Special Graduate Faculty Meeting February 25, 2009

A special graduate faculty meeting was held at 3:30 pm in the Turner room at the
Havener Center. Three items were included on the agenda for this special meeting. The
first item concerned a special form for allowing graduate certificate students to change
their calendar year. Prof. Kelvin Erickson moved to accept the form (included here as
Appendix A). Prof. Samaranke seconded the motion and after a brief discussion the
motion was approved with 13 votes in favor, no votes opposed, and no abstentions. The
second item concerned a master degree program in explosives engineering. Information
regarding this program was distributed to the graduate faculty along with the agenda. A
copy of this information is attached as Appendix B. A motion to approve this program
was made by Prof. David Summers and seconded by Prof. Erickson. The program was
briefly described by Prof. Worsey and was approved by a vote of 13 in favor, 1 opposed,
and 0 abstentions. The final item of business was a request to allow up to 12 credit hours
of transfer courses. A copy of the proposal is attached in Appendix C. A motion was
introduced as follows:” For organizations in which a memorandum of understanding is
executed (see attachment*), up to 12 hours of graduate credit may be accepted (if the
courses meet the standards of the S & T graduate program, as assessed and documented
on Graduate Form I).” The motion was introduced by Prof. Erickson and seconded by
Prof. Summers. The motion was approved by a vote of 14 in favor, 0 opposed, and 2
abstentions. The meeting was adjourned at 4:15 pm.

Respectfully submitted,

Richard E. DuBroff
Chair of the Graduate Faculty.

*Note: The attachment refers to the sample memorandum of understanding starting on
the fourth page of appendix C.
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MISSOURI

: ;&I AUTHORIZATION TO CHANGE REQUIREMENT TERM

(GRADUATE CERTIFICATE PROGRAMS)

University of
Science & Technology

Name Student ID

Date

Graduate Certificate Program

AUTHORIZATION TO CHANGE TO A NEWER REQUIREMENT TERM

The rules for the graduate certificate program I am pursuing have changed
since my initial enrollment. I therefore submit the following petition to
have the requirements for my graduate certificate changed to comply with the
revised requirements as described in the graduate catalog year listed below.

Change Requirement Term From To

Student Signature Date

Revised 2/5/2009
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Graduate Catalog Description:

Explosives Engineering
Master of Science

The Explosives Engineering program offers an M.S. degree for students with bachelor’s
degrees in engineering, science and technology. Due to the age profile of the explosives
industry and attrition of personnel and the rapid change in technology, there is an immediate
and growing need for highly trained explosives professionals in both the civilian explosive,
mining and civil excavating fields and government and the defense industry. Employers are
looking for engineers and scientists with sophisticated skills in the integration of explosives
technology into complex systems in a wide range of applications. Employers are also seeking
M.5. graduates because they can move quickly into managerial positions.

Faculty involved in a variety of explosives related research programs teach and direct
the program in conjunction with instruction by industry specialists in a wide range of
applications. Students will have opportunities to assist these faculty, both in research and
teaching, as well as working alongside faculty and graduate students in other engineering and
science fields. The explosives engineering faculty and students will be active in the leading
professional societies such as the International Society for Explosives Engineers and those in a
wide range of associated areas.

The program requires a minimum of 30 hours of graduate credit and includes a thesis. A
core of four courses is required of all students, and a module of allied courses in departments
outside of explosives engineering is encouraged. A security background check is required.

Degree Requirements
M.S. with Thesis: The M.S. degree with thesis requires the completion of 24 hours of
graduate course work and six hours of research (ExpE 490), and the successful completion and

defense of a research thesis.

Four of the following core courses are required of all M.S. students in Explosives
Engineering:

ExpE 307/MiEng 307 Principles of Explosives Engineering
ExpE 350/MiEng 350 Blasting Design and Technology

ExpE 351 Demolition of Buildings and Structures
MiEng 383 Tunneling and Underground Construction Techniques
ExpE 402 Environmental Controls for Blasting

ExpE 406 Scientific Instrumentation for Explosives Testing and Blasting
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Students select 12 hours of ExpE electives. For out-of-department courses in the M.S.
Degree in Explosives Engineering candidates are advised to group these courses into a module
that fits their special interest.

Faculty

Faculty involved in the program are based around existing faculty from the Department
of Mining and Nuclear Engineering at Missouri S&T and instructors from industry augmented by
faculty from the Department of Civil Engineering at Missouri S&T and faculty from UMC,
University of Kentucky and Texas Tech.

Professor

Paul Worsey, Ph.D., University of Newcastle upon Tyne (S&T)

Richard Bullock, D. Eng., Missouri School of Mines — Emeritus (S&T)

Sam Kiger, Ph.D., University of Illinois at Urbana (University of Missouri Columbia)
Bruce Freeman, Ph.D., University of California Davis (Ktech, formerly at Texas A & M) *

Associate Professor

Jason Baird, Ph.D., University of Missouri Rolla (S&T)
John Myers, Ph.D., Texas-Austin (S&T)

Assistant Professor

Braden Lusk, Ph.D., University of Missouri-Rolla (University of Kentucky) (ex grad) *
Brandon Weeks, Ph.D., University of Cambridge  (Texas Tech) (ex grad) *

Adjunct Industry Instructors

Greg Shapiro Steel Blasting
Matt Suttcliffe Premier Pyrotechnics
Marty Gillette Premier Pyrotechnics

We hope to broaden the scope of the program to involve professors from other disciplines on
campus as the offering of courses expands.

* Have acknowledged interest in working with the program on an adjunct basis offering
distance courses (from their current locations). Subject to S&T hiring policies & procedures.
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PROPOSAL FOR A MASTER OF SCIENCE
DEGREE PROGRAM
IN EXPLOSIVES ENGINEERING

(ExpEng or ExpE)

Department of Mining and Nuclear Engineering
224 McNutt Hall
Missouri University of Science and Technology
Rolla, Missouri 65409-0450

(573) 341-4753

December 2008
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Executive Summary

The proposed Master of Science degree in Explosives Engineering fulfills campus, state,
federal and industry needs, as well as the wishes of prospective students for over a decade.
The proposed degree will attract new graduate students, as well as retain students who have
completed B.S. degrees at Missouri S&T. The graduate program will help the campus attract
and retain quality faculty with active research programs. With the retirement of Korea and
Vietnam era technical expertise in the defense base there is a critical shortage of explosives
engineers. In addition, in the mining industry (the major user of explosives) there are over
5,000 engineers that will retire in the next decade, and the average age of technical personnel
in explosives companies is over 50. The degree is designed to ensure that graduates will have
the competencies employers are looking for, especially in their search for people with advance
skills who can move quickly into managerial positions. Academic institutions and national labs
also seek explosives engineers with M.S. degrees to teach in their undergraduate programs and
explosives engineers perform research and engineering vital for the nation’s security.

The degree is a logical outgrowth of Missouri S&T’s focus as a technological university
and recent expansion in explosives engineering, and is the logical step forward from the current
graduate minor in explosives engineering. The degree is unique to the state, the only other
university to offer graduate classes in explosives engineering, comparable to those at Missouri
S&T is New Mexico Tech. The number of explosives related classes that are currently offered
has steadily increased to eight (24 credit hours). The addition of a second explosives faculty in
January 2008 allows further expansion of offerings and frequency of offerings, making an M.S.
in Explosives Engineering sustainable.

This 30-hour program includes a thesis, explosives engineering core courses and
electives, and a module of courses outside the department if appropriate. Conservative
enrollment and financial projections show that the degree will produce revenue from its start.
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1. Need for Program

The history of explosives at Missouri S&T goes back to its inception as the Missouri School of
Mines (MSM). The use of explosives since the invention of dynamite by Alfred Nobel (of the
Nobel Prize fame) has been a fundamental cornerstone of the mining and civil excavation
industries for the excavation of rock. Over the years MSM/University of Missouri-
Rolla/Missouri S&T has been one of the principal universities both in teaching explosives
engineering and performing explosives research. Over the last decade it has emerged as the #1
university for explosives engineering in the nation. In 1997 it was the first to have an
undergraduate explosives engineering emphasis, followed in 2005 by an explosives minor for
both undergraduate and graduate degrees and in 2007 by an explosives certificate.

The emphasis on explosives education has increased enrollment in the mining
engineering program, resulting in more than a doubling of the department enrollment. The
advertisement of the teaching of explosive classes gained national attention, with TV coverage
on The Learning Channel, the Discovery Channel, and the National Geographic Channel and
even international coverage with the Canadian Discovery Channel, with programs aired
throughout the world. More recently the summer explosives camp has gained national
attention, published on the front page of the New York Times Science Times and the
International Herald Tribune, and airing on NPR.

Since the fall of 2005 through the fall of 2007, a period of only two years, there have
been two undergraduate explosives certificates, 13 undergraduate minors and 2 graduate
minors conferred. In the spring of 2008, there were 32 students enrolled for minors in
explosives engineering and five students are ready to enroll for the master’s, three of which will
continue from undergraduate majors at Missouri S&T.

After the successful establishment of the Master of Science in Explosives Engineering a
Master of Engineering in Explosives Engineering will be developed. There are already four
explosives engineering courses taught through the distance program but it will be necessary to
convert and replace existing courses and develop new ones for distance education in this field.
Itis envisaged that we will begin the M.E. program one year after the M.S., due to logistics.

Student Demand

Form SE

Student Demand
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Table 1 contains the expected enroliment forecasts from year 1 (2009-10) to year 5 (2013-14).

Table 1: Expected Enrollment Potential from Year 1 through Year 5

Year (A/C) |1 (09-10) |2 (10-11) |3 (11-12) [4 (12-13) |5 (13-14)

Full Time 5% 6 8 10 12
Part Time - 5 8 12 15
Total 5 11 16 22 27

* We already have five people enrolled in graduate programs and studying explosives
engineering who are waiting to transfer to the program as soon as it becomes available.

2. Market Demand, Societal Needs and Methodology

Summary of Need for Program
The Master of Science degree in Explosives Engineering will fulfill the following needs:

e Satisfy current and prospective student interest in a graduate program in explosives
engineering.

* Strengthen Missouri S&T’s ability to recruit and retain graduate students with an
interest in a technological field.

* Provide new opportunities for graduate research.

* Fulfill the market’s need for explosives engineers with a specialization in one or more
areas of technology.

* Strengthen Missouri S&T’s ability to recruit and retain quality faculty in the explosives
field and grow in this high profile subject area.

