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Abstract

This document contains the history, development, best practice methods, and technical creation of a
new coordinate system for the Rocky Mountain Tribal areas. The Rocky Mountain Tribal Coordinate
Reference System (RMTCRS) is based on a series of 'low distortion' map projections (zones) whose
parameters have been defined such that lineal distortion is very minimal for certain geographic areas.
Each zone has been optimized by design, to be useful for surveying, engineering, GIS, and cartographic
mapping, where distances computed between points on the grid coordinate system will closely
represent the distances physically measured between the same points on the ground within published
zone tolerances. It is important to realize that rectangular grid coordinates for all of the RMTCRS map
projections may now be calculated with formulas through computer programs that would have seemed
too complicated in the past, but now may be considered to be a routine exercise. These same computer
programs also make it a relatively simple procedure to complete transformations, moving the
coordinates of a point or group of points from one coordinate system referenced to one datum, into
coordinates referenced to a different datum for a given epoch. While having numerous state coordinate
systems may seem cumbersome at first, actual user application through highly precise GNSS and
terrestrial measurement devices provide for a level of mapping accuracy that is beneficial to all mapping
professionals.

Revision History

This document has been developed by Northern Engineering & Consulting, Inc. (NECI) from the Oregon
Coordinate Reference System (OCRS) Handbook and User Guide, Version 2.00, Mark L. Armstrong, 25
March, 2011. NECI revised the OCRS Handbook in accordance with Montana and Wyoming survey
systems and the coordinate reference systems developed for the study areas, but much of the original
information contained in the OCRS remains in this publication.

Draft v1.0 (First draft for inside review)

19 May, 2014

Draft v1.1 (Updated draft for working group, vendor, and potential users review)

18 June, 2014

First Release v1.0 (Printed version handout for “Rollouts” and for MtWyTLC Presentation)

30 September, 2014

Second Release v2.0 (Printed version handout for “MARLS Feb 2022 Conference, Missoula, Montana)
23 February, 2022

This document is formatted for double sided printing.

Rocky Mountain Coordinate Reference System - ii



Acknowledgements

| would like to acknowledge and thank the people who contributed to the development of the Rocky
Mountain Tribal Coordinate Reference System.

Stew J. Willis, PLS, CFedS, Montana Low Distortion Projection (LDP) champion. When LDPs became an
option as a layer within the SPCS2022 Mr. Willis rallied the Montana Surveying and Engineering
community to create LDPs covering western and south-central Montana doubling the number of LDPs
and doubling the area covered by LDPs.

Michael Dennis, our Low Distortion Projection expert, whose tremendous knowledge, expertise, and the
amazing software tools he developed were instrumental to this undertaking. Mr. Dennis as the
“Greatest Generation” would say is battle tested and when attempting change on the magnitude we
have hoped for having Mr. Dennis at our side has been a key to accomplishing as much as we have.

Michael Dennis mld@geodeticanalysis.com

http://www.geodeticanalysis.com/

(928) 322-0956

Mark Armstrong, Oregon’s Geodetic Advisor, who led the development of the Oregon manual, has
advised the Rocky Mountain team as well. Mark has provided valuable insight and knowledge not only
on Low Distortion Projection but he has conducted Low Distortion Projection trainings at our state
surveyor’s association conferences. He has helped pave the way for Low Distortion Projection
acceptance among the Montana and Wyoming professional land survey community.

Jay Springer, Northern Engineering & Consulting, worked closely with Mr. Dennis in development and
design of the Milk River and Crow Low Distortion Projections. His love of surveying has made the low
distortion venture enjoyable. Further, Mr. Springer has advocated Low Distortion Projection
implementation through his use of the projections in survey and design.

Rich Jensen, Sanderson Stewart, developed the Billings and assisted with the Bobcat Low Distortion
Projections. Mr. Jensen’s support, resources and promotion of low distortion projections have been

instrumental to acceptance and implementation of the projections.

