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Introduction 

Problem Statement 
 

In the United States when a facility is declared as surplus, no longer needed, by the 

Department of Energy it is shut down and prepared for Decontamination and 

Decommissioning (D&D).  The decontamination and decommissioning is the safe 

decontamination, dismantling, removal of contamination and structures and the releases 

for reuses of the facilities that are no longer active. D&D is conducted by the Department 

of Energy on reactors, processing plants, storage tanks, laboratory facilities and other 

structures.   In the United Sates there are many facilities slated for D&D. In order to 

properly decommission a facility an assessment of the extent of the hazards and the type 

and nature of contamination are determined.  Chemical and radiological sensors as well 

as robotic samplers are used for facility characterization and to assist in the selection of 

the appropriate cleanup techniques required. When all the hazardous materials are 

removed, facilities that are not dismantled can be used for other activities or may be held 

for long-term monitoring.  Across the Department of Energy there are complexes that 

pose hazards which prevent the use of traditional manual techniques.  These hazards are 

radiological, chemical and structural.  In order to safely complete D&D work remotely 

operated technologies will be required.  The project covered in this paper is a remotely 

operated platform that is capable of coating a hot cell room with a fixative.  The fixative 

is capable of reducing the amount radioactive contamination being emitted from the 

walls, ceiling and floor. 

The decommissioning and decontamination of a hot cell facility normally requires that 

each hot cell be cleaned and stabilized to allow demolition to occur.  In the process 
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worker radiation exposure must be kept as-low-as-reasonably-achievable (ALARA) and 

without spreading radioactive contamination. One decontamination step usually consists 

of applying a fixative coating to all surfaces to hold contamination in place during 

demolition. 

 

Literature Review 
 
Recent studies on remotely available technologies for D&D activities, performed by 

Florida International University (FIU) and NuVision Engineering [2], concluded that 

there are no remotely operated technologies available to meet the need for the remote 

application of strippable or fixative coatings. The gap between the acknowledged needs 

and the available technologies is espically critical for hot cell facilities where physical 

access by workers is typically very limited and where ALARA and other safety hazards 

may prohibit human entry. FIU is currently working on identifying technologies suitable 

to meet specific facility D&D requirements and also assessing the readiness of those 

technologies for future field deployment; technology demonstrations of selected 

technologies are conducted at FIU-ARC facilities.  To meet the challenge for a 

technology to remotely apply strippable/fixative coatings, FIU identified and 

demonstrated a remote fixative sprayer platform.  FIU and Oak Ridge National 

Laboratory came up with and considered recommendations from the Savannah River Site 

(SRS) ALARA Center in the selection of typical fixatives [1] and designed a hot cell 

mockup facility for future demonstrations at FIU.   The university also built a hot 

cell mockup facility at the FIU technology demonstration and evaluation site in Miami.  

The robotic platform tested was the ICM Climber (International Climbing Machines 

Climber).   The testing of the ICM Climber with a custom spray applicator was done to 
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demonstrate a “proof-of-concept” under conditions similar to those actually found in a 

DOE hot cell facility. In the hot cell, objects commonly found in hot cells were 

incorporated during the demonstration. Included items such as a work table, ladder, 

conduit, 50-gallon drum, and a mounted electrical box were placed inside the facility. 

 

 
 

 

Figure 1: Hot Cell Mockup Facility Design
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Table 1: Hot Cell Mockup Surfaces Sprayed With Fixatives by ICM Climber [5] 
 

Surface Description Dimensions Number of 
Fixative Coatings 

Wall A Pre-existing long 
wall 

10’ x 20’ 2 coats 

Wall B Pre-existing short 
wall 

10’ x 10’ 2 coats 

Wall C Newly constructed 
long wall with 

window 

10’ x 20’ 1 coat 

Wall D Newly constructed 
short wall with 

entry door 

10’ x 10’ 0 coats (cameras 
were mounted to 

this wall) 

Floor Pre-existing floor 10’ x 20’ 1 coat 

 

Ceiling Pre-existing ceiling 10’ x 20’ 1 to 2 coats 

 
 

The vendor providing the platform was responsible for providing operators for the 

technology equipment.  The vendor was responsible for the fuel and maintenance as well 

as operation of the equipment. The testing protocol for the platform included the 

following: 

1. Trials of the ICM Climber where conducted into and through the hot cell mockup 

from the side entry point to gain familiarity with the mockup design by the 

operators and to determine if the technology could remotely gain entry into the 

hot cell. Also trials were done to determine how much of the hot cell interior was 

accessible by the platform.  The trial runs were also used to work out any 

logistical requirements of the technology, such as how to handle trailing electrical 

cords, objects inside hot cell, 50-gallon waste drum, work table and the electrical 

box with ½-inch conduit mounted on one wall. A setup area was built by the side 
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entry point and the area acted as the buffer zone between the “clean” and the 

“contaminated” areas. The buffer area consists of a radiological tent. 

2. Testing of the spraying mechanism outside of the hot cell mockup to ensure that it 

worked. The fixative was prepared according to the manufacturer technical data 

and application instructions. 

3. The platform was demonstrated utilizing the custom fixative spraying attachment 

in the hot cell mockup.  This demonstration was performed from the side entry 

point and performance was evaluated as per FIU’s test plan [3].  The surfaces 

sprayed included the 3 walls (excluding the entry point wall), the ceiling and the 

floor surface inside the hot cell mockup.  Table 1 provides information on the 

number of coats and the surfaces sprayed and Figure 1 provides the 3-dimensional 

diagrams of the hot cell mock-up. 

4. At the termination of the technology demonstration, the equipment dismantled 

and “decontaminated”.  The task was performed to document which parts are 

removable and what can not be reached for cleaning (decontamination). 

a. The need for equipment and personnel decontamination is highly field site 

specific and requires consideration of the following factors: 

i. types of onsite contaminants 

ii.  levels of contamination 

iii.  personal protection levels utilized 

iv. work activities performed 

v. evaluation/testing parameters 

b. The “decontamination” procedures were performed on all the equipment 

and accessories that entered the hot cell facility, as designated by ARC 

Test Engineer.  
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c. Decontamination consisted of: 

i. overall equipment clean up steps 

ii.  equipment disassembly steps 

iii.  equipment and accessories clean up 

iv. equipment’s cable removal & clean up 

v. collection/disposal of waste and consumables 

vi. PPE disposal/cleanup 

vii.  clean up material collection/disposal 

The Applied Research Center provided the following for the technology demonstration: 
 

·  Compressed air - 375 CFM at 110 PSI 

·  Electric - 110 volts 20 amp service. Three separate breakers were provided 

to operate:  

1. Climber and control station  

2. Vacuum  

3. Sprayer  

·  Trash disposal of items generated during demonstration 

·  Collection and disposal of secondary waste generated by the platform 

·  Receiving and shipping assistance of ICM technology and associated 

equipment (2 pallets) 

·  Fixative for the demonstration, an adequate amount to coat the interior 

walls and floor of the hot cell mockup as delineated in the test plan 

 
A hot cell mockup was constructed at the ARC’s Technology Assessment Facility for the 

demonstration of the platform.  The test facility is similar in size, construction materials, 

and points of access to those found around the various DOE complex.  The hot cell 

mockup is 10-ft wide x 20-ft long x 10-ft high and has an entry point at one end as well 

as a window on the side.  Two video cameras were installed inside the mockup facility 

for video collection during the demonstration. The walls were constructed from poured 

concrete and Plexiglas was then installed over the window cutout.  A temporary 



 
 

13 | P a g e 
 

radiological “tent” constructed of yellow laminated PVC plastic was set up as a buffer 

area next to the side entry point.  The tent  served as the preparation and staging area as 

well as the division between the “clean” and the “contaminated” areas.  

 

Figure 2: Hot Cell Mockup Facility and Yellow Buffer Zone Tent [5] 

 
Figure 3: ICM Climber [4]  
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Figure 4: ICM Climber Set-Up [4] 

 

Table 2: ICM Climber Specifications [4] 
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Project Formulation 

Overview 
 
The main purpose of the robotic prototype being developed is to be a less expensive 

alternative to the ICM Climber or to robotic manipulators currently at different DOE 

sites.  The technology being developed consists of a mobile robotic platform controlled 

from a computer by Futaba spread spectrum wireless communication system.  A gear 

pump is needed to supply the fixative to the nozzle and flexible tubing will be used as a 

connection between the pump and the robotic platform. The main component of the 

technology is the Lechler Whirling Nozzle 569 Series.  The nozzle is capable of spraying 

a liquid 360
, meaning that nozzle spins while it sprays the liquid.   The platform will be 

staged within the yellow buffer tent, its staring position and will enter the hot cell through 

a standard door measuring 7’ x 3’.  The platform will be guided into the room by the 

computer interface and depending on the dimension of the room the fixative will be 

applied in different zones as determined by room dimensions. 

 

Figure 5: Conceptual Design of Hot Cell Mock-Up (window: 4' x 4') 
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Project Objectives 

 
Testing of the Lechler whirling nozzle will be conducted to demonstrate “proof-of 

concept” under conditions similar to those actually found in a DOE hot cell facility. 

