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PURDUE UNIVERSITY

March 17, 2000

INDIANA LTAP

LOCAL TECHNICAL
ASSISTANCE PROGRAM

Attn: Local Public Agency (LPA) Official
Dear LPA Official:

Attached is a copy of the “Indiana High Accuracy Reference Network (HARN) Final Report”.
This report is a summary of the information gathered from the survey conducted by the National
Geodetic Survey (NGS), Schneider Inc., and Woolpert, LLP for the High Accuracy Reference Network
in Indiana. Also included is a copy of the station description and a location map of the HARN station(s)
in your respective county.

This report has three main areas of interest. First, a brief discussion on the need for the Indiana
HARN and why this was an important task. Second, a summary of the details surrounding the Indiana
HARN survey. Finally, the station description of the HARN point in your county is attached with a map
of the general area surrounding this point. We have also included a discussion on monument
preservation with tips on how keep the high accuracies associated with your point(s). Also, a section is
included on how the HARN is being used in Indiana with a few success stories.

We have included three tables listing all of the HARN points in Indiana organized in different
ways for easy location. We encourage you to visit the web site we have dedicated to the Indiana HARN
when conducting research for surveys in your county. Each point is listed with the station description
and map, as in this report, but it also has the NGS Data Sheet with the current coordinates for each point.
The web address is Located at http://bridge.ecn.purdue.edu/~oisga/. The data sheets are accessed by
clicking on the PID, and the station description is accessed by clicking on the four-character ID.

It is our hope that your LPA will find this report useful and informative. We encourage you to
use the web site for information on using the HARN or contact us with any questions concerning the
HARN at the number listed below.

Sincerely,

Tow. Modin.

Tom Martin

Program Manager

Indiana LTAP
AWB/

ScHooL OoF CiviL ENGINEERING
INDIANA LTAP « 1284 CivIL ENGINEERING BUILDING « WEST LAFAYETTE, IN 47907-1284

PHONE: 765-494-2164 TOLL-FREE (IN): 1-800 428-7639 FAX: 765-496-1176
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1. THE NEED FOR HIGHER ACCURACY DATUMS

The pressure on land use and the concomitant requirement for accurate mapping is ever
increasing in the State of Indiana, as elsewhere in the USA. The use of Geographical
Information Systems (GIS) is a powerful tool to keep abreast of developments of land use, or the
maintenance of systems monitoring that land use. The backbone of any GIS is the spatial
geometry of the map base, supplied by surveyors and non-surveyors alike. The versatility of
GIS, or for that matter, any other survey application propels the demands of the users for ever
increasing positional accuracies. Correspondingly, the geometric backbone of the map base
demands accuracy improvement as well.

The reference system used in the United States prior to 1986, the North American Datum of
1927 (NAD27), was limited to an accuracy of =10 meters at the national scale. This was due to
limited measurement capabilities, transits and steel tapes, and limited mathematical computation
techniques. With the invention of the Electronic Distance Meter (EDM) and the computer, not
only were measurements improved but accurate computations were obtainable. Thus, the
national survey network was readjusted in 1986 to build the datum known as the North American
Datum of 1983 (NAD83). NADS3 has an accuracy of +1 meter at the national scale. However,

by the late 1980's NADS3 proved to be insufficient for those surveyors using GPS, who could
obtain centimeter accuracy for large area surveys.

GPS is the Department of Defense (DoD) solution to accurate, real-time positioning for its global
operations. In 1973 the Joint Program Office (JPO) was instructed by DoD to develop and
deploy a space borne positioning system (Hofmann-Wellenhof, 1994). The result of this
program is the NAVigation System with Time and Ranging Global Positioning System
(NAVSTAR GPS), a series of 24 (plus) satellites orbiting the earth. The satellites are orbiting
the earth about 20,000 kilometers (about 12,000 miles) above its surface. This gives the
satellites an orbital period of 12 hours. Every millisecond each satellite transmits a digital
message, telling active receivers where it is in time and space. It is important to realize that this
is not only a positioning system, but also a timing system. Thus, a receiver is not only solving
for its three-dimensional position ([x, y, z] or [A, @, h]) but also for the time (t), refer to the "List
of Symbols" on page iii. Since there are four unknowns (the [A, ¢, h, t] dimensions at the
receiver), four equations must be formed to solve for these four unknowns. This requires that
four GPS satellites to be observed to form the four equations.



The introduction of GPS into the survey community immediately caused a dilemma: the best
known locations available in a State are the benchmarks belonging to the National Geodetic
Reference System (NGRS), created decades ago by the National Geodetic Survey (NGS), then
called the U.S. Coast and Geodetic Survey. The 270,000 benchmarks belonging to the NGRS
are known with an accuracy of about 1:100,000 (10 cm over 10 km). This means that the easily
obtained 1ppm of the (relative) GPS surveys is corrupted as soon as the GPS network is tied to
the NGRS. Thus, good surveys had to be constrained to poor control and poor survey quality
resulted. Therefore, there was obviously a need for a newer, more accurate datum. Thus, the
High Precision Geodetic Network (HGPN) program was begun to establish the high-accuracy
National Spatial Reference System (NSRS).

With GPS, surveying accuracy is quickly approaching the absolute ideal. The ideal accuracy for
smaller area surveys and deformation surveys is sub-centimeter or millimeter accuracy, which is
within the capabilities of current GPS systems. For national and global surveys, the absolute
best accuracy that may be desired is between a decimeter and a centimeter. This is possible
when surveys are knowledgeably designed with extensive post-processing. Also, the limitations
due to line of sight were no longer a cause of error, but atmospheric refraction still needs to be
taken into account. Other anomalies which need to be accounted for in GPS surveying are other
atmospheric phenomena, the earth's gravity field, and solar winds which affect the satellites.
With an improved knowledge of these factors, sub-centimeter accuracy will be obtainable for
positioning at a global scale ’

Figure 1.1. HARN's by year (ACSM Journal Sept./Oct. 1998)



The first step in the HPGN program has been to establish a High Accuracy Reference Network
(HARN) for each state. The program began in 1987 in Tennessee, with Tennessee DOT asking
the National Geodetic Survey (NGS) to help with GPS observations. In the following years, the
NGS went from state to state making GPS observations. The current situation is that the vast
majority of states have either established or are preparing a HARN to bridge this gap between the
accuracies of the existing control and the precise opportunities provided by the modern spatial
(GPS) survey techniques.

