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Introduction

Problem Statement

In the United States when a facility is declaredsagplus, no longer needed, by the
Department of Energy it is shut down and prepared Decontamination and
Decommissioning (D&D). The decontamination and atemissioning is the safe
decontamination, dismantling, removal of contamoraand structures and the releases
for reuses of the facilities that are no longenvactD&D is conducted by the Department
of Energy on reactors, processing plants, storagkst laboratory facilities and other
structures. In the United Sates there are maailities slated for D&D. In order to
properly decommission a facility an assessmenhefeixtent of the hazards and the type
and nature of contamination are determined. Chalnaicd radiological sensors as well
as robotic samplers are used for facility charé&zaéon and to assist in the selection of
the appropriate cleanup techniques required. WHerntha hazardous materials are
removed, facilities that are not dismantled cam$ged for other activities or may be held
for long-term monitoring. Across the Departmentksfergy there are complexes that
pose hazards which prevent the use of traditioraalual techniques. These hazards are
radiological, chemical and structural. In ordersadely complete D&D work remotely
operated technologies will be required. The progawered in this paper is a remotely
operated platform that is capable of coating adetitroom with a fixative. The fixative
is capable of reducing the amount radioactive cuimation being emitted from the
walls, ceiling and floor.

The decommissioning and decontamination of a hbtfaelity normally requires that

each hot cell be cleaned and stabilized to allomal#ion to occur. In the process
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worker radiation exposure must be kept as-low-asaeably-achievable (ALARA) and
without spreading radioactive contamination. Oneotiéamination step usually consists
of applying a fixative coating to all surfaces toldh contamination in place during

demolition.

Literature Review

Recent studies on remotely available technologmesX&D activities, performed by
Florida International University (FIU) and NuVisioBngineering [2], concluded that
there are no remotely operated technologies avail@bmeet the need for the remote
application of strippable or fixative coatings. Th&p between the acknowledged needs
and the available technologies is espically critica hot cell facilities where physical
access by workers is typically very limited and vehALARA and other safety hazards
may prohibit human entry. FIU is currently working identifying technologies suitable
to meet specific facility D&D requirements and alassessing the readiness of those
technologies for future field deployment; techngloglemonstrations of selected
technologies are conducted at FIU-ARC facilitiesSTo meet the challenge for a
technology to remotely apply strippable/fixative atogs, FIU identified and
demonstrated aemote fixative sprayer platform. FIU and Oak Rad@lational
Laboratory came up with and considered recommenaafrom the Savannah River Site
(SRS) ALARA Center in the selection of typical fikees [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 demoasitn and evaluation site in Miami.
The robotic platform tested was the ICM Climbertéhnational Climbing Machines

Climber). The testing of the ICM Climber with astom spray applicator was done to
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demonstrate a “proof-of-concept” under conditiomsilsr to those actually found in a
DOE hot cell facility. In the hot cell, objects comnly found in hot cells were
incorporated during the demonstration. Includedngesuch as a work table, ladder,

conduit, 50-gallon drum, and a mounted electriced Wwere placed inside the facility.

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

Surface Description Dimensions Number of
Fixative Coatings
Wall A Pre-existing long 10’ x 20’ 2 coats
wall
Wall B Pre-existing short 10’ x 10’ 2 coats
wall
Wall C Newly constructed 10’ x 20’ 1 coat
long wall with
window
Wall D Newly constructed 10’ x 10’ 0 coats (cameras
short wall with were mounted to
entry door this wall)
Floor Pre-existing floor 10’ x 20’ 1 coat
Ceiling Pre-existing ceiling 10" x 20’ 1to 2 coats

The vendor providing the platform was responsilde providing operators for the
technology equipment. The vendor was responsdrl¢hke fuel and maintenance as well
as operation of the equipment. The testing protdool the platform included the
following:

1. Trials of the ICM Climber where conducted into @ahtbugh the hot cell mockup
from the side entry point to gain familiarity witthe mockup design by the
operators and to determine if the technology caaldotely gain entry into the
hot cell. Also trials were done to determine howchof the hot cell interior was
accessible by the platform. The trial runs wersoalised to work out any
logistical requirements of the technology, suclhas to handle trailing electrical
cords, objects inside hot cell, 50-gallon wasterdrwork table and the electrical

box with ¥2-inch conduit mounted on one wall. A getwea was built by the side
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entry point and the area acted as the buffer zateden the “clean” and the
“‘contaminated” areas. The buffer area consistsratismlogical tent.
. Testing of the spraying mechanism outside of thechlb mockup to ensure that it
worked. The fixative was prepared according tortrenufacturer technical data
and application instructions.
. The platform was demonstrated utilizing the custorative spraying attachment
in the hot cell mockup. This demonstration wadqrered from the side entry
point and performance was evaluated as per Fll$sgkan [3]. The surfaces
sprayed included the 3 walls (excluding the entinpwall), the ceiling and the
floor surface inside the hot cell mockup. Tabl@rbvides information on the
number of coats and the surfaces sprayed and Flgpirevides the 3-dimensional
diagrams of the hot cell mock-up.
. At the termination of the technology demonstratithe equipment dismantled
and “decontaminated”. The task was performed toudeent which parts are
removable and what can not be reached for clegdiegpntamination).

a. The need for equipment and personnel decontammatibighly field site

specific and requires consideration of the follogvfactors:

i. types of onsite contaminants
ii. levels of contamination
lii.  personal protection levels utilized
iv.  work activities performed
v. evaluation/testing parameters

b. The “decontamination” procedures were performedalbrihe equipment
and accessories that entered the hot cell faceisydesignated by ARC
Test Engineer.
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c. Decontamination consisted of:

i.  overall equipment clean up steps
ii.  equipment disassembly steps
li.  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 followiorgthe technology demonstration:

Compressed air - 375 CFM at 110 PSI
Electric - 110 volts 20 amp service. Three sepdretgakers were provided
to operate:

1. Climber and control station

2. Vacuum

3. Sprayer
Trash disposal of items generated during demortrat
Collection and disposal of secondary waste gengtatehe platform
Receiving and shipping assistance of ICM technolagy associated
equipment (2 pallets)
Fixative for the demonstration, an adequate amanirtoat the interior

walls and floor of the hot cell mockup as delinéatethe test plan

A hot cell mockup was constructed at the ARC’s Tetbgy Assessment Facility for the
demonstration of the platform. The test facilgysimilar in size, construction materials,
and points of access to those found around thewsrDOE complex. The hot cell
mockup is 10-ft wide x 20-ft long x 10-ft high ahds an entry point at one end as well
as a window on the side. Two video cameras westlied inside the mockup facility
for video collection during the demonstration. Thalls were constructed from poured

concrete and Plexiglas was then installed over whedow cutout. A temporary
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radiological “tent” constructed of yellow laminat&d/C plastic was set up as a buffer

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

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

\ w}:\

Figure 2: Hot Cell Mockup Facility and Yellow Buffer Zone Tent [5]
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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 beingettgped is to be a less expensive
alternative to the ICM Climber or to robotic mangors currently at different DOE

sites. The technology being developed consisis wiobile robotic platform controlled

from a computer by Futaba spread spectrum wiraedessmunication system. A gear
pump is needed to supply the fixative to the noazid flexible tubing will be used as a
connection between the pump and the robotic platfofrhe main component of the
technology is the Lechler Whirling Nozzle 569 Ssrié'he nozzle is capable of spraying
a liquid 360 , meaning that nozzle spins whileptag/s the liquid. The platform will be

staged within the yellow buffer tent, its staringsgion and will enter the hot cell through
a standard door measuring 7’ x 3. The platfornii v guided into the room by the

computer interface and depending on the dimensiothe room the fixative will be

applied in different zones as determined by roomestisions.

