dismantling is
essential to the decommissioning planning work. Therefore we calculated the
amounts of radioactive waste according to the activity levels and materials
using the COSMARD. Then, the JPDR decommissioning plan was analyzed to
clear the features based on the estimated data.

Estimate Of Waste Arising From The JPDR Decommissioning

The total amount of waste arising from the JPDR decommissioning is
estimated by the COSMARD to be 27,800 tons. This includes 3,300 tons of
metals, 24,420 tons of concrete and 80 tons of the other materials such as
glass and asbestos. In Fig. 4, the estimated weights of the radioactive waste
categorized by the activity levels as a function of years of reposal are
shown. Since actual JPDR dismantling has started after more than 10 years
of reposal, the amount of the radioactive waste is expected to be 420 tons of
metals and 790 tons of concrete. By waiting for 10 years, the amount of
radioactive metals and concretes decreased to 80% and 50% the initial weights,
respectively. Japan has not yet selected radioactivity levels associated
with various methods of waste disposal. However, weights of radioactive
waste are estimated based on expected radioactivity levels. The results are
shown in Fig. 5. Since the concrete waste is distributed mostly among the
activity level between 10~7 and 10"6Ci/ton, the amount of radioactive concrete
waste increases when decreasing the exemption level below 10"6 Ci/ton.
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Fig. 4

K) 20
Year after reoctor shutdown (yeor)

ESTIMATED WSTES AS A FUNCTION OF REACTOR
SHUTDOWN DURATION

30

$21000

Exemption Level (Ci/ton)

Fig.5 WEIGHT OF RADIOACTIVE CONCRETE WASTE AS
A FUNCTION OF EXEMPTION LEVEL
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Evaluation Of JPDR Decommissioning Plan

We evaluated the JPDR decommissioning plan under actual decommissioning
conditions. The calculation parameters are shown in Table T. The results are
as follows.

Table I . PARAMETERS FOR ESTIMATION BY THE COSMARD

- Dismantling Start Date
- Dismantling Schedule
- Dismantling Region
- Expected Decontamination Factors

• Pre- dismantling
Chemical Cleaning
System Flashing
Tank Flashing
Water Jet

• Post- disassembled Components
Electropolishing
Immersion Decon.

- Activity level applying for
decontamination of concrete surfaces

- Actual Worfc Time Factor
- Classification of Waste

High
Intermediate
Low
Extremely Low
Nonradiooctive

12/1986
6 year

A*

too
1.2
2.0
5.0

500.0
15.0
- 5

&10 Ci/ton
6 hour /day

ÎQ> Ci/ton
sslO\
>IO\3

alO"*
<10"5

Reactor building ; except for basemat. Other buildings
; except for the basement below Im from the ground

Management data of JPDR decommissioning. Table II shows the estimated
manpower expenditures, worker exposures and costs associated with dismantling
activities for each building during the JPDR decommissioning. For reference,
the amounts of wastes arising from the dismantling activities in each
building are also shown in the table. The dismantling activity in each
building consists of dismantling of components, decontamination of concrete
surfaces, demolition of the building and restoration of the site by land-
scaping. As shown in the table, the total manpower expenditure is estimated
to be 83,240 man-days with a worker exposure of 82.5 man-Tern. The total cost
is estimated to be approximately 11 billion yen excluding period-dependent
items. The reactor building will require approximately 40% of the manpower to
be expended in the dismantling activities and will contribute about 80% of the
total worker exposure.

Management data of reactor building dismantling. The dismantling
activities in the reactor building are divided into seven components to be
dismantled. Therefore the manpower expenditure and worker exposure exti-
mated above are further classified into seven items as shown in Fig. 6.

The reactor internals and the reactor pressure vessel (RPV) are highly
activated. Therefore manpower expenditures will be high for the dismantling
activities of those components due to the use of remote cutting techniques.
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T o b l e E . MANAGEMENT DATA CALCULATION RESULTS

Level 1. Activity

Pre- dismantling
Decontamination

Reactor Building

Turbine Building

Radwaste Building

Control Building

Other Building

Outside Focilities

Waste Treatment
offer

Dismantling

Total

Waste
(ton)

6,100

5,900

3,500

3,600

7,800

900

27,800

Manpower
(mon-day)

240

33,100

12,900

6,100

3,400

(5,700

2,000

9,800

83,240

Worker Exposure
(man - rem)

0.8

65.0

4.5

6.0

0.2

3.3

1.1

1.6

82.5

Cost
{%)

0.1

47.2

12.7

5.5

3.2

184

2.0

10.9

100.0

Decontomination of
Ccncrele Surface

Total Manpower
Biological I 33,100 man-doy

Shield
17%

Decontamination of
Concrete Surface

0.5%
Contoinmenl

Vessel 0 %

Pipes Connected
fo RPV

Biological u General
Shield I Components
11.5% J L 21%

Pipes Conned:£
to RPV

Fig. 6 ESTIMATED MANPOWER AND WORKER EXPOSURE IN
REACTOR BUILDING DISMANTLEMENT
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The worker exposure during these dismantling activities is estimated to be
approximately 65% of the total reactor building dismantling. Figure 7 shows
the worker exposure and manpower expenditure arranged in five categories
regarding the RPV main body dismantling activity. Since these components are
dismantled under water using the newly developed cutting techinque and remote
handling, worker exposure of the dismantling activity is expected to be small.
However, a tank will be installed in the cavity between the biological shield
and the pressure vessel for the under water cutting. Since activities of
preparation and cleaning up include installing and disassembling the tank,
respectively, the worker exposure and manpower expenditure are estimated to
become larger in the preparation and cleaning up activities compared with the
others.

Preparation

Dismantling
(Cutting)

Packaging

Shipping

Cleaning Up

1000 800 600 400 200

Manpower (man-day)
1 2 3 4 " 8 9 10

Worker Exposure (mon-rem)

Fig.7 DETAILED MANPOWER AND WORKER EXPOSURE IN RPV
MAIN BODY DISMANTLEMENT

Scheduling. To insure safe and economical dismantling activities, it is
of great importance to make an accurate schedule. Based on the estimated
management data, preliminary scheduling was made for the dismantling activity
of each building. Figure 8 is an example of a schedule and histogram of
manpower expenditure predicted by the PERT code in the COSMARD. The main
input parameters are activity period, network relation between the activities
and starting date of the task. The schedules made by the code were evaluated
in accordance with the management data derived by various input conditions to
evaluate the effectiveness of the planning. Figure 9 shows the histogram of
manpower expenditure and the cumulative worker exposure during the whole
decommissioning period based on the JPDR decommissioning plan evaluated by
the parameter study. A large amount of manpower is expected to be expended
at the project beginning and after 1991. In the beginning,, general components
with no or low radioactivity will be dismantled in the buildings to provide
working spaces. All remaining components and buildings will be dismantled
simultaneously after 1991. These are the reasons for the increase in the
manpower expenditure at the beginning and end portions of the dismantling
project.
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Verification

Data collection. A wide variety of useful data can be expected from the
These data will be collected and processed with a data

The collected data are
JPDR decommissioning.
collection and retrieval system developed by JAERI.
to be used for verification of the COSMARD as well as management of the JPDR
decommissioning. By March, 1987, the upper head of the reactor pressure
vessel and components in the reactor building and others had been dismantled.
The management data collected in the dismantling activities were stored in the
data collection system.

Comparison with collected data. The management data calculated by the
COSMARD were compared with the data collected during the dismantling activi-
ties. Figure 10 shows both the estimated and collected cumulative manpower
expenditures as a function of activity period. The actual manpower expendi-
tures have also been compared with the estimated data concerning the
dismantling activity of the upper head of the reactor pressure vessel. The
calculated and collected manpower expenditures are almost identical.

A detailed study for the verification of the COSMARD is in progress to
prove the applicability to future commercial power reactor decommissioning.

12000

- 8000
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Fig.10 CUMULATIVE MANPOWER FOR JPDR ESTIMATED AND ACTUAL
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CONCLUSIONS

In order to estimate the suitable management data for safe and efficient
decommissioning of the JPDR, a code system for management of reactor
decommissioning (COSMARD) has been developed. The code can estimate detailed
management data based on unit manpower factors for standardizing each
dismantling activity and has the capability to make schedules using the
estimated management data. The COSMARD was applied to estimate management
data for the planning of the JPDR decommissioning. Many features and
detailes of the JPDR decommissioning were included in a parameter study by the
COSMARD. Furthermore, a comparison between calculations and actual data
showed that the calculated manpower expenditures were almost identical with
the data collected during the dismantling activities. The COSMARD will be
improved, if necessary, through verification. Then it will be applied to
planning and management of future commercial power reactor decommissioning.
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COMPUTER PROGRAM FOR ESTIMATING
DECOMMISSIONING COSTS OF NUCLEAR POWER PLANTS

by Gopal Pratapaglrl
Atomic Energy of Canada Limited

Montreal, Quebec, Canada

ABSTRACT

Reliable cost estimates are essential for the planning of a decommis-
sioning program for a nuclear facility. The preparation of such cost
estimates is a complex task because there are a large number of compo-
nents, equipment, and piping systems to be considered, many different
levels of radioactive contamination and activation levels to be exa-
mined, corresponding waste volumes for disposal to be determined and
multiple decommissioning scenarios to be evaluated.

While conducting the initial decommissioning studies on the Gentilly-1
Nuclear Station a computer program called DECOM was developed by AECL
to address this requirement. It utilizes close to 150 models or Unit
Cost Factors (an approach rapidly becoming the accepted industry esti-
mation methodology) to describe the various decommissioning activities
and, in addition to providing decommissioning cost estimates, it can
compute predicted radiation exposure to workers and waste volumes for
nearly any decommissioning scenarios.

The DECOM computer program was initially developed in 1983 for use on
an IBM main frame computer. In 1985, in order to provide more flexi-
bility and ease of operation for the users of the DECOM computer pro-
gram, the DECOM Code was converted so as to be useable on an IBM-PC
type microcomputer.

The DECOi-f program has been used in the past few years to do decommis-
sioning estimates for both CANDU (Canada Deuterium Uranium) and PWR
(Pressurized Water Reactor) type reactors. The estimates have been
found to be within the range reported in the OECD (Organization for
Economic Cooperation and Development) decommissioning cost surveys.
It can be adapted to other types of reactors and may be extended to
non-nuclear facilities with suitable modifications of the cost codes.

In order to test the validity of the cost estimates prepared using
DECOM, a sample of actual cost and manhour data from the Gentilly-1
Decommissioning operation have been processed through the DECOM code
and it was observed that the total cost figures were accurate within a
20% range, though costs for individual activities in some instances
differed.

The AECL DECOM computer program, based on the widely accepted unit
cost factor approach, is a versatile tool for applications in decom-
missioning studies. Current incorporation of the DECOM code into a
format suitable for use on a microcomputer provides even greater
flexibility and wider accessibility.
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INTRODUCTION

As many nuclear power plants around the world approach the end of
their expected lives, decommissioning has taken on more than an
academic interest. Worldwide, a number of plants have been offered
for various stages of decommissioning in recent years. These include
Gantilly-1 in Canada, the power demonstration reactor (JPDR) in Japan,
Windscale (WAGR) in the United Kingdom, Shippingport in the USA, and
several others within the European Community.

Currently, there are several decommissioning alternatives that
are technically, socially, and politically acceptable. A reliable
cost estimate is essential to assist in the planning and selection of
the most suitable decommissioning programme from among the options
available,, and to establish a practical funding mechanism for it.

The preparation of such cost estimates is a complex task because
there are a large variety of plant inventories, radioactivity levels
and, waste volumes and decommissioning options. In addition, a number
of "what-if" questions regarding cost-benefit analysis must be
answered before a decision is made as to which stage a plant will be
decommissioned.

AECL faced this situation in 1983 during the initial
decommissioning studies on the Gentilly-1 nuclear station and came to
the conclusion that a computerized cost model was essential to permit
the analysis of numerous decommissioning scenarios and for
optimization purposes. To address this requirement, a computer
program called DECOM was developed for use on an IBM main frame
computer using a utility program called ADRS (A Departmental Reporting
System).

COST ESTIMATING METHODOLOGY

Preparation of cost estimates be a straight forward task if all
cost components are knjwn and the estimating methodology is well
defined.

The components that make up the total cost for decommissioning a
nuclear plant can be grouped into four categories, each of which need
to be handled in a slightly different fashion. These are:

a) activity dependent costs
b) period dependent costts
c) special activity costs.
d) dormancy period costs (if delayed dismantling is

envisaged)
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The flow diagram in Figure 1 describes the methodology developed
below.

Activity dependent costs are those associated with tasks that are
discrete, measurable and of a repetitive nature and can thus be
analysed by developing typical Unit Cost Factors (UCF)* which can be
applied to the category of equipment that they represent (e.g. cutting
pipe, removing pumps, dismantling structural steel). The type and
category of equipment which are to be dealt with dictates the type and
number of cost factor models that need to be developed for a given
nuclear facility.

Period dependent costs are those associated with the durations of
different phases of the project such as engineering, project and
construction management, licensing, quality assurance and security.

The duration of the total program is established by the
dismantling experts taking into consideration the most efficient
methods of removing all materials. Once the schedule is established,
the critical path is then identified by processing the schedule
through a scheduling computer program. The project schedule is then
used as a base to determine the period-dependent cost.

Special activity costs are split into two categories:
special items that are non-repetitive such as the reactor vessel
removal and miscellaneous items such as the operation and maintenance
cost, cost of energy and the like.

The activity dependent, period dependent and special item costs
are amalgamated to develop the total decommissioning cost.

In the case of delayed dismantling, costs have to be calculated
for a delay or dormancy period which may vary from over between
40 years to 100 years (typically).

Once the total costs are calculated, cash flow requirements can
be obtained based on the schedule. Project costs can be updated
periodically as needed, taking into consideration the appropriate
escalation factors, technology developments, waste disposal/transport
costs, and changes in the Regulatory requirements etc.

* Defined under DECOM
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COMPUTER PROGRAM DEVELOPMENT /

DECOM

The DECOM computer program mentioned earlier, makes use of an on
line, interactive data base and was developed for estimating
decommissioning activity dependent costs, waste volumes and worker
radiation exposure. It is based on the Unit Cost Factor approach.
The users key in the plant inventory with the proper equipment code,
site location, quantity, radioactivity level and schedule activity.
The computer program calculates the costs and the radiation exposure
for the various operations based on the inventory and the built-in
(user defined) Unit Cost Factors. The result of calculations can be
sorted in a multitude of ways and at many levels, such as by
buildings, rooms, schedule activities, radioactivity levels and
equipment categories. The program is very flexible and allows for
easy addition, deletion and rearrangements data. Furthermore, the
data base spread sheet can accept up to hundreds of fields and as many
inventor}' items as the user may desire. This flexibility represents
one of the many attractive features of the program, since it permits a
user to carry out optimization studies for a large variety of
decommissioning scenarios.

Each entry in the data base (a record listed in a row) is a
collection of fields (listed in columns) chosen to contain useful
information such as physical characteristics, radioactivity levels,
unit cost data (cost factors) and so forth, for each equipment and
structure for a given nuclear plant.

The data base is divided into several subfiles (i.e. technical
data of an equipment is in one subfile, cost data in another subfile,
etc).

The main body of the Data Base contains information on:

1. Unit Cost Factors
2. Physical inventory of the plant.
3. Radiological inventory.

These are described in more detail below.

Unit Cost Factors

For the purposes of the DECOM computer program, AECL has
developed a total of approximately 150 Unit Cost Factors which
represent up-to-date experience with the various techniques applied to
the decommissioning of nuclear power stations.
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Unit Cost Factors are essentially models which take into conside-
ration all the typical activities associated with, for example, the
exercise of dismantling piping. They consider manpower requirements,
duration of various tasks and special equipment involved. By fac-
toring in labour costs, equipment rental or maintenance costs and so
forth, the model than convert? the whole range of activities into a
cost, expressed in dollars per unit ($/Ftrun in the case of piping).
The cost factor is thus defined as the estimated amount of money
required to remove one unit of a component. Unit Cost Factors have
been developed for dismantling, packaging, transportation, and
disposal for a variety of categories of equipment.

The Data Base maintains all the necessary Unit Cost Factors in a
special file and uses it to calculate cost. The Unit Cost Factors can
be updated as required to reflect changes in technology, actual hands-
on experience and so on. They can also be adapted to local conditions
by factoring in local labour rates and productivity. Furthermore, new
Unit Cost Factors can be developed as required for different types of
nuclear plants. This is a powerful feature which allows the program
to be kept up to date with a minimum amount of effort.

Physical Inventory of the Plant

The DECOM program requires the input of information on the total
physical inventory (equipment, materials, structures) of the plant.
The physical properties (size, volume, weight, type of tkaterial, etc.)
of each piece of plant component are entered into che Data Base utili-
zing specially designed input sheets. The information on component
properties can either be obtained from the physical inventory records
of each piece of equipment or by extracting this from relevant systam
drawings. It is preferable, if at all possible, to obtain this infor-
mation from the physical inventory records.

All plant components are classified by major types of equipment
such as pumps, tanks, heat exchangers, valves and piping. These are
further subdivided, (for example, pumps and pumpmotors are classified
into six subgroups, to allow for the development of more representa-
tive Unit Cost Factors. The selection of these groupings depends
largely on the type and size of crew required for component removal.
Each item is then given a cost code number consistent with the Work
Breakdown Structure (WBS) of the project. The allocation of this WBS
cost code number is essential for cost roll ups.

Once the basic physical characteristics of all the major plant
components have been entered into the Data Base, the program then
calculates the total quantities for each type of component and retains
this information in a separate subfile for later use.
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Radiological Inventory

Radiological information is required by the program to calculate
predicted radiation exposure to workers, and to determine the
quantities of radioactive wastes by category. AECL has developed
procedures for generating radiological inventories by field surveys of
all plant components and structures. The radiological data is entered
into the Data Base preferably at the same time as the physical
inventory data is entered.

Radiation fields (milli-rem per hour) at contact, one meter
from the component and the background radiation level in the room are
measured. The program can then calculate the total predicted
radiation exposure to personnel in each room or area, and provides the
cumulative value for the entire plant (project).

DECOM II

The DECOM Computer Program in its first version was mainly used
as a database for physical and radiological inventory, and as a tool
to estimate the activity dependent costs and radiological doses to the
workers. The other components of costs (period dependent, special
items, and dormancy period costs) had to be added to the activity
dependent costs through another database oriented program. The total
decommissioning costs were analysed manually, or by way of some other
commercially available computer program.

In view of ongoing and anticipated work in decommissioning
studies, a strong need was recognized for improving the DECOM code to
make it versatile, powerfull and comprehensive enough to consider all
the cost components simultaneously.

In 1985, in order to provide all these features, more flexibility
and ease of operation for the users of the DECOM computer program, the
DECOM Code was transferred from the ADRS Mainframe program to the
dBase III*microcomputer based program. Even though PCs have limita-
tions in the areas of storage space** and speed of operations, they
are far less expensive to buy and maintain. This transfer allows
greater access of the code to potential users, since an expensive
mainframe computer is no longer required.

* dBase III program is proprietary of Ashton Tate, Culver City,
California, USA.

** DECOM runs on an IBM PC-XT or PC with external hard disk drive.
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The DECOM II program, as it is called now, is fully menu driven, user
friendly, and can be used to prepare a range of cost estimates for any
decommissioning project. Each of the components of costs can now be
estimated by inputting the relevant data into the DECOM II program
through submenus. Operation has been simplified even further by the
preparation of a manual that walks the user through the program step
by step.

APPLICATION OF THE COMPUTER PROGRAM

Gentilly-1 Plant

During the studies associated with the G-l plant, decommissioning
cost estimates for stages 1, 2 and 3 were prepared, using the DECOM
computer program (ADRS Version).

This section describes the step by step approach which was pur-
sued to prepare the G-l stage 3 decommissioning cost estimate and cash
flow. This approach can be applied to any nuclear power plant. Major
steps were as follows:

. Survey of equipment inventory

. Application of a computer code

. Survey of radioactive inventory

. Radiological exposure to workers (man-rem)

. Development of unit cost factors

. PERT/CPM network to determine critical path

. Manpower requirements

. Integration of cost and schedule

. Summary of costs

. Financial analysis and cash flow

The physical inventory of all the plant components (equipment,
structures, etc.) was obtained from a room by room survey. All the
components were grouped first into major equipment categories such as
pumps, tanks, heat exchangers. Each major equipment group was further
divided into subgroups which could represent a component for any type
of plant.

All component items were then entered into the database of the
DECOM computer program.

In order to estimate radiological doses to the workers, a survey
of radioactive inventory was done for each component in every room of
the plant. For each component, two dose readings were taken: at con-
tact (1 cm away) and at one meter distance. The background radiation
in the centre of the room was also measured. These data were entered
in the DECOM to calculate man-rera exposure to the workers based on the
number of workers and the duration they handled the components.
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A detailed CPM was developed from a master schedule and was
computerized through a CPM/PERT program. Each activity on the sche-
dule was given an identificaiton number (1, 2, 3, etc.). All cost
items in the data base associated with one scheduled activity
carried the same number, as a link between the CPM program and the
cost estimate code. For example, all cost items associated with
activity no. 3 - "clear feeders and steam drums", were grouped
together and summarized to facilitate accurate cash flow computation.
The activity dependent costs associated with the schedule were then
added to the period dependent and special item costs to obtain total
costs. Several alternative decommissioning scenarios were then
studied.

The experience from the G-l study suggests that although total
cost is an important factor in choosing a preferred decommissioning
alternative, it may not necessarily be the most dominant one.

Other considerations such as the annual cash availability, future
use of the site, availability of a radioactive waste disposal facility
play important roles in selecting a decommissioning alternative. Each
plant should be treated individually.

It must be emphasized however that the estimates helped in opti-
mizing the decommissioning decisions given the financial and other
constraints imposed on the project.

Other Applications

Apart from use on the the Genfcilly-1 project, the DECOM program
has been used in the past few years in the preparation of decommis-
sioning cost estimates for both CANDO (Canada JDeuterium Uranium) and
PWR (Pressurized Water Reactor) type reactors. Specific Applications
are for SAN ONOFRE Units 1, 2, 3 in the USA, Point Lepreau-2 (hypothe-
tical case) and NPD (Nuclear Power Demonstration Station) in Canada.

The estimates have been found to be within the range reported in
the OECD (Organization for Economic Cooperation and Development)
decommissioning cost surveys. It can be adapted to other types of
reactors and may be extended to non-nuclear facilities with suitable
modifications of the cost codes.

VALIDATION OF THE CODE WITH ilTE DATA

In order to test the validity of the cost estimates prepared
using DECOM, a sample of actual cost and manhour data from the
Gentilly-1 Decommissioning operation were processed through the DECOM
code and it was observed that the total cost figures were accurate
within a 20% range, though costs for individual activities in some
instances differed significant^ due to changes in the project tecL-
nical concepts, reduction in the production work day because of unan-
ticipated clothing changes, showers or breaks, increased radiation
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protection coverage provided, and special features such as asbestos
removal. However, sufficient confidence has been developed in the
capabilities of the DECOM Code through this experience. UCFs built
into the code have been updated based on this bench marking exercise.
The accuracy of the estimates can be further improved by constantly
reviewing the UCF's in the DECOM code and adjusting them as required.

CONCLUSION

For effective pre-planning for decommissioning, the need for a
credible cost estiamte cannot be over-emphasized. A logical, stan-
dardized and consistant estimating method will assist greatly in the
decision making process leading up to the selection of a decommis-
sioning alternative and/or in establishing a decommissioning estimate
for ratebase setting purposes.

The large amounts of data to be considered, the issue of radia-
tion exposure to workers, the waste volumes generated and the large
number of decommissioning scenarios that can be analyzed make this a
time consuming and tedious process if done manually. Computerization
using a code, like DECOM II, represents a feasible and and attractive
alternative to preparing such cost estimates manually.

The AECL DECOM computer program based on the widely accepted unit
cost factor approach is a versatile tool for applications in decommis-
sioning studies.

It can manipulate large amounts of data and make use of a large
number of models that have been developed expressedly for this pur-
pose. Results can be generated for various decommissioning scenarios
and these can be reported in numerous ways which suit the specific
requirements of the user.

The computer program has already been used successfully to
estimate costs for two CANDU type reactors and three PWRs. It can be
adapted to any type of nuclear reactor.

The present DECOM II Computer Program which is a vastly improved
version of the DECOM, provides even greater flexibility and accepta-
bility since it is menu driven, user friendly and in a dBase III
format that can be run on any IBM PC-XT or equivalent compatible micro
computer.
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ESTIMATION OF THE RISK FROM RESIDUAL RADIOACTIVITY*

S. J. Niemczyk
Gull Associates

1545 18th Street, NW, #112
Washington, DC 20036

USA

ABSTRACT

A new approach for estimating the potential radiation ha-
zard from residual radioactivity at decontaminated sites and
facilities has recently been developed to aid the USEPA's
selection of decommissioning criteria for regulatory purposes.
The approach is intended to generate conservatively realistic-
estimates of radiation doses to onsite residents from radioac-
tivity both in the environment and in buildings. It does so
using a comprehensive yet relatively simple set of physically-
based, state-of-the-art risk-level environmental transport and
exposure pathway models. The transport models have been inter-
faced to permit time-dependent, mechanistic consideration of
radioactive transfers within and among the various environmen-
tal media. Radioactive decay and ingrowth are explicitly ac-
counted for. Doses in contaminated multiroom buildings are
estimated using a set of unique transport and exposure models.
The overall approach has been encoded in a computer code
REUSEIT which runs on a personal computer.

INTRODUCTION

To develop justifiable criteria for permissable radioactivity levels
following cleanup of contaminated lands and buildings, it is necessary to
quantitatively relate the amounts and types of residual radioactivity to
the potential hazard. An earlier review of the various approaches avail-
able for estimating the hazard to humans from residual radioactivity con-
cluded for a variety of reasons that no existing approaches were suitable
to aid the U. S. Environmental Protection Agency's (USEPA's) selection of
decommissioning criteria for regulatory purposes. Thus the USEPA decided
that a new approach for estimating potential radiation doses from residual
radioactivity should be developed. Among the goals the USEPA decided upon
for the new approach were that it should be applicable to a broad range of
decontaminated sites and facilities; that it should be applicable to con-
tamination both in the environment and in buildings; that it should pre-.
diet not only any potential hazard at the time of release of a site or
facility for unrestricted use but also any potential increased hazard at
future times (due to factors such as movement of radioactivity within the
environment and radioactive ingrowth); that (where reasonable) it should
generate estimates which were conservatively realistic (rather than need-
lessly conservative); that it should be a risk-level approach (rather
than a detailed research-level approach); that it should be able to
take into account significant site-specific differences; and that it

*This work was initiated while the author worked as a consultant to
SC&A, Inc. under contract to PEI in turn under contract to the Office
of Radiation Programs at the USEPA. It was continued while the author
worked as a consultant for the USEPA.
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should be iraplementable on a personal computer. The resulting jpproach
for generating estimates of potential doses to onsite residents is re-
viewed in this paper.

MODELS AND ASSUMPTIONS

The new approach utilizes a comprehensive yet relatively simple 'set
of physically-based, state-of-the-art risk-level environmental transport
and exposure pathway models. Those models include certain models long
in use, some of whose data bases have been updated; scaled-down ver^igns
of some recent, more sophisticated models (the crop exposure model, '
the surface soil transport model, and the external ground exposure
model ); and new models developed for this approach (the building
transport and exposure models). The models have been interfaced to per-
mit "mechanistic", time-dependent consideration of interactions within
and among the various environmental media. Radioactive decay and in-
growth are explicitly taken into account.

The basic flow cf information for estimating individual doses is in-
dicated in Figure 1. The approach considers residual radioactivity ini-
tially present in surface soil, subsurface soil and/or in buildings. The
envionmental transport models and the building transport models predict
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Figure 1. Schematic representation of dose estimation procedure.
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the concentration of each long-lived radionuclide in each key environ-
mental medium, e.g., in the atmosphere, and associated with each major
building component, e.g., in the ventilation system, respectively. The
environmental pathway models and the building pathway models predict
both the radionuclide concentrations in each exposure pathway, e.g., in
crops for the plant consumption pathway and on floors for the building
external exposure pathway, and the resultant radiation exposures for
each pathway. The dose models predict the annual individual doses as-
sociated with each of the potential exposures. The foregoing procedure
is repeated for each of a series of representative times between the
time of release of the site and 10,000 years later.

Environmental Transport Models

Movement of radioactivity within the environment is assumed to
occur via the processes depicted schematically in Figure 2. For the
atmosphere, (re)suspension of surface soil and suLsequent deposition
are taken into account. For surface soil, addition of radioactivity
by irrigation and by percolation downward from higher surface soil (if
any), as well as removal by leaching accompanied by downward movement
(to lower surface soil), are modeled. In addition, (re)suspension and
subsequent transport of surface soil contamination into any buildings

Atmosphere

Resuspension
and

Deposition

Air Inflow
and

Outflow Building

Irrigation

,L
Surface

Soil Layers

Erosion/
Runoff

Percolation

Zone Between
Surface Soil
and Aquifer

Surface
Watarbody

Irrigation

Outflow

Groundwater
Flow

Figure 2. Schematic diagram of the environmental media and
the transport mechanisms in the approach.
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is accounted for. For subsoil, additions by percolation from surface
soil and losses by removal of groundwater for irrigation are considered.
For surface water, contamination both by erosion and/or runoff of sur-
face soil and by subterranean flow of subsoil contamination are modeled.

More specifically, airborne radioactivity, taken to be present only
as a result of resuspension, is modeletd using an assumption of uniform
mass loading of the air by surface soil. The fraction of the suspended
particle load derived from the contaminated site is taken to be a
function of the site size.

Surface soil radioactivity, assumed present only as a result of ini-
tial surface soil contamination or as a result of irrigation with contam-
inated well water or surface water, is modeled using a series of surface
soil compartments. In particular, the top meter of soil is divided into
5 horizontal layers of increasing-thickness with depth (0-1 cm, 1-5 cm,
5-15 cm, 15-30 cm and 30-100 cm). Downward transport of radioactivity
by rainfall and other infiltrating water is modeled using the leaching
model of Baes and Sharp. Addition of radioactivity by irrigation is
modeled assuming the concentration in groundwater is related to the con-
centration in the subsoil by the appropriate distribution coefficient
for the element. For irrigation water contamination derived from sur-
face soil contamination, additional dilution effects are considered.

Only one subsurface waterbody, an aquifer, is considered. Subsoil
radioactivity, taken to be present only as a result of initial subsoil
contamination or as a result of subsequent contamination by downward
movement of surface soil radioactivity,, is considered by assuming that
a well protrudes into the aquifer at the location with the highest con-
centrations of radioactivity. As noted, the concentrations in the well
water and in the subsoil are assumed related via distribution coeffici-
ents and where appropriate by additionail dilution considerations. The
region between the surface soil layers and the aquifer is not explicitly
modeled, although account is taken of the delay resulting from passage
of surface soil contamination through that unmodeled layer to the aqui-
fer.

Only one surface waterbody, a uniformly-mixed reservoir, is consi-
dered. That waterbody is assumed contaminated by erosion or runoff of
contaminated surface soil or by underground flow of contaminated aquifer
water or by both. All the radioactivity which runs off the site or
which by subterranean flow travels a distance sufficient to reach the
nearest shore is assumed to enter the reservoir. Radioactivity leaves
the reservoir only as a result of hydrologic turnover.

Environmental Exposure Pathway Models

The estimated environmental exposures include external exposures
from contaminated ground, air, and water; and internal exposures from in-
halation of contaminated air, as well as from ingestion of contaminated
water, crops, animal products, and aquatic foods. Most of the environ-
mental exposure pathway models are adaptations, in two cases involving
extensive modifications, of the traditional USNRC Regulatory Guide
1.103 models often used for analyses of potential radiation exposures.
The two_substantially modified models are the,external ground exposure
model and the agricultural products model. Another significant
departure from the RG 1.109 models involves the inclusion of area depen-
dencies for some pathways. '
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Direct external exposure from contaminated ground is calculated
using the depth-dependent exposure model of Kocher et al. for the
five surface soil layers previously described. Radionuclide-dependent
(energy-dependent) attenuation by the soil is bujIt into those models.
An adjustment for the finite size of any contaminated area (in contrast
to the infinite area.assumed in the dose conversion factors for those
models) is included. ' External exposure from "immersion" in contam-
inated air and water is estimated using dose conversion factors for
semi-infinite clouds and waterbodies, respectively.

Inhalation exposure is estimated by considering intake of contam-
inated particles (dust) only and not intake of radioactive gases (al-
though all radioactive decay products of the radionuclides in the dust-
both gases and nongases-are taken into consideration in determining the
total inhalation dose). The relatively lower airborne concentrations
associated with smaller areas of surface soil contamination are taken
into account.

Drinking water exposure is estimated assuming water is taken from
the more contaminated water source, the worst onsite well or the nearest
surface waterbody. The effects of drinking water treatment can be taken
into account, with those effects depending on the character of the
water.

Exposures from consumption of contaminated crops and animal pro-
ducts are estimated using.,a.scaled-down version of the TERRA models and
data bases of Baes et al. ' Five categories of crops are considered:
leafy vegetables; exposed produce (e.g., tomatoes); protected produce
(e.g., potatoes and oranges); grains; and hay, silage and pasture.
Concentrations in crops are estimated using an updated version of the
RG 1.109 expression for concentrations in plants which includes uptake
both from the plow layer and from soil below the plow layer, as well
as direct contributions from aerial deposition and irrigation. An area
factor for crops takes into account that only a limited harvest can be
taken from a small contaminated area. Similarly, concentrations in
animal products are estimated using a RG 1.109-level expression for two
products, milk and beef. An area factor for animal products takes into
account that only a limited fraction of an animal's diet can be grown on
a small area. (The area factors in this approach are different than
those in the referenced report.)

Exposures from consumption of contaminated aquatic foods are esti-
mated for up to three types of organisms (finfish, crustaceans and mol-
luscs) for either salt water or fresh water. Bioaccumulation factors
are used to relate the radionucli.de concentrations in the edible parts., , .
of the organisms to the concentrations in the water in the reservoir. *

Building Transport and Exposure Pathway Models

The estimated indoor exposures include external exposure from con-
taminated interior building surfaces (walls, ceilings, and floors);
ventilation system ducts, and abandoned equipment; and inhalation from
contaminated dust, both from inside the buildings and from outside.
The models used to estimate exposures in contaminated buildings were
developed as part of the formulation of the overall approach described
in this paper. Their levels of sophistication and complexity of use are
comparable to the corresponding levels of the USNRC RG 1.109 models
traditionally employed for estimating exposures in the environment.
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The building models assume a maximum of 27 rooms, with all the
rooms in the building being the same size and with the contaminated
rooms being contiguous. Resuspension of radioactivity within ventila-
tion system ducts and subsequent movement of some of that radioactivity
into rooms is considered, as, was already noted, movement of radioacti-
vity into buildings via (re)suspension of contaminated surface soil.
The basic mechanisms are indicated in Figure 3.
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Figure 3. Schematic diagram of the transport mechanisms in the
building models in this approach.