Stations observed by the NGS were named Federal Base Network (FBN) stations, while those
observed by the participating state and local agencies were dubbed Cooperative Base Network
(CBN) stations. The difference between FBN's and CBN's is that the NGS must maintain FBN's,
while states must maintain their own CBN's. The NGS will replace damaged FBN's and re-
observe them (with GPS) every three to five years.

The HARN's have been adjusted so that they are consistent with the NGS's Continuous
Operating Reference Station (CORS) network. CORS is part of a series of worldwide stations
that monitor GPS with centimeter accuracy. These are used for measuring continental drift,



variations in the rate at which the earth rotates, better determination of the earth's center of mass,
and movement of the earth's spin axis. The coordinates of the CORS stations are always
changing, primarily due to plate tectonics. In Indiana, this is only about a centimeter per year;,
however, relative positions (in Indiana) are not affected.

With the completion of the Indiana HARN, every state’s HARN is complete. Now the NGS will
begin the task of readjusting the entire nation. First, the NGS will re-observe all of the FBN
stations, which they have been mandated to do every three to five years. Then, the computed
readjustment will occur, in approximately 2002. The entire National Spatial Reference System
(NSRS) along with the Canadian Spatial Reference System (CSRS) will be adjusted into the
International Terrestrial Reference System (ITRF), by constraining everything to the adopted
coordinates (and coordinate changes) of the CORS stations. This adjustment will be the last time
that classical survey data (triangulation, traverse, trilateration, inertial, and photogrammetric)
will be adjusted. All successive adjustments of the NSRS will no longer use the classical
surveying measurements.

While many view the readjustment of datum's as a "hassle", there are more benefits to a better
datum than disadvantages. Having a constantly updated reference datum will require research of
the previous coordinates of the stations. This research can be conducted at the website dedicated
to the Indiana HARN at http://bridge.ecn.purdue.edu/~oisga or at the National Geodetic Survey
web site at http://www.ngs.noaa.gov . When all of the geodetic control station have decimeter
(0.1m) discrepancies, the troubles of deciding what stations to constrain in the least-squares
adjustment can be eliminated.

Note that the HARN stations are on a different coordinate system than are other (NGS) geodetic
stations in Indiana. The HARN station coordinates are designated as "NAD 83 (1997)", meaning
that they are from the 1997 readjustment. "Normal" horizontal control stations are designated as
"NAD 83 (1986)", meaning that they were adjusted in the original 1986 adjustment of the North
American Datum of 1983. If one mixes HARN and non-HARN stations, one may find about a
half-meter (1.5 ft.) difference between the two adjustments. This discrepancy will be resolved
once the entire nation is readjusted in approximately the year 2002.The new datum will be
consistent with the geocentric datum used by the GPS system, making GPS surveys more
consistent with the datum, rotations to the network will be minimized.

The NGS has developed software named NADCON that is the Federal standard for NAD 27 to
NAD 83 datum transformations. NADCON uses a 15 arc-minute grid to model regional shifts,
for regional applications this method is considered to be good to within 2-3cm. Thus, NADCON
is recommended for converting coordinate data for mapping, low-accuracy surveying, or



navigation. This method has the advantage of modeling regional distortions, something the
seven-parameter transformation cannot do. Large errors can occur when there is regional
distortion and geodetic networks are not extensively tied together.

The NGS has developed HPGN conversion files to be used with NADCON that convert NAD83
(1986) to NAD83 (1997), and vice-versa. Fortunately, the HPGN file for Indiana has recently
been released. It is available from _fip:/ftp.ngs.noaa.gov/pub/pcsoft/nadcon, the files are
designated as inhpgn.las and inhpgn.los, Latitude Shift and Longitude Shift files, respectively.

The U.S. Army Corp. of Engineers (USACE) produces NADCON, and thus it is freely available
for public download via the Internet. It may be obtained from the USACE Army Topographic
Engineering Center home page (http://www.tec.army.mil, then follow the links to soffware and
then CORPSCON). CORPSCON is built from the NGS programs for mapping Universal
Transverse Mercators (UTM) and State Plane Coordinates, the datum transformation programs
NADCON and VERTCON (NAVD29 to/from NAVDS88, the U.S. vertical datum's), and the
geoid undulation program GEOID96. Current versions also accommodate the HPGN (HARN)
files. It should be noted that some hand editing of the CORPSCON software is necessary since
the Indiana HGPN file has recently been released. It is suggested to visit CORPSCON’s web
site periodically to obtain the most current version. Currently the program is about 10Mb since
GEOID96 is included.




2.  SUMMARY OF THE INDIANA HARN

The existing geometric infrastructure of Indiana lacks accuracy to support GPS surveys. A
committee under the chairmanship of Mr. Bob Wilkinson well recognized this point. This
committee, THE GEODETIC CONTROL TECHNICAL ADVISORY TASK FORCE, wrote a
report "The Need for a High-Precision State-Wide Geodetic Control Network in the State of
Indiana" (Wilkinson et al., 1990). In the nineties, it became high time to pay heed to the
recommendations of this report.

State Representative Sue Scholer brought a bill to the Indiana Legislature, and In May 1995
Governor Bayh signed House Bill No. 1036 into law: the Office for the Indiana State Geodetic
Advisor (OISGA) be created at Purdue University. The first task of OISGA was to raise
awareness and support for the Indiana HARN. The NGS was to come into Indiana and establish
FBN stations; OISGA was to coordinate the selection and observation of CBN stations between
the NGS and the state and county participants.