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

Testing of the Lechler whirling nozzle will be caraded to demonstrate “proof-of
concept” under conditions similar to those actudtiynd in a DOE hot cell facility.
Objects commonly found in hot cells will be incorated into the mock-up hot cell
during the demonstration and will include itemstsas tables, ladders, cables, hoses, 50-
gallon tanks or drums, pipes, bottles, and beaHdns. work constitutes an experimental,
initial phase of method evaluation. Applied Reskaenter evaluators will be present at
all times during the duration of the demonstratiomsecord performance data and take
photographs and videos during the prototypes ojparaDuring the demonstration, ARC
evaluators will gather data concerning the protesypoperation, performance,
maintenance, health and safety, cost, benefits liemthtions. In addition, a hardcover
laboratory notebook will be utilized to document tkechnology demonstration and
evaluation. FIU will be responsible for having ogters for the technology equipment on
hand. The same operators will be available througthe duration of the demonstration
to ensure continuity of operation and consistencgoonments and feedback. FIU will
be responsible for all transporting, fuel, mainteseg 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 ¢éstablish the required fixative flow rate
as a function of the applied pressure and the ifi@at capability to coat the hot cell
surfaces. As the nozzle head revolves, it shoalt the entire area with an effective
amount of fixative. As pressure increases, relatikaplet size decreases. If pressure is
elevated too high, an ineffectual mist is creat@the manufacturer recommends
increasing flow rate rather than pressure as a mifi@ent method. Trial runs will also
be used to work out any logistical requirementgheftechnology. The fixative used will
include Soil-Sement, Safegard, Bartlett PBS, oreguivalent fixative product. As
necessary, food coloring will be added to tint fixative to aid in evaluating coverage.
The trial runs of the whirly nozzle will also beedasto determine the optimal fixative

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

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

o] Wall A — (long wall opposite window 10’x 20’)
o] Wall B — (short wall without entry 10’ x 107)
0 Wall C — (newly constructed long wall 10’ x 20" Witvindow)

The window will be covered with plastic prior toetldemonstration. In
addition, the exhaust fan installed on this walll we disconnected from
electrical power and covered with plastic during #ctive spraying.

0] Wall D — (short wall 10’ x 10’ with entry door)
The entry in Wall D will be sealed with plastic stieg 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 wibe disconnected from
electrical power and covered with plastic sheetipgor to the

demonstration.

At the conclusion of the demonstration, the entoprdwill be unsealed and a portable
exhaust fan will be placed in the entry to assistentilating the hot cell and drying the
fixative. The fixative will be allowed to dry befmersonnel will enter the hot cell to
evaluate the coating effectiveness. At the conetusif the demonstration, the equipment
will be “decontaminated” with water, Simple Greem ¢quivalent) and disposable wipes.
The need for equipment and personnel decontammaéibighly 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 perfed on all equipment and

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

The decontamination station may consist of theofaithg:
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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
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Design Specifications

Hot cells are a shielded containment. Hot cellsused in nuclear industries as well as in
the nuclear medicines industries. The hot cellsnnm@b is to provide workers with
adequate protection from radioactive isotopes loviding a safe containment box in
which the workers may control and manipulate respliequipment. In the case of the
demonstration that will take place, the hot celthe room that will be coated with the
fixative. The room (Figure 1) is comprised of famalls, ceiling and floor. The current
hot cell at FIU is equipped with two side manipafaports that allow for robotic
manipulators to enter and examine the room or ke tabapply the fixative to the room.
The device being done for this project is a mopiform which carries the nozzle into
the rooms remotely while the pump and the barr¢heffixative paint is outside with the
operator, at a safe distance. Because the platfomobile it needs to be able to enter
the room through the door way which is 7 feet é@tl has a 3 foot wide base. Because
these nozzles are originally meant to clean tanksdifferent spray methods are used,
rinse and clean. The nozzle(s) being used hasmgniameter of 15 feet and a cleaning
diameter of 10 feet. The hot cell room has a dineensf 10’ X 20’ X 10’. Of course the
nozzle is capable of rinsing out a tank with a dégen of 15. Lechler Inc. the
manufacture of the nozzles had a suggestion ofgusu® nozzles instead of one to
perform the required task. Their suggestion wasréate two holes on top of the room
10’ feet apart and lower the nozzles 2’ below théiy. The suggestion was made so
that the nozzles are capable of coating the roomann efficient manner. The
manufactures suggestion was taken into consideratiod adapted to the mobile

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

shows the spray diameter of the nozzle. As meatidsefore, the nozzle is meant for the
cleaning of tanks and is supposed to mainly ruremaith cleaning solution through it.

Even though the fixative(s) that will be used da have the same viscosity as water its
specific gravity is between 1 and 1.2 and is s@uhbl water, meaning that the spray
diameter might differ compared to flowing watertlmough the nozzle. The PBS fixative
may be applied with industrial spray equipmentnpaollers or brushes. The PBS is
meant to seal contamination in place and is g@alohg term use and can be diluted in
water [1]. The fixative does not have to be useflilastrength, a mixture of 50 % water

50% PBS may be used during the initial testinghst the flow of the fluid can be closer

to that of water.

Figure 6: Nozzle Spray Diameter in Hot Cell Mock-Up

21|Page



Figure 7: Isometric View of Spray Diameter in Hot Gll Mock-Up (dimensions are in inches)

The dimensions for Figure 7 are the same as Fi§urén order to properly provide a
steady stream to the nozzle a pump is needed. plilmp needs to provide the nozzle
with 50 — 100 psi of discharge pressure and bebdaps providing a flow of 18 — 55

gallons per minute. The wide range of flow ratbeésause more than one nozzle will be

tested. Lechler Inc. manufactures the Whirling Nez569 Series for different
applications.
Table 3: Lechler Inc. Whirling Nozzle Catalog [8]
; Flow Rate Di Dim.
iﬁ;i Ordering no. (Gallons Per Minute) g{l B
q Type Connection lires | (in) (in.)
per
/4" /4" " " minute
Female NPT | Slip-on Slip-on Tri-Clamp |20 psi | 40 psi | 60 psi| 2 bar
270°up | 569.055.1Y BL TFO7 TF10 10 11 | 158 | 18 | 48 | 225 | 239
569. 135. 1Y BL TFO7 TF10 10 16 | 22 | 27 | 71 | 225 | 239
569. 195. 1Y BL TFO7 TF10 10 21 | 30 | 37 | 97 [ 225 | 239
270° down | 569. 056. 1Y BL TFO7 TF10 10 11 | 15 | 18 | 48 | 225 | 2.39
% 569. 106. 1Y BL TFO7 TF10 10 13| 18 | 22 | 58 | 1.78 | 1.78
569. 196. 1Y BL TFO7 TF10 10 21 | 30 | 37 | 97 | 225 | 239
360° | 569.059.1Y BL TFO7 TF10 10 11| 15 | 18 | 48 | 225 | 2.39
569. 139. 1Y BL TFO7 TF10 10 16 | 22 | 27 | 71 | 225 | 2.39
569.199. 1Y BL TFO7 TF10 10 21 | 30 | 37 | 97 | 225 | 239
569. 279. 1Y BL TFO7 TF10 10 32 | 45 | 55 | 145 | 225 | 230
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Table 3 illustrates the different nozzles made bgHler Inc that have a spray radius of
15 ft. All the nozzles shown have the same spralyceaning diameters. They differ on
the spray angles which come in 270 up, 270 dowmd &860. 180 models are

manufactured by request of the customer.

21.38" =—{

The nozzle comes in four different mounting confagions.
Each configuration changes the overall length efribzzle.

Figure 8 shows that the length of the nozzle i§4u8ing an

female NPT threaded configuration.

