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(54) Ultrasonic decontamination robot 

(57) An ultrasonic decontamination 
robot removes radioactive contamina-
tion from the internal surface ofthe 
inlet and outlet headers, divider plate, 
tube sheet, and lower portions of tubes 
of a nuclear power plant steam gener-
ator. A programmable microprocessor 
controller guides the movement of a 
robotic arm (34,36) mounted in the 

header manway (30). An ultrasonic 
transducer (50) having a solvent deliv-
ery subsystem through which ultraso-
nic action is achieved is moved by the 
arm over the surfaces. A solvent recov-
ery suction tube 48 is positioned within 
the header to remove solvent therefrom 
while avoiding interference with the 

. main robotic arm. The solvent composi-
tion, temperature, pressure, viscosity, 

• and purity are controlled to optimize the 
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ultrasonic scrubbing action. The ultra-
sonic transducer is controlled at a pow-
er density, frequency, and on-off mode 
cycle such as to optimize scrubbing 
action within the range of transducer-
to-surface distance and solvent layer 
thickness selected for the particular 
conditions encountered. Both solvent 
and transducer control actions are opti-
mized by the programmable microp-
rocessor. 
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SPECIFICATION 

Ultrasonic decontamination robot 

5 This invention relates to nuclear power plant steam 
generators and is more particularly directed to 
methods and devices for removing radioactive con-
taminants from the internal surfaces of the primary 
fluid inlet and outlet headers, including the divider 

10 plate (if so fitted), the tube sheet surface exposed to 
the primary fluid, and portions ofthe primary fluid 
side ofthe tubes. 

Steam generators for nuclear service are typically 
of eithera U-tube or once-through configuration. 

15 While this invention is applicable to both, for 
purposes of describing this invention the U-tube 
type steam generator will be considered. 

Atypical U-tube type nuclear steam generator 
comprises a vertically oriented shell, a plurality of 

20 U-shaped tubes disposed in the shell so as to form a 
tube bundle, the tubes having two straight sections 
joined at their upper end by a pipe bend, a tube sheet 
for supporting the tubes at the ends ofthe tube 
straight section, a dividing plate that cooperates with 

25 the tube sheet forming a primary fluid inlet header at 
one end ofthe tube bundle and a primary fluid outlet 
header at the other end ofthe tube bundle, a primary 
fluid inlet nozzle in fluid communication with the 
primary fluid inlet header, and a primary fluid outlet 

30 nozzle in fluid communication with the primary fluid 
outlet header. The steam generator also comprises a 
wrapper disposed between the tube bundle and the 
shell to form an annular chamber adjacent the shell, 
and a feedwater inlet system above the pipe-bend 

35 end ofthe tube bundle. The primary fluid, having 
been heated by circulation through the reactor core, 
enters the steam generator through the primary fluid 
inlet nozzle. From there, the primary fluid is con-
ducted into the primary fluid inlet header, through 

40 the U-tube bundle, out the primary fluid outlet 
header, and through the primary fluid outlet nozzle 
to the remainder ofthe reactor coolant system. At 
the same time, feedwater is introduced into the 
steam generator through the feedwater ring. The 

45 feedwater is conducted down the annular chamber 
adjacent the shell until the tube sheet nearthe 
bottom ofthe annular chamber causes the feedwater 
to reverse direction, and pass in heat-transfer re-
lationship with the outside ofthe U-tubes and up 

50 through the inside ofthe wrapper. While the feedwa-
ter is circulating in heat-transfer relationship with the 
tube bundle, heat is transferred from the primary 
fluid in the tubes to the feedwater surrounding the 
tubes, causing a portion ofthe feedwaterto be 

55 converted to steam. The steam then rises and is 
circulated through typical steam turbine electrical 
generating equipment to produce electricity. 

Since the primary fluid contains radioactive parti-
cles and is isolated from the feedwater only by the 

60 U-tube walls, the latter serving as primary boundary 
for isolating these radioactive particles, it is impor-
tant that the U-tubes be maintained defect-free and 
that no breaks occur in the U-tubes. However, 
experience has shown that under certain conditions 

65 the U-tubes may develop leaks therein which allow 

radioactive particles to contaminate the feedwater. 
This can present a highly undesirable and potentially 
dangerous condition. 