Dr. Boudewijn van Gelder, associate professor of Geomatics Engineering (Civil Engineeﬁng) at
Purdue University, was appointed by the Purdue University’s Board of Trustees as the State
Geodetic Advisor in August 1996. The law allowed Purdue University to create OISGA. OISGA
was created within the former Highway Extension and Research Project for Indiana Counties and
Cities (HERPICC), now the Indiana Local Technical Assistance Program (LTAP), under the
direction of Professor Charles Scholer.

The first focus of the OISGA was to begin generating interest in the HARN. The same bill that
created OISGA allows County Surveyors to spend section corner perpetuation monies on a "one-
HARN-benchmark-per-county" station. Each HARN station costs about $3,000, since high
accuracy surveying at large scales is costly, in man-hours and monetarily. A great deal of time
goes into the selection of stations, the observation sessions where GPS receivers are set on the
station to collect satellite signals, and the data processing process where solutions are found and
errors are debugged.

The first phase of the HARN established 126 stations in Indiana. The NGS, Schneider Inc,,
Plumb Tucket & Associates, Indiana Department of Transportation (INDOT), Indiana
Department of Environmental Management (IDEM), and many others made observations in the
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summer of 1997. Data processing was undertaken by the NGS, the first phase results were
accepted by the National Geodetic Survey (NGS) in early May 1998.

After the first phase of the Indiana HARN, the average correction to the existing monumentation
was in the order of 0.777 feet. The largest corrections in the state were given to DECALB and
NORTH VERNON, which “moved over” an astonishing 3.966 and 12.100 feet, respectively.

For the second phase of the HARN, Woolpert L. L.P. was contracted, by the Office of the Indiana
State Geodetic Advisor (OISGA), to observe an additional 25 stations in Indiana. Observations
took place during the summer of 1998. The NGS did not make any observations in the second
phase of the HARN. The phase 1 stations HONEY, G359, & GLASGOW RM 2 were
resurveyed in the second phase, due to suspected monument motion. The second phase results,
submitted to the NGS by Woolpert, have been approved and posted since early April 1999.

The Indiana HARN consists of 148 A-order and B-order GPS survey stations. NGS
specifications for A-order GPS survey stations require a relative baseline accuracy of S mm + 0.1
PPM (one-tenth of a Part Per Million or 1:10,000,000). B-order GPS survey stations require a
relative baseline accuracy of 8 mm + 1 PPM. At the county scale, baseline accuracies of + 35 -
40 mm (approximately 1'% inches) or better can be expected. At the national scale, stations in
the National Spatial Reference System (NSRS), of which the Indiana HARN is a part, are
considered to have an accuracy of £ 100 mm (4 inches).

Three A-order stations were established in the first phase of the Indiana HARN. They include
the reference markers ZID A and ZID B for the proposed Continuous Operating Reference
Station (CORS) at the Indianapolis International Airport (IND). The final A-order HARN

station is BLOOMINGTON NCMN 7291, a station visited by mobile Very Long Baseline
Interferometry (VLBI) in 1987 as part of the NGS National Crustal Motion Network (NCMN).
All other first and second phase stations are B-order.

Each of the Indiana counties has at least one HARN station; note that the NGS datasheet places
station E 60 in Clark County, however it is believed to be north of the county line in Scott
County. Porter and VanderBurgh counties have the most HARN stations with six stations each.

The NGS has designated 17 of the Indiana HARN stations as Federal Base Network (FBN)
stations. These stations will be critical in the readjustment of the NSRS by the NGS. They are
dispersed evenly over the state, with the exception of ZID A and ZID B at Indianapolis
International Airport.



To make HARN stations as accessible as possible, the OISGA has built a web page with maps of
the Indiana HARN and tables of the HARN stations. The lists contain hyperlinks to the
appropriate NGS datasheets for further site research by (Indiana) Surveyors. This web site is
located at: http://bridge.ecn.purdue.edu/~oisga

The NGS datasheets contain the current coordinate location of the station, along with the
coordinate position of the station in previous adjustments (i.e.. NAD 83 and NAD 27), if these
-are known. A description of how to get to the site is also given in the datasheet. Recently,
location maps have been added to the site descriptions for easy recovery of the points.
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3. MONUMENT PRESERVATION

The Indiana HARN consist of 148 stations whose positions are known with great accuracy, these
stations are usually simple brass monuments set in concrete. After having contributed $3,000 per
HARN station, counties have a vested interest in insuring that these monuments are not
destroyed or damaged.

Figure 3.1. Monument at Q 94

While monuments should have been set flush with, or slightly below, the ground; some
monuments do protrude from the ground as much as six inches or more. Monuments set flush
with the ground are at little risk of being destroyed, except by construction equipment. However,
those that protrude are at great risk of being struck by mowers or other vehicles. Therefore, it
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may be a good idea to place markers near the monuments so that mowing crews and farmers
plowing their fields will not hit (and destroy) these monuments. In a few situations it may be
desirable to place bollards (large steel pipes filled with concrete) around the monument, to stop
any vehicles on coarse to strike the monument.

Any activity in the area of a monument should be limited, since vehicle movement will cause the
ground to shift. Bollards should be placed at least 5 feet away, in many situations it will be
necessary to place them even farther away, so as not to disturb the monument. Farm and
construction equipment should also be kept at least 10 feet away from the monuments. Heavy
equipment on clay soils will typically cause the ground within four feet to spring-up by six
inches or more. The vertical control on these stations is very accurate and can be easily
destroyed, without anyone's knowledge. Therefore, it is critical to take preventative measures to
insure the preservation of the monument.

One way of insuring that monuments are preserved is to show them on maps used by local
officials and professionals in the surveying, mapping, and GIS arenas. Using the new datum
(NAD 83 (1997)) as the datum on which local maps will be based, will place an emphasis on the
importance of these stations. It is not desirable to draw the attention of the general public to the
monuments, since the general public does include a few vandals.

The best insurance policy for monuments are witnesses. Witnesses are survey marks whose
spatial relationship to the monument is known. Often four witnesses are used, although only two
are required. Four witnesses will insure that if a witness is destroyed chances are good that
enough will remain to reliably reestablish the station.