Objects commonly found in hot cells will be incorporated into the mock-up hot cell 

during the demonstration and will include items such as tables, ladders, cables, hoses, 50-

gallon tanks or drums, pipes, bottles, and beakers. This work constitutes an experimental, 

initial phase of method evaluation. Applied Research Center evaluators will be present at 

all times during the duration of the demonstrations to record performance data and take 

photographs and videos during the prototypes operation.  During the demonstration, ARC 

evaluators will gather data concerning the prototypes operation, performance, 

maintenance, health and safety, cost, benefits, and limitations. In addition, a hardcover 

laboratory notebook will be utilized to document the technology demonstration and 

evaluation.  FIU will be responsible for having operators for the technology equipment on 

hand.  The same operators will be available throughout the duration of the demonstration 

to ensure continuity of operation and consistency of comments and feedback.  FIU will 

be responsible for all transporting, fuel, maintenance, and operation of the technology 

equipment.  
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Testing of the prototype will include the following: 

Trials of the whirling nozzle will be performed to establish the required fixative flow rate 

as a function of the applied pressure and the fixative’s capability to coat the hot cell 

surfaces.  As the nozzle head revolves, it should coat the entire area with an effective 

amount of fixative. As pressure increases, relative droplet size decreases. If pressure is 

elevated too high, an ineffectual mist is created. The manufacturer recommends 

increasing flow rate rather than pressure as a more efficient method. Trial runs will also 

be used to work out any logistical requirements of the technology.  The fixative used will 

include Soil-Sement, Safegard, Bartlett PBS, or an equivalent fixative product. As 

necessary, food coloring will be added to tint the fixative to aid in evaluating coverage. 

The trial runs of the whirly nozzle will also be used to determine the optimal fixative 

dilution ratio. Demonstration of the whirling nozzle in the hot cell mock-up: 

 

The surfaces to be sprayed include 4 walls, the ceiling, and the floor: 

o Wall A – (long wall opposite window 10’x 20’)  

o Wall B – (short wall without entry 10’ x 10’) 

o Wall C – (newly constructed long wall 10’ x 20’ with window) 

�  The window will be covered with plastic prior to the demonstration. In 

addition, the exhaust fan installed on this wall will be disconnected from 

electrical power and covered with plastic during the active spraying. 

o Wall D – (short wall 10’ x 10’ with entry door) 

�  The entry in Wall D will be sealed with plastic sheeting prior to the 

demonstration.  
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o Floor – (10’ x 20’) 

o Ceiling – (10’ x 20’) 

�  The installed lighting fixture on the ceiling will be disconnected from 

electrical power and covered with plastic sheeting prior to the 

demonstration. 

 

At the conclusion of the demonstration, the entry door will be unsealed and a portable 

exhaust fan will be placed in the entry to assist in ventilating the hot cell and drying the 

fixative. The fixative will be allowed to dry before personnel will enter the hot cell to 

evaluate the coating effectiveness. At the conclusion of the demonstration, the equipment 

will be “decontaminated” with water, Simple Green (or equivalent) and disposable wipes.   

The need for equipment and personnel decontamination is highly field site –specific and 

requires consideration of the following factors: 

·  types of onsite contaminants 

·  levels of contamination 

·  personal protection levels utilized 

·  work activities performed 

·  evaluation/testing parameters 

 

The test “decontamination” procedures will be performed on all equipment and 

accessories that enter the hot cell mock-up, as designated by the ARC Test Engineer.  

 

The decontamination station may consist of the following: 
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·  overall equipment clean up steps 

·  equipment disassembly steps 

·  equipment and accessories clean up 

·  collection/disposal of waste and consumables 

·  PPE disposal/cleanup 

·  clean up material collection/disposal  



 
 

20 | P a g e 
 

Design Specifications 
 
Hot cells are a shielded containment. Hot cells are used in nuclear industries as well as in 

the nuclear medicines industries.  The hot cells main job is to provide workers with 

adequate protection from radioactive isotopes by providing a safe containment box in 

which the workers may control and manipulate required equipment.  In the case of the 

demonstration that will take place, the hot cell is the room that will be coated with the 

fixative.  The room (Figure 1) is comprised of four walls, ceiling and floor.  The current 

hot cell at FIU is equipped with two side manipulator ports that allow for robotic 

manipulators to enter and examine the room or be able to apply the fixative to the room.  

The device being done for this project is a mobile platform which carries the nozzle into 

the rooms remotely while the pump and the barrel of the fixative paint is outside with the 

operator, at a safe distance.  Because the platform is mobile it needs to be able to enter 

the room through the door way which is 7 feet tall and has a 3 foot wide base. Because 

these nozzles are originally meant to clean tanks two different spray methods are used, 

rinse and clean. The nozzle(s) being used has a rinsing diameter of 15 feet and a cleaning 

diameter of 10 feet. The hot cell room has a dimension of 10’ X 20’ X 10’.  Of course the 

nozzle is capable of rinsing out a tank with a diameter of 15’.  Lechler Inc. the 

manufacture of the nozzles had a suggestion of using two nozzles instead of one to 

perform the required task.  Their suggestion was to create two holes on top of the room 

10’ feet apart and lower the nozzles 2’ below the ceiling.  The suggestion was made so 

that the nozzles are capable of coating the room in an efficient manner.  The 

manufactures suggestion was taken into consideration and adapted to the mobile 

platform. The manufacturers’ suggestion is shown in Figure 6 (dimensions are in inches).  
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Figure 6 illustrates the room, from the top view, measuring 20’ feet by 10’ and it also 

shows the spray diameter of the nozzle.  As mentioned before, the nozzle is meant for the 

cleaning of tanks and is supposed to mainly run water with cleaning solution through it.  

Even though the fixative(s) that will be used do not have the same viscosity as water its 

specific gravity is between 1 and 1.2 and is soluble in water, meaning that the spray 

diameter might differ compared to flowing water in through the nozzle. The PBS fixative 

may be applied with industrial spray equipment, paint rollers or brushes.  The PBS is 

meant to seal contamination in place and is great for long term use and can be diluted in 

water [1].  The fixative does not have to be used at full strength, a mixture of 50 % water 

50% PBS may be used during the initial testing so that the flow of the fluid can be closer 

to that of water.  

 
 

Figure 6: Nozzle Spray Diameter in Hot Cell Mock-Up 
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Figure 7: Isometric View of Spray Diameter in Hot Cell Mock-Up (dimensions are in inches) 
 
 
The dimensions for Figure 7 are the same as Figure 6.  In order to properly provide a 

steady stream to the nozzle a pump is needed.  The pump needs to provide the nozzle 

with 50 – 100 psi of discharge pressure and be capable of providing a flow of 18 – 55 

gallons per minute.  The wide range of flow rate is because more than one nozzle will be 

tested.  Lechler Inc. manufactures the Whirling Nozzle 569 Series for different 

applications.  

Table 3: Lechler Inc. Whirling Nozzle Catalog [8] 
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Table 3 illustrates the different nozzles made by Lechler Inc that have a spray radius of 

15 ft.  All the nozzles shown have the same spray and cleaning diameters.  They differ on 

the spray angles which come in 270
 up, 270
 down and 360
.  180
 models are 

manufactured by request of the customer.  

  

Figure 8: Lechler Whirling  
 Nozzle NPT Threaded [8] 
 

 

  Figure 9: Lechler Whirling  
Nozzle Female Tube Slip-On 
 
 
 
 
 
 

The nozzle comes in four different mounting configurations.  

Each configuration changes the overall length of the nozzle.   

Figure 8 shows that the length of the nozzle is 4.06” using an  

female NPT threaded configuration. 

Figure 9 is the same nozzle but the mounting configuration 

for it is now a female tube slip-on.  As it can be seen the 

length of the nozzle increased from 4.06” to 5.16” due to 

the new fitting. 
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The base of the platform has to be wide enough to prevent the pressure of the nozzle from 

tipping it.  The current platform being used is the RHES platform, developed by The 

Hemispheric Center for Environmental Technology (HCET) , now known as the  Applied 

Research Center (ARC), a few years ago.  The RHES was equipped with a sonar-imaging 

scanner.  The sonar-imaging scanner uses a Polaroid ultra-sound transducer. The 

transducer rotated 90° with a servomotor while collecting range data. The system used for 

the RHES is a Milford Instruments OWL vision. The US imager was able to pick up 

objects between a range of 0.15m and 2.67m. Range data were transmitted wirelessly to a 

PC using radio modems and displayed with vendor-supplied software. The radio modem 

is capable of a transmission range of 1000 feet with a line of sight [6]. The following is 

taken from a report published by L.E. Lagos, I. Intriago and R.W. Rose: “The control 

system is the main component of the RHES. Its purpose is to receive, interpret, and 

execute commands for the RHES, transmit status (i.e., travel speed, direction, etc.) and 

radiological data, and control the drive system.  The control system has a PC104 SBC 

and 24-bit I/O Counter module. The PC104 SBC is simply an IBM PC-compatible 

computer with a much lower power requirement, limited memory resources (8 MB), and 

a smaller form factor of 5” x 5”.  The 24-bit I/O counter module is used to send control 

commands to the drive system.  Although programming of a PC104 SBC can be done 

without an operating system, it was decided to use an operating system. An operating 

system provides the software developer a readily available interface to the system 

hardware; therefore, the developer can concentrate on development of system 

“intelligence” rather than on routine hardware access. The operating system chosen for 

the RHES was the Linux operating system. Linux is freely available and requires no 
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licensing. This type of system was chosen for a prototype due to the fast development 

times; using smaller single-chip micro-controllers is much more time-consuming due to 

the lack of an operating system and the difficulty in debugging software. The drive 

system uses differential steering for navigation. The system is composed of two 12 VDC 

motors with plastic gearboxes. A single dual-motor “intelligent” motor driver drives the 

motors. This driver takes commands from the control system via an 8-bit interface and 

drives the motors accordingly [6].” The modular user interface was designed using Visual 

Basic. The user interface displays data transmitted from the RHES and transmits 

commands according to the function selected. The interface also stores data and status 

information to a text file for future analysis. Figure 10 below shows a screen capture of 

the actual user interface. 