Testing or inspection is required at regular inter-
70 vals to determine the condition ofthe tubes. Such 

testing conducted according to standard techniques 
requires personnel to enter the inlet and outlet 
headers through the manways provided for that 
purpose. Deposits of radioactive particles on prim-

75 ary fluid wetted surfaces result in significant person-
nel radiation exposure rates in areas where person-
nel access is required. This limits the amount of time 
that personnel can remain in the headers, and 
restricts the amount of testing that each individual 

80 worker can perform. 
A reduction of this radiation dose rate to some 

practical limit is sometimes attempted priorto 
testing, inspections or other work being carried out 
in the inlet and outlet headers. 

85 One known method for removal of a portion of 
these deposits of radioactive particles on the internal 
surfaces ofthe inlet and outlet header involves 
impinging a high velocity stream of water against 
these surfaces. This cleaning process (commonly 

90 referred to as decontamination) is also known as 
hydroblasting, hydrolancing, or high-pressure 
spraying. A decontamination factor (i.e., exposure 
rate before cleaning divided by exposure rate after 
cleaning) of two can typically be expected in the 

95 header following decontamination by this method. 
The several shortcomings inherent in the high 
pressure spraying process include the relatively low 
decontamination factor and the high radiation expo-
sures received by personnel involved in carrying out 

100 the cleaning process. 

Objects and summary ofthe invention 
It is an object of this invention to provide a method 

and device for removing radioactive particulate 
105 material adhering to internal surfaces of steam 

generator inlet and outlet headers, without the 
drawbacks characteristic ofthe prior art. 

According to the invention we provide a method of 
removing radioactive contamination from a primary 

110 fluid header of a steam generator between periods 
of active operation thereof, the header having a 
sealable access manway therein to permit access to 
interior surfaces ofthe header, comprising the steps 
of 

115 inserting through the header manway into the 
interior thereof a robotic arm having a base portion 
sized to fit sealably in said manway, an ultrasonic 
decontamination head disposed to be movable at an 
end of said robotic arm, a solvent supply tube 

120 connected to said decontamination head, and a fluid 
removal conduit disposed at a low point in the 
interior of said header; 

sealing said base portion in said header manway; 
connecting a remotely positioned solvent proces-

125 sing device to said supply and suction tubes; and 
connecting a remotely positioned robotic control-

lerto said robotic arm to supply ultrasonic power to 
said ultrasonic decontamination head and to supply 
position signals to said robotic arm to position the 

130 ultrasonic decontamination device against at least 
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one of said surfaces while fluid solvent is supplied 
through said supply tube to said supply head and 
said ultrasonic decontamination head produces 
ultrasonic acoustic waves such that any radioactive 

5 surface contaminants are loosened and flushed from 
said at least one surface and the loosened contami-
nants in said fluid solvent are removed from said 
interior by said fluid removal conduit and transferred 
to said solvent processing device. 

10 The specialized ultrasonic transducers have both 
contours and configurations suitable for the surface 
to be cleaned. The ultrasonic transducers may be of 
two types, a larger size capable of coupling signifi-
cant amounts of energy into the solvent/solid inter-

15 face area where pulses ofthe alternating compress-
ion and rarification cycles within the solvent produce 
bubbles which implode at this interface effecting the 
surface scrubbing, and smaller, low power units 
which may be operated at higher or lower frequen-

20 ciesthan the larger units and whose function is to 
measure the distance from the transducers to the 
solvent/solid interface. These transducers are con-
tained in a housing which provides for communica-
tion of the solvent to the area to be cleaned, and 

25 provides mounting attachment for radiation detec-
tors which provide data on the initial degree of 
radioactive contaminants and the progress of ultra-
sonic decontamination. The housing also includes 
an attachment to the robotic arm. This assemblage is 

30 referred to as the decontamination head and is 
provided in several configurations specific to the 
contours ofthe component or surface to be decon-
taminated. The coupling ofthe ultrasonic energy to 
the surface being cleaned is provided by the control-

35 ledflowofsolventthrough orifices and fluid flow 
paths provided in the decontamination head and 
contained transducers. The decontamination head Is 
fitted with a peripheral band of cilia-like fibres of 
appropriate length, diameter, and resilency, which, 

40 together with the precise surface stand-off distance 
control provided by the robotic controller, maintains 
the solvent fluid layer between the transducer and 
surface being cleaned to that value required for 
optimal cleaning. 