External exposures are estimated separately for the following:

1. Rooms with all surfaces initially con terminated;

2. Rooms with just floors contaminated (e.g., contaminated
by deposited dust);

3. Ventilation system contamination (still in the ducts);

4. Localized "hot spots" of radioactivity; and

5. Contaminated equipment.

Attenuation by building walls is estimated on a radionuclide-dependent
(energy-dependent) basis.

As for the environment, indoor inhalation exposure is estimated as-
suming intake of dust only (including all the decay products of the
radionuclides in the dust). As noted, the contaminated dust can be from
outside the building and/or from the ventilation system.

Dose Models

The individual dose to any organ o for any exposure pathway p from
any radionuclide i and all its radioactive progeny is written in the
general form

dose?
m1 (p)

= U Z
P m=l

n

r Wi+j,m,p (1)
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where

U = annual rate of usage of pathway p, e.g., annual consumption
P rate;

W.,. = weighting factor for radionuclide (i+j) for environmental
~rJ' '" medium or building component m and pathway p;

C. . = activity (concentration) of radionuclide (i+j) in environ-
1 3>m mental medium or building component m; and

D. . = dose factor for radionuclide (i+j) in pathway p for
1 + 3' m organ o.

The summation over m is over all m'(p) environmental media and building
components which contribute directly to pathway p. The summation over j
is over the entire radioactive decay chain of radionuclide i, that is,
over i and its n progeny.

Pathway usage rates are not built into the approach but are speci-
fied by the user. The weighting factors for the initial contaminants are
calculated by the exposure pathway models and the environmental media and
building component concentrations for those contaminants are calculated
by the transport models as described in the previous three subsections of
this paper. The weighting factors and corresponding concentrations of
the radioactive decay products of those initial contaminants are esti-
mated as described in the next subsection- Organ-dependent internal dose
factors are read from resident files. ~ Organ=dependent external dose
factors are calculated from dose factors to air ~ using radionuclide-
dependent,factors for estimating doses to organs from a semi-infinite
cloud. " ^

Radionuclide Decay and Ingrowth Models

Radionuclide decay and ingrowth occuring after intake (ingestion or
inhalation) are accounted for, as is typical, in the internal dose fac-
tors. Radioactive processes occuring in the environment are ac-
counted for as described below.

All the radioactive decay products of any parent radionuclide are
assumed to move through the environment at the same rate and to behave in
any exposure pathway in the same manner as the parent. Thus the concen-
trations of the various members of any decay chain in any environmental
medium or building component are related only by decay considerations and
the pathway weighting factors in Equation 1 are the same for all members
of a radioactive decay chain. Consequently,, in this approach, the dose
for any chain with n progeny can generally be written as

m1(p) n
d O S e i , P = U p ^ Wi,m,p Ci.» ^ 0

 {Ci+j,m/Cifm>
 D I , P • (2)

As a result, to include the effects of environmental ingrowth in this
approach, the dose factors for any parent radionuclide are replaced in
Equation 1 for the parent only by modified or effective dose factors
which represent composite, activity-weighted dose factors for the entire
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"D'f " = J: (C.^. /C, „) D °

decay chain. That is, the following modified dose factors

__, p (3)

are used in

dose? -~ U v w. C. "D? "
i»P Pr_-j i;'in,P i,m i»P (4)

Unlike regular dose factors, the modified dose factors are functions of
the activities of all the decay chain members and therefore are functions
of the time.

SOME OUTSTANDING FEATURES OF THE APPROACH

The new approach has some noteible features which make it especially
useful for generating estimates of the potential radiation doses from
residual radioactivity in a variety of situations. Several of these
features are considered in this section.

Environmental Transport and Exposure Pathway Models

The' direct, physically-based interfacing of the transport models
with each other and with the exposure pathway models provides consistent
predictions of concentrations of radioactivity both throughout the major
environmental media and in the critical portions of the pathwciys. Such
consistency in not found in many other risk-level approaches for resi-
dual radioactivity. In some of those approaches, the user must perform
extensive calculations "on the side" to ensure consistency. In still
others, non-physical models and nonexistent or non-physical interfaces
preclude such consistency altogether.

For example, the USNRC Regulatory Guide 1.109 crop model and many
derivative models assume (nonmechanistic) buildup of irrigation contami-
nation in surface soil for 50 years for all radionuclides. Those models
ignore that some radionuclides could reach substantially higher surface
soil concentrations by buildup for periods much longer than 50 years
while some other radionuclides could attain at most only much lower
maximum concentrations and would attain them in much shorter periods.
(The anticipated variation of buildup of surface soil contamination by
irrigation is illustrated in Figure 4 for a very long-lived (stable)
radionuclide and a much shorter-lived radionuclide (with a half-life of
30 years) for two values of the distribution coefficient, a parameter
which describes the interactions of a radionuclide with the soil.) As
a result of the incorrect predicted surface soil concentrations in most
RG 1.109-derived models, the crop dose estimates for such models can be
much too low for some radionuclides and much too high for other radionu-
clides. And the temporal behavior of the doses is inadequately described
by such models for almost all radionuclides. That the buildup period and
the maximum concentrations would in reality be very element dependent is
ignored in those models. In contrast, that behavior is automatically
accounted for in the new approach.
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Figure 4. Buildup of radioactivity in surface soil by
irrigation with contaminated water.

Another example of the improved predictions resulting from the
"mechanistic" treatment of radioactive transport can be seen in the
ground dose model. The surface soil transport model with its five sur-
face soil layers and its leaching assumption provide a reasonable ap-
proximation of the physical distribution and movement of radioactivity
within surface soil. The consideration of energy-dependent attenuation
by the soil further improves the estimation of the external dose from
contaminated soil. Combining all these factors, the* doses estimated
for some radionuclides, especially for low-energy -^--emitters, are sub-
stantially lower than those estimated with the typical, very conserva-
tive models that assume all surface soil contamination resides on the
ground surface (and therefore experiences no attenuation by the ground).
The doses estimated by the new approach are also "more realstic" than
those estimated with approaches which consider an initial distribution
of radioactivity within surface soil but do not adequately follow its
movement with time. The doses estimated by the new approach will in
some cases be larger and in other cases be smaller than those estimated
by approaches using non-physical and unphysical assumptions.

Building Models

The building models in this approach go far beyond any other models
for estimating doses inside contaminated structures., All other ap-
proaches include at most a 1-room "building" model. Unfortunately, one
room, no matter how large, is not conservative for some radionuclides,
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iii particular, for those with significant high-energy y-emissions which
can pass through walls with little attenuation. For such radionuclide's,
radioactivity in rooms an individual never enters can contribute signi-
ficantly to his (her) external dose.

Some estimated relative individual doses for two radionuclides, a
high-energy y-emitter and a low-energy y-emitter, are depicted in
Figure 5 for 3 buildings with 1 room, 5 rooms and 27 rooms contaminated,
respectively, for a range of floor sizes. As expected, for both radio-
nuclides, the dose from a contaminated floor approaches the dose from
an infinite plane (approximately the dose from an area of 10,000 m ) as
the floor size increases. As can been seen, for both radionuclides the
dose from a contaminated room whose height is fixed approaches the dose
from 2 infinite planes as the room size increases (and the side walls
recede). As can also be seen, for the high-energy y-emitter, whose
radiation is not substantially attenuated by the walls, the individual
external dose in a building with 27 contaminated rooms is approximately
5 to 6 times the individual dose in a building with only 1 room contami-
nated. (The dose can be even higher if more than 27 rooms are
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Figure 5. External individual doses from two radionuclic.es, a
high-energy y-emitter (for which attenuation by walls is
relatively low) and a low-energy y-emitter (for which at-
tenuation is substantial).
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contaminated.) For the low-energy y-emitter, whose radiation is
strongly attenuated by even relatively thin walls between rooms, the
entire external dose comes from the room the individual occupies and
so the dose is independent of the number of contaminated rooms.

Radioactive Ingrowth

Radioactive decay typically tends to lower the potential radiation
dose with time. However, decay which results in significant ingrowth
of more hazardous radioactive progeny can substantially increase the
potential hazard with time. The effects of environmental ingrowth,
especially for lengthy actinide chains, are often neglected in risk-
level approaches for residual radioactivity (and for low-level waste).

The dependence of the potential doses on radioactive decay and
ingrowth is depicted schematically in Figure 6 for two radionuclides
for which long-term ingrowth is not important (Rn-106) and for one radio-
nuclide for which such ingrowth can be significant (Th-230). As can be
seen in the Th-230 example, failure to consider ingrowth and to consider
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Figure 6. Relative potential individual doses as a function of
time for 2 radionuclides for which long-term ingrowth
is not significant and for one radionuclide for which
such ingrowth can be important.
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times long after the date of decommissioning can potentially result in
underestimation of certain doses by over an order of magnitude.

Conservative Realism

Unlike many risk assessment approaches which have been designed to
be very conservative and which may thus significantly overestimate the
doses for some exposure pathways, the new approach has been designed to
be "conservatively realistic", that it, to be somewhat nore "realistic"
(in a modeling sense) and to default on the conservative side when what
is realistic is not known or is not readily amenable to risk-level
modeling. As a result, in the new approach the doses estimated for
some pathways and some radionuclides are substantially lower than those
estimated by most other risk approaches. For example, as noted, the
much improved accounting of the distribution of surface soil radioacti-
vity and the consideration of energy-dependent attenuation by soil (in-
stead of energy-independent attenuation or no attenuation as in many
models) result in external dose estimates for some radionuclides
which are much smaller (an order of magnitude or more) than the compara-
ble dose estimates for other approaches.

However, the increased "realism" in some models has resulted in
higher dose estimates for certain situations. For example, as already
noted, the inclusion of multiple rooms in the building models results
in dose estimates for some radionuclides which are much higher (even an
order of magnitude higher) than estimates of the 1-room models in other
approaches. As another example, also alreeidy noted, the consideration
of long-term ingrowth can result in substantially higher dose estimates
at later times than approaches neglecting such ingrowth.

Overall, the use of more "realistic" models has resulted in a
state-of-the-art risk-level approach which provides more consistent
dose estimates than other approaches. However, it should be noted that
the estimates provided by the approach are critically dependent on the
data used. As the data used are not necessarily conservative (especial-
ly the data in the element-dependent and radionuclide-dependent data
bases), the dose estimates generated by the approach are not necessarily
conservative. (The same can be said for the more conservative approaches
which relie on some of the same nonconservative data bases.)

Solution Techniques and Implementation

Although the approach is comprehensive and incorporates some very
desireable features not typically included in residual radioactivity
approaches, e.g., physically-based modeling of movement of radioactivity
within the environment and inclusion of radioactive ingrowth, it is
still a very practical approach. The adoption of extremely efficient
solution techniques, e.g., the use of analytical solutions throughout and
the restriction of detailed dose calculations to a set of judiciously-
chosen times, has resulted in an approach whose models can be economi-
cally implemented. Thus consideration of a large variety of situations
is practical with the new approach.

The approach hasgbeen implemented in a computer code which runs on
a personal computer. Thus the approach is potentially accessible to
a wide variety of interested users.
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SUMMARY

The new approach constitutes a significant first step toward a
comprehensive, versatile set of relationships appropriate for providing
radiation dose estimates for residual radioactivity at a variety of
sites and facilities. Thus it can potentially be used to help choose
decommissioning criteria for residual radioactivity. As such it serves
to fill a significant gap in the spectrum of previously available
approaches.
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RADIATION CONTROL TECHNOLOGY APPLICABLE TO THE JPDR DECOMMISSIONING
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Yoshinobu ASHIKAGAYA, Hiroshi MATSUI

Japan Atomic Energy Research Institute
Tokai-muraj Ibaraki-ken, 319-11, Japan

ABSTRACT

From the view of radiation control, the main features of the reactor
dismantling are listed as follows;

1. The works under high level radiation and high level radioactive air
contamination area will be expected.

2. The new dismantling techniques which have not been experienced in the
controlled area before will be adopted.

3. A great amount of materials, tools, radioactive waste and so on will
be taken out from the controlled area.
Considering these features, we have developed the following five

instruments to adapt for the JPDR decommissioning;
•Remote high dose rate measuring instruments (underwater and in the air)
•Contamination inspection monitor
•Respirable dust monitor
•Extremely low level waste Y~ s c a n n e r

•Waste package contamination and dose rate monitor

INTRODUCTION

In the reactor dismantlement, the methods of radiation control during
the reactor operation may be used. However, further effort should be made
to reduce exposure to the dismantling workers and to increase the efficiency
of dismantling operations. This paper discusses from the above point of
view, the features of the monitoring instruments developed for radiation
control of the JPDR decommissioning, considering various circumstances
encountered during the reactor dismantling.

DEVELOPED INSTRUMENTS AND MONITORS

Remote High Dose Rate Measuring Instruments
(for underwater and in the air)

These instruments were developed for the purpose of remotely measuring
dose rate of reactor internals and pressure vessel underwater and their
segments in the air in case of lifting them from the water. They contribute
to planning the appropriate demolishing programs and the relevant radiation
works.

Photo 1 shows the remote underwater instrument. The detector is a
water proof-type ionization chamber (the ionization chamber is contained in
a stainless steel container whose submersible limit is 20m). The effective

This work was performed by the Japan Atomic Energy Research Institute
under contract from the Science and Technology Agency of Japan.
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volume of the ionization chamber is 100cm3 and the measuring range is 10 to
105R/h. The measured value is displayed on a LCD (Liquid Crystal Display)
and recorded on an X-T recorder. The detector can be moved vertically and
horizontally. The detector is suspended by submersible coaxial signal cable
and the vertical movement is controlled by drawing out and in the cable.
The vertical position of the detector is displayed on a detector control
panel. Horizontal movement is controlled by expansion (maximum 4m) and
swing (45° right and left each) of an extendible arm. The operation is done
by the control panel or a wired remote controlJ.er. Fig.1 shows surface dose
rate of JPDR core shroud measured underwater by this instrument.

Photo 1 Remote high dose rate measuring instrument underwater

The remote instrument in the air consists of a measuring subsystem and
a control subsystem. Photo 2 shows the measuring subsystem of the
instrument. The control subsystem can be located apart 20m from the
measuring subsystem. The detector is the ionization chamber (effective
volume is 28cm3) and its measuring range is 0.1 to 103R/h. The measured
values are displayed on a panel meter in the measuring subsystem and also
recorded on an X-T recorder. The detector is mounted on an extendible arm.
The arm is extendible to the maximum length 3.5m and retractable to the
minimum 0.6m. When the arm was retracted, it can be wounded onto a spool.
It can swing within elevation angle 60°, depletion angle 15°, and right and
left angles 45° each. The extension and swing of the arm are done by
watching a TV monitor of the control subsystem. In order to avoid touching
the measuring object during operation, non-contact light reflection type of
distance sensors are equipped (to extension direction and right and left
directions).
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Control of the workers is extremely important in high radiation working
areas. Exposure of measuring personnel will be largely reduced by
introduction of these instruments compared with that of commercial
telescopic type surveymeters.

Contamination Inspection Monitor

This monitor was developed for the purpose of inspecting the surface
contamination of taken out articles from the controlled areas, for example,
hand tools, drawings and electric measuring instruments, and reducing the
labour of contamination inspection by radiation control personnel.

The monitor is composed of a main body, a control subsystem and an
article conveying subsystem. Photo 3 shows the monitor. The main body
contains two types of detectors and a detector driving gear. Gas-flow
counters are used for the outer surface contamination detection (for 8-
rays), while a plastic scintillation counter is used for the inner surface
contamination detection (for y-rays). The measured article can be
surrounded by the gas-flow counters (6 sides). The upper side detector
descends automatically according to the height of measured article. For the
upper and lower sides, each gas-flow counter which has effective incidence
area 640x400mm is used. The plastic scintillation counter mounts the
scintillator with a volume 440x200xl00min ancl two photoelectron multiplier
tubes (2-inch <f>) „ Signals of each detector are inputted to each sealer and
their counts are transmitted to a 16-bit micro-computer via parallel
interface. Their BG counts are subtracted from gross counts and converted
to the surface concentration of radioactivity. If the surface concentration

Photo 3 Contamination inspection monitor
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of radioactivity is less than the administrative level, then the article
will be conveyed out automatically to the non-controlled area by the article
conveying subsystem. If the surface concentration of radioactivity is
beyond the administrative level, then the articles will be returned to the
controlled area side and the alarm will be sounded at the radiation control
office. The maximum size of the measured articles is 444><470x300mm and the
maximum weight is 20kg. The lower limit of detection is less than
0.37Bq/cm2 (1x10" 5\£l/cta.2) at the measuring time 30 sec. One operation
cycle of the monitor involving the articles set and the conveying time is
less than 1 minute.

Respirable Dust Monitor

This monitor was developed for the purpose of monitoring continuously
the radioactive recall.able dust concentration under high level radioactive
air contamination generated by cutting of reactor internals, pressure vessel
and biological shielding

Dust sampling subsystemconcrete, separating
respirable dust
aerodynamically from the
gross to prevent the
clogging of a sampling
filter paper. The
schematic diagram of the
monitor is shown in Fig.
2. The monitor is
composed of •< dust
sampling subsystem and a
measurement and a control
subsystem.

The dust sampling
subsystem can collect
respirable dust on filter
papers by separating dust
aerodynamically and
measure their
radioactivities. The
separation is made by two
cyclone separators under
2ym and 10pm from sampling
dust. Radioactivities of
the separated dust are
measured by GM-counters
continuously. The
sampling flow rates are
measured by mass flow
meters (MFMs). Card type
filter papers (a 60mm (J)
filter paper is mounted on
80xl00xtlmm card) are
used, and if any sampling
flow rate of three lines
lowers than the set value

Control and measuremtnt
subsystem

manifold cyclone
separator

Fig.2 Schematic diagram of the respirable
dust monitor

Photo 4 CRT during measuring
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due to the filter paper clogging, then the card type filters are exchanged
automatically. Signals of GM-counters and MFMs transmitted from dust
sampling subsystem are inputted to an 8-bit micro-computer of the control
and measuring subsystem. The BG counts are subtracted from the gross counts
of GM-counters and the net counting rates are displayed on a CRT and plotted
on a printer. If any counting rate exceeds the set value, an alarm will be
sounded. The average radioactive respirable dust concentration is displayed
on the CRT. Photo U shows the data displayed on the CRT during measurement.
All these values measured are stored in floppy disks and will be able to
display later as necessary.

Extremely low level waste y-scanner

In the reactor dismantling, it is important that a large amount of
radioactive solid waste arisings should be reasonably treated and disposed
according to the radioactive level of them.

This y~scanner was developed for the purpose of classifying and
confirming the radioactive solid waste less than the extremely low level or
the exemption level from a large amount of the biological shielding concrete
and the other waste. The y~scaniier can automatically quantify the
radioactivities for each nuclide in it. The schematic diagram of the
y-scanner is shown in Fig.3 and the appearance is shown in Photo 5. The Y~
scanner consists of a driving mechanism, a detector subsystem and a data
analyzing subsystem. The driving mechanism is capable of elevating,
rotating and weighing the waste package to measure accurately the
radioactivity in it. The detector subsystem consists of two high-purity

Photo 5 Extremely low level waste y
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germani'jm (HP Ge) detectors faced each other, two multi-channel analyzers
(MCAs) and a thickness gauge. The numbers of channel of the MCA are 4096.
The data analyzing subsystem with a 16-bit mini-computer can control the
driving mechanism and analyze the y~ray spectrum, simultaneously. The y-
scanner is capable of dealing with the waste package whose maximum size and
maximum weight are 950mm(J>xl000mmK and 500kg. respectively. However, the
drum of: 200£ is usually used as the standard waste container. The Y~scarintr

can measure about 30 waste packages a day. The lower ]imit of detection of
Y-scanner is about l.lxlO1Bq/kg (3*10~"uCi/g) for G0Co and 137Cs in the
measuring time of 10 minutes regardless of their density.

This y-scanner can confirm efficiently with a certain accuracy that the
level of the radioactive waste sorted in the dismantling place is less than
the extremely low level or the exemption level.

Waste Package Contamination and Dose Rate Monitor

This monitor was developed for the purpose of inspecting, in compliance
with the transport standard, the surface concentration of radioactivity and
the dose rate of the definite waste package which contains low level
radioactive solid waste.

The monitor consists of a waste package conveying mechanism, a driving
mechanism, a sticker labeling mechanism, a monitor panel and a 16-bit micro-
computer. The schematic diagram of the monitor is shown in Fig.4 and the
appearance is shown in Photo 6. A hydraulically controlled servo-arm robot
is used for the waste package conveying mechanism. The griper of the robot
can move the maximum distance 2100mm vertically and 1500mm horizontally, and

Photo 6 Waste package contamination and dose rate monitor
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the arm can swing 270° horizontally. The robot is capable of conveying the
drum to the set measuring position according to the micro-computer program.
The smear sampling submechanism and the eight GM detectors for measuring the
surface concentration of radioactivity and the surface radiation dose rate
are assembled into the waste package driving mechanism. This mechanism
takes and measures smear samples and also measures the surface radiation
dose rate, by rotating the drum. The radiation dose rate (GM detector) at 1
meter distance from the drum and the contained radioactivity (NaI(T£)
scintillation detector) in it can be also measured simultaneously. The
measured data are transmitted to the monitor panel and are processed to
obtain the results. The sticker labeling mechanism has the capability of
automatically labeling the sticker on which the measured data are printed,
to the drum. The 16-bit micro-computer controls all the actions of the
mechanisms, and processes the data and files the results. The measured
waste package is 200£ drum (600mm(j)x890mnH) in the maximum weight 500kg. The
lower detectable limit of the surface concentration of radioactivity is
3.7*10"2Bq/cm2 (1*10"6yCi/cm2). The measuring range of radiation dose rate
is O.lmR/h to lR/h. This monitor can deal with a drum in about 15 minutes
and 30 packages a day.

The monitor can obtain the measured results with a definite accuracy
and reduce the labour and the exposure of the measuring personnel*

TECHNOLOGY OF AIR CONTAMINATION MEASUREMENTS

The size distribution, concentration, the dispersion rate and the
resuspension factor of the dust particles generated by dismantling
operations within the contamination control envelopes in the working
environment are n' 'ed for evaluation of the internal exposure to workers
and environmental impact. For obtaining these data, a laser spectrometer
and two cascade impactors are used for determining the concentration of
smaller size and larger size particles, respectively.

The efficiency of these radiation control technology will be confirmed
in actual decommissioning of JPDR. It is expected that the data and
experiences which will be obtained through the use of the technology in the
JPDR dismantling will prove to be useful for decommissioning of commercial
power reactors in the future.
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HEALTH AND SAFETY ASRECTS

OF DECOMMISSIONING RELEVANT

TO LICENSING

Dr. L. Weil*, Dr. R. G6rtz*

'Federal Ministry for the Environment,
Nature Conservation and Reactor Safety, Bonn. FRG

*Brenk Systemplanung, Aachen, FRG

ABSTRACT

After a brief introduction on the use of nuclear power and decommis-

sioned nuclear installations in the Federal Republic of Germany, the safety

goals are introduced the decommissioning plan has to comply with.

The safety goals have consequences concerning certain health and

safety issues. Some of them which are regarded to be of special importance

in the licensing procedure are addressed specifically: Recycling and reuse

of steel scrap, potential accidents during decommissioning, occupational

exposure and decommissioning options.

1 . INTRODUCTION

The share of nuclear power of the overall electric power production in

the Federal Republic of Germany has increased to 36 %. Reactor types,

status and power capacity are summarized in Tab. I.
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Tab. I: Number, types and status of nuclear power plants in the
Federal Republic of Germany (as of April, 19871)

SUtui

In Operation

Under
Construction

Planned

Total

Decomminioaed

Number of Unit* /Power capacity (if¥«)

PWH

11

S

8

22

1

124U

3085

10808

27002

58

BWR

7

-

-

7

4

7207

-

-

7207

557

Othar*

3

1

1

5

1

343

327

1500

2170

100

Total

21

4

9

34

e

1BS81

4312

12108

36370

716

The nuclear power plants and research reactors which have been t a -

ken out of service are listed in Tab. II. Most of the decommissioning pro-

jects have been presented in publications or during international confe-

rences 2,3,4,9,6,7,8,9,10,11. S o r f t e of them will be addressed specifically

during this conference.

The legal aspects of decommissioning in the Federal Republic of Ger-

many have been discussed in some detail in a previous paper4. The

objective of the present paper is to discuss some health and safety

aspects which are important issues within the licensing procedure.
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Tab. II: Permanently shut down nuclear power plants and research
reactors in the Federal Republic of Germany (April, 1987)

RESEARCH REACTORS

Name

FRN

FRJ-1

(MERLIN)

FR-2

Location
(Operator)

Na;_'hflrberg

(GSF)

Jollch

(KFA)

Karlsruhe

(KfK)

Tyoe

pool type.

TR!GA MarV f;l

medium energy

research light

water moderated

Industrial

nuclear reactor

tank—typ*

heavy-water

reactor

Power rating

1

(•(a(iorary)

10

44

Operationai

phase

197? - 1982

1963 - 1985

1861 - 1981

Decommissioning

^lage 2. rcoc^or hoi! decon-

taminated for unrestricted )

release, safe itorage of

activated material In the

th»ymol column and tha dry

fcrodJaiJon room

plonr.ad (19B6): «tage2.

reuse of reactor hoH. pxriiai

dtsmontJing. restricted

controded x e o for safe

storage

*toqe2 w»J! be ^cached after

removal of cooling syatem.

stage 3 ia deferred for Gbou?

30 years

POWER PLANTS

Nome

MZFR

HDR

KKN

KR9-A

KWL

VAX

Location
(Operator)

Karls-uhe

(KfK)

Gro^irelzhoim

(Karlstein)

Nfedwaichboch

Gijnti-emmfngen

LIngen

Kohi

Type

heavy-water —

fnoderatod ond

cooled PWR

BWR

HW6CR

BWR

BWR

BWR

Power rating
(MWe)

S8

23

100

250

258

16

Operational

phase

1965 - 1964

1969 - 1970

1972 - 1974

V968 - 1977

190B - 1977

1962 - 1985

1

Decommissioning

stoge2: tiirn-tontling o* peri—

phvai syslems active C O T I P D -

nenlB will be sec-j-ely e n -

closed in the reactor bunding

j
stage 3. converted into o non—J

•e^t-facility I

stage 3 licensed

Dismantling ond decontcmino— ,

tlon of tui>Jne building

.. - I
stage 1 for 25 years

License expected .'
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2. HEALTH AND SAFETY ASPECTS
OF* DECOMMISSIONING

2.1 Safety Goals

The purpose of the licensing procedure is to establish the safety

goals listed in Tab. III.

Tab. HI: List of Safety Goals

1. To protect life, health, and property against the hazards of
nuclear energy and the harmful effects of Ionizing
radiation

2. To provide compensation for the damage caused by nuclear
energy or Ionizing radiation

3. To prevent any unnecessary radiation exposure

4. To keep all types of radiation exposure as low as practi-
cable, even where the values are below the specified
limiting values

5. 30/90 MREM/A-concept

6. Planning value for Incidents

7. Arrangements lor mitigating the consequences of acci-
dents or incidents

8. Utilization of radioactive residues without harmful effects
and disposal of radioactive waste

The licensee has to prove that his decommissioning plan meets these

central goals and thus the workers, the public and the environment are

adequately protected.
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2.2 Recycling And Reuse Of Steel Scrap Prom Decommissioned

Installations

2.2.1 The Dimension Of The Problem Only a small percentage of the

steel in a nuclear power plant is activated or contaminated to a degree

that the material will be a hazard to people handling the material or being

exposed to its radiation. The amount of steel scrap with potential for

recycling ranges from 5000 - 10C00 t for a PWR and from 10000 - 15000 t

for a BWR. The actual decision whether to decontaminate for recycling or

not can only be taken on the basis of prevailing boundary conditions

including technical and economical data and release criteria.

At present, licensing for release is done on an ad hoc basis. A gene-

ral rulemaking by means of a guideline is under way and some essential

features of the corresponding thoughts shall be discussed in the following.

2.2.2 Exposure Scenarios Release criteria are based on radiological

assessments of the recycling option. Numerous studies exist in this

field12'13-14-13-16. One of the common results is tha t in most cases the

external irradiation by Y~erv*itting radionuclides dominates the doses to

people exposed to these materials. Tab.IV contains a number of exposure

scenarios which might be used to calculate maximal individual doses per

year. They obviously differ in their degree of conservatism.

But even the most conservative scenario in Tab.IV is not a worst-

case-consideration, as, at least in principle, the specific activity in the

final product could be higher than in the released material. This could

occur by mechanical separation of scrap with a non-uniform activity d i s -

tribution, for instance one might think of chips from contaminated su r fa -

ces. On the other hand, a case like scenario 1 with increased specific a c -

tivity can certainly be regarded as extremely unlikely.
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It seemed desirable however, to have a method available to assess the

actual doses to the general public. Based on this information, one can

define exposure scenarios with an adequate degree of conservatism to

derive release criteria from them.

Tab.IV: Exposure scenarios for external irradiation

Released at: 1 Bq/g
Nuclide: Co-60

Scenario

1

2

3

4

Thickness
d

(mm)

100

100

100

2

Steel making
dilution

factor
V

1

1/10

1/10

1/10

Exposure
time

(h/a)

8000

8000

2000

2000

Dose
H

(jiSv/a)

10000

1000

250

16

2.2.3 Results Of A Stochastic Simulation Of The Release Process The
release of radioactive metals from the controlled area for unrestricted use
and the processes of recycling have basically a stochastic character. The
path ways of these materials can not be predicted deterministically and
the quantities which are relevant for the radiological assessment are
fluctuating.
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A stochastic simulation of the complete process of scrap release, scrap

processing, steelmaking, product manufacture and the use of products

including exposure scenarios on each of these stages presents an adequate

approach. Such a probabilistic model has buen developed3. The results of

the model are individual dose distributions.

The following results are valid for the base scenario. Some of the

important input parameters are listed in Tab. V

Tab. V: Important parameters of the basic scenario

Amount of scrap released

Contamination release level

Release level for "specific

total activity"

((surface + bulk activity)/mass))

Nuclide

Average fraction of activated scrap

1000 t

0.37 Bq/cm2

0.37 Bq/g

Co-60

0. 1

The result of each simulation is a distribution of individual doses.
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Fig. 1 shows an example which is representative for the average distribu-

tion which is obtained by multiple repetition of the simulation.

10'

Typical result of simulation of the distri-
bution of individual doses in the first year
after release (base scenario)
< I : J V 5v)

Fig. 1

The results shown indicate that a release based on the criteria in

Tab. VI does seem acceptable from the radiological point of view.
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2.2.4 Proposed Rulemaking The Commission on Radiological Protec-

tion, an advisory body to the Federal Minister for the Environment, Mature

Conservation and Nuclear Safety, has formulated the basic principle that

the recycling within the nuclear industry (waste casks, shielding piates

etc.) should be given priority to. Only where this option is technically not

feasible or economically not justifiable material might be released as scrap.

A working party of the European Community has proposed clearance

levels for the release of steel scrap ot 1 Bq/g for the specific activity and

0.4 Bq/cm2 for surface contamination (0.04 Bq/cm2 for a-emitters). In the

Federal Republic of Germany, this proposal is regarded to be acceptable in

its outlines.

As these levels have been justified by dilution arguments in the ra -

diological assessment, they should not be applied to direct reuse or to the

release of products fabricated from active steel under a license. A lower

clfiarance level of around 0.1 Bq/g should be used in these cases.

2.3 Risk Estimate

Before decommissioning starts it is assumed that the nuclear fuel,

active plant media and operational wastes are removed under the operating

license. Criticaiity is no longer possible. In the case of an LWR, the remai-

ning radioactive inventory is roughly Viooo of that during operation.

Though the damage potential has been lowered drastically it must not

be concluded that the remaining risk is negligible. Due to external (light-

ning, storm, earth quake, explosion waves, plane crash) or internal causes,

the piant might be damaged and activity released to the environment.
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In a study3, a rough estimate of the risk of airborne activity emis-

sions has been given. The results are shown in Fig. 2. In the case of im-

mediate dismantlement to Stage 3 the frequency of activity releases signi-

ficantly above the licensed values is of the order of iO~3/a.

10°

to-'

10"*
COM

(a '1 ) iO"3

I O - 5 -

o immediate dismantlement to Stage 3

a dismantlement to Stige 3 after 30 years
0 Stage 1 (in the first year)

o
_i .

109 1010 10" 1012 10" 10" 10"

Complementary frequency distribution hpQii for
accidental airborne emissions during decommissioning

of a 1300 MWe P*R (= average number of events
per ytar with airunrne emissions A - A)
r ' em

Fig- 2

Such considerations are intended to support the realization of safety

goal 2 (provision of compensation for damage).
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2.4 Occupational Exposure And Decossmissioning Variants

The experience available so far and planning results indicate that the

annual exposure during decommissioning is lower or at most equal when

compared to operation. In Tab. VI some data on occupational exposure for

decommissioning projects in the Federal Republic of Germany are displayed.

Nots that the study results17 for the Biblis and Brunsbiittel plants are

conducted for the future decommissioning after the end of their useful

plant life of approximately 30 years. There are no actual p'ans to take

these plants out of service.

Tab. VI: Occupational exposure data during decommissioning
including planning results (PL) and experiences (EX)

PL

EX

Project

FR2

KKN

Sibils A

Brunsbottel

NS'OTTO HAHN'

KRB-A

Project

Charocterlzltlon

dismantlement
HWR

to »tage 3

dismantlement
HWGCR

to stage 3

immediate
PWR dismantlement

to stage 3

Immediate
BWR dismantlement

to ttoge 3

Nuclear ship with PWR,

removal o? RPV In

one piece, complete

decontamination

BWR, decontamination

and dismantling

of the turbine

building

Occupational

Exposure

(manSlevert)

1

3

10

14.5

i

0.25

0.7

V-T24



There is an ongoing debate on the optimal timing of decommissioning.

International workshops have been dedicated to this subject18. The radio-

logical benefits from delayed dismantlement are frequently discussed in

terms of decay factors and it is sometimes neglected that the major part of

the dose reduction due to the decay is achieved during the first 10 -

15 years, as long as Co-60 is the dominating radionuclide. Decisions for a

more extended enclosure or entombment period before dismantlement in

most cases are primarily based on financial considerations or unavailability

of a waste repository.

From this point of view, the dismantling of a nuclear power plant

with a limited work force which is familiar with the plant over a period of

10 - 15 years proceeding from the slightly contaminated areas tow; rds

components with higher activities appears to be an interesting alternative

to the usually discussed options (immediate dismantlement to stage 3, im-

plementation of stage 1 or 2 for 30 years followed by dismantlement to

stage 3).

From the point of view of licensing, however, all decommissioning

variants are acceptable provided that they meet the safety goals

mentioned above.

2.5 Final Repository

Licensing of major decommissioning activities will pose problems as

long as there is no waste repository available. The radioactive waste dis-

posal strategy of the Federal Republic of Germany is outlined in19. There

are two repositories for deep geological disposal in different stages of

realization, the licensing for the former iron-ore mine "Konrad" is under-

way, while the salt dome at Gorleben is being explored (Tab. VII).
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The decommissioning wastes of all nuclear installations in the Federal

Republic of Germany have an estimated volume after conditioning and

packaging of 150 000 m3. Scenarios including the other waste flows show

that the repository capacities are sufficient for the already existing

wastes and those arising in the next decades.

