University of Rhode Island

DigitalCommons@URI

Mechanical Engineering Capstone Design

Projects Mechanical, Industrial & Systems Engineering

2017

LANL Plutonium Assessment

Andrew Elloso
University of Rhode Island

Ryan Murphy
University of Rhode Island

Robert Simpson
University of Rhode Island

Thomas Sullivan
University of Rhode Island

Follow this and additional works at: https://digitalcommons.uri.edu/mechanical-engineering-capstones

Recommended Citation

Elloso, Andrew; Murphy, Ryan; Simpson, Robert; and Sullivan, Thomas, "LANL Plutonium Assessment”
(2017). Mechanical Engineering Capstone Design Projects. Paper 9.
https://digitalcommons.uri.edu/mechanical-engineering-capstones/9

This Capstone Project is brought to you for free and open access by the Mechanical, Industrial & Systems
Engineering at DigitalCommons@URI. It has been accepted for inclusion in Mechanical Engineering Capstone
Design Projects by an authorized administrator of DigitalCommons@URI. For more information, please contact
digitalcommons-group@uri.edu.


https://digitalcommons.uri.edu/
https://digitalcommons.uri.edu/mechanical-engineering-capstones
https://digitalcommons.uri.edu/mechanical-engineering-capstones
https://digitalcommons.uri.edu/mcise
https://digitalcommons.uri.edu/mechanical-engineering-capstones?utm_source=digitalcommons.uri.edu%2Fmechanical-engineering-capstones%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.uri.edu/mechanical-engineering-capstones/9?utm_source=digitalcommons.uri.edu%2Fmechanical-engineering-capstones%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons-group@uri.edu

» Los Alamos

NATIONAL LABORATORY

Plutonium Assessment

MCE 401 FINAL DESIGN REPORT

performed by
Team 8: Pu Smells
Andrew Elloso - Team Captain
Ryan Murphy - Co-Design Engineer
Robert Simpson - Co-Design Engineer

Thomas Sullivan - Research Engineer

sponsored by

Jennifer Alwin

supervised by
Professor B. Nassersharif

2016-2017
May 16, 2016






Plutonium Assessment — °LosAlamos

Abstract

At the Los Alamos National Laboratory (LANL), low level nuclear waste (LLW) is processed for disposal at
the Waste Isolation Pilot Plant. This waste is processed in a glovebox and then placed into a 55 gallon drum
and sent to a nondestructive assay (NDA) laboratory to determine if the waste within the drum’s reactivity is
below 100nCi/g stipulated by the regulation held by the Enviromental Protection Agency (EPA). In several
cases every year, the reactivity of the drum is exceeded, thus requiring a costly and dangerous procedural
deviation to divide the contents of the drum to reach an acceptable level of radioactivity. To avoid this
problem, an in-line waste assay system must be developed to measure specifically plutonium-240 but also
must give a possibility of measuring other types of radioactive materials such as Uranium-235. This product
must have the ability to be applied to gloveboxes globally. This will require that the device has the capability
of assaying a fully loaded 55-gallon drum that is inserted into the glovebox through a penetration in the floor
of the glovebox before movement to the NDA laboratory. This assay must be completed within an hour,
while maintaining an ergonomically efficient design. To satisfy these requirements, the goal was to take a
neutron counting system available on the market and develop a mechanized collar to hold these devices while
it assays the drum’s waste underneath the glovebox.

The neutron counter that will be applied to the design is Canberra Industries’ model JCC-71,72, and
73 [2] accompanied with the JR-14 shift register [3] and neutron counting software [4]. The main aspect of
the design will be the development of a mechanized collar operating underneath the glovebox around the
floor penetration to safely assay the waste in 2-3 sections on the drum. This will require the collar to have a
vertical drive mechanism, a controls component and the construction of a holding rack for the counting slabs.
The design will accompany the 6 He-3 slabs fashioned around the drum with one of the holding positions
having the ability to accompany a passive or active slab depending on the application desired. The design
will include a minimal amount of areas with hard to clean spaces. This design will accomplish all of the

specifications explained above and hope to make the operations at nuclear processing facilities more efficient.
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1 Introduction

Team 8 is the Plutonium Assessment Team also known as ”Pu Smells,” the team consists of four members;
Andrew Elloso, Ryan P. Murphy, Robert Simpson, and Thomas Sullivan. All four are senior Mechanical
Engineering Students at the University of Rhode Island and plan on graduating this May. The four are also
all pursuing a minor in Nuclear Engineering, which will be beneficial to the capstone assignment. The team
has a variety of backgrounds in engineering work outside of the classroom. Andrew has spent three years
interning with Saint-Gobain Research and Development Center, where he helped design experiments to solve
industry related problems. Ryan has worked for Cape Cod Docks, where he has assisted in the construction
of heavy sea retaining structures. Robert worked with General Dynamic Electric Boat as a student technical
assistant where he became fluent with several computer software programs. Thomas has been in the Army
for 3 years and has been through several CBRN courses (chemical, biological, radiological and nuclear) and
has knowledge of safeguards for those threats. The combination of all of these unique backgrounds creates
a team with a wide variety of skills that plans on solving the problem statement.

The problem proposed by LANL is the one of several in a group called Safeguards by Design. Safeguards
by Design is a series of challenges that LANL has created to test college level students across the country
on their ingenuity and ability to solve complex real world engineering problems. LANL has partnered with
the International Atomic Energy Agency (IAEA) and universities around the country in hopes of finding a
group capable of solving any of their seven problems. Team 8 was assigned the problems ”Plutonium Waste
Item Measurement System.”

The LLW is moved down the glovebox line and into a 55-gallon drum. The radiation of the drum is then
taken to a different room to be measured, and if the limit of 100nCi/g is exceeded a process deviation must
be declared. What this means is that workers have to halt the current progress, dawn full body protective
suits, and manually unload the drum. This is a dangerous process that greatly increases worker’s exposure
and costs the company up to $150,000. The intended end state of this problem would be to eliminate the
need for this process deviation entirely. It happens on average five times a year and costs the company up
to $800,000. Funding clearly is not a large issue due the fact that a solution to this problem could save the
company millions of dollars and would pay for itself almost instantly. The funding, if approved, would be
provided by the Department of Energy (DOE).

The problem statement is to design a method for determining the nuclear material content of waste items
before they are placed into a drum and moved to the non-destructive assay lab. When the team first saw
this problem statement everyone immediately began to research nuclear detection systems and various waste
assay methods. The entire first half of the semester was dedicated to learning as much as possible about
these systems and processes. When it came time to begin the conceptual designs the entire team focused on
how and where to place different types of sensors with the glove box where the process would be happening.
After a regular bi-weekly meeting with the sponsor from LANL, Jennifer Alwin, the team learned that the
intended solution was more focused on a mechanical application to be implied universally.

During this meeting the team and Alwin discussed what the desired outcome should be like and reestab-
lished the intended outcome. The clarification conveyed the need to not create a new product, but to use an
existing technology and incorporate it into the in-line system currently in use. Basically, design a mechanical
application that can house multiple interchangeable assay methods. At this point a new approach to the
problem statement was taken.

Even though the focus of the problem changed, the requirement still remained the same. Los Alamos

National Laboratories requires an in-line system that would maintain safety and keep radiation exposure
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within ALARA regulations. The deviation from the current process must also be minimized and the new
technology requires an easy standard operating procedure. With all of this in mind the team moved forward
to create the final concept.

The proposed idea is a trapdoor based slab system that will sit underneath the glove box. Waste will
be loaded into the sealable bags currently in use and dropped down into the drum where different waste
assaying devices will measure the contents at several different heights to gain an accurate reading. This

entire process will take less than an hour and maintains a high level of safety and efficiency.
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2 Project Plan

The project plan for the Plutonium Assessment project was modeled after the flowchart [5] in Figure 58
of Appendix A. This was used to ensure an organized process could be followed and the final goal was
always kept in mind. Using the flowchart, the main milestones of the project were assessed and identified as:
the problem definition, concept generation, preliminary design, build, testing, and final design. With these
sorted out, roles of each team member could be assigned and the smaller tasks to reach the final goal could
be divvied up.

The strengths of each member were taken into account and the roles were set up. Robert Simpson and
Ryan Murphy are both design engineers in charge of computer-aided design (CAD) drawings and calculations.
Thomas Sullivan serves as the main research engineer prioritizing in selecting the products used and design.
Andrew Elloso is the team captain, in charge of project planning and scheduling while maintaining the team
binder/portfolio. These main roles served as a guideline for the team, but each member worked together
and helped in every single area possible.

To further organize the project, a schedule was created as a Gantt Chart on Microsoft Project. Figures
1 and 2 represent the fall semesters project plan, while figure 3 and 4 represent the spring semesters plan.
This chart was extremely helpful as it also defined which tasks were to be completed by each team member
and how much time was left until each deadline. The chart also aided in when to start each assignment, as
there were sometimes multiple tasks to be completed at a single time.

As a team, a specific weekly meeting time was not set due to constantly changing schedules. The team
also concluded that a single weekly meeting would not be enough as there was always a lot to work on and
more communication was necessary. Consequently, several meetings were created throughout the week to
discuss progress and any current work that needed to be completed. These meetings were always announced
ahead of time to ensure each member could be in attendance. However, bi-weekly meetings with the team
sponsor (LANL) were always scheduled ahead of time as they were planned out in the beginning of the
semester.

It was in these meetings that the LANL representative, Jennifer Alwin, was updated on the progress
of the team and any problems were addressed. These meeting were mostly completed via WebEx, however
some were done over the phone. This and email were the best ways to keep in touch with the sponsor as
the main location for LANL is in New Mexico. This made it especially hard to communicate as the entire

process of the problem statement was expressed verbally and in whichever pictures could be released.
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Figure 4: Spring Project Plan, Page 2

2.1 Problem Definition

The problem statement consisted of searching for a nuclear waste assay that could be applied to the gloveboxes
in the facility at LANL. This device had to be in-line and capable of measuring the waste in a timely manner.
The assay had to take quantitative measurements in order to assess the total radiation levels of the waste.
The first step of this was to research the unfamiliar process and learn about current measuring practices.
After this, patent searches were completed in order to find any and all materials and devices that could
be useful. Each member completed their own, individual patent search and the results of the team were

compared in order to find the best and most beneficial finds. The results of the final patent search can be
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viewed in ’Section 4: Patent Searches.’

The initial understanding of the problem statement involved a multitude of nuclear and radiation calcu-
lations, but this changed several weeks in. The new statement involved using a similar assay, but one that
could measure both passive and active radiation, and also constructing a system that applied the assay to
the process. This change drastically altered the project plan as a new mechanical system was to be created.
This system had to be easily repeatable and adaptable for the measurement of both types of radiation. It
was here where the Canberra JCC models 71, 72, and 73 were selected to take on the job. This entire project
is to be approved by the Department of Energy in order to achieve a budget.

2.2 Concept Generation

Each member of the team also completed a concept generation study. This consisted of 30 different ideas,
provided by every team member. The ideas were all to be different, but applicable to the problem given
to the group. When each member completed the concept generations, a meeting was scheduled and every
single idea was discussed. The assay was determined first, and then the design for the support system was
created based on the needs of the sponsor.

The Canberra JCC assay featured three different models. Each model capable of different task, but all
combined to fill to needs of the problem definition. The assays needed to be interchangeable based on the
needs of the user. It was determined that a 55-gallon drum was the most common was to temporarily store

and transport the nuclear waste in the LANL facility, so the system was to be designed around this feature.

2.3 Preliminary Design

In order for the Canberra assay to take a radiation measurement on the drum, a few changes were made to
the advertised design. Instead of the typical four assays, six were needed to fit around the circumference
of the drum. The assays also are not tall enough to take a full measurement on the 55-gallon drum, so
three quantitative measurements were to be required. This required a new structure to be created. The
materials of the structure were determined based on the 'radiation proof’ quality the system needs to have.
The structure was designed and tested on SolidWorks. The results and an in-depth detail is provided in
"Section 11: Detailed Product Design.” Along with the CAD drawings, a physical prototype was created
for the Critical Design Review Presentation. The prototype is further discussed in ’Section 13: Proof of
Concept.” This prototype served as a brilliant demonstration tool, and was also helpful in working out some

minor design and construction issues.

2.4 Build

To begin the build, the initial budget was assessed in order to define the limitations. Upon receiving said
budget, a half scale model constructed of wood was to be made. This took the team about a month to
construct and was based on the Solidworks design made. Instead of a power screw lift, a TV lift was
purchased online to serve as a basis for testing the lifting process. This was due to the limited budget

constraints.
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2.5 Testing

Before constructing the half scale prototype, the design was first tested on Solidworks. These tests included
stress and displacement modeling based on both the full and half scale models. This was done to ensure a
successful construction of the prototype.

After the build, several tests based on the design specifications were created in the test matrix. These
included raising and lowering, along with weight constraints, and ergonomics based tests. The results of the
tests can be viewed in ’Section 15: Testing.’ In order to add the needed weight, the ’slabs’ were 3-D printed

as containers to bear sand as added weight.

2.6 Final Design

A few changes were made to the initial design that were recorded in the redesign period. These mostly
include aesthetic changes such as using spackle to fill in any gaps and painting the entire model gray. This
made a huge difference for the showcase as it was much more attractive to the eye.

The only major redesign was extending the front bracket several inches to close a gap in the mechanism.
The gap was due to a last minute hinge and latch swap that left a very noticeable gap, that would have
made the model unusable. A ’glovebox’ was added to the top of the model in-order to simulate the in-line
process during the capstone showcase.

The full scale model will be constructed out of aluminum, and will require a much bigger lifting system.
The CAD drawings for this will be submitted along with the feedback received from LANL.
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3 Financial Analysis

3.1 Full size Model Cost

The basis of the cost analysis of this device is derived from extensive inquiry into the projected costs of
necessary raw materials, the cost of product assembly and installation, the cost of neutron counting system
and the cost of other devices deemed necessary. A breakdown of the projected costs and descriptions will be

listed below followed by a final estimation of cost.

1. Cost of Raw materials

The cost incorporating into the raw materials includes the raw materials required in building of the full
sized neutron coincidence collar without the inclusion of the nuclear waste assay systems the product
is the collar is designed for. This includes the frame, supports and lifting mechanism. The product is
made out of aluminum when possible to reduce the weight and radioactive disturbances. The carriage
block, upon talking with the distributor, would be included with the sale of the pillow blocks. There is
a possibility of a student discount for the linear motion system by PBC Linear and Lee Linear (PBC
Linear and Lee Linear became one company [6]). The lifting mechanism is an assembly of parts made

by Lee Linear and Transmotec [7].

Table 1: Cost of Raw Materials

[ QTY | Product | Cost Per Unit ($) | Total Cost ($) [ Source of Estimate |
4 Multipurpose 6061 Aluminum Angle 38.37 155.00 McMaster Carr
2 Mortise Mount Hinge 20.51 41.02 McMaster Car

100 12-24 Stainless Steel Philips Flat Head A1 11.23 McMaster Carr
100 | Low-Strength Steel Thin Nylon-Insert Locknuts .07 7.20 McMaste Carr
2 Base Shaft Alloy Steel 71.06 143.12 Lee Linear
4 Open Pillow Block 186.80 747.20 Lee Linear
1 Carriage Block - - Lee Linear
2 Grab Latch 6.67 13.34 McMaster Carr
1 Ball Screw 42.67 42.67 McMaster Carr
4 Support Block 48.24 193.00 Lee Linear
5 Multpurpose 6061 Aluminum Bar Stock 8.01 40.05 McMaster Carr
1 DMA Linear Actuator 840.50 840.50 Transmotec

2. Product Assembly and Installation

The professional assembly and installation of the product will account for a substantial cost in this
project. The first thing that would need to be done is the cutting and set up of the material. The
average cost of a skilled machinist per hour is $ 19 per hour and would need about 16 hours of labor
to complete the job. This would lead to a cost of $ 304 for this individual. Based on what could be
determined, the cost for welding is around 45 dollars per hour. With this information and an estimated
weld time of 8 hours would give a total weld cost of $ 360 given that the collar is set-up in an optimum
way. The installation would most likely take two laborers a full day to complete and the wage for a
laborer is around 15 dollars per hour so the cost for installation would be around $ 240. This brings

the estimated total cost of installation to 904 dollars.
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3. Design Cost and Time Breakdown

The time distribution of the team is mainly distributed into five sections of research, communica-
tion/outreach, administrative duties, product design, prototype construction, acquiring raw materials
and meetings. It is estimated that each group member spent around 7-12 hours per week on the
project. The total estimated time the group spent on the project in the first term is 950 hours and if
that is transferred into a cost for labor of an estimated $29.34 per hour [8] the cost of the labor would
be $27,875 for the semester. This payment is just an estimate that will not be included in the budget
because as students, the team will not be paid for the work undertaken. The research section included
the time looking into neutron coincidence counting information, the patent searches, regulations of
nuclear waste systems, machinery options and other pertinent information. The communication and
outreach references the interaction of both on the phone and through email the team members had
with LANL, Canberra Industries, Progressive Automations and the URI faculty. The vast majority of
the time in this section was taken up by the bi-weekly meeting the team had with Jennifer Alwin and
the consistent email communication. The administrative duties included the updating of the project
plan, submission of weekly progress reports and planning group actions of the week. The product
design portion of the time is roughly on the magnitude of the research portion of the lab and has
dominated the groups time in the past month. This includes the CAD drawings, engineering analysis
and comparative analysis of the concepts created. The prototype construction took up most of the
time of this project and this included the construction of the mechanical system and the collar itself.
The acquiring of raw materials included going to Arnold Lumber and ordering piece online. The final
task was the regular team meetings held. This includes the meetings that lasted about for around
20 minutes per week. These meetings proved to be helpful in working out plans for the week ahead,

dividing responsibilities, and addressing problems quickly to develop a solution.

Robert Simpson Time Distribution

= Construction = Design s Administrative Activities = Engineering Analysis

Figure 5: Robert Simpson Time Distribution

Andrew Elloso Time Distribution

u Construction = Design Administrative Activities = Engineering Analysis

Figure 6: Andrew Elloso Time Distribution
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Ryan P. Murphy Time Distribution

.

Construction  mDesign  ® Administrative Activities s Engineering Analysis

Figure 7: Ryan Murphy Time Distribution

Tom Sullivan Time Distribution

= Construction = Design = Administrative Activities = Engineering Analysis

Figure 8: Tom Sullivan Time Distribution

4. Time Breakdown of the Los Alamos National Laboratory Faculty

This design challenge’s sponsor of LANL and more specifically the group’s mentor Jennifer Alwin have
spent a generous amount of time with the team working to answer questions as they arose during the
semester, guiding the teams direction or providing information for the group to gain a good background
what is expected from the team. Jennifer Alwin has spent an estimated 10 hours or more out of her
busy schedule on helping the team with the tasks described above. It is difficult to estimate what to
include in the budget for her time. The group is grateful for her assistance to the effort and this project
would be vastly more difficult without the vested interest of LANL and Jennifer Alwin.

5. Time Breakdown of Canberra Industries

This design challenge was aided tremendously by the team’s outreach to Canberra industries technical
representative. Canberra Industries produces the JCC-71, 72, 73 product line as well as the JR-14
shift register and the NDA 2000 software that is being planned on implementing into the design.
Sasha Philips specifically helped the team formulate ideas for the product that is being developed now.
Without even being the sponsor to our project, Sasha Philips helped an estimated two hour to the team
in the design process, helping the team understand the technology and the cost of the assay equipment.

The estimates for the neutron assay equipment is based on the estimates given by Canberra Industries.

6. Time Breakdown of PBC Linear

The team reached out to the east coast sales representative of Pacific Bearing Company named Tom

Ouellette. This was helpful in determining the necessary type of mechanism would best meet the
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requirements determined. The total time of communication was around a half hour conversation on

the phone that greatly helped the group get pricing for the pieces for the lifting of the collar.

. Time Breakdown of URI faculty

The time of URI staff has helped the design team to hurdle challenges quick and avoid problems before
they became major issue and helped with the building of the prototype. Dr. Nassersharif specifically
helped the team with the selection of the type of neutron assay to use both with his discussion with the
students in a private discussion for around 20 minutes and providing the students with a specialized
book on radioactive detection. The group will also like to thank David Ferreria with his help with the
group in assembling the prototype. This help gave the students great direction in finding solutions to

the problems at hand and staying on track.

. Project Cost of the Neutron Waste Assay System

The neutron waste assay system is based on a system already developed by Canberra Industries. The
design portion of the team’s design will incorporate Canberras design into an automated system that
will offer the option for the assay of waste before leaving the glovebox confinement. The cost of the
neutron waste assay system does have the option to offer different paths that could be explored by
the LANL that will adjust the cost greatly. The team has decided to focus on the development of the
mechanical system that will house the neutron counting system, it is important that the estimated cost
of this equipment is included into the projected cost of the system. This will be critical to calculate
the return on investment the full product will have to help justify the purchase of the collar system

that is developed.

Table 2: Assay Option One

’ Task \ Product \ Option 1 \ Price ‘
6 Passive Neutron Counting Slabs (36) He-3 Tubes Acquire from Private Sector $144,000
Neutron Analysis Shift Register JSR-14 Acquire from Canberra Industries | $15,000
NDA Software Canberra NDA 2000 $10,000
One Active Neutron Source Slab | Neutron Source Material Americium 1,500/g
Table 3: Assay Option Two
] Task \ Product \ Option 2 \ Price
6 Passive Neutron Counting Slabs (36) He-3 Tubes Acquire Direct from Gov'’t $54,000
Neutron Analysis Shift Register JSR-14
NDA Software INCC Software N/A
One Active Neutron Source Slab | Neutron Source Material Californium $60/microgram

9. Total Projected Costs

The total projected cost of the device will include the cost of the collar and an estimate of the cost
for a neutron coincidence counter acquired directly from the private sector. The total cost for the
raw materials to build the collar is $2,235.33. The total cost for the labor would be $904. The cost

Team 8
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of the passive neutron counting system would around be $169,000. With a high estimated customer
acquisition cost of an estimated $1000 the final cost of the device would be $173,139. So it was decided
that the full system would be sold for around $250,000. This would allow for a solid profit margin and

a excellent return to the company.

3.2 Manufacture Cost and Marketability

The manufacturing cost of the design will greatly decrease with the increase in the demand for this design.
This product would create a niche market, small now, but could increase greatly with the increase in the
decommissioning of nuclear power plants and the expansion by other countries of reactors. If this were to
increase sharply, the cost of manufacturing would decrease but it is not foreseen that the product will have
the demand to justify a mass production system tailor to it. The manufacturing costs of the final product
will be fairly similar to the costs that are determined by the team due to the fact that the major costs to
the final project is the neutron counting system already developed from Canberra Industries. This product
could dominate a small portion of the market due to the lack of competition in the application pursued by
the team.

This product will be extremely attractive to the facilities that experience the same "muda” LANL ex-
periences. With the cost of an average of $150,000 cost for a process deviation and around five process
deviations per year this product, no matter how the final cost of the neutron assay system and mobile col-
lar, will pay itself back well within a year and most likely much faster than that. If other nuclear waste
processing facilities experience the same kind of waste that LANL experiences, then this product should be
able to reduce their costs with relatively little upfront capital. The market strategy pursued by the team is
to eventually sell the idea to Canberra Industries to allow the well-connected and vast organization use the
product developed to open new market share to sell more neutron counting systems. This device would be
sold as an attachment to the JCC 71, 72, 73 system and would help the company allow for one device to be

applied into a new application thus helping to expand their market.

3.3 Future Technology and Revisions

With regard to the future technology, the collar design offers a flexible platform for the advent of new
technology. With a development by Canberra Industries of a new waste assay system, the design we developed
would be easily adapted to new shapes of the assay devices. The simplicity of the design offers the ability for
new technologies to be easily integrated in the device including but not limited to new neutron coincidence
counters. The design at this point does maximize the use of known technology and allows for optimal

performance.

3.4 Prototype

The vast majority of time in the design work in the second semester was spent constructing a prototype.
The budget for the project was provided by Dr. Bahram Nassersharif and the University of Rhode Island.
The budget that the group worked off of was a generous $700 and managed to stay below budget while
delivering a finished model by the end of the semester. The group had to make some decisions quickly to
cut the cost of the model while still proving that the prototype would model a finished product. First the
group decided to cut the model down to a half scale and make it out of wood. This cut costs immensely by

eliminating the need for skilled labor and expensive material. Then the group replaced the mechanical lift
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system with a re-purposed television lift. This also help cut the expensive cost of the lift system and cut

time in building the working system. These decisions early in the semester allowed to group to get right to

work. In table four there is a breakdown of the cost to construct the prototype outlined clearly. The total

cost of the prototype was a $537.96 bringing the project well below budget allowing that the group members

did not receive wages.

Table 4: Prototype Cost Breakdown

QTY Name Dimension Source Cost I(’;;’ Unit C&;;t
1 Plywood 4'x8-1/4” | Arnold Lumber 31.01 31.01
2 Wood Screws 3/8” McMaster-Carr 1.85 3.70
1 Wood Glue Quart Amazon 4.34 4.34
1 Hinge 1/2 Arnold Lumber 4.14 4.14
1 Television Lift N/A Amazon 359.99 359.99
6 SS Cap Screw 5/16x1 Arnold Lumber 0.54 3.24
6 SS Flat Washer 3/8 Arnold Lumber 0.25 1.50
6 SS Hex Nut 5/16-18 Arnold Lumber 0.21 1.26
6 Cap Screw 1/4x1-1/2 | Arnold Lumber 0.15 0.90
6 Cap Screw 1/4x1 Arnold Lumber 0.11 0.66
1 XL-FX PHIL WS 12x1 Arnold Lumber 3.26 3.26
1 Spruce Lumber 27x47-12 Arnold Lumber 4.48 4.48
1 Putty Knife 1-1/27 Arnold Lumber 3.08 3.08
1 Spackle Quart Arnold Lumber 9.26 9.26
2 Gray Spray Paint Can Arnold Lumber 5.26 10.52
1 Aluminum Sliders 4 pack Amazon .22.99 22.99
2 Aluminum Rods 307 Amazon 44.95 44.95
2 Linear Rail Support 2 pack Amazon 14.37 28.74
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4 Patent Searches

Before the team began to design any sort of nuclear waste assaying device they needed to do a patent search
in order to see what type of technology already existed in this field. Most of the other teams conducted this
search so that they would know not to design an already existing product and to avoid any sort of intellectual
property theft. Unlike those groups, Team 8 needed to know what products already exist because the project
involves incorporating a device into a mechanical design. Once the team established what technology was
needed to assay waste and what technology already existed this search quickly became more of a shopping
trip to find the ideal device. However, the purpose of this search was not just to see what type of assaying
devices existed, the team also had to learn about the mechanical installation of said devices. Once the focus
on the problem statement shifted from a nuclear aspect to a mechanical aspect, the goal of the search became
less focused on the actual nuclear assaying device and more on the installation of it. This shift meant that
the searches went from using keywords such as "assaying” and ”nuclear” to "drum” and ”hydraulic-lift” Of

all the searches conducted the following patents proved to be the most beneficial to the project.