The Tribal Team is who has been instrumental in progression of our grass roots movement includes:

Don White Blackfeet Tribal Transportation Program Director

Mark Magee Blackfeet Land Department Director

Tom Little Owl Crow DOT

Robert Stewart Crow DOT

Michael Stewart Crow DOT

Titus Takes Gun Crow MR&I Project

Myron Shield Crow MR&I Project

John Healy Fort Belknap Tribal Planning Department Director

Wes Cochran Fort Belknap GIS

Cleo Hamilton Fort Peck Tribal Transportation Program Roads Director
Curry Kirn Fort Peck Tribal Transportation Program Roads Director
Connie Thompson Fort Peck Indian Reservation Roads

Paul Azure Fort Peck Indian Reservation Roads

Rocky Mountain Coordinate Reference System - iii


mailto:mld@geodeticanalysis.com
http://www.geodeticanalysis.com/

Ron Robertson
Darin Falcon
Cordell Ringel
“Big” John Smith
Howard Brown
Winslow Friday
Pat Eagle

The engineers and surveyors who have assisted with the development include:

Jay Springer, PE, LS

Amy Darlinton, PE

Rich Jensen, PLS

Wallace Gladstone, RLS, PE
Ethan Ostby, LS

Jami Garrison, Northern Engineering & Consulting, Inc., whose tremendous knowledge, was
instrumental to the creation of the v2.0 Low Distortion Projections. Her patience and positive attitude

Fort Peck Tribal Transportation Program Engineer
Fort Peck Tribal Transportation Program Engineer

Fort Peck Tribe Consultant

Shoshone & Arapahoe DOT, Roads Director

Shoshone & Arapahoe DOT
Shoshone & Arapahoe DOT
Shoshone & Arapahoe DOT

Northern Engineering & Consulting
Northern Engineering & Consulting
Sanderson Stewart

Northern Engineering & Consulting
Northern Engineering & Consulting

made work on v2.0 a pleasant experience.

Finally, the Oregon Technical Development Team, who developed, documented, and implemented the
OCRS zones. The group blazed the trail and gave us permission to use their User Guide and Handbook as
a template. Without their leadership, guidance, and template we would not have known where to

begin. The Oregon Technical Development Team includes:

Ken Bays, PLS

Mark Armstrong, PLS
Shelby Griggs, PLS
Lisa Lee

John Putnam, PLS
Art Benefiel

Mark Riggins, PLS
Marcus Reedy, PLS
Jim Griffis, PLS
Michael Olsen, Ph.D.
Dave Brinton, PLS
Randy Oberg, PLS
William (Bill) Dye
Mike Brinton

Greg Miller

Ken Crossley

Rocky Mountain Coordinate Reference System - iv

ODOT Lead Geodetic Surveyor

NGS Oregon Advisor

Orbitech, Inc.

Central Oregon Irrigation District
Orion GPS

Central Oregon Community College
Marion County

David Evans and Associates

David Evans and Associates

OSU Engineering School

ODOT Lead Surveyor

ODOT Geodetic Surveyor

ODOT Survey Support Specialist
ODOT Field Survey Associate
Marion County Survey Technician 2
Marion County Survey Technician 2



Living Document

This RMTCRS Handbook and User Guide is designed to be a ‘living document’ and will be updated with
information and additional RMTCRS coordinate systems as new low distortion map projections are
developed over time.

The RMTCRS was created with public money and effort for the benefit of surveying, engineering, GIS,
and mapping professionals on the Blackfeet, Crow, Fort Belknap, Fort Peck, and Wind River Indian
Reservations in Montana and Wyoming. The Rocky Mountain Tribal areas are among several states that
have created new coordinate systems based on 'low distortion' map projections.

Contact Information for Revision to Document

If there are topics that you would like us to add, cover in more depth, clarify, if you discover an error in
the content, or would like to suggest a particular workflow, please contact SJW Land Surveying, Inc. or
Northern Engineering & Consulting, Inc.:

Email: stewmt@yahoo.com or

Wallace.Gladstone@neciusa.com
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Rocky Mountain Coordinate Reference System Handbook and User Guide

Chapter 1 History and Development of the RMTCRS

1.1 History and Development of the Rocky Mountain Tribal Coordinate Reference System
(RMTCRS)

The utilization of electronic survey data by surveyors and GIS professionals is bringing awareness of the
need for higher accuracy when working with measurements on the earth and their representation in
electronic databases and on paper. Modern GIS and surveying software now brings the opportunity to
create low distortion map projections and coordinate systems that can relate closely to distances
measured on the ground. The function of low distortion projections is to minimize the distortions of
distances, areas and to a lesser extent azimuths and angles. These distortions are ever present because
we live on a semi-round spheroid, and are presented with the impossibility of representing a curved
surface on a plane without distortion. We can minimize that distortion by creating a mathematical
model (map projection) that will allow us to work in a coordinate grid where calculated positions and
distances are represented closely by the same positions and distances we measure on the ground. For
mapping and GIS professionals, low distortion projections may dramatically reduce the need to ‘rubber-
sheet’ data sets to make features fit. Now both survey and GIS data can co-exist without either dataset
being degraded.