 

Figure 10: RHES Control System GUI 
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Figure 11: RHES Platform in its Initial Condition 
 
 
Figure 11 shows the current condition of the platform.  As mentioned before the current 

design of the RHES may not be able to resist the moment created by the nozzle spraying.  

The nozzle needs to be 5’ of the ground and the platform is 1’4.5’’ above the ground.  

That means that there needs to be pipe connections between the platform and the nozzle. 

In order to reinforce the lid of the platform and to extend the base out aluminum angled 

bars will be used.  The bottom of the platform (Figure 12) will be extended by creating a 

C truss out of the aluminum bars.  The truss is 22” long, much longer than the RHES  

  

            Figure 12: RHES Underside 

which is 18” in width.  The truss will be 

connected to swivel caster wheel allowing 

only the two large wheels to actually motorize 

the movement.   
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Figure 13: C Truss 
 
Figure 13 above shows the C truss created for stabilizing the platform for when the 

nozzle turns on.   The Truss is made out of 1 22” aluminum angled bar and 4 8cm long 

pieces of the same aluminum bar. Figure 14 shows how the new frame will be mounted 

to the back caster wheel base. 

 
 

Figure 14: Wider Base with New C Truss 
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Figure 15: Platform Lid Reinforcement Bars 
 
The top of the platform, its lid, will carry most of the load which consists of a vertical 

PVC pipe that will be connected to the nozzle.  Within the nozzle and the PVC pipe a 

section of flexible hosing will connect the pump to the pipe.  

 

                           
 
  
 
 
 
 
 
 
 
 
 
 
 
 

                         Figure 16: Lid Dimensions (in inches) 

The dimensions of the lid are 

shown in Figure 16.  The Lid has 

a length of 24” and a width of 18’ 

with a thickness of .08”.  The 

aluminum bars will be bolted to 

the inside of the lid.  Because the 

bars are angled the lid will be  

harder to bend or deflect due to 

the lateral force created by the 

nozzle pressure. 
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The pump needed for the demonstration is a pump capable of providing between 18 to 55 

gallons per minutes and capable of having a discharge pressure of 50 – 100 psi.  Different 

kinds of pumps are currently being compared for this particular application.  Below is a 

centrifugal pump created in SolidWorks.     

 
 

Figure 17: Centrifugal Pump Created in SolidWorks 
 

 
Other pumps currently being analyzed include an in-line gasoline powered pump, electric 

pumps and submersible pumps.  As of the latest analysis the pump that will most likely 

be used is a gear pump.  A gear pump uses the meshing of its gears to pump the fluid 

being used by displacement. They are one of the most common types of pumps for 

hydraulic fluid power applications and also they are used in chemical installations to 

pump fluid with a certain viscosity. There are two main variations of the pump; external 

gear pumps which use two external spur gears and internal gear pumps which use an 

external and an internal spur gear. Gear pumps are fixed displacement, meaning they 



 
 

 

pump a constant amount of fluid for each revolution. Some gear pumps are designed to 

function as either a motor or pump.

Figure 
 

Figure 18 is an illustration of a gear pump but the actual pump that will be used. 

gears rotate and separate on the intake side of the pump, creating a void and suction 

which is filled by fluid used. 

the pump where the meshing of the gears 

gears and housing allows for very high pressures and the ability to pump highly 

fluids which is ideal for pumping the fixatives that will be used because their viscosities 

are much greater than that of water. 

 
Figure 

pump a constant amount of fluid for each revolution. Some gear pumps are designed to 

function as either a motor or pump. 

 

Figure 18: Gear Pump by Dayotn, Model 6NY6L 

 
Figure 18 is an illustration of a gear pump but the actual pump that will be used. 

separate on the intake side of the pump, creating a void and suction 

 The fluid is then carried by the gears to the discharge side of 

where the meshing of the gears forces the fluid forward. The design of the 

for very high pressures and the ability to pump highly 

is ideal for pumping the fixatives that will be used because their viscosities 

are much greater than that of water.     

     

Figure 19: Inner Mechanics of a Gear Pump 
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pump a constant amount of fluid for each revolution. Some gear pumps are designed to 

Figure 18 is an illustration of a gear pump but the actual pump that will be used. The 

separate on the intake side of the pump, creating a void and suction 

the discharge side of 

The design of the 

for very high pressures and the ability to pump highly viscous 

is ideal for pumping the fixatives that will be used because their viscosities 
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Figure 20: Gear Pump and Motor at ARC 
 
 

The Applied Research Center at Florida International University currently has a gear 

motor available (Figure 20) but the motor is not in working condition.  The motor, pump 

and all the documentation provided by the manufacturer will be used as a reference to 

sizing the proper motor and pump for the application intended.  

 

 
 

Figure 21: Gear Pump 
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Figure 22: Dayton Motor Rating 
 

Figure 22 shows the current rating on the Dayton motor.  It is capable of 1725 RPM and 

runs on 230 / 460 Volts. 

 
Figure 23: Flexible Tubing 

 
As previously mentioned the design calls for the use of tubing to connect the pump to the 

PVC pipe. Figure 20 above is the flexible tubing that will be used to connect the pump to 

the PVC pipe.   
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Design Alternatives 

Overview of Conceptual Designs Developed 

 

 
Figure 24: Platform Assembly 

 
Figure 24 illustrates a model view of the platform.  The platform consists of a plastic base 

and an outer shell for the housing of all the electrical connections (electrical connections 

not shown).  Figure 25 shows the arrangement of the left motor and wheel from the 

illustration in Figure 24. The right motor and wheel is a mirrored image of the left side 

configuration.  Figure 25 also illustrates the rear caster wheel and hole that it is set into 

place using 4 bolts and 12 long hex nuts. 
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Figure 25: Left Motor Wheel Arrangement and Rear Caster Wheel 
 

 
 

Figure 26: Platform with PVC Pipe and Nozzle Attached 
 
In order to properly spray the hot cell mock-up the nozzle has to be 5 feet above the 

ground.  The platform itself is 1.45 feet high and the nozzle is 4.06 in long.  That means 

that a PVC pipe 3.286 feet long is needed to complete the required height.  The required 

height was obtained from the manufacturer of the nozzle.  The nozzle is meant to work in 

either the right side up vertical position or the upside down vertical position without 

experiencing any losses due to gravity.  As it can be seen from Figure 26 the pipe is 

connected to the top lid of the platform with a flat plate that has an extruded hollow 

cylinder on it.  The height of the cylinder will depend on how much the pipe will deviated 

from the center axis when the nozzle is on and the pressurized fluid begins to flow 

through it.   
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Figure 27: Platform and Pump Connection 
 

The platform will enter the hot cell through a standard door frame and it will be 

controlled by a human operator through wireless routers taking its commands from a 

computer.  Trailing behind the unit will be flexible tubing (flexible tubing shown as a 

rigid connection in Figure 27).  The tubing will provide a connection between the pump 

and the platform where the fixative will flow through.  There is a need for bends and 

elbows in the connection line as well as a ball valve.  The ball valve will allow the user to 

choose what kind fluid will be flowing through the system.  Any of the three fixatives 

mentioned before may be chosen during the demonstration.  Water and a light cleaning 

solution is also need.  After the fixative is applied and the task required is complete the 

system needs to be flushed with water in order to prevent the fixative from drying and 

clogging the nozzle, the pump or the connection lines. 
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Design Alternative 

 

 
Figure 28: Alternative Platform Base (units are in inches) 

 
The base shown in Figure 28 is an alternative to the round base shown previously.   This  

base has a wider foot print than the one before allowing it to be much firmer and stable.  

A wider base allows for addition of more components and more nozzles.  For example if 

the nozzle is not able to reach all the spots in the room small robotic arms can be added to 

the wider platform with  nozzles as their end effectors.  The smaller nozzles would allow 

the user to finish or re-coat spots missed by the larger nozzle. The platform would move 

close enough to the wall and the robotic arm would move the smaller nozzle into place 

and recoat the section needed. This platform also has four motors rather than two 

allowing for more freedom in different directions.  The drawback to this platform is when 

it comes to a lot of objects in the room.  It would be harder for the platform to move 

around because of its wider base. 
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Feasibility Assessment 
 
This current project has a high feasibility outcome.  The need for this type of technology 

is great.  The Department of Energy needs to decontaminant a number of facilitates in the 

coming years.  The need for safe protection of workers around the area that is being 

worked on is a key aspect in the process of decontamination and decommissioning of 

faculties. 
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Project Management 
�

���������

In order to complete this project by the mid November demonstration for the Department 

of Energy representatives that will be at FIU a number of tasks need to be completed.  

The completion of the prototype reinforcement must be done and the proper pump and 

motor need to be obtained. The fixatives that will be applied also need to be purchased 

and the nozzles need to be tested.  All the simulation of the stresses on the platform and 

the pressure and flow rate through the nozzles need to be done as the prototyping takes 

place. 