1. Patent Number: 8,729,488
Patent Name: Assaying of Waste
Date Patented: 20 May 2014
Inventor: Wilson, Mark
Patent Description: This patent was most relevant to the team’s project because the goal of this
problem is to create a safer and more efficient way to assay waste. With very limited background in
nuclear engineering and no substantial prior knowledge as to what waste assaying really is, this patent
contained plenty of information to get a basic understanding. What this patent taught the group is
that assaying is measuring the specific volume of nuclear material and the multiple methods possible
for conducting the measurements. One of the biggest takeaways was that in most assay systems there
are usually two or more detectors present which could measuring several different methods. The team’s
final design is able to utilize both passive and active assays and that design specification is primarily
due to the knowledge gained from this patent. In regards of finding a device that is related to what
the team proposed as their final design, this patent did have some but not much relevance. After the
focus shift the team had to keep in mind the waste assaying devices but focus more on the mechanical
aspect, which this patent did little to help with. Overall, it was a good initial learning resource but

did little to assist in the actual design.

2. Patent Number: 7,227,152

Patent Name: Device to Measure a Radiation Dose

Date Patented: 05 June 2007

Inventors: Brabec, Christoph and Hoheisel, Martin

Patent Description: This invention is intended to pick up radiation dose rates from a source and display
this data on a monitor. It is primarily intended for medical use where a source is radiating and the
device is intended to determine how much radiation is being released and where from. The team is
intrigued by this patent because it fits into the original problem statement very well in the sense that
it determines quantities of radiation which is exactly what needs to be achieved in the final design.
Not only does this invention do the function that the team is trying to create it also explains the setup
of equipment and where to position key devices. The first patent gave the team a solid understanding

of how reading waste works, this patent was beneficial for a very different reason. Where the first
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patent was more of a theoretical background, this patent began to describe the physical set up of such
a device. When designing the final product the team had to consider the limited space that working
in a glove box offered. Also, when adding additional parts outside of the box, positioning of particular
parts of the scanner becomes critical. This patent provided insight on to which parts had to be in
exact locations and which could be placed more freely. This knowledge became very important after

the problem statement shifted.

3. Patent Number: 8993,827
Patent Name: Method for Stabilization and Removal of Radioactive Waste and Non-hazardous Waste
Contained in Buried Objects
Date Patented: 31 March 2015
Inventors: Soyfer, Boris, Halliwell Steve, and Stone, Kieth
Patent Description: This invention is created to help remove vertical pipe units (VPUs) from the
ground. A VPU consists of several 55 gallon drums containing low level radioactive waste stacked
vertically and buried beneath the earth. The removal is necessary because certain VPUs have been
known to have a breach after so many years beneath the earth and have toxins seep into the soil around
them thus poising the environment. This patent is about a device that is able to remove the entire
VPU at once and allow fresh soil to take its place. While this invention is not one that the team plans
on using in its design it does contain a certain function that the team is considering utilizing in theirs.
This device is intended to raise and lower several 55-gallon drums which is a mechanical portion that
the team’s final design also has to do. Although this design happens on a much larger scale the same
principals could be broken down and applied to a small scale system. In the end, while the exact patent

may not be used it definitely helped inspire the team to design something that will be.

The patent searches that the team conducted were first intended to give everyone a baseline knowledge
on the subject of nuclear waste assaying. It then gave the group several ideas on how to design an actual
assay to include the physical set up. As the group underwent this design process certain problems arose that
led the team to look at other patents and see if any more information could be gained. Certain problems,
such as how to raise and lower a 55-gallon drum or the positioning of certain pieces of a waste assay device

were usually solved by researching how other patents have solved this issue and referencing these for help.
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5 Evaluation of the Competition

While the product described in this report is designed for a specific application within the LANL facility,
there is potential that this product can be applied to the nuclear processing gloveboxes in not only other
national laboratories but nuclear reactors across the world. There are around 450 nuclear reactors operating
around the world. According to the TAEA, a 1000 MWe nuclear power plant produces on average 100 cubic
meters a year of low level nuclear waste [9].

The low-level waste at LANL is processed in the glovebox, placed into a 55-gallon drum, verified and
finally buried. If a barrel is over the stated limit of 100nCi/g at the verification lab, a procedure deviation
must be instituted that costs LANL around $750,000 per year. This cost is substantial and one could only
infer that other facilities experience this “muda” in their operations.

This opens up the opportunity for the implementation of the neutron coincidence counting device that
would ensure the radioactive waste was safe for burial before it leaves the glovebox. This would vastly
decrease the likelihood of performing a process deviation and putting workers in danger. The marketing
plan envisioned by the team is to first create a full scale working model of the neutron counting collar
specifically designed for the plutonium processing glovebox. The design will require a partnership with
Canberra Industries.

The goal of the team is to show the different parties the advantages of the design. To the sponsor at
LANL, the designs goal is to show an innovative idea that will fill the specific requirements stated for the
design challenge. This will show the device able to save the facility time and effort while offering a quick
payback period. To the nuclear facilities workers, for whom will be working alongside this device on a
day to day basis, it will demonstrate an easy process addition that will help ensure ALARA guideline are
met. Finally to Canberra Industries, the plan is to offer the product as an add-on for the JCC-71, 72, 73
coincidence counting series. This will allow for Canberra industries product to be offered to assay a 55-gallon
drum of radioactive waste while it remains within a glovebox.

The collar positioning device will be integrated into an already developed counting system and with the
high cost of mistakes made in these processes, it will make the selling this add on attractive to the Canberra
sales force looking to open up a new market for a product that is not offered at this date. It is expected
that the product would be pleasing to all parties. With both the seemingly absence of direct competition
and the ability for the product to measure different types of nuclear waste, the first step of the expansion
of the product will be more to applications to different glovebox configurations within the facility. Once the
product is shown to work in other applications and a patent was completed, the hope would be to sell the
idea to Canberra Industries as an addition on their JCC-71, 72, 73 products.
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6 Specifications Definition

Design specifications is necessary for a product that is desired to meet particular requirements. This provides
regulations that the developers need to accomplish. These design specifications were created from initial
requests by LANL which can be broken up into two components: nuclear assay device and mechanical
system. The design being developed is a mechanical system that employs already existing nuclear devices
where both need to meet requirements. The list will provide guidelines when solving the initial problem for
LANL.

6.1 Nuclear System

The design for mechanical system would be difficult without specifications for the nuclear device. It important
to know which nuclear assay device to incorporate in order to build an appropriate mechanical system. The
requirements were directly given by LANL to ensure the product would solve the problem for the company

and possibly others.

Table 5: Nuclear Specifications

’ # \ LANL Requirement \ Engineering Specifications
1 NDA Neutron coincidence counting
2 | Measure variety of waste Active and passive assay
3 Acceptable efficiency Active assay: 5% or greater
Passive assay: 5% or greater
4 Time efficient 1 hour or less
5 Drums reactivity level Less than 100 nCi/g
6 User-friendly JSR 14 Shift Register
NDA 2000 Software

The first nuclear specification given by LANL was that the device should be NDA. After researching
current NDA devices, Neutron Coincidence Counting is found to be a common way for measuring radioactive
material. This type of assay has the ability to measure a multitude of radioactive material.

The next requirement for the nuclear product was for it to measure a variety of waste. This is ac-
complished with the prior engineering specifications as well as an active and passive assay device. While
researching these devices, active assay and passive assay measure different radioactive material but can be
combined into one system.

Acceptable efficiency is another specification made by LANL. The efficiency of neutron coincidence count-
ing products has a wide range from less than 2% to over 40% for the high efficiency devices. The higher the
mass of radioactive waste present the less efficient the machine needs to be. The device necessary to solving
the problem for LANL is said to not need a high efficiency. The engineering specification for efficiency was
then set to 5% or greater for both active assay and passive assay.

The time of the assay should be completed in an acceptable manner. The device should not cost the
workers time that could be better spent doing something else. The fastest assay that was come across
achieved the task in thirty seconds, however, it is more common to find devices that take ten to twenty
minutes as the efficiency increases. The time of the assay of an entire drum should yield is an hour or less.

The drums cannot exceed a certain level of radioactivity set by Office of Homeland Security and Emer-

gency Coordination (OHSEC). This limit is set for environmental and safety protection. The maximum
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radioactive waste the drum can contain is 100 nCi/g.

The last request is the NDA device provide a user-friendly interface for the workers. This is done by
implementing the JSR-14 shift register and NDA 2000 software. These are universal computer programs
that collect the neutron coincidence data and are the most common and user-friendly systems provided from
Canberra.

6.2 Mechanical System

The requirements for the mechanical system derived from constraints in LANL processes and the desire to
make a useful product. The major problem is implementing a mechanical system that is consistent with the
majority of the current process for LANL. The product is focused on simplifying the assay of nuclear waste

in the glovebox.

Table 6: Mechanical Specifications

# LANL Requirement Engineering Specifications
1 In-line system Glovebox Dimensions: 150” long, 60” wide, 100 tall
Underneath: 39” tall
2 NDA holders 3.60” wide, 9.25” long, 20.35” tall
3 Universal system Interchangeable between active and passive assay
4 Ergonomics Install movement system
5 Vertical movement Lift 200 lbs or greater
Distance of 20”
6 Motor Torque of 4000 Ibs*in
7 Rising time 5 to 10 seconds
8 Sturdy structure Frame holds 150 1bs or greater
9 | Ability to assay drum 23.50” diameter
10 User-Friendly SOP Provided

The first constraint for the mechanical system is the size of the glovebox. It is imperative for the device
to fit in the glovebox line. The glovebox has a length of 150 inches, a width of 60 inches and a height of 100
inches. The height underneath the glovebox is thirty-nine inches for if a system is implicated underneath.
These dimensions constrain the size of the mechanical device in order to fit.

The mechanical system must contain an area for the NDA device. Based on the device selected for this
process the holders should have the dimensions of 3.60 inches wide, 9.25 inches long and 20.35 inches tall.
The dimensions are 0.05 inches greater than the device to enable easy placement and removal without too
much leeway.

Another request by LANL was to make the system universal. The device can be made universal by
maximizing the amount it can accomplish. This is achieved by having a nuclear device that can assay a
variety of waste as described in Section 6.1. The device chosen needs to a way to switch between active assay
and passive assay. In order to accomplish this the mechanical system created needs to be interchangeable.

Ergonomics with the mechanical system is a priority. This is translated into the engineering specifications
by the necessity to install a movement system into the product. This will cut down the heavy lifting or
uncomfortable lifting done by workers.

The system that needs to be applied to the mechanical design is a vertical movement device. This device

has some limits it should achieve. The total weight of the nuclear device and the mechanical product is
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approximately 150 pounds. The vertical movement should be able to lift 200 pounds or greater for a factor
of safety. The system should also drive the system to a height of 20 inches off the ground. This is necessary
to assay the entire drum.

The motor has an important requirement to allow the product to function. The torque of the motor
should be at least 4000 pound inches. The mechanical system is lengthy which requires more torque for the
motor. This specification has a factor of safety built in to prevent the motor from working it’s maximum.

The vertical movement of the mechanical product should rise and lower in an appropriate amount of
time. The time that the product should take from the top to the bottom should be 5 to 10 seconds. This
time a reasonable and easily accomplished specification.

The frame itself should be sturdy. The total weight of the devices is approximately 120 pounds. The
frame should be able to hold 150 pounds or more to ensure a factor of safety. This will be easily accomplished
with the use of aluminum alloy and welding.

The mechanical system needs to be able to assay a loaded drum of radioactive material. This requires
the system to fully fit around the standard 55 gallon drum. The mechanical system has a necessity to be
23.5 inches or greater in diameter to fit around the drum.

The final request of the mechanical system is the same as one for the nuclear system. The mechanical
system should be user-friendly. This will be solved by implementing a SOP to the mechanical product.

The nuclear specifications and mechanical specifications were combined to complete the design specifica-

tions for the product. These specifications can be seen in Table 7.

Table 7: Design Specifications

’ # \ LANL Requirement \ Engineering Specifications
1 NDA Neutron coincidence counting
2 | Measure variety of waste Active and passive assay
3 Acceptable efficiency Active assay: 5% or greater
Passive assay: 5% or greater
4 Time efficient 1 hour or less
5 Drums reactivity level Less than 100 nCi/g
6 User-friendly JSR 14 Shift Register
NDA 2000 Software
7 In-line system Glovebox Dimensions: 150” long, 60” wide, 100” tall
Underneath: 39”7 tall
8 NDA holders 3.60” wide, 9.25” long, 20.35” tall
9 Universal system Interchangeable between active and passive assay
10 Ergonomics Install movement system
11 Vertical movement Lift 200 lbs or greater
Distance of 20
12 Motor Torque of 4000 lbs*in
13 Rising time 5 to 10 seconds
14 Sturdy structure Frame holds 150 lbs or greater
15 Ability to assay drum 23.50” diameter
16 User-Friendly SOP Provided
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7 Conceptual Design

When the team was first given their problem statement and told to create 30 general concept designs,
everyone began working with the idea of ways to record and track the assaying of the materials. The general
consensus was to find the best way to assay the waste in line while not disrupting the current standard
operating procedures. This mentality was used all the way up to and during the presentation for our 3
preliminary designs. After speaking with the representative at LANL, a new problem statement was defined.

The original thought was that a team was needed to create a nuclear counting tool and find the best
way to install it. Instead, after much discussion we learned to create a mechanical tool that would allow for
several different types of nuclear assaying and to focus on the creation of that system instead of the nuclear
aspect itself. Learning this so late in the semester caused for a shift in what our design would be and is
therefore not located in any of the 120 designs below. However, there are certain parts of each design that

are being utilized together in the final proposed solution.

7.1 Thomas Sullivan’s 30 Concepts:

1. Hand held operating Geiger counter like the light used in a dentist office. Allows for hands free use in

the glove box but is still easily movable.

Analysis: A Geiger counter would not perform the exact assaying intended for this problem statement.

Also, the installation of such a device would only hinder future operations.

2. Remote controlled Geiger counter, this will introduce a robotic aspect of the design and reduce the

need for actual gloves and/or physical movement.

Analysis: A Geiger counter would not perform the exact assaying intended for this problem statement.

Robotic aspect is being taken into consideration.

3. Waste is counted then sorted by quantity per item and moved into 3 separate storage spaces. One for
a small amount, medium, and large. Then x small items +y medium items + z large items will fit into

1 drum.

Analysis:This automated process would require more room than the glove box has to offer and doesnt
exactly answer the problem being asked. The materials being assayed are having their quantity of

radiation measured not their volume.

4. Digital Progress Bar shows real time quantity, the user records the counter readings and updates the
bar as necessary
Analysis:This software is included in the proposed solution. It is incorporated into the go or no go
testing in the assaying drum.

5. Incorporation of a notification system that activates when landmarks of capacity are hit i.e. 50%. 75%,
95%

Analysis: A similar software feature is in the proposed solution where the drum is assayed and given

a go or no go status.
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10.

11.

12.

13.

14.

Have an automatic trigger that activates when one drum is overfilled. The excess spills over into an

emergency backup drum. This drum will remain below the current one until it is almost filled

Analysis:There is not enough room for two drums to sit below the glove box. The idea of putting one

below is in the proposed solution, the idea of it being overfilled is being taken into consideration.

The waste material enters a small disposable box where it is then measured again to reduce inaccuracy

due to any residual radiation in the glove box

Analysis:There is likely very little or no inaccuracy and therefore no benefit gained from assaying the
material a second time. If the radiation is going to be picked up, moving it somewhere else inside the

box wont change that.

Waste material is recorded and moved into a storage box before entering a drum to verify that amount

is under the limit prior to entering the drum

Analysis:This concept would require the in-line system to be interrupted for the installation of a
secondary box. While in theory this solution would work, the installation process would hinder the

overall systems ability to operate.

Drum is loaded inside of the glove box and has an auto sealing system that activates when the limit is

met.

Analysis: An automatic sealing system would require that the system is constantly operating in order
to track progress. The drum is filled up over several days of loading and would therefore require more

power than preferred.

Waste is filled into an 11-gallon middle drum then measured for accuracy when filled. Once verified it

is moved to the 55-gallon drum, repeat four more times then, measure again to confirm accuracy.

Analysis:This method is not only timely and non-cost effective but it’s also based upon the presump-

tion that the same amount of waste will be entered into the preliminary each time.

Install a conveyor belt system that allows the waste to be easily moved from one scanning station to

the next.

Analysis: This proposed idea would help the workers move waste within the glove box but it does

not directly answer the problem of loading the drums and is therefore unhelpful.

Have multiple glove boxes lined up to test the waste multiple times to insure accuracy. Use the average

amount and add to the total before sealing the final drum.

Analysis:Running the same test several times in a row is very likely to result in the same answer. If

there were errors in such readings then it would be due to an equipment failure.

Attach a Geiger counter to the outside of the glove box that is able to scan through the glass. Makes

handling the counter much easier due to the lack of need for gloves to operate

Analysis:A Geiger counter is not the desired assayer for this solution and had it been this would have

proved to be an ineffective method for recording the radiation.

Do not move the waste from the glove box after it has been measured. Instead continue to move in
new waste and scan the total pile again until the max value of waste has been met. Then move all of

the waste at once into the drum
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15.

16.

17.

18.

19.

20.

21.

22.

Analysis:Safety is the biggest reason not to use this idea. While it is possible it increases the amount of

time workers would be near the waste and keeping the exposure ALARA is a key part of this problem.

Waste is filled into a test 55-gallon drum and measured once to confirm that it is under the max limit.

Once confirmed it is then moved to the real drum for sealing.

Analysis:The primary test drum serves no purpose. It is simply a filler step in the system and would

only prove to not be beneficial.

A counter system is installed over the hole/entrance into the drum and records the progress. The

system tracks the progress and displays numbers for the user to see.

Analysis:This idea is possible but does not answer how or where the drum will be inserted during

this system. Also, constant tracking requires a lot of energy that could be better used elsewhere.

Roller bearings are installed in between the glovebox rooms to facilitate movement /transportation of

the waste.

Analysis:While likely to improve the movement of waste through the glove box, this solution does

little to answer the proposed problem. It has no effect on the loading of the drum itself.

A back up counter will be installed on the inside of the drum lid. Then when the drum is closed this

will trigger the counter which at this point will read out whether the limit is surpassed or not

Analysis:It is not financially possible to load each drum with their own counters. This would simply

add an unnecessary cost to an already expensive problem.

A rail system is installed into the glove box to improve transportation and if need be reverse the

direction of movement inside the glove box.

Analysis:This solution would allow for a more easily transportable system but does little to help the

loading of the drum and hardly answers the proposed problem.

Glove box installs lead lined doors that drop down during measurements to block out any residual

radiation from previous waste material.

Analysis:The mechanical installation of these doors would take countless hours just to design and
then the physical installation would take even longer. This would greatly hinder progress and require

an immense amount of input for a very small output in terms of efficiency.

Install a micro NDA in the final chamber to confirm count prior to drum being sealed

Analysis:While an NDA is the correct type of counter to be used in this problem it does not say how
or where it will be located in proximity to the drum. It also does not say where the drum itself will
be located.

Install a micro NDA in the 55-gallon drum to confirm the count after the drum is sealed

Analysis:The cost of installing a micro NDA into every single drum that gets sealed with waste would
be massive, the idea is not financially possible. It also does not say how the assayer is going to provide

data to the workers.
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23.

24.

25.

26.

27.

28.

29.

30.

Install a trap door mechanism to drop waste onto a belt below the glove box to store all waste out of

the way until the limit is met.

Analysis:The idea of using a trapdoor is being proposed in the final solution. However, the conveyer

belt would take up too much space and require too much time and money for installation.

Make the glove box entirely out of glass or as close to as possible to improve visibility and help with

movement.

Analysis:Not only would safety be lowered by a large amount through this idea, it also does not
address the problem statement. Visibility and mobility are issues but not the intended ones for this

problem.

Have the user side glass face on a track system that is able to move while still holding a seal. This

allows for the user to move about the actual gloves and does not limit them to one fixed position.

Analysis:This proposed solution would require an immense amount of analysis just to determine if it
is feasible. At which point if it is proven feasible it does not seem like it would benefit the workers or

system in any serious way.

Install a tray inside the glove box that is able to move around with an external joystick to increase

waste mobility inside of the glove box.

Analysis:This solution would make mobility within the glove box much easier but it would do little to
nothing to benefit the drum loading process. It would also limit what can and cannot enter the glove

box due to its need to have items smaller than the tray.

Install a Geiger counter into the base or roof of the glove box able to scan the entire box at once, then

clear the entire box and bring in new waste.

Analysis:A Geiger counter is not the counter that should be used for this system and if it were it

would need to be very big to scan the entire box at once.

Mount the Geiger counter on a dual rail and chain system similar to those in a claw machine in order

to get more exact control over the system as it measures,

Analysis:While this system provides a way to have more control over your system as you measure the

waste, it is still the wrong type of counter intended for this system.

Remove the gloves entirely and make the glass windows as large as possible. Then utilize robots and

drones to move and measure waste for you to reduce human exposure.

Analysis: The addition of robots and drones to this system could solve the problem and reduce human
exposure. It will however come with a large number of other problems from maintenance to cleaning

that deems this solution not worth the effort.

Install a Geiger counter into the inside of the glove itself to form a gauntlet like system able to measure

any item picked up by the user.

Analysis:This solution gives the workers more control over the measurements but does not assist in
the loading process. Also, no such device exists right now and the design of one would be very complex

and potentially not worth the time.
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7.2 Robert Simpson’s 30 Concepts:

1. Neutron Coincidence Counter attached to the top inside glovebox: This would be a device that reads
the material moved under it. The materials will be passed through the glovebox the same way it is

now. The device will count the neutron coincidence and moved into the waste drum.

Analysis:This is a good theoretical solution but it lacks certain specifications such as if the material is
going to be isolated prior to counting and what to do if the glove box is too high for it to read smaller

materials.

2. Neutron Coincidence Counter attached to glass: The device would have sensitivity to read the radioac-
tive material through the glass. Being attached to the glass would allow the user to be hand free. This

would give a reading of the material in front of the device.

Analysis:This idea is based upon the presumption that the coincidence counter is able to accurately
read the material in the box from the outside. With the need to still move the material would prove

that this process would not be hands free, even if the device would be.

3. Neutron Coincidence Counter that adds previous readings: This will be a reader that records the ra-
dioactivity of materials. The device will have a continuous total while recording the current radioactive
material. Once the limit hits the device will alert the user. The device will have a reset button for

each drum.

Analysis:This solution introduces a tracking method that needs to stay running while the drum is
being filled, which will require constant power. It also doesnt say where or how the scanner will be
installed.

4. Automatic feeder: The glovebox will have a conveyer belt moving along the radioactive material. There
will be a device counting the radioactive material as it passes. The device will add the radioactivity

as the materials pass by. The device will stop automatically when the maximum is hit.

Analysis:The installation of a conveyer belt would limit what can and cannot pass through the glove
box based upon its physical requirements. It also acts under the impression that there is a constant

feed of material, which is not always the case.

5. Manual feeder: The conveyer belt will only move when the button it is controlled by is pressed. This
will allow for the moving of radiation to go slowly and controlled better. The device reading the

radiation will count the total and give an alert when it is close to being full.

Analysis:This idea is superior than the previously proposed conveyer belt because it gives the user
total control over the system. Both however do not talk about the actual loading of the drum just the

recording process.

6. Ring on 55 gallon drum: The ring will track the radioactivity to enter the drum. This is based off the
passive neutron coincidence counter. The device will give a warning when the drum has almost hit
the limit. The ring can be kept in place allowing the drum being filled to attach to it and detach to it
when filled.

Analysis:This idea lead the group to propose a drum collar solution to help record the material fill

progression. First the idea had to be combined with that of the trap door to create one solid idea.
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7. Monitor outside glovebox connected to a device inside: The monitor outside will allow for better
viewing of the reading of the material. This can assure the workers arent reading through the glass or

having difficulty reading the recordings.

Analysis:This is one of the solutions that the team has decided to bring to its final design. Regardless

of what system was implemented, having the screen outside is the logical choice.

8. Control pad outside glovebox connected to a device inside: The control pad outside the box will allow
easy access to commands. This will prevent handling the device inside with gloves that would make
it difficult. The control pad can have a reset button for counting or it can allow to re-calibrate the

device.

Analysis:In general, this solution is vague and does not go into enough detail to be considered seriously.

The idea is based upon using a remote control of sorts but doesnt say what for or how.

9. Reader imbedded to the bottom of glovebox: The radioactivity will be read as it is passed over the
device in the glovebox. This will be similar to a scanner. This device will record the total and alert

the workers if they will exceed the drum limits with the current waste.

Analysis:This solution works similar to that of a grocery store checkout, where the item passes over
the scanner. It could be taken into consideration, providing it come with an easy way to load the

drum.

