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ABSTRACT 

LLNL researchers working with the Chernobyl Engineering 
Support Center, the Ukraine Academy of Sciences and the 
Scientific Research Institute of Mechanical Problems 
"RITM" are developing a radiation hardened, Telerobotic 
Dismantling System (TDS) to remediate the Chernobyl 
facility. The hardware development will take place 
primarily in the Ukraine. 

To withstand the severe radiation fields, the robotic system, 
will rely on electrical motors, actuators, and relays proven in 
the Chernobyl power station. Due to its dust suppression 
characteristics and ability to cut arbitrary materials we 
propose using a water knife as the principle tool to slice up 
the large FCMs. The system will use a minimum amount of 
water with boron, chlorine or gadolinium and possibly an 
abrasive as a cutting agent. The presence of boron, chlorine, 
or gadolinium will minimize any possible criticality hazard 
in the vicinity of the FCM's due to water. In addition only a 
minimal amount of water will be required. The front end of 
the robot will use a minimum number of moving parts by 
locating most of the susceptible and bulky components 
outside the work area. Hardened and shielded video 
cameras will be designed for remote control and viewing of 
the robotic functions. 

Operators will supervise and control robot movements 
based on feedback from a suite of sensory systems that 
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would include vision systems, radiation detection and 
measurement systems and force reflection systems. These 
teleoperated systems will have dexterous manipulation 
capability. A gripper will be instrumented with a variety of 
sensors (e.g. force, torque, or tactile), allowing varying 
debris surface properties to be grasped. For example, force- 
sensitive actuation will allow the fingers to be operated in a 
compliant control mode to accommodate varying part 
geometry's and surface types and to determine when a firm 
grasp has been achieved. The gripper will allow the operator 
to manipulate and segregate debris items without entering 
the radiologically and physically dangerous dismantlement 
operations area. The robots will initially size reduce the 
FCM's to reduce the primary sources of the airborne 
radionuclides. The robot will then remove the high level 
waste for packaging or decontamination, and storage 
nearby. 

INTRODUCTION 

On April 26th, 1986 at approximately 1:25 am a Level 7 
Major Accident (most severe) occurred at the Chernobyl 
nuclear power station near the 800 year old city of 
Chernobyl Ukraine. The accident was technically classified 
"as a voiding-induced super-prompt critical power excursion 
that triggered a fuel-coolant interaction steam explosion that 
simultaneously breached both the primary system and the 
containment"2 

The reactor core was completely destroyed as a result of the 
accident. 70 - 85 % of the total 190.3 ton fuel charge, or 
approximately 135+/-30 tons of reactor fuel melted and 
flowed downward through the reactor buildings lower 



regions, which included the pressure suppression pool. 
About 3.5%, or 6.7 tons of fuel were blown upwards out of 
the reactor core shaft and released into the atmosphere. This 
release Carrie3 aerosol sized particles over the northern 
hemisphere. Another estimated 25 - 30 tons of fuel that 
took the form of fractured pressure tubes imbedded in 
graphite and large quantities of dust were scattered 
throughout the upper levels of the damaged reactor building. 
The remaining 11 ton balance of the fuel thought to be in 
the reactor building and sarcophagus has yet to be 
positively identified. 3 

The reactor building suffered extensive damage that 
included the complete destruction of the roof and upper 
building structures, which reduced the height of the building 
from an initial 71.5 meters to an average of 46 meters. 
Other major systems like the Emergency Core Cooling 
System, deaerator system, steam drums, main coolant 
pumps, and primary piping were heavily damaged or 
destroyed. 

The explosion's pressure wave significantly displaced those 
reactor building support columns not already completely 
destroyed impacting the buildings structural integrity. 
Thermally hot and radioactive core materials expelled 
during the explosions started fires in and around the 
destroyed reactor unit. Heavy damage to the roof of the 
machine hall that covered Unit-4's two 500 MWe turbo- 
generators occurred due to these fires and flying debris 
causing roof collapse and extensive damage below. 

Since the accident, an enclosing structure (sarcophagus) 
around unit 4 was hastily constructed and completed in 
November 1986. Due to the high radiation fields, unknown 
structural integrity of the reactor building and the remote 
concrete pouring methods that had to be used, the stability 
and longevity of the resulting structure is now in question. 
Because of these inherent difficulties in construction the 
sarcophagus is now disintegrating. There are openings and 
breaks in the roof and walls that are estimated to total 
1200m2 4. 

