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[Format 2-3] Session2 Remote-control operation machine and measurement

equipment for CV inspection

Technical Catalogue

Mobile device classification

Decontamination

Title
Piping

Chemical Decontamination of Reactor Components and

Proposed by

Westinghouse Electric Japan

1. Technical description (Advantage, Specification, Performance)
Nuclear Services/Installation and Modification Services

Chemical Decontamination
for Decommissioning

Background

The Electric Power Research Institute

(EPRI) has a licensed decontamination for
decommissioning (DFD) process to remove
facilities, including operating nuclear power
stations, from service. Westinghouse is
experienced in providing this service, and
specializes in a variety of applications ranging
from individual component to full-system
decontaminations.

At Maine Yankee, Westinghouse developed creative
alternatives to provide “loop-to-loop” jumpers and isolation
of the reactor from the decontamination process.

Benefits
+ Significant reduction in personnel and site
radiation exposure

* Reduction in radwaste volumes and costs using the
EPRI DEDX process

+ Free release of materials
+ Improved productivity

* Improved conditions and schedules for facility
decommissioning

Westinghouse, a full-service chemical decontamination
company, provides artifact testing at its Richland,
Washington, USA, laboratories. This testing compares
the effectiveness of the different solvents on actual
plant material providing to plant personnel the
necessary data to choose the right solvent for their
application. Artifact testing has been a useful tool in
improving the decontamination factors at nuclear
stations around the world.

The chemical solvents used by Westinghouse are safe
and can be applied on plant safety systems without
detrimental effects from corrosion. Westinghouse
can provide chemical decontamination solvents for
operating or decommissioned nuclear stations.

Westinghouse provides optional equipment, such as
water shields and specialized systems, to decontaminate
specific components.
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Full-system Chemical
Decontamination

Background

Westinghousa designed, fabricatad and
installed the full-system decontaminaticn
miadular system at Entengy's Indizn Point Unit 2,
and performed a 106 000-gallcn, in-situ
chemical decomtamination of the pressurized
water reactor [PWR) reactor, steam
generators and plant-cooling systems. The ion
exchange process system was designed to
remave 10,000 curies of radioactive
contaminants from the plant systems in &
six-day decomtamination solvent application.

The Rill- i o @0 e in e ichd e irckss lead @1 Enter gy's

Description Inchan Posnt Linkt

The sysiem's operating welght s 280 tons with a
minimmuen Soor space requiremnent of 240 f (22 ft X 30

fil. The 1.500-gpm-rated modular sysiem comprises

= Mine 163 ft* lon-exchange vessels

* Four 3210 fi* spent-resin siorage tamks

* Full- flow badkwashable filiers

= Remote resin fill and tamsler sysiem

» Fully compoterized FLC conkrol sysiem

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
Westinghouse designed the first 4 PWRs in Japan. In addition Westinghouse has designed,
built and repaired nuclear plants all over the world. Westinghouse based nuclear plant design is
used in approximately one half of the worlds’ nuclear plants.
Two examples of past Westinghouse chemical decontamination projects:
- Decontamination of the Reactor Coolant System at Maine Yankee prior to
Decommissioning
- Decontamination of the full Reactor Coolant System at Nine Mile Point Unit 2 for dose
reduction. This removed 10,000 curies (370 terabecquerels) of radioactive

contaminants.

3. Applicability to Fukushima site, Technical challenges

The physical damage to the Fukushima Units 1 — 4 alone is enough to make stabilization and
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decommissioning extremely difficult. The high radiation levels greatly increases the difficulty.
Chemical decontamination of all systems of Units 1 - 3 not required to maintain Cold Shutdown
conditions and for Spent Fuel Pool cooling could be decontaminated, significantly reducing the
source term. Chemical decontamination of all systems in Unit 4 not required for SFP cooling
would reduce the source term and prepare these components for easier dismantling and

disassembly with lower overall personnel exposure

4. Technology Development (Example)

Technology development would be required: to develop the equipment to adapt it to Fukushima
specific systems; to make the process more remote and faster setup to adapt it to the Fukushima
general working environment dose rates; and to do laboratory testing on Fukushima artifacts or

simulated material to optimize the process for maximize effectiveness.

5. Note

[Format 3]
Self-evaluation on applicability for proposed technologies with project scope and needs in mind

(Environmental condition, remaining technical challenges, etc)

Most applicable technical point-1 :

Self-evaluation:
Extensive experience in designing and building equipment to service and repair nuclear plants in

extreme environments.

Most applicable technical point-2:

Self-evaluation:

Westinghouse designed the remote equipment used to remove the debris and melted fuel from
T™MI2.

In addition a team of Westinghouse personnel have been working continuously in Japan on
stabilization and restoration of Fukushima Units 1 — 4 so our technical experts are very familiar
with the situation.

Westinghouse has extensive worldwide experience in servicing BWRs. Often we are utilized by

nuclear plant owners to do complete refueling outages.

Note: (Price, Delivery, photo, etc.)
This equipment would be custom designed and fabricated to specific Fukushima parameters and

requirements. Price and delivery information for an R&D program is available on request.
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[Format 2-1] Sessionl: Decontamination

Decontamination  Technology | Category No. Page
Catalogue
Title Inorganic sorbent Termoxid-35 for | Proposed Closed-Type Joint-Stock
the decontamination of the salt | by Company Termoxid
solutions from cesium
radionuclides
Applicable contamination condition Experience in remote-control condition
Form Liquid/ solid/ | Location YES /NO
powder
Adhesion Soft / Hard Floor/Wall/ceiling
Penetration Shallow /' | Machine surface / | Reaction Yes No
Deep inside machine ( )
Nuclide Gamma [/ « | Inside pipe,
B others
Principle Collection method

Selective sorption of cesium radionuclides from

salt solutions

Secondary waste form

Solid

Necessary utility

Utilized by the same method as the

ion-exchange resins.

Basic machine structure

Principle Explanation

Sorption of cesium occurs on the active sorbent

component (on potassium- nickel ferrocyanide).

The sorbent

is used in the bulk layer in the

column type apparatuses or filter-containers. The

use for the radial filtration is also possible.

Safety measures/cautions
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Past experiences/Decontamination effectiveness(DF)

The sorbent is used at the liquid radioactive
wastes complex of the Kolskaya Nuclear Power

Plant (Russia); for laundry waters

decontamination at the Kalininskaya Nuclear
Power Plant (Russia); in the Iran and India
projects of the nuclear plants.

The sorbent successfully has been tested in

AREVA NC.

Decontamination capability/Performance

speed

Size/Weight

Applicability to Fukushima site/Technical
challenges

For the extraction of cesium
radionuclides from NPP liquid wastes

with medium or high salinity.

Note

The sorbent is used for the extraction of cesium
radionuclides from the solutions with pH value
from 7.0 to 11.5 and with medium or high salinity
(still bottoms of the evaporating apparatuses, sea
waters, NPP liquid wastes, etc.)

The sorbent consists of the spherical granules
0.4+1.0 mm of size.
The decontamination coefficient for cesium
radionuclides depends on the sorbent operation

conditions.

Reference documents

Leonid Sharygin, Andrey Muromskiy,
Maria Kalyagina, Sergey Borovkov

“ A Granular Inorganic
Cation-Exchanger Selective to Cesium”
Journal of Nuclear science and
technology. Vol. 44. No5. p. 767-773

(2007);
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[Format 2-1] Sessionl: Decontamination

Decontamination Technology | Category No. Page

Catalogue

Title Inorganic sorbent Termoxid-3A for | Proposed Closed-Type Joint-Stock
the decontamination of the highly | by Company Termoxid

cooling ponds

active waters from irradiated fuel

Applicable contamination condition

Experience in remote-control condition

Form Liquid/ solid/ | Location YES /NO
powder

Adhesion Soft / Hard Floor/Wall/ceiling

Penetration Shallow /' | Machine surface / | Reaction Yes No
Deep inside machine (

Nuclide Gamma [/ « | Inside pipe,
B others

Principle Collection method

Sorption decontamination of the irradiated fuel

cooling ponds waters from the radionuclides of

cesium, uranium, transuranium elements, cobalt,

strontium, etc.

Secondary waste form

Solid

Necessary utility

Utilized by the same method as the

ion-exchange resins.

Basic machine structure

Principle Explanation

The sorbent is used in the bulk layer in the

column type apparatuses or filter-containers. The

use for the radial filtration is also possible.

Safety measures/cautions
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Past experiences/Decontamination effectiveness(DF)

The sorbent is used for the irradiated fuel cooling

ponds  waters decontamination at the

Beloyarskaya Nuclear Power Plant (Russia).

Decontamination capability/Performance

speed

Size/Weight

Applicability to Fukushima site/Technical
challenges
To decontaminate the waters of the

irradiated fuel cooling ponds.

Note
The sorbent is used to extract the radionuclides
from the solutions with a low content of the salts
and pH value 6.0+8.0.

The sorbent consists of the spherical granules
0.4+1.0 mm of size.

The

radionuclides concentration depends on

and
the

coefficient of decontamination

sorbent operation conditions.

Reference documents

1. Sharygin L.M., Muromsky A.Yu.,
Moiseev V.E., et al.

"The tests of the selective sorbent
Termoxid-3A for the decontamination of
the coolant of the Beloyarskaya NPP
fuel cooling pond" - J. "Atomic
Energy”, 1996, V. 80,
279-282 (in Russian).

2. Sharygin L.M., Muromsky A.Yu.,

Issue 4, pp

Saraev O.M., et al.
"Irradiated fuel cooling ponds water
radiation

decontamination using

resistant inorganic sorbents" - J.
"Atomic Energy"”, 2001, V. 91, Issue 2,

pp 126-130 (in Russian).
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Format 1

The proposed method is not presented in catalogues.

Russia Federal Nuclear Center-VNIIEF

37, Mira Av., Sarov, Nizhni Novgorod Region,Russia, 607190

Dr. Stanislav Vesnovskiy

Russia Federal Nuclear Center - VNIIEF

Insiture for Nuclear and Radiation Physics

Leading Scientist

Russia Federal Nuclear Center-VNIIEF

37, Mira Av., Sarov, Nizhni Novgorod Region,Russia, 607190
e-mail: vesnovskii@expd.vniief.ru

fax: +7-83130-45569

tel.: +7-83130-28986

Format 2-1
Session 1: Decontamination

Decontamination
Technology

Catalogue

The proposed method is not
presented in catalogues

Category No.

Page

Title Modified Microspheres for Proposed
Cleaning Liquid Wastes From by
Radioactive Nuclides

Dr. Stanislav Vesnovskiy
Leading Scientist

Russia Federal Nuclear
Center-VNIIEF

37, Mira Av., Sarov, Nizhni
Novgorod Region,Russia,
607190

e-mail:
vesnovskii@expd.vniief.ru

Applicable contamination condition

Experience in remote-control condition

Form Liquid Location YES/NO No experience and equipment
Water in atomic to be used in remote-control
power plant
basins and natural
water bodies

Adhesion Hard Floor/Wall/ceiling

Penetration Shallow Machine surface / | Reaction Yes No
inside machine ( ) ( )

Nuclide Gamma/a | Inside pipe,

B others
Irradiators

2%3pa, U, Np,

Pu, Am and

fission

products
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[Format 2-2] Sessionl: Remote-control decontamination

Technical Catalogue

Mobile device classification | ------------

Title Visualization of conditions in CV for planning and personnel
training purposes

Proposed by

1. Technical description (Advantage, Specification, Performance)

Based on the technical plant information and on the data available, make a consistent picture of
the situation in the plant including:

- Solid, liquid, gaseous conditions in the CV

- Composition profile of the solid phase

- Temperature and radiation intensity mapping

- Mapping of accessible areas

- Points of leakage and/ or suspect leakage

The information will be placed on a Virtual Reality (VR) platform, enabling to map the radiation
field and intensity, as well as to calculate the accumulated dose for travelling equipment or for
humans being in neighbor locations. This tool will be very valuable for planning the
decontamination-related activities, in that operations can be simulated in the VR environment,
especially in consideration of the small space available and of the high radiation level.