10. Well-Detector inside glovebox: A well-detector is a passive coincidence counter. The dimensions of the
device will allow it to fit in the glovebox. The radioactive material can be placed in the detector and

recorded. An image is displayed as Figure 9.

Figure 9: Rob Idea 10 [10]

Analysis:This idea is the closest to the final design that the team proposed. That being that it also
is an assaying method where the materials are surrounded by the scanner. The final design is not

actually a well but operates in a similar physical fashion.

11. Drums with HLNC on top: HLNC is a passive high level neutron counter used on drums currently.

Implementing this device to the glovebox line would allow for the radioactive material in the drums to
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be counted. Since the HLNC would be on top of the drum, the drum would need to have a slit on the
side to place the nuclear waste inside (Figure 10).

e i .. g

Figure 10: Rob Idea 11 [11]

Analysis:This solution incorporates this scanner onto the drum itself and does not stay in the glovebox.

While it could work, it does expose the workers to a higher risk which is not what this problem wants.

12. HLNC in glovebox: Make a compartment in the glovebox for the high level neutron counter. This
would allow for the reading of the material before entering the drum. Once read the material can
be moved to the drum. The compartment would need to be hooked up to a computer to record the

information.

Analysis:Moving the high-level neutron counter into the glove box is a safer approach than leaving it
separate. However, the addition of this new compartment would upset the already inline system due

to physical constraints of the surrounding area.

13. Add a lead divider to glovebox: This can be a hinge lead frame in the middle of the glovebox. The
divider can separate sides of the radioactive material. This would be done for lower level neutron

coincidence counters. The hinged door can be put into place either manually or automatically.

Analysis:If high level neutron counters are an option then why would we need to make specific
accommodations for low level counters? While yes it would increase accuracy due to the lead shielding

it just seems unnecessary.

14. INVS (Inventory Sample Counter) small compartment: The inventory sample counter is used for small
plutonium samples with much less plutonium than HLNC. Make a small compartment or bucket in
the glovebox where INVS can be run. Run analysis on small samples of plutonium at a time until the

maximum content in a drum is met.

Analysis:As stated above the incorporation of an additional compartment is unlikely due to the
proximity of other glove boxes. Also, the obvious flaw in this design is what to do if a large sample

arrives that this device cannot accurately measure.
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15. INVS incorporate into drum: The inventory sample counter is used for small plutonium samples with
much less plutonium than HLNC. The device will measure samples of plutonium like designed. The
device will also add up plutonium levels from previous readings of the current drum. The bottom will

open dumping the radioactive waste into the drum as long as it wont exceed the drums limits.

Analysis:The trapdoor idea for the glove box is being used in the final design, still however the

small-scale scanner is flawed due to its inability to read large samples.

16. WDAS in line: WDAS [?] is the waste crate assay system that measures high and low radioactivity
levels in waste. The system is a passive neutron coincidence counter. Using the system in line with

the glovebox will cut down time.

Figure 11: Rob Idea 16

Analysis:This is a very accurate device that would definitely be able to read the radioactivity on the

materials provided. The problem with it is that it is too large to incorporate into the in-line system.

17. Apply the WDAS to the glovebox: Use the system for the waste drum assay system to make it
applicable to the glovebox. Place a waste container in the glovebox to be used as the measuring
container. Measure out how much waste is in that drum and if it does not exceed the 55 gallon limit

dump it into the drum and continue until the maximum is made.

Analysis:This device is too large to easily incorporate it into the glove box and even if it were added

then the problem of loading and unloading arises.

18. Flat-squared counter attached to glovebox: The flat-squared counter is a small neutron coincidence
counter therefore it can fit in the glovebox. The material can be analyzed in the glovebox then placed

into the drum.
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Movable Hoist

Figure 12: Rob Idea 18 [13]

Analysis:Using a smaller scale counter inside the glove box limits the workers exposure and does not

disrupt the in-line system. If paired with a drum loading procedure this idea could work well.

19. Make a compartment with similar style of flat-squared counter: The flat-squared counter is surrounded
by neutron detectors, graded liner, and moderators. The device also has a high voltage junction box.
This device can try to be replicated in a glovebox to increase the amount of material that can be

analyzed. This would also make it easier to move the waste throughout the glovebox.

Analysis:This idea is to replicate an already existing device to install it into the glove box. What

would be easier, this design or actually installing the original device, in other words, is it worth it?

20. Passive assay instead of active assay: There are two different ways to record plutonium waste through
neutron coincidence counting. Passive assay is a detection and measurement of the neutrons from
an isotope that undergoes spontaneous fission. Active assay is using neutrons to induce fission on
a material and counting the neutrons emitted from that material. Passive assay is said to be more

accurate than active assay.

Analysis:This is another idea that is being considered for the final design. Active versus passive

assaying is something to consider when choosing the final product that the team will use.

21. Combining both passive and active assay: There are previous devices that have a combination of both
passive and active assay. Creating a device like this to incorporate in the glovebox would ensure an

accurate answer.

Analysis:The teams final design is able to do both active and passive assays due to its ability to have

interchangeable slabs that can do several different measurements.

22. FDET detector head sealed in the glovebox: The Fork detector irradiated fuel measuring system
detects gamma rays and neutrons. The system has a detector head, an extension pipe, a gamma ray

and neutron detector electronics unit and a portable computer. The computer can have a station
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outside the glovebox for readings. Nuclear waste would be moved to the detector had, read and the

placed in the drum accordingly.

Analysis:This measuring system, while possible, is not one that the problem specifically is looking

for. Let it be known though that the monitor outside of the glove box will be used in the final design.

23. Two different signals inside the glovebox: The first signal will detect one or more types of emissions
from the material. The second signal will be a detection of the cosmic rays. Having the signals set up

in the glovebox will allow for a more accurate reading of the radioactive material.

Analysis:As stated above the idea of having multiple counting and detecting methods went into

consideration when planning the final design.

24. Neutron scintillating wall: Neutron absorbing scintillating particles in plastic is a known neutron
detector method. If there is a wall in the glovebox made for this, the neutrons can be counted by being
attracted to the wall. The detector imbedded will read the neutrons. The detector can also select

particles from the range of alpha to triton.

Analysis:This is a very possible but costly design method. It would take a lot of time and money to
replace a wall in all of the glove boxes. Even if the idea allows for a more complex array of counting

methods.

25. Lithiated glass waved across the nuclear material: Have a piece of lithiated glass with scintillating
particles is waved over the material. This will attract the neutrons from the radioactive material. The

neutrons will be detected using this method.

Analysis:This proposal does not give any details on how it will operate. Does the worker scan the

glass or a machine? What happens if its drop and where is it stored?

26. Ionization chamber in glovebox: A low electric field current is caused by the creation of an ion pair
(an ion and an electron). The ion chambers are preferred for high radiation doses. Implementing this
into the glovebox would an accurate overall dose reading with an ability to read high radiation doses.

The chamber would be in the glovebox with a door that opens to move radioactive material in or out.

Analysis:Installing an ionization chamber inside of a glovebox seems a bit complex. Then once its

installed inside how easily could it be operated by a worker?

27. Gas Proportional Detector in glovebox: This is similar to the ionization chamber by using ion pairs
but this operates at a higher voltage. The device works well with a large area of flat arrays. This can
be used in the glovebox if the waste material is spread out. The detector measures energy of radiation

and can discriminate between alpha and beta particles.

Analysis:Similar to the ionization chamber, this seems like a lot of work for a method that may not be

the best option. Although, the use of a flat arrays was presented in our 3 design concepts presentation.

28. Solution neutron coincidence counter on its side in glovebox: This is for the radioactive waste that is
too bulky or contain too much fission for gamma-ray counting. The device has an inlet and outlet tube
which would work to send it from one side of the glovebox to the other side. The assay chamber is 1

liter in volume which will mean the container can be dropped into the 55 gallon drum.

Analysis:This idea could potentially work but a system would need to be designed to get the tube in

and out of the drum as well as what to do if an item is too large or small for the tube.

Team 8 Page 31



Plutonium Assessment — °LosAlamos

29.

30.

7.3

Smaller active and passive neutron crate counter: The active and passive neutron crate counter can
measure a variety of waste boxes of plutonium or uranium waste. Place the machine in the middle of
two gloveboxes to create a confined space. The waste can be measured in smaller boxes and added
up for each drum. The smaller boxes will be dumped into the drum with a known total of how much

waste is in the drum. The boxes can be reused or added to the waste.

Analysis:The idea of using disposable counters means that there is a need to constantly purchase
more of them. Not only does this idea have a consistent cost with it but it also creates more waste in

the process.

Multiple checkpoints of the drums using scrambler: This would be a glovebox with a waste drum in
the middle and a waste drum at the end. Place the scrambler attached to the first waste in order to
take the readings of that drum. This will be used as a test point for the waste added. More waste can

be added or some can be taking out depending on the reading given.

Analysis:This idea of having a test drum is plausible but a loading and unloading mechanism would

need to be created as well as a plan for when the drum is above capacity.

Andrew Elloso’s 30 Concepts:

. Use a window type structure equipped with sensors on the border to measure the level of radiation

coming off of the specimen. Incorporate a light-emitting diode (LED) light progress bar measuring the
total amount of radiation that has passed through and that quantity that is allowed until the limit is
reached. See sketch below (Figure 13).
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Figure 13: Andrew Idea 1

Analysis: This idea seems relatively simple except the workers may want to know more information

that just what LED lights can provide. Also, does not go into detail about the loading of the drum.
Instead of an LED lit bar, include a digital readout of current radiation and how much is left until it
is full. This can either be displayed inside the glovebox, or outside, wherever is best for the operator.

Analysis: This is a better solution than the use of LED lights. The team agrees that the monitor

should be located outside of the glove box to provide easy visibility to the workers.
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3. Place a sensor and shield around the 55-gallon drum displaying the readout as specimen are put into

the drum for disposal. The display can be put wherever convenient for the operator.

Analysis: The idea of a collar scanner and separate monitor was one that the team used in their
3-concept presentation. While a good idea for this presentation, it does not assist with the mechanical

aspect of the new problem statement.

4. Create a pad using sensors similar to that of a grocery store scanner. The operator will place the
specimen on top and hit a button on command for a readout. The sensors will be placed in the bottom
of the pad and will include gamma and neutron radiation detectors. An LED light will display when

the specimen is being measure and when it is safe to remove.

Analysis: This scanner is a bit more complex than those previously mentioned, while in theory it

could work, it does not go into details about the loading of the drum itself.

5. Incorporate idea 4 with a digital display and tally count of how much neutron and gamma radiation

is left to go until the limit is reached.

Analysis: What real benefit would adding a tally counter bring to this design? Again, like idea 4,

still doesnt mention the physical loading of the drum.

6. Incorporate a Geiger counter type tube into the glove box design and use the current to display results

either digitally or analogue.

Analysis: A Geiger counter tube would require design work in nuclear engineering that we as a team
do not yet posses. To consider this idea feasible would require more man hours of research than

realistically possible.

7. Use a scintillation counter for neutrons and gamma radiation. This is to be placed onto one of the

SEensors.

Analysis: This bulky device is a possible counter that we could use. However, the process of installing

it onto a sensor does not seem realistic and the idea doesnt mention the loading of the drum at all.

8. Use handheld radiation detectors inside the glove box and manually enter the readout into a computer

program. This can also be a Geiger counter type device.

Analysis: Having a hand-held system inside the glove box and also manually entering the data into
a separate program would require the worker to go back and forth between two stations, thus altering

the in-line system greatly. It doesnt meet the intended goal for this problem statement.

9. Place an array of sensors above the drum in a lid type fashion (see Figure 14). This will provide an active
readout when the contaminants are placed into the drum and will provide an external measurement

on a screen.
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Figure 14: Andrew Idea 9

Analysis: This idea reflects that of a drum collar which is similar to an idea that the team presented
in our final 3 design presentation. If pared with a drum loading mechanism, this idea could potentially

work.

10. Use a spatially resolving radiation detector and incorporate this onto the sensor methods.

Analysis: This idea exists only theoretically and has a patent created for it. For the team to physically
create or at least design one would take legal actions and plenty of research. While it could potentially

work, it would take a tremendous amount of man hours.

11. Use a shield for radiation blocking to keep the contaminant isolated. This shield will also have sensors

underneath the lid and provide a readout on an external screen. See Figure 15 below.
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Figure 15: Andrew Idea 11

Analysis: If an isolation chamber such as this were to work it would need to be cleaned after every
test to remove any residual radiation. This process would actually slow down the entire system, even

if it means getting more accurate results it is not worth it in the long run.
12. Place the specimen in a microwave type device incorporated with sensors and shields to keep out
external radiation. A screen will display the results.

Analysis: A microwave type device, physically speaking, resembles that of a well detector. This is an

idea that the team planned on using and is still somewhat in use for their final concept.
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13. Use a gamma ray spectrometer (GRS) and combine this with a neutron detector to measure the

radiation levels.

Analysis: As a group of undergraduate students with limited nuclear engineering background, com-
bining a gamma ray spectrometer with a neutron detector seems a bit too complex for the team. Maybe
if we had some professional help to assist us this would be possible, but for now we need to look for a

simpler answer.

14. Push the specimen through a tunnel equipped with sensors to measure the radiation. The tunnel will

also have shields to help isolate the contaminant.

Analysis: The idea of an isolation chamber implies that the entire glove box would need to be cleaned
after each test to remove any residual radiation. This process would take far too much time and effort

for the workers and would actually slow down the entire system.

15. Include a switch or button board with the ideas to control when the measurement is taken, when
the sensor will be zeroed with the ambient radiation, and when to stop taking the reading. This can
also omit the most recent sample if the radiation limit is too high. Numbers could also be used as a

reference to the specific contaminants.

Analysis: This idea seems like it’s using a lot of words to simply say that there needs to be a control
monitor to make sure that the workers have total control over the system. This is an obvious yet

important plan to keep in mind throughout the design process.

16. Use a series of Geiger-muller tubes in a pad (Figure 16) to measure the contaminants. The tubes will
be placed in rows and the highest reading on the tubes will be taken. See image below.
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Figure 16: Andrew Idea 16

Analysis: Using several tubes to record data and then only using one result of those tubes seems like
a waste of equipment. If all of the tubes are measuring the same specimen and giving vastly different

results due to minimal initial positioning, then that would most likely be due to faulty devices.

17. Use a dual motorized sensor to analyze the contaminant. The specimen will be placed on a designated

area and the sensors will move when instructed by the operator. See Figure 17.
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Figure 17: Andrew Idea 17

Analysis: This idea is vaguely describing a method of assaying the material from all angles to ensure

a proper reading. This is exactly what our teams final design is based upon.

18. Use a motorized scanner similar to that of the airport security devices. See image below (Figure 18).

This will scan the entire drum when instructed to by the operator and provide a readout.

: pREn

Figure 18: Andrew Idea 18

Analysis: This is the closest idea to our final design that will be found out of these 120 conceptual
designs. Getting a 360-degree reading around the entire drum, combined with a trap door mechanism

to load the drum, is exactly what our final concept is.

19. Mount idea 16 on the side or top of the glove box and equip the other sides with radiation shields.

Analysis: When installing other devices or compartments onto the glove box, the bottom of it is the

best chance, due to large amount of open space. There is very little room on the sides or above due to

other equipment.

20. Use an analogue scale to measure the current radiation levels and include the limit. This is to be

zeroed with the ambient radiation every time before use.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

Analysis: If you keep zeroing your reader to compensate for residual radiation over time your device
will slowly become more inaccurate and could affect each new reading.

Put a sensor pad underneath the 55-gallon drum and display the active readout externally.
Analysis: This idea could potentially work but then the problem becomes how to load and unload
the drum itself if it sits on the scanner. Also, loading the waste material is not addressed.

Put the sensors into four poles and in a designated area of the glove box.

Analysis: This design shows little to no effort and makes minimal sense.

Place one or two Kromek DS3 sensors in the glove box and display the readout on a larger screen.
Incorporate a control device where both can be operated at once.

Analysis: The idea of putting multiple of the same device in the glove box to improve accuracy is a
trivial notion. It is basically telling the product manufacturer that you dont believe that their device

is accurate.

Use a motorized conveyer belt to carry the items through the sensor structure instead of pushing them

through manually. This will provide a more consistent reading.

Analysis: The installation of some sort material transportation device will improve mobility inside
the glove box, but only for certain materials. It will also provide no benefit to assaying and loading of

the drum.

Use a wand type device to measure the radiation levels. The results can be displayed on screen
externally.

Analysis: This describes how a standard Geiger counter works, it uses a wand to read direct materials
and give the user audio based feedback. This is not the type of counter best suited for this problem.
Use a sensor on the top of the glove box that resembles a ceiling fan. This is to be placed in vertical
tube shielding with an opening on the side for the specimen to enter the apparatus.

Analysis: What benefit does turning the counter into a fan device give to the system? The vertical
tube idea seems to resemble that of an isolation chamber, which again is not what the problem specs

can accommodate.

Place bar sensors in the corners of the glove box or at the top and bottom.

Analysis: A slab sensor, similar to that of a bar sensor, was one of the three design that the team
presented originally prior to the problem statement changing.

Display the results from idea 25 on the side of the wand that is not used to measuring the radiation.

Analysis: The wand is based upon emitting a detection system in all directions. It is not probable or
beneficial for such a device to be created. It would also mean that the monitor for output reading is

located inside the glove box, a design that is not wanted.
Use a half box shape, similar to that of a laptop, and have the results displayed where the screen would
be and the sensors in the bottom and side.

Analysis: This design has the monitor located inside the glove box and does not say how or where

the sensor would operate with respect to the material.
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30. Place sensors on a bowl-shaped structure and line the bowl with radiation shields. The readout can

be displayed on the side of the bowl.

Analysis: The bowl-shaped device is an interesting idea that could be possible, provided more time
to research the idea. However, having the output monitor located on the outside of the bowl doesnt

only seems unnecessary it in fact might hinder the workers ability to operate the device.

7.4 Ryan Murphy’s 30 Concepts:

1. A hand held neutron monitor that is adapted to be used by operator in the by the operator to measure
radiation inside the glove box. This would measure and count the radiation before disposal in a specified

area in the glove box.

Analysis: The problem with a hand-held detector is that it can only read material near the worker

and allows for limited mobility.

2. hand held neutron monitor that is adapted to be used from the outside of the glove box to be used

through the window or port of the glove box.

Analysis: As stated above a hand detector limits the users ability to a localized area also passing
a detector through a port would cause for more problems such as how would it transmit the data

collected.

3. The TAEA neutron coincidence counting computer program to be paired with the neutron counting

devices.

Analysis: This is a more likely solution where an external monitor is to be used with a detecting

system. This concept is used in the teams final design presentation.

4. HLNC that is adapted to be the size of a 55-gal drum inside the glove box. This would be loaded

manually, then the count would be reached, then the waste would be manually unloaded.

Analysis: The problem with this concept is that the loading and unloading of the drum inside the
glove box would require more mobility than a standard worker is given. This is why the final design

has the assaying chamber below the glove box.

5. HLNC sized to match the size of a 55-gal drum with the waste movement system styled to be removed
with a trash bag style removal system.

Analysis: The idea of a trash bag removal system is being implemented in our final design. We feel
that it allows for easy disposal of all low-level waste.

6. HLNC sized up to the shape of a 55-gal drum and positioned on its side and have two doors on each
side. This would allow for easier movement of the waste in a pass-through system in the glove box.
Analysis: Attaching devices to the side of the glove box can be potentially problematic due to limited
space. It is for this reason also that the final design is located underneath the box.

7. HLNC sized up to the shape of a 55-gal drum and positioned on its side with one door. The waste
would be manually slid into the device, counted, and then slid out to proceed onto waste disposal.

Analysis: Attaching devices to the side of the glove box can be potentially problematic due to limited

space. It is for this reason also that the final design is located underneath the box.
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10.

11.

12.

13.

14.

15.

16.

HLNC sized up to shape of a 55-gal drum and positioned upright. This would be outfitted with a
mechanical system for easy loading and unloading.

Analysis: This style and positioning of a device is being used with the trapdoor mechanism to create

our final product. The placement of the device is what sets this concept above others.

A waste crate assay system (WCAS) would be adapted for use in glove box (sized down). The waste
would be loaded manually into the crate in small batches, the radiation would be counted then placed

into disposal drums.

Analysis: Installment of any sort of crate system or smaller box within the glove box would only

hinder the in-line system as it gets in the way of the manual movement of waste.

WCAS would be adapted for use in glove box. The movement system of the waste would be aided by

the implementation of a roller system.

Analysis: The use of a roller system in the glove box would improve the mobility of the waste.

However, it could possibly interfere with the loading and unloading of the drum.

WCAS would be adapted for use in glove box. The waste movement system would be aided by the use

of an automated belt system.

Analysis: The installation of a belt system inside the glove box would limit what waste can and cannot

be moved due to physical constraints. Although it would assist in the mobility of smaller waste.

An INVS to be bought and adapted for use in the glove box. This will be done by counting small

samples of waste and counting them separately.

Analysis: This idea is good in theory but the problem with small level detectors is that if a larger
piece of waste were to enter the glove box and this device is not powerful enough to accurately measure
it.

INVS would be sized to be loaded to a size of 27.5 gal. This would only allow a maximum of two

batches of counting and loading or unloading.

Analysis: This concept does not specify where the drum will be located or how it will be loaded. The
idea of breaking it down into two separate batches only works if the batches contain the exact same

amount of waste which is unlikely.

INVS would be sized to be the size of a 55 gal. This would allow for one batch of counting to be done

at a time and to fill them to fit into a 55-gal drum and stay under the allowed radiation level.

Analysis: This concept is better suited than the two smaller batch ideas however it also does not

specify the loading and unloading process for the drum.

INVS’s waste movement system would mirror a ”trash bag” for easier movement of the radioactive

material inside the glove box. This would limit the movements that would need to be done by workers.

Analysis: The idea of using a trash bag system is being utilized in the teams final concept. However,

in that idea the trash bag is used underneath the glove box and not inside of it.

INVS to be implemented with a mechanism to move the device onto its side so the loading and unloading
would be easier. The INVS would be rotated on its side, loaded, rotated to an upright position the

lowered again for easier unloading.
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17.

18.

19.

20.

21.

22.

23.

24.

Analysis: This sort of mechanism inside the glovebox only works for specific scenarios. The problem
statement is intended to keep the glove box system the same so multiple different processes can utilize

the same glove box at different times.

INVS to be positions on its side and to be used as a station to pass the waste through so a count could

be recorded. This would resemble a check out at a grocery store type idea.

Analysis: This idea is feasible however puts heavy requirements on the worker’s ability to maneuver

the waste properly. It also fails to mention how the waste will be loaded into the drum.

INVS to be positioned on its side with two doors on either end. This would make the manual loading

and unloading easier and accurate counts still could be recorded.

Analysis: This method would improve the ease of the loading the assaying system. However, it does

not mention how it will be loaded into the drum.

Audible alarm system to alert the operator when the radiation limit is reached. Different tones would

be used when the limit is being approached, reached and overfilled.

Analysis: The idea of having a monitor track the waste’s progress as it fills the drum is being utilized
in the team’s final design. Whether or not audible alarms will be used or a simple monitor is yet to

be determined.

Flashing lights to alert the worker of the status of the radiation limits in the batch destined for storage
in the same 55-gal drum.

Analysis: As stated above, there is not a finalized idea yet as to how the worker will be notified about

the status of the drum in question.

Plutonium scrap multiplicity counter (PSMC) to be adjusted for use in the glove box. This would be

used to count the radiation in relatively small batches.

Analysis: The problem with any sort of counter that is based around using smaller batches is that if
a larger piece of waste that cannot be broken down enters the box then the device instantly becomes

ineffective.

PSMC that would be installed into the glove box and the sized would be upgraded to 55 gal or 27.5
gal. This would help to cut down the amount of batches the worker would have to move.

Analysis: Utilizing one or two batch methods is based upon the presumption that the batch in question
will not go over the limit of the drum. If the limit is reached and superseded, then the original problem

still occurs.

PSMC that would be outfitted with a trash bag system. This would ensure the radiation count would
be accurate and minimize the loading and unloading times.

Analysis: As stated before the use of a trash bag system is being used in the team’s final design. It

allows for easy control and more accurate reading of the waste.

PSMC that would be outfitted with mechanical system that would allow for the device to rotate. This
would allow for the easier and faster loading and unloading of the waste for counting.

Team 8 Page 40



Plutonium Assessment — °LesAlamos

Analysis: The idea of rotation while counting is used to achieve a reading that is 360 degrees wide.
This idea has been considered and proved to be the most accurate method and will be used in the final

design.

25. PSMC positioned on its side and being a pass-through system for the waste that would count the
radiation of each piece that is passed through. This would keep track of the radiation count until a

barrel was filled and the count would restart afterward.

Analysis: Tracking the amount of waste that enters the drum is one of the primary focuses of this

problem and this is the type of solution that the team plans on using.

26. Fork detector irradiated fuel measuring system (FDET) that would be positioned as an ’arch’ in the
glove box. This would be used as a pass-through point of the waste and would count the neutrons
detected.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have
an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

27. FDET that would use rollers to move the waste through the arch to make the movement of the waste

much easier and more constant. This would allow for a higher accuracy measurement.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have
an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

28. FDET that would use an automated belt system to move the waste through the arch at a constant

rate.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have
an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

29. FDET that would be installed directly above the loading of the drum to count the radiation as the

waste is dropped into the disposal drum.

Analysis: Ideas such as this one are excellent in that they are able to count all of the waste and have
an accurate reading. Again, they are a physical installment inside of the glove box that can affect other

systems.

30. A layer of steel to be installed over any device to be used. This will act a shield to cosmic radiation to

ensure there is an accurate measurement of the plutonium placed into each drum.

Analysis: Shielding is always considered when designing a device to record waste. The design of such

a shield has to be precise so that waste can be measured without having any interference.