3/4" FEMALE NPT
THREADED

Figure 8: Lechler Whirling
Nozzle NPT Threaded [8]

2188 Figure 9 is the same nozzle but the mounting candiion
[
for it is now a female tube slip-on. As it can $een the
| length of the nozzle increased from 4.06” to 5.16¢ to
— 516"
the new fitting.
s °
\\1@/ |

- po5v |

@ 2.39"

1" FEMALE TUBE
SLIP-ON

Figure 9: Lechler Whirling
Nozzle Female Tube Slip-On
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The base of the platform has to be wide enoughewent the pressure of the nozzle from
tipping it. The current platform being used is REIES platform, developed by The
Hemispheric Center for Environmental Technology BH¢, now known as the Applied
Research Center (ARC), a few years ago. The RH&Sequipped with a sonar-imaging
scanner. The sonar-imaging scanner uses a Polatt@sound transducer. The
transducer rotated 9@vith a servomotor while collecting range data. $kistem used for
the RHES is a Milford Instruments OWL vision. Th& Umager was able to pick up
objects between a range of 0.15m and 2.67m. Raaigenkre transmitted wirelessly to a
PC using radio modems and displayed with vendopigg software. The radio modem
is capable of a transmission range of 1000 fedt witine of sight [6]. The following is
taken from a report published by L.E. Lagos, lriago and R.W. Rose: “The control
system is the main component of the RHES. Its mepe to receive, interpret, and
execute commands for the RHES, transmit status {iavel speed, direction, etc.) and
radiological data, and control the drive systermhe Tontrol system has a PC104 SBC
and 24-bit /0 Counter module. The PC104 SBC ispgman IBM PC-compatible
computer with a much lower power requirement, lgditnemory resources (8 MB), and
a smaller form factor of 5” x 5”. The 24-bit I/@unter module is used to send control
commands to the drive system. Although programnoihg PC104 SBC can be done
without an operating system, it was decided to arseperating system. An operating
system provides the software developer a readilgil@ve interface to the system
hardware; therefore, the developer can concentate development of system
“intelligence” rather than on routine hardware ascelhe operating system chosen for

the RHES was the Linux operating system. Linuxreelfy available and requires no
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licensing. This type of system was chosen for d@gtype due to the fast development
times; using smaller single-chip micro-controll&gsnuch more time-consuming due to
the lack of an operating system and the difficuttydebugging software. The drive
system uses differential steering for navigatione Bystem is composed of two 12 VDC
motors with plastic gearboxes. A single dual-mdintelligent” motor driver drives the
motors. This driver takes commands from the corgystem via an 8-bit interface and
drives the motors accordingly [6].” The modular nisgerface was designed using Visual
Basic. The user interface displays data transmiftedh the RHES and transmits
commands according to the function selected. Therface also stores data and status
information to a text file for future analysis. Big@ 10 below shows a screen capture of

the actual user interface.

i, RHES Control Panel |
— Incoming
Speed Direction CPM /200 =g cm 3840

— Control Center

v

A
. u@m
\ 4

Speed CFr/ 200 s cm
Logging to File: |Te:4t1 |
. r— Configuration
TCP Port Part Config |
Consale Off | Stop D'ata Transmission Shut down COM Part Start Save |

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 platfo As mentioned before the current
design of the RHES may not be able to resist thenemb created by the nozzle spraying.
The nozzle needs to be 5 of the ground and thdopha is 1'4.5” above the ground.

That means that there needs to be pipe connedigtmgeen the platform and the nozzle.
In order to reinforce the lid of the platform armdextend the base out aluminum angled
bars will be used. The bottom of the platform (Feg12) will be extended by creating a

C truss out of the aluminum bars. The truss isl@a¢, much longer than the RHES

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.

Figure 12: RHES Underside
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Figure 13: C Truss
Figure 13 above shows the C truss created for liztialgi the platform for when the
nozzle turns on. The Truss is made out of 1 2&haum angled bar and 4 8cm long

pieces of the same aluminum bar. Figure 14 showsthe 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 the load which consists of a vertical

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

section of flexible hosing will connect the pumpthe pipe.

9

-
\ -

Figure 16: Lid Dimension@n 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.



The pump needed for the demonstration is a pumabtaf providing between 18 to 55
gallons per minutes and capable of having a digghpressure of 50 — 100 psi. Different
kinds of pumps are currently being compared fos fgarticular application. Below is a

centrifugal pump created in SolidWorks.

Figure 17: Centrifugal Pump Created in SolidWorks

Other pumps currently being analyzed include alnm-gasoline powered pump, electric
pumps and submersible pumps. As of the latesysisathe pump that will most likely
be used is a gear pump. A gear pump uses the mgeshits gears to pump the fluid
being used by displacement. They are one of thet mm®mon types of pumps for
hydraulic fluid power applications and also theg arsed in chemical installations to
pump fluid with a certain viscosity. There are tmain variations of the pump; external
gear pumps which use two external spur gears aednad gear pumps which use an

external and an internal spur gear. Gear pumpdieed displacement, meaning they
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pump a constant amount of fluid for each revolutiSome gear pumps are designe:

function as either a motor or pur

Figure 18: Gear Pump by Dayotn, Model 6NY6L

Figure 18 is an illustration of a gear pump but #ttual pump that will be useThe
gears rotate andeparate on the intake side of the pump, creatingié and suctiol
which is filled by fluid usedThe fluid is then carried by the gearshe discharge side «
the pumpwhere the meshing of the gedorces the fluid forwardThe design of th
gears and housing allovigr very high pressures and the ability to pumphhjicviscous
fluids whichis ideal for pumping the fixatives that will be dskeecause their viscositi

are much greater than that of wa

Figure 19: Inner Mechanics of a Gear Pump
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Figure 20: Gear Pump and Motor at ARC

The Applied Research Center at Florida Internatidsaiversity currently has a gear
motor available (Figure 20) but the motor is noworking condition. The motor, pump
and all the documentation provided by the manufactwill be used as a reference to

sizing the proper motor and pump for the applicatigended.

Figure 21: Gear Pump
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Figure 22: Dayton Motor Rating

Figure 22 shows the current rating on the Daytomomolt is capable of 1725 RPM and

runs on 230 / 460 Volts.

Figure 23: Flexible Tubing
As previously mentioned the design calls for the aftubing to connect the pump to the
PVC pipe. Figure 20 abovs the flexible tubing that will be used to conndw 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 platforithe platform consists of a plastic base
and an outer shell for the housing of all the eleak connections (electrical connections
not shown). Figure 25 shows the arrangement ofl@éfiemotor and wheel from the
illustration in Figure 24. The right motor and wheea mirrored image of the left side
configuration. Figure 25 also illustrates the reaster 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 Cater Wheel

Figure 26: Platform with PVC Pipe and Nozzle Attacled

In order to properly spray the hot cell mock-up tiezzle has to be 5 feet above the
ground. The platform itself is 1.45 feet high d@hd nozzle is 4.06 in long. That means
that a PVC pipe 3.286 feet long is needed to complee required height. The required
height was obtained from the manufacturer of thezleo The nozzle is meant to work in
either the right side up vertical position or theside down vertical position without

experiencing any losses due to gravity. As it banseen from Figure 26 the pipe is
connected to the top lid of the platform with at fldate that has an extruded hollow
cylinder on it. The height of the cylinder will gend on how much the pipe will deviated
from the center axis when the nozzle is on andptessurized 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 stard door frame and it will be
controlled by a human operator through wirelesgemutaking its commands from a
computer. Trailing behind the unit will be flexébtubing (flexible tubing shown as a
rigid connection in Figure 27). The tubing willgwide a connection between the pump
and the platform where the fixative will flow thrgln. There is a need for bends and
elbows in the connection line as well as a bal@alThe ball valve will allow the user to
choose what kind fluid will be flowing through tlsystem. Any of the three fixatives
mentioned before may be chosen during the demdiastraWater and a light cleaning
solution is also need. After the fixative is apgliand the task required is complete the
system needs to be flushed with water in orderrewgnt the fixative from drying and

clogging the nozzle, the pump or the connectioedin
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Design Alternative

Figure 28: Alternative Platform Base (units are ininches)

The base shown in Figure 28 is an alternativeeadkind base shown previously. This
base has a wider foot print than the one befomatlg it to be much firmer and stable.
A wider base allows for addition of more componerd more nozzles. For example if
the nozzle is not able to reach all the spotsértdom small robotic arms can be added to
the wider platform with nozzles as their end effes. The smaller nozzles would allow
the user to finish or re-coat spots missed by @ingelr nozzle. The platform would move
close enough to the wall and the robotic arm wountave the smaller nozzle into place
and recoat the section needed. This platform ak® four motors rather than two
allowing for more freedom in different direction$he drawback to this platform is when
it comes to a lot of objects in the room. It woldd 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 outcomiéne need for this type of technology
is great. The Department of Energy needs to dacantint a number of facilitates in the
coming years. The need for safe protection of exwkaround the area that is being
worked on is a key aspect in the process of degonttion and decommissioning of

faculties.
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Project Management

In order to complete this project by the mid Novemtemonstration for the Department
of Energy representatives that will be at FIU a bhamof tasks need to be completed.
The completion of the prototype reinforcement mustdone and the proper pump and
motor need to be obtained. The fixatives that bl applied also need to be purchased
and the nozzles need to be tested. All the sinonlaif the stresses on the platform and
the pressure and flow rate through the nozzles ted&& done as the prototyping takes

place.