Tab. Vil: Repositories "Konrad" and "Gorleben"

Feature

Geologic Formation

Current Status

Start up of Operation

Categories of Wastes

Capacity

Repository

Konrad

Oxford
{marl, iron—ore)

Licensing Procedure
afoot

1981

Radioactive Hastes
with negligible Heat
Generation

500.000 -
1.000.000 ra3

Gorleben

Salt-dome

Charactorizatlca
afoot

2000

all Categories
Including HLK,
HTR-Fuel Elements

TRi i i lnn l DQ

depending on
Emplacement
Strategy

3 . C O N C L U S I O N S

Health and safety aspects are important issues in the licensing

procedure for the decommissioning of nuclear installations. The available

experience and planning results show that there are no obstacles to

implement the safety goals during decommissioning.
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AUTOMATION OF THE RADIOLOGICAL SURVEY PROCESS:
USRADS ULTRASONIC RANGING AND DATA SYSTEM*

B. A. Berven,** M. S. Blair,*** and C. A. Little**
**Health and Safety Research Division

***Instrumentation and Controls Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831

INTRODUCTION

The Radiological Survey Activities (RASA) program at Oak Ridge
National Laboratory (ORNL) serves as the Inclusion Survey Contractor (ISC)
in the Department of Energy's (DOE) Uranium Mill Tailings Remedial Action
Project (UMTRAP). The ISC is required to identify properties in the
vicinity of 24 inactive uranium mill sites where presence of uranium mill
tailings is suspected. Tailings are ^^°Ra-bearing by-product originating
from the processing of uranium ore. Mobile gamma scanning is the primary
method used to identify these properties.-^ Once identified, the ISC con-
ducts an inclusion survey on the property. The objective of this survey
is to perform sufficient radiological measurements to determine if uranium
mill tailing contamination is present, and, if so, if it is in excess of
relevant Environmental Protection Agency (EPA) criteria.^ Radon gas
emanating from "OR a ^s ^ e primary component of exposure to human occu-
pants at these sites. EPA criteria focus on controlling 226jja concentra-
tions in soil. (zzbRa concentrations in soil shall not exceed background
levels by 5 pCi/g in the top 15 cm of soil averaged over 100 m^ area, or
15 pCi/g in any subsequent 15-cm depth averaged over a 100 m- area beneath
the upper 15 em.) The concentration of "°Ra in soil can be measured
directly by soil sampling and subsequent gamma spectrometrlc analysis of
the sample, or can be estimated by direct measurement of the gamma expo-
sure rate at the soil surface using portable instrumentation in the field.
In both methods., the concentration of 226^a j s inferred by examining the
frequency of gamma emissions of •̂'•̂ Bi/̂ l̂ Pb, radioactive decay products in
the 238U decay chain.

ORNL was requested to perform 8,000 vicinity property inclusion sur-
veys in three years in the communities near 24 inactive mill sites. In an
effort to conduct this radiological survey activity in the most cost-
effective manner possible, ORNL has developed a technology to automate

Research was performed by members of the Environmental Assessments
Group of the Health and Safety Research Division at Oak Ridge National
Laboratory under U.S. DOE contract DE-AC05-840R21400 with Martin Marietta
Energy Systems, Inc.
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much of the radiological survey process and provide tabular and graphical
survey data output in the field or in the office for report generation.
This technological development is called the UltraSonic Ranging and Data
System (USRADS).

SYSTEM DESCRIPTION

System Application

The primary component of the inclusion radiological survey is the
gamma scan across the entire surface of a vicinity property. The gamma.
scan consists of a field technician traversing a property in parallel
transections while observing and noting the ambient gamma radiation level
on an analog portable meter attached to a Nal(Tl) detector. Usually,
every square meter of the accessible property is covered by this survey
technique and gamma radiation levels are noted in field logbooks. If
elevated levels of gamma radiation relative to background are observed,
the areal extent of that anomaly is recorded and a soil sample is col-
lected. The radiological survey information is transcribed into a micro-
computer (PC) and later formatted into a survey report. The report recom-
mends to DOE whether the property be included into or excluded from the
UMTRA Project based on extant radiation levels as compared to EPA cri-
teria.

The USRAD system was developed to automatically locate a surveyor's
position on a property and transmit that information along with the
instantaneous instrument measurement to a PC in the field. The system
conserves technician time in the field by eliminating gridding of the pro-
perty to locate measurements taken. USRADS conserves time in the office
by automatically transcribing data into a PC and reduces report production
time by preformatting information into report-ready output. The automa-
tion process reduces errors in instrument readout and errors of data tran-
scription, and, because information from the USRAD system is transmitted
every second, more information is gathered upon which to base assessment
decisions.

System Hardware

The USRAD system consists of a surveyor's backpack (SB), fifteen sta-
tionary receivers (SR), a master receiver (MR), custom computer interface
or counter timer module (CTM), Compaq Portable II personal computer (PC),
and a small trailer to transport this equipment. The SB contains the
interface circuitry to receive the signal from the portable gamma detec-
tor, an ultrasonic transmitter and radio frequency (rf) equipment to
establish a bidirectional communication link with the PC mounted in the
trailer. The ultrasonic transmitter is a lead-zirconate-titanate crystal
that is in the form of a circular cylinder with a hollow core. The cry-
stal dimensions are 2.2 in. in diameter and 1.445 in. in height. This
crystalline material and its dimension result in a natural resonating fre-
quency of 19.5 kHz. The crystal is pulsed for 10 msec each second as the
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data from the portable survey instrument are transmitted to the H?C via the
rf telemetry link. If the PC detects any problems, either with the data
or in determining the surveyor's location, a message is transmittedto the
surveyor and displayed on the handheld terminal to alert the surveyor of
the Malfunction. The SB can be operated for a normal, eight-hour day from
the rechargeable gel-cell located in the SB.

The stationary receivers contain an ultrasonic receiver and a rf
transmitter. The dimensions of the metal box that houses the ultrasonic
receiver card, rf transmitter card, and rechargeable gel-cell battery pack
are 10 x 10 x 15 cm. Each !>R has a unique rf frequency so that the MR can
identify which SRs heard a valid ultrasonic signal. The MR therefore con-
tains 15 rf receivers, one for each SR and a receiver and transmitter for
communication with the SB. Both the MR and PC are powered by a gasoline -
operated generator also carried in the trailer.

System Operation

The hardware and software interface is crucial co the system opera-
tion. The system synchronization is obtained through the different rf
links. The SB is tha master timer for the system since the data are
transmitted from the SB at the same instant that the ultrasonic crystal is
pulsed. This data transmission occurs each second and instructs the MR to
"start" the timers on the CTM card associated with each of the SR. As an
SR hears a valid ultrasonic signal, it relays a "stop" signal to the MR
via its unique rf channel. The "stop" signal from the SR instructs the MR
to disable the timer on the CTM card associated with that SR, thus the
time-of-flight of the ultrasonic signal from the SB to that SR has been
recorded. With a simple calculation, the distance from the SB to that
particular SR can be calculated (Fig. 1).

The conversion factor to determine the distance is the speed of sound
which is determined during the setup phase of the system operation. Dur-
ing the system setup, the SRs are placed on the property so that the sur-
veyor should be in view of at least three of the SRs from an3* location on
the property. Once the SRs have been placed on the property, the speed of
sound is determined and the locations of the SRs that were placed on the
property are computed. A display of the computerized location is plotted
on the CRT along with the property plat for the operator to view. When
the operator has completed the system setup, which usually takes only
about fifteen minutes, the surveyor begins the property survey.

As the surveyor begins to survey the property, the ultrasonic crystal
is pulsed each second as the data from the survey instrument are transmit-
ted to the PC. Each second, t'.ie PC reads the time-of-flight data from the
fifteen SRs, determines which ones are valid, triangulates the surveyor's
location, plots the surveyor's location on the CRT, and stores all raw
data. By plotting the surveyor's location each second, the surveyor can
view the surveyor coverage of the property at any time during the survey.
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In addition to plotting the surveyor location, the CRT displays on the
plot any data point that exceeds a threshold entered by the surveyor, so
that any areas of concern are identified on the display, to ensure that
sufficient data have been obtained to characterize that area.

System Software

A digitized schematic drawing of the property is stored in the PC
prior to the survey ufing AutoCAD, a commercial computer-assisted drawing
software package. The survey data are added to this information. The
property schematic is displayed on the PC's monitor (CRT). As the sur-
veyor traverses the property, his past and present position are displayed
to denote the completeness of coverage by the surveyor. During the sur-
vey , the software checks incoming information and alerts the surveyor (via
the backpack terminal) if errors are detected either in the survey data or
position data. To ensure data integrity, ail data are stored on the hard
disk every 30 seconds.

Onsite data reduction is accomplished by several software packages.
The USRAD system enables the surveyor to analyze the survey data to ensure
sufficient data is obtained to characterize the property before leaving
the site. The surveyor can view the data in a number of different graphi-
cal formats as well as obtain summary reports. The graphical formats sup-
ported by the USRADS are Replay, Block Statistics, Contour, and 3-D plots
of the radiation data. The Replay program will generate the same display
that the surveyor viewed when the survey of the property was completed.
The data are replayed in the same order as the data were taken. The Block
Statistics routine enables the operator to select a grid block size and
have the data analyzed for each block. If the mean of the data for a par-
ticular grid block is greater than the operator-entered threshold, then
that block is highlighted on the CRT, and the statistical information for
that grid block are storec in the summary report. Raw data are converted
to appropriate units and displayed or printed out in tabular or graphical
format. By indicating preset thresholds, areas of contamination can be
identified and vital statistics can be calculated (area size, number of
measurements, measurement range, average and standard deviation). Graphi-
cal representations are made in two- and three-dimensional display (Fig.
2). The Contour routine generates a summary report and outlines the areas
that exceeded the user input threshold. The 3-D plot generates two dif-
ferent views of the data and provides a means by which the surveyor can
view the entire data obtained during the survey. Information can be
displayed in the field and is output directly into a report-ready format
without transcription.

BENEFITS OF THE SYSTEM

The USRAD system is a hardware/software ranging and data transmission
system, that provides real-time position data and combines it with other
portable instrument measurements. Live display of position data, onsite
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data reduction, presentation, and formatting for reports, and automatic
transfer into databases are among the unusual attributes of USRADS.

Approximately 25% of smy survey-to-survey report process is dedicated
to data recording and formatting, which is eliminated by USRADS. Cost
savings are realized by the elimination of manual transcription of
instrument readout in the field and clerical formatting of data in the
office. Increased data reliability is realized by ensuring complete sur-
vey coverage of an area in the field, by elimination of mathematical
errors in conversion of instrument readout to unit concentration, and by
elimination of errors associated with transcribing data from the field
into report format. In one DOE-sponsored program, this represents a sav-
ings of almost $500/survey (over 9,000 surveys performed, e.g., $4,500,000
savings).

The USRAD system can be adapted to measure other types of pollutants
or physical/chemical/geological/biological conditions in which portable
instrumentation exists. Applications may include chronically contaminated
areas; emergency response in mapping pollution areas where accidents have
occurred; and, combined with the use of robotics, contaminated areas may
be assessed which are too hazardous for human access (i.e., nuclear reac-
tor cores, highly contaminated areas, etc.). Additionally, it may be used
for biological or geological characterization of an area. As a surveyor
traverses a region of interest, geological formation, magnetic fields,
species of trees, and insects could be noted and transmitted.

The USRAD system fills a void in the automatic data
collection/correlation/reduction system's arena, particularly for the out-
door suburban environment. In addition, USRADS fills this void in a very
cost-effective and innovative manner that allows a surveyor to rapidly
collect, spatially, high quality data with a minimum amount of training.
System setup time is minimal and easy. Repeatability of the survey
results from multiple surveys is excellent. The versatility inherent in
USRADS allows a wide variety of sensors to be utilized and even multiple
sensors simultaneously. Onsite verification of the completeness of the
survey is automatic. While approximately half the savings of field data
collection costs may be attributed to the field portion of the USRADS data
collection, the other half of the savings has to be attributed to the data
reduction, presentation, and integration into computer-assisted-drafting
electronic files and into electronic databases where reports and plots are
automated.
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ABSTRACT

The Special Metallurgical (SM) Building at the U.S.
Department of Energy facility located in Miamisburg, Ohio is
currently in the decommissioning process. An early task in this
project was the removal of external ductwork which was highly
contaminated with plutonium-238. Approximately 450 linear feet
of duct which averaged three feet in diameter were included in
the project. One duct, approximately 150 feet in length,
connected an external filter bank with a stack plenum and was
moderately contaminated. This duct was removed first so that
contamination control techniques could be developed for use
later in the removal of the second duct which was highly
contaminated. Because SM Building is located approximately 100
meters from the fenceline procedures were required which
offered a high degree of assurance that airborne release of
contamination would be strictly controlled. Special fixation
techniques, decontamination methods, and other procedures were
employed in the removal of the ductwork and subsequent removal
and replacement of the roof.

INTRODUCTION

The Special Metallurgical (SM) Building was constructed in
1960 at the U.S. Department of Energy (DOE) Mound Facility in
Miamisburg, Ohio. SM Building was used to: 1) process
plutonium-238 into a final product form for encapsulation in
isotopic heat sources; 2) recover plutonium-238 residues
generated from isotopic fuel production, from R&D activities,
and from analytical support activities; 3) encapsulate
plutonium-238 fuel forms in the fabrication of isotopic heat
sources; and 4) perform analytical activities required to
f-pport the plutonium-238 production and recovery processes
^Figure 1). Construction of a new plutonium facility, PP
Building, was completed in Dec, 1967.

* Former Mound employee
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The design of the new facility incorporated numerous
safety-related features which the SM Building did not have.
Plutonium operations fere then transferred from the SM Building
to the PP Building. Termination of the SM Building began in
August, 1968, and continued through Aug, 1972. During t\ is
effort, approximately 6 kg of plutonium-238 were removed from
the facility. Termination of 600 feet of gloveboxes,
fumehoods, and enclosures was also accomplished during th'.s
period. All internal room walls, ceilings, floor coverings,
piping, conduit, and miscellaneous services were removed. The
termination effort ceased when it became progressively more
difficult and costly to remove the small amount of plutonium
remaining in the structure. When the termination effort
ceased, the building was left with approximately 13,000 ft,
contaminated with plutonium-238. At this time, SM Buildin;; was
placed into a stand-by mode awaiting decommissioning funding.
Approximately 0.3 Ci of plutonium-238 remained in SM Building
(Table I ) . Routine surveillance and maintenance was performed
to maintain the building in a radio 1 ogica1 1 y safe conditior
until decommissioning could be initiated. In FY 1982, a
program of surveillance and major maintenance was initiated.
Decommissioning was initiated in FY 1983.

Table I

Location of Plutonium-238 Inventory Above-Ground Level

Pu Inventory

( Ci ) Location

0.094 Ball Room
0.010 Insulation (wall)
0.008 Roof (tar)
0.002 SMA Filter Bank Ducts
0,006 SMA Filter Bank
0.006 SM-2 Filter Bank Ducts
0.040 SM-2 Filter Bank
0.007 SM-3, 4 Filter Bank
0.007 Repackaging and Redrumming Facility (f&R)
0.001 Low Risk Waste Tanks
0.003 Stack and Plenum
0.031 Surface of Ground
0.012 Low Risk Waste Drains and Vents
0.003 Other

0.3 Ci Total
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One of the first major tasks associated with the SM
Building decommissioning included removal of excess
contaminated exhaust ducts from the roof and subsequent removal
and replacement of the roof which had deteriorated during the
previous twenty years. Contamination from various activities
during the history of the building was present in the roofing
material, primarily in the tar area. Although this
contamination was not dispersible, it was determined that a
fire could result in an environmental release. Also, the
deteriorated condition of the roof decking made walking on the
roof potentially dangerous. A significant snowfall might cause
local collapse. A good, solid non-leaking roof was necessary
before further removal of contaminated services inside the
building could proceed. Health Physics was tasked to provide
planning support, monitoring, and providing survey support to
Engineering and Nuclear Operations.

The duct removal phase was begun in 1982. Detailed surveys
were performed on the exhaust ducts that connected the inactive
Special Metallurgical Addition (SMA) filter bank to the plenum,
the glovebox exhausts, and the mist eliminator that fed the
active SM EF-2 filter bank, and the Vault 37 duct (Figure 2).
The plenum, stack, and roof were also surveyed (Table II). The
survey showed that in most areas the contamination level was
measurable but could be handled with relative ease using
existing technology. Two areas, the glovebox exhaust and mist
eliminator, contained significant contamination. At the levels
of contamination found in these two areas, the total release of
contamination from one square centimeter would exceed the USDOE
air quality standards of 2000 cubic meters of air. Because the
fenceline was located approximately one hundred meters east of
the building, there was concern on the part of Operations,
Engineering, end Health and Safety management.

Table II

Contamination Survey Results

Pu-238 Contamination
Average Average

Removable Fixed
dpm/100 cm dpm/100 cm

Duct- SMA Filter Bank to Plenum 2,000 50,000
Plenum Interior 400 100,000
Vault 37 Duct 100 100
Stack (at base) <200 25,000
Glovebox Exhaust 400,000 >4,000,000
Mist Eliminator 400,000 >4,000,000
Roof (Tar material) 25 100
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Engineering decided to phase the project as follows:

1. Remove the Vault 37 duct
2. Remove the duct from SMA Filter Bank to the plenum
3. Remove the exhaust duct
4. Remove the mist eliminator
5. Remove and replace the roof

New methods of contamination control would be tried and
evaluated on the less contaminated materials. Those that met
with tha greatest success would be applied to the removal of
the more contaminated ducts.

Management guidelines decreed that contamination would be
controlled to the maximum extent at the worksite, workers on
the jobsite would be monitored while the work was progressing,
and no contamination should leave plantsite. With these
criteria in mind, the following contamination control methods
were considered by Health Physics:

* Use of sheet metal enclosures where appropriate
* Use of portable plastic and sheet metal enclosures
* Use of portable exhausters with HEPA filtration
* Use of bagging techniques for separation of duct

sections
* Strict zone control with step-off pads
* Use of fixatives to control wipeable contamination

Because much of the ductwork required size reduction prior to
packaging for shipment to a burial site, a facility had to be
constructed near the worksite for this operation. The abandoned
filter bank area inside SMA penthouse was selected for this
use.

Health Physics chose appropriate monitors for use inside
the enclosures, at the zone control stations, and at the
boundary of the worksite so that air levels, contamination
control, and work conditions could be monitored. Weather
considerations were important; it was agreed by all parties not
to separate duct if rain was imminent or if the average
windspeed exceeded 10 miles per hour (5 m sec ).

Because Vault 37 duct, was lightly contaminated and located
in a rather inaccessible area, it was removed using bagging
techniques and portable enclosure where possible. Contamination
was contained inside of the duct during the operation. Size
reduction proceeded and the resulting waste package was lowered
to the ground by crane.
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The next step required removal of the duct which connected
SMA Filter Bank with the stack, plenum. The first task was to
isolate the duct from the plenum- This was accomplished at a
rubber boot near the plenum. During a stack shutdown, the boot
was cut and two metal caps clamped onto the separated ends. The
other end of the duct, in the SMA filter bank, was blanked off
using a similar cap. A four-inch exhauster hose was connected
through.an adapter from the EF-2 Filter Bank to the static duct
to provide continued negative airflow. Two-inch holes were cut
in the duct at approximately one meter intervals and the iuct
interior painted with a non-flamnable (water-based) housetiola
paint using an air sprayer. The holes were covered with sheet
metal plates. After the paint dried, the portable tent
enclosure was moved into position. A large plastic bag was
taped onto the duct with tools inside. Hand ports with gloves
were taped into slits in the bag. This arrangement was then
used as a glovebox for separating the duct. After the duct was
sectioned the parts were separated approximately one-half
meter. The bag was tied off in two places about ten centimeters
apart and the bag cut between. The tools were bagged out in the
same manner and sheet metal end caps installed over the duct
ends. With the metal caps in place, the duct section which
weighed approximately fifty kilograms was transported to the
size reduction facility. In some cases, it was not practical to
separate a short section of duct. When this occurred a crane
was used to handle the heavy piece of duct and lay the length
on the roof for sectioning into a more appropriate length.

This duct was completely eliminated from the roof by
removing one section at a time, working toward the end which
had the exhaust connector so that negative pressure was always
maintained. The use of the paint fixative, exhaust, bagging
technique, and portable enclosure successfully precluded
contamination from becoming airborne during this operation. The
removal of this duct required approximately eight weeks. This
effort provided the experience necessary to attempt the removal
of the highly contaminated exhaust duct and misc eliminator.

Health Physics lessons learned included the following:

* Continuous high-volume air sampling (55cfm) provided at
the roof perimeter provided adequate sampling volume for
projected dose calculations. The immediate work area inside the
tent enclosure was monitored with the standard alpha Constant
Air Monitor with a background subtract feature to minimize
radon interference.
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* Air proportional alpha instruments are inadequate for
outdoor use in this region of the country due to humidity
problems. They are adequate for short durations of time. Alpha
scintillation instruments are extremely light sensitive and may
cause false high readings if not used carefully. This was
noticed particularly at the hand/foot check stations
established at zone control points.

* Painting with a standard paint such as a rust
preventative provides excellent control of wipeable
contamination. Although this paint may chip and peel, the
resulting particle is sufficiently large that it does not
create a dispersible airborne problem. Painting inside a duct
with an exhaust requires a prefilter at the end of the duct to
preclude clogging the HEPA filters.

* The bagging technique employed allowed contaminated
tools to be reused often because they were not allowed to be
exposed to the environment. They would be bagged into a section
to be cut, then bagged out. This bag was then used in the
subsequent section.

* Industrial safety considerations for working on rooftops
presents considerable problems when the workers are wearing
respirators, plastic shoecovers, gloves, and hardhats. Also,
heat factors multiply when working in a protective suit with
respirator on a black tar roof.

* Because of the weather constraints that were included in
the work procedure no difficulties from wind were encountered.
On two occasions a perfectly beautiful morning clouded up
within two hours. On one occasion the work was completed before
a storm hit. In the other case the storm passed south of the
site. Coordination with a local weather station may have
precluded these storms from surprising the work crew.

* Use of the crane allowed waste packages to be moved to
and from the size reduction area. In some cases the duct was
moved by crane to a more favorable location for continued work.

* Maintaining a negative pressure on the duct during the
entire operation gave great assurance that no contamination
inside the duct would escape during the removal procedure.
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The glovebox exhaust duct provided additional challenges
to the Engineering Group. This duct penetrated into the
contaminated building in a number of drops (Figure 2). Also, a
thick layer of contaminated dust had filled the bottom of the
duct to the point that the paint layed on top rather than
soaking through and fixing the contamination in place. This
duct had rusted considerably and therefore was not nearly as
strong. Handling created a problem. Because of the large duct
size it was not possible to size reduce in the SMA Filter Bank
area. This task would have to be accomplished in the SM
Building in the contaminated area. This required that the duct
be lowered from the roof to the first floor and guided through
a set of double doors that entered the contaminated area of the
building. This duct did, however, exhaust directly to the
active EF-2 Filter Bank so that a negative flow was
automatically maintained.

Before the job could begin, a method for removing the
contamination was necessary. Eventually, a person entered the
mist eliminator with a

HEPA filtered vacuum sweeper with a wand onto which additional
sections could be added. He was able to reach most of the duct
from the mist eliminator. The actual removal of duct sections
was able to proceed as discussed except for those sections that
penetrated the roof. In these cases, the portable enclosure was
placed over the penetration and the roof was cut around the
duct from inside the building. The open duct end was capped
with a sheet metal blank. This duct end was then supported from
inside the building with a lift truck. Contamination outside
was cleaned from the area while the enclosure was in place,
then the area was wrapped in plastic and held in place with
sandbags. The portable enclosure was then moved into location
to section the duct. The crane was attached so that the duct
could be immediately removed from the roof. Bagging techniques
were used to separate the duct, end caps placed on the
sections, and the duct piece lowered to the first floor. This
duct was removed in approximately six weeks.

The next task to be completed was removal of the mist
eliminator. Because the mist eliminator was so large and was
not located near an edge of the roof, it was decided to size
reduce this piece in place and load it directly into a waste
package. A sheet metal and plastic enclosure was constructed
over the mist eliminator and attached to the EF-2 Filter Bank
Penthouse- An airlock was constructed on this enclosure for
waste staging and packaging. The mist eliminator was painted,
cut with reciprocating saws, and wrapped in plastic. The pieces
were passed into the airlock and placed into the waste package.
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Two associated drains were removed and the roof penetrations
sealed. The job required approximately four weeks to
accomp1ish.

After the ducts had been removed the next task was removal
and replacement of the contaminated roofing material and repair
of the roof decking. Samples indicated that low levels of
contamination were present in the roof insulation. Recognizing
that the survey was not exhaustive in nature, it was decided
that the roof should be removed inside an enclosure. This
enclosure had to be large enough to support a sizeable work
are., yet be light-weight, enough to move manually. The
enclosure was constructed and used for the first two roof
sections. However, it was noted that the insulation was so wet
that it was not dispersible at all. Monitoring inside the
enclosure indicated that no contamination was being generated,
so a field decision was made to abandon the use of the
enclosure. A complication arose from the roofing insulation
itself. It was so wet that it could not be packaged in its
condition. Therefore a method of reducing the moisture content
was required. A solar drying tent was constructed on the
asphalt drive behind the building. A HEPA exhausted far, was
installed on one end and a filtered air supply on the other end
providing a sweep across the material which was placed on
oven-type racks and stacked along the walls. This drying tent
proved to be quite efficient and the typical residence time for
roofing material was two days. The material was then packaged
in waste containers. The roof removal required approximately
thirteen weeks.

Once the roofing material and underlying insulation were
removed the deck was cleaned and surveyed. No wipeable
contamination in excess of 20 dpm per cm was found. In some
cases fixed alpha contamination exceeded 200 dpm per 100 cm .
Because of this localized fixed contamination, the decking was
painted as a fixative. Because the contamination had been so
reduced a commercial contractor was permitted to install the
new roof. This was completed in a few weeks. The new roof is
functioning perfectly and has allowed further work to proceed
inside the building.
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ABSTRACT

The paper in concentrating on the "end effector" arpect cf i Remote
Handling machine dedicated to dismantling nuclear facilities. End effector
comprises the toolings and tool handling device (the Manipulator). Th:.~ end
effector is placed at work thanks to a transporter generally large and
unaccurate machine. Desirable qualities of toolings (analysis is voion-
tarily limited to metal cutting processes) are discussed with respect to
the particular dismantling application. Comparisons are presented and dis-
cussed in order to help for the selection in front of a given project.
Similar approach is presented concerning manipulators, quality parameters
are proposed and discussed considering three major classes of machines :
the power Manipulators - Servomanipuiators and Industrial Robots.

An a priori and universal choice is not reasonable to consider parti-
cularly because of the b;:sic duality of decomissionning activity : the
project rounds around the waste identity which is the key product, and the
"production" plant design has to comply with an existing facility and ail
the corresponding constraints. In conclusion possible development orienta-
tions are ;. nosed considering a new field of investigations which
addresses small size devices and work in parallel with multiple machines to
reduce costs and down times. Decomissionning projects of the future may be
looked at as flexible -workshops.
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I - INTRODUCTION

The pape:1 is addressing essentially remotely controlled machinery for
dismantling nuclear installation. Few projects have involved, up to now
full remote handling in the field for several reasons :

Low level of radioactivity allowing "hands-on" work.
Limited number of facilities already been decommissionned.
Low level of dismantling often selected.
Cost effectiveness with respect to hands on workers.

This situation make it uneasy to extrapolate and to identify general
trends. However future projects will involve highly activated and contami-
nated structures or components, 'power plants, reprocessing facilities)
.nandating to develop important remote handling devices. An effort has to be
made in order to prepare this future. Present projects involve rather heavy
machines difficult or impossible to transport on different sites. Even when
looking at subcomponents of the system 'elements of transporters, cabling
and transmissions, etc.) one can hardly identify "reusable" components
except for two subsystems :

The manipulators.
The toolings.

Indeed a direction to work on to reduce costs for complex remote
handling machines, is to look for a form of standardisation of the compo-
nents. However dismantling machines are very site-specific mainly because
very poor decommissioning previsions where taken in account during the
design of the facilities. "..:e could envisage some kind of "multi purpose"
transporters or transfert system but these would certainly remain much more
plant-specific than the head end of the machine wich receives the manipu-
lator that handles the tool.

Uur objective in the paper is consequently to concentrate on these two
devices, attempting to set a selection methodology which could help to
identify the correct candidates ana to identify the "standards".

I.1 Definitions

The words manipulator-tool ing-transporters may become ambiguous when
applying to a given project. A tool (plasm3 torch for example) may include
in its packaging some sort of degrees of freedom (fine positioning) that
could functionnally be considered as part of the manipulator. Moreover a
tool nay be fixed directly at the tip of a transporter without any easy
identification of the manipulator.

We shall precise what is our proper understanding :
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The tool is tne active end-effector of the machine, it supports
the working process (handling, cutting, decontaminating, etc.). The tool
may include certain degrees of freedom : for fine position adjustments, at
grasping interface with the manipulator or simply to actuate its main pro-
cess (spining the grinding wheel).

The manipulator is directly handling the tool. It has first, to
place it at work in the proper positions and orientations when the tool is
"autonomous" (shear machine or explosive ribbon). Then the manipulator
will guide the tool continuously along a trajectory (positions and orienta-
tions) when the tool is not autonomous (plasma torch). Additionally the
manipulator may have to support the weight of the tool (this is not always
^he case, the weight can be balanced thanks to auxiliary means, which is of
particular interest when the tool is large and heavy). It has finally to
counterbalance reaction forces generated by the process, ii'id here also the
forces may have to be finely regulated (force control, force feedback in
case of grinding for example).

The transporter is carrying the manipulator to place it grossly at
work. The transporter is not able to perform fine motions (vith respect to
general requirements of toolings) its function is essentially to extend the
reach of the manipulator and to provide a support base.

N'aturally other subsystems of a dismantling machinery can be identi-
fied (waste transportation, power and signal transmission systems, control
station, etc.) but they are out of our present scope.

I.2 Preliminary statements

A dismantling project can be compared to an industrial workshop in
which processed product is the "waste". Whole scenario is conditionned by
the characteristics of this key element. The "product" is characterized by
following items :

1. Radiological identity (contamination and activation) «rhich condi-
tions its final processing and the bioshielding provisions in the
installation. It will have also some influence on the size of the
transported package in the plant and decontamination procedures.

2. Final dimensions and packaging method (naturslly coupled with 1)
will drive the segmentation process and complexity of additional con-
ditionning zone.

3. Material nature and initial shapes influence the tooling selection
and segmentation strategy.

4. Initial environment may preclude the utilisation of certain proces-
ses (explosive cutting - air or under water operations).

5. Accessibility has direct influence on remote handling machinery
design.
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6. Overall production cost including capital and operating costs which
leads to difficult but necessary comparisons between alternatives.

The second fundamental specificity of dismantling, is that one have to
comply with the actual capabilities and architecture of an
existing facility. Classical industry is building the. plant around the
product. This duality has always to be present during the dismantling
design process. One cannot define toolings and the way to operate them only
looking at the tubings or vessels to cut-down.

II - TOOLING SELECTION

Main tasks to perform in a dismantling project are following :

1. Inspection : general survey and close examination in order to
prepare the segmentation sessions.

2. Cutting and removal of equipments : comprising metallic parts (tub-
ings, vessels, massive elements, shielding) as well as concrete and
few miscellaneous (electric wires).

3. Handling and transportation of wastes to a conditioning zone:
which may be bottlenecking if the appropriate throughput is not to
provided (without dramatic modifications of the facility).

4. Wastes processing, compacting, packaging and posting out : which
requires to build (or refurbish) a special conditionning zone in the
facility. The cost implication of this zone is important in the pro-
ject because it is non recurrent and plant specific.

5. Decontamination takes place before any dismantling in order to
reduce dose rates, during dismantling process to clean the pieces
(eventually at a level authorizing its reuse in the classical indus-
try), and after all mechanical disassembly to render the facility
available to other uses.

6. General purpose tasks : house keeping. Improvement and refurbish-
ment of auxiliary equipments of the facility, modifications in order
to allow installation and work of the remote handling machines.

Tooling will then be required at several locations within the faci-
lity, and operated in different ways : hand operated in low radiations
areas, installed on fixed machinery in the waste packaging zone (high capa-
city cutting), handled by mobile remotely operated ^Robots" to address the
most active and unaccessible areas. As mentionned before we limit our pre-
sent approach to this last category and more particularly to metal cutting
operations (part of class 2 task description).
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A selection methodology for toolings can be base'j on the cross coup-
ling of the two following parameters fields :

The intrinsic performance parameters which concern the performan-
ces of a given tool with respect to a given criterion (weight, rapidity of
cut, pollution generated, etc.). This evaluation is independant from any
kind of application.

The specific constraints coming from a given dismantling applica-
tion.

II.1 Assessment of performance parameters for metal cutting tools

Classification of existing processes can be following :

1. Mechanical

. abrasion, chips removal = x milling, nibbling, sawing, grinding

x grit charged water jet

. cutting = shearing

2. Thermal

. fusion - oxygen and plasma torches, oxygen lance, laser, electrode

. erosion = arc saw

. cracking = welding cracking.

3. Explosive

We can divide the parameter field into three categories :

The internal parameters addressing only the intrinsic performances
of the tool (type and nature of components able to be cut, velocity of the
cutting process, etc.).

The external parameters characterise the ease to operate and
service the tool (weight, required accuracy in position guiding, maintaina-
bility, cable management, etc.).

The safety parameters which are separated in order to highlight
this important aspect (pollution by airbone particles, fumes, etc.).

Desirable "qualities" of a tool with respect to decommissionning
application will then be following :

II.1.1 Internal parameters

1. Large cutting capacity : elements generally encountered are tubings
of various diameters and thickness (nominally 0 10mm) metallic

VI-5



plates (including large vessels or pipes) and massive structures
(pressing - machine).

2. High cutting velocity not to slow down the overall process.

3. Ability to cut any current material in order to avoid multiple
changes of tool end in front of multi metals structure.

4. Reliability and robustness to support without damages the rugged
operating conditions unavoidably encountered during dismantling work.

5. Easy to maintain and quick return to work which may include the
decontaminability requirement.

6. Low capital cost

7. Low operating cost

II.1.2 External parameters

1. Weight of the tool head is of prime influence it will condition the
the manipulator choice.

2. Size of the tool package shall be as small as possible not to pre-
clude accessibility to certain areas.

3. Reaction forces exerted on the tool carrier shall be small or
better equal to zero. An important distinction has to be pointed out
here because its influence on the Manipulator selection is central,
two types of forces may be exerted at tool/Manipulator interface :

parasite forces asking only to the supporting device to comply with
this forces without suffering any damages (ex. : jaming during shearing
process - vibrations and shocks during grinding operations).

forces that need to be controlled in intensity and in directions in
order to operate correctly the process. The simplest class is permanent
reaction forces (water jet reaction) that need to be balanced, the most
complex is contact forces adjustment on the trajectory (grinding) which
asks for a Manipulator able to perform a hybrid position/force control
automatically or with manual help (force feedback manipulators).