45 Cleaning (decontamination), including removal of 
both loose and tightly adhering radioactive particu-
late matter from the internal surfaces ofthe inlet and 
outlet headers, is accomplished by the foregoing 
under direction of human operators remote from the 

50 steam generator. Any radiation exposure received 
by the operators is limited to the brief periods 
required for initial installation, transducer changes, 
and end-of-process system removal. 

55 Brief description ofthe drawings 
While the specification concludes with claims 

specifically pointing out and distinctly claiming the 
subject matter ofthe invention, it is believed the 
invention will be better understood from the follow-

60 ing description taken in conjunction with the accom-
panying drawings, wherein: 

Figure 1 is a perspective view of a U-type steam 
generatorwith portions ofthe header surfaces 
exposed. 

65 Figure 2 is a cross-sectional elevation of a typical 

steam generator, showing the robotic arm of this 
invention in place in a manway thereof, and also 
showing alternative decontamination heads 
therefor. 

70 Figure 3 is a schematic block diagram of the 
control and solvent processing system associated 
with the ultrasonic decontamination robot of this 
invention. 

Figures 4,5, and 6 are partial cross-sectional views 
75 showing details ofthe decontamination heads of this 

invention. 

Detailed description of a preferred embodiment 
Figure 1 shows a U-tube type steam generator 10 

80 as used in a nuclear power generating facility. This 
generator 10 has a vertically-oriented outer cylindric-
al shell 12 and an inner cylindrical shell 14. Disposed 
within the inner shell 14 is a bundle of up to 7,000 
U-tubes, each including an ascending tube portion 

85 16 and a descending tube portion 18. A tube sheet 
20, generally formed as a thick disc and having tube 
holes therein, is attached to the outer shell 12 near 
its lower end and supports the ascending and 
descending tube portions 16 and 18. A primary-fluid 

90 header 22 is formed by the tube sheet 20 and a 
rounded lower wall 24 of the steam generator 10. 

An inlet nozzle 26; and an outlet nozzle 260 conduct 
primary fluid into the header 22 and out therefrom, 
with the latter being divided by a divider plate 28 into 

95 an inlet header 22s and an outlet header 220. All the 
primary fluid passes between these portions 
through the U-tubes 16,18. 

In operation, the primary fluid which may be water 
having been heated by circulation through a nuclear 

100 reactorcore (not shown) enters the inlet header 22, 
from the primary fluid inlet nozzle 26;, then flows 
into the ascending tube portions 16, to the descend-
ing tube portions 18, from there to the outlet header 
220, and is eventually removed through the outlet 

105 nozzle 26. The primary fluid thus cooled is recycled 
through the reactor core to be heated again. Secon-
dary water is supplied into the cavity defined by the 
shell 12 so as to contact the U-tubes 16,18, where 
the water is vaporized. The steam so generated is 

110 then supplied, for example, to a steam turbine prime 
mover to rotate an electric power generator. 

The extreme care required for operation of a 
nuclear power facility demands that the tube sheet 
20 and the tubes 16,18 ascending therefrom and 

115 descending thereto be regularly inspected for cracks 
and leaks. Forthis purpose, a sealable manway 30 is 
provided for each ofthe inlet and outlet headers 22; 
and 22c. 