In conclusion, after analyzing all 120 of the original ideas the team established three ideas to act as
preliminary designs. Shortly after we realized that these would not meet the intended problem statement.
It was at this point that we had to regroup and sort through all of the original ideas to find the inspiration
for our new final concept. As stated originally the exact design that is being presented isn’t one sole idea
in the list above. It is instead a combination of several of them that we feel would work best to solve the

problem statement.
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8 QFD

The quality function deployment (QFD) is a process to transfer customer requirements into specific product
plans. The main portion in the QFD is known as the "house of quality” which acquires its name from the re-
semblance of a house. The sections of the house of quality include demanded quality, quality characteristics,
relation matrix between demanded quality and quality characteristics, difficulty to complete quality charac-
teristics, interaction between quality characteristics, weight importance, and competitive analysis. The first
step to completing the QFD is listing the desires of the customer associated with the weight of importance
for each under demanded quality. The following step is to decide on the characteristics the product will
encompass and how difficult it is to achieve. After both lists are filled out, each quality characteristics will
be defined by how they correlate to each demanded quality. Once this is done the weight of importance for
each quality characteristic can be calculated by the weight of the demand and how strong it correlates to it.
Evaluating the interaction of each quality in the top of the "house of quality” is the next step in order to
see how each will affect one another. The final step of the QFD is to compare each product idea in order to
analyze which will be the best product. The entire QFD can be observed in Figure 19 below.
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Figure 19: QFD
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8.1 Demanded Quality

The desires of the customer are translated into a list under the demanded quality. This is an important
part of the process because the needs of the customer have to be accomplished. This is located on the left
side of the QFD and known as the ”What’s.” In this section each quality is given a rating for importance to
correctly evaluate the quality characteristics. The ratings given are between one and ten with ten being the
greatest importance. From these ratings, the relative rates are calculated to demonstrate the importance
of the quality in retrospect to others. The list of demanded qualities and their importance can be seen in
Figure 20.
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Figure 20: Demanded Quality

The first quality desired from LANL was safety and ergonomics. This was given an importance rating of
nine since the physical safety of their workers is very imperative for this company. This can be achieved by
limiting the necessity for the workers to do any of the following: lift heavy objects, over extend their arms
in the glovebox, or using second level of gloves which requires a ladder.

The next request was similar to the first but strictly deals with the radioactivity. As low as reasonably
acceptable (ALARA) describes the need to minimize the exposure to radioactive material. The importance
rating for this quality was a nine in order to demonstrate the significance of it and again the safety of the
workers. This is already incorporated to their system with the glovebox and 55 gallon steel drum.

The highest rating (out of ten) was given to the desire of having the product be in the glovebox line. This
is a major problem for LANL and essentially the reason for requiring a new product. There are currently
no NDA devices that can fit some of the bulky materials in the glovebox.

For the majority of the time, a customer wants a low cost of the product. This was given a low rating
of three, however, seeing it is not a major issue. The amount the company will save with this product will
pay for itself in no time.

Los Alamos has the desire for the product to have a quantitative count in order to give a numerical
reading of the radioactivity. This was not a major importance, receiving a rating of three, since there are
devices that assay whether the waste is under the radioactive limit without a quantitative count. These
systems are known as go/no-go systems which will be mentioned in the quality characteristics.

The next request from LANL for the product was to be a neutron coincidence counting device. This
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measurement technique is a commonly used type of NDA. The initial request was for the product to be a
NDA but later narrowed down to being a neutron coincidence counting device. Since it is important for the
device to be NDA the importance rating for neutron coincidence counting is given nine.

The time of assay received a rating of three for importance for this LANL product. The request is on
the list since the company does not want the product to take hours to assay but it is not an issue if the
assay takes a reasonable amount of time. The first point of the product is to solve this major problem for
the company.

The following need for the product was that it must have an acceptable efficiency. This is similar to the
time of assay with the efficiency as not being a major issue if it is low, but the higher the efficiency the
better. This resulted in the quality receiving an importance rating of six.

The product being interchangeable was a desire asked for by LANL. The system being interchangeable
allows for the measurement of different radioactive materials. This would allow for versatility in the product
which is the reason the quality was given an eight for importance rating.

The need for the product to be universal was a major demand. This was expressed as important in order
to have the system incorporated by other gloveboxes or even other companies. The rating of importance for

this was an eight since the product does not need to be unique to just one area.

8.2 Quality Characteristics and difficulty

Quality characteristics is the next piece of the QFD located under the roof and known as the "How’s.” This
is the fundamental requirements of the product necessary to meet the demands of the customer. The list
of Quality Characteristics and how it appears in the QFD is shown in Figure 21. These requirements are
each evaluated to comprehend how they correlate with each of the customer requirements. The direction
of improvement is located above the quality characteristics in Figure 21 to demonstrate the objective. This
is shown with symbols that are to maximize minimize or hit the target of the quality characteristic. The
difficulty to accomplish the characteristic is ranked from zero to ten with zero being easy to accomplish and

ten being extremely difficult which can be seen in Figure 24.
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Figure 21: Quality Characteristics
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The first two fundamental requirements are active assay and passive assay. These are both types of
neutron coincidence counting that allow for measurement of different radioactive waste. The active assay
can be set up similar to the passive with a quick change of one of the pieces. These systems can both be
incorporated in the glovebox line which a major demand quality. The efficiency and relatively low cost of
these type of assays make these important requirements.

The next characteristic is for the product to have a compact size. The system should be able to fit within
the constraints of the glovebox or underneath the glovebox. This requires the size to be smaller than 160”
long, 60” wide and 100” tall or under 39” tall for underneath the glovebox. This seems very large but relative
to current NDA devices this requires a compact size.

The following two requirements are NDA2000 and JSR14 software and quantitative count. This is
software that allows for the collection of neutron coincidence data. This enables the universal use of the
device and the ability to receive a quantitative count. The quantitative count correlates with the neutron
counting and efficiency of the device.

Waste movement is a fundamental feature to helping workers move waste through the glovebox more
efficiency. Currently, workers push and pull waste through the glovebox and also use pushing sticks to
extend farther in the glovebox. The waste movement has a strong correlation safety/ergonomics and in-line
process.

Standard operating procedure (SOP) and User-friendly features are other characteristics. Both of these
characteristics allow for safety, ALARA and universal use. This is due to the fact the SOP will give instruc-
tions how to use the system correctly and the user-friendly will make it easy for the workers to operate.

The next fundamental requirement of the system is that it be interchangeable. This is an important
feature in order to assay different radioactive materials. The system being interchangeable enables the
system to be universal because it broadens the waste that can be measured.

The following two features are automated system and hinge/pin-roller. These fundamental requirements
provide safety to the workers by lessen the necessary work and simplifying the process. These both allow
the system to be utilized universally with the simplification.

The next quality characteristic is the radiation isolator. This is a required feature due to the fact that it
will correspond with ALARA. The need to accomplish ALARA can driving factor in some features.

The go/no-go assay system is a type of measurement system for assays. This type of system is used for
neutron counting already and can be implemented in-line. The go/no-go system would decrease time of the
assay.

The necessity for the product to be easily assembled is a quality characteristic. This will provide less
headaches over the product if it is easily assembled. This characteristic strongly correlates with safety and
universal use.

The assay of a loaded drum is the final fundamental requirement. This allows the drum to be filled with
the waste and the measurement to be read before the drum is removed the glovebox. This requirement is
important because the steel drum completes ALARA requirements, it will continue to be an in-line process

and the since the process will remain similar the safety of the workers will be accomplished.

8.3 Relationship Matrix and Weight Importance

The relationship matrix is the correlation between the demanded quality and the quality characteristics also
known as the ”what’s versus how’s.” This is meant to demonstrate how each quality characteristic corresponds

to each demanded quality. The way that the connections are displayed is by a variety of symbols in the main
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part of the QFD. There are four type of interactions: the first is a strong correlation which is a numerical
value of nine, the second is a moderate correlation which is a numerical value of three, the third is a weak
correlation with a numerical value of one, and the last is no correlation with a numerical value of zero.
The symbols can be viewed in Figure 22 The connection between the demanded quality and the quality

characteristics can be seen in Figure 23 and are also discussed in Section 8.2 Quality Characteristics and
Difficulty.

o] Strang Relationship 3
O IModerate Felationship 3
A ‘weak Relationship 1
++  Strong Positive Correlation
+ Positive Carrelation
— Megative Carrelation
L J Strong Megative Correlation
v Objective |5 To Minimize
A Objective Iz To Mazimize
X

Objective |= To Hit Target

Figure 22: QFD Key
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Figure 23: Relationship Matrix

The significance of each quality characteristic on the system is analyzed by the weight importance cal-
culations. The Weight Importance is calculated for each quality characteristics by multiplying the weight of
the demanded quality by the strength of correlation to that demanded quality. The total importance of each
quality characteristic is the addition of all the demanded qualities for that quality characteristic. After the
total importance is calculated for each quality characteristic, the relative importance is recorded for each
with the division of the total importance for one quality over the summation of the total importance for
all the qualities. The top three important quality characteristics for the QFD are passive assay (10%), user
friendly (8.6%), and assay of loaded drum (8.5%). After the top three the remainder are listed in descending
order: automated system (7.6%), SOP (7.5%), active assay (7.4%), JSR14 and NDA 2000 software (7.4%),
hinge (7.3%), easily assembled (7.2%), waste movement (7.1%), go/no-go system (6.2%), interchangeable
(6.1%), radiation isolator (3.9%), compact size (3.6%) and quantitative count (1.9%). These numbers can

be viewed in Figure 24 lining up with the associated Quality Characteristic displayed in Figure 21 or Figure
23.
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Figure 24: Relative Importance of each Quality Characteristic

8.4 Interaction Between Quality Characteristics

The interaction between quality characteristics demonstrates how each quality relates to the others. This is
located at the top of the QFD. The correlation between each quality is displayed by symbols which mean
strong positive correlation, positive correlation, negative correlation and strong negative correlation. These
symbols are acknowledged in Figure 22. If there is no correlation between the qualities the spot is let blank.

Active neutron counter has a negative correlation with passive neutron counter. This is essential because

these are two different ways of assaying radioactive waste. However, these neutron counters have a strong
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correlation with interchangeable because the active neutron counter can easily be switched to passive neu-
tron counter and vice-versa. There strong positive correlation for both active neutron counter and passive
neutron counter with the JSR14 and NDA 2000 software since the software can be utilized for both types of
assay. Both neutron counters have a strong positive interaction with quantitative since the software allows
quantitative count. The passive neutron counter has a strong positive correlation with go/no-go system
because the devices are known to achieve it.

The compact size has negative correlations with automated system and hinge. Automating the system
will increase the size of the product slightly with more circuits or devices as well as the hinge since it will
open taking up more space. The quality of compact size has strong correlation with both active neutron
counting and passive neutron counting because there are current devices that have a small footprint.

NDA 2000 and JSR 14 software has a positive correlation with quantitative count since the software
calculates it while running. User-friendly is a positive correlation with the software also since it is a simple
interface.

Waste movement has a strong positive correlation with having a hinge. The reason for this is being
able to open and close the device allows for easy access to the waste. Waste movement also has a positive
correlation with assaying a loaded drum because the drum can be placed on a wheeling cart in order to move
easily.

User-friendly has strong positive correlations with SOP and easily assembled while a positive correlation
with the system having a hinge. The SOP will provide instructions to help the user easily achieve the job
at hand. The device being easily assembled and having a hinge will limit problems the workers may come
across.

Radiation isolator, user-friendly, and requiring a hinge are all positive correlations to assay of a loaded
drum. The radiation isolator is a positive correlation because the current process is loading the drums which
would be changed if there was too much radiation exposure. This is user-friendly since it would be keeping
the majority of their process constant. The hinge is a positive correlation since it allows the drum to be

completely surrounded for the assay while being easily removable.

8.5 Competitive Analysis and Trade-off Analysis

The competitive analysis is completed to evaluate how the current LANL devices compare to their competi-
tions. On the right side of the QFD, the competitor’s devices are analyzed using the demanded qualities by
the customer. Los Alamos, however, is a member of the IAEA which work together to solve nuclear waste
problems such as this. The design necessary to solve the problem is a unique system which has no current
competition. There are actively no devices in use that are able to solve the current problem for LANL.

The trade-off analysis evaluates the design ideas in comparison to each other. The ideas being compared
are the shielded waste assay system, passive neutron slab counter, passive neutron curved slab counter, and
JCC neutron coincidence collar. The way the trade off analysis is presented in the QFD can be viewed in
Figure 25 as well as the trade-off analysis graph.

The shielded waste assay was considered for its time of assay quantitative count and ALARA considera-
tions. This device had the best time of assay by far at 30 seconds. The product was also best at quantitative
count and ALARA given there is a protection of radioactive shielding. The device was, however, too difficult
to incorporate in the glovebox line and could only do the one type of assay.

The passive neutron slab was evaluated to have barely any advantages over the other devices. The only

advantage the passive neutron slab had is the cost of the device which was low importance in the demanded
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Figure 25: Trade-off Analysis

quality. The device was the lowest in universal, efficiency and ALARA considerations.

The passive neutron curved slab was eliminated after careful analyzation. The device has the highest
efficiency of those evaluated. The device would also work the second best in the glovebox line, have the
second lowest cost, be interchangeable and universal. This was, however, eliminated because there was a
better device to fit the criteria.

The JCC neutron coincidence collar ranked the best in the trade-off analysis. The device fits will in
the glovebox line and attributes to safety and ergonomics. This is the best device to make universal and
interchangeable because it incorporates both active and passive assay. The only flaw in the device is it will

have a decent cost to it but will meet all other expectations.
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9 Design for X

9.1 Design for Safety

The most important aspect to consider when disposing of nuclear waste is safety. This includes the safety
of the workers handing the radioactive materials and the safety of the environment where the waste will
be stored. When the LLW is loaded into the drums, the total level of radiation is not to exceed 100nCi/g.
When this level is exceeded, the LANL workers must transport the barrels to another site in order to split
the waste into multiple barrels to meet the regulation. This process exposes the workers to higher levels of
radiation, and is a concern when trying to keep radiation levels ALARA. The new design being created is
aimed to eliminate this process and lower the overall radiation exposure to the LANL workers.

When creating the mechanical system, several safety concerns were considered. These include the stability
and reliability of the device, along with the cleaning process. To make sure the Pu Assessment system will
not fall apart and possible cause injury, a stress analysis was completed (Section 12: Engineering Analysis).
This ensures the quality of the product. Equipment that deals with radioactive waste must stay relatively
free of radiation. In order to comply with this, disposable plastic sleeves will be added to all beam’ like
structures. To aid in physical cleaning, the structure will be smooth and will contain the least amount of

grooves and edges as possible.

9.2 Design for Ergonomics

The design for an in-line system was heavily stressed in the problem statement. The system designed by
Team 8 was not to interfere with the process already instated by LANL. The process created involves using
already incorporated techniques and only adds the time it takes to assay the waste. The waste is already
being disposed of into the 55-gallon drums in a similar manner and adding on the assay will keep the
procedure very time-efficient.

The biggest issue ergonomically will be placing the 55-gallon drums into assay. This will require the
drum be attached to a dolly, however, this is already installed in the LANL facility.

Along with the Canberra JCC 71,72, and 73 meeting all of the requirements for the assay, another reason
it was chosen is due to its user friendly interface and software. The assay uses the JSR 14 shift-register
paired with NDA 2000 software. According to Canberra, this is the best and easiest product combination
they offer.

9.3 Design for Performance

This project needed an interchangeable passive and active assay capable of measuring gamma and neutron
radiation. This also had to be a coincidence counter capable of taking quantitative measurements. All of
these issues have been solved by incorporating the Canberra JCC 71, 72, and 73 into the LANL low-level
waste disposal process. This system is designed to measure objects as small as radioactive items and as large
as a b5-gallon drum. The process defined by Team 8 involves measuring the barrel last, and testing to see
if the radiation levels are too high.

There were three Canberra models selected due to their different qualities. The JCC 71 is a passive
measuring system, which meets the first requirement. The JCC 72 and 73 models are active assays, both

with different efficiencies that will be specific by the user. These three different assays are what make this
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system adaptable to the user’s preference. All three systems meet LANL’s requirements of an efficiency
greater than 5% (Refer to Section 10.1).

The six slabs that will be incorporated into the design only cover one-third of the height of the 55-gallon
barrel. The first measurement taken will only cover the bottom third. The motor selected will then carry
the frame up to the middle and top levels. This allows the total radiation level to be compiled and a reading

to be prompted to the user.

9.4 Design for Cost

The main concern of this project is to minimize costs. Whenever he LANL workers have to re-organize
the LLW it costs the company upwards of $150,000. This occurs an average of five times a year, and totals
$750,000. The solution proposed by Team 8 will cost around $175,000, which will pay off almost immediately.
This cost is mostly spent on the assays, which is further analyzed in the Financial Analysis section (Section
3).This funding will be received pending approval from LANL. The design will then be passed on to the
DOE, who would ultimately be providing the funds.

9.5 Design for Manufacturability

Part of the problem statement was to make a system capable of passive and active assay for anyone that
requires it. This means that this system could potentially be used by anyone all over the world. This
requires that the construction of the mechanical mechanism needs to be easily repeatable and allow for
interchangeable parts.

To combat this, the frame was designed based using common materials (6061 Al and basic hinges/bolts)
and an assay that is readily available through Canberra. The aluminum frame is to be welded together,
which does require special equipment as it is not the same system as one would use for steel, but this system
is still readily available for purchase and the method between the two is the same. All parts can be purchased

through the vendors mentioned previously, and they assembly and user process will be thoroughly described
in the final SOP.
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10 Project Specific Details and Analysis

The Project Specific Details and Analysis is information that applies directly to the design. This is divided
into two sections: the nuclear device chosen to build the design around and the motor to drive the linear
motion system. These define and constrain the system requirements and affect how it is designed and
fabricated.

10.1 JCC 71, 72 and 73

The NDA product chosen to help solve the problem has a significance impact on the mechanical system that
will be implemented. This product is selected based on the criteria seen in section 6 Specifications Definition.
This product exceeds the specifications set and is able to be implemented into a mechanical system. The NDA
is actually three similar Canberra products called JCC 71, 72, and 73. LANL already employs these items to
do certain assays. The data sheets for this product and it’s accessories can be found in Appendices D. The
JCC 71, 72 and 73 is a passive and active neutron coincidence collar. This accomplishes the first two design
requirements with being a neutron coincidence counter and having the capability of doing both passive and
active assaying. Passive assay is a way of measuring radioactive material by recording spontaneous fissions.
Plutonium is the most common atom to be passively assayed. Active assay uses a neutron source such as
Americium Lithium (AmLi) to induce fission in the radioactive material. This type of assay is common in
measuring Uranium-235. In order to incorporate both types of assay, the JCC 71, 72 and 73 operates with
He3 tubes to measure radioactivity. The current device uses four slabs made of aluminum cladding that
contain six He-3 tubes each surrounding the radioactive material for the passive assay. The dimensions of the
slabs are 3.55 inches wide, 9.20 inches long and 20.3 inches tall with a weight of 21 pounds or 9.5 kilograms
each. The plan is to incorporate six slabs in the design which would equal approximately 126 pounds total
in weight of the neutron device. The assay can be can be transformed from passive to active by exchanging
a He3 slab for an active source such as AmlLi integrated in these devices. The AmLi source is surrounded
by a high density polyethylene.

The efficiency of the neutron coincidence counters is an essential to the product. The amount of neutrons
the device detects for the number of neutrons emitted from the radioactivity material is essentially the effi-
ciency of the machine. This is demonstrated from a simple nuclear engineering calculation. The probability

of neutrons detected is calculated from the following equation:

n!

p=—"__
(n— k)« kl "

" x (1 —e)F (1)

Where k is the neutrons detected from the amount of neutrons emitted, n, using the efficiency of the
machines, . The equation is plotted for the percentage of neutrons detected from 0 to 100 for the efficiency
of each machine. The number of neutrons used in the calculation is found from the maximum activity of 100
nCi/g that the drum may contain. This is converted to 3700 decays per second per gram from a conversion
factor then assumed there exists one gram of radioactivity for each plot. Even though the odds of detecting
a neutron are low, this is for only one second and the probability will increase by a multiplication factor of
the number of seconds. These plots demonstrate that the highest odds of detecting a neutron is a bell-curve
around where the percentage of neutrons detected is equal to the efficiency of the machine.

When talking to Canberra, it was acknowledged that the efficiency of the device is directly proportional

to the amount of He3 tubes. The efficiency is also dependent on how close the slabs are positioned to each
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Figure 26: The Passive Efficiency of JCC 71
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Figure 27: The Active Efficiency of JCC 72
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Figure 28: The Active Efficiency of JCC 73

other even they have the ability to be spread out in order to surround the nuclear material. The JCC 71
has a passive efficiency of 11.5%, the JCC 72 has an active efficiency of 13.5% and the JCC-73 has an active

efficiency of 12.5%. These are the current theoretical efficiencies of the product, however the real efficiency

is unknown for how the devices with be placed in the mechanical device. The efficiency will increase due to

adding two more slabs but will decrease from the space between the slabs.

Team 8

Page 53



Plutonium Assessment — °LosAlamos

The JCC 71, 72, and 73 utilizes a computer software called JSR-14 and NDA 2000 that simplify the device.
The JSR-14 is a Canberra product known as a neutron analysis shift register based. The device combines
traditional coincidence counting with multiplicity coincidence capabilities. The fully computer controlled
product has an easy to learn supplied control software for setup and acquisition. This product has three
different high voltage modes for portable and facility installed neutron counting applications with a battery
backed storage of system setting and 3000 data runs. The NDA 2000 is another Canberra product called Non-
Destructive Assay software. Neutron counters and gamma-ray systems can both operate with this software
which is supportive of all of Canberra safeguards. The product provides full control of data acquisition
and controls automated assay system operations. This system is user-friendly with its menu structure and

editable report format. The passive assay and active assay both use the MGA/MGAU Isotopics Analysis.

10.2 Actuator

For the linear motion device, the actuator that fits for the major requirements of the design was the DMA-
12-40-B-610-POT-IP65. This would allow for the full range of motion for the device with 24” stroke. The
large gear reduction in the design does slow the velocity of the lifting slightly but this consideration falls
low on the list of major considerations and will not affect the total assay time enough for reconsidering the
motor. The total thrust the device can output is 1563 Ibs with a far higher static holding force. This gives
the actuator more than enough force to lift the collar. This actuator comes with a potentiometer that allows
the control of the positioning within a margin of less than a tenth of an inch. The life of the motor is a total
of around 3300 process cycles. The full data sheet on the actuator is located in Appendix G. With these

parameters met to a great satisfaction, it was determined that this product would fit well into the system.

Team 8 Page 54



Plutonium Assessment — °LesAlamos

11 Detailed Product Design

The detail product design is where the conceptual design is refined to include plans, specifications and
estimates. This phase contains bill of materials and three dimensional drawings for the product. The final
design concept was decided upon with careful consideration of the problem using design specifications and
quality function deployment. The design specification set limits and goals for the product to reach while
the QFD encompasses comparison analysis between the conceptual designs and the needs of the customer in
relationship to the requirements of the product. The design consists of a mechanical system to assay nuclear

waste in the glovebox line with the implementation of already existing NDA devices.

11.1 Full Scale Design

The full scale design is the system that will be applied to the glovebox system upon approval. This section
discusses the materials, building process and three-dimensional drawings for the final product. The bill of
materials displays the raw materials and amount necessary to complete the design while the Sub-Assembly
section considers the manufacturing of the product. The drawings provide dimensions and a clear picture if
the building of the product moves forward. However, the full scale design was unable to be completed this

semester. The half scale prototype built this semester is explained in section 11.2.

11.1.1 Bill of Materials

The bill of materials is a list of raw materials, parts, quantities and sub-assemblies needed to manufacture
the final system. It is necessary to plan how much raw material will be required to produce the design to
avoid over or under ordering. Materials are properly considered to evaluate whether they can be applied to

the final design. The raw material list is seen in table 8.
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Table 8: Bill of Materials for Full Scale Model

QTY Raw Material Dimension Supplier Part # |Assembly #

. 8 L by 2" W

4 | 6061 Aluminum Angle Stock by 0.125" T McMaster-Carr| 8982K14 1,3
. 4 Lby2 W

1 | 6061 Aluminum Angle Stock by 0.25" T McMaster-Carr| 8982K36 2

9 Mor‘?lse-Mount hinge W/ 4 lez??f height McMaster-Carrl 1502A52 5

bearing & removable pin 47 W
12-24 Stainless Steel Philips 5/8" L
100 Flat Head Scrows 12-24 thread McMaster-Carr|91771A293 5
Low-Strength Steel .

100 Thin Nylon-Insert Locknuts 12-24 thread |McMaster-Carr|90633A011 5
Multipurpose 6061 Aluminum| 24” L by 2” W

8 Bar Stock by 0.25" T McMaster-Carr| 9015T131 4

2 Grab-Latch 1 7é§8”\]\£ by McMaster-Carr| 1659A7 5

2 Base Shaft Alloy Steel 1.57 Lee Linear Custom 6

4 Open Pillow Block Ball Bearing Lee Linear |SPB240PB 6
Single Roller

1 Carriage Plate 13”L by 13”W Lee Linear T150 6

1 Ball Screw 17 OD by ,,1 pitch McMaster-Carr| 5966K31 6

by 247 L

4 Support Block 1.5” OD Lee Linear SB24 6
. 24.02” range

1 DMA Linear Actuator 787 Ibs thrust Transmotec | 11014138 6

The first two materials on the list are different thicknesses of 6061 aluminum angle stock. The material
of the angle stock is very important because of the desire for the material to have a relatively high yield
strength without having an excessive weight. Stainless steel and zinc alloy could not be considered due to
the negative influence it can have on the efficiency of the neutron coincidence counter. Aluminum has a
relatively high ultimate tensile strength and yield strength especially for its low density. The machinability
and weldability of aluminum is included in the decision to incorporate it in the design.

The angle stock provides an important feature to the design. The ability to create a custom dimensioned
U-channel by machining the angle brackets parallel to each other is important. The inside of the channel
needs to be a proper size to correctly fit the nuclear devices. One angle bracket can be ground down to
within the tolerances that would properly constrain the neutron coincidence counters. The angle brackets
can then be bead welded along the groove to ensure the strength of the system.