The following tasks needs to be met in order toehawsuccessful demonstration. The
platform needs to be reinforced with the aluminumgles. That includes the platforms
lid and the C truss being added to the back cadteel. All the electrical work needs to
be rewired on the platform. Because the platforas successfully used a few years ago
most of its components were removed and storetifer use. That included most of the
wiring that leads from the batteries to the motamgl most of the wireless connections.
The camera that was originally on the platform setedbe reinstalled and wired back to
the board. The platform also needs access pdaiatbe flexible tube. Two holes need
to be drilled into the plat form, one on its badkesto let the hose in and the other on its
lid for the hose to connect to the PVC pipe. A gropump is needed that can transfer the
fluid from its storage containers to the nozzlenéeded along with an adequate motor

than can drive it. The amount of flexible tubingeds to be taken into consideration
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depending on where the platform will travel durthg demonstration. The nozzles need
to be modeled in a CAD program and the stressegaltles fluid need to be calculated

and simulated before the demonstration.

Breakdown of Responsibilities among Team Members

The current team is made up of three Mechanicairteeging undergraduate students.
Mario Vargas is responsible for all contact betwd®®E representatives and the
company’s manufacturing the components. He is mdsponsible creating all the CAD
models. As well as finding the proper equipmerdgdesel to complete the task at hand.
Eduardo Zuniga is responsible for the electricainextions to the platform. He is
currently receiving assistance from different merabef FIU’s electrical engineering
department. He will properly document all the cections for presentation purposes.
All his documents will be added to the remainingpepdices of this report. Aaron
Mitchell is responsible for the machining of paneseded and also most of the task that
are involved with reinforcing the current platformAll the members will share the
responsibilities of assembling the unit and all demnections needed. All the team
members will also share the responsibilities asgediwith theoretical calculations. That
includes analyzing the flow in the system giverfeddnt fluid viscosities and pumps
operating at different pressures. The Gantt abrathe following page, goes into further

details of the tasks at hand and the responséslitir the team members.
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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 dékajrthe rest of the report will focus
on. The structural design of the platform consistwo large pieces of sheet metal
welded together to create an oval shape. The wwllsto reinforce the outer cover of
the platform as does the oval shape (Figure 29¢. ilher base is made up of a thick
rubber like plastic (PVC) (Figure 30) that is bdlt® the outer shell by aluminum angles
(Figure 31). Four angles are used to hold theobottase to the outer shell. The angles

have a thickness of .14 in and are 1 in high aBdnlacross.

< Weld poin

———  Weld poin

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



Figure 31: Inner Base (dimensions are in inches)

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

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

because of the components holding the nozzle ar@ feYe together. Figure 26 shows

that the PVC tube is connected to the platform l®ans of the cylinder plate but due to

the availability of the part and the amount of maininat may cause the tube to move

away from its center axis a new design will be ugéglure 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 %" 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.

—ru|| My\a



Figure 34: Platform with Unistrut Support Frame

Stress Analysis

The addition of the unistrut to the platform wikép the nozzle and the PVC tube as
centered as possible. The following figures amdesshow the resulting analysis for the
unistrut support with the PVC tube attached andHerplatform lid. For the analysis of
the unistrut and the PVC assembly, 304 stainless stas assumed to be the material for
the unistrut and rigid PVC was used for the PVCetulAs previously mentioned the
nozzle will have a PVC 32" NPT fitting on it in ond® attach the rigid PVC tube to. For

the purposes of the analysis neither the nozzl¢hwofitting were used.
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PressureP, is defined as the force per unit area appliethendirection perpendicular to
the surface of an object and gauge pressure ispthssure relative to the local

atmospheric or the ambient pressure.
- where: P is the pressurd; is the normal force andl is the area.

. and the radius of the PVC tube is 2 in. so:

= - =.,7853981634 in

For the PVC tube the cross sectional area is .7BB3®irf and the pressure being

applied to the cross sectional area 60 psi.

- = = 60— I""# $% &

Figure 34 is the static analysis diagram of thepsup
frame that will hold up the nozzle. As mentiondgk t
nozzle and the fitting were not used in the modethe
analysis because their equivalent forces whereieappb
the top of the PVC tube. The three arrows ontoipeof
the PVC tube represent the force of the nozzleherctoss
sectional area of the PVC. The restraints are shawthe
bottom of the frame, where the angles meet thditbpf
the platform. Also included is the restraint théPhas in
respect to the unistut. In reality there is ndreast on the
bottom of the PVC tube because the tube is strafiptdte
unistrt with the aid of plastic ties. The analysigs

Figure 35: Static Analysis on
PVC Tube and Unistrut performed with 60 psi as well as 100
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Figure 36: Factor of Safety (FOS) for Nozzle Suppaorat 60 psi

Figure 35 is the resulting FOS for the nozzle supframe. After running the static
analysis on SoildWorks the FOS of the frame isT8@at exceeds more than the needed

FOS because of the unistrut frame selected, it tss@such 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 Pressuat 60 psi

Figure 36 is the actual displacement or deformatiothat the rigid PVC tube goes
through due to the nozzle pressure. The scale shioat the amount of deformation is
negligible, .0001277 m which is .005027 inches. Hneall deflection is due to the
placement of the restraints on the bottom of th€R\be in the model analysis. Again it

is important to take into consideration that theik not actually be any restraints at the
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bottom. Instead there will be straps holding thigetto the unistrut. The placement of
the straps will be done in a way to ensure thatetell be no vertical movement of the

PVC tube.

Fluid Analysis

The Bartlett Polymeric Barrier System (PBS) is an-taxic water based solution. The
fixative forms and impermeable barrier between tlezardous materials and the
environment. The manufacturer states that theifi@atan be applied to any surface to
lock down any loose contamination and prevent aaching of contaminants after
decontamination efforts. PBS is normally used tabiize large plant components,
concrete, valves, and other problematic radwastedtprior to shipment. When the
manufacturer was contacted, the fixative was desdrias being a latex paint. Its
composition is the same as regular house hold paittis described as having the same
thickness so it was assumed that the viscositheffikative is close to the viscosity of
paint used for drywall. In the literature revieve ttCM Climber is mentioned as being the
only previous technology tested at FIU. For thamdnstration two other fluids were
tested along with the PBS fixative. Sherwin Wiltis Paints makes the Promar 200 and
the DTM (Direct to Metal) paints. The test groupriing on the ICM Climber
demonstration suggested using the Promar 200 iaslardluid to that of the PBS. After
contacting Bartlett Inc. the current price of theafive was obtained. Five gallons of the
fixative have a cost $261 while 5 gallons of therRar 200 are $161. The nozzle itself
will pump out anywhere from 11 — 18 GPM. In ordemproperly demonstrate the nozzle
at least 55 gallons are needed and the fixatiadf itgill cost well over $2500. The

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

Williams Paints’ product information departmente thiscosities of the Promar 200 and
the DTM were obtained.

Within the paint industry, viscosity is commonly asered with a Zahn cup. With the
use of the cup the efflux time is determined anceigito the customer. The efflux time
can also be converted to kinematic viscosities) (@8h the use of conversion equations.

