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EDITORIAL

Happy New Year for 2017.
The changing of the guard has taken place and we welcome Chris Pappas into the chair for this year. There are
certainly many challenges that lie ahead, old and new and congratulations to David Acosta for steering the ship in
2016.
This issue concentrates on an underlying educational problem in this State (and some others) of student enrollment
and the massive effort it is going to take to get more practising surveyors registered to keep the profession going.
Most of us are keenly aware of the dire situation at NMSU and the surveying program there. The NMPS board
has undertaken to help improve the situation, both in conjunction with NMSU and also with NSPS on workforce
development.
It is tough enough to get the funding and scholarships to be able to attend a university or college only to find all
sorts of other issues to deal with upon graduation. In my view one of the biggest obstacles to the private surveying
industry is the issue of benefits, the main one being medical insurance. As it stands now graduates are covered until
age 26 under their parents plans. What happens after that? It is my view that most graduates now are simply going
with the bigger companies, local or state authorities and government entities for this very reason. One would hope
that as a surveying graduate, the annual salary would be much higher than the scaled poverty level used by the
government to determine if tax benefits can be used to bring down the premiums paid. But, for a 30 something year
old , married with a few children and an annual adjusted gross income it may well be that there might be a break in
the premiums to be paid (talking about private insurance). The problem is that deductibles and annual out of pocket
expenses have increased so much that even if the premiums are affordable, the rest may not be. So the struggle begins and fast forward to an age of 45 to 55. Children are out of the home, health issues are starting to develop and
therefore premiums are increasing markedly in tandem with the age bracket. Without any premium subsidies these
premiums start increasing and blowing away any comparison with CPI or cost of living estimates. Many of those in
this bracket and beyond find that spending up to a quarter of annual income (for a married couple) is just unaffordable, never mind the increased deductible and out of pocket expenses. Sadly, some of the comments that have been
heard in speaking with fellow surveyors include the wish to be 65 already, to utterances of well maybe it is time to
find a government job. Something has got to give!
Big thank you to Earl Burkholder and Knud Hermansen for their contributions related to education, affordability
and other big issues. It is good to know that we have another functioning calibration base line in Las Cruces (NMSU
Leyendecker Farm). Thanks to Kurt Wurm and a couple of the graduate students for the informative comparisons
done on the base line. Ron Forstbauer has been doing a great job keeping us up to date on the doings at CNM. To
both the CNM and NMSU students competing in the national student competition, we wish you all the best.
Thanks to Jack Kesler for making all of his work available to the public, this will be an ongoing project to include
all of his programs available.
Barry

Submission Deadlines:

March 2017 - February 15, 2017

Front cover: Construction Staking at UNM, Michael
Cordova of Construction Survey Technologies, Inc.
Back cover: Marcus Cordova of Construction Survey
Technologies Inc., near Ojo Caliente with Valles Caldera
in the background. Photos sent in by David Acosta

Editorial Policy
Benchmarks is published bimonthly by New Mexico Professional Surveyors. Unless copyrighted, articles may be reprinted in other professional publications provided that proper attribution is made to the
author and to this publication. All submissions are welcome and should be made directly to the editor
at barryphillips.pls@gmail.com. Submission of an article does not guarantee publication. We reserve
the right to edit all submitted material, and no material will be returned. The opinions expressed are
those of the author and are not necessarily those of NMPS, its officers, members, or associates.
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President’s
Angle
David Acosta, PS
(2016 NMPS President)
and
Chris Pappas, PS
(2017 NMPS President)
January 2017

Hello Everyone,
I would like to say that it has been great serving as the President of NMPS this past year. I am very
grateful for the opportunity to represent NMPS and also for the relationships that I have established in
the past three years. I encourage all of you to be a part of your nearest NMPS Chapter in order to provide
support to our Surveying Community. It is in our best interest as Surveying Professionals to be a part of
a group that seeks the best for our ourselves and the public. There is a lot to look forward to in 2017 as
future President Chris Pappas has a great Conference in the works as well as other initiatives to ensure a
great future for Surveying in New Mexico.
Best Regards, David Acosta
Hello All,
As the incoming president I will be taking over for our President, David Acosta, who has done an
exemplary job in this last year. We have faced many obstacles dealing with the potential cutting of the
NMSU surveying program to the possibility that the BOLPEPS may change the educational requirements
to obtain licensure. I will try to fill his shoes and keep the NMPS moving forward.
We will face some battles this coming year also with fundraising and boosting enrolment at NMSU. We
will also begin working with the NSPS on workforce development.
One of the first duties for the incoming president is to set up the annual conference. I decided to change
things a bit, this year we will have the conference at the Sandia Resort and Casino in Albuquerque. The
resort offers many different opportunities for the people attending the conference, such as golf, spa, award
winning restaurants, shuttle service, etc. The theme will be "Digital Overload". I picked this theme
because it seems we are bombarded with too many options and new tools to survey with. I really want to
explore some of these options and how they affect our daily workflows. I encourage everyone to attend
the golf tournament that will be held the day before the conference. It should be exciting, it will be at
Sandia and will have many interesting prizes.
It is going to be a busy and an exciting year and I hope to serve the NMPS and the surveying profession
to the best of my abilities. Thank you.
Chris Pappas, PS
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Additional
Concerns
Earl F. Burkholder, PS, PE, F.ASCE