Witnesses reference the stations in both the vertical and horizontal dimensions, which is critical
since HARN stations are three-dimensional stations. Horizontal witnesses are made by
measuring the horizontal distance between the station and each reference point, often cardinal
directions are also recorded. Vertical references are made by using a level to measure the
elevation differences between the monument and each reference. Witnesses are usually set
within one hundred feet of the monument. Witnesses can be railroad spikes in power poles, nails
set in pavement, edges of houses, or survey irons set nearby.

It is a good idea to have the county surveyor witness his/her county HARN station(s) and stop to
check the witnesses, and replace destroyed witnesses, on a yearly basis. If a HARN station is
ever destroyed, records of the distance from witnesses and elevation differences should be used
to accurately replace the HARN station. Make sure that the record of the witness data (what the
witnesses are, where they are, the distance and cardinal direction to the monument, and the
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elevation of the witness) should be kept somewhere were they can easily be recovered. Replace
the monument exactly where it originally lay, so that others using this monument can rely on
data that they may have found on the Internet from the NGS.
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4. HARN SUCCESS STORIES

Now that a brief history of the HARN is known and the types of accuracies it is capable of
giving, a description of how the HARN is actually used would be appropriate. The OISGA
office has been called on a number of occasions with questions regarding the use of the Indiana
HARN in a GIS application. Several projects have been reported to OISGA that are going to
begin in the summer of 2000, including one in Hamilton County. This project is going to
incorporate the Indiana HARN stations, in their county and the adjoining counties, in a GIS of
Hamilton County.

Another project that involves the Indiana HARN begins this year in Clark County. There is a
large ammunition plant which was controlled by the government until recently. This plant
consists of several thousand acres, and only a small portion of the perimeter has been surveyed.
Harold Hart, a local surveyor, is interested in surveying the site using the HARN to establish
some quality control points. He has written us saying, “I only want our efforts to result in a first
class job, so we make it easy for the next generation of surveyors.”

In the Northwestern part of the state, a project using the HARN was completed for INDOT by
the G. Lengemann company. INDOT wanted to place some traffic control devices on the
Indiana Toll Road (I 80-94) near Merrillville. They wanted to place cameras to monitor the
traffic on the highway and message boards to display the condition of the traffic ahead. A
topographic map using State Plane Coordinates was needed of this corridor. This survey used a
real-time GPS surveying system to traverse the 18-mile route, beginning in Porter County and
ending in Lake County. The specifications for this project only needed 0.50 foot accuracy. The
final closure for the survey was about 2 centimeters in the Northing and the Easting. Computing
the relative accuracy of the survey, the closure is better than 1 part per million (which is the
tolerance of the Indiana HARN.)

Bob Wilkinson with the Indiana DNR said the updated station descriptions were very helpful.
The previous descriptions called out unnamed county roads and gave very vague location
descriptions. The new descriptions call specific roads with fairly accurate distances. Also, each
station is witnessed at least three times. Each of the witnesses appear as calls in the station
description. One surveyor we talked to, Craig Williams, has performed GPS surveys throughout
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the state. He said the selection of the HARN points throughout the state was excellent. Each
point is easily accessible and have very good locations for GPS.

The greatest success with the Indiana HARN has little to do with field work. This is the success
of the web page we have dedicated to the network. During the first three months of the HARN
web site activation, a total of 379 hits were counted. This is a total of approximately 650 hits
since the creation of the web site. It does not matter how educated a surveyor is or what type of
equipment is used, a survey cannot begin without the proper research of the points of interest.
The intent of this web site is to give the surveyors of Indiana a continuously updated reference of
the stations throughout Indiana. This web site has the Indiana HARN points separated in three
different ways: by county, by 4-character ID, and by the point designator. This is directly linked
to the NGS site, where by choosing a point will give you the NGS Data Sheet. One surveyor
said he wished the NGS’s web site was as easy to use as the Indiana HARN web site.



15
LIST OF REFERENCES

House Bill No. 1036, 1995. Document EHB 1036-LS 6187/DI 55. Bill effective July 1, 1995.

Wilkinson, R., D. Mudderman, J. Bethel, K. Curtis, J. Kovas, I. Goldblatt, E.R. Gray III, W.
Schmidt, J. Meyerrose, R. Fine, P. Cloyd, J. Pietrzak, "The Need for a High-Precision State-
Wide Geodetic Control Network in the State of Indiana". A report prepared by The
Geodetic Control Technical Advisory Task Force. 7 pages. September 28, 1990.

Journals

Cloyd, P.D., "Indiana High Accuracy Reference Network. How Each of Us can Benefit".
Hoosier Surveyor, Vol. 20, No. 4, Spring 1994.

van Gelder, B. H W, “Global Positioning System: Can a Civil/Survey Engineer/GIS Manager
do Without It?” Indiana IN-Search, The INDOT-FHWA-HERPICC Technology Transfer
Quarterly, Vol. I, No. 1, p. 5, Spring 1995.

van Gelder, B. H. W., “Surveying or Geodetic, Geomatic , Geographic Engineering. Does it
Matter?” GIM, International Journal for Geomatics, Vol. 9, No. 2, p32-35, February 1995.

Mahon, T. A., and B. H. W. van Gelder, “Steps and Phrases of the Indiana HARN,” Hoosier
Surveyor, Vol. 24, No. 4, p. 9-14,Spring 1998.

Doyle, D.R., "High Accuracy Reference Network for Indiana". Hoosier Surveyor, Summer
1998. Vol. 25, No. 1. 19.

Doyle, D.R., "Background: Developing the HARN". ACSM Bulletin 175. Sept/Oct 1998. 24-26.

Flynn, K.C., “The Last HARN: Completing the National High Accuracy Reference Network,”
ACSM Bulletin, No. 175, p. 23-27, September/October 1998.

VandenBerg, D. J., and B. H. W. van Gelder, “The Indiana High Accuracy Reference Network
Completed,” Hoosier Surveyor, Vol. 25, No. 4, p. 21, Spring 1999.