1.1.1 The Beginning

For many years surveyors in Montana and Wyoming have been looking for a better way to deal with
map distortion other than the currently used State Plane Coordinate Systems. In 2009, John Smith,
Shoshone and Arapahoe Department of Transportation, Tribal Roads Director, gave direction to
investigate the use of ‘low distortion’ projections to determine the pros and cons of their use. At the
2010 Montana Association of Registered Land Surveyors conference Mr. Gladstone and Mr. Robertson,
on behalf of Fort Peck, met with Curt Smith, NGS advisor, to discuss the subject and we were directed to
Mr. Michael Dennis. We soon learned the surveying process could be standardized and simplified and
that if we standardized the system a surveyor no longer needed to be a student of geodesy to use a GPS
survey instrument to measure a line on the ground. We had an opportunity to create a standard
coordinate system that could be used by all tribal surveyors and if we published the system it could be
shared and beneficial to all members of the survey and engineering community. Mr. Smith gave
direction to proceed. In 2011 Fort Peck formally joined the mission and the project became a tribal
mapping project. The Blackfeet and Fort Belknap reservations joined in 2012 and the Crow in 2014. As
our team learned more about the national survey system we learned about our regional survey
foundation short comings therefore additional phases where added to our tribal mapping project.

The six phase Tribal Mapping project is described below:

e Phase 1-Low Distortion Projection (LDP) Creation-As described in this document, LDP’s were
established on each reservation to minimize map projection errors arising from the use of State
Plane Coordinate Systems.

e Phase 2-Control Point Establishment in the Tribal Coordinate Systems-Ground based control
points have been established for project control and quality assurance. NGS generally refers to
this type of control as passive control and is no longer supporting it. The NGS movement has
been toward CORS therefor we’ve added phase 4 to the mapping project.

e Phase 3-Tribal Mapping Handbook Creation-This handbook was created to guide users on LDP
use, GPS input, and use in GIS systems.
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¢ Phase 4-Continuously Operating Reference Station (CORS) Establishment-Static, survey grade
GPS receivers will be established to provide access to the National Spatial Reference System
(NSRS) to precisely identify latitude, longitude, and elevation.

e Phase 5-Real Time Network (RTN) Establishment-RTN stations will link to CORS to provide real-
time data corrections and allow accurate GPS data to be collected in the field.

e Phase 6-Survey Grade Data Collection and Compilation-The mapping system will be used to
collect highly accurate, survey grade data and compile the data in GIS systems for shared use.

1.2 The RMTCRS Technical Development Team
The Tribal Team was formed

by tribal transportation HlStOI'y
directors, engineers and GIS

users exploring interest in the

tribal mapping project in o
meetings and initial rollouts
through 2010. For the names
of the tribal project managers
and other contributors, see
the acknowledgements inside
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construct projections through Figure 1.2: Historical Timeline for the RMTCRS

a refined iterative process

leading to a final optimized solution for each geographic area. In 2020 the NGS asked for comments on
the State Plane Coordinate System (SPCS) 2022. The Rocky Mountain Tribes via the Rocky Mountain
Tribal Leaders Council requested LDPs be part of the update. When states were notified LDPs would be
accepted as part of NGS2022, Mr. Stew Willis, MARLS Geodetic Coordinator and NGS State Coordinator,
formed a LDP workgroup and garnered support form multiple firms for a Montana grassroots movement
that doubled the number of LDPs and doubled the area the LDPs covered.

1.3 RMTCRS 'Best Practice' Goals

Best practices used for the RMTCRS program were developed by the Oregon CRS Technical Development
Team in 2009 and adopted with minor edits by the RMTCRS team in 2010. The ‘Best practices’ focus on
the critical elements lead to the creation of new map projection zones. These ‘best practices’ continued
to evolve during the process and are currently listed below.