* Meet the needs of DOE and DOD personnel, including those stationed at Fort Leonard
Wood.
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Employment of Graduates

The major use of explosives is in the civilian sector, with over three megatons of
explosives used in the United States each year (USGS Mineral Industry Survey). Of this, an
estimated 85 - 90% is used in the mining industry (for extraction of metals, minerals, fuels and
construction materials) and an estimated 9 — 15% is used in the civil construction industry for
road cuts, tunnels, structure basements and grading for large industrial, distribution and retail
complexes. All other civilian uses of explosives combined account for less than 1%, including
demolition, explosive welding, oil and gas exploration and production etc. Another important
segment is government, which includes DOE, DHS and DOD and the National Laboratories.

According to the New York Times and NPR, the National Mining Association was quoted
as saying five thousand mining engineers will be retiring in the next decade, and a substantial
proportion of these are involved in the primary breakage of rock using blasting. In addition the
average age of technical personnel at Dyno (one of the country’s largest explosives
manufacturers) is over 50. With the Korean and Vietnam wars the defense industry was
saturated with engineers, many of whom were in the same age group, the majority of which
have now retired, leaving a substantial gap in expertise, especially in the area of explosives.

The Department of Mining and Nuclear Engineering, having recognized national expertise in the
areas of explosives education, training and research is becoming increasingly approached by
defense contractors, including Westinghouse, Alliant Technologies etc. and DOD installations
(such as the U.S. Navy’s facility at China Lake, CA) and National Laboratories (such as the Idaho
National Laboratory) for explosives engineers. The Idaho National Laboratory is considering a
memorandum of understanding with Missouri S&T for coops and education with the purpose of
attracting explosives engineers from Missouri S&T and increasing the education of its
employees, especially in the government sector advanced degrees are encouraged and there is
significant interest in an M.S. in explosives engineering to complement our graduate minor in
explosives engineering.

There is also a need for existing graduate engineers in industry and government to
further their education and obtain specialized training in explosives engineering and this will
provide a means of fulfilling that need. Missouri S&T stands with an excellent opportunity to fill
key industry positions and dominate in the field of explosives engineering and thus increase the
university’s national standing in these areas of industry and government. The Master of
Science or Engineering in Explosives Engineering is conceived as a specialist qualification for
graduates holding accredited engineering, science and technology degrees, as is the practice in
Europe and other parts of the world, paralleling the concept of an MBA.
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Societal Need

The use of explosives is extremely important to our current standard of living. Without
explosives raw materials would be very expensive to extract from the ground. In fact, one of
the most famous people in history, Alfred Nobel (of Nobel Prize fame) was the inventor of
dynamite, the modern blasting cap and a whole host of other explosives and propellants.
Explosives are not only used to break rock so that it can be removed and easily processed for
the extraction of metals (from iron to platinum) and minerals (from road salt to borax) but also
in the removal of overburden in surface coal mining, which produces over 50% of the coal
mined in the US, which in turn is responsible for the production of one quarter of our power
generation. Explosives touch almost every aspect of our modern lives. There is an adage in
mining that if it can’t be grown, it has to be mined and as far as explosives are concerned if the
rock is tough, then generally explosives have to be used. The abundance of cheap raw
materials and energy in our modern civilization is attributed to high explosives & Alfred Nobel.

In civilian excavation and construction, explosives are extremely important for rock
breakage of rock. The majority of rock cannot be economically ripped using mechanical
excavators, whilst explosives and blasting provide an economic solution, especially for the
removal of large volumes of rock. Just in the state of Missouri one only has to drive down the
highways and marvel at some of the rock cuts, not only along 144 and other highways but also
at the scale at which rock excavation has been undertaken in the Branson area for example.
Leveling and grading is extremely important for the construction of large industrial and retail
facilities, not only for the efficient use of machinery but also for the Americans with Disabilities
Act. For example, when did you last enter a Wal-Mart which was split-level? An example of the
importance of blasting is the Wal-Mart distribution center located in nearby St. James, one of
the largest such facilities in the U.S. Although being sited on what appears to be a flat field it
actually required over 50 thousand cubic yards of rock excavation by blasting so that the facility
floor could be level.

An important item in maintaining the American way of life is the ability to defend the
country, and explosives are an important part of this. We have placed a number of our
graduates with minors in explosives engineering with government and contractors in the
defense industry, including China Lake and Applied Research Associates, Inc. There have been
several recent enquires for graduates in the explosives area and requests for students with
master’s in the explosives area. Offering a masters in explosives engineering will allow valuable
training for government and defense contractor personnel and provide a mechanism for
personal advancement.
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The terrorist attacks on September 11, 2001 brought home to American soil the threat
of international terrorism. Before this terrorist act in the US, there had been numerous attacks
on U.S. installations and personnel throughout the world using explosives but now there is an
increased need for research in combating explosive terrorism including blast resistance,
detection and defeat mechanisms for terrorist explosive devices including improvised explosive
devices (IEDs). A substantial amount of work has been started for the protection of critical
infrastructure by the Idaho National Laboratory, including highly classified work. Several
research contracts are in place at Missouri S&T to address portions of this need. Currently,
there is a severe lack of personnel with adequate credentials and training in the field of
explosives engineering to meet critical needs.

Methodology of Research

Sources investigated for employment data and societal needs included the U.S.
Geological Survey (Minerals Yearbook — Explosives), NPR (All Things Considered, June 20, 2007),
New York Times (Science Times Page 1, July 3, 2007), the International Society of Explosives
Engineers and the National Mining Association. Sources for demand are historic numbers,
polling current students, current students already enrolled for an M.S. on the basis the program
will go ahead, and prior requests from prospective students. Numbers for Year 2 and out are
projected based on trends and the amount of publicity that explosives engineering at Missouri
S&T has been generating. This will kick into higher gear in 2009 with the airing of a new
Discovery Channel series currently under production entitled “The Detonators” in which Dr.
Worsey is the co-host along with a Missouri S&T Ph.D. alumnus with a graduate minor in
explosive engineering. The lab portions of the series are being filmed at our Missouri S&T
Experimental Mine and this is bound to increase interest in the explosive engineering programs
at Missouri S&T.

3. Duplication and Collaboration

The M.S. degree in explosives engineering does not involve collaboration with any
external institution or organization, except for the collaboration of Profs. Lusk and Weeks at the
University of Kentucky and Texas Tech University, respectively. However, the current Master’s
Degree rules allow for a maximum of nine hours of course work to be transferred from
universities outside the University of Missouri, which allows for future co-operation with
universities offering additional courses to those offered by Missouri S&T, which would be
advantageous to a master’s candidate. There is the possibility of co-operation with the
University of Missouri Columbia on a course or two on the blast resistance of structures and we

10
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will be looking at co-operation with other institutions (such as Texas Tech and the University of
Kentucky) and former academics now in industry for courses in specialized explosives chemistry
and other areas not covered.

What we are proposing is unique. The only other related degree that comes anywhere
close at the moment is a Master of Science in Engineering Mechanics with Specialization in
Explosives Engineering which is offered by New Mexico Tech. However, the requirements for
this specialization are less than the requirements for the current graduate minor in explosives
engineering at Missouri S&T and is more along the lines of the Missouri S&T undergraduate
emphasis in explosives engineering.

4. Program Structure

Form PS

Program Structure

A. Total credits required for graduation: 30 hrs

The proposed M.S. degree in explosives engineering will meet or exceed requirements
listed in the Missouri S&T Graduate Catalogue. The program structure will vary according to
the interests of candidates for the degree. Candidates will pursue a plan of study that
emphasizes the writing of a thesis in explosives engineering.

B. Residency requirements:

Research work normally must be performed on the Missouri S&T campus. Exceptions
may be made for persons working at government facilities, national labs, explosives
industry private companies and private research facilities.

C. Courses (general):

With guidance from their advisor and graduate committee, each candidate will
complete a plan of study to satisfy the interests of the candidate and their advisor plus
requirements for the Master of Science degree, as described in the Missouri S&T Graduate
Catalog:

Master’s Degree with Thesis — minimum of 30 hrs graduate credit; at least 6 hrs to be
400 level courses; no more than 6 hrs of 200 level courses; 6 hrs minimum devoted to

11



MS-ExpE | 12

Master of Science in Explosives Engineering

graduate research, ExpE 490; no more than 12 hrs of research, special readings and
seminar.

D. Major requirements:

As part of this proposed M.S. degree program, candidates will complete four required
courses from a list of core courses (which will be updated from time to time). If a student
has already taken classes from this list as an undergraduate student (e.g. MiEng 307 which
is a required mining class) other explosives engineering classes may be substituted. These
core classes are:

(3) ExpE 307/MiEng 307 Principles of Explosives Engineering

(3) ExpE 350/MiEng 350 Blasting Design and Technology

(3) MiEng 383 Tunneling and Underground Construction Techniques

(3) ExpE 351 Demolition of Buildings and Structures

(3) ExpE 402 Environmental Controls for Blasting

(3) ExpE 406 Scientific Instrumentation for Explosives Testing and Blasting

In addition candidates will select two to four courses from the core classes and the

following elective Explosives Engineering courses:
(3) ExpE 309 Commercial Pyrotechnics Operations

(3) ExpE 313 Stage Pyrotechnics and Special Effects (currently Min 301)

(3) ExpE 305 Explosives Handling and Safety

(0-6)ExpE 491 Internship

(3) ExpE 401 Blast Mitigation

(3) ExpE 407/MiEng 407 Theory of High Explosives

Out-of department courses may also be taken as elective courses according to a

candidate’s special interests. Suggested out of department elective courses include:
For those with an interest in rock blasting:

(4) Geo 220 Structural Geology
(3) Geo 301 Advanced Structural Geology (currently experimental)
(3) GeEng 371 Rock Engineering

For those with an interest in demolition or blast protection:
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(3) CvEng 217 Structural Analysis |
(3) CvEng 218 Structural Analysis
(3) CvEng 223 Reinforced Concrete Design

For those with an interest in weapons systems design:

(3) McEng 336 Fracture Mechanics
(3) AeEng 251 Aerospace Structures |
(3) McEng 320 Advanced Mechanics of Materials

Catalog Description of Explosives Engineering Courses

ExpE 301 (3) Special Topics
This course is designed to give the department an opportunity to test a new course.

ExpE 305 (3) Explosives Handling and Safety (originally MiEng 305)
Basic handling and safety for explosives, explosive devices and ordnance related to
laboratory handling, testing, manufacturing and storage, for both civil and defense applications.

ExpE 307/MiEng 307 (3) Principles of Explosives Engineering

Theory and application of explosives in the mining industry; explosives initiating
systems, characteristics of explosive reactions and rock breakage, fundamentals of blast design,
drilling and blasting, regulatory and safety considerations. Prerequisites: GeEng 50;
accompanied or precede by either CvEng 215 or Geo 220 or Geo 125.