Based on earlier experience, we suggest using this tool also for training the personnel involved
in the decontamination work. This tool becomes particularly important when humans have to
approach or enter a zone with risk of radiation exposure.

Finally, this tool may be very useful for interacting with the public.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

We are a well reputed international nuclear center having 40 year experience with working
together with Japanese institutions and industry.

We have a skilled international staff which includes Japanese members.

As the reference list below shows, Our department has considerable international expertise in
visualization technology for training and planning for the decommissioning of nuclear
installations. In addition to client business has also a research activity under the auspices of the
OECD Halden Project.

In Japan, it is worthwhile noting that we have developed systems used in the decommissioning
of the Fugen reactor in Tsuruga, Japan (1999-2004).

In 2005, we also carried out a mission at the Fukushima plant in Japan for TEPCO. This work
consisted in visualizing the radiation level inside the plant in connection with the maintenance
work on the main circulation pumps. We believe that the results from this project can be a good
start point and a reference for providing VR solutions applicable to remote measurement of
radioactivity at the facility.

Among our partners in Japan, we particularly emphasize the cooperation with the Kyoto
University and professor Hidekazu Yoshikawa on augmented reality (AR).
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Customer/Plant

Application

Year

Dynamic Radlation Visualisation Engine
- DRIVE
Andreeva Bay area, Russia

The DRIVE project aims to utilize
radiation visulisation tools to enhance
regulatory supervision and safety
planning in the Andreeva Bay

2011- current

Danish Decommissioning
Roskilde, Denmark

Halden Planner consultancy, support
and training.

2011-current

Chernobyl NPP Establish the Chernobyl Decommissio- | 2008-2010
Chernobyl, Ukraine ning Visualisation Centre for use in the
planning, training and presentation of
the decommissioning of Chernobyl NPP
Leningrad NPP A simulator of a nuclear refuelling | 1999- 2010
Sosnovy Bor, Leningrad machine at Leningrad NPP
Russia
Tokyo Electric Power Co. Inc. (TEPCO) | Technology for automatic radiation | 2005
and TEPCO Systems Corporation | measurement and display using posi-
(TEPSYS) tion tracking, knowledge management,
dose reduction and work planning
European Space Agency (ESA) DESIRE RadVis is a tool that displays | 2004
ESTEC predictions, created using the Geant4
Netherlands -based DESIRE system for rapid as- | First delivery:
sessment and visualisation of radiation | 2003
flux and dose in space environments
Fugen NPS The application is used for planning the | 2004

Japan Nuclear Fuel Cycle Development
Institute (JNC)

3 Myojin-cho, Tsuruga-shi

Fukui 914-8510, Japan

decommissioning of the Fugen reactor.
Consisting of a VR-mode], functions for
work task management and radiation
visualisation

First delivery: 1999 /
2000

Ente per le Nouve Tecnologie, L'Energia e
I'Ambiente (ENEA):
VirtualDecom

Planning and administration for
decommissioning of plutonium
contaminated glove boxes

2003

First delivery:
2002

3. Applicability to Fukushima site, Technical challenges

As mentioned above, in 2005 we carried out a mission at the Fukushima plant in Japan for
TEPCO. This work consisted in visualizing radiation level inside the plant in connection with the
maintenance work on the main circulation pumps. We believe that the results from this project
can be a good start point and a reference for providing VR solutions applicable to remote
measurement of radioactivity at the facility.

4. Technology Development (Example)
See attached PDF file with a presentation on “Halden new software tools for dynamic

radiological characterization and monitoring in nuclear sites”

5. Note
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[Format 2-1]

Session1: Decontamination

Decontamination Technology | Category No. Page

Catalogue

Title Remote Controlled Vehicle (Crawler) to | Proposed | NUKEM  Technologies
remove sediments and floor | by GmbH
contamination

Applicable contamination condition Experience in remote-control

condition

Form _ Location -/NO Remote controlled
_ operation in hazardous
- environment (high dose,

Adhesion - -ceiling agressive media, dirty

media)

Penetration Shallow / | Machine surface /] Reaction Yes .
Deep inside machine ( )

Nuclide _ Inside pipe, others
B

Principle Collection method

The Remote Controlled Vehicle to remove sediments and

floor contamination name “Crawler” is a small robot which

can be operated under water, in sludge and in air,

depending on its specific design.

It can be equipped with camera and measuring devices.

11.08. 2004

For detailed information please refer to the attached

reference documents

Suction

Secondary waste form
Depending on specific design and

further treatment of removed RAW

Necessary utility
Power supply, glove box, collection

tank

Basic machine structure
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Principle Explanation
For detailed information please refer to the attached

reference documents

Safety measures/cautions

Past experiences/Decontamination effectiveness(DF)

The Crawler was designed and operated to remove
crystallised salt, liquid RAW, sludge and IEX-resins from
collection tanks at Kola NPP (Russia) for further treatment
of the RAW

Decontamination

capability/Performance speed

Size/Weight
Approx. 850 mm x 470 mm x 300 mm
Approx. 100 kg

Applicability to Fukushima
site/Technical challenges

yes

Pl
& -

= Skherheit= Extres= @+ °

P gl

.ﬂm; @ Interrat it ®T0%h -
> e €F @ 1537

Reference documents:

e Crawler video

For further information please refer to

www.nukemtechnologies.de

Sublink mE) Info mm) Video

“Innovative Tank Draining System”
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[Format 2-2] Session1: Remote-control decontamination

Technical Catalogue

Mobile device classification

Title Remote Controlled Vehicle (Crawler) to remove sediments and

floor contamination

Proposed by NUKEM Technologies GmbH

1. Technical description (Advantage, Specification, Performance)

The Crawler was designed and operated to remove
e crystallised salt,
e liquid RAW,
e sludge,
e |EX-resins

from collection tanks at Kola NPP (Russia).

11.08. 2004

Photo of Crawler
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Working Principle

The Kola-Crawler was equipped with

e apump to suck and pump the liquid solution

e 4 wheels and 2 pairs of chain

e an intake to suck the liquid solution

e jets to spray the liquid solution onto the surface to re-dispense salt or sludge or particles

that they can be removed

¢ light and camera for observation
Moving is performed by the 2 chains which are powered by compressed air. Each pair of wheels
is powered separately to enable direction changes.
To remove the crystallised evaporator concentrates (salt) from the collection tanks, the salts had
to be re-dispensed. Therefore the liquid solution was re-circulated and heated. Heating as well
as pH-adaptation was performed in a glove box. The glove box also served as a lock to move the
crawler into the tanks and after execution to pack it free of contamination via a lock into a 200

liter drum.
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The Kola-Crawler can be used to remove
e liquids (liquid RAW and others)
e sludge and sediments
e crystallised salt

from areas, floors, rooms.

The processing of the “Kola Crawler” is outlined in the following scheme:

20 m*%h
20°C

0 bar

i
Waste Circulation Waste Transfer P

Crawler, Hozse & Cable Tree, Glove Box o Treatment
Submersible Pump, Tank Facility

Modified versions of the Crawler also can be operated as remote controlled
e vacuum cleaner to remove dry sediments/particles from floors and walls
e high pressure water jet cleaner to remove soft and hard adhesion contamination on
floors and walls

e inspection and sample device to analyse in-situ situations in hazardous environments.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

The Crawler was successfully operated at Kola NPP (Russia) to empty and to clean collection
tanks containing

e crystallised salt,

e liquid RAW,

e sludge,

e |EX-resins

The operation of the Crawler is shown in a video. Please refer to chapter “Note” in format 2-1.
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3. Applicability to Fukushima site, Technical challenges

Remote controlled cleaning/decontamination of surfaces - removal of
e liquids (liquid RAW and others)
e sludge and sediments
e crystallised salt

from areas, floors, rooms.

The Crawler mentioned above, can be modified that it can serve as inspection device (for
example to solve some tasks of Session 1).

Equipped with camera and perhaps a sample device, the modified Crawler can be used to
analyse the situation in flooded areas as well as not flooded areas. It can move on the floor but it

cannot cross obstacles.

4. Technology Development (Example)

The Crawler was developed and constructed by NUKEM due to the specific requirements of the
specific needs at Kola NPP.
Furthermore NUKEM developed a variety of other decontamination and remote operation

techniques due to the specific requirements of its clients.

5. Note

With its experience in the mentioned Kola-project as well as the experience of a big number of
nuclear projects dealing with decontamination behaviors (operation of Waste Treatment
Centers/Facilities and Decommissioning or Dismantling Projects) NUKEM has the qualification
and is able to modify and adapt its decontamination techniques due to the specific needs

(operational and economical) at Fukushima site.

Please refer to www.nukemtechnologies.de for further information and overview of NUKEM's

experience, competence and competition. Don’t hesitate to contact us in case of further

questions or further information.
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[Format 2-1] Session1: Decontamination

Decontamination Category No. Page

Technology Catalogue

Title Remote Controlled Decontamination | Proposed by NUKEM Technologies GmbH
Techniques

Applicable contamination condition Experience in remote-control condition

Form Liquid/ Location YES / NO Remote controlled operation in
solid/ hazardous environment (high
powder / dose, agressive media, dirty
sludge media)

Adhesion Soft /| | Eloor/AWall/ceiling/equipment

Hard

Penetration | Shallow Machine surface / inside | Reaction Yes No
/ Deep machine ( )

Nuclide Gamma Inside pipe, others
/I of

Principle Collection method

Special technologies and procedures to decontaminate | Depending on specific design

surfaces, rooms, floors, buildings, equipment from | Secondary waste form

radioactive contamination, i.e. Depending on specific design and further treatment
e high pressure water jet cleaning of removed RAW
e abrasive blasting decontamination
e chemical decontamination
e coating removal
e layer removal

e efc.

Necessary utility

Power supply, pumps, glove box, collection tank,
blasting material, chemicals, robots, remote
operating vehicles

Depending on specific design

Basic machine structure

Principle Explanation Safety measures/cautions

For detailed information please refer to the attached
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reference documents

Past experiences/Decontamination effectiveness(DF)

Decontamination technologies i.e.

e high pressure water jet cleaning

e abrasive blasting decontamination

e chemical decontamination

e coating removal

e layer removal
were successfully operated during the dismantling of the
first German NPP “VAK Kah!”.