Presentations

van Gelder, B. H. W., “The Use of the Global Positioning System for the Establishment of
Geographic Information Systems. Step One: Setting Up a Base Station,” GPS/GIS
Workshop, Indianapolis, IN, March 10, 1993.

van Gelder, B. H W, “GPS, Geoid and Heights,” at Partnerships for Environmental Data
Sharing Workshop, EPA, Region 5, Geographic Information Systems Management Office,
Chicago, IL, May 20-21, 1993.

van Gelder, B. H. W., “Global Positioning System: The Geometric Backbone of Geographic
Information Systems,” and “A Proposed GPS Geodetic High Accuracy Reference Network
for the State of Indiana,” GPS/GIS Workshop, Indianapolis, IN, March 2, 1994.



16

van Gelder, B. H. W., S. D. Johnson, and D. D. Findorff, “A Proposed GPS Geodetic High
Accuracy Reference Network for the State of Indiana,” 80™ Annual Road School, Purdue
University, West Lafayette, IN, March 1-3, 1994.

van Gelder, B. H. W., and T. A. Mahon, “GPS and Vertical Control”, 80" Annual Road School,
Purdue University, West Lafayette, IN, March 1-3, 1994.

van Gelder, B. H. W., “Indiana High Accuracy Reference Network,” Central Indiana Chapter of
ISPLS, Indianapolis, IN, April 27, 1994.

van Gelder, B. H. W., “Need for a High Accuracy reference Network in the State of Indiana,”
Association of County Engineers, Columbus, IN, April 1994.

van Gelder, B. H. W., “A Proposed GPS Geodetic High Accuracy Reference Network for the
State of Indiana,” 438" Advisory Board Meeting, Joint Highway Research Project/Indiana
Departments of Transportation/Purdue University, June 8, 1994.

van Gelder, B. H. W., “Commercial Applications of GPS,” First Annual Indiana State Society of
Logistic Engineers (SOLE) Symposium on Commercial and Governmental Logistics:
Establishing the Completive Edge, Indianapolis, IN, October 20, 1994.

van Gelder, B. H W., E. R. Gray III, and P. D. Cloyd, “Status of the Proposed
Federal/Cooperative Base Network (FBN/CBN) for the State of Indiana,” Annual ISPLS
Convention, Merrillville, IN, January 20, 1995.

van Gelder, B. H W., “From GPS, via a FBN/CBN, to a GIS,” Fifth Indiana Conference,
Indianapolis, IN, September 19, 1995.

van Gelder, B. H. W., “Practical Aspects of GPS Surveying,” Hoosier Hill Chapter of ISPS,
Spenser, IN, October 13, 1995.

van Gelder, B. H. W., “Pinpointing Your County: HARN — The Second Half” AIC’s 38"
Annual Conference, Indianapolis, IN, September 30, 1996

van Gelder, B. H. W., “Steps and Phases of the Indiana HARN,” 46™ Annual ISPLS Convention,
West Lafayette, IN January 14-16, 1998.

NGS Reports
“Planning GPS Surveys,” National Geodetic Survey (NGS), 1986.
“GPS Station Site Requirements,” National Geodetic Survey (NGS), 1987.

“Technical Guidelines and Specifications for Establishing Cooperative Base Network (CBN)
Stations by GPS Survey Relative to the High Accuracy Reference Network (HARN),”
National Geodetic Survey (NGS), 1993.

“Input Formats and Specifications of the National Geodetic Survey Data Base, Volume L
Horizontal Control Data,” National Oceanic and Atmospheric Administration (NOAAA),
1994,

“Input Formats and Specifications of the National Geodetic Survey Data Base, Volume II
Vertical Control Data,” National Oceanic and Atmospheric Administration (NOAAA),
1994.



17

“Input Formats and Specifications of the National Geodetic Survey Data Base, Volume III.
Gravity Control Data,” National Oceanic and Atmospheric Administration (NOAAA), 1994.

Text

Bossler, Rear Adm. John D., “Standards and Specifications for Geodetic Control Networks,”
Federal Geodetic Control Committee, 1993. '

Floyd, Lt. Richard P., “Geodetic Bench Marks,” National Oceanic and Atmospheric
Administration, 1978.

Hull, Rear Adm. Wesley V., “Geometric Geodetic Accuracy Standards and Specifications for
Using GPS Relative Positioning Techniques,” Federal Geodetic Control Committee, 1989.



APPENDIX A.

MAPS OF HARN STATIONS

18



19

Appendix A: Maps of HARN Stations

Wabas:

iz

e

‘eTRCs | fBen

Mppeconoe: !

Rongsioh |
G246

‘Montgoedy

s

‘Hrown

st

. o
. ‘ Jockser 2092
Loawrence

“vast,

190 Jilitif'kii-

T
TS0t

CATE STAFION' RREX

Figure A.1. Indiana HARN



Figure A.2. Indiana HARN - Crawfordsville District
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Figure A.3. Indiana HARN - Fort Wayne District
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Figure A.4. Indiana HARN - Greenfield District
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Figure A.5. Indiana HARN - LaPorte District
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Figure A.6. Indiana HARN - Seymour District
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Figure A.7. Indiana HARN - Vincennes District



APPENDIX B. TABLES OF HARN STATIONS

26



HARN Stations sorted by Four Character LD.