��������
����������
������������������

The following tasks needs to be met in order to have a successful demonstration.  The 

platform needs to be reinforced with the aluminum angles.  That includes the platforms 

lid and the C truss being added to the back caster wheel.   All the electrical work needs to 

be rewired on the platform.  Because the platform was successfully used a few years ago 

most of its components were removed and stored for later use.  That included most of the 

wiring that leads from the batteries to the motors and most of the wireless connections.  

The camera that was originally on the platform needs to be reinstalled and wired back to 

the board.  The platform also needs access portals for the flexible tube.  Two holes need 

to be drilled into the plat form, one on its back side to let the hose in and the other on its 

lid for the hose to connect to the PVC pipe. A proper pump is needed that can transfer the 

fluid from its storage containers to the nozzle is needed along with an adequate motor 

than can drive it.  The amount of flexible tubing needs to be taken into consideration 
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depending on where the platform will travel during the demonstration.  The nozzles need 

to be modeled in a CAD program and the stresses due to the fluid need to be calculated 

and simulated before the demonstration.   

Breakdown of Responsibilities among Team Members 
 
The current team is made up of three Mechanical Engineering undergraduate students.  

Mario Vargas is responsible for all contact between DOE representatives and the 

company’s manufacturing the components.  He is also responsible creating all the CAD 

models.  As well as finding the proper equipment needed to complete the task at hand.  

Eduardo Zuniga is responsible for the electrical connections to the platform.  He is 

currently receiving assistance from different members of FIU’s electrical engineering 

department.  He will properly document all the connections for presentation purposes.  

All his documents will be added to the remaining appendices of this report. Aaron 

Mitchell is responsible for the machining of parts needed and also most of the task that 

are involved with reinforcing the current platform.  All the members will share the 

responsibilities of assembling the unit and all the connections needed.  All the team 

members will also share the responsibilities associated with theoretical calculations.  That 

includes analyzing the flow in the system given different fluid viscosities and pumps 

operating at different pressures.  The Gantt chart on the following page, goes into further 

details of the tasks at hand and the responsibilities for the team members.   

  



 
 
 

Figure 29: Gantt Char

Blue:   More than 1 team  member working at a time 
Green:   Work done by Mario Vargas 
Red:   Work done by Eduardo Zuniga 
Yellow: Work done by Aaron Mitchell 



Engineering Data and Analysis 

 

Structural Design 

 
Design alternative 1 was chosen as the main design that the rest of the report will focus 

on.  The structural design of the platform consist of two large pieces of sheet metal 

welded together to create an oval shape.  The welds help to reinforce the outer cover of 

the platform as does the oval shape (Figure 29). The inner base is made up of a thick 

rubber like plastic (PVC) (Figure 30) that is bolted to the outer shell by aluminum angles 

(Figure 31).  Four angles are used to hold the bottom base to the outer shell.  The angles 

have a thickness of .14 in and are 1 in high and 1.5 in across.  

 

 
 

Figure 30: Top View of Platform Outer Shell (dimensions are in inches) 
 
 
 
 
 
 
 
 

Weld point 

Weld point 
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Figure 31: Inner Base (dimensions are in inches) 
 
 
 

 
 
 

 
 

Figure 32: Aluminum Angles for Inner Base (dimensions are in inches) 
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As previously mentioned aluminum angled bars will reinforce the inside of the platforms 

lid to prevent the lid from caving in due to the pressure of the fluid exiting the nozzle and 

because of the components holding the nozzle and PVC tube together. Figure 26 shows 

that the PVC tube is connected to the platform by means of the cylinder plate but due to 

the availability of the part and the amount of moment that may cause the tube to move 

away from its center axis a new design will be used. Figure 32 illustrates the new design. 

   

 
Figure 33: Unistrut Support Frame  
         (dimensions are in inches) 

The base plate for the PVC tube is no longer 

needed.  A 3 foot piece of unistrut will now be 

used to elevate the nozzle to the 5 foot mark 

needed.  The unistrut will also allow the nozzle 

to stay centered while the fluid is running 

through the nozzle.  In order to mount the 

unistrut to the platforms lid, three angles are 

needed.  The PVC tube in the illustration is two 

feet long will be held on the unistrut by plastic 

straps.  On the top of the PVC there is a plastic 

PVC fitting. The fitting is ¾” and us meant to be 

used to connect the nozzle to the PVC tube.  The 

bottom of the PVC tube will have another 

connection for the flexible hosing.  Because of 

the addition of the unistrut the flexible hose will 

now run through the outside of the unit and not 

under the original base plate or inside of the 

platform. 
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Figure 34: Platform with Unistrut Support Frame 
 
 

Stress Analysis 
 
The addition of the unistrut to the platform will keep the nozzle and the PVC tube as 

centered as possible.  The following figures and tables show the resulting analysis for the 

unistrut support with the PVC tube attached and for the platform lid.  For the analysis of 

the unistrut and the PVC assembly, 304 stainless steel was assumed to be the material for 

the unistrut and rigid PVC was used for the PVC tube.  As previously mentioned the 

nozzle will have a PVC ¾” NPT fitting on it in order to attach the rigid PVC tube to.  For 

the purposes of the analysis neither the nozzle nor the fitting were used.   
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Pressure, P, is defined as the force per unit area applied in the direction perpendicular to 

the surface of an object and gauge pressure is the pressure relative to the local 

atmospheric or the ambient pressure.  

� � �
�

�
     where:  P is the pressure, F is the normal force and A is the area.   

� � ��� 	 ,    and the radius of the PVC tube is ½ in.  so:  

� � ��� 	  = � 

�

	
�

	
 = .7853981634 in2 

For the PVC tube the cross sectional area is .785398163 in2 and the pressure being 

applied to the cross sectional area 60 psi.   

� � �
�

�
 ����
 ��� � ��   =  � � ��  = 60 

�� �

�� �  � � �����������
	 � ��� � !""#�$% &  

 

 

Figure 35: Static Analysis on  
    PVC Tube and Unistrut 

Figure 34 is the static analysis diagram of the support 

frame that will hold up the nozzle.  As mentioned the 

nozzle and the fitting were not used in the model of the 

analysis because their equivalent forces where applied to 

the top of the PVC tube.   The three arrows on the top of 

the PVC tube represent the force of the nozzle on the cross 

sectional area of the PVC.  The restraints are shown on the 

bottom of the frame, where the angles meet the top lid of 

the platform.  Also included is the restraint the PVC has in 

respect to the unistut.  In reality there is no restraint on the 

bottom of the PVC tube because the tube is strapped to the 

unistrt with the aid of plastic ties.  The analysis was 

performed with 60 psi as well as 100 psi. 
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Figure 36: Factor of Safety (FOS) for Nozzle Support at 60 psi 

 
 

Figure 35 is the resulting FOS for the nozzle support frame.  After running the static 

analysis on SoildWorks the FOS of the frame is 66. That exceeds more than the needed 

FOS because of the unistrut frame selected, it uses to much material, and because the 

force applied by the nozzle if not too large. 
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Figure 37: Displacement of PVC Due to Nozzle Pressure at 60 psi 
 

 
Figure 36 is the actual displacement or deformation n that the rigid PVC tube goes 

through due to the nozzle pressure.  The scale shows that the amount of deformation is 

negligible, .0001277 m which is .005027 inches. The small deflection is due to the 

placement of the restraints on the bottom of the PVC tube in the model analysis.  Again it 

is important to take into consideration that there will not actually be any restraints at the 



 
 

48 | P a g e 
 

bottom.  Instead there will be straps holding the tube to the unistrut.  The placement of 

the straps will be done in a way to ensure that there will be no vertical movement of the 

PVC tube. 

Fluid Analysis 

 
The Bartlett Polymeric Barrier System (PBS) is a non-toxic water based solution. The 

fixative forms and impermeable barrier between the hazardous materials and the 

environment. The manufacturer states that the fixative can be applied to any surface to 

lock down any loose contamination and prevent any leaching of contaminants after 

decontamination efforts. PBS is normally used to stabilize large plant components, 

concrete, valves, and other problematic radwaste items prior to shipment. When the 

manufacturer was contacted, the fixative was described as being a latex paint.  Its 

composition is the same as regular house hold paint and is described as having the same 

thickness so it was assumed that the viscosity of the fixative is close to the viscosity of 

paint used for drywall. In the literature review the ICM Climber is mentioned as being the 

only previous technology tested at FIU.  For that demonstration two other fluids were 

tested along with the PBS fixative.  Sherwin Williams Paints makes the Promar 200 and 

the DTM (Direct to Metal) paints.  The test group working on the ICM Climber 

demonstration suggested using the Promar 200 as a similar fluid to that of the PBS.  After 

contacting Bartlett Inc. the current price of the fixative was obtained.  Five gallons of the 

fixative have a cost $261 while 5 gallons of the Promar 200 are $161.  The nozzle itself 

will pump out anywhere from 11 – 18 GPM. In order to properly demonstrate the nozzle 

at least 55 gallons are needed and the fixative itself will cost well over $2500.   The 

substitute paint will be used for the demonstration of the technology.  The Promar 200 
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and water will be used for the hot cell demonstration.  After contacting the Sherwin 

Williams Paints’ product information department, the viscosities of the Promar 200 and 

the DTM were obtained.   