1. The goal was established to use 1:50 000 ratio = +20 ppm for each reservation [as big as zones as
possible and still meet these criteria. No criteria difference between urban (local) and rural
(regional) areas].
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10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

Use common and easy to implement map projections: Lambert, Transverse Mercator, with the
Oblique Mercator (Rectified Skew Orthomorphic) added for special cases.

a. Vendor software needs to support these projections. The team is coordinating with vendors
letting them know that new coordinate systems are under development.

The RMTCRS system would not require a site calibration (localization) by a surveyor for horizontal
positioning in each projection zone coordinate system.

Each zone would have a positive NE coordinate system.

The false Northing’s and Easting’s for each zone would be designed to not conflict with one
another and be markedly different than State Plane coordinates.

Units: (meters) - Metric units for map projection parameters and individual users may project into
desired units. Montana users project to international feet and Wyoming users project to US Feet.
The RMTCRS zones will be referenced to the National Spatial Reference System (NSRS). This is
currently defined geometrically as NAD 83 (GRS-80 ellipsoid) and it will follow the NGS path (new
datum definitions') in future. The projection parameters will not be affected by a specific
realization of NAD 83, since all of these realizations reference the GRS 80 ellipsoid.

Projections created should be referenced to NAD 83 ‘generically’ with specific realization of NAD
83 (such as HARN, CORS96 or NSRS2007) stated in the metadata associated with the observed
project datasets.

The method used to create each zone will not involve scaling the ellipsoid. Scaling modifies GRS-
80, making the resulting projection not compatible with NAD 83.

If an existing low distortion projection already exists it will be reviewed by the Technical
Development Team to see if it meets these ‘best practices’ and also provides for the greatest
available +20ppm coverage for the area under consideration.

The vertical datum will be the current NAVD 88, but will also follow the NGS lead adopting the
future NAVD based on a pure gravimetric geoid (via the GRAV-D Project). The geoid model used is
part of the metadata belonging to a full coordinate system; however the geoid is independent of
the RMTCRS projection zone parameters.

The development of the RMTCRS system will include parameters for each zone that will be
included in a future published Handbook and User Guide.

No artificial political boundaries will define the limits of a particular zone. Each zone will be
defined by latitude and longitude limits, but may include the option to modify the zone limits to
match key areas or include political boundaries (will try not to break populated areas into two
zones).

Interact with NGS in the future to develop:

a. Standard methodology for low distortion project zone development.

b. In the future suggest the NGS develop an automated software tool for creating low distortion
projection coordinate systems.

c. Document/register/catalog zones on the NGS website.

d. Discuss the possibility of RMTCRS and other state legislated zones being included on NGS
datasheet output files, including OPUS output results.

Involve stakeholders in the review of the RMTCRS development by giving presentations etc. (local
users: MARLS, PLSW, MWTLC, ASCEMontana/Wyoming, GIS groups, MSU, tribal colleges, etc.)
Involve software vendors so they can include the RMTCRS zones when they update their software.
The size of each zone to be determined when created. Zones will cover as large an area as possible
and still meet the distortion criteria, so as to minimize the total number of zones.

For Lambert Conformal Conic (LCC) zones, the Latitude of grid origin shall be the same as the
standard parallel chosen.

Each zone must have unique coordinate system origins that differ from one another by a
significant amount so as not to be confused with one another.
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1.4 Why State Plane Coordinate Systems are Deficient for Certain Modern Day Uses

The State Plane Coordinate System was first studied in 1933 by the U.S. Dept. of Commerce, Coast and
Geodetic Survey to simplify geodetic calculations and avoid complex ellipsoid calculations. The Montana
State Plane Coordinate System is a single zone system based on the Lambert Conformal Conic
Projection. The Wyoming State Plane Coordinate

System is based on the Transverse Mercator

Projection and consists of four zones to minimize CENTRAL MERDAN
distortion. The maximum distortion (with respect to
the ellipsoid) was kept to approximately one partin
9,500 (105 parts per million)s). This distortion error
occurs when these zones are constructed for
mapping purposes and it is because of this, that the
state plane system presents the following issues for
the surveying and GIS community:

LAMBERT CONFORMAL
PROJECTION
(STATE PLANE GRID)