4 Char ID Designator PID County Phase
106 106 LB0165 |FULTON 1
3I3A FAA 3I3 A KA2051 |VIGO 1
A105 A 105 KA0639 |MONTGOMERY 1
A248 A 248 LA1263 |DELAWARE 1
ALEP ALEPORT LA2440 |MADISON 2
ALSA ALSACE JZ2060 |DEARBORN 1
ANCH ANCHOR LB2395 |CASS 1
ANGP ANGPORT MD1896 |STEUBEN 1
ARCA ARCADA LB2498 |HAMILTON 1
ARPP ARP JA1259 |VANDERBURGH 1
AVON AVON AE8491 |HENDRICKS 1
B047 B 47 JZ1684 |RUSH 2
B070 B 70 KA1153 |CLAY 1
B250 B 250 LA1009 |DELAWARE 1
B326 B 326 HA1116 |VANDERBURGH 1
B360 B 360 KA1741 |VERMILLION 2
BLO1 BLO 1 AE8492 |MONROE 1
BLOO BLOOMINGTON NCMN 7291 |KA2024 |MONROE 1
BRUS BRUSHY MD1495 |LAGRANGE 1
C064 C 64 KA0159 |MORGAN 1
C113 C 113 LB0881 |BOONE 1
C156 C 156 ME1360 |JASPER 1
C246 C 246 LA0244 |RANDOLPH 1
CH29 CH 29 JZ1991 FRANKLIN 2
CHE1 CHESTER RM 1 AE8463 |PORTER 1
COAP COL MUN AIRPORT AE8493 |BARTHOLOMEW 1
COR2 COLUMBIA RM 2 MD0682 |WHITLEY 1
D092 D 92 HZ1880 |JACKSON 1
D124 D 124 LB1326 [BENTON 2
D139 D 139 ME1278 |LAKE 1
D165 D 165 MD0939 |NOBLE 1
D335 D 335 MEO0522 |STARKE 1
D361 D 361 KA1750 |VERMILLION 1
DAVI DAVIESS JA1630 |DAVIESS 1
DECA DECALB KA1968 |JOHNSON 1
DECZ DECATUR AZ MK JZ2825 |DECATUR 1
DEKA DEKALB MD1529 |DEKALB 2
DERS3 DERROW RM 3 AE8464 |HENRY 1
E060 E 60 HZ1678 |SCOTT 1
E173 E 173 LA1838 |WABASH 1
E214 E 214 LA0906 |HUNTINGTON 1
E278 E 278 HZ1322 |FLOYD 1
EAGL EAGLE CEM AH8320 |HAMILTON 2
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HARN Stations sorted by Four Character 1.D. (continued)

4 Char D Designator PID County Phase
EDWA EDWARD 2 HZ1348 |FLOYD 1
EKIN EKIN LB2522 |HAMILTON 2
F122 F 122 KA0601 |PUTNAM 1
F350 F 350 KA1653 |MARION 1
FRAN IMAGIS 47 AE8494 [MARION 1
FREZ FRENCH AZ MK JA2126 |ORANGE 1
G204 G 204 LA1380 |GRANT 1
G215 G 215 LA0940 |BLACKFORD 1
G335 G335 MEQ558 |LAPORTE 1
G359 G 359 JZ2794 |DEARBORN 2
GLR2 GLASGOWRM 2 JZ1879 [IRIPLEY 2
GRIP GRIPORT ME3214 |LAKE 1
[H271 H 271 JZ2219 |BARTHOLOMEW 1
HANG HAN G 5 JZ2521 |HANCOCK. 1
HARM HARM AE8495 |POSEY 1
HATF HATFIELD HA0727 |SPENCER 1
HILL HILLISBURG LB0534 |CLINTON 1
HM18 HM 18 AE8503 |HAMILTON 1
HONE HONEY HA0568 |SPENCER 2
HURL HURLBURT ME2533 |PORTER 1
HUTT HUTTON MEOQ0580 |PORTER 2
J263 J 263 JZ1782 |FAYETTE 1
| J264 J 264 JZ1825 [RIPLEY 1
JACK JACKSON JA1979 |SPENCER 1
JOS2 JOSHPHINE 2 JADG699 |IMARTIN 1
JPG1 JPG 1 AE8506 |JEFFERSON 1
JVYB JVY B AE8496 |CLARK 1
K003 K3 USGS RESET JZ1661 _ |UNION 1
K071 K71 RESET KA0837 |PARKE 1
K268 K 268 JZ2225 |BARTHOLOMEW 1
K352 K 352 KA1665 |HENDRICKS 1
KENP KENPORT LB2688 |NEWTON 1
KOKU KOKU AHB8406 |KOSCIUSKO 2
L227 L 227 RESET LA0533 |JAY 1
L244 L 244 RESET AE8497 |SHELBY 1
L356 L 356 JA1598 |GIBSON 1
LAKE LAKE VILLAGE ME1115 |NEWTON 1
LIZT LIZTON AE8498 |HENDRICKS 1
LOST LOST JA0188 |WASHINGTON 1
MO094 M 94 LB1690 [TIPPECANOE 2
M119 M119 LB0972 [CARROLL 1
M178 M 178 LA1681 |WABASH 1
M351 M 351 KA1711 _|OWEN 1
MADP MADP AE8505 |JEFFERSON 1
MARS MARSHALL MEO0261 |MARSHALL 1
|MARZ MARY AZ MK AEB8465 |PULASKI 1
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HARN Stations sorted by Four Character 1.D. (continued)

4 CharlD Designator PID County Phase
MCKA MCKAY HZ1030 [SWITZERLAND 1
MEOD MEODEL LB2146 |JASPER 2 |
IMETR METRO JZ1518  |HENRY 1
MIB2 AP 1965 STA B2 AD8774 |DELAWARE 1
IMICP MICPORT ME3222 |[LAPORTE 1
IMILL MILLS RESET KA0140 IMARION 1
MOOD MOODY LB2139 |JASPER 1
MORG MORGAN JA2131 PERRY 1
MTCO MT COMFORT AE8499 |HANCOCK 1
NO13 N13 KA0393 |MORGAN 1
N259 N 259 JZ1981 |DECATUR 2
N316 N 316 JA1047  |WARRICK 1
N325 N 325 HA1098 |VANDERBURGH 1
NORV NORTH VERNON JZ2113 _ |JENNINGS 1
|OHIO OHIO AH8173 |OHIO 2
OKA2 AP 1964 STA A2 AD8762 |HOWARD 1
P217 P 217 LA1231 DELAWARE 2
P220 P 220 LA1200 [DELAWARE 1
PC64 PC 64 AE8500 |PIKE 1
PLYP PLYPORT ME3226 |MARSHALL 1
POLA POLA ME2148 |PORTER 1
Q094 Q94 LB0933 |TIPPECANOE 1
Q213 Q213 LA0984 [WELLS 2
Q314 Q 314 JA0881 KNOX 1
R054 R54 KA1335 |SULLIVAN 1
R356 R 356 JA1604 |VANDERBURGH 1
RESS RESSLER RESET AE8501 |TIPTON 1
S051 S 51 AE8504 [HARRISON 1
$107 S 107 LB1086 |WHITE 1
$280 S 280 KA0405 |GREENE 1
SC13 SC 13 AE8502 |BROWN 1
SMIP SMIPORT MD1912 |ALLEN 1
STI2 STINSON 2 JA2135 |DUBOIS 1
STO2 STOCKTON 2 RESET ME3364 |LAKE 1
T076 T76 KA0314 _|MORGAN 1
T179 T179 LB0247 |MIAMI 1
TT19 TT 19 D USGS 1947 MD1505 |LAGRANGE 1
T12C TT2CEM AE8508 |VANDERBURGH 1
U080 U 80 LB0624 |BOONE 2
U167 U 167 MEQ0042 |ST. JOSEPH 1
V049 V 49 HZ1373 |CLARK 1
V241 V 241 JZ2455 HANCOCK 1
V281 V 281 JA0132 ILAWRENCE 1
VALP VALPARAISO ME1206 |PORTER 1
VAND VANDERBURGH STC AE8507 |IVANDERBURGH 1
WOSR W8 RESET MD1356 |ELKHART 1
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HARN Stations sorted by Four Character 1.D. (continued)