ExpE 309 (3) Commercial Pyrotechnics Operations (originally MiEng 309)

Provide participants with basic pyrotechnic operator certification (with passing of the
PGl test) and advanced lead pyrotechnic operator training. Class work will be complemented
by practical training in laboratory sessions, culminating in a full pyrotechnic show, from start to
finish. Prerequisites: Chem 1, US Citizen or permanent resident (to fulfill the requirements of
the SAFE EXPLOSIVES ACT 2003), resident enrollment at Missouri S&T (e.g. not distance or
internet).

ExpE 313 (3) Stage Pyrotechnics and Special Effects (originally MiEng 301)

Use of energetic materials in close proximity to audiences. Provide participants with
training preparing for Missouri Pyrotechnics Display Operators License. Covers: close proximity,
indoor and outdoor pyrotechnics and special effects. Working with stage crews and talent,
safety and permitting.

13
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ExpE 350/MiEng 350 (3) Blasting Design and Technology

Advanced theory and application of explosives in excavation; detailed underground
blast design; specialized blasting including blast casting, construction and pre-splitting.
Introduction to blasting research. Examination of field applications. Prerequisite: ExpE
307/MiEng 307. Student must be at least 21 years of age.

ExpE 351 (3) Demolition of Buildings and Structures (originally MiEng 351)

Provide participants with basics and solid grounding in the equipment, techniques and
processes required for the demolition and remediation of mine plant and processing equipment
sites and non-mining structures such as buildings, factories, bridges etc. Prerequisites: IDE 50
or 140, and IDE 110 or MiEng 232, plus US citizen or permanent resident. *Requirement due to
the Safe Explosives Act — January 2003.

ExpE 400 (variable) Special Problems
Problems or readings on specific subjects or projects in the department. Consent of
instructor required.

ExpE 401 (3) Special Topics
This course is designed to give the department an opportunity to test a new course.

ExpE 402 (3) Environmental Controls for Blasting (originally MiEng 402)

Advance blast mechanics; overbreak control including comprehensive coverage of
perimeter and smoothwall specialist blasting techniques and geotechnical factors affecting
blast vibration, including limits, analysis, monitoring and control; air blast control including
limits, monitoring and atmospheric and topographic effects. Prerequisite MiEng 307.

ExpE 406 (3) Scientific Instrumentation for Explosives Testing and Blasting (orig. MiEng 406)
Application of scientific principles, equipment description and operation for
instrumentation of explosive events including blasting. Topics: Blast chamber design, set up,
high-speed photography, motion detection and measurement, explosives sensitivity testing,
explosives properties testing, vibration measurement and analysis, destruction and demil.

ExpE 407/MiEng 407 (3) Theory of High explosives

Study of the application of chemical thermodynamics and the hydrodynamic theory to
determine properties of high explosives; application of detonation theory to steady-state
detonations in real explosives; application of the above to the blasting action of explosives.
Prerequisite: MiEng 307.

EXpE 490 (3) Research
Investigations of an advanced nature leading to the preparation of a thesis or
dissertation. Consent of instructor required.

14



MS-ExpE | 15

Master of Science in Explosives Engineering

EXpE 491 (0-6) Internship

Internship will involve students applying critical thinking skills and discipline specific
knowledge in an explosives related work setting based on a project designed by the advisor and
employee. Activities will vary depending on the student’s background and the setting.

E. Free Electives

Twelve hours of core courses and six hours of research are required, leaving 12 hours to be
selected by candidates in consultation with their advisor from further core courses, other

explosives engineering elective courses or out-of-department courses.
F.  Requirements for Thesis, Internship or Other Capstone Experiences:

All candidates will write and defend a thesis at the conclusion of their course work. An
internship is recommended but not required. For those candidates without work experience in

an explosives-related industry an internship will be strongly encouraged.
G. Unique Features

The main unique feature of the explosives engineering master’s program is that it is the only
program of its kind in the Americas. The nearest graduate program is a master’s with a
specialty in explosives engineering (12 hours of explosives-related coursework) at New Mexico
Tech. Missouri S&T already exceeds New Mexico Tech’s offering with a graduate minor in

explosives engineering, available since 2005.

5. Financial Projections

Pre-amble

At present the university faces uncertainty in its financial outlook. It is expected that the
projected budget will be impacted by this current financial uncertainty. This is a realistic

budget proposal based on normal operating conditions. If the situation of the university
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improves we ask that the proposed budget is given a top priority. Meanwhile we can proceed

without support if necessary.

Form FP Financial Projections

1. Expenditures

A. One-time
New/renovated space
Equipment
Library
Consultants
Other

Total for One-time Expenditures

B. Recurring:
Faculty
Staff (GTA)
Benefits
Equipment
Library
Other (Mining E&E)

Total for Recurring Expenditures

TOTAL (A + B)

2. Revenues

State Aid - CBHE

State Aid - DESE
Tuition/Fees
Institutional/Resources
Other

TOTAL REVENUES

Year 1

$33,300

$33,300

$33,300

$74,833

$74,833

Year 2

$33,300

$10,000

$43,300

$43,300

$124,152

$124,152

Year 3

$15,000

$15,000

$80,000
$33,300
$25,320

$10,000

$148,620

$163,620

$169,839

$169,839

Year 4

$15,000

$15,000

580,000
$33,300
$25,320

$10,000

$148,620

$163,620

$231,765

$231,765

Year 5

$80,000
$33,300
$25,320

$10,000

$148,620

$148,620

$286,127

$286,127
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A. Budget Justification

A detailed budget spreadsheet is given in Appendix A, which includes a breakdown of
the data for in and out-of-state students. Because of the high numbers of students already
taking some of the explosives engineering courses (e.g. MiEng 307, ExpE 309, MiEng 350) and
the anticipated enroliment of additional M.S. students from this program, it is anticipated that
one 100% FTE GTA position (broken down into 4 x 25% positions) will be required to assist
faculty members with the explosives engineering course load from the beginning. One FTE
GTA position costs $33,300 for a 9-month appointment (2008-2009 rates). From Year 2
$10,000 has been included for mining program expenditures incurred by the extra student
numbers. Once numbers have increased to the level anticipated by the third year projections
the current two faculty members will be unable to cope with the course load and will need to
be augmented. Lab courses are difficult to teach with more than 15 students per lab and we
already teach three lab sections of MiEng 307 and are approaching the need for a second lab
section of MiEng 350. At this point it is anticipated that a third faculty member at the assistant
or associate professor level will be required at an estimated cost of $80,000 per year plus
31.65% benefits. A one-time expenditure of $30,000 split between Years 3 and 4 is included

for a start up package for this faculty member.

However, tuition and fees from the anticipated student numbers should cover both
recurring and one-time expenses. Tuition and fee income was calculated using the 2008-2009
rates for graduate students (including the engineering supplemental fee) on a conservative
basis of full-time students taking 24 hours per year and part-time students taking 9 hours per
year. These rates are $470.02 per hour for in-state students and $840.50 per hour for out-of-
state students. It was estimated that one third of the full-time students will be out-of-state

and all of the part-time students will be out-of-state.
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One-time expenditures

The only one-time expenditures anticipated are $15,000 in Years 3 and 4 for a start up

package for a third faculty member in the explosives engineering area.
Recurring expenditures

The recurring expenses for faculty and staff include salaries and benefits for a FTE GTA
in all five years, $10,000 for mining program expenditures from Year 2 and for hiring a new
faculty member from Year 3. The costs for E & E and new faculty are to be dependent on
the projected numbers being reached, such that the program is guaranteed to be of

financial benefit to the university.
Administrative Structure

The M.S. degree will be an integral part of the Department of Mining and Nuclear

Engineering at Missouri S&T and the students will be counted as mining program graduate
students. The strengths of both mining and explosives engineering are augmented using this

symbiotic relationship.

{ Department of Mining
| and Nuclear Enginearing
* Mining Program Nuciear Program |
Mininﬁ Gridua:a;oqrns Explosives Engineering : Ph.D. ( M., T
Program = :
& L

1 1 I 1

-¥. Graduate Minor ]
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C. Facilities and Environment

Current facilities will accommodate the explosives engineering graduate students.
These facilities include modern lecture facilities at McNutt Hall equipped with an instructor
station (which includes a computer, VCR and a ceiling-mounted LCD projector) linked to the
campus network through a high—speed data network, the Missouri S&T experimental mine

and the energetic materials research facility.

® Underground Mine Facility: The Missouri S&T Experimental Mine is one of only a few
such facilities available on a university campus for mining engineering education. The
facility is used primarily by the students and faculty of Missouri S&T for instruction and
research in mining and geological engineering practices. The Experimental Mine is
located on Bridge School Road, just west of Rolla, 1-1/2 miles from the Missouri S&T
Campus. It consists of two underground mines, two small quarries, explosives
magazines, a classroom and office facility, a shop building, and a garage on a 19-acre
site. The underground mine facility is already extensively used for explosives classes and

research.

e Surface Quarry Facility: The Missouri S&T Experimental Mine also includes two small
surface quarries used for teaching and research by mining engineering faculty and
students. These quarries are already extensively used for explosives classes, research,
demonstrations and of course explosives camp. The facility is also being used for the
filming of “extreme explosions’ a discovery channel series on explosive demolition due

to air the first quarter of 2009.

® Energetic Materials Research Facility: The Energetic Materials Research Facility
(Explosives Research Lab) laboratory is housed in a converted former U.S. Bureau of
Mines research foundry (Building 4) off the new entrance to the Missouri S&T campus.
The laboratory contains two blasting chambers (rated for 1 kg and 4 kg of explosives,

respectively), a shop, a computing workstation running Autodyne 3D© software (an
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industry  standard  for  performing  closely-coupled computational  fluid
dynamics/computational structural dynamics calculations), high-speed film (up to 1.25
M frames per second) and video cameras (up to 90k frames per second), gated ICCD
camera (up to 55 nsec exposure), flash x-ray system, 16-channel digital data acquisition
system, three high-energy pulsers, two delay generators, two initiation systems for
exploding bridgewire detonators, and explosive magazines. The laboratory is currently
used for teaching MiEng 301, 350, 390, 406 and 490. The facility was recently extended
using funding from the Chancellor to house the new 11 ft diameter large scale blast
chamber acquired from the Army Chemical Demilitarization Command in Tooele, Utah.
This chamber is 84 tons and represents a major upgrade to the facility, raising the
facility to the realm of world-class capabilities.

* Facilities at Operating Mines and Quarries: Field trips to operating mines have been
used intensively to demonstrate real-world mining facilities, especially for rock blasting,
the major use of explosives. In the past many explosive research projects have involved
industry participation for both funded faculty, undergraduate and graduate research. It

is expected that these links will continue.