109° 30" WEST LONGITUDE

e Does not represent ground distances except
near sea level elevations (along the coast
and major river systems) and near the
standard parallels.

e Does not minimize distortion over large
areas and varying elevations.

e Does not reduce convergence angles. (CLOSE 70" SEA LEVEL ELEVATION

e Does not support modern datum and geoid

grid reference frames. Figure 1.4.1: Montana State Plane Two parallel Lambert
Conformal Conic Projection layout

-GRID ORIGIN
0,00

Currently State Plane coordinates are available for all

of Montana and Wyoming’s horizontal control points that reside in the National Geodetic Survey (NGS)
Integrated Database (datasheets) and are also generated for all points submitted to the NGS Online
Positioning User Service (OPUS). The State Plane Coordinate Systems still maintains some limited

W 104° W advantages for general surveying and mapping

5N
11w

Figure 1.4.2: Wyoming Transverse Mercator State Plane Coordinate System Zones

¥

45°N (GIS) at a statewide level, such as depicting
physical, cultural, and human geography over
large areas of the state. It also works well for
mapping long linear facility lines such as

Hloswsione
ark

Camphell
County

coordinate systems including the zones of the
18 | g RMTCRS. The Figure below (Figure 1.6.0.1)
| depicts the total linear distortion (at the
et topographic surface of the Earth) for Montana.
Note high distortion (greater than -4.5
feet/mile) occurs in the west central part of
the state in areas of high elevation, where
areas of low distortion occur near the north
and south state lines at the parallels.

Jon ey highways,  electrical  transmission, and
| il pipelines, which crisscross the state. The State
?ii :’Ei él: Plane Coordinate System provides for a
e =iz = 2l common reference (map projection) for
f:é :g . §:§ conversions (transformations) between other

|
|

1047 W
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14.1

State Plane Coordinate System Definitions

Montana and Wyoming State Plane Coordinate Systems are defined as follows in Table 1.1,

below.
Table 1.1
State Zone Projection | Central | Latitude | Standard | Standard | False False Max
Plane Number Type Meridian of Parallel Parallel | Easting | Northing | Scale
Zone Origin (South) (North) (m) (m) Error*
Wyoming | 4901 | Transverse | -105° 10’ | 40° 30’ - - 200,000 0
East Mercator (W)
Wyoming 4902 Transverse | -107° 20" | 40° 30’ - - 400,000 | 100,000
East Mercator (W)
Central
Wyoming | 4903 | Transverse | -108° 45’ | 40° 30’ - - 600,000 0
West Mercator (W)
Central
Wyoming 4904 Transverse | -110° 05’ | 40° 30’ - - 800,000 | 100,000
West Mercator (W)
Montana 2500 Lambert | -109° 30’ | 44° 15’ 45° 15’ 49° 600,000 0 <-852
Conformal (W)
Conic 2
Standard
Parallel

*Note: This maximum scale error is distortion with respect to the ellipsoid, not the topographic surface,
and occurs along the central parallel. The actual distortion at the topographic surface is typically
greater, and it changes at a rate of 4.8 ppm per 100-ft change in height.

Max scale errors have not yet been determined for Wyoming State Plane Zones.

1.5 Local Datum Plane Coordinate (LDPC) Method vs. Low Distortion Projection Method

1.5.1 Local Datum Plane Coordinate Systems

In both Montana and Wyoming, scale factors are used to compute grid distances from measured ground
distances. In Montana, ‘Combination Scale Factors’ are the product of the specific scale factor (a factor
based on local latitude used to compute the difference between the ellipsoid and grid distance) and the
elevation scale factor (a factor based on project elevation used to compute the difference between
ground distance and ellipsoid distance). In Wyoming, ‘Datum Adjustment Factors’ are computed in the
same manner, by multiplying a grid scale factor by an elevation scale factor.

Traditionally these factors were determined from tables(s. Later with the advent of NAVD 88 and
computer geodesy programs the ‘height above the ellipsoid’ was used in place of the elevation above
sea level. Essentially, project Scale Factors were divided into the State Plane northing and easting
coordinate values of the project control points, thereby scaling the values of the control points to yield
LDPC coordinates. This method allows for the LDPC grid measurements to closely match actual ground
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distances measured and the project basis of bearing still remains the same as the State Plane grid.
While this system generally works well, there are some inherent problems with this system:

e LDPC systems represent only low distortion areas (i.e., in general does not minimize distortion
over as large an area as can be achieved using a customized projection)

e LDPC coordinates look similar to state plane coordinates, but are NOT

e As ascaled version of a true map projection, it cannot be geo-referenced (requires reversion
calculation back to State Plane Coordinates)

e Each project is on a unique stand alone LDPC system

e Not directly compatible with any recognized datum or the National Spatial Reference System
(NSRS).