4. Large tolerances in tool/piece relative positionning. Tenth of a
millimeter is very demanding for the manipulator controls and mecha-
nics. 1 centimeter is a comfortable value.

5. Large tolerances in speed, control stability. Very low and conti-
nuous advancing speeds are difficult to ensure with conventional
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manipulators.

6. Simple supply leads. Large and complex supply lines (as plasma
torch) will generate troubles in cable management and connections
(secondary cooling lines...).

7. No parasitic effects that will disturb or make more difficult the
direct control of the process (intense light or fumes emissions - high
noise levels...).

II.1.3 Safety parameters

1. Low production of chips or slags, which pollute the environment and
may spread some contamination.

2. Low production of airborne particles that will increase the levels
of disperse contamination and will cause some troubles on th^ filte-
ring systems.

3. Low operationals risks to damage the surroundings or the bioshields
(explosive cutting may damage the filtering system. Thermal cutting
may initiate fires).

11.2 Comparison table

Referring to previous classification of metal cutting processes we
propose an evaluation matrix on table 1 . Process of similar performances
have been grouped together. Others are standing alone in the columns
because of their unique particularities. Qualification of the performances
is given through 3 numbers, high number means good performances with res-
pect to corresponding parameter. Water jetting, laser cutting and thermal
cracking are mentionned because they are promising though not having realy
been used in dismantling already.

1I.3 Discussion

With an equal ponderation of all the performance parameters, one esta-
blishs that shearing tool seems to be the best. Indeed shearing is clean
and rather easy to operate but is is very slow and not applicable to a
large variety of metallic structures. This is highlighting the fact that
each parameter has to be ponderated according to the characteristics of the
application. There is no best cutting process as a general rule.

A ponderation column is present on table 1 to introduce these project-
specific aspects. One can quote each performance parameter on a relative
basis depending on its importance for the application.
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Classes of processes

Performance parameters

Internal

1. Large capacity
2. High velocity
3. Multi metals
4. Reliability
5. Maintainability
6. Low capital cost
7. Low operating oost

External

1. Low weight
2. Small size
3- No parasite forces
4. No controlled forces
5. Positionning tolerance
6. Speed tolerance
7. Simple supply
8. No parasites effects

Safety

1. No chips, slags
2. No particles
3. No risks
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TABLE 1 : Tooling comparison example
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Naturally the proposed evaluations are debatable, they may vary when
taking in account a precise given tooling and they shall be expanded to
better surround the actual characteristics of candidates.

Ill - MANIPULATORS SELECTION

Various operating concepts can be envisaged to handle the tools, we
may summarize the alternatives in the following way :

Telemanipulator + Tool = . power manipulators
or

. servomanipulator

Industrial Robot + Tool

Task specific machine + Tool

A specific machine is taylored to one type of task and only that one.
It is clearly simpler but less versatile and adaptative than the other
choices. No help will be provided in case of unscheduled situations and it
is cetainly less applicable when more than one or two different tasks are
to be achieved on site (operating different cutting processes - handling
pieces of equipments after cutting... ).

An "Industrial Robot" is understood as beeing developped and marketed
to apply to the manufacturing industry, which is essentially non nuclear-
It has however to be considerred as an alternative to equip dismantling
machines because of following advantages : wide range of different types of
machines on the market - large diffusion of the different models which
offers a good guarantie with respect to availablity of the system and its
subcomponents - low cost with respect to specially developed machines.
Naturally important drawbacks will be found regarding its applicability ;
we can mention : important total weight and low payload to weight ratio -
no force control (or very limited) - poor "man in the loop" control pos-
sibilities - poor provisions regarding decontaminability and work under
radiation fields.

Nuclear Telemanipulators are clearly dedicated to work in the type of
environment we consider. Classicaly two families of such machines are
available : the power manipulator which is unilateral (no force
feedback) and generally controlled through simple push-button boxes. Power
manipulators are used to handle large payloads without great dexterity. -
Servomanipulators which offers unique characteristics in controlability
through their bilateral Master-slave mode. Force feedback in the master
controller authorizes to directly monitor the forces exerted on slave
environment. Additionally recent Computer Assisted Teleoperation (CAT)
controls enhance the capabilities of the system.
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III.1 Assessment of performance parameters for a Manipulator

Desirable performances of the Manipulator are highly depending on the
selection of the tool and the choice of a dismantling scenario. Following
discussion is insisting on the critical parameters and the cross coupling
that have to be taken in account in the selection process :

III.1.1 Internal characteristics

1. Force/payload capacity requirements are directly driven by the tool
characteristics. Moreover additional tasks (waste handling) may add
requirements on this point. Small values are obviously opening the
field for Manipulator choice.

2. Force control capabilities : in case of operations involving eon-
tacts with the environment pure position control raay not be sufficient
(insertions - extractions - grinding tool...). Forces shall then be
measured and controlled. This can be done automatically and/or through
operator's control (thanks to Master-slave control as an example).

3. Positionning accuracy : achieved in open loop or in closed loop
thanks to external sensors, the requirement is directly derived from
tools positionning tolerances. Unfortunately light weight and compact
tooling don't accept large tolerances leading to strong requirements
on manipulator's accuracy.

4. Velocity has to be high enough not to disturb manual operations,
0,5 m/s is about a lower limit.

5. Low speed control stability characteristics has to match guided
tools requirements. Thermal cutting processes on thick plates are
generally very demanding in speed regulation.

6. Work in all positions with respect to gravity is required when the
device is intended to be mounted on a highly movable transporter. Due
to lack of balancing some machines are not able to work upside down or
sideways particularly.

7. Inherent protection againts shocks is important to consider because
collisions with the environment are unavoidable during dismantling
operations. Rigid structures and actuation trains will suffer from
shocks. "Inherent" means that built in protections have been provided
so as mechanical compliances (cable driven mechanisms as an example).

8. Range of motion of the maniuplator shall be naturally as large as
compatible with other requirements (resolution and total weight nota-
bly). Range of motion shall be considered in full space meaning 3
positionning and 3 orientating degrees of freedom of the payload. Real
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usefull range of motion of manipulators is generally small compared to
its dimensions.

9. Versatility : ability to operate number of toolings. This addresses
the mechanics as well as the controls that shall comply with different
operating conditions.

III.1.2 External parameters

1. Total weight of the manipulator will critically drive the design of
transporters. Present experience make us think that a transporter
weights roughly 50 times the manipulator's weight. Any improvement at
end-effector level is valuable.

2. Size of the machine will condition its capabilities to access and
to manoeuver inside the environment. Size parameter is different from
range of motion for it includes all the volumes of the Manipulator. We
shall consider size in minimum configuration (folded to pass through
entry ports for example) and in average operating configuration.

3- Supply line shall naturally be as simple and small as possible.
Hydraulics may cause some troubles and generally electric::, are prefer-
red. On board electronics would dramatically reduce tie ombilical
problem that considerably influences the design of transporters.

H. Resistance to environment aggressions. Primarily radiations, than
possible corrosive surroundings (under water) and nuisances following
upon tool operations (dusts, slags, grits, molten metal projections).
Combined with decontaminability problems this may lead to prefer
watertight designs.

5. Reliability, particularly resistance to tool induced vibrations.

6. Maintainability including decontaminability and adaptation to work
in a glove box or through protective suits.

7. Operability which characterizes the easiness to control the machine
by an "average" operator. Various types of controls can be evaluated
with this respect as examples :

Push button type at actuator level is certainly the less friendly
but the simplest and commonly used on power Manipulators.

Robot like control involves programming phases that may ask for
computer sciences aspects, moreover it is not very well suited to perma-
nently manually operated sessions often required in dismantling.
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CAT control type on Master-slave cervomanipulatoro iz trie meet open
for it offers a continuous spectrum of modes from the purely manual to the
fully autonomous.

8. Cost : industrial Robots are two to three times less '.-zpe:.."ive than
custom developments for nuclear applications. However, one shall
consider the operating costs particularly when the machine is hardly
maintainable or operated f;ir away its nominal environment conditions.

III.2 Manipulators comparisons

A systematic approach as presented for tooling would not be here very
significative unless a large number of different Manipulator designs are
considered. Additionally the quotations cannot be made independently of the
tool selection and the general application.

Specific machines are attractive because they are generally simple and
can be optimized for a restricted set of parameters. They cannot represent
total solutions for a complex dismantling problem, but shall be envisaged
to solve particular points of the scenario (cutting entry port in con-
crete. . . ) .

Power manipulators are light weight and compact however they are very
slow, lacking in force control capabilities and generally in advanced con-
trol features. They can be envisaged to handle heavy and autonomous tooling
without great efficiency in time. A large and complex plant dismantling can
hardly be based only on this type of tool handler.

Industrial Robots are very powerfull in programmed mode of operations
and unexpensive. But programmed mode is not the nominal usefu31 mode in a
non trivial dismantling environment. Additionally payload to total mass
ratios are very low and the design may have to be significantly modified to
comply with environment constraints (replace encoders to whitstand radia-
tions - add bootings to protect against chemicals and contaminants). When
the conditions are not extreme Industrial Robots are however to be
considered.

Servomanipuiators are certainly the most appropriate machines in com-
plex situations. When large variety of tubing, vessels and welded equip-
ments are to be cut and pieces handled in a reasonable amount of time, one
have to consider that a Remote handling machine is generally "one armed",
"legless", "one eyed", and operated through a control station that will add
to all theses degradations. Consequently enhancement of all the elements of
this system and notably the Manipulator are mandatory. In addition to the
time figure, which is a prime justification element in favor of the servo-
manipulator, the multi purpose functions have to be highlighted : this is
an exact answer to the multi-task aspect of complex dismantling opera-
tions.
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IV - CONCLUSION

The ideal cutting tool would be light, compact, fast, easy to operate,
clean and wireless ! The rapid overview presented in the paper shows how
far we are today from this (unreachable) objective. Large efforts are still
to be made on tooling developments in order to broaden the present choice
which is very limited.

Reducing weight and augmenting operating speed of mechanical tool? is
a first objective because of their very attractive cleanliness. Working
constraints of new processes (thermal cracking - arc sawing) shall be
reduced in order to ease their operability with a Remote handling Manipu-
lator.

New directions are pointing out from present analysis regarding Mani-
pulators. The need for a hybrid type of Machine combining Robot like capa-
bilities and Master-slave controlability is clear. First character is
beneficial to precise guided-tools operations, the second is mandatory to
address the numerous manual operations involved in dismantling.
A more advanced line is to work on the reduction of size and weight
of the overall machines (easiness to install, to move and cost
reductions).
Small, lightweight, and sensor based controlled manipulators shall be
envisaged. Naturally implications on the total system will be important
because the transporter will have to become more "clever" in order to
recover the lost range of motions.

At a more general level one have to consider the work efficiency at
the work site. Dimensions of the initial waste package transported and
processed in the conditionning zone has some direct cost implications on
additional installations. The segmentation process could advantageously be
essentially performed at the worksite. This leads to consider highly
efficient toolings and Manipulators in combination with a multiple (anc
small) machines concept, parallelising the process.

The dismantling project will then look like an "anthill" or a flexible
workshop.
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ABSTRACT

Thi•. oaper describes the remote operation technology developed for
use in the TMI-2 cleanup. Such technology and experiences are
considered to have applicability for a nuclear plant decommissioning.
Specifically, it addresses:

o Mobile, remotely controlled vehicles for surveillance,
sampling, light-duty, surface decontamination, and dismantling
work.

o Stationary remotely controlled surveillance equipment.

o Remotely controlled boring, cutting, dismantling, and
manipulating tools for damaged reactor defueling and
disassembly.
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INTRODUCTION

The TMI-2 cleanup program has been faced with the challenge of
removing large quantities of radioactive waste and fuel debris while
maintaining personnel exposures as low as Is reasonably achievable
(ALARA). Early recovery tasks assessed the potential of robots or
tele-operated tools to perform surveillance and cleanup tasks In those
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areas of the plant considered too hazardous for personnel entry (Reference
1). Once this strategy was determined feasible, the appropriate tools were
designed and tested. The result of these efforts is that remotely operated
tools, sufficiently rugged for nuclear plant application, are now available
for use in hazardous environments.

The remotely operated equipment for TMI-2 includes stationary and
mobile surveillance, surface decontamination, remote cutting, defueling,
and dismantling equipment. This equipment was developed for specific TMI-2
cleanup needs and to minimize overall worker radiation exposure for the
cleanup. While plant decommissioning priorities are expected to vary, the
tooling discussed herein should be applicable to a variety of the
decontamination and dismantling tasks involved in conducting nuclear plant
decommissioning.

MOBILE REMOTELY CONTROLLED TOOLING

Within this category are the various remotely controlled vehicles,
mobile work platforms, and assorted attachments developed for completing
the needed tasks. Vehicles which have been used at TMI-2 in specific
cleanup tasks are the ROVER (3 vehicles total, each with a 3-camera vision
system), LOUIE I (tracked base), and LOUIE II (6-wheeled base). Vehicles
which have not been used to perform actual work at TMI-2 but are included
because they were developed with some level of EPRI TMI funding (and
because they are considered potentially useful in decommissioning) are the
MOOSE and WORKHORSE.

ROVER (Remote Reconnaissance Vehicle. RRV)

ROVER, developed by CMU with support from EPRI, GPU Nuclear, DOE, and
the Commonwealth of Pennsylvania Ben Franklin Partnership, is clearly the
most versatile of the above-mentioned remotely controlled tools (see Figure
1). ROVER has performed the following operations in the highly
contaminated TMI-2 reactor building basement: a) video surveillance,
b) radiation surveys, c) floor sludge sampling, d) concrete wall core
drilling and sampling, e) wash-down of walls and equipment, f) wall
hydro-scabbling, and g) floor sludge vacuuming and removal. Due to high
levels of radiation in the basement, (nominally 25-35R/hour gamma and up to
lOOOR/hour), manned entry has be«n precluded, demonstrating the relative
independence of the vehicle once deployed.

The RRV was designed as a basic work platform specifically for use in
the TMI-2 basement (Reference 2). The six-wheeled, water and contamination
resistant platform with video cameras is controlled and powered through a
300-foot (91-m) tether. The 400-pound (181-kg) vehicle can handle up to a
400-pound (181-kg) payload. The ROVER is operated from a control console
with video monitors and included are controls for a unique on-board tether
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Figure 1. The original Remote Reconnaissance Vehicle,
RRV or ROVER, with tne basic control console shortly
after delivery to TMI-2.
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management system, controlling take-up and pay-out from the vehicle. The
ROVER design was selected after carefully evaluating both commercially
available and research vehicles. The basic evaluation criteria were: ease
of implementation, reliability, and decontaminability.

In addition to the basic video surveillance capability, the ROVER has
been outfitted with modules to perform radiation measurements, to obtain
concrete coring samples from walls, and to obtain sludge samples from
floors. Work modules have been added to perform high-pressure sprays and
to vacuum sludge from floors. Additional details are below.

Remote Tooling Attachments (Reference 3). Development of tools for
the RRV was initially based on the need to characterize the highly
contaminated basement. Following the video and radiation surveys, sediment
sampling was performed to determine the best approach for its removal with
an eductor-type vacuum pump activated by air to effect transfer of the
sediment from the scoop to the container.

The remote concrete core drill is an attachment developed to obtain
samples of concrete from the basement wall to determine contaminant
penetration. It could obtain up to four samples at heights up to about
8 ft. (2.4 m).

The remote flush device is an attachment mounted to the front of the
base. The tool provided the ability to remotely direct high-pressure water
through the spray nozzle at 25 gpm at e 7000 psi pressure drop.

The sediment collection attachment is a device to collect the sediment
particles via a scooping action to where the material can then be
transported. A positive displacement diaphram pump supplies the means to
create the vacuum and transfer the sediment from the basement to the
collection point on an upper elevation.

Operator Training Considerations. GPU Nuclear1s extensive experience
in robotic operations, especially with the ROVER has led to some
interesting training principles. Briefly, these principles can be summed
up in the following points:

o Know your machine
o Know your area
o Know yourself

The first item refers to the operator's need to be thoroughly
knowledgeable of the machine and its capabilities. The second is for the
operator to be thoroughly familiar with the area of operation, since the
video cameras provide a limited perspective. The third item is
particularly interesting since it is clear recognition of the need for
operators to be aware of their own physical limitations. Operation of
equipment via a video system requires intense concentration. Such focus
begins to affect operator performance after about two hours. As a result,
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operator tasks are exchanged periodically to provide some variation in
their work activity with the robot.

Three ROVER units are now operating at TMI-2, one for training and
equipment testing and two for cleanup applications. Through all
operations, ROVER has been proven highly reliable.

LOUJE I (A Small Reconnaissance and Light Duty Vehicle)

LOUIE I, a small remote reconnaissance vehicle loaned to TMI-2 from
Westinghouse, Hanford, has been used to perform video and radiation surveys
in areas other than the basement (see Figure 2). It 'is much simpler than
ROVER with a small, tracked base and a manipulator arm mounted to a
telescoping column (Reference 4). Power and controls to the vehicle are
transmitted through a tether that is dragged during movement. Its
simplicity limits applications but does allow for rapid training of
operators. While it has been used primarily to perform radiation surveys,
it has also performed light-duty tasks such as moving bags of radioactive
trash. LOUIE I's small size permitted its use in auxiliary building
cubicles where ROVER was too large to even enter, let alone maneuver.

LOUIE II (A Small Remotely Controlled Scabbling Vehicle)

LOUIE II, desigred by TMI-2 recovery personnel, is a 6-wheeled vehicle
with a 3-piston scabbier head and a vacuum device for debris collection
mounted to the front of the vehicle base (see Figure 3). This vehicle's
small size also allows its use in the auxiliary building cubicles, for
which high radiation levels (up to lOOR/hour) precluded manual scabbling.
For one cubicle, the seal injection valve room, up to 5 inches (13 cm) of
grouted cement floor surface is planned for removal.

WORKHORSE (An Aggressive Decontamination and Dismantling Robot)

The WORKHORSE (also referred to as the Remote Work Vehicle or RWV) has
not been used at TMI to date. It was designed and built by CMU with
funding support from GPU Nuclear and EPRI. Its capabilities to dismantle
concrete block walls and pipes were demonstrated during testing at CMU and
during checkout and operator training in the non-contaminated TMI-2 turbine
building.

The RWV is a tethered, mobile, tele-operated, electrohydraulic robot
designed for wash-down, sampling, material packaging and transport,
surfacing, and demolition work within a work envelope up to 23 feet (7 m)
in height (Reference 5). In contrast, ROVER has taken coring samples as
high as 8.5 feet {2.6 m) with its special coring attachment. Workhorse
supports tooling that abrades, cuts, and transports for a variety of tasks
that may be required to complete a mission. Reliability has been Insured
by essentially "mirroring" most subsystems, with each dual motor and
control system supplied from its own power source. The control system even

VI-18



Figure 2. The remote controlled transport vehicle (LOUIE I)
used for light duty and reconnaissance.
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Figure 3. The remotely controlled scabbling unit (LOUIE I I )
with a 3-cyl1nder scabbling head.



includes teach-playback capability for executing repetitive tasks. In
summary, the vehicle was designed for varied multiple capabilities, high
reliability, decontaminability, maintainability, and reserve capability for
add-on tooling. Such requirements were often competing and some trade-offs
were made. However, this vehicle is remarkable in its overall capability,
which is clearly beyond that of ROVER.

MOOSE (Remote Controlled Scabbier)

GPU Nuclear demonstrated the effectiveness of using manual scabblers
to decontaminate concrete floors since contaminants normally were trapped
within the paint or immediately underneath the paint layer. The MOOSE (see
Figure 4), a remotely controlled scabbling unit, was developed with EPRI
funding for TMI-2 use but was not used since recovery workers completed the
required scabbling by manual means. The MOOSE has subsequently been
demonstrated and is now in use at other nuclear facilities.

The vehicle is controlled by two operators at distances of up to
50 feet (15 m) from the work area (Reference 6). The vehicle can
decontaminate up to 400 feet^/hour_(37 m2/hour) at a surface removal
depth of l/15th inch (1.6 mm). The completed unit consists of a tethered
chassis, a portable remote-control console, a seven-cylinder scabbier head,
and a vacuum system to collect and store the scabbled debris.

STATIONARY REMOTE SURVEILLANCE EQUIPMENT

Remote Video Cameras

Remote video cameras were installed in the reactor building as one of
the first steps in the cleanup. The system, initially designed and
procured by EG&G, Idaho for DOE, consisted of standard commercial cameras
with remotely operated pan, tilt, and zoom as well as the basic focus and
light intensity controls. They were installed at strategic locations with
overlapping views and the monitors were located in a containment work
coordination or "command'1 center. The cameras are used to plan recovery
tasks and for control and observation of the actual cleanup operations.
The observation capabilities enhance task safety and help in problem
resolution, while minimizing worker radiation exposure. Such video cameras
or other temporarily installed cameras are also used to help control
remotely controlled vehicles, as they provide a perspective which the
vehicle's on-board cameras cannot. Since each reactor building camera can
be viewed by another, an operable camera can be used to examine a
malfunctioning camera's LED diagnostic lights and, thereby, help in camera
repair and maintenance. Use of the cameras has been a significant factor
in reducing the total worker radiation exposure for the cleanup.

Video cameras have also been used extensively for inspecting reactor
vessel and other component internals, again feeding the signals back to the
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Figure 4. The remotely controlled scabbling unit (NOOSE)
with a 7-cylinder scabbling head.
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command center for recording. In using these cameras, waterproofing and
auxiliary lighting have been the primary concerns. Camera manipulation is
generally accomplished with simple pendant controls or lanyards, though
special camera positioning tools have been used for some applications.

Core Topography System

A sonar-type device was constructed to obtain the first measurement of
the extent of damage in the upper area of the reactor vessel (Reference
7). This remote controlled device, designed and built by EG&G, Idaho, was
installed through a control rod drive tube and operated from the relay
room. The information obtained on the size and shape of the damaged core
void was essential for the ongoing defueling planning. The design and
application of this core topography device minimized the worker exposure in
obtaining the necessary core data.

The core topography system had a distance resolution of 8mm. This
type device was originally designed for obtaining accurate dimensional and
imaging information under conditions of poor liquid visibility, e.g., in
nuclear facilities with liquid metal coolant.

REMOTELY CONTROLLED EQUIPMENT FOR DAMAGED CORE SAMPLING AND REMOVAL

Long-Handled Remote Tooling

Long-handled tooling to remove the fuel debris and damaged structurals
from the core is the basic TMI-2 defueling approach. While a broad range
of defueling tooling was designed and developed, workers have actually used
a limited number of these tools for the defueling work (see Figure 5). The
long-handled tools presently in use were designed and built by GPU
Nuclear. While the specific tools may not be suitable for a
decommissioning task, the following principles of their design and use may
be: 1) such tooling is relatively low-cost, thus permitting a wide variety
of tooling to be made available, 2) some simple standard tooling such as a
vise grip can be adapted to a variety of useful configurations, 3) long
handles with hydraulic-fluid connections can be fabricated for use with a
variety of end effectors, and 4) video cameras should be used with these
tools to observe their manipulation close up.

Examples of these end effectors are simple hooks, 3- and 4-point
grippers, spades and scoops, heavy-duty tongs for gripping damaged fuel
assemblies, and hydraulically operated shears (see Figure 6). The
long-handled poles are segmented into 7-feet (2.1-m) and 22-feet (6.7-m)
sections with the longest reach being 36 feet (II m ) , which is beyond that
nominal 15-25 feet (4.6-7.6 m) for most long-handled tooling used in the
nuclear industry.

Reactor Core Drilling Machine

The major step to quantify the extent of damage to the TMI-2 core was
to drill and remove samples from the once-molten region of the core. This
was accomplished with a system designed and built by EG&G, Idaho using a
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Figure 5. Various long-handled assemblies for attaching
tools to defuel TMI-2.
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Figure 6. The spade bucket. One of the many end effectors
placed on the end of long-handled tools for
defueling TMI-2 debris.



combination of geologic drilling technology and precision measurement
equipment to drill precise holes into the damaged core and extract coring
samples of the core debris material (Reference 8). Actual drilling was
controlled by the operator from a work platform above the damaged core.
Later this system {see Figure 7) was used simply as a remotely operated
tool to drill holes in the solidified/compacted region of the damaged core
to facilitate material removal (Reference 9). Such a tool could be used
for reactor vessel internals dismantling because of its precise positioning
and programmable drilling capability. This was verified in a recent study
which developed the procedures to dismantle the massive, stainless steel
TMI-2 core support assembly as an alternative to plasma arc cutting.

ACES For Reactor Structural Cutting

GPU Nuclear has procured the ACES (Automated Cutting Equipment
System), an industrial robot that can manipulate a plasma arc torch in five
degrees of freedom for cutting stainless steel structures varying from
2.5-cm to 35-cm thick under 35.4 feet (10.8 m) of borated water. Once the
fuel in the core region has been removed, ACES is being considered for use
in dismantling the TMI-2 lower core support structure= This will permit
full access to the fuel debris located on the bottom of the vessel.

The application of plasma cutting technology to the TMI-2 cleanup task
goes beyond existing experience in both the severity of the cutting
conditions (water depth and metal thickness) and the level of
sophistication required for positioning. Feasibility tests for cutting
under these conditions have been performed by EG&G, Idaho. This work will
be applicable for both modifications to operating plants and to
decommissioning (Reference 10).

MANFRED for General Manipulation and Tool Deployment

MANFRED (MANipulator For REmote Defueling), which was also procured by
GPU Nuclear, is a double-armed remote manipulator being considered for use
in conjunction with ACES to dismantle structures in the reactor vessel. A
40-inch (102-cm) arm would be used to stabilize the MANFRED, while a
72-inch (183-cm) arm would be used for actual dismantling. Position
information from both ACES and MANFRED would be fed to a display system for
use by the operators for collision avoidance between the two systems.

CONCLUSION

In conclusion, TMI-2's various mobile remotely controlled vehicles and
the numerous attachments have clearly reduced worker radiation exposure
while accomplishing decontamination and other recovery tasks. In addition,
many of the cleanup tasks simply could not have been completed without use
of such tooling. The remotely controlled viewing capabilities used at
TMI-2 have resulted in further reduction o<~ worker radiation exposure while
improving task control. Finally, the defueling tooling for positioning,
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Figure 7. Tne TMI-2 reactor coring machine, developed by
DOE/EfaiG, assembled for training in the TMI-2
turbine building.
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drilling, cutting, and manipulation of end effectors on long-handled
devices offers many options for dismantling the reactor vessel, its
internals, or other massive steel components which have become radiation
hazards. Extending the TMI-2 tooling concepts to reduce worker radiation
exposure, improve decontamination techniques, reduce radioactive waste
volumes, and accelerate dismantling, has great potential for significant
savings in nuclear plant decommissioning.
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ABSTRACT

The paper reviews the background to the Decommissioning System and
the stages through which it was developed before arriving at the final
concept. Included is the steel materials radioactive inventory which
gives radioactivity and weight of steel materials to be size reduced and
handled by the System. A detailed description of the System is given
together with a typical operating sequence to provide an understanding of
how the machine and its handling system work together. It describes how
the problem of radiation shine where manipulator platform service lines
pass through the floor shield was overcome by careful design. Key dates
of important stages in the supply of the system are included.

INTRODUCTION

In the mid 1970's it had been realised that decommissioning of
nuclear reactors would become increasingly important and because of its
responsibilities for development the United Kingdom Atomic Energy
Authority (UKAEA) decided it should initiate preparatory work. A Working
Group was set up under the Chairmanship of Windscale Nuclear Laboratories
(WNL) and studies started on the Windscale Advanced Gas Cooled Reactor
(WAGR), see Fig 1, and continued until the reactor finally closed down in
1981. At this time studies had reached a stage at which the UKAEA board,
with the approval of the Department: of Energy and Electricity Boards, were
able to give WAGR decommissioning project status and proceed with the
decommissioning work*

ENGINEERING PLAN

During the course of the pre-project studies an Engineering Flan was
developed for the complete decommissioning task which involved the removal
of the Containment Building and all the nuclear and associated plant
contained within thereby returning the site to green field status.

The plan identified an outline dismantling procedure for the reactor
vessel and its internal equipment. Radioactive inventory calculations
established that radiation levels existing in the vicinity of the reactor
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vessel top dome, due to the effectiveness of the neutron shield, would be
low enough for hands on techniques to be used for dismantling down to the
hot box. At this stage the remaining dismantling work would have to be
carried out using remotely operated equipment. After further development
a procedure for working downwards for dismantling both reactor internals
and reactor vessel was established and was made possible by transferring
the reactor vessel support from the corbel region to the bottom of the
vessel after removal of the internals, see Fig 2. From this procedure
emerged a firm requirement for the remotely operated machine that was
capable of dismantling/size reducing the equipment within the reactor
vault working always in a downward direction. The machine would need a
handling system to assist with the dismantling work and to transport the
waste materials produced to a Waste Packaging Facility for encapsulation
into concrete waste containers. These containers when filled would be
placed into an intermediate store to await final disposal by Nuclear
Industry Radioactive Waste Executive (NIREX).

The waste container emerging from the Plan had a size of 2.34m x
2.21m x 2.18m high and weighed some 50te maximum. This container complied
with British Nuclear Fuels (BNF) rolling stock and the rail loading gauge
of the Cumbria railway line. The container internal dimensions restrict
the size of reactor vessel plate to 1.5m x 0.6m which is also the size of
a thermal shield assembly. The latter weighs some 1.25te and this load is
the maximum that would be transported from the reactor vault to the Waste
Packaging Facility.

The study included an assessment of the radioactive inventory and
specific activity of all the steel materials of the plant and equipment to
be decommissioned. The radioactive inventory related to the more active
plant components to be dismantled by the machine are shown in Table 1.
The results of this study provided information for the design of the
machine shielding.

TABLE I - PRINCIPAL ACTIVE STEEL ARISINGS, WAGR

Description

Pressure Vessel
Thermal shield
Neutron shield
Core support plate
Support bearings
Core restraint
Loop tubes

Mass
tonnes
210
186
13
18
2
17
4

Material

MS
MS
SS
MS
SS

Mixed
SS

Activity
Ci/te at 7 yr decay
(Bq/te ia brackets
2.3 (8.5 x 10^o )
34 (12.6 x 10^1 )

430 (15.9 x 1012 )
220 (8.1 x 1012 )
330 (12.2 x 1012 )
1500 ( 55 x 1012 )
470 (17.4 x 1012 )
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After reaching the project stage tin- <J«jMil O( the I'lan was
developed, particularly t hf A ism-tnt 1 ing scqiu net of t lit- reactor vessel
and its internals and at what stage the machine would need to he
Introduced. This sequence helped to determine the working
requirements of the machine and iis tooling needs and enabled WNL to
prepare a Functional Specification for the machine and its associated
handling system.

DEVELOPMENT OF Thii SYSTEM CONCEPT

On receipt of the Customer Functional Specification design work
started on the development of the concept that met all the
requirements of the specification the residual radiation levels and
the constraints on size and weight of assemblies imposed by the
Containment Building, available lifting facilities. The UKAEA placed
a contract with Strachan and Henshaw, because of their experience in
the design of Electricity Board refuelling machines and active fuel
handling equipment to assist them with the design of the system. The
concept, see Fig 3 that emerged from this study met all the
requirements of the specification and was developed through further
stages of simplification, see Fig 4. This was achieved by reducing
the machine flexibility and making use of existing facilities such
as the 25 te Pile Cap crane for raising and lowering the mast
assembly. This value engineering exercise was undertaken with the
realisation that the machine has to operate only for a short period
of time.

At this stage WNL decided that the manipulator, tooling and
handling grabs be excluded from the system specification and that they
would be responsible for the design and procurement of this
equipment.

DECOMMISSIONING SYSTEM CONCEPT

The Decommissioning system Requirements.

The primary operating requirements for the machine as defined
in the engineering specification are to provide; safe shielding
containment thereby permitting the ventilation system to maintain a
negative pressure in the reactor vault, the life expectancy required
in the radiation environment and operate within the reactor vault and
waste handling route areas by remote control with the aid of CCTV
viewing systems. Additionally, dismantling of the reactor must
generate waste of a specified size for optimum packaging in the waste
container, and transport it through a pre-defined route to the Waste
Packaging building.
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The Outline System Description - See Fig A

The system consists of two interfacing machines which cover the
reactor vault which is 9.2m diameter and extends 21m below the pile cap
floor and the transfer routes of 14m into the adjoining sentencing cell
and maintenance cell. The space for these cells was created by raising
the heat exchangers within, some 12.5m from their installed position frith
the aid of a hydraulic jacking system. These two machines consist of a
dismantling machine mounted at pile cap level and extending downwards to
work in the reactor vault area to perform the dismantling activities, and
a waste handling system located within the vault area and working either
in conjunction with, or independent of, the dismantling machine*

This type of arrangement offers a considerable amount of flexibility
"of operation and limits the dismantling machine payload requirement to the
dead weight of the manipulator and tooling, combined with the dynamic
loads of Che dismantling operations. The handling system supports the
waste during dismantling/cutting and then transports it in one operation,
without a change of support, to the storage location within the sentencing
cell thus considerably reducing the risk of dropping the load* Pick and
place operations can also be performed Independently by the handling
system with the dismantling machine manipulator performing close-up caaera
support work as necessary.

Safety Related Design Objectives.

The system must be capable of safely dismantling th<> rsnctor vessel
and its contents within the beta/gamma radiation, graphite and asbestos
particular environment. This environment must be both shielded and
contained, to permit access at pile cap level into specified maintenance
areas of the machine.

The structural integrity for the machine is to be such that failure
of a member is of low probability thus guaranteeing the system a high
degree of integrity.

In the event of failure of any one sub-system there are sufficient
alternative sub-systems to enable recovery of equipment from the vault
area into the shielded maintenance area to permit maintenance activities
and rectify the fault. It is not intended to continue operations in a
failure case by providing redundant systems but to recover and repair.

Interlocking to safeguard against collision of the machines and/or
equipment will as necessary utilise two diverse electrical channels,
additionally, as necessary, some motions are mechanically locked in
position to safeguard against spurious electrical operations. The need
for these diverse methods is covered by a safety report which defines
possible hazards and their safeguards.

VI-32



Site Installation and Construction.

There are two principle site requirements which have significantly
Influenced the machine design. Firstly, the need to build the
decommissioning module at the test facility approximately 12 months In
advance of the complete system. Secondly, the physical restrictions
Imposed by entry into the containment building and the access and craneage
capacity within the building.

Firstly, it is necessary to design the decommissioning module,
comprising, the mast, mast support structure, manipulator platform and all
the service supplies, as a separate assembly which can be built at the
test facility, used for operator training and dismantling technique
development. On completion of this activity it Is transferred as one
assembly to the rotating floor shield for final installation.

Secondly, the physical constraints of the WAGR building requires that
all equipment enters the building via the goods air lock at ground floor
level and the hoist well up to pile cap level utilising the pile cap crane
impose a maximum size on assemblies of 3m square and weight of 25te.

DECOMMISSIONING SYSTEM DESCRIPTION

The Decommissioning Module - See fig 5

This main assembly comprises the mast, manipulator platform, module
support structure and service feeds to the manipulator platform. This
assembly is used to position the manipulator at specific work heights
within the reactor vault and is mounted on the rotating floor shield with
the mast at a fixed radius from the reactor centre line.