The sizes of the angle stock are 2 inches by 2 inches wide and 8 feet long for the thickness of both
1/8 inch and 1/4 inch. Since the majority of the product will be built with 1/8 inch thick angle stock, it
was calculated to need four of these pieces. The estimated amount material for the product is from the
dimensions of the final drawings on SolidWorks. Essentially the entire structure will be made with the 1/8
thick aluminum angle stock in order to minimize the weight and cost of the structure. The 1/4 inch angle
stock is larger in thickness to support the structure on the free ends on the side with the hinges.

There will be two Mortise Mount hinges with bearings and removable pins applied to attach the two
halves. Each hinge has a load capacity of 125 pounds. The dull-chrome plated steel hinges have a leaf height
of 4 inches, a width of 4 inches and eight holes for number twelve screws. The screws were then chosen to

be number 12-24 stainless steel Philips flat head screws to work with the hinges. These machined screws are
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5/8 inches long with a yield strength of 80 ksi and will be applied to other areas of the design because of
their versatility. The nuts that correspond with these 24 threads per inch screws are low-strength steel thin
nylon-insert locknuts.

The 6061 aluminum bar stock is 2 inches wide and 0.25 inches long for support of the system. The first
four bars will be for the inside prop of the top bracket to prevent bending. The bars should have thickness
to prevent bending and a height of 20.3 inches to allow the nuclear devices clearance. The next four bars
will be welded to the back face of the fixed half of the hexagon. These will be from the bottom to the top
of the system with a height of 20.6 inches to allow for an area for attachment of a linear motion device.

The final material necessary to building the hexagon slab holder is two grab latches. These will help
secure the system on the mirror side of the hinges. The grab latches will attach to both halves of the hexagon
to prevent it from swinging open. This will allow for a safe system while the drum is being assayed.

A pivotal piece to the end product is the ability to measure the entirety of the drum’s height. In order
to enable this the hexagon slab holder will need to be attached to a linear motion system. These next six
parts are essential for the vertical movement of the device. The first raw material needed is two custom
height alloy steel base shafts. These 39 inch shafts will allow for the system to be secure at different levels
while taking measurements. The shafts will be the support for the linear motion system. The four support
blocks will secure these shafts to the ground and to the glovebox. These support blocks will fix the shaft in
a vertical position to prevent movement.

The next three materials are essential to the movement along the shaft. The pillow blocks are sliding
along the shaft driven by the ball screw. Each shaft will have two pillow blocks to lift the entire weight of
the structure. These pillow blocks are associated with a carriage plates to attach to the hexagon slab holder.
The 13 by 13 inch carriage plate is chosen to best fit the size of the system. The ball screw will attach to
the carriage plate in order to lift the system. The ball screw is the driving mechanism in the linear motion.

The linear actuator is the motor putting work on the system. This was difficult to find a linear actuator
with enough torque to lift the device. The torque required was about 2500 pounds inches. The motor has a
thrust of 787 pounds which is enough to drive the system with a factor of safety. The machine selected is

described in section 10.2.

11.1.2 Sub-Assembly

The product being built is complex and difficult to combine without sub-assemblies. These sub-assemblies
will be manufactured and accumulated to create the final product. For simplicity reasons, the parts were

broken down as to how they will apply to the building of the product seen in Table 9 and Figure 29.
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Table 9: Sub-Assembly List

| Assembly # | Sub-Assembly | QTY | Part # involved | Description
1 Bottom U-Channel 2 8982K14
2 Inside Support Bars 4 9015T191 Cross Section
3 Top Bracket 2 8982K14 of Hexagon
4 Hinge Support 2 8982K36
5 Drive System Support | 4 9015T131 Area to attach vertical
drive system
1502A52
6 Hinge 9 91771A293 Connection of two halves
90633A011 of Hexagon
1659A7
Custom
SPB24PB .
7 Vertical Drive System | 1 59666K31 Allows for vertical
movement of the system
SB24
11014138

3

*The linear motion

: system and grab latch

are not pictured in
the drawing

Figure 29: Sub-Assembly List

The first piece assembled is the bottom U-channel made from 1/8 inch aluminum angle stock. This
section will be half of the complete hexagon built by welding three pieces together. Each individual piece
is already bead welded to create a U-channel the width of 3.60 inches and cut to the correct length for the
inside and outside diameter. These dimensions are displayed in the drawings in section 11.3 Two 1/8 inch
stock will be welded to each prior to the sub-assembly in order to generate a 9.25 inch long pocket for the

neutron coincidence counters. There will be two of these bottom U-channels manufactured to create the
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final product.

Once both of the bottom halves of the hexagon are built, it becomes time to begin construction up. The
first step is by welding 20.35 inch aluminum bars to the inside vertexes of each U-channel. The top bracket
will be welded together using the dimensions seen in section 11.3 and then welded to the support bars to
connect the top and the bottom. The final step to creating both halves of the hexagon is to weld the angle
stock support bar to the adjacent free ends that will be connected by the hinge.

The drive system support is welded to the cross section that will ultimately be fixed. This support is
two pairs of bars, where the paired bars are adjacent, with the necessary distance for the carriage plate and
evenly spread out from the edge.These welded bars allow for area to interrogate a linear motion system.

The hexagon design is assembled by using the two hinges, Philips flat head screws, and locknuts. There
will be one hinge coincident with the bottom of the system and the other hinge coincident with the top.
There will be 0.23 inch holes drilled through each half where the screws will be inserted. There will be a
total of 16 flat head screws and 16 locknuts to attach both halves of the mechanical design.

The next sub-assembly is the linear motion system. The two shafts will be applied to the glovebox using
the support blocks. The support blocks will fasten to both the ground and the glovebox to stabilize the
shafts. The pillow blocks are concentric to the shafts to be able to slide along them. The shafts will have
two pillow blocks each that hold a 13 by 13 carriage pillow. This carriage pillow will be screwed into the
hexagon slab counter to enable the vertical movement of the system. The carriage pillow will also have the
ball screw through it to drive the entire system. The linear actuator will be connected to the ball screw to
motorize the system. Linear movement in the system will be guided by the ball screw which is powered by

the linear actuator.

11.1.3 Three-Dimensional Drawings

The product being built needs to be applicable to the glovebox line at LANL. This means the glovebox
dimensions have a great constraint on what can be applied to solve this problem. As mentioned before, the
dimensions of the glovebox are 160 inches long by 60 inches wide by 100 inches tall with a clearance of 39
inches underneath. These are all rough approximations considering the exact dimensions are classified. In
order to better picture this, there is a three view drawing of the glovebox below with tolerances of 1 inch

since the dimensions are only estimates (Figure 30).
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Figure 30: Dimensions of the LANL Glovebox

The devices decided upon for the radioactive waste assay has a substantial impact on the mechanical
system. The products are Canberra neutron coincidence counter chosen to accomplish the essentials of LANL
described in-depth in Section 10. As described before, these products, the JCC 71, 72 and 73, are 9.20 inches
long, 3.55 inches wide and 20.3 inches tall. The design incorporates six of these devices to counteract the
efficiency lost by the spacing of the device. The mechanical design is a hexagon shape to enable a neutron
coincidence counter or source to fit on each side while still being able to surround the drum. The bottom of
the system has an area representing a pocket for each device to securely fit. These pockets are 9.25 inches
long and 3.60 inches wide with a height of approximately 2 inches to enclose the product. The inside of the
hexagon has a diameter of at least 24 inches to install around a standard 55 gallon drum. A 3-D drawing of
the dimensions and tolerances of the bottom of the structure is shown in the Figure 31.

The hexagon design is split in half perpendicular to two of the vertexes. The reason for splitting the
device is to allow it to be opened and closed. Applying hinges to the top and bottom is the most efficient
way to consistently open and close the system. The bottom of the product supports a top hexagon bracket
that is 20.35 inches above. There are four 0.25 inch thick and 2 inch long supports offset from mirroring
corners to help hold the top. The top is well supported with 2 inch long and 0.25 inch wide angle brackets
from top to bottom on the ends of each half with the hinges. These angle brackets allow for more surface
area to bolt the hinge. The cross section of the hexagon or half of the hexagon assembly can be seen in
drawings in the Appendices.

This top bracket is set to be the same outside diameter of the bottom hexagon with a 2 inch overhung
inwards. The function of the top bracket it to better secure the nuclear products from tipping over when
the system is opened. The system is only 20.60 inches tall which is the reason for a vertical movement
requirement. SolidWorks Drawings are provided in the figures below for a visual understanding of the design
(Figures 32, 33, and 34).
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Figure 31: Dimensions of the Bottom of the System
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Figure 32: Front View of the Hexagon Slab Holder
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Figure 33: Top View of the Hexagon Slab Holder
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Figure 34: Isometric View of the Hexagon Slab Holder
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11.2 Half Scale Prototype

The half scale prototype was developed this semester to evaluate the legitimacy of the design. The prototype,
however, incorporated many different materials than the full scale model. The design altered slightly with
dimensions but for the most part was a half scale representation. These changes required a new bill of
materials and more three-dimensional drawings for the scaled down model. The building of the design is

discussed in Section 14.

11.2.1 Bill of Materials

The raw materials that contributed to the manufacturing of the prototype were chosen due to the lower
cost and easier manufacturability with the current resources. The main distributors for the materials were
Arnold Lumber, Amazon, and McCaster-Carr. The bill of materials for the half scale design can be seen in
Table 10. Even though these supplies were utilized to build the prototype, it is still expected the full scale

design to be constructed with the materials in Table 8.

Table 10: Bill of Material for Prototype

QTY Name Dimension Source Part #
1 Plywood 4'x8’-1/4” | Arnold Lumber N/A
2 Wood Screws 3/8” McMaster-Carr 90031A108
1 Wood Glue Quart Amazon 6205001
1 Hinge 1/2 Arnold Lumber 5031176
1 Television Lift N/A Amazon B01K1SG220
6 SS Cap Screw 5/16x1 Arnold Lumber 84139
6 SS Flat Washer 3/8 Arnold Lumber C84121
6 SS Hex Nut 5/16-18 Arnold Lumber C84115
6 Cap Screw 1/4x1-1/2 | Arnold Lumber C80189
6 Cap Screw 1/4x1 Arnold Lumber C80185
1 XL-FX PHIL WS 12x1 Arnold Lumber C40850
1 Spruce Lumber 27x47-12’ Arnold Lumber 2412KDS
1 Putty Knife 1-1/27 Arnold Lumber 443600
1 Spackle Quart Arnold Lumber 7172
2 Gray Spray Paint Can Arnold Lumber 441622
1 Aluminum Sliders 4 pack Amazon xudhc8264
2 Aluminum Rods 307 Amazon BC20762-2
2 Linear Rail Support 2 pack Amazon a15120700ux0413

The structure was built using inch plywood. The amount of plywood bought was a four foot by eight
foot sheet which provided some excess after completion. The wood for the whole structure was significantly
cheaper than the aluminum for the full scale structure. The wood was able to be dimensioned and cut using
the band saw and table saw. Easy construction and assembly was another upside of using plywood.

The structure was connected with the help of wood glue and 3/8 inches long wood screws. The wood is
first assembled into the appropriate connections with the wood glue before eventually screwing the pieces
together for an added security. Neither the quart of wood glue nor the hundred wood screws were fully used
in the half scale prototype.

The hinge packet from Arnold Lumber came with two inch hinges with appropriate screws. The hinges
were used on one side of the structure to attach the two halves. This enables the device to open and close

with ease.
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The lifting mechanism of the half scale prototype was a repurposed television lift from Amazon. The
mechanical lift system in the full scale model was not necessary for the half scale model since the weight
and moment of the system both significantly decreased. This was because of the half scale as well as the
significantly lower density of plywood compared to aluminum. The television lift has a load capacity of 135
pounds which provides a factor of safety of over 2 for the designed weight. The device also has a built in
control system to lift the structure to the maximum height in under ten seconds.

Bolts, nuts and washers were needed in order to connect the structure to lift. Six SS Cap Screws, six SS
Hex nuts, and six flat washers were bought from Arnold Lumber for this purpose, however, only four of each
were needed in the connection. The structure was mounted to the frame of the lift by adding two bars the
height of the structure to allow for proper assembly.

The next set of screws attached the television lift to a wood base. This purpose is to stabilize the lift on
a stand with a bigger surface area. The bigger surface area on the ground would limit the possibility of the
whole system tipping over.

The spruce lumber and package of Philips head screws were used to better our design. The half scale
structure is already being held in the air when connected to the television lift. The full scale mechanical lift
system raises the structure from the bottom of the floor to the bottom of the glovebox. The spruce lumber
along with extra plywood and the wood screws created a mock floor and bottom of the glovebox for the
structure. This gave an appeal that the scaled down system was operating as designed for the full scale
system.

The putty knife, spackle, and spray paint aesthetically improved the wood structure. The manufacturing
using wood proved to be challenging for cutting appropriate angles. The spackle was spread using the putty
knife in order to help cover any errors in the building process. The spray paint gave the structure a uniform
gray color to project as the designed material of aluminum.

The last items on the bill of materials are the two 30 aluminum rods, four sliders and four rail shaft
support systems. These are linked to the structure on the side fixed to the lift to add support to the
mechanical lift. The sliders are attached to a wood bar that ranges the full height of the structure on either
side. The sliding system is installed from the mock floor to the bottom of the mock glovebox. The rod is
kept in place by the rail shaft support systems. This system counteracts the moment on the structure due

to the weight of the nuclear devices and gravity.

11.2.2 Three-Dimensional Drawings

Three-dimensional drawings are necessary for the easy dimensioning in the building of the prototype. The
design is the same layout as the full scale model set. Almost all the dimensions are half of the original design.
The major difference is the full scale model has a thickness of 1/8” while the half scale has a thickness of
double that at 1/4”. The design has a different layout with two extra bars on one half to allow for the slider
system to be connected.

The isometric view of the design best demonstrates the structure. This can be seen in figure 35.
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Figure 35: Isometric view of the half scale prototype

The bottom of the the structure gives a clear picture of the slots designed for the nuclear system
dimensions of the bottom are shown in Figure 36.

. The
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Figure 36: Bottom of the half scale prototype

The top and back view of the structure were dimensioned as well. These can be seen in appendices 23.3.
The top view is figure 62 while the back view is figure 63.
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12 Engineering Analysis

The engineering analysis completed in tis section is for the full scale model. The system designed is a hexagon
that is symmetric along it’s center in two directions. The hexagon is symmetric along it’s width, the z-plane,
and along it’s length, the x-plane, as shown in Figure 37 with it’s datum. The system will be driven by a
ball screw and linear actuator on the back on the hexagon. Since the system is symmetric along both planes
the moments will cancel each other out. This results in the system acting similar to a cantilever beam as
seen in Figure 38. The forces on the beam will be acting at the center of mass of the hexagon which is 6.77
inches above the ground. This is determined because the bottom of the hexagon has double the material as

the top therefore the center of mass is one third of the height from the bottom.

Figure 37: Definition of Coordinates of the Assembly
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Figure 38: Forces on the Hexagon Slab Holder

The shear force, V, and moment, M, on the beam can be calculated from this diagram. The 21 pounds
represent the force from each slab and the distance from the fixed point is displayed underneath the beam
in inches. The two in front of the 21 pounds is when two slabs are positioned in the same distance away
from the fixed point. The weight of the system is 28.13 pounds, recorded from SolidWorks, directly through
the center. The moment of the fixed point is found from the force multiplied by the distance from the fixed

point. The calculations can be seen below.

V =21+ (2% 21) +28.13 + (2 % 21) + 21 = 154.131b.

M = (21 %2.33) + (2% 21 % 9.42) + (28.13 % 17.40) + (2 * 21 * 23.90) + (21 * 30.80) = 2584.32Ib. * in.

12.1 Carriage Plate Bolts

The carriage plate will secure the system while it is off the ground. There are eight bolts that will be fastened
to the hexagon slab holder. The stress on the bolts needs to be tested to ensure the bolts will not yield.
The centroid of the bolts is the direct center of the carriage block since the bolts are evenly spaced. The
dimensions of the carriage block, the set-up of the bolts, and the distance the bolts are from the centroid
can be seen in Figure 39.

The first stress on the bolt evaluation is the nominal stress from the moment. The bolts on the top are
being pulled while the bolts on the bottom are being compressed. The force is not applied by a point load
but instead by the downward moment. The force on the bolt is recorded from the distance the bolt is from
the moment which is the center of the carriage block. The bolt shares the force with the amount of bolts in

the same line. This is the equation used to find the nominal force on each bolt:
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Figure 39: Screws on the Carriage Block
M
= (2)
yx N

Where M is the moment, y is the distance from the center of mass of the hexagon and N is the number of
bolts the force is applied to. In this case the moment is 2584.32 pounds inches, the distance is 4 inches since
the carriage plate will be located at the center of mass, and there are four bolts taking the load.

The force causes the top bolts to be in tension which is represented by positive stress while the bottom
bolts are in compression which is shown with negative stress. The stress is computed from the force and the
area of the bolt. Each bolt has a major diameter of 0.215 inches which results in an area of 0.0363 inches

squared. The nominal stress is calculated from the following:

o=7 (3)

Where P is the nominal force and A is the area of the bolt.
The bolts undergo stress from shear as well. This shear stress is broken up into primary shear from the
direct force and the secondary shear from the moment. The primary shear force is perpendicular to the

object and distributed upon all the bolts shown by the following equation:

V;fotal
4 p—

that N is the number of bolts influenced by the total shear force, Viytq;. The primary shear stress is found
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similar to nominal stress. The primary shear force found in equation 4 is divided by the area of the bolt:

Vv’
/
= — 5
g A (5)
Where V’ is the primary shear and A is the area of the bolt.

The secondary shear force is more involved than the primary shear. This shear is a resultant of the

moment and the distance the bolt is from the centroid:

- M*rh
i i r2 by ol

7

(6)

Since r, is subjective, the distance of any bolt from the centroid can be multiplied by the moment, M, and
divided by the summation of the remaining bolts’ distances squared from the centroid expressed as 74, 1, 7c...
and on. The secondary shear force is divided by the bolt area to find the secondary shear stressed displayed

in equation 7
V77
= — 7
- (7)

7_77

The primary shear stress and secondary shear stress are then combined from the following equation:
T =12+ 772 (8)

Tllustrating Pythagorean Theorem to compute the overall shear stress. The overall shear stress is thus
evaluated from both the moment on a fixed object and the perpendicular force to the same object.

The Von Mises stress is the prediction of the yielding of materials influenced by from different loading

oy = Vo2 +3x72 (9)

Combines the nominal stress, o and the total shear stress, 7, on the bolts. This stress is important since it

conditions. This equation:

acknowledges when the material will begin to fail. The materials yield strength, o, can be divided by the
Von Mises stress, 0,:

FOS =¥ (10)

o
To determine the load carrying capacity beyond the actual loads of the bolts. This is known as the factor of
safety (FOS) determined from the yield strength of 80 ksi of the bolts.

Each bolt in the carriage block was evaluated for nominal stress, shear stress, and Von Mises stress
and then given a FOS. The bolts are labeled in Figure 39 and the results are presented in Table 11. The
calculations for the maximum stressed bolt is demonstrated in the Appendices. The bolts that experience

the maximum stress are the bolts farthest away from the centroid.
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Table 11: Carriage Block Bolts

o T oy FOS
Bolt | sy | (esi) | (ksi) | ()

a | 445 | 1.58 | 5.22 | 1531
b | 445 | 1.58 | 5.22 | 15.31
¢ | -445 | 211 | 5.76 | 13.89
d 4.45 2.11 | 5.76 | 13.89
e 4.45 1.58 | 5.22 | 15.31
f 4.45 1.58 | 5.22 | 15.31
g 4.45 2.11 | 5.76 | 13.89
h -4.45 | 2.11 | 5.76 | 13.89

12.2 Hinge Bolts

The bolts on the hinges will be subjected to stress while the device is in the air. The stresses on the bolts
need to be analyzed to determine if the bolts can withstand the amount of force applied to them. This
evaluation will be similar to how the bolts were simulated in section 12.1. However, there are three slight
differences: the bolts for the hinges are in a different location than the carriage block bolts, the bolts on the
hinges will only be exposed to forces on half of the design but will induce a moment in multiple directions,
and the direct shear force on bolts is from the three slabs of 21 pounds and half of the weight of the entire
system as shown below.
V=21+21+21+ @ = 77.07lbs

The first moment the bolts face is pulling from the distance the forces are in the width or z-plane. This
is force from the left when facing parallel to the length of hinge. The moment is determined from the slab
that is 14.20 inches away, the other two slabs that are both 7.30 inches away and the weight of the object

that is 9.60 inches away all in the same direction as described before.

28.32
M, = (21 % 7.30) + (21 % 14.20) + (T % 9.60) + (21 * 7.30) = 740.801bs x in

The moment of 740.80 pounds inches applies the nominal stress on the bolts. Therefore the force is the
division of the moment divided by the number of bolts in the same line and the difference in height from the
center of mass of the hexagon shown in equation 2. From this nominal force, the nominal stress is assessed
using equation 3. This is involved in the secondary shear of the bolts as well as the second moment applied
to the bolts. This moment is applied parallel to the length of the hinges also known as the x-plane. The
moment is driving this half downward parallel to the other half. This moment is determined from the 21
pound slabs, 4.40 inches, 16.35 inches, and 28.30 inches away from the bolts in this direction as well as the
weight 17.40 inches away from the bolts.

28.32
M, = (2% 4.40) + (21 16.35) + (== % 17.40) + (21  28.30) = 1275.700bs  in

The moment in the x-direction, 1275.70 pounds inches, only pertains to shear stress. The secondary shear of
the moment in the x-direction and z-direction are calculated from equation 6 using the distances in Figure
40.
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Figure 40: Bolts on the Hinges
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The shear stress of the bolts is evaluated from the following equation:

=12+ 12 4 47,2 (11)

Where the primary shear is combined with the shear from both the x-direction and z-direction. This shear
stress is employed with the nominal stress to analyze the Von Mises Stress on the bolts. The stresses for
each bolt is revealed in Table 12 with the FOS. The maximum stress of the bolts in the hinges are the closest

to the center of mass and the calculations for the maximum stress is displayed in the Appendices.

Table 12: Hinge Bolts

Bolt Sigma | Tau | Von Mises | FOS
(ksi) | (ksi) (ksi) (-)
a -3.54 | 0.90 3.86 20.71
b -4.28 0.79 4.49 17.82
C -5.41 0.69 5.54 14.44
d -7.37 | 0.60 7.44 10.75
e 1.88 | 0.60 2.15 37.20
f 1.72 0.69 2.09 38.18
g 1.59 0.79 2.10 38.22
h 1.48 0.90 2.14 37.35

12.3 Linear Motion Device

For the design that is being pursued by the team, it was required to develop a lifting device that could allow
for both linear lifting and the holding of the collar. This portion of the design breaks down into two main
sections; the motor requirements and slider assembly. After extensive research it was determined that a ball
screw assembly with a few adjustments would be the ideal fit for the mechanism envisioned.

The requirements for the motor that would be selected are described below and they include the cal-
culation of load inertia, required speed, required force and required torque. The load inertia is the motors

resistance to change of speed or change of inertia. This was acquired from the equation.

Jp=Jw + Js (12)
Where Jw is the inertia based on the weight of the load and can be calculated by the equation
Jw =W x (Pg =+ 2m)? (13)

Where W is the weight and Pp is the pitch of the ball screw. Using these values the weight inertia was

determined to be 5.07 Ib*in?. Then the screw inertia must be calculated using equation
T 4
Jszﬁ*p*PB*DB (14)

Where p is the density of steel which is .2856 Ibs/ib3, Lp is the length of the ball bar which is 24”. The
diameter of the ball screw (Dp) is 17 and using these factors the screw inertia is .6725 Ibs*in?. Given these
inertia, the total load inertia for this system is 5.744 lbs*in2. This is just one aspect of the motor calculations

used to determine the motor choice. The next aspect is the speed required for the motor. This requirement
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is more of a minor consideration but it must still be considered to allow for the assay time to stay under one
hour. In considering this, it was deemed that the speed that would be used is to raise the collar at 1 in/sec.

So to determine the speed of the motor needed to operated, the equation
Var = Vi(60/Pp) (15)

Where V; is the desired velocity, Vy, is the velocity of the motor. This requires that the motor speed must
be 60 RPM. The most critical calculation for the motor sizing is the required torque. In order to determine
this, the force required to move the collar must be determined. The only force that was acting against the

collar is the weight of the device itself. The force was estimated to be 150 Ibf and using the equation

Tr, = (((F * Pg) = 1.1) + T;)(1/v x 0.01) (16)

Where Tg is the breakaway torque and this was determined to be 2582 lbs*in. v is the efficiency of the
ball screw which can range from 95% to 80%. To stay on the safe side, the efficiency was given a conservative
estimate of 80%. The final load torque was calculated to be 3220 1bs*in. Finally, to determine the required
torque, the load torque was multiplied by a factor of safety of 1.5. This gives a required torque of 4830
Ibs*in. The factor of safety was used in accordance to industry norms discovered from research into motor
design. These calculations were aided by the use of the online motor sizing calculator provided by oriental

motor [14] and the inputs can be seen in Appendix G.

12.4 Bending Stresses

The sliding shaft would experience a substantial force requiring the need for calculations on the bending
to be precise. The magnitude and slope of the deflection will need to be minimized to allow for the pillow
block to slide seamlessly. The maximum bending stress on the shaft would be 2021.5 psi, the maximum
deflection would be .694” and the maximum slope of bending would be 8.07 degrees. These fall well under
the maximum bending that the pillow block can operate at with the factor of safety for stress being at
approximately 40. These calculations were assisted by the use of an online calculator [15] using the fixed
support. The full analysis of the data acquired and the inputs are listed in Appendix H with the exception
of the bending diagrams listed below.
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Figure 41: Bending Diagrams

Team 8 Page 75



Plutonium Assessment — °LesAlamos

12.5 Weld Stress on Linear Support

The linear support is the four bars that will be welded to the hexagon in order to attach the linear motion
system. These bars will be butt welded to the top and bottom of the system. These bars will face the same
moment and shear as the carriage block bolts.