Global COGO, Inc. - Las Cruces, NM 88003
Email: eburk@globalcogo.com URL: www.globalcogo.com
January 2017
The November 2016 issue of Benchmarks contains the fifth of five articles written in the context of the NCEES effort to examine the Future of Surveying. Moving on, this article is called
“Reflections and Aspirations.” Specifically, the reflections relate to possible elimination of
the Surveying Engineering Program at NMSU and my aspirations promote the vision that the
surveying profession will ultimately embrace the challenge of providing additional leadership in
beneficial use of 3-D digital spatial data.
***********************************************************************************
Cards on the table – My loyalty is to surveying. In my career, I’ve enjoyed the luxury of being able to
earn a living doing what I enjoy. I’ve made many friends and the profession has been rewarding in many
ways. I’ve also made mistakes and I’ve trampled on toes where I should not have. Understand, it happened
without malice. Even now I share what I feel will benefit the profession with the goal of respecting the
views of those who see things otherwise. But I will cling tenaciously to the vision that surveying is (or
can be) just as equal as any other profession. Collectively, we have much to offer society. Although the
digital revolution has imposed a huge learning curve on our profession, learning can be fun, enjoyable,
and even profitable.
Although my entry into surveying was as a draftsman, my first job out of college was with an international
engineering firm serving the utility industry – worldwide. Yes, I’ve helped build high-voltage powerlines
throughout the US and on two other continents. That is beside the point. More to the point, the unofficial
motto of the company was, “time and money being no object, Commonwealth engineers can do anything.”
Our optimistic division manager was a fan of Muhammad Ali, known for pounding his chest and saying “I
am the greatest.” Our manager wanted us all to be more like Muhammad. In making the case for additional
staff professional development, my boss and I reminded our manager on several occasions that Muhammad Ali endured countless hours in the practice ring honing his skills in support of his greatness claim. In
short, he earned it. Should we do any less in the professional arena?
My employer, Commonwealth Associates Inc., paid me well but I realized that I needed more education - hence back to graduate school at Purdue University. From there, I went on to teach upper-division
surveying classes at the Oregon Institute of Technology (OIT). As the polytechnic institution within the
Oregon State System of Higher Education, OIT had (at the time) no graduate programs (they do now).
Our mission was to prepare students for productive employment. Institutional leadership took the mission
seriously and OIT excelled in two areas – student advising and curriculum design. Consequently, OIT
grads were aggressively recruited and our grads established an enviable reputation for the institution.
On the curriculum side, the OIT BS Surveying Program was designed in the early 1980s and evaluated by ABET in 1984. Ours was one of the first two BS Surveying Programs to be accredited by the
ABET Engineering-Related Accreditation Commission (ABET/RAC) – now called the Applied Science
Accreditation Commission (ABET/ASAC).
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With proliferation of personal computers, GPS, and GIS, the impact of the digital revolution on surveying increased dramatically during the 1980s. Yes, it was an exciting time to be teaching surveying and I
count my 13 years of teaching at Oregon Tech to be the highlight of my career. Even though I enjoyed
teaching and was involved in the larger professional community as Editor of the ASCE Journal of Surveying
Engineering, I wanted more. I was granted a sabbatical leave from OIT for the 1990/91 academic year and
spent most of the year at the University of Maine learning more about GPS and other innovations. Long
story short – that is where the seeds of the concept now known as the global spatial data model (GSDM)
were planted. That sabbatical was the most productive year of my life.

7

Recognizing the power and simplicity of solid geometry for handling 3-D digital spatial data and realizing
that the surveying profession could enjoy huge benefits by embracing a 3-D spatial data model, I decided
to leave teaching and build a business on capturing the value of the third dimension. It was an exciting
5 years during which time I did a lot of work for the Southeastern Wisconsin Regional Planning
Commission (SEWRPC). Notably, while self-employed:
-

I did OK financially, but I learned that I am not a gifted entrepreneur. My wife wanted a steady 		
income.
I incorporated Global COGO, Inc. and obtained the BURKORDTM trademark.
I began writing a book, “The 3-D Global Spatial Data Model” - published by CRC Press in 2008.
I realized that I had tackled more than I could handle with business, writing, and software
development.
When the opportunity came to return to teaching at a research university (with Dr. Reilly), I
took it.