A Ford viscosity cup measures the rate of liquaivil Also used in paint industries, a
Stormer viscometer uses load-based rotation inrotdedetermine viscosity. The

viscosity is reported in Krebs units (KU), whicheaunique to Stormer viscometers.

Kerbs Units

Figure 38: Stromer Viscometer
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In liquids, viscosity is an internal property tlodfers resistance to flow. Viscosity is the
fluid resistance to shear or flow and is a measdirine adhesive, cohesive or frictional
fluid property. The resistance is caused by intéeawdar friction exerted when layers of
fluids attempt to slide by one another. Dynamgxusity is the force per unit area in the
tangential that is required to move one horizoptahe with respect to the other one at a
unit velocity, while the distance apart is kept slaene by the fluid. Kinematic viscosity is

Is the ratio of absolute viscosity to the mass iigns

Promar 200:
The Promar 200 has ranges from 89 — 95 KU. Andatssity is 12.49 Ib/gal. Because

the density is given in Ib/gal it needs to be cotestto standard units.

+ o) 00 + b
C 5 - o7
34 +
56
1 ,
7 56 180 b + ( =
25,
= o+ >+ 2 <@
C

The values above where converted with the aid afversion tables and on-line

calculators. The values are shown in both Englishand SlI units. Pump vendors in the
United States work with either centStokes (kinemaiscosity, Sl units) or in centiPoises
(absolute viscosity, Sl units) ; the value for Km@ematic viscosity shown above needs to

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

because centoStokes is in Sl units the rest ovén@bles also need to be in the same

units.
D +(E F G Ho * b
' ++E o T 2;!
1)
= Z 2” ) + K ’)Lz—
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To make sure that the values obtained are coredges the following chart was used and

linear interpolation was done to compare resultaiabd to those previously calculated.

Table 4: ANEST IWATA USA, Inc. Viscosity ConversionChart [10]
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“ANEST IWATA USA, Inc. is the North American subsady of ANEST
IWATA Corporation in Japan, which is a leading miawturer specializing in
painting equipment, turnkey coating systems, ammp@ssors and high-end dry
vacuum pumps.” [11]

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

Table 5: Selected Values from Table 4

cP KU SSuU
1000 85 4600
Cpro 89.1 SSUpro
1200 92 5620
1400 95 6480
M M
++ M +++ EtuM +++
E TU (
+HM - (

H, ++ VKU W V
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If the pump is set to deliver the paint at 18 GRM ¢he area of the inlet of the nozzle is
3/4 * and assuming that all five apertures of theate are added together to create on
exit for the nozzle and that it points directly ogpe to the inlet then the following
calculations can be done.

Aperture size of the nozzle: .1435 in, total areaperture openings:
XU* #TY %Y Y .z +o0

The head loss though the nozzle is provided byrthsufacturer and it depends on the

amount of pressure the pump is applying.

Analyzing the flow at 11 gal/ min yields the followg head loses and work the motor
produces:
Head loss in a 10 ft flexible hose 4078 and 176fbkthe motor. When the Bernoulli

equation is taken into account the head loss artdmamrk are the dominant variables.
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Component Selection

Due to the viscosity of the paint and the requpesksure the following pump was

selected:

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

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

Figure 40: 3 HP Motor Model 1IEBW9 and Specificatios
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The flexible hose selected is 100 ft long and atde of handling 150 psi. Most of the

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

Figure 41: Braided Tubing, PVC, Flexible, 3/4 in 1D Grainger Model # 4HMO6

The fittings that connect the tubing to the pumgdye and rigid PVC tubing that feed the
nozzle are barbed brass fittings and hose clamib$®evused 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, Graingdvlodel # 1XHBS8
The motor is controlled by an inverter, which I#te user regulate the rev/min the shaft
of the motor can perform which in turn controls tgears inside of the positive
displacement gear pump. In order to achieve gmeenozzle the proper flow rate it
needs and the proper working pressure a 3 wayvbale will be added to the system.
The valve will be in the closed position, not letfiany paint or water reach the nozzle,
letting the paint/water return to the tanks. Oteerev/min of the shaft can be controlled
to provide the proper amount of flow the valve viné opened and the water/paint will

travel to the nozzle.

Figure 44: Three Way Ball Valve, 3/4 in NPT, BrassGrainger Model # 1PZA2
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Figure 45: 3 Way Ball Valve lllustration, Open andClosed Sections

The Lechler nozzles were ordered and received; thigjinal 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 Graingere duote contains the pump, motor,

couples inverter and the urethane insert for thplss.
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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 constrdidig the Applied Research Center
six years ago. The cost of the platform currentip not be found. A guess to the full
cost of the platform is anywhere between $1500 5082 Most of the remaining

components were bought at The Home Depot, whididiecthe small caster wheels and
the aluminum bars, the PVC tube and the fittingd o with it. The total cost of the is

$150.
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Table 9: Iltemized Cost Analysis
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Prototype Construction

Parts List

The following table shows the components list fa platform and the pump and motor
assembly. The table below is still subject to geadepending on additions to the paint
delivery system needed and whether or not theldowih feed loop for the paint.
Because the motor and pump will not run at the dpeeded immediately after turning it
on, there needs to be a feed loop that will rurpaat back into the barrels. Once the
motor has warmed up the three way valve will rab&epaint to the platform at the

required psi and the GPM needed.

"B /28& 3 %3
41 #
"#$ #  54("6
12 #3
1 # 9o#
H+ o+ # (
1 # +
I ##

Table 10: Parts List



Construction

The platform is currently constructed but becadmse unit was previously stored for a
long period of time the electrical components néeiebe rewired. The prototype has
currently been reinforced with the C truss needed al the holes for the supporting
aluminum bars have been done. Once the unistrae pgefrilled into it will be bolted to

the lid of the platform with the aid of the angl@fie OVC fitting connections have been
added to the PVC tube and will be strapped to thistut 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 tdren it was originally; Most of the
re-wiring of the platform has been done. All thees were removed and re -tighten to
the buses inside the unit. Most of the connecti@nplatform previously had are still
needed except for those that were there for radiadetection. When the platform was
originally tested only one of its motors was reaggvelectricity and a signal from motor
controller. After reviewing the original schematidhe connections that were redone
seemed to match those of the electrical drawindterAesting the individual motors by
directly giving them current, bypassing the motontecoller, both motors seemed to work
and the wheels turned forward. In the recent wahkscommunication between the
platforms wireless modems and the modem conneattetcomputer was checked. The
Hyper Link Terminal is established but there cutisgeis no communication between the
platform and the computer. More work has to beedon the program that controls the
platform to see where the problem between modemmuamtations may lie. The nozzle
has yet to be tested. Once the inverter is cdyreinnected to motor and all the
connections between the pump and the motor are thenaozzles will be tested using
water. Once there is a demonstration of wateryspgedrom 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 experimevill be done with water first. The
viscosity of water is 1 cP and the paint is arodB@ cP. There are numerous advantages
to testing the nozzle with water first. The watefl &llow the verification of all the
connections made. The flexible tubing purchasessdwt bring any pipe fittings at the
end so the fittings have to be connected to thdm.filtings also need to be held in place
by worm hose clamps. Even though the brass fatimve barbed ends the hose clamps
allow for tighter fit between the hose and barb&lith the water running through the
system first any leaks due to bad connections eaddbected and redone. During the
testing phase with the water a few calculationsevekme and flow rates were determined
depending on how fast the motor was rotating tree geimp. As previously mentioned
the inverter controls the speed of the shaft (Fegts) and the display on the LED screen

shows the current speed that the motor is workingigure 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 byiRtlectric, the default LED display
on the inverter corresponds to the rev/min the &phmotor is working at. A 30 gallon
tank was filled with water and was used to deteartime flow rate coming out of the
other end of the hose (100 ft), before cutting hlege into the sections needed for the
actual demonstration of the unit. With the infotioa provided on the LED screen of the
inverter the following data was collected and tloevfrates 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 Hse Clamps