The bending stress is evenly distributed throughout the four bars. There will be a primary bending and
secondary bending on the welded joints similar to the bolts. Since each bar will be welded on both the top
and the bottom the shear force will be divided by 8. The throat area of the weld is determined by:

A = 0.707h(b + 2d) (17)

where h is weld throat, d is the length of the welds adjacent to the height and b is the length of the weld
coincident with the top or bottom. The throat weld for this circumstance is 0.0039 inches, while b is 2
inches and d is 2 inches for each bar. The equation for the throat area is from the bar being welded on three
adjacent sides. For each bar, the throat area is calculated to be 0.017 in?. The primary bending stress is

calculated by using the following equation:

14
=7 (18)

Where V is the shear force and A is the throat area.

The secondary bending stress on the weld is determined from:

_M*c
T

7_77

(19)

Where M is the moment applied to the weld, c is the distance to point of rotation, and I is the area of inertia
of the weld. The area moment of inertia for these welds are calculated from:
B 243

I, 7—2*d2*y+(b+2*d)*52 (20)

Where 7 is bﬁ%d and 0.67 inches for each bar. The area of inertia for the weld of each bar is 2.67 in? and
the distance to the point of rotation is from the center of gravity to 7. The bending stress will be greater
on the top than the bottom since it is farther away from the center of gravity. The permissible stress on the
weld for the material is:

op = 0.60 5, (21)

Where S, is the yield strength, 35 ksi, of the aluminum bars. The resultant permissible stress is 21 ksi for

the bars. The stress on the welds is insignificant compared to yield strength of the weld as seen in 13.

Table 13: Weld Stress of Bars

T’ T T Permissible Stress
Weld iy | (ksi) | (ksi) (ksi)
Top 1.17 | 3.30 | 3.51 21.00
Bottom | 1.17 | 1.37 | 1.80 21.00
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13 Proof of Concept

After all of the design work and stress analysis was performed throughout the semester, a small-scale pro-
totype was created. This prototype served as a great demonstration tool and also helped eliminate some
minor functionality problems and aesthetic issues.

The first step was to determine how to implement the new design into LANL’s glovebox waste disposal
system. To tackle this issue, the glovebox and waste container (55-gallon drum) were designed on SolidWorks
and 3-D printed to serve as a physical model (Figure 42). The print also included the original assay that
was to be used, a collar design also provided by Canberra. This model was helpful as it determined that the
assay was to be placed underneath the glovebox due to space and accessibility issues if it were to be placed

inside. This helped the team to tackle some ergonomic problems that arose during the early design process.

Figure 42: Glovebox 3-D Print

When the new assay was selected due to the change in problem statement, a new 3-D print was not made.
However a CAD drawing was produced in SolidWorks which was discussed in a previous section (Section
11: Detailed Product Design). This drawing was run through the simulation program on SolidWorks and
a thorough stress analysis was completed, see Figure 43. To get a better understanding of the system that

was to be created, a small-scale model was created (Figure 44a).
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The project results for the changed system will yield similar results as to what is displayed in Figure 43.

It is hard to tell, but the maximum stress concentration is located at the hinge.

(a) Side View (b) Top View

Figure 44: Small-Scale Prototype

To create the prototype, materials were purchased based on needs of the model not the actual needs

of the design. Many of the materials used for the demonstration was found from past projects and other

products found by the team members. The materials used for the prototype are not the final materials that

will be used.

The prototype does not reflect the size of the design, it is there to explain the process. The top wooden

board represents the top of the glovebox and the assay system will rest below. There will be a trapdoor /hole
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leading into the 55-gallon drum which will sit right inside the metal apparatus (Figure 44b). The nuclear
waste will be disposed of through the hole and into the drum. The metal apparatus holds the six slabs, the
type of slab will vary depending on the user’s preference. The white slab represents the slab that can be
changed out to an active assay.

Once the drum is loaded via trapdoor, the user will start the assay process. This will start the 17 minute
long measurements of the top, middle, and bottom of the drum. To raise the mechanism, a motor will
be attached to the frame of the system. This motor was determined by calculating the weight and speed
needed for the movements (Refer to Section 10.2: Linear Motion). The goal is to raise the apparatus to each

different level in five seconds. The raising of the frame is demonstrated in Figure 45.

Figure 45: Motor Demonstration

The three separate assays will take about 17 minutes each, or 51 minutes total. This keeps the total time
under the allotted slot of one hour. Once this process is complete, the results of the assay will be displayed
on the user interface. If any waste is needed to be removed, it will be done so. If not, the front half of the

assembly will be opened by the user and the barrel is able to be removed to further disposal (See Figure 46).
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Figure 46: Hinge Demonstration
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14 Build/Manufacture

The prototype, Figure 47, that the team produced for the showcase was only a mock-up of what the final
design would be. Due to budget limitation, different materials had to be used instead of what would be
proposed. The frame was constructed out of plywood and the lift was replaced with a television mount to
simulate the proposed lifting mechanism. Also, due to the scanners high cost of several thousand dollars,
they were left out of the design and replaced with 3D printed slabs. These slabs, while not able to detect
anything, allowed the team to test the mechanical properties of the frame as the slab weight was still to
scale. The prototype was constructed in three main steps, frame construction and assembly, external parts,
and attaching to the glovebox and lift.

Figure 47: Half Scale Prototype
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Being that the frame was constructed from plywood, the team had to cut and shape each individual
part via ban saw. Once each smaller part was cut, the six upper and lower sides of the frame were glued
together using wood glue and small wood screws. Being that these limbs were fabricated by hand and not
by machine several needed to be re-cut during the redesign portion due to not matching the opposite limb.
After several days of cutting, gluing, and waiting, the hexagon frame was constructed, which meant the team
could now add on the external parts. These parts consisted of the hinges on one side, the locking mechanism
on the opposite, as well as the parts to mount the frame on the television lift and the sliders to ride on
the support rails. During the initial build and redesign of the frame the team noticed that as the frame
needed to change so did the hinges. After several trials the right type of hinge and positon was achieved.
The locking mechanism was a simple pin and hole mechanism that would keep the frame closed in use. The
television mounting device and rail sliders were also simple add-ons. Both were screwed and glued into the
devices frame and mounted easily. While all of this was happening six slabs were being printed and fitted
into the wooden frame to simulate the real scanner slabs. When placed in their individual wells on each limb
the prototype is completed.

The proposed design will be made from aluminum instead of plywood, the frame will then be welded
together. Aluminum will be strong enough to hold up the actual weight of the slab with little to no bending
on the unsupported side and is relatively cheap to purchase. The frame will still have the six wells for the
slabs to allow for easy installation and change between active and passive assaying models. Being made out
of metal allows all of the external parts to be welded on as well. The hinges and locking mechanism will
have to be tougher than what was used in the prototype but once attached will be fine. Lastly, instead of
the originally used television lift the frame will be welded to a lifting mechanism and guide rails. Again,
with the implementation of the six slabs concludes the fabrication of the prototype.

Being that the proposed design is a high value device, as well as being in a niche market, there is little
chance that it will ever be mass produced. The initial design is based off of the specifications Los Alamos

gave the team. The design is made to be used at any facility processing nuclear waste.
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15 Testing

Testing is important for the design and development of a new product. The purpose is to verify design
uncertainties, manufacturing and variations in the prototype. Products can fail due to many reasons including
design problems, excess stress, and errors. This ensures the design will have reliability and durability in its
performance in the planned environments. The tests were performed on the full scale design and half scale
design for stress and displacement analysis. However, the remaining tests were applied to only the half scale

prototype due to the necessity for a physical representation.

15.1 Standards

ASTM does not have any standards regarding the prototype of the design. However, the ASTM standards
for the materials will need to be followed for the full scale manufacturing. This includes includes Section
B769, Shear Testing of Aluminum Alloys, and Section A370, Mechanical Testing of Steel Products. The

Engineering Standards Manual for Los Alamos should also be followed when testing the full scale system.

15.2 Procedure

The design must be analyzed to guarantee that the product can handle the nuclear devices without failure.
This test requires the use Solidworks simulation. The results will determine if the aluminum material is
acceptable for the application and if the design needs altering. The analysis is run for each half of the
structure using the conditions in which each half will be fixed. Both halves will have a force of gravity
applied to the system as well as a distributed mass of 21 pounds applied to the locations for each of the
nuclear slabs. The Von Mises stress will be the first information taken into consideration to ensure the stress
does not exceed the yield strength of aluminum 1060. Displacement of the material will be recorded as well
to provide sufficient detail of the testing.

In order to run the analysis on either side of the structure, testing must be completed on the hinges. The
calculations on the bolts have been finalized in the Engineering Analysis, section 12.2. The simulation on the
hinges were subject to the same forces seen in Figure 40. This will be able to conclude whether the hinges
are able to handle the stress in the system. The tests on the hinges were evaluated for both a two hinge
system and a three hinge system. The results can help better determine how many hinges are necessary for
the structure.

Similarly, to the full scale model, Solidworks analysis is necessary for the half scale prototype. This is
due to the scaling, the thickness changes and most importantly the material changes of the model. The tests
are done to assure the design and material can handle the expected conditions. The analysis is again run for
each half of the structure using the force of gravity and the conditions in which it will be fixed. However,
the distributed mass is scaled down by half to 10.5 pounds for each of the nuclear slab locations. The results
taking from the analysis are the Von Mises stress and displacement for the same reasons as the full scale
model.

The manufacturing testing will be done by using three-dimensional printed nuclear slabs. These nuclear
slabs will be scaled down exactly half to test the building of the half scale model. The slabs should tightly
fit in the designation slots. They should be able to be easily removed but not allow too much space where
they will fall out.

An important piece in the design is the structure needs to be able to open and close. This is to allow

the 55-gallon drum to be easily replaced with a new one. The test is simple but necessary for the success of
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the device. The premise of the test is the device must open large enough to easily move the drum in or out
while close to fully surround the entire drum.

The mechanical lift should be able to raise and lower the structure built to hold the nuclear device. This
is important to test prior to adding the weight of the nuclear device. This test is precautionary in case the
mechanical lift has a problem with the structure. This would prevent more damage to the motor or the
highly expensive nuclear devices if something went wrong.

There is a time limit in the design specifications for the raising and lowering of the structure. The limit
is to ensure it does not take unnecessary time waiting for the device to reach to top or bottom since the
assaying of nuclear waste is already time consuming. The maximum time the mechanical lift should take to
reach the maximum height is ten seconds.

The next test involves using the weight of the nuclear slabs on the scaled down model. In order to assay
the entire drum, the mechanical system needs to raise the structure and the nuclear devices. This test is to
determine if there is any problems with the mechanical lift or the structure holding the nuclear devices. The
test was performed on the scaled down system with a quarter of the weight that will be subjected to the full
scale model. This is for numerous reasons including: not wanting to subject the television lift to that much
torque, the half scale model being made out of wood and the way the structure was assembled.

The following test is necessary to testing the durability of the structure. This is to ensure the structure
can hold the nuclear devices at the designed heights properly while assaying the drum. The length of time
for the test was determined to be thirty minutes since it takes the nuclear devices under twenty minutes to
record the reactivity. The purpose of the test is to conclude whether the structure requires more support or
has to be altered to better handle the weight of the nuclear devices. This test was also performed with a
quarter of the weight subjected to the full scale model for the same reasons.

Reliability testing creates a mistake proof design. The first test involved not enabling the device to be
opened when the assay of the waste is being processed. This was to prevent incorrect data or damage to the
structure if the device is off the ground. The next test was to mistake proof the structure for easy cleaning.
The design has many curves and crevices which will be hard to clean properly without creating a "poke yoke.’

The final test is the system needs to be able to work underneath the glovebox. This is important because
the design has essentially zero purpose if it is incapable of working in the glovebox line. The mock glovebox

is built around the half scale prototype to conclude the test.

15.3 Testing Results

The results for the stress and displacement analysis on the full scale aluminum structure proved to be
acceptable. The side of the structure which endures the most stress is shown in Figure 48. This is the side
that will be supported by only the hinges and the latch on the opposite of the hinges. The factor of safety
for the structure is 5.98 which is above the threshold of 2 set in the design specifications. The same half
of the structure experienced the most displacement at 0.06 millimeters, seen in Figure 49 which leaves no
concern over the structure. The other half of the structure is supported by the lifting mechanism. This half

faced far less stress and displacement seen in the Section 23.9.
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Figure 48: Stress of the Full Scale Structure

URES (mm]
607 2e-002

5.566e-002

5.060e-002

4,5 54e-002

4,045 e-002

3.542e-002

3.036e-002

2,530e-002

2.024e-002

1.515e-002

1.012e-002

5.060e-003

1.000e-030

Figure 49: Displacement of the Full Scale Structure
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A major concern for the structure was the stress on the hinges. As previously discussed, the bolt
calculations were calculated in Section 12.2 to ensure they would withstand the stresses. The hinges were
analyzed to determine whether two or three were necessary for the structure. Seen in Figure 50, the hinge
subject to forces if there were two hinges (left) faces stress of 409 MPa while the hinge subject to forces if
there were three hinges (right) endures only 198 MPa. The hinges would have a factor of safety of 3.13 with
three hinges on the structure but only a factor of safety of 1.52 with two hinges on the structure. This is

further discussed in Section 16.
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Figure 50: Testing Stresses on the Hinges

The results on the simulation of the half scale prototype were similar to the full scale model. This was
important to guarantee there would be no abnormally large stresses with the use of plywood. The same half
as the full scale structure encountered the maximum stress (Figure 51) and maximum displacement (Figure
52). The plywood half scale prototype result for factor of safety was 6.59 which is greater than that of the
full scale aluminum. The displacement of the half scale model is more than the full scale structure at 0.0929
millimeters. The half of the structure that faced far less stress and displacement can be seen in the Section
23.9.
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Figure 51: Stress of the Half Scale Structure

Figure 52: Displacement of the Half Scale Structure
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The first test on the design that was completed was checking the manufacturing. This test verified the
dimensions of the slots for the nuclear devices by using half scale plastic versions. All six designed areas
succeeded in the test.

The next test was to determine if the prototype would open and close properly. The prototype has a
wide range of motion when opening. This would allow a half scale 55 gallon drum to be easily replaced. The
problem was the prototype had approximately a four inch gap between halves when fully closed which can
be seen in Figure 53. This issue could result in a lower efficiency than intended for nuclear devices. Since the
problem could negatively impact the system, the design needed to undergo a redesign discussed in Section
16.

Figure 53: Prototype Fully Closed

The mechanical lift accomplished the first two required examinations. The first was to lift the structure
without the weight of the nuclear devices. This was seemingly done with ease by the television lift. The
time recorded for the lift to reach the desired maximum height was consistently ten seconds. This was on
the lower scale for time on the design specifications but it did fit within the necessary range.

The following tests involved the weight of the nuclear devices. The mechanical system was able to lift
the quarter scaled weight but there was some trouble. The bending of the structure was noticeable due to
the weight. However, this is due to the flexibility of the plywood. The aluminum used in the final design
would not deflect as much. A redesign was required before the durability test of supporting the weight for
thirty minutes at the designed measuring levels. The improvement to the structure is discussed in Section
16. Once the design was altered, the system was able to perform the test adequately.

Both of the mistake proofing created for the design was developed during redesign process. The first
prevents the structure from being opened when the assaying process is in progress. The other provides an

easy method for being able to clean and sanitize the system. These poke yokes are examined more in Section
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16.
The final test performed was to verify if the system would work within the glovebox line constraints. The
mechanical structure rested underneath the design glovebox without problems. The design was able to still

be opened and closed with no hinders to the vertical movement either.

15.4 Test Matrix

A test matrix is an important part of testing the design. The test matrix is not just a list of everything
being tested. The plan will include why each test is being performed and how each test will be conducted.
Also, incorporated is the results of the test and the planned resolutions for any problems. There are two
test matrices below which both contain the same tests and parameters. However, in Table 14, not all the
tests were performed before the first set of redesigns. The parts that failed in the first test matrix were
corrected before the testing continued. In Table 15, the results that failed were re-evaluated and deemed
worthy of success. The only two failures in the second test matrix were improved as well. The solutions will

be discussed in depth in the next section, 16.

Table 14: Test Matrix 1

Test Test Parameters Results Solutions
Full Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Full Scale Frame Displacement Less than 1 mm of displacement Fail Add a latch to opposite side of hinge
Hinges Stress Analysis Factor of safety of at least 2 Fail Add a third hinge
Half Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Half Scale Frame Displacement Less than 1 mm of displacement Fail Add latch to opposite side of hinge
Half Scale Frame Manufacturing Open and close around a 12”7 diameter barrell Fail Re-machine a side of the structure
Half Scale Frame Manufacturing Properly fit scaled down nuclear devices Pass
Lift Vertical Movement Raise and lower the frame Pass
Lift Time Reach max. height in less than 10 seconds Pass
Lift Vertical Movement Lift weight of frame and nuclear devices N/A
System Durability Hold nuclear devices in air for 30 minutes N/A
System Manufucturing Work underneath glovebox N/A
Table 15: Test Matrix 2
Test Test Parameters Results Solutions
Full Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Full Scale Frame Displacement Less than 1 mm of displacement Pass
Hinges Stress Analysis Factor of safety of at least 2 Pass
Half Scale Frame Stress Analysis Factor of safety of at least 2 Pass
Half Scale Frame Displacement Less than 1 mm of displacement Pass
Half Scale Frame Manufacturing Open and close around a 12”7 diameter barrell Pass
Half Scale Frame Manufacturing Properly fit scaled down nuclear devices Pass
Lift Vertical Movement Raise and lower the frame Pass
Lift Time Reach max. height in less than 10 seconds Pass
Lift Vertical Movement Lift weight of frame and nuclear devices Fail Add vertical slider system
System Durability Hold nuclear devices in air for 30 minutes Fail Add vertical slider system
System Manufucturing Work underneath glovebox Pass
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16 Redesign

Redesign is an important part of creating a new product. Designs are constantly being improved to make the
product better, safer, and more cost efficient. The first major redesign was manufacturing the structure out
of plywood and utilizes a television lift for the vertical movement system. This alteration for the prototype
was strictly for cost saving purposes. The remainder of the improvements of the structure and system
were developed from testing results. Through the testing of the product, flaws in the original design were
exhibited.

16.1 Manufacturing Redesign

The first improvement on the prototype was to better manufacture the structure after it failed to fully close.
The original construction created approximately a four inch gap when the structure was fully closed. This
can be seen in the picture below Figure 54. The structure needed to be modified to reduce or eliminate the
gap. One of the six sides was completely disconnected and re-machined. This allowed for the mapping of
the new side using the existing pieces to ensure the structure will fully close. After the piece was machined

and connected, the structure accomplished the intended goal.

- »

Figure 54: Prior to Redesign

16.2 Displacement Redesign

There was a flaw in the design when the simulation of one of the halves of the structures was first analyzed.
The half was only fixed by the hinges on one side leaving the other side free. This resulted in too much
displacement for the structure shown in Figure 55. The half scale prototype experiences a displacement of

over 2.7 millimeters. This resulted in the requirement to fix the opposite side of the hinge. The simplest way
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in doing so without hindering the ability to open and close is to add a support latch from the side of the
structure. This redesign is for both the full scale model and half scale model as the testing results improved

with two fixed ends. Those results were displayed in the analysis in Section 15.
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Figure 55: Half Scale Displacement without a Latch

16.3 Hinge Redesign

The hinge was an important part of the design to test. The original design of the structure included only
two hinges. However, when the analysis was run with forces of the full scale model on the two hinges the
factor of safety was only 1.5. The factor of safety for the design should be above 2 for extra security. This
was achieved when the analysis was completed for the forces of the full scale model distributed on three

hinges. This resulted in a redesign to add a third hinge in the middle of the other two hinges.

16.4 Vertical Slider Redesign

The mechanical lift struggled when lifting and holding the the structure with the weight of the nuclear
devices. This was due to the bending moment created by the weight on the opposite end of the lift. In order
to counteract the moment, vertical sliders were attached to the fixed half of the structure. The vertical rod
for the sliders was supported by the linear rail supports connected to the floor created for the device and
the mock glovebox. This can be seen on the design in Figure 56. This redesign would be applied to the full

scale model to help support the structure and mechanical lift.
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Figure 56: Vertical Slider System

16.5 Poke Yoke Redesign

The mistake proofing of the design was accomplished during the redesign process. A major problem was to
prevent the structure from being opened while the waste is being assayed. This is achieved using the support
latch discussed in Section 16.2. A pin will be placed in the latch to lock the structure closed when assaying
the drum. This will prevent any error in data or any unnecessary damage to the nuclear devices.

The next redesign was to enable easier cleaning for the structure. This was accomplished by adding
covers to areas of the design that would be hard to clean. These areas were the corners of the hexagon where
the nuclear devices would not be placed. In the full scale model, plastic sleeves would be employed to cover
these areas. This would allow the structure to be wiped down quickly and efficiently preventing any cleaning

mistakes.

16.6 Aesthetic Redesign

Aesthetic redesign was necessary for the half scale prototype. This redesign is solely for the prototype. The
purpose is to improve the appearance due to the manufacturing errors and necessary connection methods.
In order to connect each side, an additional piece of plywood is needed to act as a bridge to the sides. This
was hidden on the bottom with the covers for easy cleaning purposes. On the top, a second layer was created
to give the appeal the structure was only two pieces or the two halves. The screws from the hinges extended
out of the wood maintaining an unfinished look. These were subsequently hidden to establish a clean look.

Spackle was eventually applied to the structure to fix gaps created from manufacturing errors. The
spackle created a solidified look for each of the halves. The final adjustment to improve the aesthetics of the
structure was spray painting the plywood. Gray spray paint was applied to reflect the color of aluminum
which would be utilized for the full scale model. The paint gave the structure a finished look seen in Figure
57.
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Figure 57: The Finished Prototype
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17 Operation

One of the critical requirements set by Los Alamos National Labs is that the implemented mechanism remain
in line with their current system. Once installed, the device will remain under a glove box to be used at any
time. As the waste moves down the line it will enter through a trap door mechanism into the drum below
the glove box. Then, either after each object enters the drum, or at chronologically set points an operator
can use the device to measure the drums contents. The JCC scanners are not large enough to measure the
entire drum in one sweep so the first scan will be taken when the operator runs the software for the slabs.
Next, he or she activates the linear actuator to bring the scanners to their second position and again activate
the software. Lastly, they are risen once more to their third position and conduct their final scan. At this
point the scanners are lowered back down to their resting position and their readings are totaled. Based
upon these readings three things can occur; the drum will be ready to be removed, the drum is over the
allowed amount and needs to be emptied, or it will continue to be filled.

If the drum is ready to be removed a drum dolly is brought up to the glove box and the mechanism is
opened. The drum is then loaded onto the dolly and brought to its next destination. If the drum is not at
its limit yet and will continue to be filled up then no further actions is needed. The final possibility that
the drum is overfilled is the catalyst for the problem statement that birthed this project. If the drum ever
reaches this level with this design in place means that scans are not being taken frequently enough or too
much waste is entering at a time. However, the solution to this problem is that because the drum is still
under the glovebox in a sealed state than the waste can simply be removed back up through the trap door
into the glovebox. At this point the drum can be rescanned to determine if more waste needs to be removed

or the drum is safe to transport.
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18 Maintenance

18.1 Cleaning

To ensure that any contaminants, whether physical or radiation based, could be cleaned off of the NDA,
several considerations were taken into effect. Any sharp edges that could possibly hinder wiping down the
device were eliminated. Additionally, to avoid wiping the mechanism down completely, the entire design is
able to be covered in plastic wrap to avoid contaminants. The cleaning process will occur as according to
the LANL standards.

18.2 Repairs

Any physical damage to the aluminum frame of the design will just simply be repaired as needed. Additional
welding may be needed if it is severely damaged, or even just replacement of parts. This is all based on the
given need at the time.

Any damage or faults with the NDA slabs should be taken forth with Canberra, the providing company.
The product may be under warranty depending on the conditions provided by Canberra. This also applies

to the motor, hinges, and sliders.
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19 Additional Considerations

With any project dealing in the nuclear domain, there must be many questions on the impact of the proposed
change. In the world today, the public has very little understanding about nuclear systems and it is hard
to discern fact from fiction without a good knowledge base. This is not helped by the general negative
connotation toward nuclear technology in the media. This tends to drown out the experts and the remarkable
safety record for the industry as a whole not to mention the extraordinary benefits the technology gives to
society. To address these concerns for this project, below will discuss the economic, environmental, societal,

political, ethic, and health and safety impact and the sustainability of the project.

19.1 Economic Impact

The impact to the economy of this device could be considerable in the nuclear technology sector. This
device would allow for a far more streamlined processing of nuclear waste not only in the LANL facility but
to nuclear facilities across the world. The device is designed to assay waste produced in any facility like rags
and tools that come in contact with radioactive material. With Los Alamos saving hundreds of thousands of
dollars with this device they will be able to spend more money on research and testing. This device will not
change the economy on the whole but could allow for more JCC 71,72, and 73 devices to be sold for it opens

a new application. Overall, it is believe that this device can eliminate muda in nuclear waste processing.

19.2 Enviromental Impact

The enviromental impact of this device has it ups and downs. The upside of this device is the ensurence that
high level nuclear waste is dangerously buried at the Waste Isolation Pilot Plant. This site does have many
safeguards to ensure this will that there will be no contamination but the device does add a layer of security.
The advantage of the device is the ability to remove waste before it leaves the glovebox. The drawbacks with
regard to the enviroment is the need for He-3 for the product. Although this element is the second most
abundent in the universe, it is extremely rare on this planet. It is produced with the enviromentaly damaging
process of natural gas production. It is a by-product of the drilling and if not capured imediately the helium
escapes into space. This device will increase the need for the element thus contributing to depleting this
precious resource further. On the whole, the device still does less damage than it can protect against but

the depletion of a critical resouce is something that needs to be considered with care.