CURRENT CHERNOBYL OPERATIONAL 
ENVIRONMENT 

The urgency for the design and deployment of these 
vehicles within the sarcophagus is dictated by the fact that 
there is a very real danger of a major release of 
radionuclides into the environment. The factors affecting a 
release are happening now as the lava-like fuel containing 
masses (LFCMs) that flowed into the lower areas of the 
reactor slowly decay and lose their integrity. The specific 
mechanisms at work will not be dealt with here. However, 
suffice it to say that the surfaces of the LFCMs are cracking, 
making these mounds susceptible to dust formation, thus 
continuously adding to the finely dispersed fuel particles, 
already estimated at 10 tons of material. 

Human hazards in an around unit 4 include gamma-ray 
fields of a few milli-rem per hour to several thousand rem 
per hour, airborne heavy metal dust inside the sarcophagus, 
water pools with unknown amounts of fissile material, 
friable and settled radioactive dust, temperature extremes, 
irregular access, and loose debris. 

Adjacent to unit 4 are two operating reactors that supply a 
significant amount of electrical power to the Ukraine. 
While generally evacuated, there are hundreds of people 
working around the plant and in the nearby town of 
Chernobyl. Their primary function is to stabilize the 
situation which means to keep the power plant operating, 
stop the deterioration of unit 4, and take care of the many 
displaced peoples needs. 

RATIONAL FOR ROBOT DESIGN REQUIREMENTS 

The process of designing a robot for dismantlement 
necessarily includes the basics like size but must also 
recognize the peculiar nature of the existing disaster. This 
section will describe the major concerns expressed by the 
operating staff that have a direct impact on the design of any 
machine that will go inside unit 4. 

Inside unit 4 there are more than 10l6 Bq's of radionuclides. 
This material is in practically every form from solid to 
liquid to airborne. A major concern is that the structure will 
fail from an earthquake or just settle causing the ejection of 
a major radioactive dust cloud. The dust is largely a product 
of water and radiation induced deterioration of the FCMs 
resulting in "fuel dust". The water flow redistributes this 
more mobile radioactive material resulting in concentration 
of fissile material. Water is a mixed blessing in that it is 
used regularly to suppress dust and apply a sealant to FCM's 
but contributes to the potential for a criticality accident in a 
water pool. 

An additional source of water from a leaking roof 
contributes to the problem, motivating years of repairs on 
the roof. In general, there is a desire to build a new 
structure to encapsulate the sarcophagus that goes far 
beyond our effort for removal of the FCMs. 

Interior stabilization philosophy includes strengthening the 
structure, processing and controlling the water to prevent 
criticality accidents and the installation of a long term 
monitoring system. Water control is exacerbated by the 
lack of heating and ventilation in unit 4. One plan for 
dealing with the water is to clear out and seal the first floor 
of unit 4, known as the pressure suppression pool area PSP- 
1. Here water would naturally collect for cleaning and 
release or reuse. To cany out this plan, it is necessary to 
remove approximately 10 cubic meters of FCM material and 
300-700 cubic meters of concrete dumped in after the 
accident. 



Removal of the material contained on the first floor will 
require that new access doors be cut through the concrete 
walls. This access will allow separate routes for moving 
radioactive material and people, and give convenient access 
to FCM's. Once removed, the high level FCMs would be 
stored temporarily on the first floor in storage boxes and the 
concrete would be stored in the turbine hall of the fourth 
unit .(assuming it can be cleaned out first) 

Work plan philosophy for dismantlement in PSP Floor 
1 

Dealing with the operating concerns described above will 
necessarily involve a large coordinated effort. In fact, the 
plan for dismantlement in the PSP first floor is to have a 
small army of limited function robots working together. 
This section will describe the typical work plan philosophy 
for the PSP floor 1 dismantlement. 

TV surveillance robot goes in to get a video record of 
proposed work place and for planning of robot routes. 

Dust suppression robot sprays water. 

Dosimetric survey robot with cameras enters room. 

A robot with dextrous material handling capability will go 
in to grab, move, or hold pieces of material. 

A water knife robot will go in to cut material under the 
supervision of other robots. This includes opening new 
doorways, removing metal structures like the steam 
dumping tubes, and concrete mounds. There are 93, 
Stainless steel steam tubes running vertically in the room 
with a diameter of 280 mm and a wall thickness of 3mm. 

The material handling robot will then containerize and 
remove FCM, or metal waste. 

After the room is empty, the room will be sealed and used as 
a water storage pool. This pool is a natural collection point 
for dust suppression water and rain or snow infiltration. 