When the reactor is not operating, such as during 
120 refueling, the steam generator 10 can be deactivated 

and drained, and the primary fluid maintained at a 
level such that the inlet and outlet headers 26; and 
260 are dry. Following removal of a manway strong-
back and diaphragm from each ofthe inspection 

125 manways 30, and installation of hot leg and cold leg 
seals in the inlet and outlet nozzles 26, and 260, a 
cleaning robot of the type shown in Figure 2 is 
installed and sealed in one ofthe manways 30. 

The robot includes a remotely-controlled machin-
130 ery module 32 dimensioned to fit within the manway 
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30, and lower and upper extensible articulated arms 
34 and 36. Flexible elastomer sleeves 38 are dis-
posed over the lower and upper arms 34,36 to 
minimize the contact of the radioactive contami-

5 nants in the header 22 with the inner parts of the 
robot. 

A cover 40 bolts to the manway 30 to hold the 
module 32 in place and to seal the robot within the 
header 22. 

10 A solvent drain or outlet hose 42 conducts ultraso-
nic cleaning fluid from the module, while a supply 
hose 44 supplies pressurized fluid solvent thereto, 
and a control umbilical 46 contains conductors to 
transmit power and control signals to the module 32 

15 and also to transmit sensor signals therefrom. 
A spent-solvent suction tube 48 is connected to the 

module 32 and has an end disposable to a low point 
within the header 22 to remove fluid and loosened 
radioactive contaminants from the low point, where 

20 these can be expelled by the module 32 through the 
outlet hose 42. 

An ultrasonic decontamination head 50 is remov-
ably installed on the end of the upper arm 36 for 
cleaning the interior surface of the spherical wall 24. 

25 Accordingly, the head 50 has a convex spherical face 
to match this surface. Aflat decontamination head 
150 and a rod-type decontamination head 250, as are 
schematically shown in Figure 2, can each be 
installed on the arm 36 after the interior surface of 

30 the wall 24 has been cleaned to decontaminate and 
inspect the divider plate 28, tube sheet 20, and lower 
portions of tubes 16 and 18. 

The remaining header is treated in a similar 
manner. 

35 A schematic diagram of the solvent supply and 
robot control apparatus is shown in Figure 3. 

A junction box 52 is connected to the power and 
control umbilical 46 and to an ultrasonic cleaner 
power supply 54, a solvent processing stage 56, and 

40 a microprocessor-based operator's control console 
58, the latter including a monitor and controller. 

The junction box 52 is preferably located in the 
containment vessel near the steam generator 10. 
The ultrasonic cleaner power supply 54 and the 

45 solvent processing stage 56 can be located in the 
containment vessel remote from the steam gener-
ator, and the console 58 can be located outside the 
containment vessel. 

The processing stage 56 includes readily replace-
50 able solvent filtration elements, a solvent tempera-

ture heat exchanger, a solvent pressure pump, and a 
solvent flow control unit. The latter is connected to 
the solvent supply inlet tube 44 while the solvent 
filtration unit is connected to the solvent outlet tube 

55 42. A solvent storage, sampling and processing unit 
56' connected to the solvent processing stage 56 can 
be disposed in the containment vessel at a point 
remote from the steam generator 10 but accessible 
to an operator. 

60 As shown in Figure 4, the convex spherical 
decontamination head 50 has a convex spherical 
face 60 with solvent passages 62 extending through 
it. Cilia-like solvent retention fibres 64 are disposed 
in a circle about the perimeter of the face 60. A 

65 solvent feed hose 66 supplies the ultrasonic fluid 

solvent to a cavity within the head 50, and a power 
supply cable 68 supplies ultrasonic drive current to 
an ultrasonic cleaning transducer 70 within the 
cavity. One or more radiation detectors 72 are 

70 disposed on the back of the head and an ultrasonic 
position-sensing transducer 74 is located in the 
center of the convex face 60. 

The flexible boot 38 extends over a flange 76 on 
the decontamination head 50 to seal off the area 

75 containing the detectors 72, cables, hoses and 
extensible elements of the arm 36. 

The head 50 can be removably affixed to the upper 
arm 36 by conventional fastening means, such as a 
bolt or a releasable clamp. 

80 The structure of the flat decontamination head 150 
is generally the same, except that its face is flat 
rather than spherical. 

