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The North Carolina Railroad Company uses 
mobile lidar and historic research to monument 
the corridor and map the centerline of a busy
rail line dating back to 1851.

By Kristian Forslin, GISP, PLS

Mapping the

Right: NCRR designed a scalable 
designation system for these 
monuments that includes a county 
abbreviation, milepost number, 
and series number.  
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S
 
 
everal years ago, 
the North Carolina 
Railroad Company 

(NCRR) began using geospa-
tial technology to augment 
its rail corridor management 
program. An article in this 
magazine (July 2010, “His-
tory and Technology Merge 
Geospatially”) focused on 
the geospatial technolo-
gy, outreach programs, and 
processes the railroad is im-
plementing  to manage a rail 
corridor that is more than 
160 years old, 317 miles long, 
and 200 feet wide.  

Many of NCRR’s prac-
tices can still be considered 
innovative and progressive 
for an organization of its 
type, but none more so than 
its monumentation project.  
This project, briefly men-
tioned near the end of the 
2010 article, has since got-
ten underway.  Despite pro-
viding numerous project 
updates to various groups 
across the state, NCRR con-
tinues to field significant 
interest in the project’s pur-
pose, approach, progress, 
and lessons learned.

BaCkgRound: A passenger train 
heads east on the NCRR cor-
ridor through Durham in route to 
Raleigh from Charlotte.
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Purpose
The NCRR is a private com-
pany whose sole shareholder 
is the State of North Caro-
lina, and the 317-mile rail 
corridor NCRR actively man-
ages is an irreplaceable as-
set. Properly managing the 
real estate and other aspects 
of the corridor requires a lot 
of planning, careful analy-
sis, and coordination. The 
basis for much of this work 
comes from the simple ques-
tion, “Where is the corridor 
located?”  More specifically, 
the question is, “Where was 
the centerline of the corridor 
originally located?”  

This question has many 
implications to NCRR’s busi-
ness, but it can also affect 
others such as surveyors, ti-
tle attorneys, realtors, engi-
neers, utility companies, and 
even adjacent landowners 
and local governments.  Due 
to the passage of time and 
presence of misinformation 
(or lack of correct informa-
tion, depending on how it is 
viewed), the location of the 
NCRR rail corridor center-
line is not always easily iden-
tified; therefore, the main 
purpose of the project is to 
accurately locate it.

The project will provide 
additional benefits, includ-
ing three products to be cre-
ated over the course of the 
project: 1) a survey-grade ac-
curate original rail centerline 
with coordinate geometry, 
2) a series of recorded sur-
veys for sections of railroad 
centerline that no longer 
coincide with existing track 
and boundaries of miscella-
neous properties outside of 
the 200’-wide rail corridor, 
and 3) geodetic monumen-
tation on both sides of the 
NCRR rail corridor boundary 
(spaced roughly a half mile 
apart).  These three prod-
ucts will provide a valuable 
resource in high-order geo-
detic control network densi-
fication (accessible without 
the need for a railroad right 

of entry) and a modernized 
survey record of historically 
acquired railroad properties 
along the NCRR. 

approach
The NCRR monumentation 
project is unique and thus re-
quires a thoughtful approach.  
Although boundary surveys, 
centerline surveys, and mon-
umentation had been done 
on railroads before, NCRR 
was challenged to find case 
studies of a railroad project of 
significant length with a mix-
ture of existing original cen-
terline track, missing original 
centerline track, 160 years of 
track relocation projects, gen-
eral maintenance, and heavy 
everyday railroad use.  Given 
that NCRR is one of a kind in 
its organization and how it 
manages its corridor, similar 
scenarios were not available.  
It became clear that NCRR 
was setting out to do some-
thing different, progressive, 
and possibly unprecedented. 
Thus, NCRR determined that 
the monumentation proj-
ect would need to be com-
pleted in three major stages: 
an existing track centerline 
survey, a historical track cen-
terline survey, and geodetic 
monumentation.

Existing track centerline 
survey
To be able to place geodet-
ic monumentation on the 
NCRR corridor boundary, the 
rail centerline first must be 
located. Through the use of 
historic maps, NCRR is con-
fident that the majority of the 
existing rail remains in the 

original centerline location 
(circa 1851).  But no one can 
account for the amount of 
specific track that has moved 
due to railroad use, atmo-
spheric conditions, main-
tenance, and other factors. 
Therefore, it was decided 
that normal track movement 
from heavy trains and hot 
summers would be discount-
ed, and the present location 
of track that has never been 
purposefully relocated or re-
engineered would meet the 
requirements as an accurate 
account of the NCRR corri-
dor’s original centerline.  

