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• Earliest work found was in 1836 
“Jilson Borden (MZ1913). MAGS

• 1837 “Boundary Bound MA NY 
VT” (MZ1966) COASUR

• Notice date on mon.
• 1896 report refers to “old” Borden 

Survey

Early History – Few Details



• Congressional Act of 1843 limited activities to 
the coast and narrow area associated with the 
Primary Triangulation

• 1845 US/Canada Boarder (IBC)



• Congress lifted the restriction in 1871, during 
the superintendency of Benjamin Peirce, when 
it gave permission for the measurement of the 
Transcontinental arc. In 1878, the name was 
changed to U.S. Coast and Geodetic Survey to 
reflect the bureau's responsibilities for geodetic 
surveys inland.



…that the means therein provided for continuing the survey of the Atlantic and Gulf coast 
should be applied, in part, for a survey of Lake Champlain. The system and methods used in 
the survey of the coast were, in consequence, with a suitable force, transferred to the lake, 
and the survey was advanced as far as the limited season and the collateral interests of work 
on the coast would allow….. On a review of the facts which give it special importance, the 
provision by which it has been included in surveying-operations seems to he fully 
warranted.

This narrow lake, about one hundred miles in length, and entirely within the limits of the
United States, is connected with Hudson River by the Champlain Canal, and With the Saint 
Lawrence by its natural outlet, the Richelieu River, the navigation along the latter being 
improved by the Chambley Canal. Thus there is an almost direct line of water-
communication between New York City and Montreal. Further improvements now in 
progress, and others which are proposed, will shorten this line, and realize, it is expected, all 
the advantages for domestic intercommunication to be derived from the position, direction, 
and extent of Lake Champlain, as a natural link between the great lakes and the Atlantic 
Ocean. It is intended to make the new canal, to connect the navigable waters of the lake with 
the Saint Lawrence above Montreal, of capacity sufficient to pass vessels of 850 tons.  Lake 
Champlain, when this is accomplished, will be one of the principal routes of trade and 
commerce between the Northwestern and Eaststern States of the Union.



• Survey of Lake Champlain Begins in 1870
– Reconnaissance by G. W. Dean

• Secondary baseline measured at Plattsburgh, 
NY using 6-Meter Contact Slide Apparatus, 
the rods of which had been compared with the 
Coast Survey standard, No.2, before they were 
forwarded from Washington.(1961.05m)

First Concentrated Effort



6 Meter Contact Slide Apparatus



• Another secondary base was measured along 
Rutland RR at the depot in Burlington using 60 
meter wire, whose length was obtained by 
means of the contact slide apparatus.  
(1319.76m)



• Location for a Primary Base was found in St. 
Albans (now gone) and was reported to be 5.5 
to 6 miles long.

• Two parties established primary triangulation 
stations independently. 



Triangulation.-The limits of the triangulation to be executed daring 
the months of September and October were arranged, under the 
direction of Mr. Cutts, to include the most important harbors and the 
routes most used by the commerce of the lake. The scheme and its 
connections were put in the charge of Assistants J. A. Sullivan and S. 
C. McCorkle. The former commenced work at Barlington, Vermont, 
and the latter at Plattsburgh, New York, and the junction of the two 
series of triangles was made on the intermediate and common line, 
Stave Island-Point Trembleau.  The reconnaissance and the 
organization of his party were commenced by Assistant Sullivan on 
the 2d, and the erection of signals on the 6th of September. From the 
latter date until the 23d of October the work was prosecuted 
without interruption, except during the prevalence of high winds and 
the thick smoke from burning forests on the Ottawa.



Determination of Latitude at 
Burlington

Latitude of Burlington, Vermont.-The astronomical station is on high ground within the 
city limits, and is connectedd with all the principal stations of the lake-triangulation to 
tlie westward .  A temporary observatory was completed on the 12th of September. 
Transit No. 12 and zenith telescope No. 4 were then mounted, each on a brick pier, sunk 
two feet below the surface, laid in cement, and capped with marble slabs. After careful 
attention to these preliminaries, Assistant A. T. Mosman commenced the observations, 
and by the 16th of October the latitude and azimuth were determined.

Primary azimuth was established between Astronomical Station and Juniper Island





Determination of Longitude
Longitude Qf Burlington Vermont.-The approximate difference of longitude 
between the astronomical station at Burlington and Cambridge observatory, 
was determined on the nights of September 26 and 28, and October 2. Assistant 
G. W. Dean reached Burlington on the 19th of September, and occupied the 
observatory, using the transit set up by Assistant Mosman, who, in conjunction 
with his aid, Mr. Smith, furnished all the assistance required for determining the 
longitude

The local time was ascertained each night by observing eight or ten zenith and 
circumpolar stars, with transit No. 12, the time being recorded on chronograph 
No. 2, and by the Frodsham break-circuit chronometer, No. 3451, belonging to 
Cambridge observatory. As soon as the time had been observed, the break-circuit 
chronometer was taken to the telegraph-office and there connected in a circuit 
directly with one of the clocks at the Cambridge observatory. The comparisons of 
the Burlington chronometer with the Cambridge clock were recorded on the 
observatory chronograph, during five minutes each night, after which the 
chronometer was taken back to the astronomical
station, and further comparisons were made with the two chronometers of 
Assistant Mosman, for the verification of the daily rate of the Frodsham 
chronometer.