Furthermore the above mentioned technologies were

successfully implemented/applied at the several

projects, for example
e Dismantling of the German reprocessing plant
“WAK” at Karlsruhe
e Dismantling of the multi purpose reactor
“MZFR” at Karlsruhe

e Several Waste Treatment Centers

Decontamination capability/Performance speed

In a lot of other projects, for example

Size/Weight

Depending on specific design

Applicability to Fukushima site/Technical

challenges

yes

orer bereitgestellt von NU... E[EE|

2
& -

Feavcriten & Kiostenlose Hotmail &

EdrsT @ °

75K

B M_KEM Tachnologies: Projects fi v m ¢ Spite T Sicherhelt T

Reference documents:

e Company Presentation

e Projects
e Video — “Dismantling of the first German
NPP “VAK”

e Video — “Crawler Innovative Tank Draining
System”
For further information please refer to
www.nukemtechnologies.de
Sublink mm) Projects

Sublink mm) Info mE) Video

“Dismantling of the first German NPP “VAK”
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“ NUKEM Technologies: Video - Windows Internet Explorer bereitgestellt von NUKE... A= http://WWW.nukemtechnoloqies.de/31 40htm|?&|_=1

G- e rukemtechnologies. de ol (][4 =] |29 i

B Biin A i G = = | http://www.nukemtechnologies.de/312.0.html|?&L=1
wr Favvrriten “ @ Kostendose Hotmail & -

#8 M_KEM Technologies: Video fi - @ 3@ - Seite™ Skhetheit™ Extras~ @

LT
“Innovative Tank Draining System”

http://www.nukemtechnologies.de/309.0.htmI?&L=1
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[Format 2-2] Session1: Remote-control decontamination

Technical Catalogue

Mobile device classification

Title Remote Controlled Techniques to retrieve or decontaminate
and remove radioactive material

Proposed by NUKEM Technologies GmbH

1.
Special technologies and procedures to decontaminate surfaces, rooms, floors, buildings,

equipment from radioactive contamination, i.e.

Technical description (Advantage, Specification, Performance)

high pressure water jet cleaning
abrasive blasting decontamination
chemical decontamination

coating removal

layer removal

etc.
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2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
VAK Kahl Dismantling (1. German NPP):

Remote controlled and manual operated procedures were used to decontaminate and remove
the radioactive material from the old NPP.

Detailed information is provided in the attached Video.

missioning S

Reference Project - VAK K/am,/Germany \

First German Nuclear Power Plant - VAK Kahl




Dismantling of the Brennilis NPP, France:
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Electro-chemical Decontamination:

Decommlssmnmg -
Electro Chemical Decontammatlon

Our partner in

Electro-Chemical Decontamination

Remote Waste Handling:

Radloactlve Waste Management-
Key Technologles Remote Operated Handllng Systems
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Please refer also to separate application “Remote Controlled Vehicle (Crawler) to remove

sediments and floor contamination” send to you:

Title Remote Controlled Vehicle (Crawler) to remove sediments and
floor contamination

Proposed by NUKEM Technologies GmbH

The Crawler was designed and operated to remove
e crystallised salt,
e liquid RAW,
e sludge,
e |EX-resins

from collection tanks at Kola NPP (Russia).

11.08. 2004

Photo of Crawler

3. Applicability to Fukushima site, Technical challenges

Cleaning/decontamination of surfaces (equipment and building structures)

4. Technology Development (Example)

10
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The techniques exemplarily mentioned above were developed/designed or nuclearisised
(adapted to nuclear environment and requirements) and constructed by NUKEM and special

sub-suppliers due to the specific requirements of the specific needs.

5. Note

With its experience in the experience of a big number of nuclear projects dealing with
decontamination behaviors (operation of Waste Treatment Centers/Facilites and
Decommissioning or Dismantling Projects) as well as in the mentioned Kola-project NUKEM has
the qualification and is able to modify and adapt its decontamination techniques due to the

specific needs (operational and economical) at Fukushima site.

Please refer to www.nukemtechnologies.de for further information and overview of NUKEM's

experience, competence and competition. Don’t hesitate to contact us in case of further

questions or further information.

11
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[Format 2-1] Session 1: Decontamination

Decontamination  Technology | Category No. Page
Catalogue
Title Decontamination of civil  construction,| Proposed
using remotely controlled manipulators -| by AMEC
scabbling
Applicable contamination condition Experience in remote-control condition
Form Liguid/ solid/| Location YES /NO
powder
Adhesion Soft / Hard Floor/Wall/ceiling
Penetration | Shallew Machine suiface Reaction Yes No
Deep inside-machine ( )
Nuclide Gamma / d| lnside pipes-others
B8
Principle Collection method

Remotely controlled manipulator using mechanical tool
(scabbler) with ventilation/dust suction system.
Manipulator is deployed on contaminated surface
(concrete, surface paint is acceptable) and contaminated

concrete layer is mechanically removed with collection of
secondary waste — dust/debris

Vacuum suction (cyclone)

Secondary waste form

dust/debris

Necessary utility

Electricity, ventilation system

Basic machine structure

Remotely operated manipulator on rails

Principle Explanation

See above

Safety measures/cautions

Past experiences/Decontamination effectiveness(DF)
NPP Al Jaslovske Bohunice - decontamination of

contaminated concrete surface (reactor hall floor, stairs)

NPP Dounreay — decontamination of contaminated
concrete surface of hot cells

Decontamination effectiveness - very high, above 100

NPP Trawsfynydd — decontamination of Cooling Ponds
structure completed three weeks ahead of schedule

Decontamination

speed

capability/Performance

Depending on specific application

Size/Weight

Depending on specific application

Applicability to Fukushima site/Technical

challenges

Applicable to high contaminated concrete

surfaces
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[Format 2-2] Session 1: Decontamination

Technical Catalogue

Mobile Device Classification:| Radioactive soil assay with automated segregation and

sorting

Title:| Orion ScanSortS'vI

Proposed by:| AMEC

1. Technical Description (Advantage, Specification, Performance)
AMEC’s Orion ScanSortS'vI is a conveyor-based radiation detection/measurement system that
detects radiation in excavated soil/materials and segregates it from unimpacted soil/materials. It can
sort upwards of 300 tons/hour of soil and other solid flowable debris. Benefits of the system are:
0 Accurate monitoring and threshold alarms detect and sort waste, contributing to reduction of the
volume of material and cost associated with packaging, transport and disposal,
[0 Faster processing (up to 300 tons of soil and material per hour) than conventional methods
reduces the project schedule;
[0 Computerized processing and quality control reduces manpower requirements; and
[0 Surveys can be designed to accommodate a variety of decommissioning activities and Final
Status Survey requirements.
00 Technology has exceeded customer expectations and demonstrated significant cost savings in

the millions of dollars.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

0 “Japan Town” Technology Demonstration Project in Naraha Town for JAEA. Used to assay and

sort radiologically impacted soils removed from agricultural field and rice paddy. AMEC

demonstrated the ability for significant waste volume reduction through segregation/sorting.
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Technical Catalogue

0 Plum Brook Reactor Facility Decommissioning Project (Ohio, USA). Assayed and surveyed

>100,000 tons of soil achieving a volume reduction in contaminated soil for disposal of >95%.
Waste volume reduction achieved by the ScanSortSM reduced the cost associated with the

packaging, transportation and disposal of low-level radioactive waste, saving our customer $30

Million Dollars.

0 Painesville FUSRAP Remediation Project (Ohio, USA). Scanned >47,000 tons of soil and

achieved a volume reduction for disposal of 35%. Less than 2% of the impacted soil volume
processed required disposal as radioactive waste, saving the customer more than $10 Million
Dollars in project cost associated with the packaging, transportation, and disposal of

radiologically contaminated waste.

% A — —
Q ¥ -&" G

"V w/a-;l
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Technical Catalogue

Summary of Orion ScanSortSN| Soil Sorting System

] Volume Limits
Project
Processed
6.1 pCi/g in 70 tons
USACE, Painesville
47,000 tons Ra-226 12.2 pCil/g in 7.0 tons
FUSRAP Site
18.3 pCi/g in 0.7 tons
NASA Plum Brook Reactor
105,000 tons Cs-137 0.2 Bg/g 5.2 pCilg
Facility
Ra-226
Louisiana TENORM 6945 tons averaged over 0.1 Bg/g 3 pCilg
1/10 ton
Point Source Soil Sorting
Demo Ra-226 3.7k Bq 0.1 uCi
Pilot Study
Th-232
Thorium Remediation
247,140 tons averaged over one | 1.2 Bq/g 31.0 pCilg
Project
ton
. Cs-137 averaged
Saxton: Soil Survey I 5,000 tons
over 300 kg,
10 pCi 0.1 Bg/g 2.9 pCilg
Saxton: Soil Survey | 18,000 tons (0.4 MBq)
Pt. Src.

3. Applicability to Fukushima Site, Technical challenges

00 Highly contaminated near surface soils: Provides 100% assay of volumetric solid waste streams
making waste characterization extremely confident.

0 Soils that are radiologically impacted at concentrations near the approved limits: Provides 100%
assay plus segregates materials that are above the limit from those below the limit to minimize
waste disposal volume to a minimum.

[0 Radiologically impacted debris: Earthen debris (such as concrete, asphalt, block, wood, etc) can
be crushed or shredded and then assayed as a volumetric material which can then be sorted
based on volumetric limits in order to minimize waste volume.

[0 Heavily contaminated materials & debris: Segregate waste that is acceptable for disposal at low-
level waste storage/disposal site from heavily contaminated materials that require special

handling.
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Technical Catalogue

4. Technology Development (Example)
[ Orion ScanSort™™ can be modified and fitted to a dredge barge to perform assay and sorting of
sediments that are dredged from the seabed. This would provide a comprehensive means of
removing sediments with significant levels contamination from discharges to the bay.

0 Orion ScanSortS'vI has been designed to operate in a radiological environment where

radioactivity is present in relatively low levels (such as environmental remediation of soils off of
the Fukushima Dai-Ichi plant site. However, the technology could be readily adapted to perform
assays and segregation activities for much higher activity levels that are likely to be present on

and near the plant site.

5. Notes
00 AMEC with Obayashi demonstrated the technology to JAEA at Naraha Town [11/2011 — 3/2012].

[0 Equipment is already in storage in Japan.
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[Format 2-2] Session 1: Decontamination

Technical Catalogue

Mobile Device Classification:| Overland Radiation Scanning & Mapping System

Title:| Orion ScanPIotSM

Proposed by:] AMEC

1. Technical Description (Advantage, Specification, Performance)

AMEC'’s Orion ScanPIotSM is an advanced radiation detection/measurement system that employs

scanning spectroscopy to isotopically identify and quantify radioactivity. It is a mobile platform that

can undertake radiological field surveys identifying contaminated land and verifying the

effectiveness of remedial action. Benefits of the system are:

O

Incorporates high resolution spatial position sensing and mapping to provide the analysts and
decision makers with unprecedented insight into the radiological environment represented by
the data it collects;

The mobile platform can survey 10 — 20 acres / day;

Faster survey and data processing (than conventional methods) reduces the project schedule;
There are a number of variants of deployment platform that range from backpack carried
systems to large towed-array platforms designed for operating in marshlands, tidal wetlands

and foreshore areas, uneven or rocky terrain, and vegetated areas.

O

Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

“Japan _Town” Technology Demonstration

Project for JAEA. Used to perform surveys_

of school yards in Hirona Town in December
2011. AMEC’s ScanPIotS'VI demonstrated

highly accurate field survey results.