The mast is constructed as a rigid fabricated box section
structure which can be progressively extended and lowered into the reactor
vault by addition of appropriate sections as work proceeds. The plan area
of the mast is filled at specific locations with steel blocks to interface
with the floor shield and provide complete shielding. Support for the
mast is by a retractable pin and lifting/lowering activities are carried
out by the pile cap crane.

The manipulator platform which is guided on the mast by wheel
assemblies is the mounting feature for the manipulator, tooling, CC TV
systems and the termination point for all the service line requirements
for the equipment. It is raised/lowered by a twin wire lift winch which
permits easy retrieval of the manipulator and associated systems for
maintenance and tool changing.
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During dismantling operations the platform is lowered to the bottom
of the mast where It sits on a mechanical dead stop. The twin wire lift
system allows for redundancy of one drive wire without dropping the
platform. The fall back recovery method for the equipment within the
reactor in the event of both wires failing is to lift out the mast
complete with platform and all associated equipment.

The lifting winch is provided with dual speed for fast
retrieval/deployment combined with fine positioning, overspeed
sensing, emergency braking and load monitoring to register platform
loading conditions.

The Manipulator - see Fig 6

The manipulator is being ordered by WNL who are technically
responsible and it will be supplied to Strachan & Ilenshaw for installation
on the platform and interface testing. In addition to pick and place
operations that would normally be required of a power manipulator in the
nuclear industry, the requirements involve dynamic cutting and tooling
operations. The manipulator was selected on technical and cost reasons
and is being supplied by Taylor Hitec. It is a povar manipulator based on
a hybrid of Advanced and Warrior types developed for CEGB, carrying out
"in Reactor" maintenance and repair work. The manipulator is electrically
powered with a payload capacity of 35kg with the arm fully extended to
2.795m. The arm has six degrees of freedom and is expected to achieve a
tool tip repeatability of some 0.5mm. The arm has sufficient reach,
dexterity and payload to position the various tool packages to any point
within the reactor vessel. It is required to manoeuvre the cutting tool
including progression at predetermined speed, maintaining the tool at
correct attitude to work face, maintaining distance from work face,
defining the geometry of the item being cut and progression in linear and
non-linear motion in any plane. In order to achieve these requirements
the attitude and position of tool tip needs to be known at all times,
either In the form of position co-ordinate or known axis positions. This
is achieved by the use of a microprocessor control system. The
manipulator is provided with secondary manually operated drives to enable
it to be folded into its "park" position in the event of loss of power
supplies. In the "park" position it lies below and within the periphery
of the manipulator platform enabling it to be withdrawn into the
maintenance area of the machine located above the rotating floor shield.

Tooling.

Requirements for the dismantling work are currently under review at
WNL and development work is expected to continue through to verification
of suitability during the dismantling development work in the Machine Test
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Facility, See Fig 8. To date some tools have been identified for use with
the manipulator gripper, they are:-

Oxy-Propane Gas Cutting Torch using powder injection. This tool
package incorporates cutting gas supplies together with spark ignition, an
ultrasonic ranging device and a flame failure device. This cutter is used
for all flame cutting operations though not always using the power
injection facility. (Fe/Al)

Insulation cutter for cutting the insulation on the external surface
of the reactor vessel.

Nailing gun which is under consideration for fastening lifting
features to graphite reflector bricks.

Disc cutter for miscellaneous cutting including pipes.

Cropper for cutting of small bore BCD pipework.

Drill for drilling holes in material.

All tooling needs adapting for handling by the manipulator gripper
jaws and their reaction forces must lie within the manipulator payload of
35kg.

Platform Mounted Equipment

Other equipment on the platform includes:-

A BISTEM unit which carries a small TV camera mounted on a pan and
tilt unit at its extremity. This device is capable of extending the
camera position by up to 2.5 metres in order to view awkward areas «uch as
the core restraint assembly. The camera is also used as part of the
orthoganal viewing system.

A powder hopper to dispense the Fe/Al powder to the oxy-propane
cutting tool. This also includes nitrogen gas circuitry and control
valves.

A location feature to support the manipulator arm in its park/
recovery position.

Two high pre»sure sodium vapour lights to aid viewing of the oxy-
propane cutting tool at work.

Omni directional microphone.
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Gamma measuring instrument.

Temperature measuring instrument.

Service feed system.

To supply the manipulator, TV systems, lighting, cutting tools and
other equipment at the platform a comprehensive system of service feed
line is required. This requires approximately 300 electrical cores and 6
low pressure gas lines running from the containment area above the floor
shield down the length of the mast to the platformr These lines are fed
from a bank of 14 reeling drums which are capable of paying out sufficient
cable to accommodate all platform working levels within the reactor. Some
of these drums possess slip ring type take off but the manipulator control
lines require non slip ring take off and some development is required to
obtain a suitable solution.

The whole of this decommissioning module is mounted on the rotating
floor shield with the mast locating at a fixed radius from the reactor
centre line.

The Rotating Floor Shield.

This performs two primary functions, firstly it replaces the existing
pile cap reactor shielding which is removed prior to machine installation
providing safe shielding for the pile cap area.

To achieve this and reduce the beta/gamma radiation to specified levels it
is designed as a 20mm steel shell iron shot filled with concrete. This
concrete infill has a density of 5370Kg/m3 and is nominally 360am thick.
The shield covers the entire reactor vault area and weighs 120te.

The floor also provides the main structural support/positioning
method for the decommissioning module containment structure and needs to
be capable of slewing the mast module about the reactor centre line thus
enabling the manipulator to cover the whole plan area of the vault.

The area above the shield floor and within the containment structure
is designated a maintenance area and is for servicing the platform mounted
equipment.

A system of interlocked sliding shield doors, see Fig 7, provide
access for the platform and manipulator between the vault end maintenance
areas. This either totally shields off the reactor or opens to permit
entry of the mast and platform. Then by clamping up around the mast and
interfacing with its inner shield provides full continuous shielding.
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The doors open a stage further to permit entry of the platform, associated
equipment and service feed lines into the reactor vault. After entry is
complete they return and clamp the mast whilst permitting entry and
movement of the service lines supplying the equipment operating on the
platform.

The whole of this equipment above the rotating floor shield, the
decommissioning module and the maintenance areas are totally enclosed in a
containment structure which also forms the first line of containment for
the dismantling operations within the reactor vault. A negative pressure
within this space of -250 pa is maintained by the ventilation system to
prevent outflow from the containment. Entry into the maintenance areas is
via an access air lock and high efficiency air filters are provided for
air inlet flow and safeguards against the consequences of back
pressurisation should it occur*

The complete structure comprising the rotating floor shield,
decommissioning module and containment structure possesses an all up
weight of approximately 200te and as stated earlier is capable of being
rotated/slewed around the reactor centre line to permit positioning of the
manipulator, cutting tools and TV systems at the work face. This is
achieved by mounting the entire structure on a 9m diameter heavy duty
slewing ring, driving via a peripheral ring gear. Drives to this gear are
mounted at pile cap level with free access for maintenance. There are two
diametrically opposite drives each capable of 3 speeds of operation giving
a maximum floor slow speed of 0.5rpm and a minimum of 0.005rpm. This
minimum speed is used to move the gas cutting tool during horizontal
cutting of the reactor vessel wall and equates to a linear tool tip speed
of nominally lOOmm/min.

The Waste Handling System

The function of the handling system is waste transfer and to
accomplish this the system must be capable of covering the whole plan area
of the reactor vault and the sentencing cell.

A slewing beam is mounted below, independent from, the rotating floor
shield and permits the 3te transfer hoist to plumb any areas within the
reactor vault independent of the decommissioning module.

The transfer hoist is used to support the waste during the final
disnantling/cutting activity, lift it out of the reactor and with the beam
aligned with the exit route, transfer the waste out of the vault.
Position control of the hoist and beam is via resolvers from a gear rack.
This permits off line programming of the 253 reactor channel locations
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thus permitting semi-automatic pick and place operations to be performed
when unloading the large number of graphite core blocks.

The transfer hoist design is based on a commercially available
electric runway hoist with considerable modification to incorporate
the safety features necessary for this type of work, together with cable
feed services to the variety of grabs that are required. Service feeds to
the hoist are a significant design problem with a need to supply 2 x 72
core cables from the above rotating floor shield and allow for the
independent slew motions of the reactor slew beam and further slew motions
of the sentencing cell slew beam. A test rig has been built to simulate
the cable feed system and to determine loading conditions that will be
encountered on the cable and hoist during operation. It will also give
some assurance of the life expectancy of the cabling and prove the ability
to re-thread a replacement cable in event of damage.

On transfer of waste into the sentencing cell the transfer hoist is
positioned on a centrally mounted slewing beam which enables the operator
to position the waste at any location within the cell. On entering the
cell the waste is assayed by presenting it to various monitoring/assay
devices after which it is segregated into selected racks/baskets. These
racks/baskets are located on the carousel floor and rotated to position
them immediately in front of the operator viewing window. The combination
of transfer hoist traverse, beam slewing and carousel floor rotation
provides operational coverage of all the floor area within the cell and a
significant amount of contingency fall-back condition in event of a
failure of a motion.

The mounting of the reactor slew beam is similar to that of the
rotating floor shield in that it is supported from a large slewing bearing
approximately 8.0m diameter. The centre support is a universal pivot and
is also the entry point through the floor shield for the cable feeds to
the transfer hoist. This type of support and a 2/3 span beam greatly
increases the flexibility of operation. The sentencing cell slew beam is
a different type of construction being supported at the centre of a single
column by a set of bearings and having the drive through this centre
feature. Maintenance of these bearings can be undertaken from above in
the hoist room which Is fully shielded from the sentencing cell.

The carousel floor is a bolted construction supported on 8 wheel
boxes and having a centre pivot bearing. The top is clad in stainless
steel to permit ease of decontamination and all drive features are mounted
outside the cell in shielded accessible areas.

After successful assaying and segregation of the waste Into the
racks/baskets they are loaded into the waste container for final
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packaging. Eack rack has a maximum weight of 7te when fully loaded and is
handled by the waste hoist situated in the hoist room above* When
required the hoist room shield door is opened to permit access by the 4
fall 8te SWL hoist into the sentencing cell where it handles and lifts a
rack. The carousel floor is then rotated and locked into location which
aligns the exit route and the waste can be lowered into the waste
container. This operation is repeated for a second load.

Grabs and Handling Tools

The manipulator gripper is used for handling and retrieval of snail
and lightweight objects and assisting the positioning of grabs.

Grabs deployed by the transfer hoist are:-

Graphite channel brick grab. An internal-expanding grab based on the
ball-and-wedge principle.

Thermal shield plate grabs. Two designs are required: a shackle type
to lift the top course of narrow plates by their fitted eyebolts, and a
hook attachment to engage the 4 lifting trunnions of the full-sized
plates. The captive shackle pin Is inserted by the manipulator. The
shackle grab is also used to lift reflector graphite bricks by engaging a
feature attached by the nail gun.

Claw grab. A general purpose grab for lifting miscellaneous waste
with irregular geometry eg BCD pipework, certain sections of the hot-box.

A magnetic grab for small ferrous components and for segregating
ferrous material eg pieces of rebar from concrete rubble.

With the exception of the magnetic grab all are self-acting, they do
not need sustaining power during operation - only for opening and
release.

Viewing System

Remote control of dismantling is carried out with the aid of CCTV
cameras, TV monitors and associated lighting the controls for s*hich are
incorporated in the main control panel. Cameras and lights are positioned
to cover three operational situations:-

Overview. To provide a frame of reference for the manipulator and
transfer hoist relative to a defined datum on the reactor. Cameras and
lights mounted on pan and tilt units at 2 positions 90° apart underneath
the rotating shield and moving with it*

VI-39



Tool and grab guidance. Two cameras with pan and tilt units arranged
orthogonally and mounted below the manipulator platform. An "anti-flare"
camera mounted on the manipulator arm specifically for flane-cutting
operations.

"Round the corner" viewing. One camera with light mounted on BISTEH
(an extending boom) with 2.5M reach mounted underneath the mast platform.
The camera is mounted on a pan and tilt unit. A demountable fibrescope or
endoscope is fitted to this camera to permit operations in the thermal
shield/RPV annulus eg. fish-plate removal. This camera would also be used
to supplement views from the tool and grab guidance system.

Each camera system provides TV pictures with a resolution better than
500 TV lines per picture height limiting (TVL/PHL).

All cameras are monochrome, monoscopic with remote iris and focus
control, and contained in dust-proof easily decontaminated housings. The
overview cameras are fitted with remote-control zoom lenses.

Cameras for tool grab guidance and round the corner viewing are
radiation resistant to 10*> rad.

Service leads for all components of the viewing system except those
associated with the overview cameras are connected at terminals on the
mast platform.

Audio System

Power tools generate characteristic sounds which can be interpreted
to indicate normal, or abnormal operation. Development work has shown that
this is also the case for a cutting torch. A Uni-directlonal microphone
is attached to the manipulator and an onad-directional microphone to the
mast platform. Services are fed via connectors on the platform to an
amplifier and loadspeakers in the control room.

Control & Instrumentation

Control of the whole decommissioning process using the machine is via
three interlocked control stations:-

Main control station housed in the existing reactor control room.

Sentencing cell operations controlled from directly outside this cell
in the '<?aste packaging building.
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The upper loading cell operations controlled from outside this cell
in the waste packaging building.

The machine is controlled primarily by man-in-loop methods with the
aid of CCTV viewing systems. Sequencing of operations to ensure
interlocking of specific motions to limit the risk of collision or other
-hazard is provided by programmable logic controllers (PLC). Direct
position sensing of principle drives is via resolvers.

The machine functions are in sequenced, step by step fashion avoiding
combined movements wherever possible and so greatly reducing control
complexity and collision risk. Any interlock overrides are key switch
operated.

In the event of CCTV camera failure, it is possible to return the
machine to a known safe (parked) attitude under "blind" conditions using
interlocks only.

The control system monitors all measured variables and uses this
information together with machine self diagnostics to regularly verify
safe operating conditions. These variables are also to be used to present
the operator with a simple graphics display of machine position and
geometry during operations.

DECOMMISSIONING OPERATIONS

The initial phase of reactor dismantling is expected to be undertaken
by hands-on methods, this includes dismantling of the pile cap secondary
floor shield, the reactor stand pipes above the pressure vessel, the
pressure vessel hemispherical dome and its contents down to the top of the
hot box. This is achieved because radiation levels as measured in these
areas are low due to the neutron shield. At this stage the
decommissioning machine is installed to continue dismantling operations by
remote means.

There are three primary modes of operation of the decommissioning
machine, these are:-

a. Operations of the transfer hoist and grab typical for transfer
of waste into the sentencing cell. These are performed by the
handling system while the dismantling machine performs auxiliary
manipulation.

b. Cutting operations with combined use of the manipulator and
handling system.
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c. Loading of waste Into the appropriate waste rack and transfer-
ring the filled rack into the waste disposal container.

The following is a typical operating sequecce for hot box top plate
section removal with combined use of manipulator and transfer hoist*

The manipulator is fitted with the oxy-propane powder cutting
equipment is the maintenance area and powder flow, gas pressures, freedom
of hoses, cables, etc. checked. The transfer hoist is fitted with a
suitable grab and functionally tested in the maintenance cell.

The transfer hoist is moved on to the reactor slewing beam and the
platform and manipulator are lowered to the bottom of the mast. The mast
is rotated by the floor shield to the manipulator operating position. The
reactor slewing beam, combined with transfer hoist traverse and lowering,
will position the grab above the plate section to be cut. The grab is
attached to the nominal centre of gravity of lift. The manipulator will
assist if required by parking the cutting tool aad using the gripper.
Manual teaching of the manipulator may be used to profile the outline of
the required plate size around the supporting grab and hoist cables. The
tool co-ordinate position readout is used to measure the size of the waste
being cut.

If desired; the repeat mode is used to prove the manipulator
trajectory and size of waste; the torch is then ignited and the
manipulator repeat program induced. The operator monitors powder flow,
gas pressure, flame size, etc and observes through CCTV viewing system
whilst the manipulator performs movements automatically, at the optimum
speed, to minimise fume and aerosol generation.

The manipulator is then retracted and the transfer hoist lifts the
plate to the fully raised position. The reactor slewing beam then moves
to align with the exit beam leading to the sentencing cell.

Control is then taken by the operator at the sentencing cell, and the
sentencing cell slewing beam aligned. The transfer hoist and waste is
traversed into the sentencing cell and the transfer hoist moved on the
slewing beam to align with the monitoring station. After rotation of the
carousel floor to align the exit route, the plate is lowered into the
upper loading cell for monitoring. Control is then taken by the operator
at the upper loading cell, the plate monitored and control returned to the
operator at the sentencing cell. The plate is raised, the carousel floor
rotated to align the rack local to the operator position and the plate
deposited in a suitable waste rack.
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PROGRAMME

A contract was placed with Strachan & Henshaw in October 1986 for the
design, manufacture and installation of the decommissioning machine.

Key dates and activities are shown in Table II.

TABLE II - KEY DATES

Let Contract for Machine
Let Contract for Manipulator
Deliver Manipulator
Deliver Decommissioning Module

and install in Test Facility
Deliver Rotating Floor Shield

and install
Ins ta l l Module on Floor Shield
Coaaission and Active Operation

October 1986
February 1987
August 1988
March-July 1990

September 1990-
April 1991

May-June 1991
June-August 1991

Fig. 1 WINDSCALE ADVANCED GAS COOLED REACTOR
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DEVELOPMENT OF CUTTING TOOLS FOB JPDR CORE INTERNALS
AND PRESSURE VESSEL DISMANTLEMENT

Shinsuke ASHIDA, Hisashi NAKAMURA, Norio KUMAGAI,
and Mitsuo YOKOTA

Japan Atomic Energy Research Institute
Tokai-mura, Ibaraki-ken 319—11 f Japan

ABSTRACT

The development of remote cutting tools is one of the most important
reactor dismantlement topics. Since the Japan Power Demonstration Reactor
(JPDR) decommissioning program started in 19Q1» the Japan Atomic Energy
Research Institute (JAERI) has developed an underwater plasma arc cutting
system for dismantling core internals and an underwater arc saw cutting
system for cutting the pressure vessel of JPDR. The final check-out tests for
these systems proved they have satisfactory performance for use on JPDR
dismantlement.

INTRODUCTION

After it has been in service, reactor pressure vessel and its core inter-
nals are highly activated and contaminated. Thus, in dismantling them, it is
necessary to apply remote cutting techniques to reduce radiation exposure to
workers. JAERI reviewed existing cutting techniques for steel structures, and
decided to develop an underwater plasma arc cutting system for core internals
and an underwater arc saw cutting system for the reactor pressure vessel.

These were selected for good cutting performance, and more importantly,
reduced worker exposure and ease of by-product treatment. The latter advan-
tages are because operations are performed underwater.

First, many parametric tests concerned with cutting performance were per-
formed to understand the basic characteristics of underwater plasma arc cut-
ting and underwater arc saw cutting. Based on the results of these parametric
tests, the plasma arc cutting system and the arc saw cutting system were
designed and fabricated. Mock-up tests for both systems were performed, using
JPDR simulated core internals and pressure vessel, prior to use in JPDR.

* This work was performed by the Japan Atomic Energy Research Institute
under contract from the Science and Technology Agency of Japan.
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The objectives of the mock-up tests were:

(a) To confirm the operability of the underwater plasma arc cutting system
and the underwater arc saw cutting system, and to modify them, if
necessary.

(t>) To determine the workable cutting conditions for the JPDK core internals
and pressure vessel.

(c) To estimate management data such as manpower and worker exposure for the
actual dismantlement of JPDR.

This paper describes the cutting systems and the results of the rscc-k-up
tests.

DISMANTLING PROCEDURE OF JPDS REACTOR COMPONENTS

^S^^—-Drier

Steom Separator

Core Spray Sparger

Feedwater Sparger

Upper Grid
Stabilizer

Core Shroud

.-Reocfor Pressure
Vessel

Control Rod Guide
Tube
Core Support
Poison Sparger

In Core Moniter
Tube

The JPDR is a BWR demonstration
reactor (901'IWt), the first reactor to
generate electricity in Japan. It
was operated from 1965 to 1976 to
acquire nuclear power reactor opera-
tional data.

A cross section of the JPDR
reactor and its components is shown
in Fig. 1. The core internals, piping
connected to the pressure vessel and
the pressure vessel are to be dis-
mantled using the following
techniques.

(1) Removable core internals (stain-
less steel, max. 50mm thickness)

- Cutting by plasma arc in spent
fuel storage pool or on the operat-
ing floor. ( Plasma arc cutting in
air is not described here.)

(2) Welded core internals (stainless
steel, max. 105mm thickness)
- Primary rough cutting in the
pressure vessel and secondary
cutting, sizing to fit containers,
in the spent fuel storage pool with
the underwater rclasma arc.

Fig. 1 Cross Section of Reactor
Vessel and Component
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(3) Piping connected to the pressure vessel ( carbon steel, stainless steel,
50 to 320mm in diameter)
- Cutting by inside disk cutter, shaped explosive and gas cutting.

(4) Reactor pressure vessel (low alloy steel with stainless steel cladding,
73mm and 250mm thickness)
- Cutting by underwater arc saw.

The underwater plasma arc cutting system and the underwater arc saw cut-
ting system are described in the following sections.

UNDERWATER PLASMA ARC CUTTING SYSTEM

Parametric tests confirmed that the underwater plasma arc cutting tech-
nique was useful to remotely cut off core internals in the pressure vessel.
The basic specifications of designed underwater plasma arc cutting system are
shown in Table i . In addition, the test provided the characteristics of
by-products such as dross, gas and particles in air and water.

Table I Basic Specifications of Underwater Plasma Arc Cutting System

Tested Parameters Range of Parameters

Arc Current 150 to 100 A
Supply Gas Ar + H 2 ( Ar + N 2, Ar + He

30 to 120 liters/min.
Torch Moving Rate 0 to 1000 mm/min. (Vertical)

0 to 1000 mm/min. (Horizontal)
0 to 1000 mm/min. (Rotational)

Material to be Cut Carbon steel, Stainless steel
3 to 130 mm

Atmosphere Water

Mock-up Test Facility

TLje underwater plasma arc cutting system is shown in Fig. 2. The sys-
tem consists of power supplies, a plasma arc torch and associated moving
mechanism, control panels and other components.

The power supplies are a pilot arc power supply and a main arc power
supply. The main arc power supply can supply electricity up to lOOOAdc fol-
lowing the ignition by the pilot arc power supply.
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Fig. 2 Underwater Plasma Arc
Cutting System
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Torch Mast

Filter Blower
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Strainer Pump Filter
Woter Filtering Device

Plasma Arc Torch

The torch mast is vertically hung
from a carriage which travels back and
forth or right and left on the opera-
ting floor. The plasma arc torch is
attached to the end of the torch mast.
The mast, and thus the torch, can move
up and down and revolve during cutting.
The torch is supplied with electr ic
power, supply gas and cooling water
for the torch nozzle through a cable
assembly. Plasma arc cutting is ac-
complished with an arc between the
torch and the material to be cut, and
by supplying ionized high temperature
gas to the material. The 3 to 2 ratio
mixture of argon and hydrogen is sup-
plied at a flow rate of 50 l i t e r s per
minute.

The underwater plasma arc cutting
system is operated from the control
panel on the operating floor. The mo-
tion of the torch is controlled in two
modes, automatically by a micro com-
puter and manually by the operator's
observation of torch travel through an
underwater camera. Special tools are
provided to handle dismantled pieces.

The by-product collection system,
shown in Fig. 3, consists of a gas
treatment device and a water filtering
device. The gas treatment device has
two blowers and a filter, making an air
curtain above the cavity to prevent the
diffusion of by-products into the air.
The water f i l ter ing device has a
strainer, a pump and a filter, extract-
ing by-products in the water through a
flexible hose.

Fig* 3 By-product Collection System for
Underwater Plasma Arc Cutting
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Teat Results and Discussions

Before completion of the cutting tests, the accuracy of torch positioning
was evaluated "by measuring the deviation between the desired position and the
real one. Then, torch speed, arc current, gas flow rate and torch path were
sent to the micro computer. The torch was controlled, according to the
designated conditions, keeping a constant stand-off (i.e. the distance between
the torch nozzle and a test piece surface). The by-product collection sys-
tem was operated during the cutting tests. Dismantled core shroud segments
were hoisted by a special handling tool and were transferred to an adjacent
spent fuel storage pool for secondary cutting. Long pieces, like pipes, were
lifted by a pipe gripper. Small pieces, like blocks, were allowed to fall
into a bucket hung from the operating floor.

The conditions and results of the cutting tests are shown in Table '••'. .
Cutting tests used materials and configurations selected to be typical of
JPDR. In addition, the cutting tests were all performed under JPDS condi-
tions, which included consideration of shape, thickness and surroundings.
The results generally indicated that as the thickness increased, gas flow had
to be increased and torch speed decreased. An arc current of 500A was enough
to cut all test pieces.

Table II Conditions and Results of Underwater Plasma Arc Cutting Tests

Test Piece

Core Sprary Block
Core Support Lug

ICM Tube
CR Guide Tube
Poison Sparger
Feedwater Sparger
Upper Grid Stabilizer

Core Support
Buffer Plate
Core Shroud

Shape

Block
Glock

Pipe
Pipe
Pipe
Pipe
Rod

Plate
Plate
Plate

Thickness
of Cut
(irani

105
50,63

3.2
8.1
5
19(max)
76 dia.

55
25
12

Arc
Current

(A)

500
500

500
250
500

250,500
500

500
500
500

Torch
Speed
(mm/m)1 llff1 if *i* J

100
100,150

150
100
100

100-300
75

100 - 150
150
300

Gas
Flow
(£/m)

50
50

50
50
50
50
50

50,80
50
50

Pi • + +1 nn

Results

Successful
Successful

Successful
Successful
Successful
Successful
Successful

Successful
Successful
Successful

* The cutting was completed by arcing from each side of the block.
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The torch stand-off was evaluated, 10 to 17mm was found to be best.
Nozzle damage by dross attack resulted from shorter stand-offs, and the
longer stand-offs made the arc unstable. The accuracy of torch positioning
vras within 4mm, therefore i t is possible to maintain an arc without sustain-
ing nozzle damage. Nevertheless, the nozzle and the electrode in the torch
were gradually worn away, so that they had to be replaced. It is desirable to
provide a spare torch for quick replacement of both nozzle and electrode.

As a result of the cutting tests, i t was observed that the cutting per-
formance was dependent on the expulsion* of dross from the cutting vicinity.
Because of this, arc current, torch speed and gas flow had to be chosen
appropriately. Otherwise, a mass of dross was deposited between kerf
surfaces. This bonded the pieces being separated. It occurred frequently ia
cutting thick or complicated structures. In this case, cutting was performed
again to exclude the dross. When the dross could not be excluded, the test
piece was forcedly pulled up with a handling device or down with a stick. It
was recognized that visual observation of the cutting point was very
important to confirm complete cutting. Therefore, effective water purification
was also needed to maintain good visibility in the water. Confirmation of
the torch stand-off distance by a more sensitive camera is also required.

The by-product collection system worked well in general. By-products
generated during cutting were dross, particles in the water, gas and particles
in the air. Since more than 98% of generated dross and particles in the water
were vacuumed and collected by the strainer and the fi l ter, the visibility
of water remained almost the same as before cutting. In addition to supply
gas, hydrogen (about 13 £/iain.) was generated by thermal decomposition or
electrolysis of water. Particles in the air were less than 0.2 mg/£. These
by-products in the air were drawn into a suction blower. Because the hydrogen
concentration in the cavrity was less than 0.1 & the capacity of gas treatment
device (i40m3/min.) proved to be satisfactory. All cuttings were completed
under the conditions shown in Table . The cutting tests also examined the
functions and operation of ancillary devices.
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UNDERWATER ARC SAW CUTTING SYSTEM

The parametric tests confirmed that the underwater arc saw cutting tech-
nique was useful to cut the pressure vessel wall into rectangular shaped
blocks. The system design reflected the results of the tests. The basic
specifications of underwater arc saw cutting system are shown in Table IB.
The tests also provided the characteristics of by-products such as dross and
particles in the water.

Table III Basic Specifications of Underwater Arc Saw Cutting System

Tested Parameters Range of Parameters

Arc Voltage 10 to 50 Vdc
Arc Current 20 to 40 kA
Blade 914, 1000, 1100mm in diameter

12mm in thickness
carbon steel
400rpm

Saw Head Moving Rate 0.5 to lOmn/s (horizontal)
0.5 to 20mm/s (vertical)
0.5 to 20mm/s (rotational)

Driving Mode Constant Velocity
Constant Current
Constant Voltage

Material to be Cut Stainless Steel, Carbon Steel
80 to 250mm

Atmosphere Water

Mock-up Test Facility

The underwater arc saw cutting system is shown in Fig. 4. The system
consists of a power supply device, a saw head and associated servomechanism,
control consoles and other components.

The electric power for cutting is supplied from the power supply device,
which transforms the commercial 33OOVac to the required 10 to 50Vdc through
a transformer and a thyristor.

The main mast penetrates the center of a mast lift table. The saw head
and associated servomechanism are attached to the end of the main mast
which can move up and down and can rotate to allow the saw head to approach a
cutting position. To suppress vibrations during cutting, the main mast is
supported by a mast snubber which stretches its arms against the cavity wall.
The numerically controlled, hydraulically powered mechanism controls the mo-
tion of the saw head during cutting as shown in Fig. 5. Therefore, the rotat-
ing saw can cut an object vertically or horizontally according to a designated
cutting pattern. When changing the pattern, the saw blade is re-positioned
using a blade angle change mechanism.
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Fig. 5 Hydraulic Servomechaaism
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The saw blade is a plane disk with slits and is bolted to the saw driving
mechanism head. The saw head is connected to the negative side of the powsr
supply through a water cooled cable. Arc saw cutting is accomplished by arcing
between the rotating blade and metal being cut, melting the metal by the arc,
and excluding the dross produced with the blade. Therefore, the saw blade is
gradually worn away, so the blade must be replaced at periodically. The blade
change is performed remotely using a blade change device.

The underwater arc saw cutting system is operated from conirol consoles
located outside the radioactive area. The saw head is driven in three modes;
constant speed mode, constant voltage mode and constant current mode. The saw
head vicinity is monitored by color TV camera mounted on the mast smibber.

The by-product collection system, shown in Fig. 4, consists of a blower,
a dross vacuum cleaner, a circulation pump and cartridge filters, and a water
pool temporarily prepared to flocculate particles with a coagulating agent.

Test Eesults and Discussions

The procedure is as follows for dismantling the simulated pressure vessel
immersed in a water tank as shown in Fig. 6.

(1) (3) (4)

Fig. 6 The Procedure of Dismantling a Pressure Vessel

VI-56



(1) First , vert ical cuts are wade from the top. The cuts are about 800mm in
length and are spaced about 900mm apart.

(2) Mext, a gripping device, hung from a ceiling crane, is attached to the
piece to be cut off.

(3) The piece to be removed is then cut horizontally.

(4) When cut free, the piece (800mm x 900mm) is lifted from the vessel and put
i t into a container on the operating floor.

(5) Steps (1) through (4) are repeated.

Based on this procedure, various cutting tests required for an actual
dismantlement were conducted. The operability of other devices was also
examined.. However, the following cuts were essential:

(a) Horizontal cutting of vessel shell (80mm in thick)

(b) Vertical cutting of vessel shell (80mm in thick)

(c) Vertical cutting of flange region (250mm in thick)

The conditions and results of the cutting tests are shown in Table l\ .

Table IV Conditions and Results of Underwater Arc Saw Cutting Tests

Cutting Direction horizontal vertical
Cutting Thickness 80nim 80mm 250mm

Saw Blade or ig inal or ig inal insulated original insulated
Cutting Velocity(mm/s) 3 - 5 0 . 5 - 5 3 0 . 5 - 3 0.5
Set Voltage (V) 50 50 50 50 50
Set Current (IcA) 20 20-40 20 20-40 20
Blade Rotation Rate(rpm) 300-460 150-570 330-460 270-420 230-400
Results 31/33 11/32 7/9 0/11 4/7

(completed/started)

Horizontal cuts of 80mm thickness were almost always completed by the
original saw blades. But vertical cuts, especially of 250mm thickness, were
not completed by the original saw blades. This was not a problem of blade
wear, but was usually due to the tripping of the power supply caused by cur-
rent overload. When a power supply tripped, the saw blade was retracted from
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the cut so as not to stick to the vessel. After resetting the power supply,
the cutting was tried again with different cutting parameters. But, the
problem repeated itself. The current overloads, which probably came from short
circuit, continued to trip the power supply. To avoid the trips, a number of
causes for the short circuit were presumed, i.e. instrument error, lack of
capacity of the power supply, unusual vibrations of saw blade, unsupported
main mast, deviation of the saw head and so on. The causes of the short
circuits were examined continuously in many ways.

A necessary characteristic of the underwater arc saw cutting system for
JPDR is to cut the vessel wall obliquely twenty three degrees from a radial or
right angle cut, as is shown in Fig. 7. This obliquity caused the saw blade
to cut the vessel wall with a thicker section than if cut at right angles.
This produced a disproportionate flow of dross around the blade. This effect
might make the melting metal difficult to exclude from the kerf. To under-
stand the influence of the oblique cutting, three pieces of vessel shell were
arranged at right angles to the saw blade, as shown in Fig. 7- The right
angled cuts were performed with original blade. The results were as expected,
the three right angle cuts were completed. Unfortunately, it was not possible
to modify the system to make right angle cuts in the pressure vessel. The JPDR
pressure vessel is too small to be cut with right angle cuts.

Arranged
Pieces

Simulated
Vessei

Fig. 7 Right Angled Cutting
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Additionally, it was observed that the both sides of a used blade were
sustaining damage from arcing. The arcing between the blade 3ide and the
cutting metal, called side arcf is undesirable, because it reduces current
density at the cutting edge of the blade. It is probable that the reduction of
current density causes a drop in cutting energy. When the energy drops suffi-
ciently, the blade and metal make contact and cause a short circuit. To
understand the influence of the side arc, some saw blades were modified to
suppress the side arc. Vertical cuts were examined using these modified saw
blades. These cutting tests indicated the vertical cuts should use a saw
blade with insulated sides. The conditions and results of vertical cutting
tests by the insulated blade are also shown in Table •• .

The final results obtained frora workable cutting conditions for three
essential cutting patterns are presented in Table \ . The constant speed mode
was most advantageous of the three modes for driving the saw head, because of
blade wear and by-products generation.