4 Char ID Designator PID County Phase
W096 W 96 LB1704 [FOUNTAIN 1
W361 W 361 LB2105 _|VERMILLION 2
[WAR1 WALTING RM 1 JZ1175 |WAYNE 1
[WARA WARPORT AZ MK MD1919 |KOSCIUSKO 2
WHEE WHEELER MEQ0963 _|PORTER 1
X147 X 147 LB1175 |WHITE 2
X224 X 224 LA0738 |ADAMS 1
Y175 Y 175 RESET LB0274 |MIAMI 1
Y312 Y 312 JA0279 |CRAWFORD 1
2125 Z125 LB1162 |TIPPECANOE 2
Z361 Z 361 LB2108 |WARREN 2
ZIDA ZID A AAB382 |MARION 1
ZIDB ZIDB AA6381 [MARION 1
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HARN Stations sorted by Designator

Designator 4 Char ID PID County Phase
106 106 LB0165 FULTON 1
A 105 A105 KA0639 MONTGOMERY 1
A 248 A248 LA1263 DELAWARE 1
ALEPORT ALEP LA2440 MADISON 2
ALSACE ALSA JZ22060 DEARBORN 1
ANCHOR ANCH LB2395 CASS 1
ANGPORT ANGP MD1896 |STEUBEN 1
AP 1964 STA A2 OKA2 AD8762 HOWARD 1
AP 1965 STA B2 MiB2 AD8774 DELAWARE 1
ARCADA ARCA LB2498 HAMILTON 1
ARP ARPP JA1259 VANDERBURGH 1
AVON AVON AE8491 HENDRICKS 1
B 250 B250 LA1009 DELAWARE 1
B 326 B326 HA1116 |VANDERBURGH 1
B 360 B360 KA1741 VERMILLION 2
B 47 B047 JZ1684 RUSH 2
B 70 B070 KA1153 CLAY 1
BLO 1 BLO1 AE8492 MONROE 1
BLOOMINGTON NCMN 7291 |BLOO KA2024 MONROE 1
BRUSHY BRUS MD1495 |LAGRANGE 1
C 113 C113 LB0881 BOONE 1
C 156 C156 ME1360 JJASPER 1
C 246 C246 LA0244 RANDOLPH 1
C 64 Co064 KA0159 MORGAN 1
CH 29 CH29 JZ1991 FRANKLIN 2
CHESTER RM 1 CHE1 AE8463 PORTER 1
COL MUN AIRPORT COAP AE8493 BARTHOLOMEW 1
COLUMBIA RM 2 COR2 MD0682 |WHITLEY 1
D 124 D124 LB1326 BENTON 2
D 139 D139 ME1278 |LAKE 1
D 165 D165 MD0939 |NOBLE 1
D 335 D335 MEO0522 |STARKE 1
D 361 D361 KA1750 |VERMILLION 1
D 92 D092 HZ1880 JACKSON 1
DAVIESS DAVI JA1630 DAVIESS 1
DECALB DECA KA1968 |JOHNSON 1
DECATUR AZ MK DECZ JZ2825 DECATUR 1
DEKALB DEKA MD1529 |DEKALB 2
DERROW RM 3 DER3 AE8464 HENRY 1
E 173 E173 LA1838 WABASH 1
E 214 E214 LA0906 HUNTINGTON 1
E 278 E278 HZ1322 FLOYD 1
E 60 E060 HZ1678 SCOTT 1
EAGLE CEM EAGL AH8320 HAMILTON 2
EDWARD 2 EDWA HZ1348 FLOYD 1
EKIN EKIN LB2522 HAMILTON 2
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HARN Stations sorted by Designator (continued)