A sample of the map reports generated with data

collected with the Orion ScanPlot™" system is

presented below.
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Technical Catalogue

Summary of Orion ScanPIotSN| Survey Projects

Project Coverage Limits
U-238 (Ra-226)
Any identifiable signal above
Tuba City Dump Site RI 515 Acres K-40
background
Th-232
Cs-137 500 Bg/kg 13.5 pCilg
Fukushima, Japan 3 School Yards
Dose Rate 1 uSv/h 0.1 mRem/h
UNC Church Rock 1.2 acre Ra-226 185 mBqg/g 5 pCilg
El Toro Naval Air Station 1.5 acre Ra-226 37 mBqg/g 1 pCilg
Hunters Point Naval Shipyard/ Ra-226 37 mBqg/g 1 pCilg
Demo
CA Cs-137 37 mBqg/g 1 pCilg
Cs-137 30 kBq Cs-137 0.8 uCi
UKAEA Beach Monitoring Trials
Demo Cs-137/Co-60 100 kBq Cs-137 2.7 uCi
2005
Cs-137 300 kBq Cs-137 8.1 uCi
LaSalle County Nuclear Cs-137 0.4 Bq 11 pCilg
15 acre
Generating Station Co-60 0.1Bq 3.8 pCilg
Any identifiable signal above background including
Nuclear Fuel Services 5 acre
U-234, U-235, U-238, Th-232, Ra-226, TRU and Am-241
8 acre open
Saxton: Radiological Site Survey grass land, 7 Cs-137 0.3 Bg/g 8.5 pCilg
acre wooded
Yankee Rowe Nuclear Cs-137 41 mBqg/g 1.1 pCilg
1 acre
Generating Station Co-60 141 mBq/g 3.8 pCilg
Cs-137 204 mBqg/g 5.5 pCilg
Rancho Seco Nuclear
76 acre Co-60 70 mBq/g 1.9 pCilg
Generating Station
Cs-134 105 mBq/g 2.85 pCilg
Point Beach Nuclear Generating
1 acre Cs-137 37 mBqg/g 1 pCilg
Station
Forked River Site Oyster Creek
1 acre Cs-137 136 mBqg/q 3.68 pCilg
Nuclear Generating Station
ETTP K-1070a Landfill Demo Any Enriched Uranium Signal
Cs-137 at 16
ORAU Scarboro Facility Demo inch (40 cm) 0.4 kBq 1 uCi
depth
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Technical Catalogue

3. Applicability to Fukushima Site, Technical Challenges

O

Orion ScanPIotSM is uniquely designed to deploy large volume gamma spectrometers as well
as a variety of other sensors that may be used to characterize the radiation environment in a
spatial context. Auxiliary detectors such as gamma radiation dose rate sensors (uSv/hr) can be
readily added to the system.

Difficult terrain is always the greatest technical challenge. With a variety of ScanPIotSM

deployment platforms, most of the terrain issues that may be encountered can be
accommodated.

4. Technology Development (Example)

0 Typically, ScanPIotSN| surveys are performed to characterize environmental contaminants after
significant discrete sources of radiation have been removed. The conditions at the Dai-ichi
facility create unique challenges with respect to radiation levels. AMEC has conceived the
design of collimation collars that could be fitted to the external housing of the detector modules
to dramatically reduce the influences of nearby discrete sources of radiation and allow a more
accurate assessment of radioactivity in the adjacent “environment.”

5. Notes
0 AMEC has teamed with Obayashi and has demonstrated ScanPlot sM to JAEA.
[0 The equipment is already in storage in Japan.

44 / 91




[Format 2-2] Session 1: Decontamination

Technical Catalogue

Mobile device classification| N/A

Title| Rocky Flats D&D

Proposed by| AMEC

1. Technical description (Advantage, Specification, Performance)

AMEC engineered the solution for full-scale D&D of a former plutonium production facility at the
Department of Energy (DOE) Rocky Flats Site in Golden, Colorado (USA). This facility was
identified by the DOE as being the most dangerous building in the DOE with the highest levels of
contamination (beyond measurement instrumentation).

In one area of the facility, called the “Infinity Room”, the
high levels of contamination were due in part to pump
failure during operations, leaving the room contaminated
beyond measurement. The room was sealed/welded
shut and remained sealed for nearly 30 years prior to

AMEC entry. AMEC designed a path forward to contain

the high levels of contamination, dismantle the room,
and safely dispose of the waste materials. AMEC used a
combination of a concrete overlay on the floor and pump
pedestals and spray fixative on walls and ceilings. In
other areas of the facility, AMEC engineered/applied a
fully  encapsulated hydrolasing decontamination
technology in conjunction with a water treatment system
to recycle contaminated water used in the hydrolasing
process. The ultra-high water pressure hydrolasing
system used supersonic jets of water to remove surface
and subsurface coatings and contamination, ‘vacuumed’
the water used, and directed it to the water treatment
system for recylcing. Activities involved in this full-scale
D&D project included:

0 Decontamination and decommissioning of Category

3 nuclear facility (Building 771 / 774 complex);

O Managing hydrolasing operations and water treatment
system installed to collect contaminated water;
Dismantling and removal of contaminated piping systems;

0 Developing approach to apply fixative coating to walls and ceiling to contain plutonium
contamination;

00 Using diamond-wire saws to cut concrete into sizes suitable for waste containers.
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Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
Application of surface fixative, high pressure water jet concrete decontamination, and diamond wire
concrete cutting were used. Waste water generated as a result of the high pressure water jet

decontamination was processed for reuse at the site using a mobile water treatment plant.

Applicability to Fukushima site, Technical challenges

The application of contamination fixatives and decontamination using high pressure water jet to
decontaminate concrete surfaces (or other surfaces), where the highest levels of radioactive
contamination exist, are very applicable to the Fukushima site D&D. Additionally, diamond saw
cutting to reduce waste material (concrete and steel) physical size for handling and shipping are
very applicable to the Fukushima site D&D. The greatest technical challenge for these applications

are accessibility to areas of high contamination and high radiation levels.

Technology Development (Example)
N/A

Note
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[Format 2-1]

Sessionl: Decontamination

Decontamination Technology Catalogue

Category No.

Page

Title

Decontamination and

Technology

Recovery

using  Hydrolasing

Proposed | S.A.Technology
by

Applicable contamination condition

Experience in

remote-control condition

Form embedded/absorbed/solid/liquid/powders | Location YES B-30 Sellafield,
Adhesion Hard All K-Basin

(floor/wall/ceiling) Hanford, Pile 1

Sellafield

Penetration | Deep (up to 12mm in concrete) Machine Reaction | Yes

surfaces that are Total

relatively smooth -20kg

and flat (suction)
Nuclide All (except for gaseous) Inside and

outside pipe on

relatively smooth

surfaces
Principle Collection method

Hydrolasing is a commercial process that uses ultra-high pressure water

(between 200-4000 Bars) to remove coatings, contamination, and bulk

material. S.A.Technology has developed a number of hydrolasing

systems that are designed for use in nuclear environments for

contamination removal.

These systems include hydrolasing heads with full recovery shrouds, and

waste collection and processing systems.

Vacuum and Air/Liquid &

Solid Separation

Secondary waste form
Water

Necessary utility
Electrical @ approximately
75kW

Water at approximately

<10lpm

Basic machine structure
Blast head, collection
shroud, collection skid,
vacuum skid, UHP pump
skid

Principle Explanation

Safety measures/cautions
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Hydrolasing is very powerful and flexible because the volume and pressure
can be varied to alter the aggressiveness of the decontamination (i.e. The
higher the pressure or volume the more material removed). The process
is particularly well suited for concrete where it can be controlled to remove
surface material or bulk concrete. Hydrolasing concrete has the advantage
of being able to remove absorbed and embedded contamination by bulk

removal of grout.

Safety systems must be
used to ensure sealing to
surface to prevent airborne
contamination from
overspray. A system for
this was deployed and

proven at Sellafield.

Past experiences/Decontamination effectiveness(DF)

During testing at K-Basin, concrete with absorbed Cs-137 up to 12mm
deep was removed with surface dose levels going from 40mSv to 4mSv for
a DF of 10.

SAT has used this technology for nuclear decontamination on three
projects:

K-Basin Fuel Pool Decontamination:

This project was to develop a fully remote system to clean absorbed
Cs-137 from fuel pool walls. This was done underwater using a remote

manipulator and replaceable hydrolasing heads. The liquid and solid

wastes were captured, filtered and returned to the pond.

e

Sellafield B30 Decontamination Project:

This project was to develop a system to remotely clean a vertical concrete
surface with high activity deposits. This included the development of a
robotic deployment platform, hydrolasing head, cyclone filtration skid,

vacuum skid, and UHP pump skid.

Decontamination
capability/Performance
speed

Concrete removal up to
12mm with full recovery.
Non-metallic coating
removal on metallic
surfaces. Removal rates
are approximately 14m~2/hr
but are dependent on

material, flow and pressure.

Size/Weight
Approximately 300mm in
diameter and <50kg weight.
The waste management,
vacuum, and UHP pump
skids are approximately 3m
X 4m x 3m and less than 1

tonne each.

Applicability to
Fukushima site/Technical
challenges

Contaminated concrete
removal, coating and
contamination removal on

metal. Potential for
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Pile 1 Concrete Removal Demonstration Project:

This project was to demonstrate the ability to remove bulk concrete using
hydrolasing while maintaining full recovery. This included the
development of a deployment platform, hydrolasing head, vacuum skid,
and UHP pump skid.

straight pipe cleaning with

job specific head.
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Note

Reference documents
“Decontamination
Measurement for the
K-Basin (East) Hydrolasing
Demonstration Project” Rev
0 AG/TR-0401
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[Format 2-2] Sessionl: Remote-Control Decontamination

Technical Catalogue

Mobile device classification | Remote Tool (Manipulator)

Title Remote Pipe Hot-Tapping and Decommissioning

Proposed by S.A.Technology / MMIC EOD Ltd.

1. Technical description (Advantage, Specification, Performance)
As part of a decommissioning project at Sellafield, SAT worked with MMIC to take their existing

tool for tapping into chemical weapons and modified it for remote use on a nuclear facility.

MMIC has designed a very compact tool that allows safe and sealed tapping into containers and
is used heavily in chemical weapons demilitarization. The equipment is designed to insert a
gas-tight self-sealing probe through target casings in a wide range of materials including metals

and plastics with a considerable range of wall thickness. Once installed the probe gives fully

sealed access for sampling, extraction or decontamination of the target contents.

SAT and MMIC realized that with minor modifications this same equipment could be used to
access nuclear piping with radioactive liquids. This would allow the remote access, draining
and decontamination of nuclear piping with a proven commercial product. By making a few

previously manual operations into fully remote operations and attaching to the end of a

manipulator system the tool could be used in a fully remote, high radiation environment.
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2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

SAT and MMIC worked together to make the unit fully remote and deployed as part of a larger
project at Sellafield in the UK. The scope of this tool on the project was to drill into a vertical
pipe with the potential to contain liquids. The remote tapping capability allowed the tap to be
inserted into the pipe to allow the liquid to be drained in a controlled and sealed manner. The

unit was deployed with a remote manipulator.

3. Applicability to Fukushima site, Technical challenges

With many pipe systems as part of the reactor facilities, there may be a need to remotely tap and
drain pipe systems in remote areas. Once drained, decontamination fluid could also be
deployed and drained with the system. This system is ideal for this work as it has been proven
both in a commercial and nuclear environment. This same system could be used for smaller

pressure vessels as well.

4. Technology Development (Example)
No further technology development is required except for project specific modifications if

required.

5. Note
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[Format 2-1] Session1: Decontamination

Proposal 1
Decontamination Technology | Category No. Page
Catalogue
Title Technology for applying dust | Proposed 00O Firma «Radez-2»
suppressing coating with confinement | by Alexandrov NITI
effect
Applicable contamination condition Experience in remote-control condition
Form Solid Location YES Using spray equipment
Adhesion Soft Floor/Wall/ceiling including high-pressure
sprayers
Penetration Shallow Machine surface Reaction Yes
Nuclide Gamma / 8 « Inside ( )

Principle: Dust suppression coatings are applied on road
sides, soil covering, sand pits, waste areas, and other
dust-raising surfaces.

Technology for applying dust suppression coatings with
confinement effect is intended to reduce or stop
desorption of radionuclides from dust-arising surfaces to
the environment; to significantly decrease radioactive
dust dispersal by wind effects etc.