My decision to apply for employment at NMSU was well informed. While at Oregon Tech I wrote a
chapter on “Geodesy” for The Surveying Handbook compiled by Roy Minnick and noted Elementary
Surveying author Russell Brinker. A stickler for detail, Mr. Brinker taught me a lot about writing. Oh yes,
Mr. Brinker was CE Department Head at NMSU in the 1960s. I was also aware that the BLM sent Doug
Wilcox to NMSU in the 1980s to assist in developing a surveying program. And, I had an opportunity to
visit NMSU in June 1990 as a candidate for administering the surveying program. A correct decision was
to hire Dr. Reilly for that position. When a teaching position became available at NMSU in 1998, I was
happy to apply and to be hired.
While employed at NMSU I had the opportunity to teach advanced surveying classes as well as beginning-level classes. My peripheral interests in 3-D were compatible with my teaching responsibilities and
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I contributed to the NMSU program in a positive manner. As a previous Editor I was familiar with the
mandate for university faculty to “publish or perish.” I wrote and published articles because I wanted to
broaden the (3-D) knowledge base for surveyors. Such publications supported my case for tenure but my
motivation was otherwise. I became an ABET Program Evaluator while still at OIT and I had the opportunity to serve on an ABET Commission while teaching at NMSU - serving as Chair of the ABET/RAC
during 2000-2001. Although the ABET experience provided significant insight into the accreditation
process. I am still looking for an answer to the question, “Is a program good because it is accredited or is
a program accredited because it is good?” It seems too many administrators get it backwards.
I am a firm believer in the capitalistic system in which goods and services are marketed in a competitive
environment. Furthermore, I believe that each person is to be responsible for making informed
decisions as a consumer. And, I believe in a robust system of checks and balances in which exploitation
of the consumer does not get out of hand. That is where the licensing board finds a niche of “protecting
the public against incompetent practice of engineering and/or surveying.” But, who “checks the checker?”
Our licensing boards have a long well-established reputation for many policies and practices but, in my
opinion, the impact of the digital revolution has created a challenge for our licensing boards that needs
to be addressed. I am not questioning the dedication or integrity of persons serving on our boards but I
cannot remain silent when the NM Board of Licensure for Professional Engineers and Professional Surveyors (BOLPEPS) adopts minimum standards for surveying in which elevation is listed as a necessary
part of basis-of-bearing. Technically, the two are quite irrelevant. It is harsh to say and I wish it were not
true, but that falls under the definition of incompetence. Hopefully, the BOL (with input from NMPS)
will take the necessary steps to correct that defect.
Use of vendor software is another challenge each BOL needs to address. Vendors are smart and in business
to make money – that is our system. But, vendors are not bound by the same canons of ethics as licensed
professionals and, for various reasons, are not subject to BOL oversight. BOLPEPS grants a license to a
person, not to a company. To my knowledge, there is no clear-cut demarcation between individual responsibility and corporate responsibility with regard to who makes the tool and who uses the tool. Like many, I
object to excessive regulation and vendors are to be commended for self-regulation. But, challenges exist.
An exaggerated example is the Light-Squared fiasco of several years ago. More subtly, the use of a low
distortion projection (LDP) is an example that needs careful attention. Don’t get me wrong, a LDP can be
used beneficially but there are many opportunities for a LDP to be misused with unintended consequences.
Is the public an unwitting victim?
What does all this have to do with eliminating the surveying program at NMSU? Lots!
If we go looking for hypocrites I’m probably one of the first you will find. That is my problem. We need
to acknowledge our imperfections and move on together. I’ve encountered three attitudes that seem to get
in the way of real progress. While it is not my place to be judgmental, but I believe honest discussion of
issues has little room for the following attitudes:
1.
2.
3.

The rules were made for someone else.
I’m not guilty if I don’t get caught.
The right (authority) to make a rule, makes the rule right.
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Aibot X6

Flexible
surveying &
geo-mapping

With the Aibot X6, you can generate
data for orthophotos, 3D models, and
point clouds in high density with great
accuracy. Flight planning software makes
it simple to obtain photogrammetry, all
while saving time and money!
• Safely go where conventional equipment can’t reach
• Point cloud generation, volumetrics, GM creation
• Creation of location & inventory plans, topographic
images, planning fundamentals, and aerial photos

Call today for
your demo!
505-343-0007
www.HOLMANS.com
6201 Jefferson St NE, Albuquerque, NM 87109
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Challenges of Replacing the NAD 83, NAVD 88, and IGLD 85: Exploiting the Characteristics of Digital Data
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There are also several principles that apply to problem solving.
1.
It takes money to solve problems.
2.
Spending money does not solve problems.
3.
People solve problems.