Preparation for work on floor 1 

In order to carry out the above working philosophy there 
will need to be some preliminary supporting work that 
amounts to general housekeeping. The main objective here 
is to identify two corridors where people and radioactive 
material do not cross. To do this several new doors will be 
opened. Referring to Figure 1, doors are planned between 
rooms 00914 and 00915, 00915 and 00916, and 00914 and 
012/8. This will allow the robots to operate in the first row 
of rooms outside the PSP-1. 

Other placements include human operators in room 003/6, 
support equipment like the water knife pump in room 003/7, 
decontamination of robots and FCM containers and waste 
metal in room 00914, coarse decontamination of metal waste 
in room 00915, and a HEPA equivalent air filtration system 
In room 010/2. 

The work room cleanup and setup includes adding heat, 
light, electricity ,water, ventilation, radiation shielding, and 
air filtration with a 1000 cubic meter per hour capacity. 

Robot Operational Specification and design 
requirements 

Specifying the robotic workforce design to implement the 
work philosophy and address the concerns and limitations of 
the Chernobyl staff is the next logical step toward 
implementation. Our US-Ukrainian project team has agreed 
on the operational specification presented here. 

Operation will be in a dusty area and high gamma field 
less than 1500Rh 

Robot will contain no blind deep spaces in its exterior to 
facilitate easy cleaning. External surfaces (paint) must 
tolerate alkaline detergents, oxalic acid , RADEZ-II etc. 

Russian vacuum tube cameras have proven tolerant to 
anything in unit 4 so they are recommended. A Sony 
Trinitron based color camera was used in a field of < 
1000 Rlh with no failures or image degradation. 
Commercial hand held camcorders with CCDs function 
in gamma-ray fields up to 1ORh so their use will be 
limited. 

The temperature range will be -lOC to +30C. Room 
temperature is usually the same as the outside temperature 
moderated by the thermal capacity of the concrete. 
Standing water does freeze inside the plant in winter and 
frost appears on metal. In summer it is hot and water 
condensation drops and small water flows run down walls 
and ceilings resulting in up to 20cm deep pools. 

Water is of concern for electrical hazard mandating the 
use of isolation transformers. 

Non combustible materials will be used 

High voltage systems will be shielded. 

No exhaust gases are allowed because there is no reliable 
air exhaust 

The robot will be of modular design for quick 
maintenance. It will have self diagnostics and simple 
tooling for removal of field replaceable units. Workforce 
mobility is limited by cotton and rubber gloves. 



Some door heights are only .5 m with a width of 1.5-2m, 
therefore the robot must 'fold to get into rooms. To get 
into the general work area it will be disassembled and 
carried in manageable pieces because man access is 
through irregular holes, ladders and stairs with varying 
slopes. Maximum piece weight is 80Kg. 

Robot load capacity shall be greater than 200 Kg. 

Robot size shall be approximately 70cm by 80cm by 
1.2m unfolded. It will traverse a 
tethered route of 50m with up to four 90 degree turns. 

Velocity range is .3 to 3 meterdminute 

Braking under full load shall occur in less than 3mm. 

The mounds of material to climb (robots, pipes concrete) 
r 

are less than 2 m high. 

Ground clearance is greater than 12 cm.. 

The robot will climb a 15 degree slope. 

Robot will run on local power at 220/380v 3phase 50Hz. 

On board backup power is desirable to remove robot, the 
Ulcritie staff is suggesting a kinetic flywheel system and a 
generator 

Radiation sensor 

Multiple cameras to observe route and working area at 
focal length of .5 to 10 m. 

Lighting equipment 120 lux at 10 m. 

Requirements for Testing Robot Sec 7 

Development testing is expected to occur at the Kiev 
Polytechnic Institute Center for Special Mechanical 
Problems. After acceptance testing, the robot will move to 
Chernobyl for testing and training of operators. Operators 
will train on concrete and pipe samples and practice robot 
movements, cutting, viewing, and lighting, picking up 
pieces, and cleaning. Next, video tapes of entry paths will be 
used to evaluate the best way to get the system into unit 4.. 
Finally, the system will be carried into unit 4 for in situ 
testing. 

Next Steps 

shipped to Kiev about February first. A chassis for testing 
is available, and the highbay in Kiev at the Polytechnic 
Institute will be where the assembly and laboratory tests will 
occur. Remounting of the water knife components, 
fabrication of the first dedicated chassis, mounting of the 
knife control arm and fabrication of a .control console will 
c o n s u m e .  m o s t  o f  1 9 9 5 .  
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The objective is to have a functional prototype robot with 
the water knife by the end of 1995. A video support robot 
exists already, and a material handling robot is being 
modified to provide the needed support at the Chernobyl 
robotic center. We expect that the water knife will be 
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