Within the paint industry, viscosity is commonly measured with a Zahn cup.  With the 

use of the cup the efflux time is determined and given to the customer. The efflux time 

can also be converted to kinematic viscosities (cSt) with the use of conversion equations. 

A Ford viscosity cup measures the rate of liquid flow. Also used in paint industries, a 

Stormer viscometer uses load-based rotation in order to determine viscosity. The 

viscosity is reported in Krebs units (KU), which are unique to Stormer viscometers. 

Kerbs Units  

 

 

Figure 38: Stromer Viscometer 
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In liquids, viscosity is an internal property that offers resistance to flow.  Viscosity is the 

fluid resistance to shear or flow and is a measure of the adhesive, cohesive or frictional 

fluid property. The resistance is caused by intermolecular friction exerted when layers of 

fluids attempt to slide by one another.  Dynamic viscosity is the force per unit area in the 

tangential  that is required to move one horizontal plane with respect to the other one at a 

unit velocity, while the distance apart is kept the same by the fluid. Kinematic viscosity is  

Is the ratio of absolute viscosity to the mass density.  

 

Promar 200: 
 
The Promar 200 has ranges from 89 – 95 KU. And its density is 12.49 lb/gal.  Because 

the density is given in lb/gal it needs to be converted to standard units. 
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The values above where converted with the aid of conversion tables and on-line 

calculators.  The values are shown in both English unit and SI units.  Pump vendors in the 

United States work with either centStokes (kinematic viscosity, SI units) or in centiPoises 

(absolute viscosity, SI units) ; the value for the kinematic viscosity shown above needs to 

be converted to centiStokes.  
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The above equation can be used to solve for the kinematic viscosity of the paint, but 

because centoStokes is in SI units the rest of the variables also need to be in the same 

units. 
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DTM (Direct to Metal):  
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To make sure that the values obtained are correct values the following chart was used and 

linear interpolation was done to compare results obtained to those previously calculated. 

 

Table 4: ANEST IWATA USA, Inc. Viscosity Conversion Chart [10] 
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“ANEST IWATA USA, Inc. is the North American subsidiary of ANEST 

IWATA Corporation in Japan, which is a leading manufacturer specializing in 

painting equipment, turnkey coating systems, air compressors and high-end dry 

vacuum pumps.” [11] 

Using the values from Table 4 the following interpolations were performed. 

 

Table 5: Selected Values from Table 4 
 

cP KU SSU 
1000 85 4600 
Cpro 89.1 SSUpro 
1200 92 5620 
1400 95 6480 
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If the pump is set to deliver the paint at 18 GPM and the area of the inlet of the nozzle is 

3/4 “ and assuming that all five apertures of the nozzle are added together to create on 

exit for the nozzle and that it points directly opposite to the inlet then the following 

calculations can be done. 

Aperture size of the nozzle: .1435 in, total area of aperture openings: 
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The head loss though the nozzle is provided by the manufacturer and it depends on the 

amount of pressure the pump is applying.  

 

Analyzing the flow at 11 gal/ min yields the following head loses and work the motor 

produces: 

Head loss in a 10 ft flexible hose 4078 and 1760 W for the motor.  When the Bernoulli 

equation is taken into account the head loss and motor work are the dominant variables. 
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Component Selection 

 
Due to the viscosity of the paint and the required pressure the following pump was 

selected: 

 

 

 
 

Figure 39: Dayton 6NY89 Gear Pump and Specifications 
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The selection of the motor is determined by the amount of horse power needed by the 

pump.  Again the viscosity of the paint influences the motor selection. 

 

 

 
 
 

Figure 40: 3 HP Motor Model 1EBW9 and Specifications  
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The flexible hose selected is 100 ft long and is capable of handling 150 psi.  Most of the 

tubing that transfers the paint is either PVC rigid material or PVC flexible plastic.  

  

 

Figure 41: Braided Tubing, PVC, Flexible, 3/4 in ID, Grainger Model # 4HMO6 
 
 
The fittings that connect the tubing to the pump, valve and rigid PVC tubing that feed the 

nozzle are barbed brass fittings and hose clamps will be used to tightly secure the fitting 

to the hose. 

 

 

Figure 42: Hose Barb, Grainger Model # 1TBX8 
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Figure 43: Hose Clamp, Marine, SS, SAE 12, Grainger Model # 1XHB8 
 
The motor is controlled by an inverter, which lets the user regulate the rev/min the shaft 

of the motor can perform which in turn controls the gears inside of the positive 

displacement gear pump.   In order to achieve give the nozzle the proper flow rate it 

needs and the proper working pressure a 3 way ball valve will be added to the system.  

The valve will be in the closed position, not letting any paint or water reach the nozzle, 

letting the paint/water return to the tanks.  Once the rev/min of the shaft can be controlled 

to provide the proper amount of flow the valve will be opened and the water/paint will 

travel to the nozzle. 

 

Figure 44: Three Way Ball Valve, 3/4 in NPT, Brass, Grainger Model # 1PZA2 
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Figure 45: 3 Way Ball Valve Illustration, Open and Closed Sections 
 

	�����
������  

 
The Lechler nozzles were ordered and received, their original quote is provided below.   

The quote list the four types of nozzles purchased. 

 
 

Table 6: Lechler Inc Whirling Nozzle Quote 
 

Table 7 shows the quote obtained from Grainger.  The quote contains the pump, motor, 

couples inverter and the urethane insert for the couples. 
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Table 7: Grainger Components Quote (pg 1) 
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�

 

 

Table 8: Grainger Components Quote (pg 2) 
 
 
As previously mentioned the platform was constructed by the Applied Research Center 

six years ago.  The cost of the platform currently can not be found.  A guess to the full 

cost of the platform is anywhere between $1500 - $2500. Most of the remaining 

components were bought at The Home Depot, which include the small caster wheels and 

the aluminum bars, the PVC tube and the fittings that go with it.  The total cost of the is 

$150. 

  



 
Table 9: Itemized Cost Analysis 
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Prototype Construction  
 

Parts List 
 

The following table shows the components list for the platform and the pump  and motor 

assembly.  The table below is still subject to change depending on additions to the paint 

delivery system needed and whether or not there will be a feed loop for the paint.  

Because the motor and pump will not run at the speed needed immediately after turning it 

on, there needs to be a feed loop that will run the paint back into the barrels.  Once the 

motor has warmed up the three way valve will route the paint to the platform at the 

required psi and the GPM needed. 
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Table 10: Parts List 
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Construction  

 
The platform is currently constructed but because the unit was previously stored for a 

long period of time the electrical components needed to be rewired.  The prototype has 

currently been reinforced with the C truss needed and all the holes for the supporting 

aluminum bars have been done. Once the unistrut piece is frilled into it will be bolted to 

the lid of the platform with the aid of the angles. The OVC fitting connections have been 

added to the PVC tube and will be strapped to the unistrut once the unistrut is added to 

the platform. 
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Testing and Evaluation 
 

Nozzle and Platform Testing 
 
The platforms current condition is much better than when it was originally; Most of the 

re-wiring of the platform has been done.  All the wires were removed and re -tighten to 

the buses inside the unit.  Most of the connection the platform previously had are still 

needed except for those that were there for radiation detection.  When the platform was 

originally tested only one of its motors was receiving electricity and a signal from motor 

controller. After reviewing the original schematics, the connections that were redone 

seemed to match those of the electrical drawing.  After testing the individual motors by 

directly giving them current, bypassing the motor controller, both motors seemed to work 

and the wheels turned forward.  In the recent weeks the communication between the 

platforms wireless modems and the modem connected to the computer was checked.  The 

Hyper Link Terminal is established but there currently is no communication between the 

platform and the computer.  More work has to be done on the program that controls the 

platform to see where the problem between modem communications may lie. The nozzle 

has yet to be tested.  Once the inverter is correctly connected to motor and all the 

connections between the pump and the motor are done the nozzles will be tested using 

water.  Once there is a demonstration of water spraying from the nozzle the next liquid to 

be tested will be the paint. 
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Design of Experiment 
 
Before testing the nozzle with paint some experiments will be done with water first.  The 

viscosity of water is 1 cP and the paint is around 750 cP.  There are numerous advantages 

to testing the nozzle with water first. The water will allow the verification of all the 

connections made.  The flexible tubing purchased does not bring any pipe fittings at the 

end so the fittings have to be connected to them. The fittings also need to be held in place 

by worm hose clamps.  Even though the brass fittings have barbed ends the hose clamps 

allow for tighter fit between the hose and barbs.  With the water running through the 

system first any leaks due to bad connections can be detected and redone.  During the 

testing phase with the water a few calculations were done and flow rates were determined 

depending on how fast the motor was rotating the gear pump. As previously mentioned 

the inverter controls the speed of the shaft (Figure 45) and the display on the LED screen 

shows the current speed that the motor is working at, Figure 46. 

 
Figure 46: FRENIC-Mini Inverter, Connections for 230 V 
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Figure 47: FRENIC-Mini Control Pad 

 
 

Table 11: FRENIC-Mini Function Control 
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Figure 48: Allocation of Terminals on Inverter 

Water Testing Results and Data  

 
According to the instruction manual provided by Fuji Electric, the default LED display 

on the inverter corresponds to the rev/min the 3-phase motor is working at.  A 30 gallon 

tank was filled with water and was used to determine the flow rate coming out of the 

other end of the hose (100 ft), before cutting the hose into the sections needed for the 

actual demonstration of the unit.  With the information provided on the LED screen of the 

inverter the following data was collected and the flow rates with water and 100 ft of hose 

were determined.  