During the academic year 2007-2008, eight explosives engineering classes were taught at
Missouri S&T (MiEng 301, MiEng 307, MiEng 309, MiEng 350, MiEng 351, MiEng 383, MiEng
402, and MiEng 406) and the facilities can easily accommodate the extra courses anticipated for
the M.S. program. MiEng 383 and MiEng 402 were taught distance only and MiEng 307 and
MiEng 350 were taught distance concurrently with the on-campus classes. The mining program
has two tower DVD bulk copiers to facilitate the distribution of course DVDs for distance
courses. The current facilities can accommodate the explosives engineering courses, the main

need for the master’s program being extra personnel and graduate student help.
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6. Program Characteristics and Performance Goals

Form PG

Program Characteristics and Performance Goals

Institution Name: Missouri University of Science and Technology
Program Name: Explosives Engineering, Master of Science
Date: November 2008

Student Preparation:

* Students will be required to meet the standard graduate school admission requirements

for the Missouri University of Science and Technology.

Faculty Characteristics:

* Any special requirements (degree status, training etc.) for assignment of teaching for
this degree program? This program will be supported with a combination of existing
Missouri S&T traditional faculty and adjunct industry instructors. In the future faculty
from other academic institutions may teach additional courses. These academic faculty

are expected to hold a Ph.D. or its equivalent in their area of specialty.
* Estimated percentage of credit hours that will be assigned to full-time faculty:
75%

* Expectations for professional activities, special student contact, teaching/learning
innovation. Faculty at Missouri S&T are expected to participate in teaching, research,
service and outreach activities. Annual reviews, promotion and tenure, continuing

membership on the graduate faculty and annual salary adjustments ensure the quality
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of faculty activities. The faculty of the explosives engineering program will be located in
the Department of Mining and Nuclear Engineering. The name of the department will
remain to reflect its undergraduate and highest degree (Ph.D.) offerings. The tenure
and promotion of the explosives engineering faculty will continue to reside for the

foreseeable future with the mining engineering program.

Enrollment Projections:

Student FTE majoring in program by the end of five years: 20 (Form SE)

Percent of full-time and part-time enrollment by the end of five years: 45% full-time

students; 55% part-time students.

Student and Program Outcomes

Number of graduates per annum at five years after implementation: 11

Special skills specific to the program:

Understanding and application of the functioning of explosives and initiation systems.
Understanding and application of explosion effects.

Understanding and application of safety as applied to explosives in field use, testing and

demonstration environments.

Experience with the safe handling of energetic materials.

Understanding of the application of explosives for fragmenting rock and other materials.
Experimental design incorporating explosives.

Expertise in focused professional areas such as demolition, blast resistance, rock

breakage or weapons systems design, loading and production.
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Understanding of the challenges of using explosives and environmental impact.

Proportion of students who will achieve licensing, certification, or registration:
Graduates will become members of the International Society of Explosives Engineers
and other professional organizations as appropriate. At present there are no
professional groups licensing graduates from explosives engineering programs. All
licensing is at the state level, which comprises a) blaster’s licensing (which may be at
multiple levels depending on the state, b) display fireworks operator licensing and c)
pyrotechnician and special effects licensing. It is anticipated that the majority of

graduates will obtain licensing in at least one of these areas.

Performance on national and/or local assessments, e.g., percent of students scoring
above the 50" percentile on normed tests: The only applicable tests are state
explosives licensing tests. More than 80% of the students are expected to score above

the 50" percentile on these tests.

Placement rates in related fields, in other fields, unemployed: There will continue to
be growing opportunities for explosives engineers in the defense, mining and civil
construction industries and in government institutions; therefore, we expect 100% of
our graduates to be employed (excluding the occasional person that is totally

unemployable).

Transfer rates, continuous study:  The program will not only attract students with
previous degrees from Missouri S&T but also attract students from other technological
programs throughout the United States. We already have five full-time students signed
up for a traditional master's, three of which obtained a bachelor’s at other institutions.
These students are temporarily housed in the mining M.S. program. Our summer
explosives camp has now been running since 2004 and indications show that many of
the explosives campers that enroll at Missouri S&T for majors outside of mining also

currently enroll in the explosives engineering minor and we anticipate that the majority
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of these students are potential candidates for the master’s degree in explosives
engineering. Unfortunately the Safe Explosives Act of 2003 prohibits the participation of
foreign nationals (non-residents). The major exceptions to this are those currently
employment by Missouri S&T and by obtaining relief from the ATFE, which can take as
long as 18 months. It is therefore anticipated that this graduate program will be

unusually high in U.S. nationals.
Alumni and Employer Survey:

* Expected satisfaction rates for alumni including timing and method of surveys:
Missouri S&T will develop an assessment and evaluation plan for the curriculum in
explosives engineering. We expect a 90% satisfaction rate of the alumni of the

program.

* Expected satisfaction rates for employers including timing and method of surveys:
Missouri S&T will develop an assessment and evaluation plan for gathering
information from the employers of the graduates. We expect 90% satisfaction from

the employers.
7. Accreditation

There is no accreditation for graduate programs in explosives engineering. Itis expected
that the students will have B.S. degrees from programs already accredited in science,

engineering or technology.
8. Institutional Characteristics

The Missouri S&T is particularly well suited and equipped to support a Master of Science
degree program in explosives engineering to be offered by the Department of Mining and

Nuclear Engineering. Key factors include the strength of the Department of Mining and Nuclear
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Engineering, the nature of Missouri S&T as a technological university and opportunities for

research, internships, and co-ops.
Department of Mining and Nuclear Engineering

The department has several years of experience developing and teaching courses in
explosives engineering as part of its minor in explosives engineering. It has capitalized on this
long history of teaching and research in the explosives engineering field in recent years,
increasing its course offerings and rebuilding its faculty in this area such that a sustainable
master’s is now possible. Because Missouri S&T is a research university, the faculty have a

strong tradition of research, teaching and service.
Missouri S&T as Missouri’s Technological University

Missouri S&T's strong reputation as the state’s technological university and as one of
the top providers of M.S. and Ph.D. graduates in engineering and science in the country, and its
reputation and tradition in this field make it the logical home for an explosives engineering
program. In the calendar year 2008 eight separate explosives engineering related courses
(totaling 24 credit hours) were taught (excluding 390 and 490 research courses and 300 and 400
special problems courses), thirteen $1,000 scholarships were given by the International Society
of Explosives Engineers to Missouri S&T students and with the assistance of the chancellor the
full time explosives faculty increased to two. In conjunction with industry instructors we have
now reached a sustainable level where master’s students can obtain a degree in explosives
engineering with a degree of flexibility of course selection within classes offered at Missouri

S&T.
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9. Security Considerations

The importance of explosives education is vital to civilian industry, government and the
defense industry, yet explosives knowledge, like that from the majority of other technical
disciplines, can also be used against society. Since the terrorist attacks on September 11, 2001,
U.S. academic institutions have come under increasing scrutiny. The Safe Explosives Act of
2003 expanded the number of categories of persons banned from possessing explosives to
include non-U.S. residents, those with dishonorable discharges from the military and those who
have renounced their citizenship. This is in addition to felons, fugitives from justice and those
with who have been declared mentally defective. Not only is it illegal for these groups of
people to have access to explosives but it is illegal for institutions to provide such persons with
explosives without first obtaining a waiver from the U.S. Bureau of Alcohol, Tobacco, Firearms

and Explosives.

The Safe Explosives Act requires background checks for users of explosives and so each
prospective student will require a completed background check. Proof of an existing
background check, such as holding a state blaster’s license or CDL with Hazmat endorsement,
~being a current member of law enforcement, military, appropriate government agency or
national lab or holding a security clearance will be accepted. Otherwise a prospective student

will have to pay for and undergo a highway patrol background check (current cost S9).

Dr. Henry Wiebe, Dean of Extended Learning, strongly supports the teaching of
explosives courses by distance to bona fide individuals and organizations, realizing that a
degree of determination of the authenticity of these groups is necessary. Distance education is
becoming increasingly important, especially to degreed professionals already entrenched in the
work environment who are unable because of work or family commitments and/or financial
consequences to pursue conventional higher education in specialist fields. He further supports
the extension of the M.S. in explosives engineering to an M.E. in explosives engineering by

distance.
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Appendix A

Income vs. New Costs for Explosives Eng Masters

Year 1 2 3 4 5
Projected Students
full time 5 6 8 10 12
break out of
down state 2 2 2 3 4
in state 3 4 6 7 8
part
time 0 5 8 12 15
Additional
Expenses
1 GTA $33,300  $33,300 $33,300 $33,300  $33,300
Faculty $80,000  $80,000  $80,000
Fringe 30 $0  $25,320 $25,320 $25,320
Start up package $15,000 $15,000
E&E $10,000 $10,000 $10,000  $10,000 fees
Income fulltime  $74,833  $86,330 $109,323 $140,991 $172,660
part
time $0 $37,823 $60,516  $90,774 $113,468
Total income $74,833 $124,152 $169,839 $231,765 $286,127
Total expenses $33,300  $43,300 $163,620 $163,620 $148,620
Net Worth to
University $41,533  $80,852 $6,219  $68,145 $137,507

Cumulative worth  $41,533 $122,386 $128,605 $196,750 $334,257

Notes: 08/09 rates

grad rate in engineering/supplemental fee 479.02 perhr
out of state/distance in eng/sup fee 840.50 perhr
grad hours per year full time 24 hrs
grad hours per year part time 9 hrs

Full time students broken down by in state and out of state. It is anticipated that a third will be out of state.
Part time students are expected to be out of state.

All numbers calculated in 08/09 dollars
GTA at $33,300 for 9 month appointment
Faculty at $80,000

Fringe at 31.65%
Will spit GTA's probably into 4 x 25% to cover 4 heavy demand courses.



APPENDIX C
Graduate Course Transfers as Part of a Memorandum of
Understanding with National Defense University



Proposal to accept up to 12 transfer hours from other Graduate Programs

From Bruce McMillin, Department of Computer Science and Director of Center for
Academic Excellence in Information Assurance Education and Research.

S&T is accredited by the National Security Agency as a Center for Academic
Excellence (CAE) in Information Assurance Education and as a CAE in Research and
has a recently-formed center by the same name. As part of this accreditation, S&T has
the opportunity to partner with the National Defense University (NDU) (see attachment).
In this program, students may take graduate credit at NDU and then finish their M.S. at
S&T. Their program requests transferring more than the standard allotted amount of 9
credit hours. Current partners include such schools as U. Illinois, Texas A&M, Drexel,
and the U. of Washington.

This is an opportunity for S&T to tap into a new group of distance students, primarily
working for the government and industry from the D.C., Virginia, and Maryland areas
who want to obtain their graduate degrees. S&T’s graduate program in Computer
Science presents a distinct advantage over our competitor schools as our M.S. program
may be obtained entirely through distance.