19.3 Political and Societal Impact

This device does open a current discussion for the consideration in disposing of nuclear waste. The device
would be the first step of the waste on its way to the Waste Isolation Pilot Plant, which is a controversal
way to dispose of low level waste. This is a politically charged issue that has successed in closing the
proposed Yucca Mountain site and stands consistantly in the way of solving a resonable approche to the safe
perminent storage of nuclear waste products. The device that was developed does make the processing of
waste products more safe and if the process was made resonably transparent. This would help to ease the
collective conscience of the society. This device put one more level of security before the waste is buried. It is
doubted this one difference will make a large impact on the society but with small changes and transparency
will allow for experts to be trusted. Nuclear waste has been produced but a decision on what to do with it

once it is done is still up for debate. The fact of the matter is it needs to go somewhere and must be done in
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a safe manner. Understanding this may clear the fog in the debate over waste disposal and allow for good

hearted discussion on the best route forward.

19.4 Ethical Impact

With any device in the nuclear field, a great deal of ethical consideration is taken and this is the same with
this product. The consideration that would be the most important is the abiltiy for this product to perfort
the task it is design for. This would ensure the saftey of the workers in the facility and the public on the
whole. In order to upkeep the quality, each device needs to be tested and calabrated upon installation. This
product does ensure that nuclear waste is safe for burial so it is important to make the device correctly and

use it in the way it is intended.

19.5 Health, Saftey and Ergonomic Impact

One of the main purposes of this device is the saftey of nuclear workers in handling dangerous material
every day. This device allows for the nuclear material to stay in glovebox area while it is being assayed thus
helping in increase the ALARA standards. It also protects the nuclear workers, whom job it is to remove
material if it exceeds the limit, from radiation in the way of elimiating this deviation from happening. This
will stop workers from handling the dangerous waste. This will increase both health and saftey of workers.
The ergonomics of the process will decrease because of the constrained area below the glovebox. It will not
be markedly different but will make the work area a bit more constrained. If the device signals that the
activity of the drum is too high, than attempting to remove the material from the drum within the glovebox
would be fairly difficult but the cost of process out of the glovebox does justify this difficultly. Overall, this

is a very safey product that protects the workers properly from the dangerous materials.

19.6 Substainability

This product does offer a fairly substainable design that offers a flexible solution for the problem. The design
offers a flexible platform if other devices are developed similar to the JCC 71, 72, and 73 products. The
collar is made with readly available materials and technology. The neutron coincidence counter is the device
that is not all that substainable because of the scarcety of He-3 in the world. To help substain the resource

it should be reused for new products and saved at the time when the counter excedes its lifespan.

Team 8 Page 97



Plutonium Assessment — °LesAlamos

20 Conclusions

The construction of the prototype has been a success. The prototype made was a half scale model due to
budget constraints. The model was however tested under similar conditions that the actual device would face.
The model was made out of plywood instead of aluminum, and greatly served its purpose as to demonstrate
the in-line procedure and confirm the design. When designing the prototype the team had to make sure that
it met all of LANL’s specified requirements. The three categories that the team focus on primarily were the

nuclear requirements, the mechanical requirements, and the financial requirements.

20.1 Nuclear Requirements

While the focus on this design was not to create a brand new non-destructive assay, the team still had to
research and select one that would meet the lab’s given specifications. The NDA that the team selected is
a neutron coincidence counter that is able to measure in both active and passive assays. The lab wanted
to have this flexibility so that they did not have to limit this design to just one process. They also had a
desire for the design to have an acceptable efficiency greater than 5 percent. Obviously, the device needs to
be efficient or else it would not be used and both the active and passive assay processes that were selected
meet this standard. When adding a new process to the system it cannot take up too much time or else
it would only become a hindrance. The proposed solution can run its tests at all three heights in under
one hour, a time that the lab finds suitable. The accepted level of radiation is to have no more than 100
nano-curies per gram in the drum, and this measurement is to be taken at an efficiency of greater than
5%. The device is more than accurate enough to get a reading this low. Lastly the system has to be user
friendly, the representative from Canberra assured that this systems software is very user friendly and easy

to operate. Each specification given to the team was considered and met when designing the final solution.

20.2 Mechanical Requirements

Los Alamos also gave the team a list of requirements that the design had to meet in regards to the mechanical
aspect. The first and most important is that the design maintain the in-line process that currently exists.
They do not want any major changes to the layout they currently use, so the team decided to install the
device beneath the glove box where there is currently nothing but empty space. With the need to have
multiple types of readers means that there needs to be an easy process for changing them. The final design
has a simple removable portion that can be swapped out for a different device in just a few minutes. The
motor has to be able to move the entire system vertically the entire length of the drum. The one selected
operates with 4000 pounds per inch torque and should have no trouble with the basic function of raising the
scanner. When designing the frame of the device the team had to consider how sturdy it needed to be. After
several calculations, it was determined that the frame needs to hold 150 pounds. This knowledge came into
consideration when determining what materials were to be used. The actual drum that is being measured
may not always be a 55-gallon drum and therefore the device has to be adaptable enough to measure several
different drums. The maximum diameter than can be entered into the system is 23.5 inches which is large
enough to handle any container needed. Lastly, just like in the nuclear requirements, the device needs to be
user friendly. Prior to completion of this project the team will create a Standard Operating Procedure on
how to use the device. In theory, it should only require a couple buttons that when clearly labeled will be

self-explanatory.
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20.3 Financial Requirements

The entire purpose of this project is to prevent the number of or even eliminate the need for process deviations.
This problem costs the company 150,000 dollars per process deviation and happens approximately 5 times
a year. At an average of 750,000 dollars a year the solution to this problem could save the company millions
of dollars. Also, the initial cost and annual costs of this solution will come nowhere near as much. The team
broke down the costs into two main categories, mechanical and nuclear materials. The mechanical portion
is what the team plans on constructing and is relatively inexpensive at only a couple hundred dollars. The
nuclear materials are the physical devices that need to be installed. This cost is approximately 175,000
dollars and would be paid for by the DOE if they choose to use the proposed solution. Even though this
sounds like a lot for a senior design project, if it can solve a million-dollar problem then the cost should be

no concern.

20.4 Summary

After doing all of the analysis, planning, and designing, the team feels that this device meets all of the
requirements set by LANL. After further testing of the half scale model, all physical requirements have been
met and the construction was ruled a success. The next step is the build the full scale model, made of
aluminum, and order the NDAs from Canberra. After this is pieced together the system will then be fully
functional in the Los Alamos Lab. The group sponsor, Jennifer Alwin, thinks that project went very well

and met all standards previously set.
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23 Appendices

23.1 Appendix A: Project Planning
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Figure 58: Design Process
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23.2 Appendix B: Product Design
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Figure 59: Front View of the Cross Section Hexagon Slab Holder
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Cross Section of Hexagon
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Figure 60: Top View of the Cross Section Hexagon Slab Holder
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Cross section of the Hexagon
lsometric View
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Figure 61: Isometric View of the Cross Section Hexagon Slab Holder
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23.3 Appendix C: Half Scale Prototype
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Figure 62: Top view of the half scale prototype
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Figure 63: Back view of the half scale prototype
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23.4 Appendix D: Data Sheets

A

CANBERRA Model JCC-71, 72 and 73
Neutron Coincidence Collars
Features
® Dasigrad for nautron Lo
coincidence measurement Description
T ANDL foet oot The Madel JCG-T1 Neutron Coincidence
8, Caollar i3 a passivelactive neutron counter
or phutonium in MOX fusl
bii for the measurement of the =35 content per
) i unit length in fresh FWE, BWH and CANDLU
= Variable sample cavity size fuel assemblies. The JGC-T1 can also be
(Model JCC-T1) used o measure the pltonium content of
= Fast Amplek® elecironics MOX fuel The system design is based on
= HHa deot technology transker from the Los Alamos
Matiznal Laboratony.
= Transportable The JCC-71 ia made up of four counter
= (yptional transport container banks, each composed of high-density
= Authorized palyathylens for the modenation of the -
inspection lf‘ﬂ'.:;li;: fission neutrons. Each bank contains Mcsdel JCC-T1 (Passive)
International Atomic Enargy several He detectors for the detestion of
Agency (JAEA) as the naltrans. The counter can oparats in both an aclive mods and a passive
Uranium Neutron Collar mode. For the passive mode, all four
{UNGCL and LINCL 1) counter banks are used around the fuel
assambly. | oparatad in the active moda,
one bank of detectars is replaced with
a polyethylens bank containing onby an
Ammericium-Lithium (AmLi) interogating
sourca, [ The Amli source miust be
ordered separataby,)
In the active mode, the AmLi source
Is recuired 1o Infemogate the fuel, and
coincidence counting of the induced
fiasion neutrons from 2350 s paformead.
Tha AmLi source s contained in a
Model JCC-T2 [Active]
tungstan sowrce bottle and placed inside
the polyethylene bank. The AmLi neutrons
are thesmalized in the polyethylens and
induca fission in tha 250, The average
energy from the induced fission is higher
than the moderated AmLi neutrons and
ghves fast newtron muliplication which
allows the maasuremsant to penstrate ino
thee interior of the fuel assemblies. For
HEL fued, cadmium lners can be addad
to irmprove nedtron panstrability.
Ml JCC-T3 (Active)
Figure 64: JCC 71, 72, 73 Data Sheets
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Model JCC-71, 72 and 73

Neutron Coincidence Collars

Tir messure the * 2 content, the bank with the Amli
sl is replaced by the fourth bank of He detectors,
and the counter is oparatad in a passive mode, cotanting
the coincidence neutrons from spontaneous fission of
F8 ), The collar messures the "50 and 80 conent
along the axis of the assembly, not the ennchmsnt.
Sinca the 2= content is of primary interast for
saleguard purposes, anly e active neasarnement

is ypically necessary. Pu-containing Tued rods ane
measurad in the passive mode bacause of the relatively
The: JCG-T1 Neutron Coincidence Collar ks designed o
allow madification of the: geormeiry 1o closely couple the
detectors with the fuel type. For the smallsr BWH fusl,
the side detector banks are moved info the inner screw-
hake position. The lourth bank of “He deteciors (used in
passive moda) is hingad in order to facilitate placing thea
counter around fuel assemblies.

The: Mewiron Coincidence Collar is designed io be
insensitive 1o parametzes such as open channeks lor
control reds, ennchmenis, angular onentaton of tha
fued in the Collar, fuel pellet density, and any protective
bagging. Cladding type (zinc alloy or stainkess steeal),
different fuel pellet diameters, and neutron absorbers
(GA203) can affect the measurement.

A Neutron Coincidence Analyzer (or shift register],

a compuiter, and analysis software are required fos
coincidence counting and must be purchased sepamaiely
from the JOC-71.

The increased use of neutron collars at vanous facilities
for measunng designated fuel ypes (BWH or PWH),
led to two additional designs by Los Alamos Mational
Laboratary, The two additional neutron collar counters
are the JCC-T2 lor BWH and CANDU fuel assemblies,
and the JCC-73 for PWH fuel assemblies.

Specifications
PERFORMANCE
= HV Setting - mnu V.

= Roguirod Al Suwagh - JOC71,5 x 104 ;
mmumnﬁm{mm

lEhleEung 4 s,
Efficsancy — JOC-71 (Passhe, PWH ralicn

.11 5% +10%:; mc-fé{.hmwj. 13.5% £10%; ﬁ?&
Eﬁu::nehzﬁaatmaa

" HECTIN2 - 2.2 rods for inon sshetiution;
2.8 rods Tor amply substitution.

E-Suﬁi#nﬂ'u:lﬁl‘m minimurm number of rods that can be
substimnod and dotected n a 1000 second cour i 8 conlidens
Il of 2 sgma.

PHYSICAL
= Weaght — JEC-71, 38 by (84 |b),
= Sample Cavity Size
PWIR Acsomblies - 41.4 x 234 ¥ 234 om (1630 x
g w2t ) HxLx W
— BWR/CANDL Assemblies — 41 4 x 168.5 x 23.4 cm
(1630w BE w92 in)Huel xW.
» ¥Hg Tubes
JCC-T1 (Passtve Mode) - 24,
—JCC-T1 [Acaive Mode) - 18,
JCC-T2 (Active Mode) - 16
— JCC-73 (Active Mode) — 20,
= JHe Active Length — 33 = 254 cm {13 = 1 in) L = Dia
= Cladding — Aluminum.

PTIOMNS

# Passive fourth bank for JOO-72 and JCC-73.

= 2201 neutron source lor verilying proper operation.

u Can to vary the: vemical and horizontal position of the
GO,

. I.EdnuE,I-Eh-ﬂd.ﬂ.l 1. Descnpnion and

1. 1981,
Perdomancs: Characionsscs for the Newron
mmmm o .m;-l;";d
MML{EMNHMW

o]

L& 00 3001

EYSTEM
CERTIFIED

Figure 65: JCC 71, 72, 73 Data Sheets
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Neutron Coincidence Collars
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Figure 66: JCC 71, 72, 73 Data Sheets
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Figure 67: JCC 71, 72, 73 Data Sheets
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A

CANBERRA

Features

mudtiphcity
capabiliies with raditional
coincidence counting at ome
ko price
hmmmm
-12 or
{CANBERRA 2150)
i g fully computer controllad
= Similar io the CANBERAA
InSpecior™ in form factor
= Hasad on the Los Alamos
dasign

m Like for like replacement of
JSR-12 when opermating in the
J5R-12 mode

® Uses same J5A-12 batarny
backed AAM lor storage of
data points and systams
satbngs

Model JSR-14
Neutron Analysis Shift Register

Description

The J5R-14 Neutron Anstlysis Shift

prosaded sstup softeamn. The J5H-14
functions as a direct replacement
of the: CAMBERRA J5H-12 Meutron
Coincidencs Anabyzer and the 2150
Mubltiplicity Module. The JSR-14 is
basad on a Los Alames spacicaton and shares the same chassis and lom
mﬂhmmmmwh.ﬁﬂqdm
with either the JSR-12 or CANBERFAA 2150 Mulliplicity Module. The
JSR-14 supports the same J5A-12 battery backed storage of system
satings and 3000 data runs with tme and date stampang of all data points
by the sysiem real-Bme clock. Also, the JSR-14 has the ability to operabe in
one of three different high voltage modes for portable and facility installed
melion counling applicasons. In additon, the J5R-14 can be powaned with
an ac charger'adapter using faclity provided ac power, or opemated with the
uniqus “Ping Pong” camcorder banary system found on the GANBERRA
InSpaciorn, When wsing ac power, the J5R-14 is protected from power loss
for three howrs by the use of a battery in the spare battery port. The memory
bufler and hardwane semings ae protecied by a §hium banery that is
designed to operate for five years and easily replaced. Another feature is a
programimables long delay of 1 and 4 milksseconds proseding compabibility with
150 multiplicity and J5R-12 coincidence sefings.

ELECTRONICS

All JSR-14 front end electromnics are programmable. The JSR-14 features
signal input, ted awdliany scakers, gate input, gate output [TTL oulpol level
configurable in JSR-12 or 2150 Muliplicity mode), AS-232 senal interface,
and a High Voltage output. In additon, the J5H-14 has sulficsnt +5 V de
bt oy powesr ten JAB-01 PreampDiscriminator boards, Full computar
controd of the front end eliminates physical switching of modules or jumpers.
Functions such as changing the detector bias ane wially computer controlled,
The user will never have o initiate changes in operating parameserns,

USER INTERFACE

The usar inarace i prosedad through a nolebock or othar suitable computer.
A status display panel on the acguisiton wnit displiys all vital information o
i user. Brighily colored, well positi status LEDs provide battery state
and instrumant status information, A total of four LEDs cover the critical
status of the instrument — the two batleny states, the acquisition staius, and
tha high voliages skanes,

Figure 68: JSR 14 Data Sheets
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Model JSR-14 Neutron Analysis Shift Register

SOFTWARE
The J5H-14 comes with a neulron sstup and acguisition
software package that is based in Visual Basic and
iis compatible with Windows 85 and NT. i allows the
oparaion W quickly daline e operating modes, el
wp the counting parameters, and mamsally collect
coincidencs and muliplicity data. This soltware package
desplays the Reals phes Accidentals (Rl A), Accidemalks
(A} and Totals (T) data during acquisition in real time for
Iboth coincidences and muliphicity modes. In moliphcity
miode, the individual mltiplicity channcla ane swvailabdoe
for inspection afier the acquisition is complated. Al
sysiem configuration and hardware seftings ane stored
in non-wolatile: memory, awailable in the event of power
loss,
MODE CONFIGURATION — System configuration
indormation i contained within the system bootzirag,
Any changes in mode setiings require & reboot of the
JER-14. The lollowing mode salections me availabls
from the softedsn:
UHIT MODE - User selects operaion in either
ﬁH—m:mh:Henm}mEAHBEHHAmsu
(muttiplicity) modes
PGWEHLMMAGEIEHTLHIE—LEHEEIEHB
the primery power Sourcs a5 2 mans or ballanes,
HIGH VOLTAGE MODE - User sedects 1o operabe
JSH-14 high voltage control in manual, installed or
porabls modas.,
BALID RATE - Configured from faciony for initial
syslem stafup m aulorRngng mode, wser may
splect nenw rate,
HARDWARE CONFIGLIRATION - In the hardwarn:
selup portion of the soltware, the wsar may selscl
the: gate width, predetay, high voliage, count times,
and counting recycle configurations. The system
AcTpuison screen mborms e user of the system
seftings and counting data durning acquisition.
DATA ACGUESITION
The J5R-14 imemal clock rate is 4 MHz, with a pulss
jpair resolution of 50 ns, Infemal dagnostics contineousdy
maomnitor the stete of the data acquisition, providing
il Rageing of under avd ower liows whenevar thay
ontur. A second and third totals counter is provded for
an additional channel inpul. They can be operated in
synchronization with the regular inpul or as a Totally
separate counber.

POWER MAMAGEMENT

A unigque leaturs of the JSB-14 is the dual battery design
with programemable: powor managament. Then: are two
pwer management modes, AC Mans Mode snd Batieny
Moda that are seloctabla using the JSH-14 sal up and

acquisition soltwars. Insinament power is always demved
fromm one of the Des poser pors, wiihes i i from the
&c power supply or 8 batiery. Teo front paned LEDs
proveide a complote pacture of the batary's oparation ad
staus. The port curmently in wse s indicated by a blinking
grean LED. An ac power adapler accepls mullivoltages
radixd from 110 %0 220 V ac al 50 1o 60 Hz,
BATTERY MODE- In bamarny mods, th system monnons
lbenth batteries, svitching to dras poeser from the po
with the lowest power available. As this batlery cycles
throungh s discharge cure, the sysaem will detect
& “hafiery low" condiion and change the LED color
1o & Eliikarig red. This mdicaion is a predude 1o an
subomatic bateny ssdichover. Confinuous operation of
the instrument will be assured if the ballery m reserse
is charged and ready 10 go as indicated by the green
LEL) status. At switchower, the now depletad batiery
s inchcated by a constant red LED colos, whils the
new battery | ED assumes a binking green status:.
Uinmdermupted continuoues operaion can b= mantainsd
indefinitely by changing the discharged batiery as the
power manager switches from old 1o new.
AL MAINS MODE - In ac mains mode, the system is st
up lor power supplied from por A" whare the AG Powser
Adapter is connecied, A baiteny is then connecied 1o
|port “B°, acting as a backup. An automatic switchower to
the altemate baneny pon will cccur i ac powsr B lost, In
thiis: weary, the instrument is essentially sot op for batbeny

MANUAL MODE — — High voltage is turmed ON
h‘niqmﬂmdmmmwﬂmw

IISTALLEI]HDDE High voliage operates

in conurcion with the main power swakch,

This feature is designed to provide suppont for
unattended neutron counling systems. High
voltage is made avaltable 1o detectors after power
is lost and restored without rebooting system
soltwara. The systam operales by stonng the
status of the wollage intemally. When the power
is shul down, and browght back again, the syslem
mﬂwlyptm:sﬂwhmm

FGIFIIAE!-LE MODE — High voltages can b sal
and operated in an imglied fashion wsing a single
sal-vollage command or in a similar manner o the
Meanual Mode, using two separale commands,

Figure 69: JSR 14 Data Sheets
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PACKAGING

JEA-14 bameies s commentally svaliable Soms
Ccompailbie cemcorder iype. They are 5 cm {2 In.) long
and 3.8 cm (1.5 in) thick, and allow approximeaisly lour
hiours of DpETANon with ten JAB-01 praampiiier boands.
Raplacerments ana ey aailabia in mos) G
siores, and e expacted W be Suppored Dy indusing lor
A wirry I0ng peiod of Time, T DAy oS A feomial,
willh iy Access, Dl DaEmerics nsure urirmeupied

Opedalon a5 e user Can change ane while the omhes
maineains power 1o e Insmnament.

CARRYING AND STORAGE

Camying e Instmament ks Similar i camying an
ExaCuliva Siyle noiEbook PC. A S0ft-siied camying case
sullabiia Tor the JSA-14, nolebook PG, and accessoas
ars Included. Tha instrumeant can be conveniently camad
I S A0 CERa,

APPLICATIONS

Thea JSR-14 15 @ claka acouisiion and anasysis slecimnics
peacicary s i e Fresasurnmen of pluronium and
s PG SN iow enrchod) mancrais. The addod
ieodbilliey of CoinCidence snd Multplicty courting abilty,
provites The user with analysis capabiliey for & Droad
range of maienal configuistons. These configuiaions
Incluta: Pu peliess, powder, solutions, Mixed Ouwdes,
MCIX, Tl pelets, Pu luel assemibies, HEL and LEU in
miatials, tddes, powdars, luel paiats and rods, as wel
s uranium hescliounice (UF) Samples. The molpicity
analysis capability 15 very uSahul Ior measueramsn of
wwmﬁmm T JSR- 14 can aksn
b uesanid N wANDUS QIOSS NEGETGN Guring appliications

guch &S Those Tound in tacility INSalled Procoss. SySIemes.

_H-I'I:I

Fr_ﬂﬂl-ll

MUICLEAR SAFEGUAADS — Nuciear safeguarts
appicalions prevant unaulhorzed diversion of nuckar
maerial. Fequiaion: AQensas mutinaly make in s
FresSurerTinlS during indpeciion Ips al wrous
muchisar sies. Dl colecion Tmes are oflen shor,
Nl SOMGIRTICS Thiy st e conducied in hastik:

o FOUTREES:

PORTABLE APPLICATIONS — The JSR-14 i designed
b FACIEATE Trmcd, Alodng OF Guii Sefup and
E'ﬂﬂ’-ﬂ'l'ﬂr Such measuremams HI'I'IFI'I!'IIEI"I'I'H'!]H

& &i2 for exienoed perods, ofien n harsh Indussrsl
emdronments. The JSA-14 enclosuns 15 very negged,
absorbing shock due 10 minor impacts. The JSA-14
configured batery mooe, alows full dey CONNUOUS
oparation wsEng the CANBERRA JOC-1213 [INVS)
iroim banenes alone, whiks an AWCE or HLNG can ba
aperabed o aboul Sevan hours. Il redquired, he usar G
repilenish Bamanas wilhoul Intemagiing dala soquisiton,

proning Incefinie counting capability, 5 long as e
are chamed baneres on hand.

INSTALLED APPLIGATIONS — The JSR-14 poraisitg
N 1T CONTHOMIERR: iy O 115 nstaled applcamons’
abilities, Operating from M ac mains, a balony i
resane, and Nigh wltage conMgured In The “Insalled
Mode®™; the J5H-14 Is idcal Tor an Instaliad neunron
COUMTING SySIEm., OPErating N SNended of Coninuus
wnafiended safequand applications. The JSA-14
operales with any soltware aready nnning JSH-12 of
Fie 2150 mullipiicity modes, meaking | a drop-in
repiacrmant 10 Ay Istalon syslems,
Specifications
CONMNECTORS

= SIGNAL — Fear panel BN cormacion sceapls TTL

nipalible pllses lof 2andand =5l rogeeler colr
“n'l}q.#.n'rrqml |.d.l:w'n'l.|'|:|nn'.!']rm. o

IH-LIJH—H-M vl BN coonmacion L
lisr 13l Nevkaks Sacler il =0 e

ILIIIJ:IHHL Feaar panel B-pan fsmale D-style
connecior; pns 1, B, § and E ame 9= ot
pans ground. prn
—Pin 2= fam 2 - TTL compatible input for second totals
sraler; pulse width =30 ns.

=Pin & Inex — TTL compaiile mpat used 1o gger
] .

—Fin 4 Gate Tut - TTL aurtput; Liover when
counting and High when
Fin 5 Gabe ko - TTL compatibde g, slsprels
Wﬁ'g-‘l‘h‘”.ﬂlﬁ'l‘n‘l‘mﬂh‘"n’u’ High

= 45 ¥ — Hear panel BNC connecior providing a 45 Y di
oidput; 1% 0 mA mas; short cinzuil prolecied.

= HV — Flaar - SHV conmecior .4-5'.'.'3 EEIWT
E‘l:lll.l'lll:l :'.Iruu-utl:ﬂ {11
mﬂl1mbr|.|.hu.rt|:ulm..rrm1 ; programmakle

bawd rates of 300, 500, 1
182k

Team 8
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CONTROLS

w OROHFA OFF — ugmumﬂnml O - Bamenies
mmﬂgrmul stahis displayed wmng ont pans
INDICATORS

w BATTERY STATLS — A, B — HedGresan LEDs indicals
the following:
= [FF - Hattery not instalied.
— BLIMKING GREEM — Bationy good and i s,
— STEADY GREEN — Baflery good and awvailable.
BLIMKING RED - Battery kow wianning and in wse
— STEADY RED — whmmw
-HATI'EF!"F!‘:-.HPM]TT LED
e Sony Batery mﬂ.

m HY - mﬂhwhmdmﬂu
poar parsed SHW ctrmecion.
m AGEY — Gareseen (LEDY by inelicabe thesl & couind b in progness.