 

Figure 49: Pump and Motor Assembly with Hose 
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Figure 50: Male 3/4 in Barbed Brass Fitting with Hose Clamps 
 
 

 
 
 

Figure 51: Flexible Hose Representing 100 ft of Hose Length 
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Table 12: Flow Rate Values for Water

 
 
The LED indicator on the inverter can reach up to 60 rev/min.  In order to achieve a 

reasonable flow rate with the water only about half of the inverters capability was used 

because the pump is meant for high viscosity liquids anything exceeding 40 rev/min with 

the use of water would be over kill for the experiment.  A 20 gal tank was filled with 

water and three different settings for the motor speed were used, 15, 30, and 35 rev/min. 

After starting the pump up at any of the selected motor speeds the time it took to pump 

the 20 gallons of water were recorded.  
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From table 11 it can be seen that as the speed of the motor increased the flow rate of the 

water also increased.  The pump is capable of pumping 20 gpm but for the test with the 

water such a high flow rate isn’t needed. The water testing was done without the direct 

use of the nozzle.  The hose end that is to be used for the nozzle was un coupled form its 

fitting and was placed inside a tank.  During the test with water it was noticed that as the 

flow rate increased the nozzle head would spin less and less.  The operating pressure for 

the nozzle is between 15 – 40 psi and as a maximum of 80 psi.  So as the flow rate 

increase the pressure decreases.  The flow increased so much around 50 rev/min that 
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there wasn’t a stream of water exiting the nozzle anymore.  The droplet size significantly 

decreased so much that a mist was created and in turn the nozzle head would not spin as 

well anymore.  Due to the complexity of the nozzle head design the pressure loss due to 

the water flowing through it is not able to be found or calculated.  Because the flow rate 

was measured directly from the outlet of the hose end that will feed the nozzle all the 

pressure losses due to friction and connection fittings are included in the flow arte.  After 

the of the water was determined the platform was set in the hot cell and plastic was 

wrapped around it to protect the electrical components from being exposed to the water.  

Once the platform was properly sealed with the use of duct tape and plastic the hose end 

was connected to the PVC pipe and the test with water at a flow rate of 14 gpm was 

performed.   

 

Figure 52: Platform in Hot Cell 
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Figure 53: Platform with Plastic Cover in Hot Cell (1) 
 

 
 

Figure 54: Flexible Hose and Rigid PVC Female MNPT 3/4 in Coupler 
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Figure 55: Platform in Hot Cell with Nozzle Height of 5 ft 
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With the connection between the pump and the nozzle complete the testing of the spray 

radius of the nozzle was performed. The platform was set up 5 ft from the inner most wall 

of the hot cell. The inverter was set to 35 rev/min which corresponds to 14 gpm of water 

flowing through the pump. The water was stored in the same tank as the one used for the 

flow rate test.  The tank was filled up to 30 gallons.  After the motor was turned on the 

pump pumped 8 gallons of water in 47 seconds.  8 gallons of water were enough to spray 

the three inner walls of the hot cell.  The two corners in the hot cell where the nozzle was 

closets to were coated in water and the almost all the floor had a puddle of water above it.  

The amount of water on the floor was due to the waters inability to stay in the wall.  

Because the water is in no way as viscous as paint almost all of it ran down the wall and 

collected on the floor. Even though there was a lot of water on the floor the walls had 

enough water on them to show that at that flow rate and pressure more than half of the 

rooms walls were coated with water. The section of roof right above the nozzle did not 

have a good layer of water on it.  Due to the nozzles design there is no water stream 

leaving directly above the nozzle.  The roof around the nozzle did have water on it but 

not as one anticipated it would.  The water did not seem to reach the roof as much as it 

did for the highest corners of the room.  Even though the corners of the room did have 

water on them the sections of roof directly above the corners did not.  The cause of the 

lack of water reaching the roof may be due to the design of the nozzle, the nozzles 

original tank cleaning purpose and the fact the water has to fight gravity in order to reach 

the roof.  During the 47 seconds that the nozzle was displacing the water around the room 

the platform remained in the same spot.  If the platform were to move closer to the 

corners of the room as the nozzle worked surely there would be a better coverage of the 
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water on the roof.  After the first test of the nozzle actually spraying water inside the hot 

cell facility the height of the nozzle was increased to six feet to see how the unistrut 

support frame and the rigid PVC would react.  The flow rate of the water was increased 

to its maximum to see if the new height of the nozzle would provide a better coverage of 

the roof and whether or not there would be a greater moment applied to the rigid PVC 

and the unisrtut support.  As the water first reached the connection between the flexible 

hose and the rigid PVC it was noticed that there was a slight and momentary movement 

of the unistrut support.  That is due t o the fact the water runs up to the nozzle and crashes 

within the hollow are of the inside of the nozzle.  The force of the jet coming out of the 

rigid PVC and hitting the inside of the nozzle is enough to move the unistrut PVC 

assembly of its center axis.  As the water continues to flow out of the nozzle, the force of 

the jet is canceled out by the turning of the nozzle head.  The nozzle head tends to 

stabilize itself as the water comes out of the apertures of the nozzle creating a smooth 

turing nozzle head that doesn’t create a large moment on the unistrut support.  
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Paint Testing Results and Data 

 
The whole purpose of the project is to design a robotic platform that is capable of 

entering a radioactively contaminated area and apply fixative to the room.  The prototype 

designed is one that will provide a proof of concept for that proposed idea.  After the 

water was tested the hot cell facility was prepared for the next test that involved the paint. 

Four five gallon buckets of paint were purchased for the initial round of paint testing.  

The initial test plan for the paint test is to use 5 gallons of paint diluted with enough water 

to aid the pump in the transfer of the liquid.  The paint purchased was drywall paint, 

white, and it is water based latex paint.  The paint was diluted with about 2 gallons of 

water.  Along with the water added 29.5 FL OZ of “canary yellow” paint was mixed in to 

the 5 gallons of white paint to create a yellow paint. In total a little less than 8 gallons of 

diluted yellow paint was used to coat part of the room. Like the flow rate testing done for 

the water, flow rate test were performed with the paint. 

Table 13: Flow Rate Test with Paint 
 

 

A few things to notice from table 12; the length of the hose is no longer 100 ft. It is now 

30 ft of hose for testing the flow rate.  Because the 100 ft of electrical wire was acquired 

the pump and motor can be moved closer to the hot cell and the length of hose can now 

be cut down to shorter lengths. Also from the table it can be seen that as the speed of the 

motor shafts incased the speed of the steel gears in the pump the speed of the fluid 
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reached a point where the flow rate could no longer increase. As previously mentioned as 

the flow rate increases the pressure decreases; which was evident with the water test.  

When the gear pump was pumping its at its highest speed the water exited the nozzle but 

the nozzle ceased to rotate; the water was exiting the nozzle so fast that there was a loss 

in pressure that led to the nozzle head no longer rotating.   

 

 
 

Figure 56: Pump and Motor Assembly with 3 Way Valve for Flow Rate Paint Testing 
 

For the testing of the paint the three way ball valve was installed into the tube flow 

design.  The valve was initially meant to keep the paint pressure and flow rate stable 

throughout the travel through the nozzle.  It was first thought that the motor was going to 

start at low speed and a bypass was needed to reroute the paint back into its original tanks 

in order to give the motor and the pump enough time to warm up and reach the speed and 
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pressure needed to make the nozzle work.  When the testing with the water was done it 

was noticed that the horse power of the motor removed the need for the valve.  Because 

the length of the hose was cut into different lengths, there is now a shorter distance for 

the paint to travel through and losses due to friction between the pipe wall and the paint 

are also reduced.  The 3 way valve was left in place to divert the flow between the nozzle 

and the a second test tank (Figure 55).  The data collected for Table 12 was performed 

with the valve in place.  Once the pump started moving the paint from one tank to 

another, the initial round of paint testing started.  All the fitting connections were 

inspected to make sure that no leaks were detected.  Also the because the hose selected 

for the application was selected in a clear see thru color the hose was also inspected to 

make sure that the viscous boundary layer of the paint was not to great to reduce the flow 

of the paint thru the hose and cause a clog or reduce the rate at which the paint would 

flow through it.  

 
 

Figure 57: Paint Tank with Yellow Paint 
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Figure 56 illustrates the new paint color created from the mixture of the “canary yellow” 

and the white paint.  The same tank was used to pour in the yellow paint with the blue.  

The original white color of the paint can be seen on the sides of the bucket and it can be 

compared to the new yellow color created.   

 

Figure 58: Ventilation Fan Cover 
 
After testing the flow rates of the paint at different revolutions of the shaft the mock up 

hot cell facility needed to be prepared for the exposure to the paint. The hot cell  has one 

window one 4 ft by 7 ft window, two manipulator port holes and one access hole for a 

ventilation fan. All the paint being tested needs to stay inside the hot cell facility.  All the 

port holes needed to be covered with plastic.   Figure 57 illustrates the technique used in 

covering the port holes. Two rolls of 10ft by 25 ft plastic tarp were purchased.  Pieces of 

the tarp were cut in rectangular sections to cover the port holes.  Duct tape was used to 

hold the plastic to the walls.  The first time the plastic was put up it would not stay up.  
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Long pieces of tape were used to hold them up but also would not stick to the wall.  The 

plastic was put up again with smaller pieces of tape and slits were made on the plastic 

with a knife.  Because the port holes let air in from the out side any wind blowing tended 

to push the plastic and remove the tape of the walls.  After the slits were made he plastic 

stayed up.   