Collection method
Mechanical removal (if necessary)

Secondary waste form
Solid radwaste

Necessary utility
Preparation
compositions

and delivery of

Basic machine structure
Tanks and vessels,

transportation tanks,
helicopters etc.

decon trucks,
fire trucks,

Principle Explanation: Adhesion of radionuclides onto
particles to form conglomerates resistant to wind erosion

Safety measures/cautions
Normal safety precautions to observe
when working with chemicals

Past experiences/Decontamination effectiveness(DF):
Application in the 30 km radius zone of the Chernobyl
NPP / Site decontamination with this technology reduced
airborne activity in the atmosphere by 60 times as of
September 1986.

 High

Decontamination capability/Performance
speed

Size/Weight
Depending on performance demands

Applicability to Fukushima site/Technical
challenges
Ready for use

Note

Reference documents
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Proposal 2

Decontamination Technology Category No. Page

Catalogue

Title Technology for decontamination («dry» | Proposed 00O Firma «Radez-2»
decontamination), isolation and | by Alexandrov NITI

confinement of contaminated surfaces
(soil, rooms, equipment, rolled roofing)
using polymer coatings

Applicable contamination condition

Experience in remote-control condition

Form Solid Location YES Using manipulators and
Adhesion Soft Floor/Wall/ceiling sprayers
Penetration Shallow Machine surface Reaction Yes No
Nuclide Gamma / o B Accessible ( )

equipment

surfaces

Principle: Decontamination, isolation, and confinement
liquids are applied on contaminated surfaces, left to set
until they harden, and then removed. The technology
reduces or eliminates contamination and significantly
limits radioactivity dispersal.

PVA- or PVB- based coating is used on room and
equipment surfaces; PVAC- or polyvinylacetatel-based
coating is used on rolled roofing.

Collection method: mechanical removal

Secondary waste form
Solid radwaste

Necessary utility
Preparation
compositions

and delivery of

Basic machine structure
Tanks and vessels, sprayers, etc.

Principle Explanation: radionuclides are trapped by a
polymer matrix which is then removed from a surface.

Safety measures/cautions
Normal safety precautions to observe
when working with chemicals

Past experiences/Decontamination effectiveness(DF):
Application in the 30 km radius zone of the Chernobyl
NPP, at other NPPs (hot cells), nuclear fuel industries and
research centers (e.g. Kurchatov Institute, VNIIHT) /
Application of the technology reduces surface
contamination to background level (decontamination
factor is 40-1000 for one decontamination cycle).

Decontamination capability/Performance
speed
high

Size/Weight
Depending on performance demands

Applicability to Fukushima site/Technical
challenges
Ready for use

Note

Reference documents
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Proposal 3

Decontamination Technology Category No. Page

Catalogue

Title Complex technology for decontamination | Proposed 00O Firma «Radez-2»
of residential houses, offices, neighboring | by Alexandrov NITI

territories and private lands

Applicable contamination condition

Experience in remote-control condition

Form Solid Location NO in Certain operations
Adhesion Soft / Hard Floor/Wall/ceiling respect of
the
complex
of
activities
Penetration Shallow / Deep Soil and building | Reaction Yes No
surfaces ( )
Nuclide Gamma / B a Accessible
surfaces

Principle: 1) Mechanical removal of contaminated soil
layers and other, disposal and recovery;

2) Treatment of walls, windows, roofs with washing
solutions, concentration of contaminants in near surface
soil layers, and mechanical removal. Treatment of
cleaned surfaces with special solutions to prevent
recontamination (water repellent treatment).

3) Dust suppression or decontamination liquid coatings
are applied to surfaces, left to set until they harden, and
removed in the solidified form.

The technology reduces or eliminates contamination and
significantly limits radioactivity dispersal.

Collection method: mechanical removal

Secondary waste form
Solid radwaste

Necessary utility

Motor transport (bulldozers, decon
trucks, transportation tanks, fire trucks),
Equipment for preparation and delivery
of compositions

Basic machine structure
Motor transport, tanks and vessels,
sprayers, etc.

Principle Explanation: contaminated substances are
mechanically removed from surfaces; radionuclides are
trapped by a polymer matrix which is then removed from
a surface.

Safety measures/cautions

Normal safety precautions to observe
when working with motor transport
vehicles, water solutions, and chemicals

Past experiences/Decontamination effectiveness(DF):
Residential and non-residential areas affected by the
Chernobyl accident (Bryansk and Kaluga regions of
Russia), buildings and territories in Pripyat (the Ukraine).
Complex treatment reduces surface contamination to
background levels.

Decontamination capability/Performance
speed
Medium or high

Size/Weight
Depending on performance demands

Applicability to Fukushima site/Technical
challenges
Ready for use

Note

Reference documents
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Proposal 4

Decontamination Technology Category No. Page

Catalogue

Title Complex technology for decontamination | Proposed 00O Firma «Radez-2»
of construction machinery and transport | by Alexandrov NITI

vehicles

Applicable contamination condition

Experience in remote-control condition

Form Liquid / Solid Location NO in Certain operations
Adhesion Soft Machine surfaces respect of

the

complex

of

activities
Penetration Shallow / Deep Surfaces Reaction Yes No
Nuclide Gamma / B« Accessible ( )

surfaces

Principle: 1) Mechanical removal of contaminated soil
layers and other, their disposal;

2) Treatment of surfaces using high-pressure equipment,
such as Karcher high-pressure washers and steam jets.
Collection and treatment of water.

3) Removal of contaminated paint coatings by washing
with solvents.

4) Decontamination polymer liquids are applied to
surfaces, left to set until they harden, and removed.

The technology reduces or eliminates radionuclide
contamination.

Collection method: mechanical removal

Secondary waste form
Solid radwaste, LRW

Necessary utility

Decontamination stations, mechanical
and liquid (chemical) decontamination
equipment, equipment for preparation
and delivery of chemical compositions

Basic machine structure
Motor transport, tanks and vessels,
sprayers, etc.

Principle Explanation: contaminated substances are
mechanically removed from surfaces, contaminants are
removed by using washing solutions and together with
paint coating, radionuclides are trapped by a polymer
matrix which is then stripped from a surface.

Safety measures/cautions
safety precautions to observe when
working with high-pressure equipment,
motor transport vehicles, water
solutions, and chemicals

Past experiences/Decontamination effectiveness(DF):
Decontamination of construction machinery and vehicles
(more than 2500 machines) involved in remedial
activities after the Chernobyl accident.

For example, decontamination of the “Oemar-CC-400” Ne
16” crane which had been operated in Chernobyl Unit 4
rooms since July 1986 led to a decrease in exposure rate
from 10 r/h to background level, surface contamination —
from 5-10* Bqg/cm® to < 1 Bg/cm’ (beta); other cranes:
surface contamination — from 10° Bg/cm” to < 1 Bg/cm®
(beta) and exposure rate from 0.5 r/h to 0.8 r/h.

A Iarge amount of decontamination work was done on

Decontamination capability/Performance
speed
Medium or high

Size/Weight
Depending on performance demands

Applicability to Fukushima site/Technical
challenges
Ready for use
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various motor cars and their engines, as well as
helicopters.

Note Reference documents

[Format 2-2] Session1: Remote-control decontamination

Proposal 1

Technical Catalogue

Mobile device classification | Device for remote decontamination of contaminated surfaces

Title Adhesive web for remote decontamination

Proposed by 000 «Firma «Radez-2», Moscow
Alexandrov Research Institute of Technology (NITI), Sosnovy Bor,
Leningrad region

1. Technical description (Advantage, Specification, Performance)

The proposed decontamination technology is based on using specially designed devices, so-
called “adhesive webs”. The “adhesive web” is a web-shaped structure coated with adhesive
material. The web size and weight-lifting capability, as well as adhesive composition depend on
specific job demands. Adhesive webs were used to remove both fine-dispersed contamination
(radioactive dust, crushed fuel and fuel rod pieces, etc.) and contaminated equipment parts of up to
1.5 t weight (fragments of fuel assemblies, structural and graphite bricks, etc.) which were thrown
out onto roofs during the Chernobyl accident.

The adhesive web technology is an “unmanned” approach to decontamination. This
approach significantly reduces exposure of personnel and thus improves working conditions for
both radiation emergency workers and those who participate in decommissioning operations.

The adhesive web technology used for decontamination of surfaces does not produce liquid
radioactive waste. As to solid wastes, they can be conditioned and compacted to reduce their
volume by 1.5-2.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
The decontamination technology based on “adhesive webs” was widely used to clean roofs and land
in the first phase of Chernobyl post-accident activities in 1986.

3. Applicability to Fukushima site, Technical challenges
The technology is ready for use at Fukushima site. No technical challenges are faced.

4. Technology Development (Example)

The technology can be used for remote removal of contaminated equipment, including components
with fuel inside, and concrete structures from the plant site and damaged reactor rooms at
Fukushima NPP.

5. Note

Proposal 2

Technical Catalogue

Mobile device classification | Quick setting polymer composition

Title Technology for deactivation of contaminated items using quick setting
polymer compositions
Proposed by 00O «Firma «Radez-2», Moscow

Alexandrov Research Institute of Technology (NITI), Sosnovy Bor,
Leningrad region

6. Technical description (Advantage, Specification, Performance)
Under post-accident conditions, there may be required to temporarily stabilize radiation-hazardous
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items or securely isolate contaminated buildings and equipment for prevention of radioactivity
dispersal and further damage to engineering structures.

The technology for deactivation of contaminated items using quick setting polymer compositions
mainly consists in remotely applying special-purpose compounds to nuclear- or radiation-hazardous
items. The proposed compound is fire-, radiation-, heat, and acid/alkali solution resistant and
efficiently sorbs radionuclides. With this technology, the composition locally fills voids, gaps,
apertures and other hard to access places, thus, reducing the area of contaminated surface-
atmosphere contact and, consequently, radioactivity dispersal.

7. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
A similar technology was used to isolate the surfaces of fuel-containing debris and structures in the
Chernobyl Shelter.

8. Applicability to Fukushima site, Technical challenges
The technology is ready for use at Fukushima site. No technical challenges are faced.

9. Technology Development (Example)
The polymer composition can be used for isolation/deactivation of damaged nuclear fuel during its
transport and storage.

10. Note

[Format 2-3] Session2 Remote-control operation machine and measurement

equipment for CV inspection

Technical Catalogue

Mobile device classification | Device for remote measurement of ambient gamma dose rate

Title Festoon system for dose measurements

Proposed by 000 «Firma «Radez-2», Moscow
Alexandrov Research Institute of Technology (NITI), Sosnovy
Bor, Leningrad region

1. Technical description (Advantage, Specification, Performance)

The festoon system for dose measurements consists of a cord made of anti-adsorption
material (nylon, PVC, PU, etc.) and gamma-ray dosimeters (e.g. pellets with dirt-
protective coating) attached along the cord length at intervals (e.g. 0.25-1.0 m) which are
specified depending on monitoring requirements. The cord with dosimeters is
transported to the monitoring area by a crane of manipulator and fixed in local geometry.
After specified exposure time the dosimeters are removed and doses are measured. The
measured gamma ray dose and exposure time are used to assess the dose rate and
determine the gamma ray field in the control area. The cord with dosimeters can be fixed
at a metal (aluminum or steel) tube for better rigidity (to prevent swinging of the
structure).

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
Similar festoon systems were used for dose rate measurements and reconstruction of
gamma ray fields in the area of fuel-containing debris and structures in the Chernobyl
Shelter (damaged reactor hall, under reactor space, walls, roofs, etc.)