11

My aspiration is that surveyors and the surveying profession continue to embrace the challenge of defining and protecting property boundaries. That is fundamental and many are doing that in a constructive
manner. The added challenge I see is that of using 3-D digital spatial data in a competent manner and
standing toe-to-toe with other professionals who use spatial data. Collectively we have a lot of catching
up to do. That is why I advocate a radical overhaul of surveying education and raising the bar on professional licensure. We will not get the respect we deserve from other professionals until we do. One way to
do that is to eliminate the existing NMSU Surveying Engineering Program and to start over – from scratch.
That means all stakeholders need to hold serious discussions about the role of surveyors in society, about
the use of technology, about the need for professional licensure, about opportunities for education, about
establishing and enforcing appropriate minimum standards, about continuing education for current licensees, about ethics and running a business, and about interdisciplinary use of spatial data – there are others.
I’ve laid out a challenge that will probably extend beyond my lifetime but my sincere aspiration is that
the surveying profession will embrace the challenge, both from the top down and from the bottom up, and
be recognized by society for the dedication, diligence, and hard work it takes to achieve parity with other
professions.
I had the opportunity to present a poster at the American Geophysical Union Fall Meeting in
San Francisco on December 13, 2016. That poster is printed on a separate page and is available from
the following link www.globalcogo.com/poster.pdf. The poster describes implementing the 3-D global
spatial data model for all spatial data users. In my opinion, there is no reason that surveying professionals
should not be leaders in that transition. But, that will require a huge commitment on the part of many. It
is an opportunity we should not ignore. Δ

412 N. Dal Paso
Hobbs, NM 88240
Tel: (575) 393-3117
Fax: (575) 393-3450
www.jwsc.biz
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Affording a Surveying Education
by
Knud E. Hermansen
P.L.S., P.E, Ph.D., Esq.

I am a faculty member in the surveying program at the University of Maine and a parent of three college
educated children. I am often asked, mostly by parents, what financial aid is available for their children. I
will share the guidance I provide on the subject of how to afford a quality four-year surveying education.
Apply for Surveying Scholarships —Almost every state surveying society has scholarships available for
aspiring surveyors. National professional societies such as the National Society of Professional Surveyors
have scholarships available to students (http://www.nsps.us.com/?page=Scholarships). Scholarship committee members often lament how few scholarship applications they receive. The fact is that a majority of
surveying students do not apply for the numerous surveying scholarships that are available.
In order to encourage students to apply for scholarships, I will often suggest to students that the hour or
two that may be required to prepare a complete and quality application will often garner some of the best
hourly pay the student will ever earn. To obtain a $2,000 scholarship for two hours of effort is equivalent
to $1,000 per hour.
My advice is usually ignored. (I suspect if the parents heard my advice, more scholarship applications
would be forthcoming from their children.) Accordingly, those students that do apply for a scholarship
have an excellent chance to obtain a scholarship. The odds of receiving a scholarship are much better than
any lottery.
Apply for Work Related Scholarships — Many employers offer scholarships to employees. In the past, the
Bureau of Land Management (BLM) provided educational funding for students that worked for the BLM
as summer survey interns. Several private surveying firms often provide scholarships to summer interns
upon their return to college after working for the firm during the summer so long as there is a commitment
to work for the firm in the future.
The most notable work related scholarships available to employees are National Guard and military reserve scholarships. Serving one weekend a month and two weeks a year will often provide a student with
full tuition toward a four-year degree.
Apply for General Scholarships — Numerous colleges offer general scholarships to students. Scholarships are often available to students that are in certain disciplines, the residents of certain towns, members
of certain minority ethnic groups, or have achieved notable academic standards.
Community College — Students can save considerable tuition expense by attending a community college. Tuition is often considerably less at community colleges when compared to the tuition for similar
courses at a four-year university. Students should be encouraged to take as many credits as possible at a
community college.