Local Datum Plane
| (LDPC)

Local Datum Plane
(LDPC)

Standard
Parallels

Ground

Ground

Cone projection plane
Oregon State Plane grid

| Earth spheroid at sea level
Cone projection plane

Oregon State Plane grid

Figure 1.7: Local Datum Plane Coordinate System .
scaled from State Plane [mla] | Earth spheroid at sea level

Figure 1.7.1: Local Datum Plane Coordinate
System enlarged to show spheroid to LDPC plane

1.5.2 Low Distortion Map Projection Systems

Low distortion map projections (like those within the RMTCRS coordinate system) are based on true
conformal projections designed to cover specific portions of urban and rural areas of the state. For
conformal projections (e.g., Transverse Mercator, Lambert Conformal Conic, Stereographic, Oblique
Mercator (RSO), regular Mercator, etc.), linear distortion is the same in every direction from a point.
That is, the scale at any particular point is the same in any direction and figures on the surface of the
Earth tend to retain their original form on the map. In addition, angles on the Earth are the same as on
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the map. The term ‘low distortion’ refers to minimizing the lineal horizontal distortion from two affects:
1) representing a curved surface on a plane and 2) departure of the elevated topography from the
projection surface due to variation in the regional height of the area covered. See Section 2.2 for more
information on map projection distortion.

The advantages of a low distortion projection are:

e Grid coordinate zone distances very closely match the same distance measured on the ground

o Allow for larger areas (than LDPC) to be covered with less distortion

e Reduced convergence angle (if the central meridian is centered within the zone)

e Quantitative distortion levels can be determined from topographic heights

e (Clean zone parameter definitions compatible with common surveying, engineering, and GIS
software

e Easy to transform between other coordinate systems

e Maintains a relationship to the National Spatial Reference System (NSRS) by allowing direct use
of published NSRS control coordinates (i.e., latitude, longitude, and ellipsoid height)

e (Can cover entire cities and counties making them useful for regional mapping and GIS

1.5.3 Projection Grid Coordinates

Because calculations relating latitude and longitude to positions of points on a given map can become
quite involved, rectangular grids have been developed for the use of surveyors, engineers, and GIS
mapping professionals. In this way, each point may be designated merely by its distance from two
perpendicular axes on the 'plane' map. The 'Y’ axis normally coincides with a chosen central meridian, 'y’
increasing north. The 'X' axis is perpendicular to the 'Y’ axis at a latitude of origin on the central
meridian, with 'x' increasing east. Commonly, 'x' and 'y’ coordinates are called "eastings" and
"northings," respectively, and to avoid negative coordinates may have "false eastings" and "false

northings" added to relate to the projection grid origin.
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Cha pter 2 Coordinate System Geodesy

2.1 Types of Conformal Map Projections Used for the RMTCRS

2.1.1 Lambert Conformal Conic Projection

The Lambert Conformal Conic projection (created in
1772 by Johann Heinrich Lambert), is one of the most
commonly used low distortion projections and was
used for the Montana State Plane Coordinate System.
As the name implies, the Lambert projection is
conformal (preserves angles with a unique scale at .
each point). This projection superimposes a cone over

the sphere of the Earth, with either one reference

False N/& E
il
parallel tangent (or above the globe in the case of a Standard F“- ’
low distortion projection) or with two standard Parauel

Central Meridian |

Point with Projected
Coordinates (N,E)

parallels secant (a straight line that intersects with the
globe in two places). Specifying a 'central meridian'
orients the cone with respect to the ellipsoid. Scale
error (distortion with respect to the ellipsoid) is NaturaIOrigVO-— g =
constant along the parallel(s). Typically, it is best used (N=E=0)
for covering areas long in the east—west direction, or,
for low distortion applications, where topographic Figure 2.1.1: Diagram for Lambert Conical

. . X Conformal Proiection with one standard varallel
height changes more-or-less uniformly in the north-
south direction. The Lambert Conformal Conic projection for relatively large regions is designed as a
single parallel Lambert projection. The cone of the projection is typically scaled up from the ellipsoid to
‘best fit’ an area and range of topographic height on the Earth’s surface (see Figure 2.2.3).