Collecting the existing 
track centerline data for 317 
miles needed to be done ef-
ficiently and accurately, so 
NCRR employed lidar tech-

aBove: NCRR’s Hy-rail vehicle (a 
Chevy Suburban equipped with 
rail gear) carries dual lidar sen-
sors for one of the data collec-
tion components of the project. 
NCRR collected more than 300 
miles of railroad centerline with 
this equipment.

Left: One of NCRR’s contractors 
collects data for the ground-
truthing process using an exist-
ing point in a public right of way.

nology and collected the 
data using NCRR’s Hy-rail ve-
hicle (a vehicle outfitted with 
rail gear) with dual 200 KHz 
lidar sensors and GPS receiv-
ers, an inertial measurement 
unit, a distance measurement 
unit, and camera equipment 
mounted to the roof.  Proper 
ground truthing procedures 
were employed by the lidar 
contractor as well as an inde-
pendent consultant to check 
known points against the li-
dar data.  

When the data collection 
was finished, the top of rail 
features in the lidar point 
cloud were classified and ex-
tracted in order to extrapolate 
a rail centerline alignment 
that was later best-fit so cen-
tral angles (deltas) of curves 
agreed with tangent bearings, 
thereby creating true points 
of curve and tangency.  This 
alignment ultimately would 
not prove to be as uniform as 
what is presented in historic 
railroad maps, but it is an ac-
curate reflection of where the 
tracks are presently located.  
(For a more in depth discus-
sion of the implementation 
of lidar technology in this in-
stance, see PSM’s November 
2012 article, “Riding the Rails 
with Mobile Scanning.”)  
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This rather logistical-
ly challenging stage of the 
monumentation effort was 
the initial building block for 
the much larger project. Ul-
timately, the deliverables for 
this stage were horizontal lo-
cations of existing track cen-
terline for all main, passing, 
and siding tracks along the 
NCRR corridor delivered as 
alignments complete with 
coordinate geometry. This 
product provided a basis for 
both the historical track cen-
terline survey and geodet-
ic monumentation stages of 
the project to follow.

Historical track centerline 
survey
Unfortunately, surveying the 
location of existing track is 
not enough to fully identify 
the location of the entire cor-
ridor. Careful analysis of his-
toric railroad maps (railroad 
valuation maps, or val maps) 
revealed that approximately 
45 miles of original corridor 
centerline is no longer co-

line of the corridor, and these 
sections are scattered across 
the NCRR. As advanced as 
lidar technology may be, it 
was of little use in these cas-
es.  Simply put, lidar cannot 
map what is no longer there.

To survey any section of 
original corridor rail cen-
terline that no longer exists, 
NCRR needed to contract 
for expertise in rebuilding 
a rail centerline alignment 
from historical records and 
field evidence.  Essentially, 
this work has required ex-
amination of a hierarchy of 
evidence that supports the 
location of the missing orig-
inal historical centerline: 1) 
railroad val maps, 2) court-
house records (deeds and 
plats) that were surveyed 
and recorded prior to engi-
neering projects that revised 
the original track location or 
that make reference to and 
show dimensions to the orig-
inal centerline, and 3) field 
evidence and artifacts. In ad-
dition to property corners 

original railroad alignment. 
Collectively, the presence 

of these three resources of-
ten provided an extreme-
ly accurate representation 
of the corridor location. The 
historic valuation maps of-
ten include track geometry 
for a specific point in time 
early in the railroad’s exis-
tence as well as crucial adja-
cent owner details. Taken as 
a whole, valuation maps, his-
toric deeds and maps, prop-
erty evidence, and existing 
railroad artifacts from previ-
ous alignments all serve as a 
body of evidence supporting 
the retracement of the origi-
nal corridor centerline.

The necessary courthouse 
research for this part of the 
project can be exhaustive 

and this is why timing is im-
portant. Every section of re-
moved original historical 
track may be from a spe-
cific era of the railroad’s ex-
istence. Complicating the 
research was the fact that the 
bulk of records show only the 
current track location. Weed-
ing these references out and 
focusing on those showing 
past alignments was a me-
thodical, time-intensive pro-
cess, requiring investigation 
into multiple eras during 
which the track realignments 
occurred.  

Once obtained, this re-
search was used to aid in the 
recovery and documentation 
of key property corners sup-
porting the location of the 
original corridor centerline 
and which, in turn, served to 
further corroborate the entire 
body of evidence. Fortunate-
ly for NCRR, the courthouse 
records have provided a re-
liable source of evidence to 
further support the field evi-
dence aspect of the research.  