14
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Mathematics, English, speech, physics, and many other general subject classes can be taken at a
community college. These courses will usually transfer to a four-year surveying program. If there is
some doubt, check on transfer credits at the four-year program before taking the course at a community
college.
Students that are intending to embark on a surveying career should consider getting an associate degree
in surveying at a community college before transferring to a four year surveying degree program. In the
alternative, the student can take almost all their general course work at a community college and take
the engineering and surveying courses at a four-year college in order to complete a degree requirement
leading to a bachelor of science degree in surveying.
Advice to My Children — While I have given this advice to many students and parents, parents are curious and have asked me what advice I gave to my own children. How did I handle financing my children’s
education? My advice to my three children was simple and direct. They could go to any college they
could afford.
I see so many young students enroll in university programs that have very little future for employment
(not so in surveying). Students enrolled in majors without future employment prospects will pile up debt
with little hope for paying off the student loans in a reasonable period, if at all. At least half of the students
at the campus where I teach would have a much brighter economic future and more rewarding career had
they gone to a technical school and learned a trade rather than attend a university where they majored in,
for example, Medieval Literature.
To further compound their future financial difficulty, many students attend expensive private colleges
where the students enroll in majors with little prospect for future employment.
My advice and opinions were communicated to my three children. My daughter and son became
engineers. My youngest son is a nurse. All are gainfully employed without student loan debt. Two financed their education with Army scholarships. One financed her electrical engineering education with a
merit scholarship that covered all four years of her education.
In closing, you might ask how I funded my own education. I used the G.I. Bill (Marine Corp veteran).
I followed the advice I gave. I earned a two-year degree before transferring to a four-year program. My
graduate degrees were funded by my employment as a teaching assistant. I will also give credit to my
wife who also worked to support the family while I attended college.
I hope this advice helps prospective students
and parents. We need more surveying students.
In 2016, surveying graduates had at least three
employment offers each. Surveying is a great
major and rewarding career. Encourage more
students to enroll in a surveying program and
give the prospective students and parents my
advice. Δ
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It has been four years since I reported about the damage done to the EDM calibration baseline at NMSU
due to construction (one of the monuments was in the NMDOT ROW, another was destroyed during the
construction of the new school facility along Triviz Drive).
One of my greatest difficulties was to locate
a site publicly accessible property, serviced by roads and meeting the rigid site selection criteria given by
the National Geodetic Survey, which include length and slope requirements. I secured a funding grant to
accommodate the financial impact of the construction, and with careful scheduling with NGS officials, no
additional costs were encountered for that portion of the project. Official observations were made in May,
2016 – several members of the NMPS Southern Rio Grande and the TSPS Paso del Norte stopped by the
project site, and we all enjoyed a great dinner at La Posta de Mesilla. Our NGS visitors were warmed by
the camaraderie and fellowship from the profession. The baseline officially was published in July, the description as well as published data are available at: http://www.ngs.noaa.gov/CBLINES/calibration.html

Several potential sites were investigated, finally selecting a site at the NMSU Leyendecker Farm, an
agricultural research center – with support and approval of the NMSU Agriculture College, it is located
along the farm service road near the Rio Grande Levee, very much in-line with the boundary of the IBWC.
Prior to construction, several concerns were raised the proximity to the river, soils suitability, and such.
A local geotechnical engineering firm performed test borings and provided initial soils profile, which was
independently verified by two other leading engineers at the university. The 18-inch diameter, 10 ft. deep
foundations were bored, reinforced concrete foundation poured and allowed to cure through the winter of
2015-16. Bollards for safety were installed which protect the monuments, the users of the baseline, and
provide for excellent visibility for monument recovery and use. The baseline is approximately 950 meters
long. Students were called upon for assistance by providing us with stakeout and references, and later
in performing double-run levels. In the Fall 2016 semester, these two fine students (now graduates) conferred with me about an interesting and different type of senior project. We discussed the fact that many
of us use reflectorless (pulse laser) EDM technology regularly, yet calibration is seldom performed. We
set out to determine two primary things: 1) what is the actual effective range of the pulse laser technology
and 2) how does the accuracy compare with traditional infrared EDM. I’m pleased to share with you all,
the results of the project. - Kurt Wurm

Comparison of Retroreflector EDM
to Reflectorless EDM
Ramon Dominguez, Jeremy Baker
Under the advisement of Dr. Kurt Wurm

Abstract
The purpose of this experiment is to evaluate the difference in measuring capabilities of electronic
distance meters with a retroreflective prism and with reflectorless applications. Using the published NGS
Leyendecker Calibration Baseline (2016), reflectorless EDM observations were compared to retroreflective prism EDM observations. The EDM using a prism was capable of measuring longer distances, and
has a slightly higher repeatability, however the reflectorless EDM is a very suitable tool for many survey
applications.

continue on page 18..........
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Introduction
Many people use a reflectorless EDM to determine the location of points and objects. A reflectorless EDM
has limits in ability to measure longer distances, and precision of the exact object being measured because
of the spread of the signal over distance. The general use of reflectorless EDM only for those measurements that do not require a high level of precision implies that it is not as precise as an EDM measurement
with a prism. A prism refocuses the signal received and sends it back to the instrument, and is a very precise measurement tool, used to collect precise observations. Given the difference in the uses of the two
different observation methods, our hypothesis is that there is a significant difference in distance observations collected using reflectorless EDM and those collected using of EDM with a prism.

Methods
Using the Leyendecker Calibration Baseline, four EDM observations per known distance, and measured
every distance possible on the baseline from each station. We performed the experiment over two evenings, at the same time of day, under similar weather conditions, using a Brunton Sherpa thermometer and
barometer to adjust temperature and atmospheric pressure settings in the instrument. We used the same
Leica TS02 total station for our respective reflectorless EDM, and EDM with prism observations, and used
the internal curvature and refraction corrections as well as the corrections for temperature and pressure
built into the TS02.
In order to minimize thermal expansion, wooden tripods were used for both instrument and target set ups.
The targets used were a standard 34.4mm offset Leica prism for the retroreflective prism EDM observations and a 0mm offset 6-inch plate target for the reflectorless EDM observations. The targets were placed
over the points using a calibrated tribrach.
After observing all possible distances from each station setup using both methods, the data was compiled
and entered into Mathcad for performing the least squares analysis and obtaining scaling factors and a
constant errors for both methods. The published distance observations were used to compare each method of observations separately to the standard. Then using the standard and least squares, variances and
standard
deviationsThese
werestandard
computed
for each were
method
of to
distance
observations.
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observations.
deviations
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two methods,
wereand
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of the difference
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if there is
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between
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two
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the the
respective
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use
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with theof
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two methods
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The following
equation
was used
to evaluate
the two
usingusing
the EDM
calibration
baseline:
baseline:
S Da  C  Dh  Da  Vdh