 

Figure 59: Hot Cell Window with Protective Plastic Cover 
 
Figure 58 illustrates the same plastic and tape technique was used to cover the Plexiglas 

on the window.   The drawback to putting tape on the window is that the ability to look 

into the room is much more difficult.  For future testing ionization of the Plexiglas could 

turn out to be a better alternative to the plastic.  While the nozzle is working the ionized 

particles in the window would repel the oppositely charged particles in the paint.   
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Figure 60: Plastic Coverings on Port Holes, Exhaust Fan Access Hole and Plexiglas Window 

 
 
The plastic serves more than one purpose for the testing. It protects the exhaust fan and 

the Plexiglas from the paint and the water, it keeps both fluids inside the room and it can 

also allow the evaluators to see the coverage of the actual paint and the way that it hits 

the wall.  Plastic was also set up in the entrance of the hot cell (Figure 60) to keep the 

cameras and equipment on the other side clean from flying paint particles  
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Figure 61: Mock Up Hot Cell Doorway Plastic Cover 
 

Video and pictures were taken of the actual paint testing of the nozzle.  The first test 

consisted of running the motor at 35 rev/min for 10 seconds. Because a flow meter cannot 

be used to determine the flow of the paint the same data that was collected for the paint 

flow rate test was used.  For the paint flow rate test it took 39 seconds to empty out the 7 

gallons of paint at 35 rev/min.  That is why the first test in the hot cell started at 35 

rev/min.  The rest inside the hot cell was done for 10 .3 seconds but the spray the first 

half of the room but the outcome was not very good. 
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Figure 62: Paint Coverage After First Test at 35 Rev/Min for 10 Seconds 
 

From Figure 61 it can be seen that the paint coverage was not adequate when the pump 

was ran at 35 rev/min, providing a flow rate of 12.3 gallons per minute.  Form the figure 

it looks like the room was just splattered wit paint. There are parts of the wall that have 

no paint on them while the parts directly adjacent to them do.  The speed of the motor 

was increased for the next test to 45 rev/min.  The user is able to program the inverter to 

automatically start a certain speed.  The speed was set to 45 rev/min but the paint came 

out so fast that the nozzle head did not rotate.  After letting the paint  run out for 35 

seconds the motor was turned off.  The rest of the experiment was done by manually 

increasing the speed of the motor with the inverter. With the increase in speed for the 
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motor the flow rate out of the pump actually decreased.  With the decrease in flow rate 

there was an increase in the pressure for liquid exiting the nozzle right before the liquid 

actually reaches the aperture of the nozzle. 

 

Figure 63: Paint Coverage After First Test at 45 Rev/Min for 32 Seconds 
 
After the room was coated the first time the second test lasted longer than 10 seconds.  

The test actually lasted about 30 seconds.  With the new flow rate and pressure in the 

tubing a better coverage area was obtained.  From Figure 62 it can be seen that the nozzle 

covered most of the wall right in front of it, except for some dry section along the corners 

and more than half of the walls on its side.  The floor of the hot cell was completely 

covered, that included the area right under the robot. Only the first section of the room 

was tested due to the positioning of the video camera.  In order to capture any video the 



 
 

85 | P a g e 
 

camera need to be as far from the nozzle as possible, but still be able to see it.  If the 

platform were moved to the next half of the room no video would be recorded due to the 

plastic on the door way and due to the fact that if the plastic were removed the outside 

floor near the hot cell would also be coated.  From the results from the first section of the 

room it is safe to say that the second half would also be covered in the same way.  

 

Figure 64: Hot Cell Inner Walls Before Paint Was Applied 
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Figure 65: Hot Cell Window Wall Before Paint Applied 
 
 

 
 

Figure 66: Hot Cell Entrance Wall Before Paint Was Applied 
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Figure 67: Hot Cell Inner Walls after Paint Test 
 

 
 

Figure 68: Hot Cell Window Wall after Paint Testing 
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Figure 69: Hot Cell Entrance Plastic Cover after Paint Test 
 
Figure 68 illustrates how far the paint reached after it came out of the nozzle.  The 

platform was set 15 ft away from the entrance but the paint still managed to reach the 

plastic set up at the entrance. The paint on the plastic at the entrance is not adequately 

distributed but it does show that the pump pressure applied to the nozzle is capable of 

reaching the 15 ft radius provided by the manufacturer of the nozzle. 
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Figure 70: Outside of Hot Cell Window 
 
The distribution of paint closer to the nozzle differs greatly as Figure 69 illustrates.  The 

plastic covering both port holes and the window protected the openings from the paint.  

The first port (left port hole) was not coated as much as the second port hole.  Even 

though it does have an adequate coverage on it, it is not as good as the second port hole.  

The paint coverage on the window shows how the nozzle distributes the paint as it shots 

it out.  Of course the farther from the nozzle the more the coverage begins to decrease.  

Compared to the paint coverage from the entrance the window has a better coverage.   
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Figure 71: Hot Cell Ceiling after Paint Test 
 
The ceiling of the hot cell was the only surface that did not receive a good coverage.  The 

nozzle design may be responsible for that.  Of course the paint has to work against 

gravity to make it up to the ceiling.  Like the testing with the water the ceiling is only 

covered directly above the nozzle.  The area of the ceiling that is farther away from the 

nozzle does not receive any coverage even though the walls do.  The floor was covered 

much better than the ceiling was (Figure 71).  That is mainly due to the amount of excess 

paint that dripped of the wall and the seconds before and after the nozzle head began to 

spin.  For those few seconds the nozzle head does not spin, due to the lack of pressure, 

and only streams of paint come out of it. During the testing with the paint, when the 
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nozzle first starts to spin there is a stream coming out of it which later breaks up as the 

droplet sizes start to decrease.   

 

Figure 72:  Floor Paint Coverage after Paint Test 
 
The paint testing inside the hot cell was done in one day and as previously mentioned 

only one section of the hot cell was tested (Figure 72). A representation of the coverage 

area of the hot cell is illustrated in Figure 72.  



 
 

92 | P a g e 
 

 
Figure 73: Paint Coverage in Hot Cell 

 

Evaluation of Experimental Results 
 
The results of the experiment provide a good feedback of the coverage area that the 

nozzle can provide when either liquid is used.  The best data that can be collected from 

the experiment is visual data.  The data collected from the water test and the paint test 

and the visual data seen give the impression that the hot cell can be coated with paint 

with the use of a spinning nozzle. The paint was diluted with about 2 gallons of water 

giving it a 5 to 2 ratio.  In order to properly evaluate if the amount of water used was too 

little or too much could not be determined the same day.  If too much water was added 

there would be an excess amount of runoff on the floor the next day.  A period of 24hrs 

was given to the room before any one could reenter due to the amount of paint on the 

floor and the fumes that were in the room.  The room needed to be properly ventilated 

before anyone could spend more than a couple of minutes inside of it.  The next day, the 

room was re-visited and a series of photographs were taken for documentation purposes.   
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Figure 74: Hot Cell Floor 24hrs after Paint Test 
 

24hrs after the testing in the hot cell with the paint, the performance of the prototype was 

evaluated. The floor of the hot cell still had a lot of paint on it and was not yet dry.  The 

extra paint is most likely excess paint that dripped down from the walls over night.  The 

walls of the hot cell were dry but it no longer had an adequate coverage of pain ton it.  

Wall B, the short wall without the entrance in it, had clear run off lines. 
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Figure 75: Short Wall Opposite Entrance 24hrs after Paint Test 
 

All of the extra paint on the floor due to run off paint can be attributed to over diluting 

the paint.  The visual results obtained from the previous day had clear differences in it. 

The run off lines can also be seen on the plastic used to cover the window (Figure 75) and 

the plastic used to cover the port holes (Figure 76).  The experiment will be done again, 

using paint that is less dilated than before.  For the next experiment there will be more 

colored paint cans and the cameras will be repositioned so that the whole hot cell facility 

can be painted.   
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Figure 76: Plastic on the Window 24hrs after Paint Testing 
 

 
 

Figure 77: Plastic on Port Holes 24hrs after Paint Testing  
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Improvements of the Design 

 
The original control system for the platform was a wireless connection between the 

platform and a computer.  During the testing of the unit it was discovered that the modem 

in the robots chassis was not detecting the output signal from the computer.  After 

diagnosing the connections and the program in the robots computer it was determined 

that the wireless connections were in working order.  The only other component that may 

cause problems for the motor control is the actual motor controller.  The motor controller 

may not be in working order and may be sending a constant “forward” signal to the 

motors by sending constant voltage to them without ever actually receiving any signal 

from the computer.  Because the unit does need to be controlled by the operator two 

toggle switches were added.  Each switch controlled an individual motor, similar to the 

way that tanks drive.  By varying which switch is on or off the unit can either go forward, 

backwards, swivel left or right.  While the platform moves in the backward position the 

wires that connect the switches to the motors keep getting tangled on the rear caster 

wheels.  For the testing the wires needed to be lifted up slightly in order to back up the 

platform properly. A system needs to be added to the back of the unit to lift the wires up 

or move them out of the way of the caster wheels. Also during the testing once the floor 

was coated with paint, it took a while for the wheels to pick up the traction they need to 

move the platform.  That can be fixed by the adaptations of larger wheels. The ceiling of 

the hot cell is not getting the proper coverage.  Two smaller nozzles can be added, 

straight stream nozzles that can spray a stream up.  An extendable boom can also be 

added to the platform.  The boom will move in the vertical direction to help cover the 

ceiling better and the corners missed.  
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Design Considerations 
 

Assembly and Disassembly  

 

The inverter and pump need to be connected first to ensure that the connection are done 

correctly.  Because the motor does work on 230V the plug needs to be a 250V plug and 

the electrical wire from the motor to the inverter needs to be a 4 pole 10 gage wire.  