3. Applicability to Fukushima site, Technical challenges
The technology is ready for use at Fukushima site. No technical challenges are faced.

4. Technology Development (Example)

5. Note
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Ultrasonic Cleaning of Contaminated Fuel Assemblies, Channels, and Reactor Components

[Format 2-1] Sessionl: Decontamination

Decontamination  Technology | Category No. Page
Catalogue
Title Ultrasonic Cleaning of Contaminated | Proposed Dominion Engineering, Inc.
Fuel Assemblies, Channels, and | by
Reactor Components
Applicable contamination condition Experience in remote-control condition
Form Fuel crud, foreign | Location YES Equipment is  normally
material, & similar operated underwater from
solid or powder topside control console
Adhesion Soft or Hard Fuel surfaces,
internal/external
surfaces of
components
Penetration | Can clean partially | Inside & outside | Reaction NO
or fully occluded | of components
areas (e.g. tube | (e.g. clean inside
bundle interior). of a channel from
Nuclide Not specific the outside)
Principle Collection method: Suction and filtration

The Ultrasonic Fuel Cleaning system uses ultrasonic
energy to cause cavitation on contaminated surfaces,
which releases contamination from the component.
The contamination becomes suspended in solution
and is removed by a suction and filtration system.

No cleaning agents or other chemicals are required.

Secondary waste form

Filter cartridge or other filter form

Necessary utility

~60 kVA electrical power

Basic machine structure
Cleaning fixture is sized to receive fuel
and/or other components. Parts are

placed into cleaner for decontamination.

Principle Explanation

The cleaning action in ultrasonic cleaning is the result
of cavitation on the contaminated surfaces, which
breaks up and releases solids from the fuel or other
component. The process does not produce
macroscopic vibrations, shaking, or high forces, and

is safe for use on delicate items (e.g. fuel cladding).

Safety measures/cautions

Ultrasonic cleaning is a very safe process.
There is no risk of damage to components
associated with the cleaning process.
Normal safety precautions are appropriate

for working with high voltage.
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Ultrasonic Cleaning of Contaminated Fuel Assemblies, Channels, and Reactor Components

Past experiences/Decontamination effectiveness(DF)

This technology is proven and well established. It
has been applied almost 100 times in the US, Europe,
and Korea. DEl's latest generation of ultrasonic
cleaning equipment (Figure 1) represents a significant
increase in power density and cleaning effectiveness

compared with earlier generation systems (Figure 2)

Current ultrasonic fuel cleaning equipment has an
estimated DF of 100 to 1000 for loosely adherent crud
and an estimated DF of 10 to 15 for tenacious crud.
See attached figures of before/after cleaning results:
Figure 3) High-Efficiency UFC (HE-UFC) before and
after cleaning on PWR fuel crud (DF ~15).

Figure 4) 1% Generation UFC results for cleaning fuel

with channel in place (DF ~3).

Decontamination capability/Performance
speed

~ 3 minutes to clean 1 fuel assembly
Production fuel

cleaning (including

movement) ~4-6 assemblies/hour.

Size/Weight (HxWxL) / kg

Cleaner: 5m x 0.6m x 0.6m / 1000 kg or as
required for the application

Filtration equipment: configuration

dependent on specific application

Applicability to Fukushima site/Technical
challenges

The cleaning equipment can be easily
operated remotely so long as items can be
the

remotely delivered to cleaning

chamber. The equipment can be

configured to accept a Vvariety of
shapes/sizes of items to be cleaned, and
could thus support cleaning of all types of
items in addition to fuel (for example,
cleaning of pool debris before removal
from the water, or cleaning of reactor
vessel  component

pieces during

decommissioning).  The equipment is
submerged in the pool and the cleaning
fluid is regular pool water, so items can be
cleaned before they are removed from the
water. Optionally, the equipment can be
integrated with additional water jet flushing
and vacuuming for collection of larger

debris.

Note

Reference documents
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High Capacity Regenerable & Radiation Tolerant Filter Elements

[Format 2-1] Sessionl: Decontamination

Decontamination  Technology | Category No. Page

Catalogue

Title High Capacity Regenerable & Radiation | Proposed | Dominion Engineering, Inc.

Tolerant Filter Elements by
Applicable contamination condition Experience in remote-control
condition

Form Liquid with Location YES Filter normally installed
suspended underwater and
particulate manipulated remotely.

Adhesion Not applicable | Effluent from EDM,

Penetration | Not applicable | waterjetting, ultrasonic | Reaction NO

Nuclide Not specific to | cleaning, or general
any nuclide pool vacuuming.

Principle Collection method: N/A

A 0.5 micron rated filtration module is built from
radiation tolerant materials for long-term stability when
filled with highly active waste. The design of the filter
module allows for redistribution of waste within the
module via an internal regeneration process. After
regeneration, the filter media can be loaded with
additional particulate. The process is repeated until
the ultimate physical capacity of the module is

reached.

Secondary waste form
N/A

100/200 VAC

ultrasonic regeneration process

Necessary utility: for

Basic machine structure
Filter module can be configured in a
The

configuration

variety of shapes and sizes.
currently preferred
resembles a fuel assembly for ease of

handling and storage in the pool.

Principle Explanation

Regeneration of the filter is accomplished through
ultrasonic agitation of the filter media. Once the
waste is released from the filter media, it settles via
gravity into a collection region at the base of the
module, leaving the media clean and able to filter

additional waste.

Safety measures/cautions

Due to the high storage capacity of the
filter module, it is possible to achieve very
high dose rates when filtering highly
radioactive waste streams. Appropriate
provisions are required for handling and

disposal.
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High Capacity Regenerable & Radiation Tolerant Filter Elements

Past experiences/Decontamination effectiveness(DF) Capacity

The proposed filtration module has been used at a | A BWR assembly-sized filter module has
number of different US units for the purpose of treating | an estimated waste holding capacity of

waste generated by ultrasonic fuel cleaning activities. | 25-40 kg of fine powder waste.

The filter modules have proven to be highly effective at | Size/Weight

removing the waste particles from the liquid stream, | The filter module can be tailored to any
and at reducing the amount of filter waste generated | humber of sizes and capacities in order to
during each cleaning campaign. meet the unique needs of the customer

and disposal facility constraints.

Applicability to Fukushima site/Technical
challenges

There are a variety of different cleanup
activities that must be performed at
Fukushima. Many of those activities will
generate liquid waste with suspended
particulate. The proposed filter module
provides a means of filtering and storing
large amounts of waste, and includes
provisions for remote handling and
changing of filters. This solution could
eliminate many of the filter replacement
activities that would otherwise be
required in association with the various

cleanup and decommissioning activities.

Note Reference documents
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[Format 2-2] Sessionl: Remote-control decontamination

Technical Catalogue

Mobile device classification

Title Underwater vacuum cleaning

Proposed by Onet Technologies

1. Technical description (Advantage, Specification, Performance)

Remote operated, underwater retrieval of debris, including fuel debris.

Pump v Shielded
collecting
dsnsy pot

Pond

(PCV,

RPV)
Strainer N

or
bucket

This technology is applicable to ponds or pressure vessel or containment vessel filled with water.
The vacuum pump creates a negative pressure into the collecting pot, so that the debris,
collected through the strainer or the bucket, are pumped to this collecting pot. The collecting pot
is shielded according to the expected activity of the debris. Dose rate is monitored is order to
stop retrieval before is grows too high. The debris settle in the collecting pot. When the collecting
pot is full, or when the dose rate reaches the limit, the supernatant water is pumped back to the
pond and the collecting pot is evacuated from the installation. A new collecting pot is installed in

order to continue retrieval.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
This technology has been successfully used in pond 907 in la Hague (France), for retrieval of
20 m® of sludge, 6 m® of spent fuel claddings, and 1 m* miscellaneous. Works stared end 2009,

and finished recently.
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3. Applicability to Fukushima site, Technical challenges

Operation of the strainer or the bucket requires remote handling with an underwater remote
operated vehicle, or a manipulator. In la Hague, we used a manipulator (see pictures below).
The pump is the only moving parts of the system, and is not subjected to high dose rates.

The manipulator, or the underwater vehicle, is equipped with radiation resistant lightings and

camera.

4. Technology Development (Example)

= L e

Strainers. customized to the debiris to retrieve

Manipulator for

handling the bucket

5. Note

Place of the pump and place of the collecting pot should be selected according to maximum
differences of altitude (5 m max above the level of the water).

Strainer has to be selected according to the dimensions of the debris or grain size of the sludge.
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[Format 2-2] Sessionl: Remote-control decontamination

Technical Catalogue

Mobile device classification

Title Two hands telescopic manipulator

Proposed by Onet Technologies

1. Technical description (Advantage, Specification, Performance)
Able to open an access through tangle of debris, with full remote operation. Able to cut, to handle
and to evacuate irradiating objects.

The equipment draws a waste bin.

2 arms:

. Skilled right hand

. Ordinary manipulator as left hand

. Right hand cuts when left hand holds the piece under cutting.

Mounted on a telescopic pole: range up to 6m.
The telescopic pole is on rails. The manipulator installs itself the rails for moving forward.
A waste container may be associated to the manipulator, moving on the same rails, drawn by the

equipment.

Underwater or in air operation.

Right hand:

. Handling capability: 60kg

. Able to handle various cutting tools or cleaning tools
. Tool auto change

. 6 axis + rotation of the wrist

. Continuous rotation of the wrist

. Robust, easy maintenance.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
Equipment based on parts available on the market. For instance, the right hand is an industrial
manipulator, 150 units have been manufactured every year since 15 years. Tens of thousands
operational hours have been registered.

Equipment designed for dismantling the first reprocessing plant in France (Marcoule).
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3. Applicability to Fukushima site, Technical challenges

Full remote operation, no necessary utility in the irradiated area, fully autonomous equipment.

Withstand high doses, up to 100 kGy. Equipped with radiation proof lightning and cameras.

4. Technology Development (Example)

o
i
—

;
i
i
i
:
i
)
b

5. Note
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[Format 2-2] Sessionl: Remote-control decontamination

Technical Catalogue

Mobile device classification

Title Heavy remote operated manipulator

Proposed by Onet Technologies

1. Technical description (Advantage, Specification, Performance)

Able to handle 1 ton in a 10 m range.

Tool auto change.

Tools for: cutting, gripping, collecting, concrete scabbling, concrete demolishing.

Robust, hydraulic manipulator, skill improved by the use of a 3 axis wrist.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)
Equipment for dismantling of the "DMC cell" (decladding cell in the first reprocessing plant in

France, Marcoule).

3. Applicability to Fukushima site, Technical challenges

May be mounted on fixed or moving support. For instance, possibility to mount it on a crane.

Withstand high doses, up to 100 kGy. Equipped with radiation proof lightning and cameras.
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4. Technology Development (Example)

3 axis wrist and

standard tools

Manipulator

5. Note
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[Form 2-2] Session 1 (Decontamination remote operation, etc.)

Technical catalog

Category of mobile Remotely operated equipment for radioactive decontamination
equipment

Title UHP/VHP equipement for radiactive decontamination
Proposer ONET TECHNOLOGIES

1. Technical description (Advantage, Specification, Performance)

Overall dimensions : 2220 x 945 mm Instrumention & Command Control :
<+ 4 absolute encoders with display
controlled by a PLC
Weight : 910 kg <+ A sensor docking
«% An anti collision sensor

Movements:
+ Rotation: 360 ° Tool : a rotating nozzle Monroe 2500 bar
= horizontal movment : 450 mm
< vertical movment : 1840 mm
+ Nozzle rotation: 60 ° +/-90 ° Additionnal equipments : 2 cameras +
lighting

Actuators :
+ 4 motors powered by a hydraulic :
+ Electrical power: 1.5 kW
+ Fluid : oll

72 / 91




The use of water jet VHP (Very High Pressure) or UHP (Ultra High Pressure) is adjusted
according to the need to treat the surface. Clean up, scraping, deep decontamination.