where S is the scaling factor, Da is the published distance, Dh is the observed distance, C is a
constant error, and Vdh is the residual error.
Results

a

h

a

dh

where S is the scaling factor, Da is the published distance, Dh is the observed distance, C is a
constant error, and Vdh is the residual error.
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More distances were able to be observed using the retroreflective prism, as the reflectorless
EDM
was limited
about
meters. At
distances
greater than 550
meters,
thereflectorless
return signalEDM was
More
distances
weretoable
to 550
be observed
using
the retroreflective
prism,
as the
was
too
weak
to
be
detected,
even
when
using
a
larger
target.
The
scaling
factor
limited to about 550 meters. At distances greater than 550 meters, the return signalobtained
was toowas
weak to be
8.2
ppm,
with
a
constant
of
-0.0019m.
The
variance
for
each
observation
is
as
follows:
detected, even when using a larger target. The scaling factor obtained was 8.2 ppm, with a constant of
-0.0019m. The variance for each observation is as follows:
0
0

-0.000003838

1

-0.000613439

2

0.002011569

3

0.000792367

4
V  A  X  L  5

-0.000301942

6

-0.000476956

7

0.000056445

8

-0.001976067

9

0.000157537

10

-0.000433868

11

-0.000891069

0.001679262

The observed distances do not vary much from the
published, known distances of the EDM calibration
baseline, the highest variance being just over two
millimeters.

Since the longest of these distances were unobtainable with reflectorless EDM, the measurements were
restricted to those shot by both methods and the following residuals were obtained with retroreflective
prism EDM:
Since the longest of these distances were unobtainable with reflectorless EDM, the
Variance
measurements
were restricted to those shot by both methods and the following residuals were
AB
-0.000002
obtained
with retroreflective
prism EDM:
BA
AC
CA
BC
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CD
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-0.000612
0.001940
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0.000016
-0.000545
-0.001002

The The
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andand
thethereference
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referencestandard
standarddeviation
deviationfor
forthese
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+/-0.001018623
meters.
observations is +/-0.001018623 meters.
For the reflectorless EDM observations we found a scaling factor of -2.559ppm, with a constant error of
0.00195
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between staFor the
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wefollowing
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tions,error
and of
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meters. The accuracy is shown by the following variance from the known
distances between stations, and our observations:
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-0.00239
0.00272

observations is +/-0.001018623 meters.
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For the reflectorless EDM observations we found a scaling factor of -2.559ppm, with a constant
error of 0.00195 meters. 2017
The accuracy is shown by the following variance from the known
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distances between stations, and our observations:
AB
BA
AC
CA
BC
CB
CD
DC

Variance
-0.00239
0.00272
0.00256
-0.00277
-0.00070
0.00029
-0.00111
0.00140

The highest residual being just under 3mm and the standard deviation for the reflectorless EDM observahighest residual
being just under 3mm and the standard deviation for the reflectorless EDM
tionsThe
is +/-0.00227696
meters.
observations is +/-0.00227696 meters.
These values are tabulated in the following table:
Observations Known

Observed
R

Observed
RL

A-B
119.9456
119.9447
119.9496
B-A
119.9456
119.9453
119.9445
A-C
399.9136
399.913
399.912
C
- A values are
399.9136
399.9142
399.9173
These
tabulated in
the following
table:
B-C
279.9681 279.96896
279.97
C-B
279.9681
279.9684
279.969
C-D
549.9209 549.92393
549.9226
D-C
549.9209 549.92438
549.92

RL=Reflectorless

R=Reflector

Variance RL

Variance R

-0.00239 0.00000217
0.002715
-0.000612
0.002562
0.00194
-0.0026957
0.00072
-0.0006757
-0.000517
0.0002948 0.0000163
-0.001114
-0.000544
0.0014
-0.001

Reference Standard deviation using a retroreflector: +/-0.001018623 meters
Reference
Standard
deviation
usingusing
a retroreflector:
meters meters
Reference
Standard
deviation
reflectorless+/-0.001018623
EDM: +/-0.00227696
Reference Standard deviation using reflectorless EDM: +/-0.00227696 meters
Using these reference standard deviations and an F test with N = 6 for both sets, and a null
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that thestandard
two variances
are not
different
from
each
other,
a 0.07
level of that
Using
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and statistically
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significance,
the
null
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is
rejected.
When
testing
at
anything
less
than
that,
the
null
the two variances are not statistically different from each other, at a 0.07 level of significance, the null
hypothesis
cannot When
be rejected.
hypothesis
is rejected.
testing at anything less than that, the null hypothesis cannot be rejected.
Conclusion