Table V Workable Cutting Conditions for Underwater Arc Saw Cutting System

Body to be cut
Cutting Direction

Saw Blade
Material
Diameter

Cutting Velocity
Driving Mode
Set Voltage
Set Current
Blade Rotation Rate

Vessel Shell
horizontal

original blade
carbon steel

1000mm
4mm/s

constant speed
50V
20kA

400rpm

Vessel Shell
vertical

insulated blade
carbon stel

1000mm
3mm/s

constant speed
50V
20kA

400rpm

Flange region
vert ical

insulated blade
carbon steel

1000mm
0.5mm/s

constant speed
50V
20kA

400rpm

Blade wear was measured remotely after each cutting pass. The blade
wear rate was 4 to 6mm per one cutting pass. After specific wear occurred, the
saw blade was replaced with a new blade using a blade change device. This
device was hung from an existing ceiling crane. Based on this, a schedule for
blade change is established. A series of handling tests to grip and l i f t cut
pieces were completed without problem.
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By-products generated by cutting were sorted according to dross, par-
ticles drifting in the water and hydrogen caused by thermal decomposition or
electrolysis of water. After cutting started, water quickly became muddy due
to the generation of dross and fine particles. Dross (100 to 1000 pm in size)
accumulated at the bottom of the water tanK. After the mock-up tests were
finished, the dross was collected by an underwater vacuum cleaner without
problem. Particles (0.1 to 2 \im in size), drifting in the water, were
collected by cartridge f i l t e r s . The l ife span of cartridge f i l t e r s was
shorter than expected because of unexpected o?.l leakage from a hydraulic
servomechanism. Flocculation of drifting particles was time consuming but
effective. A few hours were needed to deposit the flocculus in the water
pool, so the treatment of water could not b<e performed continuously. The
hydrogen concentration in the cavity was 0.1 to 0.3$. Thus, the capacity of
the gas treatment device (i4Om3/min.) was satisfactory. Various functions
and operations of other devices were also examined.

CONCLUSION

The results of mock-up tests of underwater plasma arc cutting system and
underwater arc saw cutting system were satisfactory for JPDR dismantling. In-
formation for dismantling JPDR, such as work schedule, manpower, radioactive
exposure, radioactive waste product, required containers and utilities were
also obtained. Such data will be acquired also in the actual JPDR dismantle-
ment. These data will be useful for future dismantlement of commercial power
reactors.
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TEST RESULTS OF CONCRETE DEMOLITIONING BY SMOOTH
BLASTING INSIDE A REACTOR CONTAINMENT *)

H.U. Freund, St. Schumann
Battelle-Institut e.V., D-6000 Frankfurt/Main (FRG)

K. Miiller, H. Wegener
Kernforschungszentrum Karlsruhe (FRG)

SUMMARY AND SCOPE OF TESTS

Explosive methods have been demonstrated earlier to be an adequate
tool for dismantling of activated or contaminated concrete /1, 2, 3/.
Specific advantages are pronounced in cases of large wall thickness
and heavy steel reinforcement.

Here test results are reported where the blasting has been perfor-
med inside the former hot steam reactor HDR which is now in use as a
nuclear reactor safety test facility /4, 5/- A comparison between HDR
and standard type reactors with respect to main structural features
is shown in Fig. 1. The HDR facility is described in detail in a poster
contribution /6/.

The blasting experiments are aimed primarily at

- optimizing the method for different types of concrete as, in particular,
in Niederaichbach (KKN) and Biblis (KKB) biological shield

- safety measures against dust and debris
- quantifying the dynamic leading of the blasted component, the reactor

containment and its vicinity.

Large effort has been invested into characterizing the dynamic
loading and structural response with respect to safety and predictability.
For this purpose a variety of measurements have been performed. The
response has also been calculated using finite element models. It is
shown that the blasting method can be applied in accordance with safety
and regulatory requirements.

*) Supported by the Federal Ministry for Research and Technology
and by the EEC Decommissioning Programme
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Figure 1: The HDR-facility as compared to german standard light water reactors



BLASTING METHOD AND CONCRETE STRUCTURES

Bore hole blasting is used with the aim to "peel off" predetermined
concrete layers of thickness between 20 and 40 cm. Two types of concrete
structures are used: a wall segment of dimensions 2 m x 2 m, and a model
shield of 4,7 m diameter and 3 m height, see Fig. 2. Heavily reinforced
high density concrete as in the Niederaichbach plant (KKN) has been
used as well as normally reinforced normal density concrete as in the
PWR standard reactor (Biblis type). The wall segments were bolted to
the inner cylindrical column of the HDR. They were either mounted on
the 4 bolts with a distance of 12 cm to the wall or mounted tightly
surface to surface with a prestress of 800 kN. A maximum of 2,5 kg of
explosive per blast has been used with the wall segments. Bore hole
pattern and blast results are shown in Fig. 3 and 4.

Experiments with the model shield which is embedded into the inner
cylindrical column of the HDR are presently in preparation. There a
maximum of 15 kg of explosive per blast is scheduled for the removal of a
full 360° ring layer of 20 000 kg of concrete.

In past experiments the bore hole pattern and charging has been
varied widely, see Fig. 5, depending on differences in concrete density
and in the amount of lateral and vertical steel bar reinforcement. The
blasting parameters used during present tests are given in Table 1. The
snort bore hole metr.- was given priority in the tests since it allows
better to adjust for complex contours. Since it requires a larger amount
of explosive and therefore causes higher dynamic loading, it is regarded
the enveloping case with respect to the ultimate load bearing capacity
of the ambient structure.

SAFETY MEASURES AGAINST DUST AND DEBRIS

The blasting area in the containment is enclosed by a plastic sheet
tent which retains the gaseous explosive reaction products and the dust
generated. The concrete debris is held back by rubber mats hanging about
1 m in front of the blasted wall surface. The air from the tent is
cleaned through a mobile filter ur.it.- The amount of dust which is set
free varies widely depending on the blasting parameters, the content of
humidity in the concrete and in the ambient air, see Fig. 6. In addition
the particle size distributions of both dust and debris are measured.
Details may be taken from the paper presented in the poster session /£/,
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Table 1: Blasting parameters for shield segments scale 1:1 and model shield

I—I
;

•fk

type of
shield

Nieder-
aich-
bach

Biblis

concrete
density

^ g/cm3;

3,3...3,6

2.5

steel
reinforcement

H x 26 mm dia
St 120/500 RU

2 x 18 mm dia
St 1J20/500 RU

bore hole

short
bore holes

40cm x 40cm
x 20cm
C40cm)

J

pattern

long
bore holes

30cm x 20cm
x 300cm
(20cm x 20cm
x 180cm)

specific
explosive loading (g/t)*)

minor
reinfor-
cement

100-200

70-150

heavy
reinfor-
cement

1500

500

•) see Fig, 5



HDR tests

shield segment

2mx2m

model shield

PWR/BWR
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Bmxfim

Figure 2: Explosive dismantling of the biological shield: steps approaching the
real case, blasting methods: short bore holes (a) and long bore holes (b)



Figure 3: Bore hole pattern HO cm x 40 cm applied to wall
segment 2 m x 2 m x O , 7 m
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Figure H: Result of "blast-peeling" a MO cm thick concrete layer,
steel reinforcement removed by mechanical cutting
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DYNAMIC LOADING AND STRUCTURAL RESPONSE

Loading

Three effects have to be considered

1. the shock coupled directly into the structure

2. the blast wave generated by the gaseous explosive reaction products

3. the impact of falling debris.

All three contributions are measured and are used in an analytical form
as input data for model calculations. It turns out that the third con-
tribution - falling debris - is only of minor importance for the con-
tainment loading.

In the immediate vicinity of the blast i.e. around the bore holes in
the concrete and at the blasted surface, the contributions 1 and 2 cannot
be separated. The loading pulse is of short duratio- { < 1 ms), its
amplitude exceeds the material strength of the concrete (see Fig. 7a).
The loading pulse propagates from the blasted segment into the contain-
ment structure (see Fig. 7b) with a speed of 2000 to 4000 m/s. At the
same time the pulse flattens in amplitude and stretches in duration.
The blast wave propagates only with slightly over 300 m/s. Its amplitude
is significantly lower than from an unconfined detonation. It affects
the structure primarily in the near zone of the blast.

The measurement of the time-dependent loading parameters is per-
formed with special sensors for high dynamic pressure and force.

Structural response

Local effects. Just outside the destruction zone the concrete
material is still subject to intense loading. Wall surfaces are shaken
by high frequency accelerations with amplitudes exceeding 10** ms"2 (see
Fig. 8). This leads to cracking and weakening of plugged mountings.

Response of containment and components. During all tests the blast
response has been recorded at selected positions. The accelerations at the
following points are regarded as safety control data:

- crane runway
- reactor platform
- reactor foundation

In Fig. 9 the acceleration is shown for a 2,5 kg blast at two
positions as time history and as frequency distribution. The transient
character of the excitation is particularly apparent in the platform
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response, similarly in the foundation response (not shown). A general
feature is the dominance of frequencies above 100 Hz which is a regime
normally regarded irrelevant for damage considerations. While the platform
response is due to direct structural shock coupling the crane runway
response reflects in part the air blast wave shaking of the reactor
dome. It is pointed out, however, that the maximum acceleration in all
cases is well below critical values (see following section).

It is also of interest to know the response of the outer containment
shell which constitutes the outermost safety barrier. The coupling to the
blasting area occurs via the central column and the foundation. Besides
marginal excitation of low frequency bending (below 10 Hz), the main
acceleration amplitudes here too lie above 100 Hz, with an amplitude
of 2 ms-2 which is only one tenth of the value at the reactor platform.

Response of the adjacent reactor building VAK. At a distance of
100 m a second reactor - the VAK - is located. Its response was recorded
through acceleration sensors on the foundation which had be^n installed
for earthquake simulation measurements.

Within the noise of the sensor system no response could be measured.
The limits are as follows:

--•2 —2
frequency region 0 to 80 Hz: below 0.H - 10 ms

0 to 30 Hz: below 0.05 • 10~2 ms"2

The fact that the neighboring reactor remains practically unaffected
by the blasting inside the HDR can be attributed to two reasons:

- Momentum compensation takes place to a large extent inside the reactor
containment

- The soil damping is high for the predominantly transmitted frequencies
above 100 Hz.

Comparison between experiment and calculations. The containment
loading has been simulated by calculations using two different finite
element models of the HDR: a planar multiple beam model and a cylindrical
shell model. The models are expected to represent oscillations of the
containment building up to frequencies of about 30 Hz and 70 Hz re-
spectively, due to the element size. This requires that the mathematical
loading function correctly resembles the real dynamic loading. When
using a two dimensional loading function as derived from experiment
the agreement between experimental and calculated peak acceleration
values is very satisfactory. This is documented in Table 2.

Safety and regulatory requirements. Safety regulations have to
be met which deal with the following aspects:

- handling of explosives: charge preparation and ignition
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Table 2\ Maximum values of acceleration in m/s, comparison of
experimental and calculated values, 0,36 kg of explosive

Position

crane
runway

reactor
platform

reactor

h

V

h

V

h

foundation
V

0

0

0

0

0

<: 0

Experiment
low pass

- 30 Hz

35

,17

,11

,07

,05

,08

filtered

0 -

5,

o,

0,

0,

o,

o,

80 Hz

2

42

36

32

09

15

Calculations

beam
model

•)

0,41

0,055

0,12

0,035

0,05

C,03

shell
model

•*)

1,5

0,37

0,12

0,22

0,035

0,025

h ... horizontal component

v ... vertical component

*) model calculations by F. Rischbieter; Battelle-Institut

**) model calculations by R. Zinn; Zerna, Schnellenbach und
Partner, Bochum - W.Germany
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- handling of radioactive material: protection of personnel,
prevention of contamination

- dynamic loading of buildings and structures

The handling of the explosives has to follow the specific state
regulations. They may be supplemented by additional technical requirements
e.g. to reduce the possibility of a misfiring of explosive charges.

Specific problems of handling the radioactive material arise from
the necessity to avoid any escape of material to the out3ide of the tent
confinement which encloses the blasting area. This has been solved by using
highly flexible PVC-foil for the tent 151.

Since the turbulent flow of dust-loaded gaseous reaction products
and air causes uniform spread of the dust within the tent confinement,
no clean surfaces can be preserved. However, taking advantage of this
flow a short flush of dust-binding liquid immediately during and after
the blast reduces the aerosol content by a factor of 10 or more and
keeps the dust attached to the surfaces thus reducing the danger of
contamination 121.

The requirement to guarantee structural integrity focuses on two
areas:

1. immediate vicinity of the blast

2. containment and components

In the immediate vicinity damage is caused by

- shock waves in the concrete exceeding the material strength and/or

- air blast exceeding the ultimate load bearing capacity of structural
elements

It was found that for the 2 m x 2 m concrete segments the following
simple formula holds for the ultimate load. It relates the explosive
mass per unit area and the static stiffness of the segment:

0.8 kg • m

... explosive masse

... loaded area

W ... thickness of segment
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An estimate of the extent cf damage can also be made using graphs
when both the peak pressure pF and momentum density i s of the air blast
wave are known, see Fig. 10.

For the containment ana components a safety estimate of the dynamic
loading response can be made using an adequate mathematical model for the
building structure and a realistic loading force F(t) as described
before. The calculations will yield oscillation velocities or accelerations
which may be compared to the limits imposed by technical regulations or
by state authorities. In Fig. 11 this is shown for the HDR with respect
to the German technical standard DIN 4150. As can be deduced, the HDR
will safety bear an explosive loading of 15 to 20 kg. Such loads will
be employed in the final dismantling tests with the model shield.

REFERENCES

/1/ Freund, H.U., Bohm, B., Schumann, S., "Dismantling techniques for
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ABRASIVE-WATERJET CUTTING OF THICK CONCRETE AND WATERJET CLEANING
FOR NUCLEAR FACILITY DECOMMISSIONING AND DECONTAMINATION

D. C. Echert, M. Hashish, and M. H. Marvin
Flow Research Company

Kent, Washington, U.S.A.

ABSTRACT

Two tools have been developed for use by the nuclear industry: the Deep
Kerf tool and the Cleaner/Scarifier tool. The Deep Kerf tool is designed
to cut through thick, reinforced concrete structures to facilitate their de-
commissioning. It employs the abrasive-waterjet (AWJ) catting technology.
The basis of the system is a rotary nozzle that makes a slot in the concrete
wide enough to accommodate the cutting tool as it advances. In this pro-
gram, concrete as thick as 1.5 m was cut through from one side. A shroud
and vacuum system covers the opening of the slot during cutting to contain
the spoils with greater than 99% efficiency. The Cleaner/Scarifier tool was
designed for removing the surface layers of contaminated concrete and de-
contaminating metal surfaces. It uses ultrahigh-pressure waterjets mounted
on a rotating arm to remove or clean the target surface. Spoils recovery
with a shroud and vacuum system is over 99% complete for both horizontal and
vertical surfaces.

INTRODUCTION"

At the end of their useful lives, nuclear reactors, support facilities
and reprocessing plants require decommissioning. This involves the orderly
disposition of a nuclear facility, taking into account the environment,
waste management, and safety. The procedure can range from niniaal removal
of radioactive material to the complete disassembly of a facility and its
unconditional release for other uses.*

A major portion of most decommissioning jobs is the decontamination and
removal of concrete. In many facilities, large thick sections of activated
reinforced concrete need to be removed along with contaminated surfaces. To
reduce the volume of waste that must be placed in controlled storage, it is
desirable to separate the contaminated portion for isolation, while allowing
the remainder of the structure to be demolished by conventional techniques.
Concrete surfaces are also difficult to decontaminate because concrete is
porous and often contains numerous cracks that hold the contaminants. In
addition to the problem of radiation, nuclear structures typically contain a
large volume of concrete with reinforcing bars. Basemats may be 8 m thick,
and biological shields up to 3 m thick. Conventional concrete removal
methods cannot remove these structures efficiently while containing contami-
nants from release into the environment.2

Another facet of decommissioning a nuclear facility is the decontamina-
tion of metal parts. The surfaces of such metal parts may have been painted
to contain sraearable contamination or coated as a result of accidental
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releases. Efficient techniques are needed to remove surface contamination,
reduce personnel exposure and enable less restrictive proposal requirements.

This paper describes a research and development program sponsored by
the U.S. Department of Energy. In this program, two systems were designed,
built and tested for use by the nuclear industry: a Deep Kerf tool and a
Cleaner/Scarifier tool. The Deep Kerf tool will cut through thick concrete
structures to facilitate their decommissioning. It is based on the
abrasive-waterjet (AWJ) cutting technology. The Cleaner/Scarifier tool uses
ultriahigh-pressure waterjets to remove the surface layers of contaminated
concrete and to decontaminate metal surfaces. Both systems are equipped
with a shroud and vacuum system to contain and recover the cutting and
cleaning spoils for proper disposal.

BACKGROUND

Decontamination and Decommissioning Equipment Requirements

There are certain unique requirements for concrete cutting and surface
removal techniques in a contaminated environment.3 The ideal equipment
characteristics for performing this work include:

o Total containment of the cuttings, with
- no release of airborne contamination, and
- no recontamination due to the cutting operation.

o Generate no additional waste in the removal process.
o Remove only the contaminated surface, leaving radiation-free

concrete.
o Cut concrete and reinforcing bars simultaneously,
o Perform all cuts on all surfaces (ceilings, walls, floors,

contoured surfaces, etc.) without tool changes,
o Easily adapt to remote operation and automation and to use in

confined locations.^
o Generate no shock, vibration, or excessive noise while operating,
o Easy to operate by personnel in protective clothing,
o Easy to repair,
o Economically feasible.

Reviews of conventional concrete demolition and concrete surface re-
moval equipment are found elsewhere.3~7 Conventional demolition and
surface removal equipment does not meet many of the ideal features listed
above. A study** on the use of conventional AWJ techniques for the dis-
mantling of thick concrete structures by cutting out prism-shaped blocks,
0.6 m on a side, showed that such an approach is possible but slow for
dismantling thick concrete structures.

Abrasive-Waterjet Cutting

The AWJ technology appears to have great potential for concrete demo-
lition and surface removal. Abrasive-waterjets are formed by mixing small-
diameter (0.25- to 0.8-mm), high-velocity (up to 750 m/s) waterjets with
abrasive partisleB. The mixing process occurs in a specially designed
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mixing and accelerating chamber. The abrasive particles exit the accelera-
tion section with high velocities and become capable of cutting even the
hardest material.9~12

DEEP KERF TOOL

Equipment Description

The Deep Kerf tool used in this study consists of a stem, swivels, a
traverse mechanism, an obstacle detection system, a shroud and catcher, and
a collection and storage system. Figure 1 shows some of these components.

Nozzle Stem. The concept of a single angled jet in a circular tube was
chosen as the basis for the Deep Kerf tool because of its versatility, ease
of manufacture and ease of application. It was also selected because ir is
the most simple configuration for producing a slot of uniform depth over the
entire length of traverse. Figure 2 shows a cross-sectional view of the
abrasive-water jet stem and nozzle. Abrasives flow to the nozzle through the
annulus between the high-pressure conduit and the outer stem. The waterjet
nozzle is machined such that the jet exits at nominally the same angle as
the inclination of the mixing tube. The life expectancy for a mixing tube
depends on a number of factors, such as waterjet pressure and diameter and
abrasive flow rate. On average, the mixing tubes used during testing lasted
about one hour before being changed. Increased mixing tube life is an area
requiring further development.

Theoretically, the stem and nozzle assembly could be any length desired;
however, it is limited by stiffness and strength. The outer stem for the
Deep Kerf tool was 22 mm in diameter, which was found suitable for depths
up to 1.5 m. For kerf depths exceeding 1.5 m, a larger diameter stem would
have to be used.

Abrasive and High-Pressure Swivels. High-pressure swivels are rela-
tively well developed, and there are a number of acceptable products for use
in this application. An abrasive swivel was developed in this project to
allow the feed of abrasives from a stationary hopper to the rotating stem.
In this swivel, the abrasives are introduced into the annular area between
the high-pressure tube and the outer stem through an angled port. At the
upper end of the swivel is a seal and bearing assembly that allows for
relative motion between the high-pressure tube and the housing. At the
lower end of the swivel there is another seal and bearing assembly that
allows for relative motion between the outer stem and the housing.

It is estimated that during the test program there were 20 hours of
rotary running time on the abrasive swivel and, when disassembled, there
was little detectable wear on the seals.

Traverse Mechanism. Figure 3 shows the Deep Kerf traverse mechanism de-
signed and manufactured for this project. The mechanism provides three axes
of motion to the stem and nozzle assembly. The range of traverse motion for
this mechanism is 1.5 m, and the traverse speed range is 0.5 m/min. Depth
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notion advances the stem and nozzle Into the kerf. The range of depth for
this mechanism is 1.5 m, and the speed range is 1.5 m/sin. The third axis
of motion is stem rotation. The mechanism is capable of rotaring the stem
and nozzle through a range of 0 to 60 rpm. Each axis is powered by a step-
ping motor, which facilitates the use of a simple open-loop control system
when the system is under computer control.

Obstacle Detection. The stem and nozzle are connected to the drive
plate on the trolley (Figure 3) through a spring-centered bushing. If the
stem encounters an obstacle during operation, the side load pushes the
bushing off center, and proximity switches positioned adjacent to the
bushing detect that an obstacle has been encountered. The control circuit
is vVred such that the traverse mechanism will not move in the direction in
which an obstacle has been detected but rather a different routine will be
followed to remove the obstacle, which could be a rebar or an aggregate.

Shroud and Catcher System. To effectively contain the water and
cuttings generated by deep kerf cutting, there must be no path through which
the jet backsplash can escape. The shroud and catching system designed for
deep kerfing relies on sealing the cutting area or slot in its entirety.
The catcher frame is sealed to the concrete with neoprene rubber lip seals
that run the length of the frame. Also running the length of the catcher is
a pair of seals which can be parted to create an opening in the top of the
frame. A wedge-shaped seal shoe fastened to the traverse mechanism parts
the seals as the stem is traversed along the length of the deep kerf slot
and maintains closure of the catcher cavity. The stem is free to move up
and down through the seal shoe for cutting at various depths. Two suction
tubes were built that could be slipped through the seals of the catcher to
the bottom of the kerf, and these kept the slot free from water and debris.
When the stem approached one end of the slot, the suction tool at that end
would be turned off and removed allowing the stem and nozzle to cut to the
end of the slot. The shroud and catcher system collected over 99£ of the
spoils produced.

Spoils Collection. Figure 4 is a diagram of the spoils collection
system developed for this project. Water, air and solids from the shroud
and catcher system enter the primary drum through a cyclone baffle cover.
Most of the solids settle to the bottom of the drum leaving water and air to
exit through the other port in the lid. This mixture enters the secondary
drum through a cyclone baffle causing the water to separate from the air.
In the bottom of the secondary drum is a sump pump with a float switch to
maintain the water level below the air outlet. The sump pump discharges
through a check valve into a tank, where the remaining SGlids can settle out
over a period of time. The outlet of the secondary drum has an automatic
shutoff float valve to prevent damage to the vacuum system should the sump
pump fail to operate.

The vacuum system used for this project was an Invincible Model 700
with a HEPA filter. The cyclone baffle covers were Invincible Type A2.
The sump pump for liquid removal from the secondary drum was a Teel sub-
mersible sump pump.
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Testing Results

Linear Cutting Tests. Parametric linear cutting tests were performed
to determine the effect of a number of variables including:

o Abrasive flow rate
o Traverse rate
o Standoff distance
o Mixing tube diameter
o Jet pressure
o Abrasive size
o Abrasive type

The aim of the linear cutting tests was to determine the optimum
operating parameters to maximize the volume removal rate of material in the
kerf. It was found that most of the material removed from the kerf is due
to the direct cutting action of the abrasive-waterjet, and little material
is removed by breakage between adjacent cuts.

Table I compares the volume removal rates for the different abrasive ma-
terials used in the tests. As can be seen, garnet sand and steel abrasives
performed comparably well. The potential advantage to using steel as the
abrasive material is that it can be recycled more easily than garnet sand.

TABLE I. Abrasive Material Comparison

Abrasive
Material

Garnet sand
Silica sand
Steel shot
Steel grit

Removal
Rate ( l i ter /hr)

2.42
0.59
2.27
2.22
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Deep Kerf Testing. The emphasis of the Deep Kerf test program was on
creating nozzle motion algorithms that would produce an acceptable kerf
through the range of depths specified. Much effort was expended on coping
with obstacles, either rebar or pieces of hard aggregate, in the kerf and
on the removal of spoils from the bottom of the kerf. In all, some 28
tests were performed producing an estimated 3 m^ of kerf area.

The results of the testing produced an optimum sequence of nozzle
motions as follows to produce a deep kerf:

o The nozzle is rotated at 50 rpm and traversed the length of the
slot to be cut.

o At the end of each pass, nozzle translation and rotation are
stopped. The nozzle is Kien oscillated 180 degrees from two to
four times to slightly overcut the slot end. This ensures that the
ends of the slot do not slope inward.

o The stem is then indexed downward slightly less than the average
depth of cut for the previous pass,

o Every fourth pass the jet is raised up to the height where the
first pass of the sequence was made. The nozzle is traversed back
and forth to remove the projections from the walls of the slot,

o The nozzle is then lowered to the next depth index and the process
is repeated.

The following sequence was developed to remove a detected obstacle:

o The stem is backed up 12 mm to free it from the obstruction.
o The stem is raised up 150 mm.
o The jet is oriented to one side of the kerf and traversed for about

40 mm.
o The jet is oriented at the other side of the kerf and traversed

back,
o The stem is returned to the position where the obstacle was

encountered.

The Deep Kerf system generated kerf face at a rate of 0.1 to 0.5 m2/hr
depending on concrete strength, hardness of aggregate, and density of rebar.

Abrasive Recycling. It would be desirable to recycle abrasive material
to limit the amount of abrasives used and to limit the amount of radio-
actively contaminted waste that is produced. The abrasive most commonly
used for AWJ cutting, garnet, is nearly totally pulverized during use,
thereby rendering it unsuitable for recycling. Steel grit was investigated
as an alternative abrasive material. The magnetic nature of the steel
provides a way of separating it from the concrete spoils.

The steel grit, being much more dense than garnet, was not moved to the
slot ends by the splashing action of the jet to a satisfactory degree. The
suction had to be moved along closely behind the nozzle to remove grit
adequately from the slot. This would have to be accounted for if steel
grit were used. It was found feasible to use steel grit as the abrasive
medium for deep kerf cutting with some modification of the cutting system.
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The reuse of steel grit showed that 93% of the unused grit was retained
by the 20-mesh screen. On successive cycles, 78% and 71% were retained,
respectively. This represents about a 10% loss of particles of a particular
size for each time the material is used. This, coupled with a reasonable
estimate of 90% recovery from the spoils for a production-type system,
yields an overall recovery of 80% of the abrasive material per use.

Linear test cuts made with unused, once-used, and twice-used abrasives
showed a change in cutting performance. The test cut made using once-used
grit was 13% deeper than the test cut made using unused grit probably
because the particle size became closer to the optimum value. The test cut
made using twice-used grit was 4% shallower than that for unused gri t . A
test cut was made using 50-grit (smaller particles) abrasives, and the depth
of cut was 17% greater than for the 25-grit abrasives. This shows that the
particle size used for this test was larger than the optimum for cutting
concrete. For recycling, i t is desirable to use grit that is larger than
optimum to increase the number of times i t can be reused such that optimal
performance is obtained during the recycling process instead of only at the
beginning.

Economic Evaluation of Steel Grit Abrasive Recycling. The recycling of
steel grit abrasive will result in a decrease in the solid waste generation
rate and a resulting reduction in waste disposal costs. This is offset by
the increased purchase price of the steel grit abrasive over garnet; the
reduction in cutting efficiency when using steel gr i t , and the cost of the
purchase and operation of the recycling system.

The results of the laboratory testing were incorporated into an economic
model to evaluate the uti l i ty and cost-effectiveness of steel grit abrasive
recycling for the Deep Kerf tool. The model includes provision for various
costs including capital equipment, consumables, maintenance, labor, and
waste disposal. Model outputs are waste generation rates, hourly costs, and
total costs. The total costs are given both in terms of cost per hour of
operation and cost per square foot of kerf produced.

The model considered two cases. Case 1 is for garnet abrasive without
recycling with a kerf generation rate of 0.37 m^/hr. Case 2 is for steel
grit that is recycled an average of 10 times but produces a kerf generation
rate of 0.28 m^/hr. Table II shows the hourly cost of operation for the two
cases based on typical capital and maintenance costs.

On the basis of total cost per hour, the garnet, at $161/hr, is more
costly to use than the recycled steel grit at $126/hr. However, on the
basis of cost per square meter of kerf produced, the garnet is more econo-
mical at $430/m2 with the steel grit costing $5Q5/m*.

The results are sensitive to the cost of solid waste disposal. For
example, a cost of i350/nP was assumed. If this cost was increased to
$635/m3, the two methods wouls be approxiinately equal in overall cost per
square meter of kerf generated. At over i635/m^, recycling of steel grit
abrasive is the more economic alternative.
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TABLE II. Hourly Cost of Deep Kerf Tool Operation

CAPITAL EQUIPMENT
Pump
Cutting System
Abrasive Recycling System
Financing
Total ($ /hr )

OPERATION
Abrasives
Carbide Nozzles
Recycling System Fuel
Pump Fuel
Total ($/hr)

MAINTENANCE
Pump
Cutting System
Abrasive Recycling System
Total ($/hr)

LABOR (S/hr)
RADIOACTIVE WASTE DISPOSAL

Water Disposal
Solids Disposal
Total ($/hr)

TOTAL COSTS ($ /hr )
TOTAL COSTS (4/m2)

Case 1
Garnet

8.14
8.62
0
4.47

2T723

24.00
7.50
0
6.03

37753

2.44
1.72

0
4.17

36.00

24.00
25.56

148.48
399.00

Case 2
Steel Grit

8.14
8.62
2.87
5.24

2O7

6.00
2.50
0.55
6.03

WM
2.44
1.72
0.57
4.74

36.00

24.00
5.25

29.25

109.94
438.00

Rebar Detection. An abrasive-waterjet cuts concrete more easily than
steel. As a result, when cutting steel-reinforced concrete, the reinforcing
bars remainf even after the neighboring concrete has been removed. The
rebar protects the concrete directly under i t , creating a pillar.

In normal field cutting of reinforced concrete, using standard AWJ
equipment, it is common practice to cut through the concrete and then return
to the locations of the now-exposed rebar to provide additional cutting time
to cut through the bars. Alternatively, the concrete is cut in a single
pass, with the traverse rate sufficiently slow to ensure the rebar is cut.
These inefficient cutting techniques increase costs and spoils generation.

Tha Deep Kerf tool was designed to sense the presence of uncut rebar or
other obstacles through impact. The system then provides additional cutting
time to remove the obstacle. While this system works, i t is inefficient.
An AWJ cuts more efficiently if the jet is constrained by the sides of the
kerf. In the case or remedial rebar cutting, all of the surrounding con-
crete has been removed, and the jet is unconstrained. A more efficient ap-
proach would be to sense the presence of the rebar during the normal cutting
operation and then immediately adjust the cutting parameters to address the
rebar. What is needed is a method of detecting the rebar during cutting.
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Several possible means of detecting the presence of or contact with the
rebar were considered, Any method that ises a signal derived from direct
contact of the rebar with the nozzle was rejectad. The severity of the
cutting environment is such that any mechanical probes or fingers simply
would not survive for any reasonable length of time.

Any solutions that use ferrous metal detectors such as eddy current
coils or capacitance sensors were also rejected due to the need for wires
running from the nozzle to a pair of slip rings and finally out to proces-
sing electronics. While such sensors would likely work, integrating them
into the nozzle end and providing for signal wire routing was thought to re-
sult in a system too fragile for field operation. However, such an approach
would likely be capable of providing a vivid indication of rebar presence.

The method chosen is based on the observation that th«re is a noise
level difference when the impinging jet is cutting concrete as opposed to
striking rebar. If such is the case, simple monitoring of the sounds of
cutting should provide the sought after signal. This seemed to be a pro-
mising direction in which to proceed, and plans were made to make exhaus-
tive studies of cutting sounds.

A test plan was made for rebar detection studies. I t was decided that
two basic sounds would be measured. The first basic sound was simply the
sounds emanating from the slot being cut. A high-frequency-response micro-
phone was placed 0.3 m (1 ft) away from the top of the concrete and 7 to
15 cm (3 to 6 in.) away from the rotating axis of the nozzle. The second
sound was measured through the concrete itself. The signal was generated by
a piezoelectric accelerometer cemented to the concrete. Both signals were
recorded on high-frequency tape recorders for later analysis. The analysis
consisted of operating on the signals with various fi l ters and spectrum ana-
lyzers. An advantage of the tape was permanent storage of the experiments
and the capability of playback at 1/10 speed. The reduced speed enabled
the fil ters and analyzers to operate with more resolution and narrower
bandwidths than the signals as presented.

The results of the rebar detection tests can be summarized as follows:

o Rebar can be detected when the nozzle head is rotating by noting
changes in the acoustic spectrum of the accelerometer signal,

o The microphone provided no useful signal,
o Rebar cannot be detected when cutting narrow slots. I t is too well

supported to "ring" with i ts characteristic signature,
o There is a weak dependence of standoff distance and the acoustic

spectrum,
o Simple filtering (low-pass, high-pass and bandpass) is all that is

needed to detect the rebar automatically.
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CLEANER/SCARIFIER TOOL

Equipment Design

The Cleaner/ScarIfler too l removes material from a surface by rotat ing
high-pressure waterjets at a radius , creating a c ircular pattern, and
traversing the rotat ing fflechanlsm across the surface to be cleaned or scari -
f i ed . A photograph of the Cleaner/Scarif ier too l i s shown in Figure 5 .

FIGURE 5. Waterjet Cleaner/Scarif ier Tool

High-pressure water i s fed to a central tube through a high-pressure
swive l . The tube carries water through bearing supports to a manifold,
which d i s t r i b u t e s the water to four arms leading to nozzle ho lders . Each
nozzle holder has two nozzle, ports that can accept nozzles of various
s i z e s . The manifold can be rotated up to 1000 rpm.

The manifold and nozzles are encased in a s t e e l box with a brush sea l ing
system around i t s perimeter. A vacuum port and suct ion tube are located in
one corner of the box for connection to the s p o i l s c o l l e c t i o n system
described earlier.

Parametric Testing

A series of parametric tests was conducted to determine the optimal
configuration and settings for the Cleaner/Scarifier tool. The parameters
varied included rotational speed, traverse speed, number of je ts , size of
jets , water pressure and target material.
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The parameters described below produced light concrete scarification
(approximately 3 mm of surface removal) and provided good cleaning of rust
and paint from metal surfaces. The tool had four nozzle heads, each equip-
ped with two nozzles. Two of the nozzle heads were mounted on a diameter of
350 mm, and the other two were mounted on a diameter of 250 mm. The outer
jets were 0.25 on in diameter, and the inner were 0.2 mm in diameter.

o Water Pressure: 241 MPa
o Water Flow Rate: 9.7 liter/min
o Jet Power: 38 kW
o Rotational Speed: 1000 rpia
o Traverse Speed: 20 mm/s
o Production Rate: 26 m^/hr

Figures 6a and 6b show examples of a concrete surface and a rusted steel
surface after operation of the tool.

Greater depths in concrete surface removal were accomplished by in-
creasing the water flow rate, decreasing the rotational and traverse speeds
and reducing the number of j e t s . Concrete was scarified to an average depth
of 7 mm under the following conditions:

o Water Pressure: 241 MPa
o Jet Diameter: 0.356 mm
o Water Flow Rate: 11.5 liter/min
o Jet Power: 45.5 kW
o Rotational Speed: 50 rpm
o Traverse Speed: 8.5 mm/s
o Production Rate: 11 m^/hr

Figure 7 shows an example of th i s depth of surface removal on very hard
concrete (69 MPa compressive s t r e n g t h ) . The Cleaner /Scar i f ie r vacuum system
did not provide enough a i r ve loc i ty to remove the pebbles on hor izonta l
surfaces . Even a f t e r being freed of the surrounding grout , they tended to
remain in p lace , protec t ing the underlying concrete from a t t a ck . After slow
passage of the t o o l , the concrete surface was covered with louse, w e l l -
cleaned pebbles.