This proposal requests that for organizations in which a memorandum of understanding
is executed (see attachment), that up to 12 hours of graduate credit may be accepted (if
the courses meet the standards of the S&T graduate program, as assessed and
documented on Graduate Form I). At this time, the only specific relationship to be
requested is for the NDU.

A potential set of transfer courses is shown in the table below:



Course
(Catalog
Nbr)

Course Title

Description

S&T
Equivalent

All
(6203)

Information

Assurance and
Critical
Infrastructure
Protection

This course provides a comprehensive
overview of information assurance and critical
information infrastructure protection.
Information assurance of information assets
and protection of the information component
of critical national infrastructures essential to
national security are explored. The focus is at
the public policy and strategic management
level, providing a foundation for analyzing the
information security component of
information systems and critical
infrastructures. Laws, national strategies

and public policies, and strengths and
weaknesses of various approaches are
examined for assuring the

confidentiality, integrity, and availability of
critical information assets.

Portidn of
CS 317

GEN
(6205)

Global Enterprise
Networking and
Telecommunicatio
ns

This course focuses on the effective
management of network and
telecommunications technologies in a
government-sector global enterprise. The
course examines current and emerging
network and telecommunications
technologies, including their costs, benefits,
and security implications, placing emphasis on
enabling military and civilian network-centric
operations. Topics include network-centric
concepts, spectrum management, data
networks and associated Internet technologies,
telephony, the role of public policy, and the
significance of industry as a service provider
and as an engine of innovation.

Portion of
CS 385

SEC
(6201)

Cyber Security for
Information
Leaders

This course explores concepts and practices of
defending the modern net-centric computer
and communications environment. The course
covers the 10 domains of the Certified ’
Information System Security Professional
(CISSP®) Common Body of Knowledge
(CBK®). In addition, the course covers a wide
range of technical issues and current topics
including basics of network security; threats,

Portion of
CpE 349




vulnerabilities, and risks; network
vulnerability assessment; firewalls and
intrusion detection; transmission security and
TEMPEST,; operating system security; web
security; encryption and key management;
physical and personnel security; incident
handling and forensics; authentication, access
control, and biometrics; wireless security;
virtual/3D Worlds; and emerging network
security technologies such as radio frequency
identification (RFID) and supervisory control
and data acquisition (SCADA) security. The
course also defines the role of all personnel in
promoting security awareness.

ESS
(6206)

Enterprise
Information
Security and Risk
Management

This course examines the practical challenges
of assessing and managing information
security risks when developing an enterprise
information security program. Based upon
OMB, NIST, and DOD risk management
guidance, the course addresses the key
components of an organization’s information
security program including the identification,
assessment, mitigation, and acceptance of
risk. The course builds upon fundamental
information assurance concepts and
information security technology, integrating
them into scalable, practical working solutions
for defending the enterprise. Security
program components, including configuration,
incident, system lifecycle, and acquisition are
examined from a risk management
perspective. Other topics include program and
system security planning, risk assessment,
policy, control/countermeasure selection, and
continuous performance measurement and
monitoring.

CS 319




l.

MEMORANDUM OF UNDERSTANDING (MOU)

Between

Your College/University
Your Department
Your City, State
and
National Defense University
Information Resources Management College
Washington, D.C.

This Memorandum of Understanding (MOU) is made this day of
(month/year) by and between YOUR ORGANIZATION and the
National Defense University Information Resources Management College
(NDU/IRMC).

PURPOSE: Both parties wish to enter into this understanding to provide extended
academic opportunities to their respective students and faculty. It is understood that
the purpose of the MOU between YOUR ORGANIZATION and NDU/IRMC
include: strengthening the quality and breadth of academic programs at both
institutions; promoting an educational environment where faculty and graduate
students from both institutions can learn from one another through sharing of
information and knowledge; leveraging the strengths and resources of programs at
both institutions.

BACKGROUND: NDU/IRMC has been entering into MOUs with academic
institutions for approximately 10 years, with the goal of transferring academic credits
for NDU/IRMC graduates into selected programs at graduate schools across the U.S.
When the U.S. Department of Defense (DoD) began the Information Assurance
Scholarship Program (IASP) in 2001, the need for academic partnerships supporting
Masters and Doctoral programs related to IA became necessary. NDU/IRMC
continues to form academic partnerships, related to credit transfer, to support the DoD
in the area of A education.

This is a (new) (renewal of an existing) MOU. Signing this MOU will allow students
who graduate from NDU/IRMC to transfer graduate-level course credits into selected
graduate programs within YOUR ORGANIZATION. NDU/IRMC will provide the
manpower to help draft and review this MOU, including renewal when applicable.

OBJECTIVE AND SCOPE: This MOU applies to NDU/IRMC and to the above-
stated department within YOUR ORGANIZATION. The expectations from this
MOU include attracting more qualified students into Information Resources
Management, or a related information-management field.

REFERENCES AND DEFINITIONS: Chapter 112, Title 10, United States Code,
authorizes the DoD Information Assurance Scholarship Program (IASP). This



scholarship program is only applicable to the MOU for schools that are recognized as
National Centers of Academic Excellence (CAEs) in Information Assurance
Education. Only CAE schools may partner for credit transfer for NDU/IRMC’s TA
Certificate Program. Non-CAE schools may partner in other certificate areas. Since
YOUR ORGANIZATION (is) (is not) a CAE, they (may) (may not) partner in the
area of [A.

. SPECIFIC RESPONSIBILITIES/AUTHORITY: IRMC and YOUR
ORGANIZATION designate the person(s) set forth in Section 6 as their respective
representatives to coordinate and manage the activities under this MOU. The
representatives shall meet as needed to discuss the programs, changes to programs,
and any other topics of interest to either party.

Each party in this MOU retains full authority over and reserves the right to make
changes in their respective courses, programs, and credential requirements. Each
party shall publicize this MOU and programs mentioned herein in academic materials
as appropriate and shall brief students as appropriate. Neither party shall use the
name or logo of the other party without the prior approval of the other party.

Within YOUR ORGANIZATION, the Your Department is interested in accepting
DoD students into its graduate programs. YOUR ORGANIZATION is willing to
award: (choose one or more)
* 9 graduate credit hours for students who complete the Information
Assurance (IA) 4011 Certificate; or
* 12 graduate credit hours for students who complete both the IA 4011 and
4012 Certificates; or
* 12 graduate credit hours for students who complete the Enterprise
Architecture (EA) Certificate; or
* 12 graduate credit hours for students who complete the Information
Technology Project Management (ITPM) Certificate; or
® 15 graduate credit hours credit for students who complete the Chief
Information Officer (CIO) Certificate; or
¢ 15 graduate credit hours for students who complete the Chief
Information Security Officer (CISO) Certificate; or
¢ 15 graduate credit hours for students who complete the Organization
Transformation (OT) Certificate.

After NDU/IRMC graduates have completed the above-named certificate program at
NDU/IRMC, and the remaining requirements at YOUR ORGANIZATION, the
following degree(s) may be awarded from YOUR ORGANIZATION: Name of

Degree(s).

Each institution agrees that the NDU/IRMC student(s) enrolled at YOUR
ORGANIZATION under this MOU will be subject to all YOUR ORGANIZATION
rules and policies governing the degree award, including maintenance of satisfactory



performance, and completion of the remaining credit hours inherent to the student’s
specific degree program.

6. COORDINATION CONTACTS: The following persons will serve as points of
contact at YOUR ORGANIZATION and NDU/IRMC, and will communicate mainly
by email and phone:

Point of Contact Name and Title

Your College/University Name

Your College/University Address

Point of Contact Phone Number and Fax Number
Point of Contact email address

Ms. Patricia Coopersmith, Project Manager

National Defense University, Information Resources Management College
Fort Lesley J. McNair, Marshall Hall, Room 150

Washington, DC 20319-5066

Phone (202) 685-2117; Fax (202) 685-3974

coopersmithp@ndu.edu

7. RESOURCES:

a. Funding: No funding will change hands as part of this MOU.

b. Manpower: NDU/IRMC will assign one individual, the POC listed above, to
coordinate this MOU. YOUR ORGANIZATION may assign as many persons as
needed.

¢. Workload: NDU/IRMC projects approximately 4-8 hours/year to staff this
MOU.

d. Other Support: An occasional event at NDU/IRMC may require the use of
NDU conference rooms and projection equipment. Other support includes the
NDU computer and regular office supplies used by the NDU/IRMC POC.

8. EFFECTIVE DATE AND TERMINATION: This MOU will be effective from the
date of signing and will have a duration of three years. Upon expiration of the three
years, the MOU will be subject to renewal. Additions and changes to this MOU may
be made at any time with the written agreement of both YOUR ORGANIZATION
and NDU/IRMC. Either party may withdraw from this understanding upon 60 days
written notice to the other institution made to the institutional contact address, via
U.S. Certified mail. Termination must be in writing and signed by the approving
officials or their designated personnel.



9. APPROVAL: All parties identified below agree to the provisions and terms of this
MOU.

APPROVED:

National Defense University (YOUR ORGANIZATION)
Name: Name:

Title: Title:

Signature: Signature:

Date: Date:




Appendix A - Course Information for IRM College Graduates

Graduates of the IRM College XXX Certificate will receive credit for the following
YOUR ORGANIZATION courses:

Course xxx — complete course names and number of semester credits
Course yyy
Course zzz

Course aaa
Course bbb



San
“d - «"SIopes| uoneuwroju] buisiwoid ysow s juswuianob soy Aunwwos buiuies| jeqoyb v,

sapiunuoddQ diysiaujed oslwapeosy

3031700 WAHl
- k\»@uwh\ 3\& kq\w\ N\Qrm P wwm_.

afefjon JusweBeueyy seainosay uoqRLLIO)

Ajis1aA1UN asuaja( jeuoneN NAEEES

96909 Juswabeuel seoinosay uonewIoU| " :“-




[

80/12// paiepdn
g N TR U T 0 T e

- ’ 3 1 X
afego uawabeveyy seunosay LORELLON| P - 0l % —

Ay

mocmm___mE_ ssauisng «
Buiuipy eyeq «

Ajouuso-jaN -

uonelbsiu| pue BujIomaN »

JEM UoijeulIou], ay |

Buueys

uoneuliojuj pue aosuabljjsiuj

g - ssaupaiedaid onsawo(

L 4

Juswebeuepy abpajmouy « , S oy R SR e,
UONBZIUISPON SSauIsSNg « il B e T SR R Vi R e N PO UoiEWIO}U| [BQOID) «
S saiBojouyoa] Ul R TTE ) n?..:ﬂ_: a0 RN SOUBINSSY UOHBULIOM| «