Figure 51: Flexible Hose Representing 100 ft of Hed_ength
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Table 12: Flow Rate Values for Water
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The LED indicator on the inverter can reach up @orév/min. In order to achieve a
reasonable flow rate with the water only about loélthe inverters capability was used
because the pump is meant for high viscosity lig@dything exceeding 40 rev/min with
the use of water would be over Kkill for the expemh A 20 gal tank was filled with
water and three different settings for the motarespwere used, 15, 30, and 35 rev/min.
After starting the pump up at any of the selectelomspeeds 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 spedteahbtor increased the flow rate of the
water also increased. The pump is capable of pugnp® gpm but for the test with the
water such a high flow rate isn’'t needed. The wegeting was done without the direct
use of the nozzle. The hose end that is to be faseétie nozzle was un coupled form its
fitting and was placed inside a tank. During thst vith water it was noticed that as the
flow rate increased the nozzle head would spin d&skless. The operating pressure for
the nozzle is between 15 — 40 psi and as a maximuBO psi. So as the flow rate
increase the pressure decreases. The flow inctessenuch around 50 rev/min that
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there wasn't a stream of water exiting the nozalgn@ore. The droplet size significantly
decreased so much that a mist was created andnithi nozzle head would not spin as
well anymore. Due to the complexity of the nozzéad design the pressure loss due to
the water flowing through it is not able to be fduor calculated. Because the flow rate
was measured directly from the outlet of the hase that will feed the nozzle all the
pressure losses due to friction and connectiondgtare included in the flow arte. After
the of the water was determined the platform wasirs¢he hot cell and plastic was
wrapped around it to protect the electrical compmtsérom being exposed to the water.
Once the platform was properly sealed with theafsguct tape and plastic the hose end
was connected to the PVC pipe and the test wittemat 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 MNPB/4 in Coupler
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Figure 55: Platform in Hot Cell with Nozzle Heightof 5 ft
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With the connection between the pump and the nozaheplete the testing of the spray
radius of the nozzle was performed. The platforrs s&t up 5 ft from the inner most wall
of the hot cell. The inverter was set to 35 rev/miich corresponds to 14 gpm of water
flowing through the pump. The water was storechm $ame tank as the one used for the
flow rate test. The tank was filled up to 30 gaio After the motor was turned on the
pump pumped 8 gallons of water in 47 seconds. lIBrggaof water were enough to spray
the three inner walls of the hot cell. The twornass in the hot cell where the nozzle was
closets to were coated in water and the almoshalfloor had a puddle of water above it.
The amount of water on the floor was due to theevgatnability to stay in the wall.
Because the water is in no way as viscous as phimust all of it ran down the wall and
collected on the floor. Even though there was aofotvater on the floor the walls had
enough water on them to show that at that flow eaieé pressure more than half of the
rooms walls were coated with water. The sectiomoof right above the nozzle did not
have a good layer of water on it. Due to the rezalesign there is no water stream
leaving directly above the nozzle. The roof arotimel nozzle did have water on it but
not as one anticipated it would. The water did sem to reach the roof as much as it
did for the highest corners of the room. Even giothe corners of the room did have
water on them the sections of roof directly abdwe ¢orners did not. The cause of the
lack of water reaching the roof may be due to thsigh of the nozzle, the nozzles
original tank cleaning purpose and the fact theewhas to fight gravity in order to reach
the roof. During the 47 seconds that the nozzle dvsplacing the water around the room
the platform remained in the same spot. If thef@len were to move closer to the

corners of the room as the nozzle worked surelseth@uld be a better coverage of the
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water on the roof. After the first test of the mlgzactually spraying water inside the hot
cell facility the height of the nozzle was incredde six feet to see how the unistrut
support frame and the rigid PVC would react. Tlogfrate of the water was increased
to its maximum to see if the new height of the n@zxould provide a better coverage of
the roof and whether or not there would be a greatement applied to the rigid PVC
and the unisrtut support. As the water first reacthe connection between the flexible
hose and the rigid PVC it was noticed that thers walight and momentary movement
of the unistrut support. That is due t o the thetwater runs up to the nozzle and crashes
within the hollow are of the inside of the nozzl€he force of the jet coming out of the
rigid PVC and hitting the inside of the nozzle isoagh to move the unistrut PVC
assembly of its center axis. As the water consrtoglow out of the nozzle, the force of
the jet is canceled out by the turning of the nezzéad. The nozzle head tends to
stabilize itself as the water comes out of the tapes of the nozzle creating a smooth

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

The whole purpose of the project is to design aoticbplatform that is capable of

entering a radioactively contaminated area andyafptive to the room. The prototype
designed is one that will provide a proof of coriciEp that proposed idea. After the
water was tested the hot cell facility was prepdoedhe next test that involved the paint.
Four five gallon buckets of paint were purchasedtifi@ initial round of paint testing.

The initial test plan for the paint test is to Gsgallons of paint diluted with enough water
to aid the pump in the transfer of the liquid. Tpant purchased was drywall paint,
white, and it is water based latex paint. The faias diluted with about 2 gallons of
water. Along with the water added 29.5 FL OZ ddriary yellow” paint was mixed in to

the 5 gallons of white paint to create a yellownpain total a little less than 8 gallons of
diluted yellow paint was used to coat part of them. Like the flow rate testing done for

the water, flow rate test were performed with thep

Table 13: Flow Rate Test with Paint
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A few things to notice from table 12; the lengthtlo¢ hose is no longer 100 ft. It is now
30 ft of hose for testing the flow rate. Because 100 ft of electrical wire was acquired
the pump and motor can be moved closer to the ¢dbaind the length of hose can now
be cut down to shorter lengths. Also from the tabtan be seen that as the speed of the
motor shafts incased the speed of the steel geatisei pump the speed of the fluid
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reached a point where the flow rate could no lomgenease. As previously mentioned as
the flow rate increases the pressure decreaseshwims evident with the water test.

When the gear pump was pumping its at its highes¢d the water exited the nozzle but
the nozzle ceased to rotate; the water was exitieqiozzle so fast that there was a loss

in pressure that led to the nozzle head no lorgating.

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

For the testing of the paint the three way ballvealvas installed into the tube flow
design. The valve was initially meant to keep plaent pressure and flow rate stable
throughout the travel through the nozzle. It wiest thought that the motor was going to
start at low speed and a bypass was needed tdedhmupaint back into its original tanks

in order to give the motor and the pump enough tonearm up and reach the speed and
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pressure needed to make the nozzle work. Whetesttimg with the water was done it
was noticed that the horse power of the motor resddtie need for the valve. Because
the length of the hose was cut into different lasgthere is now a shorter distance for
the paint to travel through and losses due toidmcbetween the pipe wall and the paint
are also reduced. The 3 way valve was left ingotaddivert the flow between the nozzle
and the a second test tank (Figure 55). The ddtected for Table 12 was performed
with the valve in place. Once the pump started ingpthe paint from one tank to
another, the initial round of paint testing started\ll the fitting connections were
inspected to make sure that no leaks were detecisb the because the hose selected
for the application was selected in a clear see tofor the hose was also inspected to
make sure that the viscous boundary layer of tl pas not to great to reduce the flow
of the paint thru the hose and cause a clog orceethe 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 creatednfthe mixture of the “canary yellow”
and the white paint. The same tank was used to ipaie yellow paint with the blue.
The original white color of the paint can be seartlte 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 diffat revolutions of the shaft the mock up
hot cell facility needed to be prepared for theasye to the paint. The hot cell has one
window one 4 ft by 7 ft window, two manipulator pdwoles and one access hole for a
ventilation fan. All the paint being tested neealstay inside the hot cell facility. All the
port holes needed to be covered with plastic. ufed7 illustrates the technique used in
covering the port holes. Two rolls of 10ft by 25fastic tarp were purchased. Pieces of
the tarp were cut in rectangular sections to colerport holes. Duct tape was used to
hold the plastic to the walls. The first time fhlastic was put up it would not stay up.
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Long pieces of tape were used to hold them up Isotvaould not stick to the wall. The
plastic was put up again with smaller pieces oktapd slits were made on the plastic
with a knife. Because the port holes let air omirthe out side any wind blowing tended

to push the plastic and remove the tape of theswalfter the slits were made he plastic

stayed up.