Conclusion

The ratio of our variances is statistically different from 1 above a 93% confidence interval. This
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and1the
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ratio of that
our variances
is statistically
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a 93% confidence
interval. This
statistically
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93%, ourdifferent
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that the
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EDMfor
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anddistances.
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EDM observations
statistically
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the variances
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otherabove
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confidence
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93%,
our null hypothesis
that between
the variances
the
two
variances,
however,
is
miniscule.
The
difference
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the
reference
standard
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are equal to each other cannot be rejected. The difference between the two variances, however, is ministhe twoinobservation
methods
is approximately
one millimeter,
implying methods
that
cule.between
The difference
the reference
standard
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the two observation
is approxireflectorless
EDM
is
suitable
for
many
survey
applications.
mately one millimeter, implying that reflectorless EDM is suitable for many survey applications. Δ

Benchmarks-January 2017

21

As can be seen below, this is the first in a series of descriptions of the TI84 Programs that were
mentioned in previous Benchmarks issues in 2016. To refresh your memories, this is the work that
Jack Kesler has kindly put together, the programs of which are available online. After careful
consideration given to the length of some of the material, we decided that a link will be provided to be
able to access all the material, including the programs.
Thanks to Jason Foose for hosting and sharing the link below:
https://drive.google.com/drive/folders/0Byv79l1-tINAdUxsZXI3MlJGNDg
Editor

BEARING, AZIMUTH, ANGLE
COMPUTATIONS AND
FILE SETUP UTILITIES FOR
THE TI84 FAMILY
OF HANDHELDS
by
JACK M. KESLER, RLS, USMS
3/1/2016
INTRODUCTION:
This is the first in many articles to come relating the field of
surveying and the Texas Instruments handhelds. The first
items to be covered here are a few simple utility programs
designed to set up the data files; the work lists and some
elementary conversion tools.
The first program to be discussed is entitled: SETCRDF.
This utility will aid in creating the coordinate data file and
preparing the work lists. The second program is entitled
ANGUTL and contains simple routines for saving time computing azimuths from bearings, computing bearings from
azimuths, computing angles given bearings or azimuths
of two lines and a quick slope distance reduction (without
corrections).
A monograph entitled RTOP_PTOR is available on line which
goes into depth about using available TI-BASIC functions to
convert coordinates to azimuths and provides a sample to work
with the functions if interested. The programs are also available
on line.
My email address is jkesler@citlink.net should questions arise.

Jack Kesler,
and then......

now
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SURVEYORS WORK WITH THE LATEST TECHNOLOGIES SUCH AS: GPS, UNMANNED AERIAL
SYSTEMS, AND LiDAR.
SURVEYORS FILL A VITAL ROLE AS ACTIVE PARTICIPANTS IN SOCIETY; THEY DETERMINE
PROPERTY BOUNDARIES, LAY OUT BUILDINGS AND INFRASTRUCTURE.
SURVEYORS WORK CLOSELY WITH ENGINEERS, ARCHITECTS, REALTORS, LAWYERS AND
GOVERNMENT OFFICIALS.
SURVEYORS CAN CHOOSE TO WORK INDOORS OR OUTDOORS; PERFORM FIELD SURVEYS OF
VARIOUS TYPES, CONDUCT RESEARCH, AND PRODUCE MAPS.
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Central New Mexico Community College
Surveying Department News
Ron Forstbauer, PS
Surveying/CAD/GIS Instructor
Central New Mexico Community College
rforstbauer@cnm.edu

CNM Open House
In November, the Surveying, GIS, Architectural/Engineering Drafting Technology and Construction
Management departments held an open house to foster interest in our programs. The event was very well
attended and the surveying department received exceptional support from the surveying industry. Several
organizations set up displays and interacted with current and prospective students.
Displaying at the open house were:

David Acosta - NMPS President (Construction Survey Technologies, Inc.)
Chris Pappas – NMPS President Elect (NMDOT)
Will Plotner (Cartesian Surveys, Inc.)
Cliff Spirock (NMBLPEPS)
Bob Green (Vectors, Inc.)
It was a busy evening and there were many other professional surveyors in attendance. I apologize if I
missed you and thank everyone for making the event a success.