The rod-type decontamination head 250 is shown 
in detail in Figures 5 and 6, in which elements similar 

85 to those of the head 50 of Figure 4 are identified with 
the same reference numbers, but raised by 200. In 
this head 250 cilia-like fluid retention fibers 264 
surround the face 260 and ultrasonic transducers 270 
are disposed therebehind. Solvent is supplied 

90 through a tube 266 and a cable 268 has conductors 
connected to the transducers 270,274 and also to 
radiation detectors 272. A probe rod 276 which 
projects above the face 260 is dimensioned to fit 
within the tubes 16,18. A compressible elastic boot 

95 278 radially surrounds the probe rod 276 and has a 
diameter slightly larger than the diameter of the 
tubes 16,18. The probe rod 276 can contain magne-
tostrictive, piezoelectric, gas, or hydraulic ultrasonic 
transducers to perform ultrasonic cleaning in, and to 

100 sense the condition of tubes 16 or 18 within the tube 
sheet 20. 

The operation of the ultrasonic decontamination 
robot can be described as follows. 

When the reactor is not operating, such as during 
105 refueling, the steam generator is deactivated and 

drained as mentioned above, and the decontamina-
tion robot is fastened and sealed to the manway 30, 
after having first been fitted with the convex style 
decontamination head 50. The solvent supply and 

110 suction hoses 46,44 are connected, as is the control 
umbilical 42. The solvent processing unit 56, ultraso-
nic cleaner power supply 54, and operator's monitor/ 
controller console 58 are then energized. The oper-
ator initiates a program in which the first action of 

115 the controller and robotic arm 34,36 is to position 
the head 50 at a first reference point in the header 22, 
establishing solventflow and advancing the head 50 
towards the surface of the steam generator header 
22 until a pre-selected standoff distance is detected 

120 by sensing transducer 74; then the controller 58 
stops the head advance and stores the head coordin-
ates that are fed back by the robotic arm for future 
use. The program proceeds through the several 
other reference points on each distinct surface in the 

125 header 22 gathering and recording similar data. The 
microprocessor program proceeds into an error 
analysis phase where the data obtained are com-
pared to pre-programmed coordinates which may 
have been "learned" in a mock-up of the header, or 

130 calculated from dimensional data. A revised set of 
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coordinates describing the inner surfaces and for the 
guidance ofthe decontamination head 50 over the 
surfaces to be cleaned may be generated from the 
foregoing error analysis. The next sequence per-

5 formed by the controller 58 is a sweep or survey of 
the internal surfaces ofthe header with the radiation 
detectors 72 providing data on the type and amount 
of radiation emanating from these surfaces at each 
of several pre-programmed control points. The 

10 microprocessor/monitor panel analyses, displays 
and stores these data for later control purposes. 
These detectors 72 also provide radiation data as the 
decontamination operation is taking place. 

Cleaning and decontamination of this largest 
15 continuous surface, i.e., the concave spherical-

curvature surface of the header approximating one 
quarter of a sphere, may then be performed with the 
microprocessor controller guiding the robotic arm 
34,36, and thus the decontamination head 50 over 

20 this surface while maintaining the most effective 
stand off distance and sweep speed. The controller 
58 may also monitor and control the various para-
meters ofthe solvent processing unit 56,56' to effect 
optimum cleaning action through proper selection of 

25 solvent temperature, pressure, and flow rate and to 
signal the desirability of human operator interven-
tion to adjust concentrations of solvent additives. 
These additives may include a wetting agent, a 
cleaning agent or other desirable chemicals. The 

30 controller 58 may also select an alternate filtration 
element, if particulate concentrations are adversely 
affecting cleaning action. In a similar manner, the 
controller 58 can monitor and control the ultrasonic 
power supply 54 to adjust frequency, power density, 

35 and pulse amplitude, frequency, and duration. 
Data from radiation detectors 72 in the decontami-

nation head 50 may be processed to provide the 
human operator with current predictions as to 
projected effectiveness of additional cleaning cycles, 

40 identify selected areas for additional decontamina-
tion and aid in the decisions to stop the particular 
cleaning phase, change the head 50 for one ofthe 
other heads 150,250, and start a new cleaning 
phase. 