POWER SUBSYSTEM
= BATTERY PACGK — Dutal 6 V MibH batiary
=tandard Sony Model NP-800) o
equivalent, such as Duracel DF-11 (ICN 95200440).
= BATTERY LIFE —

carnidges b
d‘.lpd,mﬂain,ﬂmuimﬁ";r
= FAST CHARGER — Separaie for standalons
bl houre: sandard Sony A V16 (12N S5200436) s

ar

AC ADAPTER - 1106220 pn'l-:l'nl:l ::.pph'
- FL¥".
mm:lhlumml:
Batiery B can be used o p-:ﬂu'l:l'l'i:lﬂ'l.nﬂt

if mains {ac) power is lnst.

o Eﬂ—-l E”i*""‘

(i)
[ |

1

St of he JE31 14 I ey ussing Be inchuied sobu sollemm

= BAT TEHY BACELE - backup used o i the
Feal Tirmes Clock and 3000 run storags.

= LOW BATTERY SENSOH - Whean both hatienies,

of a0 or lowes! bafiery first and automatic batieny
over.
-mmm—mwh—
Ceanitrod from heest companer, absays

HVPS

= MLILTI-AANGE - 4500 1 22500 W
e =
w LW CLIRAERT — 100 pa.

w MOMN-LINFARITY - <0055 of full soeabe,

= FIPPLE AN MOISE - 250 mV pesk o peak at rated
lnad curent

TEIFGDEFFH:HH 2450 PPUWSC after a8 30 mancie

FIEEH.ATHII = SOUEE%, warkaion i curipl woltags over
thaz: b range at constant ambient termgraiun:

= OWERLOAD PROTECGTION — Power le
wilhsstard any overdoad, ncluding & apcu, lor an

= CURRENT LIMIT — 350 A masimum.
= SETTLING TIME — < 100 Vi, taen ON e OFF

Virrersd Agpaniban Uiy | Cnurfing Frepain

[rr— — & | P Comei Tea

Elagesed Cyoin: ] 1 Sdcaras
Wk v | —
A  iatnd O My Mgl Dl

S

(=1

Figure 71: JSR 14 Data Sheets

Team 8

Page 115



fo)s Alamos

\\\\\\\\\\\\\\\\\\\

Plutonium Assessment —

Model JSR-14 Neutron Analysis Shift Register

SHIFT REGISTER

= COUNTING REGISTERS:

~ REALAGGIDENTAL ~ 8 bits dosp: irtomally clocied
al

—W—mtmmwu
TOTALS - 36 bits desp; insemally clocked at 4 MHz.,
= NERANDOMIFING BLUIFFER - 1G-cwent I:-l.lu'm
signal input; mndom input caphure: raie;
output rate at 4 MHz.

& PLLSE PAIR BESOLUTION - 50 ns.

= DATA STORAGE - of last 3000 runs i
e S Acy: Funs in bamery

MULTIPLICITY SCALERS
= SCALERS - 256 channeds; 32 bits desp,
= DATA STORAGE - kntemal histogram memory
mrag--nf mmm“mmw

AUXILIARY SCALERS
m SEALERS — T scabers AL and AL 40 bis doop
each; Heveni deep bulfer; random inpul capiure rais;

wﬁmmm:mumht

m PULSE PAIR RESOLUTION — 50 .
= DATASTORAGE- Mo siorage of daia in baferny backed

PROGAAMMABLE PAHAMETERS
= ALK COUNTER COMTROL - Independent staffsiop of
aLilany couni=s.
= HYPS SETTING — o500 ¥ de to 42500 ¥ de; resolution
o within { part in 2048,
= TIME AMD DATE — Feal tme clockfcalendar with
saconds, mimnes, hours, day, date, month, and year
with lzap year 24 hr mode. af
=1 _ﬂpmuﬁ'ﬁﬁujﬂ:d
with a lifhism battery i no power is applisd.
J50-12 PROGRAMMAELE PARAMETERS
= EATE WIDTH - 1 o 250 p= in 1 p= sieps.
= PREDELAY - 0.5 to 7.5 pm in 05 p= sheps.
= PRESET - 0.1 o989 x {1{F s
= MULTIPLERL - ConSinuous cyoles or preset for
1-08 oycles.

L] L ITE l ||
i Fal hil e
F [fEkicr] AEF L]
] 4 L I8
L] i HE T
L] [RREE ] THdETd
[ HEI1S [[3]%]
F LT L] ShEE
[ ] e Ram
L] 12804 Lk ]
id Fedtid hlim
1] T AL E ]
{3 576 [1F] _'i
sl
e

lﬂ“nlﬂ;ﬂ-ﬁlm

2150 PROGRAMMABLE PARAMETERS

= GATE WIDTH - 026 ps o 1024 s in sieps of 250 ns.

s PREDELAY - 080 1022 75 ps in steps of 250 rs

s PRESET - 0.1 o 167 x ¥ s

& MULTIPLE RN - Continuous ini

himhm“nmqmm
PHYSICAL

# SIZE - 260 272 x A8 em (106 x 107 x 190)

wirdth x despith 1 haight

= WEIGHT - 3.2 kg (7.0 Ib) with baferies

= OPERATING TEMPERATURE - 010 45 °C

= RELATIVE HUWIDHTY — 8 o BORK, necwn-coniansing
ENVIRONMENTAL

= QIFERATING TEMPERATURE - 0 o 50 *C

= DIPERATIMG HUBIDITY — Lip o 555,

qu} rem-corckinsrg.

Eﬁﬁmmmwl Pﬂmﬂwﬂ&

OPTIONS
w bl 1242 Clparatie Lightar Adaples.

el & BN

Figure 72: JSR 14 Data Sheets
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A

CANBERRA

Features

B Supports all CANBERHA
safequarnds and waste assay
SYSICmS

B Supports neltron ad
gamma-Tay a5say systems

® Basad on the CANBERRA's
Goenie™ 2000 platform

B Provides full control of data

ssition ok :

5 Conirols aumomated assay
SYSIEM operation

B Menu struchure for eace of
ciparakion

B Customer editable report
formmats

B Multi-level passwond conbrol

B Compliant with 150 9001 and
IEEE 30 requiremeants

® Developed in compliance with
the requirements of 150 9001
and the: requirernents af CAO
QAPP, Document mambear
CAO-0-1042, Rew 3, which

specifies the WIPT quality
program o be ASME NOA-
1-1989, and ASME MOA-2-
1930, Part 2.7

B Operakes under Microsolt®
Windows NT®, Windows®
2000 snd Windows XP

NDA 2000
Non-Destructive Assay Software

Description
CANBERRA's MDA

U0 solnwarns Zpmal i o P,

is designed to o o

be & W rarmu-n-:.:_u-:-_m

acuistion, et T

analysks and L5501 il e i gy e

-El"d'll"ul‘d w ﬁ 71 il Colls Couess USCL)

for use with all ] et o

CAMBEHRA &

neutron counters | Vit S8 e

and gamma-

ray syskems.

MDA 2000 offers

Tually inesggrated — =
neuiron and l_l — =
gamma-ray

analysis for either combined or sequential assay operations. MDA 2000 is
based on CANBEHHA's Genie 2000 lormal providing the: ease aod Hexibili
of oparation found n our popular gamma-ray speciroscopy applications.
Various counter arrangemeants, detector amangements, anakysis sequences,
hardvwgare conitrol, ared reports can be generabed rom the smdard soltasan.
This provides the advaniage thal as the cusiomer’'s assay requirements
change, the software can be easily adapted 1o handle the new requiremsnts.

Analysis Modes

MDA 2000 supports a vansty of analysis types o provide llexibility in sample
assay. With the Genie 2000 Analysis Sequence Editor it is possible o select
which type o iypes of analysis is o be pedormed for a given sample.

A selection of the system and analysis types supported by MDA 2000 are
given in Table 1 on the following papge.

set Up

MDA 2000 offers Simplified Start Up through the use of a wizard 1o step the
u=er through the setup of a newtron or gamma-ray based assay sysiem.
For ot standard sysiem conligurations, delaull cotnter profiles exies! o
facilitate initial system stanup.

The user can select an existing counter or create 8 new ong. The wizard
e besprds the user throtsgh the counter setup. The set-up wizard simplifies
dedinion of new contanes and sempl: ypes @5 woell as sobopic and meaess
reference files.

Figure 73: NDA 2000 Data Sheets

Team 8

Page 117



Plutonium Assessment — °LosAlamos

NDA 2000 Non-Destructive Assay Software

Tabis 1
Apsshysts: Oplions and Sysinm Types Supgorind by KO 200

Aunalyeas.
— fdel-A-Soune Maing Cormeciion

Actrve Meutron Counting

— Ditfersntal Die-fswvay
—CI-252 Shuffler Suppaort {lulure relearss]
—fctive Wall Corcidence

Caamme- Ray Roor Counting

FIMEZE Wit Crats Ausy Syutam

Autnmated Weste Assay [AWA) Heview

MDA 2000 provides: comgian: and fedbks conr of
T &=y SySieam and hs confiquiasion. For examplo,
the sofiware suppons Muhiple detecior gaomeries
Ellowing (Ror ThOSE SySISTES with tha Epplicable hardware
raguiremenis):

o Auilorakod GElcion postoning.

#® Auumnﬂmmwm

= Aulomated sskection of configuranon specilic
callbwaiion.

a Comainer speciic ellicency calbations

* Suppon of Multiple doSIMEIErs for druim Exposure
raLa Megsulameants.

Operations

Following somu, Gperatian can be as simpke a8 8 single
ik of the mouse whem & full Gssay sequonce
I8wnched requinng e o no Operainr IMerenmon

The Sollweare accomenodalas neulion, gamime and
intagraled dalk acquisiion Sysams. Iregraled gammi-
MEUTICN ESSay SEOUENCRs Gan actuine his dara
shTLRARC oSy, Soquenlialy of indepenaently. Foliwing
compieaian of both Measunements, The: Neuton and
QammMa-ray Assay MSuls can be combined sulomarically
Evan I Me MeasuEments were perfomed days spar.

Thi Cacanie: PO00 Culily ASSUFAnNGCE SO, foquiscd
with NCWA 2000, provides: daily measunement checks on
the syssem perfomance. The sofiwasne can be configured
K0 ENforce: th wse of the Guallty commol chadks and
ansure hal SySiEsm operaling paramessrs such as
afficiancy, resoiulion, o background levels &re within the
dasined Dounds.

Mechanizm Comtral

Thea MOA 2000 S0itwane COMMunIiCERs with
CAMNBERAANS Modal 2445 line of GEFanu: PLC
controllers (support for other PLC models can be
prowided ail additional cost). Thass ana wsad 0 conir
W e sy S Sukomaion unciion on Gl recesl
CAMEL HHA, s Syeslenmes. A Sancand comemaind
Bovmnean in i applicationes sofwan alkows one so of
CIHTHTIENS I e PO 2000 SoiTwain B0 porionm a iy
of mechanical funcions based on the: progremiming of
e PLC comir Sysioem

For Sysiems Inconporaling a PLC contnol machanism

cxwnbiol B prosicad 1or aplional aquipment such as:
« Trarsmission Sowcs Shullars,

1 s Cooolks Tor wodgil maasunoment

mmammﬁty

Manerial handling SySTems.

Genie 2000 Based

Thi hiean of the MDA 2000 soflvears ks CANBEHAAS
Ganie 2000 Specimscopy Sofwars packags. Tha NDA
200K s0lhwanre Caan ulige il ol [hes Poalures of The Ganls
2000 sollwarg including:

« The Faors — Nuclioo iDeany editor, anakysis
saquence adipor, cermiicass fle edior and MCA
input defAnison edtor.

= All Genle 2000 Analysls Algorthms — Peak
search and peak 0CaIE SIgomnms, ILary driven
saath and analysks algomhms, arsa comecion
algonthims, calbration algormhms, nuclioe
icsritificanon akgonithmes, MOA aigontims, e,

« AN Genk 2000 QA Irending and ploiling

@ & & W

capabiliies
= Al CANRERRAA Instmenn Comrol B (IGE)
HIM S0Tup, A0USTMENT, and STEIES CHMIMands.
+ Full sirage of all data, Sesup parameiss,
calioration paramesers, and enalysls resuhs In
a Nle sinuchure Mat 1eciNEes reviaw of dE18 or
reanalysts of quesionable resulls.

T
cam 8 Figure 74: NDA 2000 Data Sheets
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NDA 2000 Non-Destructive Assay Software

Log Baok

The NDW 2000 software allows storage of key assay
rexsulls ko @ Microsall Acess datiabass, Acoess aports
ane provided and data reports can be modified from
Access. (Mote thal Mecrosolt Access is nol required but
& recommended in order 0 take full advantage of the
softeana's capabilities).

Multi-Detector Gamma-Ray System Support
MOA 2000 suppors the opsmton and analysis of
monshi-desoacton sasiens: such st 02 and Auto 032,
MDAmdm&Efdlcmngﬁmumﬁy—
= Aciuire datz roem muli-cetecion sk
with simndiancous start'stop of &l defectors.
= Analyre spectra from each detecton individusally.
= Agahyzre thie somemed spectes for groatorn
= Anerusation cormection using weight bised o e s e
fonsit . ~=}, ..Iﬁlﬂdﬂﬁﬁl B E ST
= Altereation Commeclion wsing Jamima-Tay
TFANSMISS0N MdAsufemens.
= Efficiency calibraions using ISOCS.

[l T T

3l 1x] olepeiie|n] wie |:|+] Clali]

EH.HH]_".I_I

A° WEE M ATTTEE R Y F T T T ELATITIEEL T

T
Misuitron chita miny ba sxamined e in tabubar or graphical fonm

-

X =

AN A Y L -

Wil 1A B =

| 3 I T -|
| =T L

L - pcamso we wd Lo j
AL - [ty e W

b Ha b D

Eminﬂun:qﬂ:iﬁu?::hpq-ﬂ analysis cf
gamima-ray specina.

A wanaty of standard repons hawe bean created for the

stanciard warsta system conligursions a1 CANBERRA, Fagure 4 .
lw,amalhmlmnr?:‘ﬂinmmﬂnﬂm e ,E_‘;‘““*w
2000 software is the capabiity for the customer to edit Iwuﬂﬂw Thai drtisin eoenliils Ta
el o cradles now rspor Tempkies whch wall 8 ticalitate wsrprataten of risa i wasle sl
particudar it rogquirements. Al report Strocturoes can be

easly edited in a standard ASCH edilor. Any paramstsr Reanalysis

wihich iz stored in the CAM file can b ncheded ina kmbﬁm‘mﬁmmmmmﬂ?ﬁngmj
repaort. In addition, results can be scaled or combined folloreing completion of the assay. The data may also be

wesng The baisic it operason:s of addmon, sub-
traction, muliphcation or dhision.

completely manalysed wsing the Data Review manus.
Data storage wilizes the Gense CAM file fomarn, Mot
only are all raw data and results stored but also the
parameatars used mtha analysis. Heambyss allowes tha
midification of all calbration parsmeters o provde a
poserful 10o] Tor exper review of the data. Data files
miary b reanalyzed one at a wme or if many assay
resadis require the same parameter comection, a batch
resairiahyses capabulity 15 proaded,

Figure 75: NDA 2000 Data Sheets
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NDA 2000 Non-Destructive Assay Software

Total Measurement Uncertainty (TMU) ORDERNG REFERENCES

MW A0 caboulatas & tolal measaremeant ncerainiy KA 2000 |5 nomally sl In & package with all oher

for each as=ay based on the measured and entered raquired CANBERRA soltwars. The package ks dependent

data for vhe container, The TMU analysis incldes W SOMG Gfont on W Inendiad veo of T Soltwan

emor sourcns such as calibration errors, couwnting (2.9 neutron onky).

shalslics, mamaﬂBHE.nm-urlfmmmﬁﬂntnmL = MEUTRON ACCUEGITION ONLY

-l et destribution, solf shickding, and BEPE — NI 3000 Nan-Desmucthe Assay Sofwar:.

muliiphcation effects. The TMU approach is consistant 5500 - Genks 2000 Rasic SpecHoecopy Package.

wallh) Tl requirend lor seeste charscianzabon of dremes BE0E — Genke 2000 Cualty Assurance Sofvearns.

destined for the WIPP facility. = GAMMARAY AGOUISITION AND INTEGRATED
BYSTEMS

5520 — NI 2000 Non-Destructive Assly Softwars.
S500 — Genle 2000 Dasic Spectiscopy Package.
S50 — G 2000 Gamime Analyss.

5505 — Gerie 2000 Cually ASSurance Soitware,

SEOT — MGAL Sofwars (Opionsal)

OB — MCA Softwsain (Ogional)

5573 - IS0CS.

L] o™ ] T Sl T g Py

SYGTEM
GERTIFIED

P bm e
[ -

wm e [TmaE W
W [vwmE [arzma . . ]

Figuen &
capabilitios dr::lpu a:‘nitﬂnlmnr o g
Specifications

MINEMUM COMPUTER REQUIREMENTS
Thea Wolloeing dare T minimum reeonmeanded compular
MequincaTEns. A
Operaiion can be greatly anhanced by using tasier
|processors end additional memony:
= Pesham® || Processor with 200 MHz? clock speed.
= G4 MB of memory

u Windows: NT Oporaing Sysiem
m 2 (38 of hard disk capacily.

Figure 76: NDA 2000 Data Sheets
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23.5

Appendix E: Carriage Plate Bolt Calculations
2584.32

P = e = 161.521b.
_ %iﬁ;;‘; — 4.45ksi
V' = 154.13 = 19.271b.
8
7= % = 0.53psi.
o B,
7= % — 2.04ksi

7= +v/0.532 +2.112 = 2.11ksi
0y = v/3.882 + 3% 1.792 = 5.76ksi

80
FOS = 56 13.89
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23.6

Appendix F: Hinge Bolt Calculations

40.
p_ 74080

= = —267.400b.
—2.77

—267.40 % 4
— O  _7.3Tksi
7 %0.2152 7-37ksi

7.07
V' = 7T0 = 9.63(b.

4%9.63
l = ——— 1
T = 02152 0.27ksi.

1245.52 * 6.80
V' = = 16.850bs.
“ T (2% 7.802) + (2 % 8.80%) + (2 % 9.802) + 7.80 §

s 4%x16.85 .
T = 021 0.46psi

740.8 % 6.80
V. = = 9.781bs.
(2% 7.802) + (2 * 8.802) + (2 * 9.802) + 6.80 s

 4x14.67
T o %0.232

9

= 0.27ksi

7= v/0.272 + 0.462 + 0.272 = 0.60ksi

oy = v/ —7.372 4+ 0.602 = 7.44ksi

FOS = 80 =10.75
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23.7 Appendix G: Motor Information

Orientalmotor Call 1-800-GO-VEXTA(468-3982) or 1-847-871-5931 &

Print

- given information -

Load and linear guide
Total weight of loads and table w = 150 1]
Friction coefficient of the guide i = 01

Diameter Dg = 1 fin]
Total length Lg = 24 [in]
Lead [ptich) Py = 1 [inirev]
Efficiency n = 80 134
Material Steel o = 4 57 [oz/in?]
Breakaway torque of the screw Tg = 2550 pib-in]

External force

Fa = 0 i)

Transmission belt and pulleys or gears

Primary pulley [gear) Secondary pulley (gear)
pitch circle diameter (PCD) Daq = [in] Dz = [in]
weight Wi o= ib] W = fis]
thickness Ly = [in] L = [in]
material P = [:Jz"inj] P = [::-z"inj]

Mechanism Placement

Mechanism angle a = 90 1

Figure 77: Motor Calculation Input
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- calculated result -

dy = Wxi6x(Pgiam)?

= 150 = 18 = ¢ 1 r(2=3.14)7 = 60.85 [ozin?]
ds = [mi32)plg Dt

= (3.14/32)% 457 = 24 = 1 = 10.76 [oz-in?]
=yl

= 60.85 + 10.76 = 71.62 [ozin?]
V., = V,(80/Pg)

= 1 =80/ 1 = 60.00 1rmin]
T = (T, + T )(Safety Factor )

= 0.000 3220 4= 15 = 4831 [ib-in]

7.72%e+4 [o0zin]

F = F,+W(sina +pcosa

= 0+ 150 | =in 90 + 0.1 % cos 90 = 150.0 i)
T = ([({FPg)/2m)=x1.1)+Tg){1/({n=0.01}

= qur 1500 = 1 yri2z=314=1.1)+ 2550 y= (14 80 =001y = 3220 [ig-in)

5.163e+4 [oz-in]

Required Stopping Accuracy
A8 = LI(380°/Pg)
= 1 =380/ 1, = 36.00 [deq)

Figure 78: Motor Calculations

DMA series ball screw 102-610 mm 7000 N potentiometer

- Retracted length +3.8mm St_r__l:e length +2 5mm
95.4 115.5
147 @21
(T
@ o a =1 g
&
s B Y & &
= e ) =
o (o !
¥ [
115
14
104.2
15 1] 175
245

(o ] - o ] - [ ] - [ - [smore | - [7or] - [ |

Example: DMA-12-20-B-305-POT-IP65

Figure 79: Motor Data 1
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Reduction 5 10 20 30 40
Voltage (VDC) 1224 12124 12/24 12/24 12124
Current at max. thrust (A) 28/14 1819 137 137 11/5.5
Manx. thrust (N) 2600 3500 4500 6000 7000
Max Static force (N) 13600 13600 13600 13600 13600
Speed at max. thrust (mm/s) 47 23 13 9 5
Max. speed 67 35 17 12 7
Stroke length and version (mm) 102 153 203 305 457 610
Retracted length (mm) 342 393 444 546 775 928
Feedback (ohm/mm) 100 67 50 33 22 17
Life time number single strokes 39.000 26.000 20.000 13.000 8.700 6.500
Weight (g) 4.3 46 4.9 5.4 6.2 7.8

Figure 80: Motor Data 2

ACTUATOR FEATURES AND STANDARD DATA POTENTIOMETER DATA

STANDARD CUSTOMIZATION OPTIONS Type Wire wound

Type Electric linear actuator Resistance 0.3 - 9.7 Kohm
Motor type Brush PM dc motor Resolution 0.025%
Cable Flying wire 250 mm Yes Resistance toleance +5%
Voltage 12 or 24 volt dc 36 or 48 volt de Linearity +0.25%
Screw type Ball screw 3+2 leads
Noise level <60 db (A) Yes e 250 mm
Life time 4 million mm total stroke
Limit switches NIA . .

. Potentiometer wiring
QOverload protection By clutch
Direction movement By reversing voltage polarity CWRETRACT ﬁf CWEKTEND _ BLACK
Stroke tolerance +3 mm +2 mm Ok 10k
Duty cycle 25% ow RED
Max. duty operational time 1 min. max. thrust
Protection class P65 T
Insulation class F
Max. motor winding temp. 155 °C Standard wiring

EMC EN55014 IEC61000 m ceo
Motor
Gear box Metal spur gears U

Gear box material Aluminum alloy

Rod and house material Steel 12L14 STKM11A

Feedback Potentiometer BLAck
Operating and storage temperature -26°C~+65°C

Manufacturing quality standards 1SO 9001:2008

RoHS Yes

CE label Yes

UL approval No Yes

Figure 81: Motor Data 3
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23.8 Appendix H: Bending Analysis

INPUT LOADING TO FIXED BEAM

POINT LOADS |

Nao. Location Magnitude
1 13 inch 198.7 |bf
2 26 inch -198.7 Ibf
COMNCENTRATED MOMENTS
| _No. [ = locaton | = Magnitude |
DISTRIBUTED LOADS
| No.| Startlocation | Magnitude

RESULTS

Figure 82: Bending analysis
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Parameter Symbol Value Unit
Reaction Force 1 Rq 95.7
Reaction Force 2 Ra -95.7
Transverse Shear Force v 103.0 ||m_'|
@ distance x . '
Maximum Transverse
") -103.0
Shear Force e
Reaction Moment 1 M-+ -574.0
Feaction Moment 2 M2 574.0
Moment @ distance x M, 257.6
Maximum Moment M max -665.4
Slope 1 B 0.000
Slope 2 B2 0.000
Slope - e radian -
@ distance x " )
Maximum Slope Bmax 0.141
End Deflection 1 W1 0.000
End Deflection 2 ¥ 0.000
Deflection @ distance x Wi -0.339
Maximum Deflection YVmax 0.694
Bending Stress @ distance x Oy 779.0
Maximum Bending Stress Trnax 2021.5

Figure 83: Bending analysis
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Figure 84: Free Body Diagram

Figure 85: Free Body Diagram
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23.9 Appendix J: Testing Results

voh Mizes [Mim~2)
2,27 6e+ 006

2.8 6e+006

1.597e+006

1.707 e+ 006

1.517e+006

1.325e+006

1.138e+006

94532 +005

7.587e+005

L6580 + 005

3.795e+005

1.597e+005

2.250e+000

— Vield strength: 2,757 +007

Figure 86: Stress of the Full Scale Structure
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URES [rinn)
4,27 ae-002
3.920e-002
3.563e-002
3,207 e-002
2.851e-002
2.4%3e-002

. 2,138e-002
1.762e-002
1.425e-002
1.068e-002
T.127e-003
3.563e-003

1.000e-330

Figure 87: Displacement of the Full Scale Structure
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wian kizes [Mim™2)
7,969+ 005

7.305e+005

6,631 e+ 005

5.97Te+005

5.313e+005

4,53 % + 005

3885+ 005

3.320e+005

2.656e+005

1.992e+005%

1.3253e+005

6.632e+004

1.235%+001

— Yield strength: 1,350e+007

Figure 88: Stress of the Half Scale Structure
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IRES [mini]
3.047e-002

l 2.795e-002
2.53%e-002
2,285e-002
2.051e-002
1.777e-002

. 1.523e-002
1.269e-002
1.01 ge-002
T.617e-003
5.075e-003
2.53%e-003

1.000e-030

Figure 89: Displacement of the Half Scale Structure
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