 

 
 

Figure 78: Inverter Connection to Motor 
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Figure 79: Inverter to Wall Plug Connections 
 
Figure 78 shows the connections between the plug and the inverter.  The wire required 

for the connection is a 10 gauge 3 pole rubber wire.  The inverter needs to be powered by 

a 240V source and in turn powers the motor.  The plug has a ground connection and two 

live connection, black and white, and is connected in the same manner to the inverter.  

The power connections for the inverter from the plug are also ground, green, G and the 

two live wires are white, L1, T1 and black L2, T2 
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Figure 80: Inverter and Motor Connection 
 
From figure 79 it can be seen that the motor is sitting on two 2 ft pieces of unistrut and 

that a third one connects the two pieces together.  The third piece of strut is also there to 

align the shafts between the pump and the motor.  The strut does not make up for all of 

the difference in height so a few washers were put in place under the pump.  
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Figure 81: Motor and Pump Assembly 
 

 

 
Figure 82: Side View of Motor and Pump Assembly 
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From Figures 80 and 81; two couples are used to join both shafts with a plastic couple 

between both of them.  The two LoveJoy couples are used because the shafts have 

different diameters.  

 

Figure 83:Hose and Fitting Connection for Pump 
 
The pump has an inlet side and an exit side.  After both sides of the flexible hose are cut 

the brass barbed fittings need to be screwed into the pump, with tephlon tape to create a 

seal. Then hoses need to be pushed need to be placed over the barbed fitting and held in 

place with hose clamps.  
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Figure 84: Three way Valve Connection 
 
Next the three way ball valve needs to be connected.  Again all three brass barbed fittings 

are inserted into the valve with the sealant tape on it and their hoses clamp down to them.

 

Figure 85: Hose for Platform Connection  
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Next the hose that leads to the platform is then connected to rigid PVC by a female ¾ in 

coupler and lastly the height of the nozzle is adjusted with wire straps. 

 
 

Figure 86:Hose To Rigid PVC Connection 
 

Maintenance of the System 

 
There are a few things to keep in mind when it comes to maintaining the system.  Most 

important of all is to flush out the system with water immediately after the task is 

complete. Water needs to run through the system at a high speed and at high pressure to 

ensure that all of the paint is taken out off all the piping, nozzle and pump.  The water 

needs to run until the nozzle begins to expel clear water from it.  Because the pump 

housing is made of cast iron the inside of the pump will begin to rust.  It is very important 

that the pump is flushed out with water before the nozzle is used to avoid getting any rust 
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in the nozzle.  Fittings and connections need to be checked to ensure that there are no 

leaks in the system.  The motors on the underside of the platform need to be inspected to 

ensure that no paint gets on them or their electrical connections.  The platform itself 

needs to be cleaned offal paint and dry of all water spots on its surface. Finally the wires 

that connect the batteries and switches to the motors need to be inspected to make sure 

that they are still connected properly.  

Environmental Impact 
  

The proof of concept testing performed at FIU has to be done in such a way to keep the 

paint inside of the hot cell facility.  At no time is the paint to come in contact with the 

grass area directly in front of the test facility.  All clean up of all components need to be 

done on the concrete of the test facility.  The dirty water that results from cleaning the 

components and nozzles need to be kept 50 gallons tanks and proper disposal of the water 

needed to be done by the universities maintenance services.   All waste that is generated 

from the construction of the platform also needed to be collected in the proper trash 

receptacle. 

Risk Assessment   
 
The biggest risk to the operators of the prototype is from the electrical power source.  All 

the connections between the inverter and the motor were checked over by an electrical 

engineer.  The connections were inspected numerous times before the power cord was 

plugged in.   Another risk factor has to do with the pump, if the hose there to come of the 

barbed fittings or if there were a leak somewhere in tubing there could be a risk of 

electrical shock as well as the risk of being struck by a higher pressure fluid.  The robotic 
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platform also poses a risk. The motors on the platform provide a high torque.  If not 

properly controlled the platform might run into something or someone.  
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Conclusion 
 

Conclusion and Discussion 

 
After completing the preliminary testing of the whirling nozzle it is clear that another 

round of test is needed to determine how much paint is actually needed to adequately 

cover the hot cell.  The Department of Energy representative attended the demonstration 

of the technology with the water test.  The paint was not acquired in time when the 

evaluator visited FIU.  Along with the senior design team the evaluator will collect on the 

performance of the technology. For the next paint demonstration both section of the hot 

cell facility will be tested. Before the actual demonstration there needs to be a barrier set 

up to hold the paint inside the hot cell when the first section is tested.  When the water 

testing inside the hot cell was completed, the water ran out of the facility after a few 

hours.  That also contributed to the decision of only testing the nozzle with paint only in 

one section for the purposes of the senior design project.  For the senior design data 

collection, if both sections would have been tested there would have been an over flow of 

paint exiting the hot cell running out towards the concrete walk way and eventually the 

grass area around the hot cell (Figure 86).  From the test with the paint it is noticeable 

that the too much water was used in the dilution process.  For the next testing phase less 

than 2 gallons of water need to be used.  That will cause more paint consumption but it 

will increase the coverage area because the paint will stick better to the walls. The area of 

the floor closets to the nozzle received the best coverage, even under the platform, but 

again it is noticeable that the paint was diluted too much because one big puddle of paint 

began to form during the testing and still remained for 3 days after the testing.   
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Figure 87: Adjacent Area to Hot Cell 
 

Commercialization Prospects of the Product 
 
Actual deployment of the product cannot take place yet.  There are still numerous aspects 

to the technology that need to be re-evaluated and redesigned.  The wireless control of the 

platform is the biggest problem faced right now.  Even though the direct connections 

made to the motors to serve their purpose when it comes to controlling the platform for 

the testing purposes if actual objects were placed in the room the cables would easily 

become tangled.  The wireless control is vital to the performance and mobility range of 

the platform.  Additional sensors need to be added to the platform, ultrasounds, IR sensor 

and cameras.  The cameras and the ultrasound will aid in the navigation of the platform.  

The ultrasound will detect and objects in the platform s path and would also provide 
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information on how close the platform is to a wall.  The hot cell facility at FIU is only a 

mock up, there are numerous hot cells around the different DOE complexes  that have 

varying dimensions.  A system that will aid in the changes of nozzles could also be added 

to the platform to make it a universal platform for the different facilities.  This project 

was partially financed by the senior design team but the bulk of the finances came from 

the universities Applied Research Center. The final verdict on using the product or 

commercialization of it will be decided by the Department of Energy, The Applied 

Research Center and the university.  

 Future Work  

 
As mentioned in the previous sections the technology is not flaw free.  From the testing 

of the technology it was concluded that the concept did work.  A battery of test is still 

need to determine how effective it is and whether or not it is a better alternative to other 

technologies. Paint testing will continue, using different dilution ratio’s for the paint 

would provide more data for the area covered by the paint.  Whether or not a full strength 

of the paint will be used or not is another possibility when it comes to evaluating the 

amount of paint that sticks to the walls without creating to much excess dripping on the 

floor. The platform itself will be re-deigned to handle more sensors on it and possibility 

different size nozzles for the different sections of the room. Addition of radiological 

sensors would help in determining if the room is properly coated and whether or not it is 

accessible to workers. The first round of testing with the paint in the room proved that the 

nozzle can spray room very effectively but there are still sections in the room that were 

not adequately covered.  The testing was also done with the platform staying in one 

position the whole time.  Of course the platform is mobile and it can be moved around 
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while or after the first section is sprayed.  Data can be collected on the best positions for 

the platform to be in to provide a better converge area of the room.  Because this was a 

proof of concept experiment the actual Bartlett fixative was not used due to its high cost.  

Rather than purchasing 50 gallons of the fixative the test were performed with regular 

paint meant for application of indoor home walls. Once the experiment is redone and all 

parties involved agree that the platform and nozzle adequately covers the room with the 

regular paint the fixative would be the next step in the experiments.  With the fixative on 

the wall, measurements can be done to determine the amount of coats the walls need 

before a person can access the room.  
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Appendix A: ALARA Center Fixative Sheet 
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Appendix B: Bartlett Inc.  PBS Material Safety Data Sheet 
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Appendix C: Bartlett Inc. PBS Data Sheet 
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Appendix D: Tank Cleaning Nozzle Spray Areas 
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Appendix E: Lechler Whirling Nozzle Series 569 Specifications 
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Appendix F: Development Efforts 
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Appendix G: Engineering Drawing 
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Appendix H: Motor Specifications 
 
 

 