45 Change-overto a flat-surface ortube-end cleaning 
phase is accomplished by removing the robot from 
the manway30 and replacing the decontamination 
head 50 together with its enclosed transducers and 
detectors and a portion ofthe arm 36 containing 

50 connectors with one ofthe other heads 150,250 of 
appropriate configuration. 

Cleaning ofthe tube sheet 20 and tube ends may 
require additional data gathering utilizing a program 
which would first guide the rod-type decontamina-

55 tion head/sense transducer 250 to verify which tubes 
are plugged. These data could be displayed, stored, 
and used by the main program to modify the 
guidance program for decontamination ofthe tube 
sheet 20 and tube ends. 

60 Cleaning ofthe flat vertical surface ofthe divider 
plate 28 and areas ofthe tube sheet 20 with high 
concentrations of plugged tubes may be accom-
plished in the general manner described above 
using the flat surface decontamination head 150. 

65 While there has been described what is considered 

to be the preferred embodiment ofthe invention, it is 
to be understood that modifications and variations 
thereof will occur to those skilled in the art, without 
departing from the true spirit and scope ofthe 

70 present invention. 
For example, the header may be filled with a 

liquid, which may be the fluid solvent used for 
cleaning in orderto submerge the robotic arm, 
operation ofthe ultrasonic decontamination head 

75 being carried out while submerged. In a further 
example, a robot which is fitted with more than one 
arm may be used, or several decontamination heads 
may be fitted to an arm. Alternatively, the robotic 
arm 34,36 may be fitted with other devices to 

80 perform inspections or carry test probes, closed 
circuit television cameras, transducers, or other 
devices to ascertain the conditions within the steam 
generator header or tubes and pipes communicating 
therewith. Furthermore, the robot could be modified 

85 to perform work and repairs inside the header 22, for 
example, tube plugging or plug removal. Water jet 
spray nozzles may also be fitted to the end ofthe arm 
36, which could be supplied by the aforementioned 
solvent supply feed hose 66 and used to perform 

90 final rinse and washdown ofthe surfaces which have 
been first cleaned by the ultrasonic cleaning devices 
described herein. 

Furthermore, the preferred embodiment ofthe 
invention has been designed specifically to address 

95 the problems of decontamination removal ofthe 
radioactive contaminants on the inner surfaces of a 
steam generator header, as these deposits emit 
radiation and workers must be protected from 
exposure exceeding specified amounts. Thus, the 

100 preferred embodiment described has as its primary 
aim the decontamination of those surfaces from 
both loose and tightly-adhering radioactive material 
that can expose workers performing work in and 
near the inlet and outlet headers 22i( 220 to signifi-

105 cant radiation levels. The cleaning and decontami-
nating system described, with its precise monitoring 
of all the significant variables which govern the 
efficiency and effectiveness ofthe ultrasonic clean-
ing/decontamination process and its inherently re-

110 sponsive control mechanisms, ensures that the 
highest possible decontamination factors are 
achieved, these being in the range of 10 to 100 
depending upon initial conditions ofthe header 
surfaces, water chemistry ofthe previous operating 

115 periods, sources of contaminants, fuel leakage, and 
other familiarfactors. 

The robotic arm 36 can also be fitted with testing 
devices to perform inspection functions and to 
ascertain the conditions within the headers 220 and 

120 22j. Such devices can include eddy current testing 
probes, ultrasonic testing probes, closed-circuit tele-
vision cameras and associated lighting devices, 
fiber-optics flexible borescope direct viewing sub-
systems, and profilometer equipment. In this case, 

125 the robotic arm would be programmed to perform 
the task of placing or moving an inspection device or 
measuring tool which is then interpreted by the 
human operator, either directly or after processing 
ofthe gathered data by the digital computer. The 

130 robotic arm could perform this tool movement and 
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precision placement more rapidly than a human 
operator and also avoid unnecessary radiation expo-
sure. 