Designator 4 Char ID PID County Phase
F 122 F122 KA0601 PUTNAM 1
F 350 F350 KA1653 |MARION 1
FAA 313 A 3I3A KA2051 VIGO 1
FRENCH AZ MK FREZ JA2126 ORANGE 1
G 204 G204 LA1380 GRANT 1
G 215 G215 LA0940 BLACKFORD 1
G 335 G335 ME0558 |LAPORTE 1
G 359 G359 JZ22794 DEARBORN 2
GLASGOW RM 2 GLR2 JZ1879 RIPLEY 2
GRIPORT GRIP ME3214 |LAKE 1
H 271 H271 JZ2219 BARTHOLOMEW 1
HAN G 5 HANG JZ2521 'HANCOCK 1
HARM HARM AEB8495 POSEY 1
HATFIELD HATF HA0727 |SPENCER 1
HILLISBURG HILL LB0534 CLINTON 1
HM 18 HM18 AE8503 HAMILTON 1
HONEY HONE HA0568 |SPENCER 2
HURLBURT HURL ME2533 |PORTER 1
HUTTON HUTT ME0580 |PORTER 2
IMAGIS 47 FRAN AE8494 MARION 1
J 263 J263 JZ21782 FAYETTE 1
J 264 J264 JZ21825 RIPLEY 1
JACKSON JACK JA1979 SPENCER 1
JOSHPHINE 2 JOS2 JA0699 MARTIN 1
JPG 1 JPG1 AE8506 |JEFFERSON 1
JVY B JVYB AE8496 |CLARK 1
K 268 K268 JZ2225 BARTHOLOMEW 1
K 3 USGS RESET K003 JZ1661 UNION 1
K 352 K352 KA1665 HENDRICKS 1
K 71 RESET K071 KA0837 PARKE 1
KENPORT KENP LB2688 NEWTON 1
KOKU KOKU AH8406 |KOSCIUSKO 2
L 227 RESET L227 LA0533 JAY 1
L 244 RESET L244 AE8497 |SHELBY 1
L 356 L356 JA1598 GIBSON 1
LAKE VILLAGE LAKE ME1115 [NEWTON 1
LIZTON LIZT AE8498 |HENDRICKS 1
LOST LOST JAQ188 WASHINGTON 1
M 119 M119 LB0972 CARROLL 1
M 178 M178 LA1681 WABASH 1
M 351 M351 KA1711 OWEN 1
M 94 M094 LB1690 TIPPECANOE 2
MADP MADP AE8505 |JEFFERSON 1
MARSHALL MARS MEO0261 |MARSHALL 1
MARY AZ MK MARZ AEB8465 PULASKI 1
MCKAY MCKA HZ1030 SWITZERLAND 1
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HARN Stations sorted by Designator (continued)

Designator 4 Char ID PID County Phase
MEODEL MEOD LB2146 JASPER 2
METRO METR JZ1518 HENRY 1
MICPORT MICP ME3222 |LAPORTE 1
MILLS RESET MILL KA0140 MARION 1
MOODY MOOD LB2139 JASPER 1
MORGAN MORG JA2131 PERRY 1
MT COMFORT MTCO AEB8499 HANCOCK 1
N 13 NO013 KA0393 MORGAN 1
N 259 N259 JZ1981 DECATUR 2
N 316 N316 JA1047 WARRICK 1
N 325 N325 HA1098 VANDERBURGH 1
NORTH VERNON NORV JZ22113 JENNINGS 1
OHIO OHIO AH8173 OHIO 2
P 217 P217 LA1231 DELAWARE 2
P 220 P220 LA1200 DELAWARE 1
PC 64 PC64 AE8500 PIKE 1
PLYPORT PLYP ME3226 |MARSHALL 1
POLA POLA ME2148 |PORTER 1
Q 213 Q213 LAQ0984 WELLS 2
Q 314 Q314 JA0881 KNOX 1
Q94 Q094 LB0933 TIPPECANOE 1
R 356 R356 JA1604 VANDERBURGH 1
R 54 R054 KA1335 SULLIVAN 1
RESSLER RESET RESS AE8501 TIPTON 1
S 107 s$107 LB1086 WHITE 1
S 280 S280 KA0405 GREENE 1
S 51 S051 AE8504 HARRISON 1
SC 13 SC13 AE8502 BROWN 1
SMIPORT SMIP MD1912 |ALLEN 1
STINSON 2 STI2 JA2135 DUBOIS 1
STOCKTON 2 RESET STO2 ME3364 |LAKE 1
T179 T179 LB0247 MIAMI 1
T76 TO76 KAO0314 MORGAN 1
TT 19 D USGS 1947 TT19 MD1505 |LAGRANGE 1
TT2 CEM TT2C AEB8508 VANDERBURGH 1
U 167 U167 MEO042 |ST. JOSEPH 1
U 80 U080 LB0624 BOONE 2
V 241 V241 JZ2455 HANCOCK 1
V 281 V281 JA0132 LAWRENCE 1
V 49 V049 HZ1373 CLARK 1
VALPARAISO VALP ME1206 |PORTER 1
VANDERBURGH STC VAND AEB8507 VANDERBURGH 1
W 361 W361 LB2105 VERMILLION 2
W 8 RESET WO08R MD1356 |ELKHART 1
W 96 W096 LB1704 FOUNTAIN 1
WALTING RM 1 WAR1 JZ1175 WAYNE 1
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HARN Stations sorted by Designator (continued)

Designator 4 Char ID PID County Phase
WARPORT AZ MK WARA MD1919 |KOSCIUSKO 2
WHEELER WHEE ME0963 |[PORTER 1
X147 X147 LB1175 WHITE 2
X224 X224 LAO738 ADAMS 1
Y 175 RESET Y175 LB0274 MIAMI 1
Y 312 Y312 JA0279 CRAWFORD 1
2125 2125 LB1162 TIPPECANOE 2
Z 361 2361 LB2108 WARREN 2
2D A ZIDA AA6382 |MARION 1
ZDB ZIDB AA6381 MARION 1
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HARN Stations sorted by County

County Designator 4 Char ID PID Phase
ADAMS X224 X224 LAO738 1
ALLEN SMIPORT SMIP MD1912 1
BARTHOLOMEW |COL MUN AIRPORT COAP AE8493 1
BARTHOLOMEW [H 271 H271 JZ2219 1
BARTHOLOMEW (K 268 K268 JZ22225 1
BENTON D 124 D124 LB1326 2
BLACKFORD G 215 G215 LA0940 1
BOONE C 113 C113 LB0881 1
BOONE U 80 uoso LB0624 2
BROWN SC 13 SC13 AE8502 1
CARROLL M 119 M119 LB0972 1
CASS ANCHOR ANCH LB2395 1
CLARK JVY B JVYB AEB8496 1
CLARK V 49 V049 HZ1373 1
CLAY B 70 B070 KA1153 1
CLINTON HILLISBURG HILL LB0534 1
CRAWFORD Y 312 Y312 JA0279 1
DAVIESS DAVIESS DAVI JA1630 1
DEARBORN ALSACE ALSA JZ2060 1
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