Figure 59: Hot Cell Window with Protective PlasticCover
Figure 58 illustrates the same plastic and tapenigae was used to cover the Plexiglas
on the window. The drawback to putting tape anwhndow is that the ability to look
into the room is much more difficult. For futumssting ionization of the Plexiglas could
turn out to be a better alternative to the plasti¢hile the nozzle is working the ionized

particles in the window would repel the oppositetyarged particles in the paint.
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Figure 60: Plastic Coverings on Port Holes, Exhaugtan Access Hole and Plexiglas Window

The plastic serves more than one purpose for gtenge It protects the exhaust fan and
the Plexiglas from the paint and the water, it lselpth fluids inside the room and it can
also allow the evaluators to see the coverageefttual paint and the way that it hits
the wall. Plastic was also set up in the entrasfcéne hot cell (Figure 60) to keep the

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

Video and pictures were taken of the actual passtinig of the nozzle. The first test
consisted of running the motor at 35 rev/min forsé@onds. Because a flow meter cannot
be used to determine the flow of the paint the sdata that was collected for the paint
flow rate test was used. For the paint flow rat it took 39 seconds to empty out the 7
gallons of paint at 35 rev/min. That is why thestfitest in the hot cell started at 35
rev/min. The rest inside the hot cell was donelidr.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 R&Min for 10 Seconds

From Figure 61 it can be seen that the paint cgeer@as not adequate when the pump
was ran at 35 rev/min, providing a flow rate of3.8allons per minute. Form the figure

it looks like the room was just splattered wit paifhere are parts of the wall that have
no paint on them while the parts directly adjadenthem do. The speed of the motor
was increased for the next test to 45 rev/min. Uder is able to program the inverter to
automatically start a certain speed. The speedseto 45 rev/min but the paint came
out so fast that the nozzle head did not rotatdterAetting the paint run out for 35

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

increasing the speed of the motor with the inven¥ith the increase in speed for the
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motor the flow rate out of the pump actually dessga With the decrease in flow rate
there was an increase in the pressure for liquitingxthe nozzle right before the liquid

actually reaches the aperture of the nozzle.

Figure 63: Paint Coverage After First Test at 45 R¢/Min for 32 Seconds
After the room was coated the first time the sectasd lasted longer than 10 seconds.
The test actually lasted about 30 seconds. Wehnihw flow rate and pressure in the
tubing a better coverage area was obtained. Figord-62 it can be seen that the nozzle
covered most of the wall right in front of it, extdor some dry section along the corners
and more than half of the walls on its side. TheIf of the hot cell was completely
covered, that included the area right under the@toDnly the first section of the room

was tested due to the positioning of the video camén order to capture any video the
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camera need to be as far from the nozzle as pesdibt still be able to see it. If the
platform were moved to the next half of the roomviceo would be recorded due to the
plastic on the door way and due to the fact thahef plastic were removed the outside
floor near the hot cell would also be coated. Ftheresults from the first section of the

room it is safe to say that the second half woldd he 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 WasApplied
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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 Pat Test
Figure 68 illustrates how far the paint reachecrait came out of the nozzle. The
platform was set 15 ft away from the entrance bet paint still managed to reach the
plastic set up at the entrance. The paint on thstipl at the entrance is not adequately
distributed but it does show that the pump presapmied to the nozzle is capable of

reaching the 15 ft radius provided by the manufactaf the nozzle.
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Figure 70: Outside of Hot Cell Window
The distribution of paint closer to the nozzle elif greatly as Figure 69 illustrates. The
plastic covering both port holes and the windowtgeted the openings from the paint.
The first port (left port hole) was not coated agcim as the second port hole. Even
though it does have an adequate coverage onstnit as good as the second port hole.
The paint coverage on the window shows how the leatistributes the paint as it shots
it out. Of course the farther from the nozzle there the coverage begins to decrease.

Compared to the paint coverage from the entrare&thdow 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 surfacatttiid not receive a good coverage. The
nozzle design may be responsible for that. Of seuhe paint has to work against
gravity to make it up to the ceiling. Like theting with the water the ceiling is only
covered directly above the nozzle. The area ofctikng that is farther away from the
nozzle does not receive any coverage even thouglwdétis do. The floor was covered
much better than the ceiling was (Figure 71). Tisabainly due to the amount of excess
paint that dripped of the wall and the seconds rieeémd after the nozzle head began to
spin. For those few seconds the nozzle head datespm, due to the lack of pressure,

and only streams of paint come out of it. During testing with the paint, when the
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nozzle first starts to spin there is a stream cgnaint 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 donene day and as previously mentioned
only one section of the hot cell was tested (Figizg A representation of the coverage

area of the hot cell is illustrated in Figure 72.
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Figure 73: Paint Coverage in Hot Cell

Evaluation of Experimental Results

The results of the experiment provide a good feekll# the coverage area that the
nozzle can provide when either liquid is used. Mhst data that can be collected from
the experiment is visual data. The data colleftech the water test and the paint test
and the visual data seen give the impression tlehot cell can be coated with paint
with the use of a spinning nozzle. The paint wdsted with about 2 gallons of water

giving it a 5 to 2 ratio. In order to properly évate if the amount of water used was too
little or too much could not be determined the salag. If too much water was added
there would be an excess amount of runoff on ther fthe next day. A period of 24hrs

was given to the room before any one could reeshiier to the amount of paint on the
floor and the fumes that were in the room. Thenraweeded to be properly ventilated
before anyone could spend more than a couple afitesnnside of it. The next day, the

room was re-visited and a series of photographs vaden 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 thénpahe performance of the prototype was
evaluated. The floor of the hot cell still had &dd paint on it and was not yet dry. The
extra paint is most likely excess paint that drgppewn from the walls over night. The

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

Wall B, the short wall without the entrance inhigd clear run off lines.
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Figure 75: Short Wall Opposite Entrance 24hrs afterPaint Test

All of the extra paint on the floor due to run @kint can be attributed to over diluting
the paint. The visual results obtained from thevigus day had clear differences in it.
The run off lines can also be seen on the plastd o cover the window (Figure 75) and
the plastic used to cover the port holes (Figure 7Bhe experiment will be done again,
using paint that is less dilated than before. thernext experiment there will be more
colored paint cans and the cameras will be repost so that the whole hot cell facility

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

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

The original control system for the platform waswvaeless connection between the
platform and a computer. During the testing ofuhé it was discovered that the modem
in the robots chassis was not detecting the ousmral from the computer. After

diagnosing the connections and the program in dbets computer it was determined
that the wireless connections were in working ardEne only other component that may
cause problems for the motor control is the aatuatior controller. The motor controller

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

motors by sending constant voltage to them witheugr actually receiving any signal
from the computer. Because the unit does neecetoontrolled by the operator two
toggle switches were added. Each switch contra@ledndividual motor, similar to the

way that tanks drive. By varying which switch is @r off the unit can either go forward,
backwards, swivel left or right. While the platfiormoves in the backward position the
wires that connect the switches to the motors kgefting tangled on the rear caster
wheels. For the testing the wires needed to bedlifip slightly in order to back up the
platform properly. A system needs to be added edbtick of the unit to lift the wires up

or move them out of the way of the caster wheelso Aluring the testing once the floor
was coated with paint, it took a while for the wiset® pick up the traction they need to
move the platform. That can be fixed by the adapta of larger wheels. The ceiling of
the hot cell is not getting the proper coveragewoTsmaller nozzles can be added,
straight stream nozzles that can spray a stream Amp.extendable boom can also be
added to the platform. The boom will move in threstical 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 firenture that the connection are done
correctly. Because the motor does work on 230Vplhg needs to be a 250V plug and

the electrical wire from the motor to the inveneeds 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 pldgttae inverter. The wire required

for the connection is a 10 gauge 3 pole rubber.wirlee inverter needs to be powered by
a 240V source and in turn powers the motor. The plas a ground connection and two
live connection, black and white, and is connegtethe same manner to the inverter.
The power connections for the inverter from thegpdwe 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 tingiton two 2 ft pieces of unistrut and
that a third one connects the two pieces togetfiee third piece of strut is also there to
align the shafts between the pump and the mottwe Strut does not make up for all of

the difference in height so a few washers werdrpptace 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 tohoth shafts with a plastic couple
between both of them. The two LoveJoy couplesumed because the shafts have

different diameters.