The robotic arm 36 can also be fitted with manipu-
5 lative devices and tools to perform repair and/or 

maintenance functions or modification work inside 
the headers 22OI22;. For example, tools can be 
attached to grind, chip, weld, or drill inside the 
header 220 or 22; to avoid human exposure to 

10 radiation when these tasks are necessary. For auto-
matic (robotic) welding, a device can be attached for 
gas cup and wire delivery to be used in connection 
with an electric welder. Tube plugging and tube plug 
removal can also be carried out automatically by 

15 devices attached to the arm 36. 
Still further, the programmable robotic device of 

this invention can be configured to carry out clean-
ing, inspection, and repair functions while complete-
ly submerged in a suitable fluid inside the header. 

20 Such a fluid could serve to enhance the decontami-
nation process, provide additional radiation attenua-
tion, and permit simultaneous work to be carried out 
on other portions ofthe steam generator which can 
be enhanced by pressure balancing. 

25 Many further modifications and variations ofthe 
above described device and process will be apparent 
to those of skiH in the art without departure from the 
scope and spirit of this invention, as defined in the 
appended claims. 

30 
CLAIMS 

1. A method of removing radioactive contamina-
tion from a primary fluid header of a steam gener-

35 ator between periods of active operation thereof, the 
header having a sealable access manway therein to 
permit access to interior surfaces ofthe header, 
comprising the steps of 

inserting through the header manway into the 
40 interior thereof a robotic arm having a base portion 

sized to fit sealably in said manway, an ultrasonic 
decontamination head disposed to be movable at an 
end of said robotic arm, a solvent supply tube 
connected to said decontamination head, and a fluid 

45 removal conduit disposed at a low point in the 
interior of said header; 

sealing said base portion in said header manway; 
connecting a remotely positioned solvent proces-

sing device to said supply and suction tubes; and 
50 connecting a remotely positioned robotic control-

ler to said robotic arm to supply ultrasonic power to 
said ultrasonic decontamination head and to supply 
position signals to said robotic arm to position the 
ultrasonic decontamination device against at least 

55 one of said surfaces while fluid solvent is supplied 
through said supply tube to said supply head and 
said ultrasonic decontamination head produces 
ultrasonic acoustic waves such that any radioactive 
surface contaminants are loosened and flushed from 

60 said at least one surface and the loosened contami-
nants in said fluid solvent are removed from said 
interior by said fluid removal conduit and transferred 
to said solvent processing device. 

2. The method according to claim 1, further 
65 comprising the step of generating, in addition to said 

ultrasonic acoustic waves for loosening surface 
contaminants, additional ultrasonic waves for sens-
ing distance of said head from an interior surface of 
said header; sensing said additional ultrasonic 

70 waves with a sensor in said head; and determining a 
standoff distance of said head from said surface 
based on the sensed ultrasonic waves. 

3. The method according to claim 2, further 
comprising the step of sensing radiation intensity of 

75 said surface with radiation detector in said head, and 
monitoring the amount and type of radiation on said 
interior surface as a cleaning cycle of said ultrasonic 
decontamination head is taking place. 

4. The method according to claim 3, further 
80 comprising automatically calculating, by means of a 

suitably configured digital computer system, a 
stand-off distance for said decontamination head 
and radiation type information; and altering solvent 
composition, solvent temperature, solvent pressure, 

85 solvent flow rate, and relative cleanliness with 
respect to particulate concentrations suspended 
therein to maximize cleaning efficiency. 

5. The method according to claim 4, further 
comprising automatically controlling the frequency, 

90 power density, and pulse amplitude, frequency, and 
duration ofthe ultrasonic power supplied to said 
decontamination head and the standoff distance of 
said decontamination head. 

6. The method according to claim 1, further 
95 comprising filling said header with a liquid to 

submerge said robotic arm, and carrying out opera-
tion of said ultrasonic decontamination head while 
submerged in said liquid. 