The Cleaner /Scar i f ie r too l was used on v e r t i c a l surfaces to t e s t the
a b i l i t y of the shroud to contain and remove the water and s p o i l s . On both
s t e e l and concrete , the tool le f t the surfaces near ly dry and created no
observable mist or spray.

FIELD DEMONSTRATION AT WEST VALLEY NUCLEAR FACILITY

The Deep Kerf system and the Cleaner /Scar i f ier tool were taken to the
West Valley Nuclear F a c i l i t y in West Valley, New York, to demonstrate t h e i r
c a p a b i l i t i e s . The t e s t specimen for the deep kerfing was a concrete s lab
tha t measured approximately 1.5 x 1.5 x 0 .3 m. The slab was se t upright on
one edge with the Deep Kerf tool mounted above i t . The t e s t cut t ing was
done v e r t i c a l l y in to the block. A kerf measuring 1.2 ta deep and 1 m long
was cut in to the block. This kerf was made a t an average r a t e of 0.46 a r / h r .
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The Cleaner/Scarifier tool was demonstrated on a rusty steel surface, a
painted steel surface, and a painted concrete slab. Additionally, two
stripes of duct tape were placed on the steel surface for removal. The
majority of the tests were conducted under the following conditions:

o Water Pressure: 241 MPa
o Flow Rate: 9.8 liter/nin
o Jet Hydraulic Horse Power: 39 kW
o Rotational Speed: 1000 rpm
o Number of Jets: 8, 2 jets per a m
o Translational Speed: 20 mm/s
o Production Rate: 26 o^/hr

Under the above conditions, the steel surface was cleaned of rust and
paint, and the duct tape was removed. The concrete was cleaned of paint,
aad the concrete surface was removed to a depth of 3 mo in the center of
tae swath to 4.7 mm at the outer edge of the swath.

CONCLUSIONS

The following conclusions can be made from the results of the study
presented in this paper:

o Deep kerfing with abrasive-waterjets is technically, economically
and environoentally feasible for many nuclear decommissioning
applications. Kerfing rates up to 0.6 a^/hr were achieved and
can be improved upon by further optimization.

o The recycling of abrasives is technically feasible for steel grit
or shot. However, the economic feasibility depends upon the cost
of disposal. An economic evaluation showed that recycling will be
feasible i f the cost of disposal i s greater than $635/m3.

o Rebar detection can be accomplished with either an obstacle de-
tection arrangement or through forecasting based on noise level
changes. Both methods were demonstrated, and the latter proved
more efficient.

o The cleaning of metal surfaces and shallow scarification of concrete
were demonstrated with a lawn mower-like waterjet system. Rates of
cleaning of around 33 m /̂hr were achieved, while scarification of
concrete to 7-nm depths can be accomplished at rates of 11 a^/hr.

o The containment and catching efficiencies of the Deep Kerf tool and
Cleaner/Scarifier tool are greater than 99%. However, monitoring of
the surrounding air during operation on radioactively contaminated
material remains to be conducted.

o Further work is needed on hardware improvement regarding:
Wear of mixing nozzles
Reduced stem diameter versus 3tlffness
Quick change of mixing nozzles
Development of high-pressure fan jets for rapid surface
cleaning.
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ABSTRACT

In the Japan Atomic Energy Research Institute (JAERI), an outdated
research reactor (Japan Research Reactor NO.3; JRR-3) was removed to a storage
facility betweer: October 14th and November 7th, 1986. The removal of the
2250-ton reactor block (10*10x10 m) was performed as a part of a program to
replace the JRR-31s core (10-MW thermal) with an upgraded research reactor
core.

The heavy-water and fuel elements were taken out from the JRR-3 before
removal work began. The reactor block was raised about 3.7 meters, using a
12-cubic meter steel frame and a center-hole jack system. The reactor block
was then transported horizontally about 34 meters on steel rails, using four
100-ton jacks, to a storage facility. Finally, the reactor block was lowered
14 meters into the storage facility.

After the reactor block is stored, a new 20-MW thermal, light-water
moderated and cooled JRR-3 core will be built, with criticality targeted for
1989.

INTRODUCTION

The JRR-3 started operation as a research reactor in 1962 and was the
first domestically built reactor in Japan. The research reactor, with a
thermal output of 10-MW was used in performing neutrc-.; beam experiments,
material irradiation and other purposes. Recently, because it had become
functionally difficult to adapt the reactor to various research uses, the
reactor operations were suspended for reconstruction work in 1983.

This removal work involved leaving the reactor building as it was and
removing all major components, including the reactor core. The work involved
cutting the 2250-ton reactor block away from the reactor building structure,
raising it above the floor using a steel frame and then moving it 34 meters,
and storing it in a storage facility.

The entire one-piece reactor removal method used in the removal work has
many benefits, including reduced radiation exposure to workers and minimized
waste production. The technical knowledge related to this removal process
will be useful in future reactor removal work.
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Safety was the most important factor in this removal process, and was
confirmed, through the use of several earthquake and other accident simulation
test. Also, half scale mock-up experiments were used to test and evaluate
various removal processes before actual work began.

After the JRR-3 is removed, a new 20-MW light-water moderated and cooled,
and high-performance reactor, which consumes 20% enriched uranium, will be
targeted for criticality in 1989.

REMOVAL PLANNING

Basic Planning
The reactor block to be removed has fairly high radio-activated substances

around the core even after the removal of the fuel elements and heavy-water
from the reactor core. Many reactor removal methods have been studied for the
JRR-3, Each has considered some following conditions:
(D to prevent the public from radio-active pollution
© to reuse the reactor building structure
® to use only proven technologies
@ to confirm the safety of the romoval method beforehand

The results of these studies, based on the above, led us to select the so-
called "One-piece removal method" as the most effective technique.

Outline of One-Piece Removal Method
The ''one-piece removal system" is designed to remove the whole reactor

structure as one block and permanently store it, under surveillance, in a
storage facility. Walls and slabs of heavy-weight concrete, surrounding the
reactor for radiation shielding, remain as permanent structures after the core
removal. In other words, the following results can be achieved:
(D Removal work can be performed without any contact with the reactor highly
radio-activated core.

© The biological shield walls can be used as a temporary cask in the trans-
portation of the reactor core.

® The biological shield walls can also be used permanently as a surveillance
barrier.

The removal process incorporates many conventional and widely used tech-
nologies with special precautions taken in order to control the radio-active
areas.

The method and sequence are as follows:
(D Remove fuel assemblies and heavy-water coolant, which is followed by the
decontamination of the reactor.

@ Prepare temporary structures to support the reactor weight during transpor-
tation.

® Cut the reactor block away from the main structure of the reactor building.
© Raise the 2250-ton reactor block, using the center-hole jack system, to an
over-floor height for horizontal transportation.

© Transport the reactor block horizontally by roller system for a distance of
34 m. The transportation rate is automatically controlled by lateral jacks
(100-ton capacity each) and moving direction is monitored using laser theod-
olite.

© Lower the reactor into the storag>e facility using the center-hole jack
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system.
Fig. 1 shows a sketch of the concept.

tages of this method.
The following are the main advan-

Temporary support-' Temporary reinforcement

®

Fig. 1 Sketch of the Concept (Crosf, Section)

Minimized environmental pollution.
Minimized radiation exposure.
Negligible radio-active waste.
Simplified waste disposal.
Reusable reactor building structure.
Simple system using all reliable and proven technologies.
Cost and time efficiency.

Design Process
The basic concepts of system design and structural design are as follows.

(D The "fail-safe" concept is used in the center-hole jack system. When one
jack breaks down, the reactor will still be supported by the other jacks.
The load is immediately redistributed evenly among the remaining jacks.

© The spring dampers are installed between the steel frame and the reactor
block to prevent the reactor from excessive shaking during transportation
process.

(3) The safety factor for temporary steel structures should always be more
than 3.0.

© The base shear factor, for this steel frame, for the seismic force is 0.2,
and 0.1 for the reactor block during suspended. (The base shear factor 0.2
is based on the code applied to ordinary structural design in Japan.)
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(D The impact factor, applied to the center-hole jack design, during "jack-up"
ai'd "jack-down" should be 0.2.

According to these basic concepts, the basic design and feasibility design
are completed. Then confirmation test is carried out using a half-scale "mock-
up" model. Since this removal is the first of its kind, there are no estab-
lished standards or <*odes to be followed. Therefore, the criteria used in the
structural design depends on the test results.

Confirmation Test
All the techniques to be used for the removal work are conventional,

however, quite a few data are available for planning this work. Therefore, a
confirmation test using a half-scale model is performed before the actual
removal.

The objective of this test is to confirm if our conceptual method would
work well, and to obtain some data for the actual work. During the test, a
concrete slab with a dummy weight is separated from the concrete structure,
raised, transported and lowered as actua] would be.

The steel suspension frame is about a half of the actual size, and the
280-ton dummy weight simulating the reactor block is 1/8 of the actual weight.
The confirmation test is performed between February and July 1983. Fig. 2
shows a sketch of the confirmation test.

Center-hole Jack

Steei frane

Horizontal
transportation

>Teaporary Support

11.800

Fig. 2 Confirmation Test (1/2 Scale Model)
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The main test items are as follows:
(D to evaluate working efficiency of core-boring.
(2) to monitor loa<' value on the temporary supports when the reactor block is
separated from tne reactor building structure.

® to monitor impact of the center-hole jacks during jack operation.
© to comfirm "fail-safe" concept by simulating pipe-break down accident of
the center-hole jack system.

@ to gauge step-rod strength in tension and in bending.
(&) to confirm the efficiency of the load control system.
® to measure the deviation value from the orbit during horizontal transpora-
tion.

The test results were all useful for actual work, and some of them were
eventually reflected in actual system design.

REMOVAL WORK METHOD

Work Process
First, the storage facility made of reinforced concrete is constructed

underground, and over the facility a temporary shelter to prevent leakage is
provided. Under the reactor block, a temporary-support system to recieve the
reactor weight during the separation is prepared.

Rail beds and temporary reinforced concrete walls to support the reactor
block weight during the removal are built at the same time. On the rail beds,
the rails and rollers to remove the reactor block are installed, and then a
steel frame to suspend the reactor block is assembled over them. The center-
hole jacks to raise the reactor block are attached on the top of the steel
frame and the reactor block is suspended by step-rods, using a coupling-and-
anchoring system.

When the above is prepared, core-boring process to separate the reactor
block from the building begins. After the separation, the reactor block is
raised about 3.7 m using center-hole jacks. Then the reactor block is trans-
ported out of the reactor building, passing through the temporary opening. The
reactoi block travels 34 m, and arrives at the temporary shelter over the
storage facility. The steel frame carrying the reactor block is fixed by
stoppers, and the reactor block is lowered to the final position for permanent
storage, then the top opening is closed with reinforced concrete.

Among these processes, the reactor block separation process and the reac-
tor block transportation process (both vertical and horizontal) are the most
singnificant processes to be controlled strictly. Details are as follows.
Fig. 3 and Fig. 4 show sketches of the concept.

Reactor Separation
The reactor block (the reactor, shield walls and 3 m-thick slabs) is

separated from the main structure of the reactor building, using the core-
boring method. The separation is performed both horizontally and vertically.
Before the separation, temporary supports are installed under the slab struc-
ture, which is the deepest part of the removal block, in order to support the
separated reactor block weight (2250 tons) from the beginning of the core-,
boring process to the commencement of the jack-up process.

The temporary supports were already experienced in the confirmation test.
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I Jacfr up and; dowiy"system^

center hole Jack

Reactor separation

*step rod

/coupling Joint

vertical 'core_bpri

horizontal core oorin

Temporary support, 'DOr+ .X, ' ,-.••. '• •-'. main structure

Fig. 3 Sketch of the System

«J*ek up ani 4*m\ tfttmm

Fig. 4 Detail of the One-Piece Removal System
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Monitored load values, increasing gradually in accordance as separated length,
showed the efficiency and there occured no harmful impact force.

Jack-up and Jack-down
The separated reactor block is raised and lowered by center-hole jacks

(36 jacks of 100-ton capacity each) which have a well arranged load control
mechanism and many experiences for jacking-up and jacking-down of heavy
objects. )oad o f equalizer(NQ1) Increase

upper collet

lower collet

l i ft frame

setp rod

equalizer

oil of equallzer(NQi)flow to
subcylinder(Na I)

o
lower oil of subcyllnder(Nai) flow to

other siibcylinders (NQ II—VI)

o
equalizer stroke(2--1Z)Qet longer

o
load is equalized

oil pressure hose

No.8

No.7

equalizer

subcyllnder,

No.9
No.10 flow of oli

No.ll

No.12

'increased load

No.l

(Load equalizing)

Fig. 5 Load Equalizing System
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Because the reactor block is a rigid body, a load equalizing system, shown
in Fig. 5 is employed for distributing load to each jack uniformly. The fail-
safe concept is embodied by grouping the center-hole jacks into 6 systems
placed in symmetry. The safety of the system is thus secured t-ven if one
system breaks down.

This center-hole jack system consists of many steel structures. Among
thesea the step-rod is the most important device to be designed carefully,
excluding center-hole jack. The step-rod, a steel rod which has a nctch to be
bited by collet in the center-hole jack, has been chosen as a most critical
failure mode device, because of its notch and its high-tension material.
Therefore detailed analysis is conducted about the step-rod strength.

The lift-up device collet holds the reactor block weight, biting the notch
of the step-rod, The first experiment of the step-rod strength does not con-
sider this loading condition around notch. So, a detailed analysis using FEM
(Finite Element Method) is conducted to check the concentrated stress, and it
is found that the step-rod notch stress level is very larje.

This analysis is conducted using the assumption that the stress-strain
relation is linear (only elastic range), but actual stress-strain relation is
bi-linear and the stress would be redistributed. For this reason, a loading
test and a fatigue test are conducted in order to assure its safety.

A loading test (simulating the actual loading condition using collet) and
a fatigue test (0-80 ton, 4500 times) are done using three test pieces each.
And the criterion is that the step-rod safety factor should be more than three.
And all test results satisfies this criterion.

During the actual work, nondestructive inspections were carried out to
assure the strength of the step-rod. First, spectrum analysis testing was
performed to screen inconsistent rods. Secondly, magnetic particle testing was
performed to scan for cracks. In the actual removal process, both of these
test were satisfactory and no problems occured during the reactor removal.

Horizontal Transportation of Reactor Block
The suspended reactor block in the steel frame is horizontally transported

by using rails, rollers and lateral jacks, which make it easy to correct the
transportation direction and have many accomplishments proved to be economical.
The strokes of the lateral jacks are automatically controlled while the reactor
block is moved. The steel frame moving direction is also checked, using a
laser theodolite.

As measures against the inertia force during horizontal transportation or
against the shaking caused by an earthquake, four spring dampers are installed
between the reactor block and the steel frame.

In roller design, strength criterion is usually determined according to
the experiment results and job experiences. And each roller is expected to
carry the road evenly, but several rollers do not because of the gap between
the steel base (a member of steel frame) and rollers. When the stress is
calculated excluding free rollers (because of the gap, these free rollers would
not support the reactor block weight), it would exceed the strength criterion.
In this reason, a test is performed using the same size test piece.

The test resulted that no harmful roller deformation occurs and the safety
factor is more than four in ordinary loading condition.
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MEASURES FOR SAFETY

Many measures are employed to this system. For example, the load equaliz-
ing system and the measures against earthquake are shown below.

Load Equalizing System
In order to minimize overload to the step-rods which suspend the reactor

block, a load equalizing system is employed to distribute the load uniformly
to each jack. The fail-safe concept is also considered for the center-hole
jack system. Even if one jack would break down, the reactor will still be
supported by the other group jacks, and the unbalanced load is redistributed
symmetrically and immediately.

It is found in the confirmation test that the maximum step-rod force is
recorded 1.6 times of the average axial force. In the basic design, it is
assumed that the maximum axial force would be 1.2 times of average value- So
the improvement of this equalizing system has to be finished before the actual
work starts.

To reduce the axial force's deviation from the average value, the sub-
sylinder system is employed. After loading test, it is confirmed that the
improved system would work well.

Measures against Earthquake
The temporary structures, which are used during the removal period, are

designed for many loading conditions including seismic force. But there are
no standards or codes to be applied to this seismic design.

A seismic analysis of the JRR-3 reactor building structures is done in
order to find out the base shear factor. In this analysis, the seismic wave
(acceleration level is 50-70 gal at ground surface) is used, and the base
shear factor is calculated as 0.2. This is the same value of the Japanese
building code which is used in ordinary building seismic design.

So temporary structures are designed using this seismic force (base shear
factor 0.2), and the strength criterion in seismic condition is decided to be
under yielding stress.

The spring dampers are installed between the steel frame and the reactor
block to prevent the reactor block from excessive shaking during transporta-
tion. The spring damper consists of several corned-springs, and the spring
stiffness is decided according to the seismic analysis results.

REMOVAL WORK RESULTS

Removal of the Reactor Cooling System
In order to remove the reactor block, the cooling system must be drained,

disconnected, and sealed before other removal steps can be taken. Once the
heavy-water coolant nas been drained and the system being rinsed with light
water, the piping is cut away from the reactor block, using suitable tools,
for example a saw, under wet condition. The pipes are then completely filled
with resin and sealed with steel alloy plates on the outside wall of the
reactor block. At this point, the reactor block is ready for other removal
processes.
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Reactor Block Separation
For horizontal concrete cutting, three core-boring machines v:ere symmet-

rically placed and operated, with thorough control for cutting depth. Horizon-
tal core-boring of approximately 210 meters long in total was completed in II
days. The cooling water was recirculated to reduce an amount of radio-active
wastes to be processed, and only the slurry in the water was deposited in the
storage tank.

The reactor block was vertically cut by continuous core-boring of the 3 in-
thick floor around the reactor block. The vertical cutting was performed by 7
core-boring machines with good balance by monitoring the load transfer to the
temporary supports. It took nearly a month to complete 259 core-borings of
approximately 820 meters long in total.

During these separation, there occured no harmful cracks and deformations.

Jacking-up and Jacking-down of Reactor Block
The reactor block weighting nearly 2,250 tons was raised 3.7 meters in a

time as long as approximately 15 hours. The jacking-up was performed by con-
trolling the strokes of all jacks, equallizers and subcylinders which were the
devices to distribute load to each jack uniformly and by monitoring the axial
force of 12 representative step-rods.

The reactor block was lowered 13.5 m, under control similar to the jack-
ing-up process, into the storage facility in three days.

In actual removal, jack-up and jack-down were performed using this system,
and the axial forces were monitored by means of strain gauges and a pen-
recorder. Each axial force's deviation was within 10 % of the average when
the jacks were working, making the suspended reactor very stable with small
fluctuation.

Horizontal Transportation of the Reactor Block
The suspended reactor block together with the steel frame (approximately

2500 tons in total weight) was horizontally transported 33.6 m to the place
above the storage facility in 7 days at speed as slow as about 5 meters a day.
During the horizontal transportation, the propelling force and the strokes of
lateral jacks at right and left were controlled and the straightness of the
steel frame was monitored by laser theodolite.

The transport direction was corrected by means of adjustment or the
propelling force of lateral jacks at right and left and by means of correction
of roller direction. The reactor block was transported accurately to the
fixed location.

The propelling force required for pushing the reactor block and the steel
frame was about 80 tons and the coefficient of rolling friction of the rollers
was 0.128 cm.

Although small earthquakes occured during the actual work, shaking of the
reactor was very small.

The radiation exposure to workers was negligible during the removal work
of the reactor block.

CONCLUSION

In order to update the JRR-3 reactor with current technologies, decision
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was made to remove the outdated reactor, equipment and piping, and to install
a new reactor.

With this decision, a one-piece removal system design was necessary. The
method needed to be efficient and safe, and this has been proved with the
successful completion of the JRR-3 removal project-the first of this kind in
the world.
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LARGE SCALE FUEL CHANNEL REPLACEMENT PROGRAM

by: W.G. Morison
H.S. Irvine
Ontario Hydro

Toronto, Ontario, Canada

The CANDU reactor, Figure 1, has been designed so that any or all of the
components which make up the reactor channels can be removed and replaced.
It has always been expected that at least once during the lifetime of a
CANDU nuclear power station, the reactor channels would require
replacement, and that this feature of being able to replace the reactor
channels may allow extension of the life of a CANDU nuclear station far
beyond the normal amortization life. The components of the reactor channel
are shown in Figure 2.

FIGURE 1
The CANDU Reactor
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FIGURE 2
REACTOR CHANNEL

Preliminary planning to develop capability to retube an entire reactor
began in 1975, when it was first realized that the pressure tubes in
Pickering were growing axially at a greater rate than had been anticipated
during the design of the station. Up to that times replacement of
individual pressure tubes in Pickering had been successfully undertaken
following leakage through tiny cracks which developed in the tube walls at
the rolled joint in a number of channels due to improper rolling in
procedures. This retubing concept involved an articulated arm operated
remotely and was called the Large Scale Fuel Channel Replacement Program
(LSFCRP).

On August 1, 1983, a pressure tube failed in Pickering A, Unit 2, releasing
coolant to the reactor vault, and leading to an orderly shutdown and
depressurization of the unit by the station operators. The failed tube had
a crack along the bottom stretching from the end fitting to about two
meters along the channel. A team of operating staff, research scientists,
design engineers from Ontario Hydro and Atomic Energy of Canada Limited
(AECL), were quickly assembled to identify the cause of the failure and to
plan and recommend remedial action. The subsequent ir« ?stigation of units
1 and 2 revealed that hydrogen concentration had buj' • 3 in the wall at
points along the bottom of a number of the Zircaloj ^r^-sure tubes and that
this concentration had lead to the failure.
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After eight months of intensive investigation involving site inspections of
a number of channels in both units 1 and 2, laboratory work in hot cells at
Chalk River, detailed analysis and tests and careful safety and materials
studies within Ontario Hydro and AECL, it was decided that both units
should be retubed before they were returned to power. Both units 1 and Z
had completed about the same number of full power operating hours and both
were fitted with Zircaloy 2 pressure tubes. All other CASDU reactors built
after Pickering unit 2 were constructed using Zirconium-Niobium alloy
pressure tubes which is not as susceptible to the build up of hydrogen and
zirconium-hydride under the same conditions as existed in the Pickering
unit 2 tube which failed.

It was a difficult decision. While we had done preliminary planning and
engineering and development work on equipment and facilities for full scale
retubing, we were not well prepared to take on, for the first time, the
full scale retubing of a reactor on such short notice, and we were faced
with the task of taking on two units immediately.

In the late fall of 1983 when it appeared that at least one reactor may
have to be retubed we began studies or the options available to us.

ItETUBE STUDY

The Hetube Task Group set out to determine if it was feasible to proceed
with the first stages of the disassembly manually, with the provision of
phasing in a remote retut Jng scheme at an appropriate time, if necessary.
The Task Group showed that an early start to retubing was indeed feasible,
if a remote operated Retubing Tool Carrier (RTC), Figure 3» was utilized in
a shielding cabinet This RTC, operated by remote control from outside the
vault, would convey radioactive components from the shielding cabinet at
the reactor face to a shielding flask on the vault floor. With the RTC
concept under detailed engineering, the Task Group extended their studies
to develop a retubing scheme that did not include removal and replacement
of the calandria tube, since it was felt at that time that retubing after
only 12 years of reactor service without removing the calandria tube was
the most logical and attractive approach.

The results of this study, which was completed ia the first quarter of
1984, showed that an early start on the retubing was indeed practical and
in fact, by using the shielding cabinets, remote viewing and manually
operated tools, that complete retubing in this manner could be undertaken
in stages on one reactor in about 30 months. The second reactor would
follow the first by about six months.

The Board of Directors of Ontario Hydro made a decision at their March 1984
meeting to proceed immediately with the above plan to retube units 1 and 2
at Pickering.
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FIGURES
RETUBING TOOL CARRIER AT REACTOR FACE

1. F/M Y-Drive Column

2. F/M Bridge

3. Shielding Cabinet

4. Power Cable Take-up Reel

5. Z-Orive Motors

6. XZ-Frame

7. TV Camera

8. Shielding Cabinet X Rails

9. Gripper Frame

10. Pressure Tube Can

Note: Work Table and Shielding Cabinet
Safety Rails Omitted for Clarity

RETUBE PROGRAM

The Retube Program began shortly after the March 1984, at which tine unit 2
had been down for 8 months and unit 1 had been down for about U months.

The main steps taken from this point onward in this Retubing Program and
the particular tools or equipment employed are as follows:

1. Dr-fuelling

All CANDU stations are fuelled on-power using two remotely operated
fuelling machines. Each machine attaches to an end fitting of the same
channel, makes a seal capable of withstanding full heat transport system
pressure, removes the sealing plug and shielding plug which normally
resides in the end of the channel, and then replaces a given number of the
12 irradiated fuel bundles in the channel with new bundles. The shielding
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and sealing plugs are then re-installed and the machine is removed.
De-fuelling of Pickering Units 1 and 2 was done by the operations staff
using the on-power fuelling machine, but with the heat transport system
full of cool and depressurized heavy water. To remove the 12 fuel bundles
from all the 390 channels in Unit 1 it took 60 days and 65 days to remove
all the fuel from Unit 2.

2. Decontamination

A major concern in extensive maintenance and repair of any nuclear reactor
is the radiation exposure to the forces undertaking the work- Special
tools, training and rehearsal facilities, protective equipment, and well
developed procedures were all part of the planning on this retube project
to minimize the exposure to the workers.

In addition it was recognized that if the radiation fields could be reduced
significantly at the reactor face that the work could be done with lower
exposure and fewer costly and time consuming protectivs measures. The
heat transport systems of each of the reactors were decontaminated using
the CAN-DECON process developed jointly by AECL and Ontario Hydro to reduce
radiation fields in the reactor coolant systems of CANDU reactors. Unit 2
was decontaminated twice, once in January 1984 during the investigation
phase and a second time in April 1984. Overall decontamination factors at
the reactor face of up to ten were achieved, lowering the radiation fields
to 100 to 140 mR/hour.

Unit 1 was decontaminated in May of 1984, resulting in even lower residual
fields of from 40 to 110 mR/hour.

These reductions in the radiation fields at the reactor face where a
substantial number of man hours of work were required in the
manual/semi-manual process were vary important to the success of this
process. With these reductions in the fields at the face and the use of
the steel shielding cabinets it has been possible to have workers undertake
many operations manually while staying below an acceptable total man-Rem
exposure level.

3. Draining And Drying The Heat Transport System

The reactor coolant in CAWDU reactors is heavy water which when it is
irradiated contains tritium, a radioactive isotope of hydrogen. Any
leakage or spill of this coolant during the retubing operation would raise
the airborne tritium level in the area where work has to be performed and
could result in an increase in the internal radiation dose to the workers
involved in the retubing. Removal of as much of this water as possible was
considered desirable. The reactor coolant system was drained and then
flushed with clean demineralized ordinary water. After draining this
ordinary water to the maximum degree the piping within the feeder cabinets
was heated by electric heaters and the reactor coolant system was vacuum
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dried. This provided a dry and relatively contamination free reactor
coolant system, and has minimized the tritium exposure to workers during
the retubing.

4. Rapid Induction Heating Of Rolled Joints

The retubing plan was to retain the east end fitting in place. This
required the pressure tube rolled joint to be separated in such a manner
that the end fitting did not suffer any damage. A rapid induction heating
technique developed by the Ontario Hydro Research Division made this
possible, Figure 4.

Load Coil
. Tmttformt r

Stop Collar

FIGURE 4
RAPID INDUCTION HEATING TECHNIQUE

In this process the inside surface of the pressure tube is heated up
rapidly by induction heating from a coil placed inside the pressure tube at
the rolled joint carrying a surge of current. The inside of the pressure
tubs tries to expand but is prevented from doing so by the cold heavy end
fitting, which results in high local stresses in the pressure tube. As the
pressure tube cools, it contracts to release these stresses and shrinks the
outside diameter of the pressure tube. This process leaves an undamaged
end fitting inside surface ready, with some minor burnishing, for
installation of the new tube.

5. Retubing Tool Carrier (RTC)

The Retubing Tool Carrier (RTC) shown in Figure 5 mounted on the inside
roof of the West shielding cabinet at the reactor face, was designed to
remotely move materials axially, radially and vertically to transport
radioactive components from the reactor face area to a trough of a loading
device which sits on the- vault floor, and which pushes articles in the
trough into a shielding flask previously lined up with the trough.
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FIGURE5
RETUBING TOOL CARRIER AT REACTOR FACE

The RTC is a specially designed, gantry mounted manipulator able to operate
as a wire rope hoist or as a rigid support. It is operated in a local
manual mode while handling non-radioactive materials. When handling
radioactive materials, control is from a remote panel located in the
retubing control centre. There is feedback via closed circuit video on the
control panel.

The main tasks visualized initially for the RTC were removal of the inboard
stubs of the end fitting and the pressure tubes in waste cans. These would
be moved back axially by the RTC, rotated and lowered to the trough on the
flask loading device. However, the FTC proved to be so versatile that it
was used to transport almost all the equipment from the vault floor to the
shielding cabinet on the west side of the reactors.

6. Tooling

All tools were designed to minimize radiation exposure by self shielding
where possible and by simplicity of design. The design work to meet the
requirements of shielding, simplicity, effectiveness and flexibility
required close cooperation between the research, design, project
engineering, and the operations and construction staff.
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RETU3E ORGANIZATION

The retubing of the two Pickering units was a major new undertaking for
Ontario Hydro involving innovation in design and development and testing of
equipment, the training of workers to perform unfamiliar tasks in plastic
suitst the execution of repetitive work in the middle of an operating
station, the management of a large work force made up of construction and
operations staff and trades, and involving a radioactive environment and
components.

Ontario Hydro has extensive experience and capability in the design and
construction and operation and maintenance of nuclear power stations.
However, a unique arrangement was called for in this instance. We
established a project team of 55 technical staff at the site, drawing on
experienced staff from design, construction and operations organizations.
This teeifl comprised:

10 design engineers
- 30 construction engineers and technicians

15 operations engineers

The field forces performed the retubing activities using the tooling,
training and procedures provided by the project team<> These procedures
integrated Operations standards of radiation safety and dose reduction with
Construction quality and production control. The integration of these
capabilities into a combined workforce with one set of procedures was an
important factor in the successful management of this project.

REHEARSAL FACILITY AND MAINTENANCE OF TOOLS

Ontario Hydro took the decision to build a replicated rehearsal facility in
a warehouse on site, Figure 6, to train all workers involved in every
action to remove and replace pressure tubes. This process included signals
to cause quality engineering check3, radiation protection procedures and
physical options to resolve on-core difficulties. A-full-scale mock-up of
the core was built to properly rehearse procedures j and included the
fuelling machine bridge, shielding cabinet and tooling to be used.
All workers were fully rehearsed many times, in radiation protection to
ensure confidence on the job.

Also, the importance of tool maintenance and decontamination for use when
needed was recognized. A dedicated team and workshop was set up for this
purpose. Additionally, the Head Office project group, with support from
the supply industry, provided timely spare equipment so that delays in back
up equipment was minimised. Equipment was provided as needed by the
schedule of core-face activities.
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FIGURE 6
MOCK-UP OF RETUBING TOOL CARRIER
IN WAREHOUSE AT PICKERING NGS

BETU3IHQ OF PICKERING A UNITS 1 AND 2

The actual work, which consisted of about 40 different operations, can be
grouped into four phases: preparation, removal of reactor components,
re-assembly and re-commissioning Throughout each of these phases, the
projeci, team, supported by specialists where required, provided direction
and management of the retubing program, with major emphasis on radiation
dose control.

1. Preparation of the Units

The 4680 fuel bundles were removed from each reactor with the normal
on-povrer fuelling machines and with the reactor coolant system
depressurized and cold, over a period of about 90 days.

The decontamination of the reactor coolant systems using the CAN-DECON
process proceeded during short intervals during the time when the reactors
were being defuelled, reducing the fields at the face of the reactor about
a factor of ten. The shielding cabinets provided a further factor of from
5 to 10, 30 that the radiation fields within the shielding cabinet were
about 5 mR/hour. This allowed a working time per quarter of about 200
hours in the cabinet for each worker, and eliminated the need to hire and
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train trades staff specifically for their dose allowance. In fact early
on in the job the total predicted dose uptake per reactor was reduced from
the preliminary estimate of 200C man-Bern to 1000 man-Item based on the
lower than expected fields.

The total preparation time was about 6 months during which all other plant
systems of both units were placed in a lay up state.

?.. Removal of Reactor Components

The removal of the reactor components involved handling highly radioactive
materials when the tools and equipment were being withdrawn from the
reactor core. Although this was done remotely it was considered desirable
that Operations trades people assigned to this removal activity have
experience in radioactive work.
During the removal phase an unexpected radioactive contaminant - Carbon 14,
in fine dust form, was discovered on the outside of the pressure tubes.
Extensive special precautions had to be introduced for Carbon 14 control
and dosimetry. In spite of the Carbon 14 problem and some labour
interruptions the removal phase was completed in about 14 months. The
tooling worked very well and the integration of the engineering,
construction and operations expertise in one site team proved to be highly
successful.

The radiation up-take during this phase was well below the dose estimates
despite the presence of the Carbon 14 problem. This latter problem
contributed less than 10* of the dose during the removal phase.

3. Heactor Re-assembly

Once the radioactive components had been removed and the calandria tubes
cleaned of any foreign material the re-assembly phase began. This phase
involves handling and installation of non-radioactive components in a
stable background radiation environment of 5 to 10 aR/hour. Radiation work
expertise was not a major requirement. The work force to undertake the
re-assembly (approximately 160 tradesmen) was obtained from the
construction organization. These workers, who were not trained in
radiation work were all, given extensive training in radiation work
practices and on the specific re-assembly activities on the full scale
mock-up before being allowed to work on the actual reactors in the vaults.

The quality assurance aspects of the re-assembly phase require verification
to Nuclear Construction Standards. This capability was readily available
from the Design and Construction Branch of Ontario Hydro.

The Fuel Channel Reinstallation Phase for Unit 1 began in February 1986.
Progress was slow at first, but increased dramatically as further
experience with equipment and procedures was gained by the construction
tradesmen. Installation rates peaked at about three channels per day, as
confidence and lessons wt>re learned.
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Work was carried out around the clock employing three installation crews of
about 45 construction tradesmen and technicians each, and a smaller fourth
crew dedicated to Bellows Welding. These crews worked a four days on, four
days off/11 hour shift schedule, rotating days to nights.