Buiqeugy pue uogewsoysuesy - S , 401191 UO Jep [eqo|D

10V JUSWIUIBAOD)-T Buioinog aanedwon

(VINSIH) 1oV Juswabeuepy uonelibayu|
A1INoag uonewloju| [eiepa aouewllopad pue }89bpng .
OV usyoD-1sbul) . JUSWIUIBA0S) D1U0108|] papuedx .
(VHdD) 10V synsay aduewloyad jeoueul4 panoidu) .
pue sdouewloNsd JUSWUIBAOL) » Juswabeuep
10V SI9214Q |eueuld By |eyded uewnp oibajens «
epusby wiojoy jeuoissaibuon epuaby juswoabeue s juapisaid

"S8AI)NJ9Xd JuBWIUIBN0b Jo sapLiold Jusiind ay) spuejsiopun abajjod) Wyl

sabuajjeys jenin\




80/1.2/. paiepdn

afisyog wawabeueyy seanosay uoHEULC)Y|

yoseasoy-
w;mctmn_ Aysianiun- e n oo .
UONENIPSIODY-
uonieonp3 ..@CD_I [IoUNoD 04D |esepa-
; [IoUNOY O[O [elspad-
sjuspms-

JUSWIUIBAOEL) |elapa]

seonoeid 1seg-
Buipiing Ayoede)-
SjusSpnIS-
Ajunwwion
asuala(

|euoneulau|

avi®

P

S sjelojoanqg V-
Aousby Alunoag jeuoneN

yoseosoyy-
$201)0B1d 1S9g-
siosuodg-
sioyeadg-
Sjuspn}S-

103093 9)eAlld

Ausianun vIa 'vsia-

L asuaje( Ja|londwo) pue [IN-
» .a o S euoILE S0IOPJIOM UBI|IAIG § AJEIIN-
. % |euOleN asuaja( Jo 1dag

"uoljedINpa juswabeuew $321N0SaI UOIBULIOUI Ul J9pE3| PlIOM PaBpajmouydy — NOISIA

‘abejueape oibajelys 1oy ABojouyssy uonewojul pue uoneuwoyul Buibesans) Aq samod jeuoneu
J0 Jusuodwod uonewIojul B} JOB.IP 0} Siapes] ueljiAld pue Aiejjiw asedsid - NOISSIW

adeospue] abajj0o NI




80/12/2 pevepdn B

adefion wawadeuryy SauNOSSY LOTBULCHY|

‘obejuenpe

o1bajeuys 10j ABojouyosa}
uoljewojul pue uonew.oul
Buibeians| Aq 1oamod jeuorjeu

Jo Jusuodwos uonewlioul

ayj Joallp O} SIapea| UeljIAID pue
Arejiiw satedaad absjjon NN

jusawdojonap lopeaj o1bajel}g

pasnooj-aininy pue ‘Ajpwiy
‘JuaLind si jey) buiuies
ale noA 1aAalaypn

noA l1ojjsnp

Alunwwos Buluies) jeqolo

:SIOVSS3IIN A3 ‘NOISSIN

"Spaau uoneonpe 821010M 1noA josuw o) saAL}s pue spuabe abueyd
pue siapes| Jybnoy) yuswiuidsAob ainynj pue Jus.1ind sayeanpa abajjon ay |

ajoy abaj10D NI




80/12/2 PojePdN

: B P oy RS T R
alefo]) ewaSeuryy S8UN0STY LOTEULCIY| e TIE

"paje0o) a1e Asy) Janalaym wolj sesinod 969)10 Y| Ul syedidiped sjuspnys ‘SN -

"J}lomiau [eqojb ay} dojonap pue ssadde Ajjenunuod Ajynoe ¥

"swieiboid 8b63)j0) Y| Ul sjedioued plom sy} punole SsLUN0S Wol) SUSpnIS @ \%//
1T TN\ LLLEd // / /] L 1L \
> VAN N / /1] \ FrER \

/[ ]]] \
\/ /][] ] \
[ 4 [ /1] 4
| [
\ | _
/

‘PIIOM 8Y} pUNO.IE W04} SIdPes| UORULIOJUI YIIM B)edIuntiiod o) seniunioddo
pue Apoq juapnys asiaAlp e ybnoay) sseupajoauuod jeqolb sajowo.id abajjor Wyl

Alunwwos Buiuiea jeqoio




80/12// peiepdn

sdiysiouped
ajesodio)y

SJUSWIUIBA0S)

e suoneloqejjon :

B 9je1S i ¥I0OMIaN : AjsieAiun
. abajj0D Wy

sjustugalby
juawjjoiug Saduelly
Kouaby i
|et1apay
SaouBIIY

JUBUILIBAD
|euoneus

‘suoneziuebio pue sisped| s,Aepo} 1oj
$S920NS JO JUdBWA[d [BIJUBSSS Uk ‘Uoljeloqe[|0d Si8)s0) 963[j0D NI

)iomiaN abajjo09 NN




P

80712/ pelepdn

alenog wewabeuryy SeouN0sy LOTEULON|

yidep pue

‘@ouensal ‘Aousiuno Aleuldiosipisiul ulRlUIR) «
suoneziueblo jeuoneusajul pue ‘10}0ss ajeAid
‘lesops} ‘asusjep ‘Oluapede Wwoly ssandadsiad

pue saoualadxa jo abuel peoiq e YIpA «
$9)eI0}J00p

UM %G/ “UBIIAID %G/ ‘A)noey) ew-Iny G «

Anoe4 2 [euoneulaju| pue ‘1030ag
ajeAld ‘Aauaby uejjiaig

%0€
Juswdojensp Jeuoissajold 10} sasSE|D
ut sjedoped 10 ‘saaibap [e10}O0p pue s a)sew
‘s9)e0Ijiia0 plemo} sjpald sjenpelt uley .
uoijeonpa
Jaybiy jo suonnyisul paypalooe Ajjeuoibal
wioly Jaybiy 1o saibsp sJojpyoeq pioH
Sjuspnjs |euoljeusslul pue
‘10)08s ajeAud ‘Aousbe jeispa} ‘goQ sepnjou] «

(+¥0O pue +21S9) s|euoissajoid 19a1e0-piy «
s)uspmg

ueniAID gog:
Aeynw gog ; %05
%0Z 435

'sebuajjeyd jenynw o} suonnjos pue ‘suonsanb ‘seaps asojdxe Jeyy seUNWWOD
bujuies| Areujidiosipiajul ui sispeay Juawuionob ainyny pue juaiind sabebus abajjon Wyl

noA Joj isnp




80/12/. peiepdn =
B Ay [0 v H L A R s =

abanog WwaliaSeuryy SENOSTY LONBULCH|

'S9)eolIN0 8681j00 Y| Spiemo) 819|dwod o} sjuspnis DAAN Pue 4y0| 10}
JewJoy 1 10 SAOSIS Ul B|qejieA. ale $8sIn0d ‘welBold SaAl0e|3 NAN oY1 ybnoay |

. HpaIo
SS830€ //¥C 1eqOlD « 10} syuswubisse oiwepese
}palo 10} sjuswiubisse 9)9]dwo0d 0} soaM ¢ « salpnj}s pjaly
olwepeoe 919|dWod 0] SHOaM £ « HENOW 10]08s 8jeALId/JUBWIUIBA0S) «
MJOMOSINOD BUIUO JO SYOOM Z| « HO4 Je S2uspIsal Ul oam | « Buuds pue |je} paiayO «
uoljesedald suljuo JO doam | « uoleledald suluo Jo Yoam | « JIENOIN HOH Je SYoaM p| «

(weiboud Juswabeuey pasueapy)
n (o} 9
sasino) Bujuiea pajnquisiq S9sSIN0Y JuapiIsay WeiBol4 Juepisay

‘suonezjueb.o oy} pue spuspnys Jo
spaau jeuojeanpe 8y} ajepowuiodde sweiboid Buluies] ajqixsl4

a1y NOA JaAaJayM




(&3]

80/12/4 polepdn

O &1 SITRL M ihu 5 -
— e tlpl e it
P T et R Ly SIS LU SERG ) g
254107 WwalusBRURYY SSAN0STN LOIRULCH) ol e L By - Xy
=

R

8661 ul uebaq uonejuawiiadxa jegiuyuonelauab Yy
LI¥yZ 9)1s-}Jo pajsoy wajshs Juswabeuew asinod pieoqyoe|g

Buuojuaw Ajjnoey
(ones zi:} — siaubisap jeuononiysul pue siyde.h)
dnois suonnjog Buiuieao

(3uawijjolua aba)j09 |30} JO 9% 0¢ Xoidde)
UMO] JO Jno apisal sjuapnis 7Q 40 %08

$9SIN0D JUSPISAI SE SJUBLISSISSE
pue sawo23no Buiuies| jeanuapj

yi0om dnoub pue Buiuies)
SAIJ0R Y}IM [9pOoW Jeulwas

Sjuapnj}s Jo sUoyod
paj-Ajjnoe4

Buiuitea paynquisiq




01
80/1.¢// payepdn

afago) usuwsBeus)y SeaN0SaY LOTBULC| AT | TE

‘Dio sbajjoowi mmm// diy (luwne) abejjon
INHI U3 Jo uoneroossy sy} uiof Aew sajenpelsy «

‘alnin} 8y} ajealo pue
ajedioljue 0} syuepn)s asedaid BNOLIND BAIJBAOUL| <«

"SaAl}0adsiad anbiun 8ingliuU0o 10)09s
a)eAlld ay) pue Juswuianob wouj siexeads jsens) «

‘sanssi|
suoneziuebio iy} 0} Jueasial syuswubisse
ybnouy) Buiuies| sjenjsuowsp sjuspnls  «

"SI9ped] JusiuIdA0b s .moliouwo} pue s,Aepoy buioey saijiunpioddo
pue ‘sabusjjeyd ‘suonsanb juersjol ay) Uo sayeIUBIU0I 86810 W/

pasnoo4-aining pue ‘Ajawi] ‘yuasing si jeyy buiuies




b

80/12Z/. pajepdn

efenog wewaSeuryy SEUN0SAY UONBULSHU|

saloualedwod 19010 jeloueul Jeiyn
Jopea 2169)el1S JUSWUIBA0L)
uonisinboe ABojouyos} uoljewloju|
suoljelado uoljeuliou|

Juswabeuew jo8foid ABojouyos) uoiewo|
ainjosyyose asudisiug

JUBWUIBA0S)D

ssoupaledsid ol3sawo(

uonewlojsuel) jeuoneziuebio
9ouBINSSE UoljeWIojU|

S810U8}adW 09 J821O UoeWIO] JBIYD

AAAAAAAAAAA

Ul S8J]AI3S [BUOI}RONPD pUe
‘swesboid 83eo1§11499 ‘s9SIN0D |aAd}-8)ENpeRIL)