Frodsham Chronometer



• In 1872, the second primary base was 
measured.  Approximately 3 miles in length 

Crown Point Baseline







• Topography – Plane table surveys of shoreline
• Hydrography – Lead line hydrographic survey

All this to support



Progress of the Survey 1870



Progress 1872





Progress 1873



1879-1880



Meanwhile, Mr. C. H. Sinclair, aid in the party, had adjusted the signal on Mount 
Equinox to the southward and westward of Killington, and stationed heliotropers at 
Prospect Mountain and Blueberry Hill to the northward and westward. Northeast of 
Killington the summit of Mount Washington was seen on favorable days at a distance of 
about eighty-eight, miles.

The plan of work, as laid out in advance, was to connect with and verify the New 
Hampshire triangulation; to commence observations for the Vermont series, assisted by 
Professor Barbour, and to take measures for connecting Lake Champlain with the main 
triangulation. In pursuance of the general scheme, heliotropers were stationed at Mount 
Mansfield, Mount Washington, and Gunstock Mountain. When arrangements were 
complete for the measurement of horizontal angles at Killington, the triangles meeting 
there as a septagon cover an area of ten thousand six hundred square miles.



Heliotrope





STYLES



Magnetic Declination



• 1890’s USGS begins leveling and mapping 
activities to support development of 
topographical maps

• 1904 First mention of “Montpelier datum”, 
e.g., “358  MONTPELIER”

• Local datums often based on leveling done by 
the RR, or early USC&GS leveling

Early USGS



Horizontal Network in June 1931



• Significant line leveling and Triangulation by 
USGS (Lincoln Gap in 1915, Mt. Mansfield in 
1924)

• USC&GS  1st order leveling in Caledonia, 
Essex, Franklin Counties (1922)

• USLS Triangulation in 1930’s
• Significant triangulation and leveling 

conducted in 1934-1937 (approx. 1000 mi of 
leveling, mostly 2nd order)

Early 1900’s



• Some leveling, Signficant 1st and 2nd order 
triangulation

• USGS Transit-Traverse to support updates and 
improvements to topographic maps

• Nautical Charting
• Aeronautical Charting
• Corps on Engineers/Army Mapping Service

1940’s



• National Interstate and Defense Highways 
Act of 1956 – initiated 15 years of 
geodetic/control surveying to support both 
ground and aerial surveys

• Both state and contract forces

1950’s and 1960’s



AGA Geodemeter Model 4



1961 Atlas Missile



K&E/Cubic Precision Ranger III



Kern DKM 2-AE



3-Wire Leveling – Zeiss Ni2
Both Metric and Yard Rods





• Formed Vermont Geodetic Survey in 1993
• Bought GPS field equipment and Digital Bar-

Code level in 1994



• Conducted 1st or second order levels to 18 
HARN marks

• VTGS Began to work with VT Mapping 
Program (VMP).  Established all ground 
control for Rutland and Windsor Counties 
1:5000 orthophoto project.  Relationship with 
VMP continues until around 2010.

Leveling and GPS 1994-1995



• VTGS conducted annual leveling project until 
around 2007.  One or two followed in 2013-
2015.

• Around 1000 km of leveling were added to the 
network by VTGS.

Leveling



VCAP 1994 (National in 1996)
9th oldest station currently in operation



Vermont CORS Expansion (VECTOR)
Vermont Enhanced CORS and Transmission Of Realtime

• 1996 - VCAP
• 2004 - VTUV
• 2006 – VTD2, VTSP, VTWR, VTOX, 

VTD7, VTD9, VTC1, VTSA, VTRU, 
(VCAP Upgrade)

• 2008 – VTBE, VTDA, VTMI, VTIP
• 2011 – VTRI
• 2013 – VTEB
• 2014 - VTJS





• 1044 stations positioned in VT since 2009
– Many of these stations have redundant 

observations
• 64 marks observed in 2018 (GPSonBM) to 

support the generation of Geoid18

OPUS Share (DB)





GPSonBM 2019

• 612 priority marks in VT
– 156 A1 marks
– 101 A2 marks

• 357 Priority A observations



Questions?

Dan Martin
Northeast Regional Geodetic Advisor

ME, NH, VT, MA, CT, RI, NY, NJ
Dan.martin@noaa.gov

240-676-4762

Presentation available at:
https://www.ngs.noaa.gov/web/science_edu/presentations_library/

https://www.ngs.noaa.gov/web/science_edu/presentations_library/
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