All of the work was performed in low radiation fields in the shielding
cabinet, with beams emanating from the reactor of up to 10 Rad/hr. In
addition, airborne C-14 participate (a long-lived Beta emmiter) was
always present. All personnel wore full protective plastic suits with
breathing air supplied. The record of radiation exposure management
has been outstanding on this project. The total whole body exposure to
gamma radiation for all workers since the project began in March 1984
has been 290 Man-Rem on Unit 1 up to the point of heat transport system
hydrostatic testing. A total end of job exposure of 300 Man-Rem per unit is
predicted. This compares to original estimates of approximately 2000 Man-Rem
per unit and the subsequent revised estimate of 1000 Man-Rem. The total
exposure from C-14 for all personnel to date, which was an unexpected
situation, is the equivalent of six Rem whole body.

In the conventional safety area, which is a well established goal in Ontario
Hydro projects, performance has been better by a factor of two than the
station target, with only two lost time injuries in over two million
man-hours worked.

In addition to this good overall performance, there has been no individual
that has exceeded any exposure limit.

The completion of the channel reinstallation in Unit 1 during December, 1986,
marks the first time that all of the fuel channels in a CANDU PHWR have been
replaced. Detailed procedures, tool proving on full scale mock-ups and
thorough training were used to achieve quality, with independent verification
of work performed on each crew by trained technicians working along side of
the tradesmen. Approximately 56,000 independent QC checks were performed
during the reinstallation phase.

The original outage schedule called for the completion of the installation
phase in August 1986 as outlined in Figure 7« The actual completion of the
last fuel channel in December 1986 represented about a four month delay. The
causes of this delay to that point were primarily the impediments caused by
C-14, protection provisions, labour disputes and fixed equipment problems.
The Unit 2 retubing was completed about mid-year 1987.

At the start of this major rehabilitation to Units 1 and 2, the estimated
cost prior to in-service, without re-commissioning was $519.5M. Currently,
and due to our successes, the projected costs were $418.7M. We are pleased
with this actual and lower cost. Ho.fever, we are not complacent, since we
know that based on the Pickering Units 1 and 2 record using the manual
retubing approach, retubing and energy replacement costs are unacceptable for
retubing future units. We are studying new methods to involve more
appropriate remote robotic and manual methods, based on the lessons learned
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RETUBING SCHEDULE

The following section describes the re-commissioning of all major reactor
systems, plant components and necessary modifications required to ensure
future reliable operation.

RE-COMMISSIONING OF PICKERING NGS - UNIT 1

When the decision was made in March 1984 to retube both Units 1 and 2 at
Pickering NGS, another program was instituted to be performed concurrently.
This program designed "PICK-UP" (Pickering Upgrade), had the objective of
ensuring a further 30 years of safe, reliable unit operation - post retube.
It consisted of four components:

1. The Lay-Up Process

Where possible, systems were maintained in an operational state. If that was
not practical, an environment was maintained within the system to inhibit
degradation. Typical examples of actions taken were:

a) Service water, air and electrical distribution systems were maintained in
limited service

b) Steam generators, feed heaters and other systems were filled with
hydrazine treated water

c) Primary heat transport and main system steams were filled with nitrogen
gas, and

d) Selected service water heat exchangers were drained and dried.

The inspections performed during the re-commissioning phase have shown that
the lay-up program was generally successful in preventing any major
degradation during the four year outage period.
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2. The Inspection and Maintenance Program

Seventy inspection programs of the major systems were performed. These
systes3 can be characterized into two main groups: Nuclear Systems and
Conventional Systems. Our findings were as follows:

a) The Nuclear Systeas

The nuclear systems were generally found to be in good condition,
although components subject to wear or dry-out were prudently replaced.
The Steam Generators tubes and drum internals were in good condition,
however, a tube sheet sludge removal test was performed with just passing
marks.

Extensive inspections, using .remotely manipulated video cameras and
ultra-sonic devices, were performed to assess the condition of nuclear
systems within the Calandria vault, with particular attention paid to the
biological shield cooling system.

b) The Conventional Systems

The conventional systems were generally in an acceptable condition but
required extensive cleaning, re-calibration and particularly seal
replacement.

The turbine/generator main steam, feedwater lines and the electrical
systems were in good condition and no particular actions were needed.

The main steam safety valves and the pumps and motors associated with
boiler feed and service water systems required some repairs.

In general, heat exchangers in contact with lake water showed signs of
degradation and the main condensers, shield cooling and biological shield
heat exchangers were retubed.

3. Station Safety System Modifications

Ontario Hydro had committed two major safety system improvements to the
Pickering NGS A Station prior to the G-16 pressure tube failure. The first
modification was associated with an enhancement of the emergency coolant
injection (EC1) system, to align it with the capability of the Pickering B
Station which is a higher pressure system. The second was to increase the
depth of the shut-down system assd retain the moderator as a major iieat sink
in the advent of a large loss of coolant accident.

These improvements represented an update of the earlier Pickering A plant to
the increased "safety-in-depth" inherent in the more recently built nuclear
units. The outage occasioned by the Pickering Unit 2 pressure tube failure,
and the decision to retube both Units 1 and 2, provided the economic
opportunity to advance these desirable actions prior to 1990 as previously
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agreed. We wish to stress that these modifications are enhancements to an
existing "defence-in-depth" against improbable accidents.

4. Re-commissioning

He-commissioning and performance tests are carried out on both old and new
systems to ensure that all could meet their design intent. Special emphasis
was placed on ensuring that the quality of the special safety systems was up
to present day standards.

Problems of long term inactivity became evident on the older systems. Relief
and control valve settings had drifted, and valve seals were damaged,
electrical relay contacts required cleaning, large isolating valves had
become stuck closed, and valve packing required tightening or replacing.
Almost three years to the day since defuelling began, fuel loading was
performed from within the retubing shielded cabinet to minimize radiation
dose to the workers.

Virgin heavy water was added to the primary heat transport system and a
hydrostatic pressure test performed at 2000 psig. This proved somewhat
difficult due to dried out valve packing (a result of the three year dry
lay-up period), leaking pump seals and passing relief valves.

The reactor building was pressure tests and the leakage rate was less than
the original 1970 commissioning tests. The bulkhead, isolating the unit
from the station containment envelope for retubing, was removed and the
moderator system filled with the original charge of tritiated heavy water.
A period of hot commissioning was then performed. First criticality of
unit 1 was achieved on June 23, 1987.

5. Lessons Learned

Generally, our experience from retubing Pickering 1 GS Units 1 and 2 has
been positive. Our successes can be summarized as follows:

The method of defuelling the reactors was faster than predicted and the
CANDE-CON decontamination process was more effective than we had assumed.

The method of flushing the heat transport system and subsequent vacuum
drying eliminated tritium radiation dose concerns to the cere-face
workers. The sequencing of removal tasks over the reactor face, rather
than row by row by both removal and installation, simplified integration
of tooling and technology, resources, work planning and training.

The Retubing Tool Carrier (RTC) worked reliably to remove radioactive
components from the reactor, and then transfer them to a conveyor system
to load into flasks, whose contents were ultimately stored in the concrete
canisters on site.
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We found that many manual jobs could be performed faster than expected
with correspondingly less man-hours and radiation exposure. This taught
us that a rolling shift organization and highly motivated core face work
crews, were more important than the philosophy previously adopted in the
development of the large, remotely controlled arm to handle highly active
components. Of course, this would not have been true, if the
decontamination and worker radiation protection measures had not been as
successful.
Our analysis of experience gained, suggests that improvements to shorten
the schedule of future reactor retubings can be made in the following
areas:

1. Quicker methods of draining and flushing the primary heat transport
system.

2. Better methods of dealing with the Carbon-It problem.

3. Faster radioactive component handling together with improved access
control.

4. Tool refinement to improve their durability and reliability.

5. Better feeder pipe control.

6. Faster new pressure tube assembly.

7. Improved tool calibration to avoid excessive maintenance.

CONCLUSIONS

The retubing of the Pickering reactors has been an extraordinary challenge
and successful experience for Canada's CANDU industry. It has
demonstrated the versatility of this reactor concept and the ingenuity and
talents of the large workforce involved in this unique project. Removal
and replacement of the innermost pressure containing components of a large
power reactor, the restoration to power and extension of unit life, is an
outstanding achievement.

VI-120



EXPERIENCE OF PARTIAL DISMANTLING AND LARGE COMPONENT

REMOVAL OF LIGHT WATER REACTORS

by Michel DUBOURG

FRAMATOME S.A.

PARIS LA DEFENSE

FRANCE.

• ABSTRACT.

Regarding the relatively youthness of french operating commercial

built by FRAMATQME for ELECTRICITE DE FRANCE, none of these reactors needs

to be decommissioned before the next decade or early 2,000 years.

However feasibility studies of decommissioning have been undertaken

and several dismantling scenarios have been considered including the

dismantling of four PWR units and the on-site entombment of the active

components into a reactor building for interim diposal.

In addition to theorical evaluation of radwaste volume and activity,

FRAMATOME has conducted several operations of partial dismantling of active

components and decontamination activites in view of dismantling for both

PWR units and BWR.

By analyzing the concept of both 900 and 1300 MWe FWR's, it appears

that the design improvements taken into account for reducing occupational

dose exposure of maintenance personnel and the development of automated

tools for performing maintenance and repairs of major components,

contribute to facilitate future dismantling and decommissioning operations.
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1. FEASIBILITY STUDIES OF FWR DECOMMISSIONING.

Under the auspices of ELECTRICITE DE FRANCE, a feasibility study was

performed by FRAMATOME concerning the dismantling of four PWR units and the

on site entombment of the active components into a reactor containment

building.

This study was conducted on the BUGEY plant site and two main options

were considered :

1st Option : The use of the reactor vessel as a primary barrier of ail

irradiated components.

2nd Option : The dismantling and the cutting into pieces of irradiated

components for transportation in lead shielded casks.

In the first option the various connections of the reactor vessel to

the primary loop are sectionned at the level of nozzle safe ends. The

tightness of the reactor vessel is obtained by the means of welded plugs

for large size penetrations or by explosive plugs for instrumentation

lines.

Control rod drive mechanisms are disconnected and the penetrations are

sealed off by explosive expansion plugs. The reactor internals hold down

spring is cut into pieces and located inside the vessel in order to release

the tension of reactor vessel closure studs. The water contained in the

reactor vessel is drained by an instrumentation pipe prior sealing off.

The total weight of the reactor vessel containing its own reactor

internals support structure exceeds 490 tonnes. The reactor vessel handling

and removal could be performed either by the containment building polar

crane which needs some reinforcement or by a huge crawler crane as shown in

fig. 1. The "Maintowoc" crane, the boom foet of which is supported by a

circular ringer can handle 600 tons with a crane boom length of 91 in at a
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distance of 25 m. The use of a Manitowcc crane can reduce the personnel

exposure from 600 man rems down" to 50 man rems for the handling and the

diposal of the reactor vessel.

For the second option, it is anticipated a sectioning of all

irradiated materials i.e.. : reactor internals, thermal shield and reactor

vessel by the means of underwater flame cutting with multiple thermic

lances or by the use of arc saw technique.

2. PRACTICAL EXPERIENCE OF PARTIAL DISMANTLING OF ACTIVE COMPONENTS -

In the past, FRAMATOME has gained practical experience related to the

partial dismantling and decontamination of active components of nuclear

reactors.

2.1. Chooz Thermal Shield Removal. The CHOOZ reactor is a 280 MWe PWR and

thi 6 reactor went to operation in 1968.

Due to flow induced vibrations roblem it was necessary to undertake a

partial dismantling of the reactor internals and a complete removal of the

degraded and irradiated thermal shield protecting the reactor vessel.

The thermal shield is a thin walled cylinder placed between the

reactor core and the pressure vessel to reduce total irradiation effect on

the vessel wall. For the CHOOZ reactor, the thermal shield was designed as

a segmented cylinder (3 segments attached by welded clamps) to permit

installation in the reactor vessel because the diameter of the shield was

larger than the opening at the vessel flange.

During plant operation, coolant flow induced a rigid body movement to

the thermal shield which generates fluctuating pressures on the core barrel

and causes damage by fatigue. So it was decided to remove the thermal

shield from the vessel and some peripherical fuel assemblies.
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An electro discharge machine (EDM) using a vibrating graphite

electrode was built and used for cutting under water the welded clamps of

tile thermal shietld segments. The time required for cutting one welded clamp

wias about 10 hours. In order to remove the thermal shield segments which,

while some repair work was carried out on the reactor internals in the

reactor pool, a special dam was provided and fixed to the reactor vessel

flange. The thermal shield segments were loaded in a lead shipping cask and

then transferred for storage at La Hague Center (see fig. 2).

This operation was conducted successfully and after repair, the

reactor power output has been upgraded of 10 % and the reactor operates

satisfactorily since 1970.

2.2. Control Rod Guide Tube Centering Pins Replacement.

More recently the discovery of scarce defects affecting centering pins

of control rod guide tubes located in the upper reactor internals of 900

MWe plants has initiated the connstruction of specific equipments and

several "hot stands" for the removal and transportation of irradiated guide

tubes and for the systematic replacement of these centering pins by new

improved pieces.

During plant shut down for fuel reloading, the reactor upper internals

are placed on their support stand and all control rod guide tubes are

removed and replaced by new guide tubes equipped with centering pins of

modified design.

Irradiated guide tubes are transported to the PIERRELATTE facility in

FRANCE where centering pin replacement operation is taking place on hot

stand. The replacement is carried out in air under lead shielded protection

and a revolving table brings all the necessary tools for performing the

replacement.

The attached figure N° 3 shows a general view of the "Hot Stand" and

the equipment for removing the centering pins by EDM process.
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This procedure allows to minimize the impact of the replac:3nent of

pins on plant outage and it can be said that such replacement is carried

out during the normal refuelling outage of the plant.

Seven "Hot Stand" have been built by FRAMATOME for performing "off

line" the centering pin replacement.

An operation was conducted in the United States on the R- GINNA PWR

plant for Rochester Gas Electricity. A special designed "Hot Stand" was

built for the removal of centering pins of 14 x 14 Guide Tube geometry.

This operation was carried out in 24 days in February J986 during the

normal outage for refueling of the GINNA plant.

2.3. Replacement of Damaged Steam Generators.

FRAMATQME has developed all the necessary tooling and established the

procedures for the removal of corrosion damaged steam generators of PWR

plants.

A large extensive research program including, development of

decontamination process and the construction and full scale testing of

automated tooling is undertaken.

The development program includes the following technical subjects :

• Soft chemical decontamination process of the lower part of the Steam

generator to be replaced and the associated portions of primary pipings

(see figure N° 4).

• Proper selection of a primary piping sectioning techniques based on a

thermal process (Plasma) or on a mechanical cutting process.

• Bevelling of the primary piping by using a single po:Lnt machining device

(see figure N° 5).

• Automatic welding process with video follow up of the weldig junction

between the new steam generator and the existing primary piping.
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In addition to the technical research and demonstration, operational

research is also performed in order to reduce man rem exposure and to

shorten the execution time of steam generator replacement.

3. ON SITE DECONTAMINATION OF RECIRCULATION LOOPS PRIOR LOOP REPLACEMENT OF

THE MUHLEBERG BWR PLANT.

To reduce the radiation exposure of trte personnel dismantling the old

piping system, "Bernische Kraftwerke AG" the plant utility, entrusted

FRAMATOME with the decontamination of the MUHLERBERG recircultion loops.

For performing the decontamination operation, a mobile decontamination

equipment consisting of several skid monted containers was built. The

process is based on the use of dilute chemical decontamination solutions

(<1 %) and the contamination is transferred from active components surfaces

to ion exchange spent resins.

FRAMATOME uses, during the reduction phases, a mixture of organic

acids and chelating agents and during oxydation basic potassium

permanganate.

The mean features of this process are :

. A low concentration of reagents about .12 % is employed.

. The reducing agent is regenerated using cation exchange resins.

. A sequence of reduction/oxydation phases is employed.

. At the end of each phase reagent is removed by mixed bed exchange

resins.

Before the Mihleberg decontamination operation went ahead, FRAMATOME

conducted experimental studies to determine working conditions and to

analyse reagent effects on materials.
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These studies determined the decontamination sequence finally adopted

at MUHLEBERG : a reduction phase, then an oxidation phase followed by a

further reduction phase. A temperature of 120°C was adopted for the

reduction phases.

The same sequence, but at twice the phase length, was then applied to

the analysis of the circulating pump casing material.

Overall, general corrosion remained below 3 microns and no pitting or

inter-granular corrosion was observed. Stress corrosion cracking tests did

not show any quantifiable reagent-induced effect.

The decontamination "skid" designed and built by FRAMATOME includes three

modules :

. Maduie 1 : ion exchange resins, and filters.

. Jfcdule 2 : reagent circulating lines and pumps, heaters, coolers, reagent

injection line.

. Module 3 : Mobile laboratory for chemical and radiochemical analysis.

A temporary hall adjoining the reactor building was used for the

installation of the three modules. Flexible tubing was used to interconnect

the decontamination modules and recirculation loops and to provide

connections to the plant auxiliary systons.

When the preliminary work and a 12-bar hydrotest had been completed,

it was possible to go ahead with decontamination of loop B.

The results obtained from subsequent analyses showed that in three

days of decontamination, 1,6 kg of oxides were dissolved and a Cobalt-60

equivalent activity of 14 Ci was removed from loop B.

During the decontamination of loop B, loop A was prepared for

decontamination along the same lines. Decontamination of a loop was also

successfully completed in three days : 1,3 kg of oxides were dissolved and

a Cobalt-60 equivalent activity of 15 Ci was removed.
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With the exception of one single point where the decontamination

factor on contact was only six, all the points sampled during

decontamination of the two loops exhibited a high decontamination factor :

the average was 90.

It was calculated that the decontamination reduced the average dose

rate in the drywell by a factor of ten and cut by 200 to 250 man-rem the

collective dose to personnel involved in loop replacement.

4. DESIC31 IMPROVEMENTS TO FACILITATE FUTURE DISMANTLING OPERATIONS.

By analyzing the concept of both 900 and 1300 MWe PWR's, it appears

that the design improvements taken into account for reducing occupational

dose exposure of maintenance personnel and the development of automated

tools for performing maintenance and repairs of major components,

contribute to facilitate future dismantling and decommissioning operations.

4.1. Reducing .activity. The overall activity at the time of dismantling

results essentially from the activation of irradiated structures during

reactor operation and from the deposition of activated cruds on the

internal surfaces of plant components at the end of the plant life.

In order to reduce such activation and contamination, a strict

control of materials submitted to neutron flux is performed and residual

elements such as Cobalt 59 or other tracing long life radioelements are

strictly limited.

Cobalt 59 content is restricted as follows :

- Reactor vessel shell base material : < . fJ3 %

- Reactor vessel stainless steel cladding : < . 15 %

- Reactor internals mater'^1 : < . 08 %

- Steam generator Inconel 600 tube bundle mat. : < . 10 %

- Steam generator Inconel 690 tube bundle mat. : < .035 %

+ N4 plant (1400 MWe)
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For the manufacturing of reactor internals, stabilized stainless

steel materials which contain tracing elements such as Niobium, the

irradiation of which produces long lived radioelements are strictly

prohibited.

In fuel assemblies, cobalt 58 (71 days of half-life) is produced by

activation of inconel grids. In the FRAMATOME developed Advanced Fuel

Assemblies AFA, inconel grids are replaced by Zircaloy grids with inconel

clip springs. Activity calculations show potential reductions of dose field

about 30 %.

In addition,, investigations are underway to find an alternative to

stellite (55 - 60 % Cobalt) in valve parts directly in contact with the

primary coolant.

In particular, studies and tests are being carried on the use of

Nickel base Alloys such as Colmonoy (77 % Ni, 11,5 % Cr-) or AISI 440 C

martensitic stainless steel and Cobalt free thin hard faced coating of

critical components, such as Control Rod Drive Mechanism grippers and CVCS

valves.

Some practical measures have been taken at the design stage and

during operation for minimizing the residual contamination of surfaces .

These measures include :

- Primary coolant coordonate B/Li chemistry.

- Specifications for surface conditions of steam generator materials.

- Large purification flow capability during plant shutdown for entrap-

ping activity.

- Periodical decontamination of steam generator channel heads or isola-

ted components for facilitate inspection and maintenance work.
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4.2. In Service Inspection and Mandatory Periodical Inspections.

In service inspection of pressure boundary components as defined by

the French regulations and Licencing Authorities implies to define access

to critical areas such as welded joints for periodical inspections of

activated circuits. Supports or guide rails are generally provided for the

installation of automated tooling for inspection and in some case for

repairs.

These supports will also facilitate future dismantling operations.

4.3. Plant lay-out design.

Several features of the plant lay out design have been defined to

facilitate plant operation and consequently plant dismantling, these

features include :

- Isolation between active and non active areas in nuclear buildings

active and non active zones are existing.

- Shortening of the piping lay-out of primary and auxiliary systems of

the 1300 MWe plant. In addition some efforts were devoted for

minimizing the number of valves.

- Erection of monorails and hoists for facilitating the replacement

of coraponenets such as the RHR pump motors, or heavy valves

or man hole covers of steam generators.

- Collection of the floor drains has been carefully review for

avoiding stagnation or spillage of active waters.

- Implementation of a neutronic protection liner of the Reactor

vessel concrete well for limiting and reducing the activation of

concrete and iron structures.
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This modification has been included in the new N 4 type

reactor design (1400 MWe).

4.4. Updating of documentation.

The dismantling of active areas of a nuclear povrer plant must lead to

a minimal collective exposure dose for the operating personnel. For

carefully planning, the work in hostile environment, it is absolutely

necessary to collect and to update all information related to the plant

design (drawings, material specification, various modification and

implementation ) and also information related to the plant operating

performance during the plant life.

For performing such tasks, EDF has set up some procedures and systems

for the collection, update and the recording of this information through

out the plant life for making available such information when the plant

dismantling operation will occur.

5. FUTURE EVOLUTION AND CONCLUSIONS.

The past experience gained by FKAMMTCME in the field or repairs on

irradiated components indicates that there is no more major obstacle for

performing significant repair or modification on irradiated components and

partial dismantling operation on Nuclear power plant.

The development of remote controlled equipment and robots operating

in hostile environment can open the door for large modification or

improvement on operating reactors.

The real limitation seems to be the availability of time and funds

required for performing large modifications.
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At the present time, FRAMATCME has developped and built more than 20

remote controlled devices for performing specialized repairs on reactors.

Universal arms and robots are in used for increasing the flexibility and

the adaptability to various operations.

In addition FRAMA.TOME is presently actively studying possiDle options

consisting either to extend plant life reactors beyond its initie1 licence

life and reviewing all economic and technological aspects.
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Table N° I.

Measuring
point

1
2
3
A
5
6

Dose rate readings on the Miihleberg recfrculation pipework before and after decontamination, mrad/h

Before
decontamination

Contact

600
600
750

450
bOO

30cm

180
250
350

150
150

Bloop

Alter
decontamination

Conlect

5
100'
15

nol measured
15
7

30cm

25
40
35

15
10

Decontamination
facto

Contact

120
6

50

30
71

r

30cm

7
6

10

10
15

Before
decontamination

Contact

1200
820

1000
1 700
1400

710

30cm

450
320
520
700
720
350

A loop

After
decontamination

Contact

4
30
50
15
10
6

30cm

7
17
35
25
20
6

Decontamination
factor

Contact

300
27
20

113
U?
116

30cm

64
19
15
28
36
58

if}
en

Reactor vessel

Outlet nozzle.

Suction
valve

• .•et pumps

Discharge
valve

Pump

The six paints on the rccinululion system at
Miildiinry wlicrv close rate measurements
wire taken.

The Miih!cbcrg JJWR has two external rccir-
culation loops (only one is shown in the
diagram), six risers and twelve jet pumps.



STEAM GENERATOR REPLACEMENT AT SURRY POWER STATION

TECHNIQUES APPLICABLE TO POWER STATION DECOMMISSIONING

H. Stephen McKay
Virginia Power

Glen Allen, Virginia USA

ABSTRACT

During the Surry Steam Generator Repair Program it was necessary to cut
the steam generator into two (2) pieces and to remove sections of the
reactor coolant piping, feedwater piping, main steam piping, and
instrumentation lines. Many of the cutting techniques and measures taken to
minimize personnel exposure are directly applicable for use in nuclear power
station decommissioning. This paper discusses these techniques as they were
used at Surry.

INTRODUCTION

The purposes of the steam generator repair program at Surry Power
Station were to repair the tube degradation caused by corrosion-related
phenomenon and to restore the integrity of the steam generators to a level
equivalent to new equipment. The repair program consisted of (1) replacing
the existing lower shell assemblies (the portion of the steam generator
containing the steam generator tubing) with new ones and (2) adding new
moisture separation equipment to the upper shell assemblies. These tasks
required that several pieces of reactor coolant piping, feedwater piping,
main steam piping, and the steam generators be cut out of the system and be
refurbished and/or replaced after the new steam generator lower shell was
moved into place.
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Many of the techniques used in the removal of the steam generators are
directly applicable to the process of disassembling a reactor system for
power station decommissioning. The areas to be covered in this discussion
are as follows.

1. Cutting Techniques Used

2. Steam Generator Removal
3. Solid Waste Disposal
4. ALARA Techniques Used and Personnel Exposure

CUTTING TECHNIQUES AND STEAM GENERATOR REMOVAL

In order to remove the steam generators from the containment at Surry,
the steam generators had to be cut in two above the tube bundle region and
all of the reactor coolant, feedwater, main steam, and instrumentation
piping had to be cut. A number of techniques were considered but flame
cutting was determined to be the best as in most cases the equipment at the
cut location would not be reused. The idea was then to make the cut as
quickly as possible to reduce personnel radiation exposure.

First the main steam and feedwater piping and instrumentation lines were
cut on the upper shell. This cutting was done with an oxygen-acetylene
torch mounted on a track. The main steam pipe was cut where the pipe enters
the crane wall and just above the steam outlet nozzle on the steam
generator. The feedwater piping was cut at the crane wall and on the
feedwater nozzle.

A track was then set up around the steam generator transition cone, and
the steam generator was cut with an oxygen-acetylene torch. The criteria
established for the location of the cut were (1) the outer diameter of the
lower shell must be smaller than the diameter of the equipment hatch and
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(2) the inside diameter of the upper shell must be large enough to allow the
installation of the new moisture-separation equipment.

The polar crane was then rigged to existing lifting lugs on the upper
shell, which was lifted off the lower shell and then temporarily set down on
the transport-system rails. The upper shell was then rerigged to the two
hooks of the polar crane such that one hook was attached to the man-way
trunions (which were designed to bolt onto the upper shell where the man-way
covers are found normally), and the other hook was attached to the existing
upper-shell trunions after being passed around an inverting saddle that is
lashed to the upper shell. The rollover of the upper shell was accomplished
by raising the hook attached to the upper-shell trunions and lowering the
hook attached to the man-way +runions. After the upper shell was upended,
it was placed on a storage/work stand in the containment. The upper shell
is 4.6 m in diameter, 7.6 m long, and weighs 116 Mg (128 tons). The
diameter of the upper shell prohibited it from being removed from the
containment in one piece through the equipment hatch.

When the upper shell was removed from the lower shell, the three swirl
vanes (part of the moisture-separation equipment) remained behind. These
swirl vanes were removed by flame cutting and disposed of. A one (1) inch
thick steel cover plate with provisions for securing shielding was then
lowered onto the top of the lower shell and was welded in place to seal the
lower shell assembly.

The reactor coolant piping was then cut. A plasma arc torch mounted on
a track was chosen to cut the reactor coolant piping because of the rapidity
of the cut, thereby limiting personnel exposure. Typically, a cut on the 30
inch diameter, 3 inch wall thickness pipe could be made in 15 to 20 minutes.
The removed piping consisted of an elbow of the hot-leg piping connecting
the steam generator nozzle and the reactor coolant system isolation valve
and two elbows and a straight section of the cold-leg piping. After the
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reactor coolant piping was removed, shielded caps were welded over the steam
generator nozzles, and the piping sections were moved to the containment
basement for decontamination before refurbishment and reuse (on Unit 1 the
pipe was discarded and new pipe was used). The secondary side water was
then drained from the steam generator lower shell, and the blowdown piping
and miscellaneous instrumentation lines were removed.

The polar crane was then attached to the steam generator with the swivel
lift beam, the steam generator supports were disconnected, and the lower
shell was lifted slowly out of its cubicle. The steam generator lower shell
is 13.5 m (44 ft) long, 4.37 m (14 ft, 4 in.) in diameter on the transition
cone and weights approximately 231 Mg (approximately 255 tons), including
shielding. The swivel lift beam used to lift the lower shell is a lift rig
that attaches to both hooks of the polar crane and is attached to the lower
shell by two lift rods that attach to the two lifting trunions on the lower
shell. The swivel lift beam allows the steam generator to be easily rotated
while hanging from the two polar crane hooks.

After the steam generator lower shell was lifted out of the cubicle, it
was moved to an area adjacent to the equipment hatch where the upending shoe
was attached to two of the four steam generator feet. The steam generator
was then set down on the upending grillage located just inside the crane
wall adjacent to the equipment hatch. The upending grillage supports the
bottom of the lower shell during the laydown operation.

The laydown of the steam generator was accomplished by simultaneously
lowering the hoists of the two polar cranes while moving the crane trolley
towards the center of the containment. Great care must be taken to ensure
that the crane cables remain vertical so that no lateral loads are imposed
on the steam generator during the laydown. Prior to laying down the lower
shell, lifting cables forming a basket hitch were put into the transport
cradle, and the steam generator was then laio down into the cradle.
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The swivel lift beam was then unhooked from the steam generator, and the
main hooks of the polar crane were rigged to the basket hitch. The steam
generator was then lifted up in a horizontal attitude, rotated 180°, and set
back down on the transport tracks so that the transition cone faced the
equipment hatch. That is, the steam generator was positioned so that the
transition cone was transferred through the equipment hatch first.

This transport configuration was necessitated by the configuration of
the equipment hatch and the operating deck. The equipment hatch is circular
with a small part of the circle below the operating deck. A small section
of the operating deck had to be chipped out adjacent to the equipment hatch,
so that the steam generator could be lowered into position for transport
through the hatch. If the steam generator had been oriented in the opposite
direction, a trench the full length cf the stearn generator would have been
required in the operating deck.

Just before removing the steam generator from the containment, a final
decontamination of the outside of the lower shell was performed to remove
any loose surface contamination. In general, levels of 200 to 600 dpm/cm2

were achieved. The only area that could not be decontaminated to acceptable
levels was the area immediately around the reactor coolant nozzles on the
channel head. This channel head was therefore wrapped in Herculite for
transport to the waste storage facility. During the second unit (Unit 1)
steam generator replacement the whole lower shell was painted to fix the
contamination to the shell rather than decontaminate the whole shell.

Using the steam generator transport system, the steam generator lower
shell was winched out on the equipment-hatch platform. Because of the
clearance between the steam generator lower shell and the equipment-hatch
barrel, the transport tracks could not go all the way through the hatch.
Consequently two sets of tracks were installed, one set of tracks inside the
containment and another set outside the containment. Transfer through the
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hatch was accomplished by moving the steam generator part way through the
hatch on two sets of rollers to a point where the cradle extended through
the hatch and out onto the platform. A third set of rollers were then
installed on the platform tracks, and the rollers inside the containment
were removed. The steam generator was then winched completely out of the
equipment hatch. During the removal operation, the clearance around the
transition cone was approximately 0.05 m (2 in.).

The steam generator was then lifted off the equipment-hatch platform
with a luffing derrick and lowered onto the haul vehicle for transport to
the on-site engineered storage facility.

.At the engineered storage facility, the steam generator was lifted off
the trailer with jacking towers, set down on storage cradles mounted on
r Hers, and then winched sideways into the building. The engineered
storage facility was then sealed. The lower shells will remain on-site
until plant decommissioning. (One of the Unit 2 steam generators has since
been removed and shipped to Hanford, Washington for use in an NRC sponsored
research program.) By that time the radioactive inventory inside the steam
generators will have decayed from approximately 1200 Ci each to between 12
and 20 Ci.

The engineered storage facility is a reinforced concrete structure with
0.91 in 3 ft-thick walls to provide shielding and to meet the criteria of
40 CFR 190. The building is sealed to prevent water intrusion. An internal
sump collects any water that might get inside the building. Ventilation to
allow for expansion and contraction of air in the building is provided
through HEPA filters. Several two (2) inch plugs have also been provided to
allow radiological surveys without entering the building and to monitor the
water level in the sump.

VI-142



SOLID HASTE DISPOSAL

As would be the case with power station decommissioning a large amount
of solid waste was generated during the disassembly phase of the steam
generator replacement.

The solid waste generated during the steam generator removal effort
consisted of (1) contaminated insulation, structural materials, and
components not intended for reuse, (2) solidified liquids used for
decontaminaticn, and (3) contaminated paper waste, disposable protective
clothing and contamination control materials. During the steam generator
removal phase of the repair program approximately 26,600 cubic feet of solid
waste was removed for the Unit 1 repair effort and approximately 26,300
cubic feet for the Unit 2 repair effort.

During the steam generator repair efforts a packaging station with a

compactor was set up in the basement of the containment to minimize the

handling of the waste.

As was discussed earlier the largest component to be handled were the
steam generator lower shells. The engineered storage facility was decided
upon after a number of studies at the time that on-site storage was the best
option both from an economic and personnel exposure standpoint.

ALARA TECHNIQUES USED AND PERSONNEL EXPOSURE

During the steam generator replacement most of the normal dose reduction
techniques were used to try to minimize personnel exposure. In addition to
these, two techniques were used which worked fairly well for this
application.
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During the work on the old steam generator lower shell, the water in the
secondary side was maintained at a level covering the steam generator tube
bundle in order to fully utilize its shielding quality. The shielding
effect of this water provided an approximately 10 to 1 dose rate reduction
for the area of the steam generator above the tube sheet.

During the cutting operations a concern wai raised about airborne
contamination. During the first unit steam generator repair (Unit 2), small
tents and glove boxes were used to control any potential airborne
contamination. Upon analysis it was found that more exposure was being
expended in installing and removing the glove boxes than the exposure for
actually performing the pipe cut. In the second outage (Unit 1), the steam
generator cubicles were sealed and turned effectively into large
contamination control tents.

Portable ventilation units continuously withdrew air from these
enclosures through appropriate filters whenever cutting or grinding
operations were in progress. Personnel working inside the cubicles were
required to wear respiratory protection equipment during these operations,
and until the ventilation flow effectively reduced the airborne
radioactivity to acceptable levels. The benefits observed for these ALARA
techniques were threefold.

a) The use of small glove boxes for individual pipe cuts was
eliminated. These devices required considerable time and
exposure to install and remove, and during the Unit 2 SGRP
were found in many cases to be counter-productive to ALARA
due to this fact.

b) The use of temporary containments, especially as applied to
the lower steam generator cubicles, largely eliminated delays
and interference with work being performed in adjacent areas
while cutting and grinding of contaminated piping was in progress.
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c) The overall potential for airborne contamination and problems
associated with contamination control was minimized by effective
use of temporary containments and portable ventilation.

The personnel exposure for the steam generator removal phase of the
steam generator repair program was as follows:

Unit 1

Unit 2

Steam Generator
Removal
(Man-Rem)

592

946

CONCLUSIONS

Total Repair
Program
{Man-Rem)

1758

2070

In summary, many of the activities which were performed during the steam
generator repair program are directly applicable to a power station
decommissioning. Further information on the details of the Surry Steam
Generator Replacement is available in the documents referenced below.
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