Mapping: NGS New Datums, SPCS 2022 Update
Rocky Mountain Tribal Mapping Project: 2009 — Present

By: Wallace J. Gladstone, PE, LS
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Survey Grade World meets the GIS World
Multi-phase Mapping Project

In 2009

tmaghe- A world that allows anyone doing surveying,
engineering and GIS development to coordinate and
associate all projects onto one simple mathematical base.

A world where the DOT, Land Department, Irrigation,
Tribal Housing, DNR, Forestry, Utilities and all others
involved with development and mapping wil-be-are able
to put all data onto one common survey grade base map.



Map Projections

With the Earth’s surface being curved, we turn to
map projections to provide us with flat surfaces to
represent our products:

Geodetic Control
Land Survey Plats

= ROW Maps
= Easements
= Plats

Topographic Maps

= Survey grade (design from)
Aerial Photography - Orthorectified
Design Plans

= Road

= Waterline

= Subdivisions

= Building Site

Slide source:
Matthew G. Badger, PS
INDOT’s InGCS Presentation
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The problem with GPS

= Map Distortion

= Earth is round, maps are flat

* |f you want to use GPS to survey
- Distortion is a Fact of Life




What is “Distortion”?




Linear distortion due to ground height above ellipsoid

Horizontal distance between

points on the ground Loc_al _
(at average height) \}. projection
surface

Ground surface
Grid distance ; :
greater than in project area ‘
"ground" distance p
(distortion > 0) '

Ellipsoid
surface

S "‘ ________ -
Typical published ] I

"secant" projection
- Distortion <0

surface (e.g.,
State Plane, UTM) for almost all cases

Grid distance

less than
"ground” distance
(distortion < 0)
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MN2°45TW M2°30TW H2°00'w 111°450°W
, : = Blackfeet

Coordinate System

Transverse Mercator Projection
North American Datum of 1983
Latitude of grid origin: 48°00°00" N
Central meridian: 112°3000" W
False northing: 0.000 m
False easting: 100.000.000 m
Central meridian scale: 1.000 180 (exact)

Blackfeet Coordinate System

13°300TW 113"15TW

5 Projected map grid
shown in units of
® international feet
o
Scale 1:500.000
(when printed on 11" x 17" sheet)
00/ 0 5 10 15 20
™ ™ ™ e =
o Miles
D, Linear distortion (parts per million)
—— — - Zero distortion
<-50 ppm (<-0.25 ft/mile)
-40 to -50 ppm
-30 to 40 ppm

|| -20to-30 ppm

| -10to-20 ppm

+10 ppm (20.05 fimie)
| | +10t0 +20 ppm

|| +20to +30 ppm

+30 to +40 ppm

+40 to +50 ppm

>+50 ppm (>+0.25 fUmile)

‘Montana

[ indian reservation

Designed and prepared by
Mchael L. Dennis, RLS,
midgdgeodaticanalysis.com tran



Low Distortion Projections

Advantages of LDP’s over “scaling each project to ground”:
Time savings
Quick selection of system in software
No design time
No design-validation time

Not constantly verifying office & field devices are
up-to-date
Documentation (internal and public record) time

reduced to the same as documenting UTM or State
Plane

Subsequent practitioners time reduced to the same
as following UTM or State Plane projects

Slide source:
Matthew G. Badger, PS
INDOT’s InGCS Presentation



Indiana Geospatial Coordinate System (InGCS)

Low Distortion Projections

Advantages of LDP’s over “scaling each project to ground”:

Project Coordinates are directly referenced to the
National Spatial Reference System (NSRS)

Not anchored/dependent upon local,
physical monuments

, Intended to cover much larger regions
—Can-be Commercially available

Slide source:
Matthew G. Badger, PS
INDOT’s InGCS Presentation




Indiana Geospatial Coordinate System (InGCS)

Low Distortion Projections
PARAMOUNT ADVANTAGE OF LDP’s TO THE GEOSPATIAL COMMUNITY

When included in geospatial
software platforms, LDPs offer ~
future geospatial users a quick "
and easy way to fit all the
different pieces (projects) of
the geographic puzzle together.
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Preliminary SPCS2022 default design: Montana Zone
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Linear distortion at topographic
| surface (parts per million)

@, | Areas within £300 ppm distortion
{ §' | (£1.58 ft per mile):
,:g“/;A.S 98% of popg[ation
National | 90% of all cities and towns
Gselfr‘\’/eet;" 83% of entire zone area

<-400 to -200 to +150
to -400 to -150 to +200
to -350 to -100 to +250
to -300 +50 to +300
to -250 to +100 > +300
0 50 100 150 200 250 300
km

Distortion values (ppm)
Entire zone:

Min =-534 Range = 1000
Max = +467 Mean =-79
Cities and towns:

Min = -380 Mean =-113
Max = +441 (weighted by

Range = 822 population)
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SPCS2022 FRN Responses
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number organizations represented
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North Dakota Counties
Topographic surface linear distortion
State Plane Coordinate System 1983

using NDDOT county coordinate
conversion factors (3 arc-sec resolution)

Linear Distortion
at the Topographic Surface
in parts per million (ppm)
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to +40 >+120

Distortion Values for All Zones
in parts per million (ppm)

Min: -63

Max: +131

Range: 194
Mean: +5.7
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The NGS Data Sheet

N < i S D a t a S h e e t S See file dsdata.pdf for more information about the datasheet.

PROGRAM = datasheet95, VERSION = 8.12.5.4

1 National Geodetic Survey, Retrieval Date = SEPTEMBER 15, 2019
PY©802 FBN - This is a Federal Base Network Control Station.
PY@802 DESIGNATION - MEERTENS 2
. . PYe862 PID - PYo802

Tribal Coordinates on NGS Data Sheets PY6862  STATE/COUNTY-  WY/TETON
PY@862 COUNTRY - US
PYeg802 USGS QUAD - OLD FAITHFUL (1986)
PY©802
PYege2 *CURRENT SURVEY CONTROL
PY@802
PYB862* NAD 83(2011) POSITION- 44 27 14.39222(N) 110 49 €8.91062(W) ADJUSTED
PY®802* NAD 83(2011) ELLIP HT- 2246.384 (meters) (06/27/12) ADJUSTED
PY®862* NAD 83(2011) EPOCH - 2010.00
PYB802* NAVD 88 ORTHO HEIGHT - 2255.437 (meters) 7399.71 (feet) ADJUSTED
PY©862
PYego2
PY0802.The modeled gravity was interpolated from observed gravity values.
PYego2

PY0P802. The following values were computed from the NAD 83(2011) position.

PY0802; North East Units Scale Factor Converg.

PY®802;SPC WY W - 539,456.251 741,439.185 MT @.99997966 -0 38 55.2
PY®802;SPC WY W - 1,769,866.05 2,432,538.13 sFT @.99997966 -0 30 55.2
PY®802;UTM 12 - 4,922,315.297 514,389.118 MT @.99960255 40 07 36.0

PYeg8oe2! - Elev Factor x Scale Factor = Combined Factor
PY®802!SPC WY W - ©.99964790 X 0.99997966 = 0.99962757
PY®802!1UTM 12 - ©.99964790 X 0.99960255 = ©.99925059
PYo802

PY0802 U.S. NATIONAL GRID SPATIAL ADDRESS: 12TWQ1438922315(NAD 83)
PYo802

PY©8062 SUPERSEDED SURVEY CONTROL
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