NCRR has been fortunate 
because many of the ma-
jor changes in the railroad’s 
alignment have been easy to 
spot in the field. Remnants 
of the old track bed, stone 
box culverts, and even tres-
tle bridges aid in locating the 
original centerline. In addi-
tion, the physical presence of 
property corners shown on 
historical courthouse records 
shed even more light on the 
alignment.  Finding proper-
ty corners referenced in his-
torical documents, which 
contain curve data and other 
geometry, is considered in-
valuable for this type of work. 
Ideally, the field evidence 
and documentation research 
agree with the historic valua-
tion maps. When this valida-
tion occurs, a solid case can 
be made for the location of 
the missing historical track 
centerline, and an alignment 
is produced that is ultimately 
merged with the lidar data of 
existing track.

incident with existing track 
locations. Over the years, 
engineering projects that 
straightened, realigned, or 
double-tracked the railroad 
have obliterated the original 
tracks marking the center-

and possession, many fea-
tures shown on the histor-
ic railroad val maps such as 
culverts, bridge bents, and 
other hard structures are 
still in place today, provid-
ing valuable evidence of the 

and a matter of timing.  Ac-
curate documents showing 
the location of the original 
historical corridor centerline 
track prior to its removal due 
to track realignment projects 
were critical and required, 

BeLow: An example of NCRR’s 1851 
property maps (made under the 
direction of then-chief engineer 
Walter Gwynn) that depict the 
200’-wide corridor and adjacent 
property owners at the time.
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This comprehensive ev-
idence-gathering is ongo-
ing, and the evidence will 
be well-documented in the 
form of detailed historic cen-
terline survey plats that will 
be recorded in the respec-
tive counties. Each of these 
maps will make reference to 
historic railroad maps, per-
tinent deeds, and field evi-
dence, giving a clear picture 
of an often-forgotten original 
railroad centerline. By mak-
ing this data available, NCRR 
seeks to alleviate many fu-
ture land ownership issues 
that result from lack of infor-
mation near the corridor.

Geodetic monumentation
By accurately identifying the 
location of the original track 
centerline, NCRR then can 
embark on the third and final 
goal for this project: geodetic 
monumentation. NCRR has 
chosen to install permanent 
monumentation using NOAA 
NGS-58 guidelines for 2-cm 
accuracies (“bluebooked”) 
on either side of the corridor 
boundary, spaced approxi-
mately a half mile apart. Be-
cause NCRR did not perform 
a boundary survey of the en-
tire corridor, the surveyed 
centerline geometry is used 
by the surveyors to define 
placement of the new mon-
uments along the boundary. 
Each monument location is 
initially sited using GIS and 

aerial imagery, which is re-
fined through field recon-
naissance and computations 
by the surveyor.  North Caro-
lina is fortunate to have a re-
liable VRS-GPS network that 
is used, along with computed 
points and alignment infor-
mation, for the initial staking 
of the proposed monument 
locations.  

Normal height modern-
ization or geodetic control 
densification projects sim-
ply consider suitable loca-
tions where the monuments 
are needed and will not like-
ly be disturbed, but NCRR 
added an additional chal-
lenge by requiring locations 
to be on the corridor bound-
ary. Therefore, when faced 
with an unsuitable location 
(heavily trafficked, poor GPS 
visibility, hard structure, util-
ity conflicts, etc.), the search 
for a new location is further 
constrained by the require-
ment to stay on the corridor 
boundary, or 100’ from the 
original corridor centerline.   

Add the specification for 
approximate half-mile spac-
ing between monuments, 
and placement of monu-

ments can be challenging. 
In fact, of the 1,268 poten-
tial monuments (4 per mile 
X 317 miles), only 850 were 
revealed to be feasible by in-
spection of aerial imagery. It 
is anticipated that far fewer 
monuments will be placed 
because field reconnaissance 
may rule out many of them.  

However, NCRR views 
this project as an ongoing 
effort, and the naming con-
vention (designation) for 
the monuments was creat-
ed so the system would be 
scalable and would allow for 
the placement of addition-
al monuments should field 
conditions improve. Once 
placed, the monuments 
must be observed using stat-
ic GPS procedures and prop-
erly reported in order to be 
published. NCRR and its con-
tractors work closely with the 
North Carolina Geodetic Sur-
vey (NCGS) to ensure that all 
readings meet the required 
accuracies. Once approved, 
this data will be published by 
the National Geodetic Survey 
(NGS) and made available to 
the general public. 

In addition to the monu-
ments and accompanying 
published data sheets, NCRR 
will record control network 
maps for each phase of the 
monumentation project in 
its respective county. These 
maps will serve as an addi-
tional resource for real es-
tate or engineering projects 
along the corridor and else-
where and will help increase 
awareness of the unique 
NCRR corridor.