“Jamod [euojeu jo yusuodwod uoneuLIOJUl 8Y} }20.1IP
0} siaped] 10}09s djeAlid pue Juswiuionob saiedaid abajjod W/

juswidojana(g 19pea o1bajens




Zi
80/12/. Palepdn

afieno) Juawabeueyy seancsay LONBUL)L) _ e “SRTTA e

9)edlIle9 9)9|dwoo 0} S8SIN00 g «

weiboid juswabeuepy
paoueApy pue ‘BuiuiesT paynguisiq
‘JUSPISOYS Sjewlo) 98Iy} Ul paisy)  «

| UonBuULIOJU]
| pue au_u_duw.
(9661) 10V Usyo-196ullD Yy yum sublly <« f ga )
. ssauisng-3J
7 auawuianen-3
sslousadwod 01D
FINSNNISEIU|
|eiaps) |ejusWuIan0b-ss010 UO SBSN00{  « ~ pue
e R0 umoayy N, ‘4
- uvomsinboy >
3R

‘abejuenpe o1bajelys 1oy ABojouyse] UopEWLIOJUI PUE UOIEULIOJUI
abelana] 0} asiadxe Aiessadeu ay) YIm siapeal JuawuIanob sepinoid

9jeslyue9 19910 UoiRWLIOU] JBIYD




gl
80/17/. patepdn —

. e RS TR T
afeyog wewsbeus)y SSN0STY UONEULIO)U| i e T i

Buudg pue ||le4 pasayo ‘oouspisal Ul Syeem |

(da1s) weibouid juswdojanaq Jopea aibajens

salpns aoueinssy

uonisinbos S$S9204 9JueuLlolId9 Buiu
plotd voneunoyy | MOMSINPIV d pod uluue|d

S9AR93|g

'S9)jedyIHa) uoljewlojsuel] [euoneziuebiQ pue ainysyydly asudisiug sy) pue
o]edyiie) Vi | LOY ISSILSN @4} spiemo) ssauboud jueoyiubis syew ued seyenpelo

‘abueyo Buipes| pue ‘uoneloqe|joo ‘Burjuiy)
|BOILIO ‘UONEIIUNWIWOD JO salouajediod diysiopes| ay} UO S9SNO0) WNJNOLIND

"sajoudjadwoo ayealyiiea) 01D syl Yym subije pue ‘yuswabeuew 824nossd
uojjeuwriojut saiojdxe ‘puswdojarap jopes] oibajenys saziseydwg

weiboud Juswabeuep pasueApy




vi

20/12/4 poyepdn

afiaqon wewaleus)y seUnCsay VOTEULCH

g TR
3 e

"

(VVS) 8oueInssy aieMyos Jo juswebeueyy o1bsiens,

(SOI) 9By uonewuojul sy Ul ANoeS |euoneN pue suoieadd uonewoul,
(LSH) senbiuyos] pue sjoo] Ajindeg puejswoy,

(808) swaysAg jo53u0) Jo Alnosg Buibeuepy,

(S7H) Juswabeuepy uoneuloju| AUNOSS pPUBSWOH,

(d1D) siessy Aey pue ainonnselu) [eoUY) JO UORDBY0I,

(O18) suonessdp ainponssenu| oibsiens,
(SM1) ABajens Aseyin pue ‘siepiepn ‘uoleunoul,

(DD1) 8oedsi1agAD ul swLD pue wsuous |,

(vdS) @by uoneuwuou| sy ur sabusjjey) pue syybry Adeaud,

SMI |\
OIS :
uoneypasooy | | i " |suonesiunuwod uonos0Id
3 4 1 9 pue uawabeueyy | -39 m‘_:_weﬁwmcc_
c vopeoynan | sy siopes pue [29U0
YdS o suoneladp ] pue Ajunodag uoijeuloju| Bunyiomian pue
= jo @lesedn uonewdoju] | Joj Aunoag asudisjug aouBINssy
YVS va Ainunuon mepaghn 0} [eaouddy asudigug | 1aghn [eqo|9 uonewsoju|
®)
SOl |f =
~tr
=| 00D || 19D
1SH || @
®
SOS
STH
dd | 31edU1D
1e241343D OSID

"Sainjondyseljul [es1311d pue ‘swoisAs
uoniew.iojul ‘uoeulioju 3oajold ues oym sispeaj sdojerag

sweibold asueinssy uonjew.oul




gi

80/12// payepdn

afenog weuwsbeuryy ssan0say VONBULCHY)|

dseliiu/[iunuliesusisp MMM//-dNRY 'sjauueyo Asusbe 1o Jusuodwoo
13y} ybnouy; sdiysiejoyog | pue || 1oy Adde Aew siequisw pailsijus
pue s1so1jo Aseyjiw ‘seahojdws ueljinp gog (4Sy]) weiboid
diysiejoyos soueINsSSy UoeWIoU| 8y} Ul sejedioiped ab9)j0D Y| 2UL

W30 XS pUl/e1/oUWINpa NpU MMM/ dny

‘uoneonps soueInsse pue suolesado uoleWIolUI Jo) ashoyBules|o
E Se saAISs pue ‘yoseasal paljdde sia)soy ‘Buipue)siopun ssoueape
LUOIJEONP3 80UBINSSY UOIBWIO)U] J0) J8)UB)), $,860(100 NI UL

Z'1 7L 0L =AINUSN¢ WO SEISBI/ellUSPESE/eI/ACD BSU MMM/ APy
(6002-9002) ,U0EINPT 80UBINSSY UONEWLION| Ul (JYD) 90US||20XT
dlwapedy Jo Jsjua) |euoieN, e se 86800 NY| 841 pauLliyesal
ANdsg puepWoH Jo Juswiedsq pue Aousby Ajnoeg feuoneN ay |

uolneosnpg asueInNsSy UoIjeUWLIOJU|




94

80/1z/L pPaYepdn

abegon) (awaSeus)y SEUNDSTN UCTEULCH)

SPHOAN [ENUIA 104 WNILOSUOY) |BJopa4 pes| pue pajessd «
suuogeld pMA ajdiinw yum Buiyoesy pue Buiebisaau)«
JouIsiul Q¢ dAIoRIBIU| <

GNH PHOM [ENHIA

s|geieam ||«

siendwod Jybij-enn pue sygd~

SUOI}EJIUNWIWIODDID | «

sa160joutjos) sAeACUU] JO UOHEIISUOWSP UO-SPUBH <«
19jua) uonesysuowsq saibojouyds] buibiowig

SJBylo pue ‘uoneinNwis pue
Buiweb uoneuswadxs ‘alepem oLyus-yIoMlBU ‘Ajlindes puejauioy
‘Bunjiomiau [eqolb ‘yuswebeuew ssaooid ‘ainjoaliyole asudisjus «

'$898In00 ajdijnw ul pakojdeq  «
WNINoLIND juswbne pue poddns o} Buiweb pue uonenuwis Buisp  «
gnH buiwies pue uoeNWIS

S9S[019Xd SNOBUR)INLWIS 10 SUOjB-PUR)S O} 18}U8D

SISLO 9jiqow ajqeloldap & yum ‘swiean)s ejep aAl| ‘(Jeuoieussiul
pue |edoj yjoq) spasy sj|ojes buisn Buiuies) uo-spuey jnpamod <«
BJep pajejnwis 9 aji-jeal Buisn suonejnwis sisuy  «
seninoe [efuaiadxa ybnoiy) Juswebeuew sisuo yoeaj  «
19jua) juswabeuepy sisiy

Ajunodoes pue eoueinsse uonewiiojul uj sbpajmouy
paoueape pue bujuies] jeusiiadxe Joddns sariojeioqel absjjon Wil oy

Alojeloqe] uonenwis pue suoijeAouu|

B} SUOUENY UE BONEROUE! 680D Mut




L

80/12/. peiepdn

(1d1) diysiepea weiboid Abojouyda |
uonewlou|

(15) saibojoutpa
SWIDISAS
co;mgec_ _S_Eu

(dL) Juswabeuepy
129014 Abojouyda|
uolewoju|

(VL)
- uopisinboy | 216a1e45

|
C (gg)esed
M ssauisng 1| ue buipjing

‘Buiyew uolsiosp
pue ‘saofjoeld }saq ‘sawooino dibsjels pue jeaiuyos) Bupjull Buipnjour ‘syosfoid || Buipes)
Inoge abpajmouy yim Juswsbeuew joofo.d jo senbiuyos) pue sjo0o} sy) SaUIqUIOD Nd- 1]

"S)doou09 Juswebeuew weiboid pasuespe Buifidde Aq
Ajinysse2ans spoofoid asemyos pue || xajduiod pesj o} sejenpeib seieda.i

9jedlj11i99 Jusawabeuep 109loid

ABojouyosa] uolewiojuj




gi

80/12Z/. patepdn

adeyen wawabeueyy sen0SIY UOTEULCIL|

(dv3) wnonoeld ainjosyyoly asudisjug

9S.1N0)H Wwnodijoeld

(VINd) sweiboig (OV4) m (219)
21N}03lIydly mw_._a._mucm m..suomtr_o._,q =16 pLS Co_umE._OuE_
Buibeuey pue Buiuueld asudisug jelopa m 1eqo|o

s$9sIno) Ajjerdadg
(SINQ) saibojouyos ) (DY) stepeaT (14d) (dWI) Buluueq
pue saibsjens 1o} ainyos)yoly Juswanoldwl) ss800.1d Juswabeuepy
Juswabeuep ejeq asudisiug 1o} selbajeng uoljeuwlojul

S9SIN0J 9109

's9ss990.4d pauljwes)s aApoays ybnolyy paioAljap
Alpides a1e sadinosai pue ‘seoinias ‘sanjiqedes jybl ayy buunsus ‘suoneziuebio
wiojsuely pue ainjasjiyoie asidisjus abeiars] o) siepes| uonewojul siomoduwiy

9)es11199 aInjo93IYyaly astidiajug




61
80/12/L patepdn

(se@sunod Ayeroads g ‘uonepunoj g) AL onzusoll pajqeuz-uoeLLIONU|
weiboid 8si1n02-g Ue se paialo « [ Kouady-pinpy
- siapeari
JUBLLILIEACS i i SGEaraR
404 . u:w“cm_zﬁ ’ ..Gb_.un___.n._mma
S|00} SAljEWLIOJSURI) pUB gt 2
. . . sajdajen
s)Jomisu ‘eoueulanob ‘saibajens jnoge NS astiiojsie us_aﬂm