7. The method according to claim 6, wherein said 
100 liquid comprises said fluid solvent. 

8. Ultrasonic decontamination robot apparatus 
designed for removing radioactive contamination 
from a primary fluid header of a steam generator 
between periods of active operation thereof, the 

105 header having a sealable access manway therein to 
permit access to the interior surfaces ofthe header, 
comprising 

a body dimensioned to fit in said manway and to 
seal the latter when disposed in place therein; 

110 a robotic arm disposed on said body to extend 
within said header; 

a decontamination head on said robotic arm 
having one face shaped to match one interior 
surface of said header; including ultrasonic trans-

115 ducer means disposed in said head for generating 
ultrasonic waves for loosening deposits of radioac-
tive contaminants from said surface, and passage-
ways in said one face through which a fluid solvent 
can flow to said one interior surface of said header; 

120 a solvent supply conduit connected to said decon-
tamination head and extending out through said 
body; 

a fluid removal suction conduit communicating 
through said body to a low point in the interior of 

125 said header; 
solvent processing means having an outlet and an 

inlet coupled respectively to said supply conduit and 
said suction conduit for supplying said solvent to 
said decontamination head and removing the 

130 loosened radioactive deposits in said fluid solvent 
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from the low point of said header; and 
robotic controller means disposable remotely 

from said steam generator for supplying positioning 
signals to said robotic arm, and supplying ultrasonic 

5 powerto said ultrasonic transducer means. 
9. Ultrasonic decontamination robot apparatus 

according to claim 8, wherein said decontamination 
head is removably attached to said robotic arm and 
can be replaced with one or more additional heads 

10 adapted for decontamination of an additional in-
terior surface of said primary fluid header. 

10. Ultrasonic decontamination robot apparatus 
according to claim 9, wherein the first-mentioned 
decontamination head has a convex spherical face to 

15 decontaminate a spherical interior surface of said 
header, and one of said additional heads includes a 
rod-type decontamination head for decontamination 
of a tube sheet having tube ends therein exposed to 
said header. 

20 11. Ultrasonic decontamination robot apparatus 
according to claim 10, wherein said tube ends have a 
predetermined diameter, and said rod-type decon-
tamination head has a flat face, a rod-like probe 
extending from said face and having a smaller 

25 diameter than said tube ends, and a compressible 
boot disposed on said flat face surrounding said 
probe and having a greater diameter than said tube 
ends. 

12. Ultrasonic decontamination robot apparatus 
30 according to claim 11, wherein said probe includes a 

sensor device for sensing the condition of said tube 
ends. 

13. Ultrasonic decontamination robot apparatus 
according to claim 8, wherein said decontamination 

35 head includes cilia-like fibres disposed in a ring on 
said one face encircling said passageways to contain 
a layer of said solvent on said one interior surface 
during an ultrasonic decontamination operation. 

14. Ultrasonic decontamination robot apparatus 
40 according to claim 8, further comprising a flexible 

elastomeric boot disposed over said robotic arm 
between said body and said decontamination head 
to minimize contact of radioactive contaminants 
within said header with said robotic arm. 

45 15. Ultrasonic decontamination robot apparatus 
according to claim 8, wherein said decontamination 
head is removably attached to said robotic arm, and 
further comprising one or more tools which can be 
attached to said robotic arm in place of said 

50 decontamination head and coupled to said robotic 
controller means. 

16. Ultrasonic decontamination robot apparatus 
according to claim 15, wherein said one or more 
tools includes an inspection device for inspecting the 

55 inside of said header. 
17. Ultrasonic decontamination robot apparatus 

according to claim 15, wherein said one or more 
tools includes a manipulative device for performing 
repair and/or maintenance functions within said 

60 header. 
18. A method of removing radioactive contami-

nation from a primary fluid header of a steam 
generator between periods of active operation there-
of, substantially as herein described with reference 

65 to the accompanying drawings. 

19. Ultrasonic decontamination robot apparatus 
designed for removing radioactive contamination 
from a primary fluid header of a steam generator 
between periods of active operation thereof, sub-

70 stantially as herein described with reference to the 
accompanying drawings. 
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