NMPS Poster Contest
Will Plotner, chair of the NMPS Educational Expansion Exploration committee, held a poster contest for
surveying students this fall. The posters were designed by CNM students and will be used to attract high
school students to a career in surveying.
The CNM winners and recipients of scholarships were Corina Chavez and Kalsey Chavez (no relation).
The posters are exciting and very professional. They will be placed in New Mexico High Schools.
(see page 25 and page 27)
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Do you like Computers, Mathematics and Outdoors.? Allow me to introduce
you to Land Surveying.

http://www.teunisensurveying.com/img/logo-teunisen-surveying-and-planning.png

http://image.slidesharecdn.com/whatislandsurveyingandwhoarelandsurveyors

http://www.uwyo.edu/

gbcnv.ed
http
://

Li • Dar: Light detection and ranging a remote sensing system that uses pulsed laser
light to capture the exact location or shape of a distant object in 3 dimension

http://www.mena3d.com/

3D Laser Scanner:

Produced by Penn State Public Broadcasting

Uses a laser beam which is reflected back to scanner by an
object. The distance is measured in millimeter accuracy by the
phase shift between the sending and receiving beam.

http://www.diamondlandsurveying.com/

media.licdn.com

If you are interested? Please contact Joe Schaub at Applied Technologies
505-224-3185 or E-mail technology@cnm.edu

Produced by : Kalsey Chavez 11/01/2016
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Scanner Demonstration - Bob Green (Vectors, Inc.)
Bob Green of Vectors, Inc. brought his scanner over to CNM and demonstrated its operation for our
students. This was a great opportunity for them as CNM does not have a scanner. Bob also generated
models of the classroom so that they could see what scanning technology is capable of. Thanks Bob.

Above, L to R: Corina Chavez, Nancy Moore, Bob Green, and Kalsey Chavez

Thank you for your support
Thanks to our industry partners for your generous support of our students and programs.
The following companies and individuals have invited us to their facilities, presented at our facilities,
donated equipment and otherwise donated time and money to the furtherance of surveying education. I
apologize if I have missed you and assure you that we value your support.

Derek Bohannon – Volo Pervidi LLC
Michael Daly – Arrow Engineering
Gathen Garcia – Public Service Company of New Mexico
Bob Green – Vectors, Inc.
Andrew Mathis – Running Start for Careers, CABQ
Loren Meinz
Cliff Spirock – Community Sciences Corporation
Ed Trujillo – Dawson Surveys, Inc.
Tony Trujillo and Anthony Trujillo - Holman’s, Inc.
Tami Wiggins – Blue Skies Consulting, LLC
Cliff Wilkie - CNM
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Holly Wilkie – Precision Surveys, Inc.
Everyone at New Mexico Professional Surveyors
Everyone at New Mexico Professional Surveyors Educational Foundation

Holly Wilkie presenting Mapping the Gold King Mine Disaster

Below, L to R: Dan Shorb, Matthew Smith, Nancy Moore, Anaissa Salgado, Corina Chavez,
Quantina Martine, Kalsey Chavez, Michael Wiegel, Vanessa Baez and Holly Wilkie

Construction Surveying
by Doug Meredith
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Your Friend
in the Field
We provide sales,
training, and
technical support
for every customer
based on 60 years of
business experience.
HOLMANS is here
to help you make
informed decisions
and provide you with
world-class service
for the life of the
equipment.

Flexibility & Performance – Leica MS60 & GS16
The Leica Nova MultiStation brings
together precision 3D scanning, extensive
and precise total station capabilities, digital
imagery and GNSS connectivity.

The Leica GS16 is a self-learning GNSS,
powered by RTKplus and SmartLink, and
seamlessly connects with the new Leica
Captivate touch-technology software.

It’s a revolutionary solution that provides
unchallenged accuracy and quality, yet is
easy to use for an unprecedented range
of applications.

Experience 3D innovation with the most
accurate positions and complete the job
from anywhere.

Call 505-343-0007 for your demo + quote
HOLMANS USA, LLC | 6201 Jefferson St NE, Albuquerque, NM 87109 | HOLMANS.com
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Corporate Member
GeoShack
Dallas and El Paso, TX and
Albuquerque, NM

Sustaining Members
Tim Aldrich
Aldrich Land Surveying
Albuquerque, NM

Russell Elliott
Elliott Surveying
Albuquerque, NM

Earl F. Burkholder
Global Cogo, Inc.
Las Cruces, NM

Ira Hardin
Hardin Engineering
Las Cruces, NM

Isaac Camacho
Brock & Bustillos Inc.
Las Cruces, NM

Keith Stickford
North Star Land Surveying
La Jara, NM

Douglas W. Copeland
Douglas W. Copeland PEPS
T or C, NM

Thomas Johnston
Wayjohn Surveying Inc.
Albuquerque, NM

Marc A. DePauli
DePauli Engineering &
Surveying, LLC
Gallup, NM

Glen Thurow
Land Links & Consulting
Services, LLC
Albuquerque, NM

Thank you for your support!
Sustaining Membership

The Sustaining Membership category is reserved for Professional Surveying Companies represented by a New Mexico
Professional Surveyor and for individual New Mexico Professional Surveyors. Please contact the NMPS office for more
information or to upgrade your existing membership.

New Mexico Professional Surveyors
3032 Plaza Blanca
Santa Fe, NM 87507
Address Service Requested
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