Bupjuiyy eono pue aaleslo spuedxy « gl A\ _ sanbuya
7 . 3 cho.ﬁvMﬂ:u....m
purjawoy

suoneziuebio pue ‘ABojouyos)
‘s8ss900.d ‘sjdoad uo sesnoo4 «

UoneuLio)s |
L Bsta@g A

‘abueyo jeuoneuwiojsuely Juswojdwi pue apedionue
0} sispes| Jusuwiuionob uonessusb-jxeu pue Jusiind sajeanpy

9)edlilua) uonjewlojsuel] jeuoneziuebip




74

80/12/. pajepdn

ase ssauisng
synsay buunseapy
suoijelsdQ jo Ainuuon
Buiuueld oibajens ssudiojuy
juswsAoidu] $$9901
uoeloqe|jo Aouaby-in
S18pean] Jof ainjoayaly asudiajuy
JWB sty ® Ajunoes ojuj
aby/ oju| ay} Joj diystepes

uolewojsuel | ssauisng JUsWUISA0L)
sjoo| ® ‘saibsjens ‘voddng uoisioag
Jwbpy oljojuod @ Buluueld |eyden

}SIY B 'S|0J3U0) [eusaju| ‘Bunipny
Jwbpy |eroueuly ® 196png
049 10 plopp Buibueyn

'S9S1N0D

lapesj uonewloul s,8b9jj00 |NY| sebeiana

'21niny 8y} Ojul pue Juasaid ul Jejs Jisy)
pue sQ 49 uswuianob Buioey seniunpoddo
pue sabusjjeyd snbjun uo sasnoo

‘Awepesy 040 mau Ag palosuodg

'SG|
pue syl SO Joj weiboid tspes)| o1bsjeng

11IoUN0D
040 3y} yym uoneioge}jod ui (Jajjondwo))
asusje( jo Alejaioag Jepun Ag papoddng

i800€ Iled4 ‘mMaN — ajeoayijua) diysiapes] 049




¥4

80/12// payEpdn

abefog (wawabueyy SeuN0SSY UOTEULICH|

g
et " 3 Tt 1 ¢
Selleron gt

.nqﬁul.r‘! —

290l mmﬁ_ 20U3I0g JO 12]SeN $iapeat JuawuIaA0y J0j uopedjUNWWo) J|6ajens
S19peaT JUIWUIAA0Y J0) Bupje uoispag
1S9 38y} Jo 8102 8ayj SWHOj wnnouINg - « 519peaT J0j andANYdIY asudiajug
uoppopm Aimua) 351z ay3 Buipeay
Acozmycmwm 1d / ._mamav ; uopeioqe|jo) pajqeuz-uopeursojul K>uaby-ny

aby uopew.ojuj ay3 uj diysiapeay
sjuswssasse Aq pamoj|oy

‘BUI| UO SMeam ZL-0L 10 8ouspisal
! ! cl-ol P! uonisinboy ABojouyday uoneuuoudi6aiens

Ul yoam-auo se paliajjO 9SIN0D yoeg « suopesRdo jo Anupuo)
vedsiaqd) ujsww) pue wsuouay
Rwabeuey Eepueul 3 Gupabpng _e%..z

(diysispes)| g yuswebeuew 7

BDURULIONS
‘UOIJEPUNO) Z) SOSIN0D [9A8]-a)enpelb g « [euopeziuebip Buunsesyy
ﬂBEgEaEuguu&a.gm
‘ m:_._:s%_msgma:nﬁﬁ
Bunuiy} aAjeAOUU|  w
s9oJnosal buibeuepy = siaopea]
) J1633ens 10j 24n3 N4
uoljedIuNWWOoD pue uoljeloge|jo)) euopezIueBIO 4

‘posu siapes)
pue siabeuew juswuianob seibsjess
puB S|00} [BlJUSSSS U0 S9SNJ0{ «




80/12/. patepdn

9)9|dwoo 0] s1esk uanss o} dn ‘pasinbal
92162 s.Jojayoeg pue snoge 10 -O/zZL-S9)

Juswaiinbal oljoyiod diysiapes| aAlos|joy

suonessdQ uonewIoju] u

Juswebeue 10sfold || =

3INjo8)yoLy asudiauy .

uoneuwlojsues] jeuoneziuebi

190140 uonewlIou| JBIYD =
‘saljjeroadg

(s8s1n02 G-p) suondo Ajernadg .
9102 8y} SWio} (S9SIN0D Q) 9)eoHIUa) 1SS =
:palinbail (sypaio gg-9¢) s8sIN0d €1-Z1

salouabe juswulanob |eoo| pue
‘9)e)s ‘|elspa4 ‘esusje sSo.Ioe Wolj syuedioped

SAIOBISIUI PUB SAIJRIOQE]|0D)

$9S1N0o
diysispes| pue juswabeuew Jo UONBUIGUWOD

‘uonenoLyeW

41243 Jo jurod ayy wouy uaxe} sesinos eyelidoidde oYy 104 UpaIo
ajenpeil aa192ad j|IM Spuapms ‘(1eaf dlwapede 0L0Z-600Z paredidnue)
panoidde soug ‘ssaibuos ‘s ay) pue uoneanp3 jo Juswipedacy
'S'N 9y} woly jeaosdde bujpuoad st saibag 92usios Jo soysEN SO dyy,

9)BOY11I9D 1S9O

IIPENT JUSWIWISADT S0} UOREIUNWWEY | Baeas
SAPR] WAWLIAA0D Jo) Bupymy uopag
LIIPEET J0) NN WYY a5y
PO Kinu) 117 e Buiprey
uonRicqe o) palqruI-uonewioju) Lsualy-finpy
aby vopruLou] ay) Ul diytispee

$88IN0Y
y=v3

S8SIN03 = 1O

$85UN02 § - Q12
$85IN02 § = Q)

$38IN02 § - WdLl

suondp Ajjeroadg

dalba(qg sdasepy 1S9

«(leaosdde Buipuad)

9aibaQg adualog Jo Ja)se|y 1opea 2169)el}S JUSWUIAA0Y)




14
80/12// paepdn ——

00 et ,Eﬁ e _
/ ab63]j09"Us|ep
yoa] elulbliip
uojBuiysepn jo Alsianiun
esjn] jo Ausieniun
OluOlUY UBS Je sexa] Jo AlSISAIUf
ybingsnid jo Ausieniun

S)0[ley) Je euljole) YUON jo AjsiaAiun
BUBWO Je ByselqoN jo AlsisAiun

abs|j00 Ausianiun puejiepy Jo Aysianiun
Aunod alownjeg puejliepy jo Ausioaiun
ubredweyd-euequn e sioul||} Jo AjIsIsaiun
Aossy 1018 J0 Alslaaiun

sejle jo Aysianiun

Aysionun uosmo |

Ausieniun oY sexa |

Asieniun asnoelAg

Ayisisniun sieys obsig ueg

ABojouyos | Jo anysu| i8iseyooy

Asisnun sibsy

Austoniun ouyosihiod
Ausianiun soeyd
AistsAiun yoimioN
Alisianiun ulelsesyloN
Yoo | OOIXSN MaN
Ayisisniun sjess iddississipy
Ayisieniun sunydoH suyor
Ajisisniun uosipepy sawep
Ayisisniun uoseyy abioex)
Yoo | epuoj4
Ajisianiun euijole) jseq
Ayisisniun uebiyoipy ule)seg
Ausieniun jexeaiq
Ausioniun uosws)n
Ausisaiun uebiyoipy jesusn
abajj00 jopden
Ausionun wingny
ABojouyos jo snysu| 20104 Iy

AAAAAAAAAAAAAAAAA A
AAAAAAAAAAAAAAAAAAA

'suoppmsul pajipaiooe Ajjeuoibal asay) ye sweiboud so.bap jeiojo0p
pue s isjsew pajosjas piemoj sjipald ayenpelb -6 Aldde ues sajenpesb 8baj10D Wy

siaulied olwapeay




ve

80/12/. psyepdn

sfoyny) uswebsuey saun0sey LOTBULIOH

(000zZ Aep)
S8Wwll | [eloueul4 UOpUOT WOl plemy
Uoneonp3 ajejodio) ul 9ous||9ox3,

(000Z JoqwanoN) abueyoy Aysieniun
sjelodio) wouy uoneziuebiQ Buiuses
JUSWUIBA0Y) 10} piemy ©2110eld }sag,

(100Z Pue 2002) P1EMY 001 |elopad

(z002
aunr) piemy Jezejqes | JUSWUIBA0D)

(€002 Aew) Ansnpur ypm Buusuped
10} piemy yui uspjos) Y304y

($00Z 12903100)
plemy diysispes JuswulsAog

|eJopa 83 Ul Jlom-g|o |

(6002-9002) uoneonp3 aoueinssy
uoljewloju] ut (3y9D) 9ous|jeoXg
JlWapedY Jo Jojus) JeuoneN

(L00z Arenigay)
abueyoy Aysieniun syelodion

woul sdiysiauped absjjon/eresodion
ul piemy aoioeld jsag,

(8002)
sweibolid a1eoyipal [euoisss)old
}seg ‘splemy suizebepy DS ‘isijeui

'SjuswdAdIyoe bujpuelsino 1oy pazjuboosal usaq sey abajjod Wy|

uoniubooay pue sjusWdA3IYIY




5 g
80/12/2 palepdn e

et T T e e .
oy T AR L o P o
A e R sy P

8beyo] wawaleueyy SaN0SaY LONBULCHU)

9905-61£0¢ O ‘HeNOW Ho4

SNUBAY ,G 00¢€

IleH lreystep ‘29 buipjing

ab3jj09 Juswsbeuep saoinosay uoljewsou|

Ajisisnlun ssusgeq |euoneN
:ssalippy buljiepy

A

DI0"8D3||OOWLI MMM/7-dRY :869]100 Y| @Y} JO uoneIoossy

A

Jul/nps npummm// duy -DJISOSAA Omw__OO NS

A

NP9 NPU@IEASIDEYDINYI 00£9-G89-202 ‘9210 s Jesisiboy

A

NPe NPUSIRNIND ‘G88¢-689
~C0C -uolensiuipY pue sjuspnis Jo ueaq ‘IouINY [jessny I\

A

npa'npu@s|siuepd $88¢c-G89-20Z ‘swelboid
Olwspedy pue A)noe4 jo uea( ‘[BIuedop uiagezig 1q <«

NP9 NPU@SPIIYD -988€-G89-20T '103081Iq ‘SP|IYyD "d Heqoy Ig <«

nps Npu@dylitlusiadoos
'L112-689-20Z 'unwsiadoo) eidued — sdiysisuped olWspesy  «

sjoejuo) abasjjoo NI