Progress
At the close of 2013, NCRR 
had completed the lidar sur-
vey of the existing track and is 
now placing the final touch-
es on the historical center-
line survey. Once complete, 
an alignment that combines 
the two surveys will be pro-
duced for the entire corridor. 
NCRR anticipates making 
this available to surveyors as 

a supplement to convention-
al surveys near the rail cor-
ridor. Such surveys require 
a railroad right of entry and 
possible on-track protec-
tion in the form of railroad-
employed flagmen. This will 
help reduce cost to surveyors 
and eliminate the safety risks 
of accessing the corridor. 

To date, monuments have 
been placed in five of the six-
teen counties through which 
the NCRR runs. The mon-
umentation missions were 
able to be accelerated in an 
east-to-west fashion because 
just over 100 miles of corri-
dor centerline is considered 
to be undisturbed, meaning 
it has never been relocated 
or re-engineered and does 
not require a historical cen-
terline survey. More than 200 
monuments have been in-
stalled in those five counties, 
submitted to NGS, and cur-
rently await publication. An-
other five counties, currently 
in progress, account for ap-
proximately 300 additional 
monuments covering a proj-
ect-to-date total of 208 miles 
and over 500 monuments.

Lessons Learned
The project has endured 
three years of logistical chal-
lenges and hard work by 
contractors and government 
agencies and will contin-
ue for another year, at least. 
There have been many les-
sons learned so far, but none 
have come at any significant 
detriment to the project. The 
main two lessons have been 
in the areas of geodetic mon-
umentation placement and 
community engagement.  

Over the course of the 
project, there has been and 
continues to be a host of ac-
curacy checks and double 
checks. Initially, NCRR con-
ducted a pilot project for 
the monumentation aspect 
that consisted of ten points 
in a somewhat urbanized 

BeLow: Contractors set a 
monument in wet concrete using 
precision instruments to guide 
the placement. Monuments must 
be set along the corridor bound-
ary, 100’ from the center of the 
original rail centerline.

continued on page 50
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area that was representative of the entire 
project. This pilot project paid dividends 
because NCRR learned that even with in-
stituting strict accuracy requirements, a 
small ”forgiveness” tolerance still should 
be built in at certain points during the 
monumentation to help ease some in-
evitable location constraints while still 
maintaining the required accuracy.   

For example, a small level of flex-
ibility in the willingness to accept a 
limit of 10% of reported vectors that ex-
ceed 10 kilometers will be able to ex-
ceed the 2-cm standard but would still 
have to meet the 5-cm standard. This al-
lows monumentation contractors some 
leeway in observing a monument but 
comes with the caveat that reconnais-
sance procedures should be much strict-
er to prevent placement of a monument 
that cannot be adequately observed, or 
”achieved.” This flexibility helps control 
cost for NCRR and prevents wasted ef-
fort for the contractor while still main-
taining the necessary accuracy. 

Another lesson NCRR will take away 
from the corridor monumentation proj-
ect is community engagement, specifi-
cally, the surveying community at large. 
While NCRR is conducting this project 
to better document the location of the 
railroad, it will be a useful resource to 
surveyors across the state.   The same 
surveyors benefiting from this project 
have been instrumental in guiding its 
purpose as well as its procedures. This 
is no accident, because NCRR has taken 

great strides to promote the monumen-
tation project at local surveyor soci-
ety chapter meetings, conferences, and 
one-on-one meetings, which has led to 
valuable feedback for NCRR to ensure 
the integrity of this project.

As an extension of the community 
engagement, NCRR has worked to ed-
ucate local government about the loca-
tion of the corridor. The NCRR corridor 
passes through 16 counties, and each 
county has an online GIS that many 
surveyors often turn to for their initial 
research. NCRR is working with every 
county to ensure that the tax parcel lay-
er accurately reflects the NCRR corridor, 
including ownership details, so survey-
ors have a better understanding at the 
onset of their projects.

NCRR prides itself on being a progres-
sive and accessible organization. In fact, 
the newly adopted NCRR mission state-
ment is, “To develop the unique North 
Carolina Railroad assets for the good of 
the people of N.C.,” and one way this 
mission will be accomplished is by in-
vesting in the railroad. The monumen-
tation project is just such an investment 
that will continue to serve communities 
within the state and provide a definitive 
and lasting record of the North Carolina 
Railroad’s location.

Kristian Forslin, GISP, PLS is the GIS coordinator for 
the North Carolina Railroad Company. He is respon-
sible for geospatial activities on the NCRR rail cor-
ridor as well as a surveyor outreach program. He is 
also an editorial board member for this magazine.

continued from page 22