The choice of the couple pressure / flow rate used, the type of nozzle, and the combination of
head movement allows to reach results on all types of surfaces (metal, concrete, epoxy ...).

Our equipement allows the transport of water up to lancing head.

The entire network is integrated into the design of the equipment by using rollers, drilled
blocks, while avoiding the risks of this utility (cracking, leakage ...).

Coupled with radiation inspection tools and measures, the shots of THP/UHP can be
localized to the affected areas and decontamination results can be immediately observed

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

Cleaning up & dismantling — Workshop n°55 — UP1 plant of CEA center of Marcoule (France)

IS

3. Applicability to Fukushima site, Technical challenges
Robust solution with fully remote operation for :

4+ Mapping of hot spots

4+ Cleaning up of contaminated surfaces,

Necessarely coupled with a radioactive effluent treatment system.

4. Technology Development (Example)
Automatic connection from utility VHP and UHP to lancing system.

5. Notes
The UHP/THP head positioning is achieved by the remote-operated equipment, which to
allow to operating technicians to work away from contaminated area.
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[Form 2-2] Session 1 (Decontamination remote operation, etc.)

Technical catalog

Category of mobile Remotely operated equipment for radioactive decontamination
equipment

Title Versatile mobile machine for decontamination

Proposer ONET TECHNOLOGIES

1. Technical description (Advantage, Specification, Performance)

Head equipped with
high pressure
nozzles and sensors

Aspiration with
rotating brush

Hydraulic
grinder

) Planer
Gripper  milling

cutter

This remotely operated equipment is based on a demolition machine nuclearized associate
to high flexibility of tools : cleaning, cutting, handling & control.
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The mobile carrier

Based on Brokk demolition machine

Implemented with :

Second hydraulic unit onboard

An specific interface tools for cleaning up &
dismantling

The design of new utilities (high pressure
pipe, aspiration pipe, ...)

Hoops protections

Electronic deported, radiation resistant,

*
+
+
+
*

Head of radioactive cleaning up
Inspection head : mapping of hot spots
4+ Radiation sensor
4+ Telemeter
4+ Rotatable cameras / lighting
2 cleaning lines :
4+ 1 drilling rotative nozzle 900 atm
4+ 1 x5 fan nozzles 400 atm

Aspiration brush
Cet outil permet un nettoyage par la rotation de deux brosses
a poils rigides couplés a une aspiration

Hydraulic grinder

For cutting stainless steel tubes.

Specifically developped to be coupled with Brokk arm and steered by
remote control.

This hydraulic grinder integrates two positioning axes and a linear
axis of cutting.

hydraulic gripper
Designed to radioactive waste collection, combined with a
recovery dump mounted on the front of the mobile carrier.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

Cleaning up & dismantling pipes of service gallery - Dégainage
plant of CEA center of Marcoule (France)

Length: more than 50 m,

» Width: 1.5 m (narrowest passage: 800 mm),

* Pipes @: 40 mm to 160 mm,

* Dose rate: 60pGy / h to 100 mGy / h,

» Contamination max: 8400 Bq/cm 2

Cleaning up & dismantling — Workshop n°55 — UP1 plant of
CEA center of Marcoule (France)
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3. Applicability to Fukushima site, Technical challenges

Versatile & robust solution with fully remote operation for :
+« Mapping of hot spots
+ Cleaning up of contaminated surfaces,
+ Cutting of fluid pipes,
+ Aspiration of waste fragments,
+ Handling of various waste,

Necessarely coupled with a radioactive effluent treatment system.

4. Technology Development (Example)

5. Notes
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[Format 2-2] Sessionl: Remote-control decontamination

Technical Catalogue

Mobile device classification | Mobile Robot

Title Water Blast Remote Controlled System

Proposed by ATOX- AREVA

1. Technical description (Advantage, Specification, Performance)

This tool is fitted for decontamination and removal of contaminated concrete. &> — )L X5
Yea 7 ) — MOBRGER OFREICHE L TWET,

Water Blast process treats contaminated concrete, which is an issue on Fukushima Daiichi
NPP dismantling process.” + #—+ 77 —A k « 7oA TH{HERRa 7 U — F OLEER
AIRETT S, BEH R TIIMERH 5 & BnET,

Indeed, Hydro demolition is a blasting process based on mechanical removing of concrete
thanks to high pressure water./~ Ko « 7€YY v a VEEEKEHWTCay 27— %
B bRET 67 7 —A7 4 7 AT,

With one unique device including several types of nozzles, i
The below figure shows the

and only modifying operational conditions (pressure, flow | Sgndition of Spoxy coated .
. . .y contaminated steam has dried
rate), it is possible to perform three types of operation: £ | on the surface.

B ) AN EETMIZEHD R NT A A LfiEFWT, %
FHRAR (B, Wil AB25T EikoT, TR _
W2 3 RSO RS AT, JR AL PGl i

surface where the contaminated

; ; steam has penetrated and dried
- 1/ High pressure water jet surface | g the carbea

decontamination cleaning of lining/painted
concrete, mE Y 4 —4%— + Vv MEFIZE ST ‘
Toa—F 427, Bha s Y — FORERIE | Lokt of oo coneq
. o o concrete floor surface with
- 2/ Removal of contaminated painting or lining from | crushed concrete pieces
deposited on the surface.
concrete surface, 2> 7 U — k L@t F7-13a :
—T 4 7 SN IERERE OBRE

- 3/ Hydro demolition, i.e. removal of a few mm to a | The below figure shows the
condition of bear concrete floor

few cm of contaminated concrete, when concrete | Saiae domn i ea the sidae.

does not have lining or when this lining had been

damaged due to extreme conditions in R/B such ‘

as radiation, high temperature and moisture.”~A

Fe-FEYVvyvaid, aryz7IU—hla—7
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A VTP INTRWEEIC, b L <IERFH
B (R/B) 723MRES, M, i 7 S e 5k T
oY, a—=T 4 ITPHEELTHL5EIC, 15
Yea 7 U — o8 mm b em B0 BrR< 5
ETT,
In that case, water blast can be used for any of the 4
situations of concrete which had been described (see
opposite) in the document “Development of remote
Decontamination Technology inn the Reactor Building” of
March 14™ 2012 for the “international symposium on the
Decommissioning of TEPCO’s Fukushima Daiichi NPP
units 1-4".Z 0 & O e G . WEME T % 1-4 SO
BRYY - fRIRVEZEICBAT D EBR Y AR Y U AD72DIC 2012
31 14 RICEk s N ME R RatRIc BT 2k
BECITHORYT 7 /ey =" Citflicniza>r 7 U —h
DAFEFDOEDRR T T +—F— -7 F7—Z2 MO
AIHE T,

Main advantages of the process:

- One equipment = Three main operations of dismantling #%i& 1 & C 3 FE D AFARIEZE D Fi
- Remote controlled operation available 3= E#EIZ K 2 1EZE A AT HE
- One of the easiest heavy decontamination process to implement 4 7275 Yk % LLi # £ B
(25 T & 5 HIEDUE DT,
- For scabbling and decontamination:#l] ¥ Bt 9 & OW#4e
e innocuousness in regards of iron in concrete == > 7 U — NI F 4585 OLEE
WCER L TIEFIEHAE LR,
- Only two waste:2 FE¥H D 7 D BEFEW) DFE
e Concrete part removed from decontaminated surface {54 S L 7- 3R ) 5 I Y FBx
niviea 7 ) — oW
e Liquid water effluents that can be treated with the existing water treatment facilities
on site. Water is easier to manage than off-gas, since it flows down by gravity. FEif%
FBUAFT D LHWNBEAKALBEfiR TIPS 5 2 L A[RE T, BEKITEHEOFHET
ML TITL T2, BHADOERLVIIRS T,
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Solid concrete and water retrieved are then separated with a nuclearized centrifugation
process to separate solid waste to dispose and water effluents to recycle for hydro
demolition or to send to contaminated water tanks.

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

Classic operation in civil works.

Nuclearization of many decontamination tools in AREVA facilities.

3. Applicability to Fukushima site, Technical challenges

Possibility to apply the technology in a mobile robot to perform water blast process in Reactor

with some adaptations, such as adaptation on a remote controlled robot.

4. Technology Development (Example)

Some adaptation of existent devices are required:
- Modification of nozzles is needed.

- Modification of vacuum device and further separation solid/liquid is needed.

These technology developments and remote controlled adaptation could be performed in
collaboration by AREVA and ATOX on a “commercial base robot”. General robotics remote
controlled know how of ATOX and nuclear know how of AREVA will be used to develop a final
solution totally remote controlled and adapted to specific Fukushima needs...

As an illustration, such robotic concept below (left) from ATOX can be used as principles for
adaptation of water blast system and vacuum device system on a commercial robot (e.g robot

below right).
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[Format 2-2] Sessionl: Remote-control decontamination

Technical Catalogue

Mobile device classification

Title NiThrow™ solution

Proposed by AREVA NC JAPAN PROJECTS

1. Technical description (Advantage, Specification, Performance)

Part of decommissioning work in Fukushima will required tools for decontamination and
management of contaminated concrete. f& 52 31T 2 R ARVEZEICEA L Tk, (5= 7 U —
b~ DERG R OVE BRI — VIS BT 72 ) £,

NiThrow™ is a nuclearized solution for concrete scabbling, cutting and decontamination of
a technology based on the spraying of liquid nitrogen at a temperature of -140°C and a
pressure of 3 500 bars NiThrow™ 5 X7 U — R Z2HIDEY | GBI L, BRYsS 205
BT, AL, IEE-140°C, 7] 3500 N— /L CHREERERE I CHRkT 577
/ay—7T7, .

This process can be useful for the three main process of decommissioning: = O A7 I3 fF AR
TEEICBIT 2 TRO 3MEOTE T m v RAIZHHATT,

- Concrete Scabbling =227 U— F®OHIY EY

- Cutting process =27 U — kO

- Decontamination works =7 U — ks ORYEE

More photos are given in format 3.

Concrete Scabbling:

- Depth of cut from 1 to 30 mm (function of time and concrete type).
- From 1 to 8 m?/h of scabbling (and around 30 L/h of concrete removed).

- Works on any types of concrete (vibrated/non vibrated, high/low densities).

Cutting:
- Cutting of all types of material (stainless steels, bitumen...) with or without

abrasives (depending on the hardness)
- 50 mm depth for stainless steel, 200mm for bitumen

- Productivity of 4 cm/min for stainless steel (50 mm depth).

For hardest type of material (stainless steel e.g.), an additional abrasive material have to be
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added to nitrogen to perform efficient cutting.

Decontamination:

- Can be used for various types of contamination (paints, grease, rust...)
- Productivity:
o0 Over 5 m?h for paints

o0 Over 10 m?/h for grease, rust...