Figure 83:Hose and Fitting Connection for Pump
The pump has an inlet side and an exit side. Afteh sides of the flexible hose are cut
the brass barbed fittings need to be screwed me@ump, with tephlon tape to create a
seal. Then hoses need to be pushed need to bel miaeethe 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 connectgrhin all three brass barbed fittings

are inserted into the valve with the sealant tapé& 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 themeoted to rigid PVC by a female % in

coupler and lastly the height of the nozzle is si#jd 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 cOteemaintaining the system. Most
important of all is to flush out the system with termimmediately after the task is
complete. Water needs to run through the systeanhégh speed and at high pressure to
ensure that all of the paint is taken out off b fpiping, nozzle and pump. The water
needs to run until the nozzle begins to expel cleater from it. Because the pump
housing is made of cast iron the inside of the pwntigbegin to rust. It is very important

that the pump is flushed out with water beforeribezle is used to avoid getting any rust
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in the nozzle. Fittings and connections need tehexked to ensure that there are no
leaks in the system. The motors on the underdideeoplatform need to be inspected to
ensure that no paint gets on them or their eledtgonnections. The platform itself
needs to be cleaned offal paint and dry of all wapsts on its surface. Finally the wires
that connect the batteries and switches to the ihoteed to be inspected to make sure

that they are still connected properly.

Environmental Impact

The proof of concept testing performed at FIU leabe done in such a way to keep the
paint inside of the hot cell facility. At no time the paint to come in contact with the
grass area directly in front of the test facilitll clean up of all components need to be
done on the concrete of the test facility. Theydwater that results from cleaning the
components and nozzles need to be kept 50 gaboiks eind proper disposal of the water
needed to be done by the universities maintenagregces. All waste that is generated
from the construction of the platform also neededd¢ collected in the proper trash

receptacle.

Risk Assessment

The biggest risk to the operators of the prototigoieom the electrical power source. All

the connections between the inverter and the me&re checked over by an electrical
engineer. The connections were inspected numdhmes before the power cord was
plugged in. Another risk factor has to do witk frump, if the hose there to come of the
barbed fittings or if there were a leak somewherdubing there could be a risk of

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

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

Conclusion and Discussion

After completing the preliminary testing of the wimg nozzle it is clear that another
round of test is needed to determine how much paietctually needed to adequately
cover the hot cell. The Department of Energy regmnéative attended the demonstration
of the technology with the water test. The paigswiot acquired in time when the
evaluator visited FIU. Along with the senior desigam the evaluator will collect on the
performance of the technology. For the next paerhadnstration both section of the hot
cell facility will be tested. Before the actual denstration there needs to be a barrier set
up to hold the paint inside the hot cell when tinst fsection is tested. When the water
testing inside the hot cell was completed, the weda out of the facility after a few
hours. That also contributed to the decision dy eesting the nozzle with paint only in
one section for the purposes of the senior desrgieqt. For the senior design data
collection, if both sections would have been teshede would have been an over flow of
paint exiting the hot cell running out towards twncrete walk way and eventually the
grass area around the hot cell (Figure 86). Froentést with the paint it is noticeable
that the too much water was used in the diluticotess. For the next testing phase less
than 2 gallons of water need to be used. Thataaillise more paint consumption but it
will increase the coverage area because the pdlrdtiok better to the walls. The area of
the floor closets to the nozzle received the bestrage, even under the platform, but
again it is noticeable that the paint was dilut@al mmuch because one big puddle of paint

began to form during the testing and still remaifegd3 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 phete There are still numerous aspects
to the technology that need to be re-evaluated@aheisigned. The wireless control of the
platform is the biggest problem faced right nowvek though the direct connections
made to the motors to serve their purpose wheantes to controlling the platform for
the testing purposes if actual objects were planeithe room the cables would easily
become tangled. The wireless control is vitallte performance and mobility range of
the platform. Additional sensors need to be adddte platform, ultrasounds, IR sensor
and cameras. The cameras and the ultrasoundigvilh ahe navigation of the platform.

The ultrasound will detect and objects in the plaif s path and would also provide
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information on how close the platform is to a wallhe hot cell facility at FIU is only a
mock up, there are numerous hot cells around tfiereint DOE complexes that have
varying dimensions. A system that will aid in tteanges of nozzles could also be added
to the platform to make it a universal platform tbe different facilities. This project
was partially financed by the senior design tearnthe bulk of the finances came from
the universities Applied Research Center. The fwedict on using the product or
commercialization of it will be decided by the Depaent of Energy, The Applied

Research Center and the university.

Future Work

As mentioned in the previous sections the technpolsgiot flaw free. From the testing
of the technology it was concluded that the concigbtwork. A battery of test is still
need to determine how effective it is and whethendatd it is a better alternative to other
technologies. Paint testing will continue, usindfedent dilution ratio’s for the paint
would provide more data for the area covered byptirt. Whether or not a full strength
of the paint will be used or not is another podisybivhen it comes to evaluating the
amount of paint that sticks to the walls withowating to much excess dripping on the
floor. The platform itself will be re-deigned tor@e more sensors on it and possibility
different size nozzles for the different sectiorfstite room. Addition of radiological
sensors would help in determining if the room isgarly coated and whether or not it is
accessible to workers. The first round of testintp\the paint in the room proved that the
nozzle can spray room very effectively but there still sections in the room that were
not adequately covered. The testing was also aatle the platform staying in one

position the whole time. Of course the platformmsbile and it can be moved around
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while or after the first section is sprayed. Deda be collected on the best positions for
the platform to be in to provide a better conveagea of the room. Because this was a
proof of concept experiment the actual Bartletafixe was not used due to its high cost.
Rather than purchasing 50 gallons of the fixative test were performed with regular
paint meant for application of indoor home wall$10® the experiment is redone and all
parties involved agree that the platform and noadequately covers the room with the
regular paint the fixative would be the next stephe experiments. With the fixative on
the wall, measurements can be done to determinartimint of coats the walls need

before a person can access the room.

109 |Page



References

[1] SRS ALARA Center, “November 2007 Activity RepdmMNovember 2007.

[2] AEA Technology Engineering Services, INAQRNL Remote Operations for D&D
Activities Final Report March 2007.

[3] Applied Research Centeiff-ixative Sprayer Platform: Technology Demonstration
Test Plan”Miami, Florida, November, 2008.

[4] International Climbing Machine. Retrieved Aug@s, 2008 from ICM website:
http://www.icm.cc/

[5] Roelant, David, Leonel Lagos, Peggy Shoffnetg&rd Espinosa, Giancarlo Pefia
“Fixatives Applied to Hot Cell FacilitiesavRemote Sprayer Platform.” (2009): 1-
55. Print

[6] M.A. Ebadian, L.E. Lagos, . Intriago, R.W. &® "Tool and Sensor Applied
Research and Development.” (2002): 1-67. Print

[7] Lagos, Leonel “Whirling Nozzle Sprayer: Techogy Demonstration Test Plan”
(2009): 1-53. Print

[8] Lechler Inc. “2009 Tank Cleaning Brochure™: 9-1
http://lechlerusa.com/pdfs/2009 Tank Cleaning Buoelpdf

[9] http://www.bartlettinc.com/sp.cfm?pageid=1760

[10] http://www.anestiwata.com/pdf/nk2_viscosity conweans chart.pdf

[11] http://www.anestiwata.com/company/index.cfm

110|Page



Appendix A: ALARA Center Fixative Sheet
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Appendix B: Bartlett Inc. PBS Material Safety DataSheet
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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 Spefications
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Appendix F: Development Efforts
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Appendix G: Engineering Drawing
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Appendix H: Motor Specifications
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