Key figures:
Operating pressune: B0 to 3,500 bar (11,604 fo 50,783 pei)
Operating Eemperature: 130 to - 150095 202 fo -238 °F)
Consumption of liquid nitrogen: — 20 Lfmin [ 0.7 CFM)
Size of pressurization skid: 2820 % 1,270 1,851 mm [115x 50 65)
Weight of pressurization skid: 3,600 kg (8,000 lbs)
Posser supply: 400%, Three-phase, 150 KWVA

Remote controlled operation: 3ERE#/ETIT 5 1EE

Remote controlled operation is available with specific carrier. One carrier (3 in photo below)
has been developed for an AREVA project. A carrier may be developed for a specific
customer need fFEDF ¥ U 7 — 2] L CEMREAEEREZITWE T, AREVA 7'r Y =7
FRCEFXY V718 (FOIEFEE) #HFELE L, b UBEORHZR - —XIZS LT,
LSBT HZ L HAEETT,

Distance of 100 m is acceptable with specific high performance insulation of nitrogen pipes
(photo )itz % fii L7-.mMEREDEFE N1 7 (BHE 4) % 100m ORI TMATE £,
Remote controlled sucking of retrieved parts of support thanks to an adapted capping (1) of
the nitrogen gun nozzle (2).ZFMHH v « /) AV ZeiciEEd 52 Lick>Tar s U —
FNBHEIY B oW i i@ E TSI L. B2 2 & b e T,

ZDHRDERFE
D&D (ff{R) O FE 7 31D EEZE 118

Main advantages of the process:

- Single operation for three main tasks of D&D
DFZETHEL AT RE
- Dry process with no effluents generated #:CTh D728, BERMAHEAE LR,
HID B K OBRGIZEE L Tl
- easy to deal with irregularities TZIEZ 3% > T xf)is AJ6E
- innocuousness in regards of iron in concrete =7 U — s O IR & ALEE L
THEE
- For cutting: GI#rizBd L C
- Nohotspots &k« AR MIFIELAR,

- For scabbling and decontamination:
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- Possible use with Mg, Na Li (sensitive materials) ((FE%E T 55LETH D)
Mg, NaLilZxfL CTHEHA]

2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

Non nuclear use of this solution in France (in R&D Center) and in United States for cleaning of
heat exchangers (not performed by AREVA).

Nuclear development made in France with Air Liquide. Real test had already been performed in
SICN Veurey, operated by AREVA .

New projects will use this Nithrow™ solution in 2012 and 2013, operated by AREVA. .

3. Applicability to Fukushima site, Technical challenges
Applicable to Fukushima.

Remote controlled solution until 100 meter distance.

4. Technology Development (Example)
Optimization of the remote controlled carrier to fit the specific needs and constraints of

Fukushima Daiichi decommissioning works.

5. Note

This solution is proposed thanks developments made by AREVA with partners #2442 Z ® 53
(T AREVA S N2t DB Z G TR L2 b O T,

The experience gained by AREVA in nuclear testing of the solution makes AREVA and partners
the only one able to operate this solution in active areas. = ® 5 =IZE L T, AREVA |3 HEER
BEXH 7T A R &21TV RERZFEA TR R, AREVA &1 HEtiX 2 000 J7 THE— B & Kl T
VEEAITZA DRI -T2 b DT,

83 / 91



[Format 2-1] Sessionl: Decontamination

Decontamination Technology | Category No. Page

Catalogue

Title “Dry” decontamination of NPP | Proposed “Joint Institute for Power
Equipment by and Nuclear Research -

Sosny” National Academy of

Sciences of Belarus

Applicable contamination condition

Experience in remote-control condition

Form Strippable Location
coatings on the
base of water
solutions of

polyvinyl alcohol

and active
additives
Adhesion Soft to metal/ | Floor/Wall/Ceiling

Hard to porous

surface of brick

YES /NO

Penetration Shallow/Deep Machine surface / | Reaction Yes No
inside machine ( )
Nuclide Gamma/ 8 Inside pipe,
others
Principle Collection method

The employment of strippable coatings makes it
possible to minimize the quantity of liquid radioactive
waste. The selection of strippable decontaminating
coatings was carried out on the basis of general
requirements to decontaminating solutions:
successfully dissolve a deposits; ensure the
desorption of radionuclides from the surfaces and
absence of resorption; perform minimal corrosion
effect on construction materials; to be relatively cheap

and available in reagents.

Secondary waste form: Solid
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Necessary utility:

The solid films and coverings should be
collected and treated together with another
compactable radioactive waste. The
decontaminating films are combustible, do
not contain corrosive active Cl- - ions and
hence, could be utilized by incineration.
Combustible solid films are normally
collected in transparent plastic bags. After
filling, the plastic bags are removed from

the bins and closed with adhesive tape.

Basic machine structure

Principle Explanation

Safety measures/cautions

Past experiences/Decontamination effectiveness(DF)
Stainless steel: DF~10° (Cs-137, Co-60)

Carbon steel with corrosion depositing: DF~10?
(Cs-137, Co-60)

Motors (painted cast- iron): DF ~ 19 (Cs-137)

Air channels (zinced iron): DF ~ 32 (Cs-137)
Working wheels (painted iron): DF ~ 19 (Cs-137)
Truck surface: DF ~ 22 (Cs-137)

Decontamination capability/Performance

speed

Size/Weight

Applicability to Fukushima site/Technical

challenges

Note

Reference documents
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[Format 2-3] Session2 Remote-control operation machine and measurement equipment for

CV inspection

[EHX2-3]tviar 2 (IEMAROEREFEFOETHS CFHRHESRICEET SEIM)

Technical Catalogue / #fffh204

Mobile device classification

SEBBEE

Title Chemical Decontamination CORD® Family
4RIV

Proposed by / IRE#&E AREVA (7L/Y)

1. Technical description (Advantage, Specification, Performance)

1. BRIMTRE B Tk, ERER L)

Description:
Chemical decontanination to remove contamination from inner surfaces of components
and systems inclusive alpha conatmination

Operation principle:

Decontamination equipment (AMDA®) is connected with the system to be
decontaminated. In the decontamination circiut chemical for decontamination are
injected and the dissoluted activity / contamination is transferred on ion-exchange
resin.

Demineralized CORD Carbon
Water Chemicals Dioxide
' v
NPP-System - - NPP-System
High Dose-Rate CORD UV Cycles  Oxidation Low Dose-Rate
Reduction
Decontami_n_ation
Activity Decomposition Y Metallically
Corros. Products ﬁ Clean Surface
Activity
Corrosion Products Demineralized
Mn** Water

lon Exchange Resins

CORD Family Logistics
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Surge tank

Heater

[ e

UV skid

Main circuit pump

Valve skid

.

Example for AMDA Installation at site

The decontamination can placed in a optimized way, that dose exposure is minimized for
operating personnel. All main functions are remote controlled.

With CORD Family the Decontamination Concept for Decommissioning (DCD) can be
applied:

* Removal of oxide layers with activity / contamination

¢ Initiate controlled base metal removal with high accurcay

* Removal of alpha contamination and losse contamination

Advantages:
¢ Decontamination concept tailored to actual task with respect to chemistry and

process engineering concept
» High flexibility
* Strict application of ALARA principle
* High decontamination factors achievable for alpha, beta and gamma nuclides
* Low secondary waste generation
* No chelates on ion exchange waste

Only one fill of system necessary due to regenerative deconatmiantion process
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2. Past experience (Plant in Japan, overseas plant, application in other industries, etc.)

e Decontamination factors up to 1000 possible

Pu-239 & Pu-240 Am-241 Cm-243 & Cm-244
/ (Bg/cm?) / (Bg/cm?) / (Bg/cm?)
Original 7,72E+00 5,43E+01 5,95E+00
after HP CORD UV 5,56E-01 2,64E+00 1,74E-01
after CORD Alpha 6,15E-03 2,72E-02 1,34E-03
Decon Factor 1254 1996 4453

DF Result especially for alpha nuclides with application DCD

Act bef. DF Act bef. DF Act bef. DF
Ba/g Ba/g Ba/g

Co-60 88E4 4700 23E4 22E4
3.4E5| 18200l 6.5E4 4500 Ml 7.3E4| 3100
Ni-63 39E5 105000 11E5 14000 12E5 7100

U-238 40E-1 1100 1.0 E-l 5.0 E-1| 1200

Pu-241 > 3.9 E4 >10000* 1.2 E4> 10000* 6.6 E3 > 10000*
*below detection leve
DF result on cut samples for decon at heavy water reactor MZFR Germany
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@ before Decontamination
O after HP/CORD UV and ALPHA CORD

1,0E+06

1,0E+05

1,0E+04

1,0E+03
DF 342,000
1,0E+02

Bqg/cm?

1,0E+01+

1,0E+00

1,0E-01

1,0E-02

Co-60 Cs-137 Am-241

DF result for decontamination in German BWR Lingen

Core shroud stand (bottom of
RPV) after decon at Unit 2

CRD Housings (bottom of RPV)
after decon at Unit 2

Metallically clean Surfaces after decontamination in Swedish BWR Barsebick
Dose rates before/after decon and DF achieved:

* Dose rates before: 730 pSv/h
e Dose rates after: 29 uSv/h
+ Achieved DF (61 measuring points): 286
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Release: 2.3 E12 Bq, 30 kg corrosion products
Personnel dose savings: 20 000 mSv
DF 20 to > 1000, IX resin waste: 2.5 m3

Smearable contamination after FSD at RPV bottom: 4 Bg/cm?

rt._ =7

decontamination for decommissioning with CORD Family and AMDA is performed

since 1986

FR 2, Germany

MOL/BR3,
Belgium

VAK, Germany
Kahl

NPP Rheinsberg

MZFR, Germany

KWW, Germany
Wirgassen

ConnYankee, USA
Haddam Neck

KWL, Germany
Lingen

FSD at Swedish B Oskarsamn 1

NPP Type

PWR (Siemens)

PWR
(Westinghouse)

BWR
(GE)

VVER
(Russian)

PWR
heavy water
(Siemens)

BWR
(GE)

PWR
(Westinghouse)

BWR
(GE)

Application Decontamination

Time
1986
1991/92

1992/93

1994

1995

1997/98

1998

2001

Process
HP/CORD
HP/CORD

HP/CORD D UV

HP/CORD D UV

HP/CORD D UV

HP/CORD D UV

HP/CORD D UV

HP/CORD D UV

Results:
before FSD: ~20-25 mSv/h
After

FSD: ~0,015-0,02 mSv/h
without interferences

System (Extent of
Decontamination)

Primary Loop

FSD, including SG,
RPV and auxiliary systems

FSD, incl. SG (superheater),
RPV and auxiliary systems

Steam generator

FSD including SG and
auxiliary systems
(5 systems)

FSD without RPV
(11 systems)

FSD without RPV

Auxiliary systems
(4 systems)
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NPP Type

Application |Decontamination

Time

Process

System (Extent of
Decontamination)

Caorso, Italy

Trino, Italy

Stade, Germany

Obrigheim,
Germany
Barseback 2,
Sweden

Barseback 1,
Sweden

Chooz A, France

Unterweser

BWR (GE)

PWR
(Westinghouse)

PWR
(Siemens)

PWR (Siemens)

BWR
(ABB)

BWR
(ABB)

PWR
(Westinghouse)

PWR (Siemens)

2003
2004

2004/05

2007

2007

2008

2011/12

2012

HP/CORD UV
HP/CORD UV

HP/CORD UV

HP/CORD UV

HP/CORD UV

HP/CORD UV

HP/CORD D UV

HP/CORD UV

Recirculation, RWCU

Steam generators and loop
sections

FSD, primary circuit incl. RPV|
and auxiliary systems

FSD, primary circuit incl. RPV,
and auxiliary systems

FSD including RPV and
auxiliary systems

FSD inlcuding RPV and
auxiliary systems

Steam generator, pressurizer
loops

FSD inlcuding RPV and
auxiliary systems

3. Applicability to Fukushima site, Technical challenges

4. Technology Development (Example)

5. Note
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