2.1.2 Transverse Mercator Projection

The Transverse Mercator (ellipsoidal) map projection Contral Meridian

(N=E=0) —>&

particularly well for areas long in the north — south E
direction, and for low distortion applications where

topographic height changes more-or-less uniformly in Figure 2.1.2: Diagram Transverse Mercator
the east-west direction. This projection was used for Proiection fmlal

the Wyoming State Plane Coordinate System.

was originally presented by mathematician Carl \‘l
Friedrich Gauss in 1822. It is a conformal projection [ Points with Projected
that is characterized by a cylinder superimposed over ' | Coordinates(N, E)
the ellipsoid of the earth with a straight central N i -
meridian.  Distances along the meridian have a —
constant scale. This projection is used for the familiar GridOriginP N
UTM (Universal Transverse Mercator) map projection T E | '\\ i
series, and it is the most commonly used in geodetic Latitude
mapping especially for areas of study that are relatively o !
close to the central meridian. This project works Natural Origin :
1
|
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2.1.3 Oblique Mercator (RSO) Projection

Although not used for the RMTCRS, various forms of Meridian Through
N Projection Centre

the Oblique Mercator (OM) projection have been .
devgloped, and the eII‘ipso'idaI form usgd for was M;:f;f:,g’f:‘g’i‘:‘gh
publlshe'd.by Martin Hotine in ‘1947(8). Hot|.ne f:alled it \\ skew | Projection Local
the Rectified Skew Orthomorphic (RSO) projection, and Y, Origin
it still goes by this name in some publications and P°‘"é“’“:,"“:3“ed S False N &E

. . . oordinates /N
software. It is an oblique form (rotated cylinder) of the ‘T\’b \0’1‘\/;7/(/
Mercator conformal map projection. The ‘Initial Line’ is Aﬁ;’&% N
the centerline (projection skew axis) and is specified fi "*‘/;Q"r/,;, Natural Origin
with one point and an azimuth (or skew angle) which Equator on aposphere -
may be positive or negative (right or left). This Equator on ellipsoid N
projection is typically used for long linear features that \\
run at 'angle' to what would otherwise be normal X Grid Origin E
north-south or east-west conventions. Here the (N=E=0)
projection centerline is along a geodesic, at an oblique Figure 2.1.3: Diagram for Oblique Mercator (RSO)
angle (rotated cylinder), and the process is to specify Proiection fmlal

the projection local origin latitude and longitude together with the centerline (Initial Line) azimuth to be
the line that runs parallel and centered near the alignment of the key object or landform such as a coast
line, river, or island chain feature of the Earth. Along this Initial Line the scale is true (one) much like
the normal Mercator projection and perpendicular from this line the scale varies from one. This
projection works well when the areas of study are relatively close to this line. The specified 'grid origin'
is located where north and east axes are zero. In contrast, the 'natural origin' of the projected
coordinates is located where the 'Initial Line' of the projection crosses the ‘equator of the aposphere’ (a
surface of constant total curvature), which is near (but not coincident with) the ellipsoid equator (see
Figure 2.1.1). The ellipsoid is conformally mapped onto the aposphere, and then to a cylinder, which
ensures that the projection is strictly conformal. However, unlike the TM projection, where the scale is
constant along the central meridian, the scale (with respect to the ellipsoid) is not quite constant along
the Initial Line (rather it is constant with respect to the aposphere). But the variation in scale along the
Initial Line is small for large areas. Note that this projection can also be defined by specifying the Initial
Line using two points or with a single point and a skew azimuth.

2.2 Managing Map Projection Distortion

2.2.1 Distortion is Unavoidable

Johann Carl Friedrich Gauss's (1777-1855) Theorema Egregium (Remarkable Theorem) mathematically
proved that a curved surface (such as the Earth’s ellipsoid model) cannot be represented on a plane
without distortion. Since any method of representing a sphere's surface on a plane is a map projection,
all map projections produce distortion and every distinct map projection distorts in a distinct way. For
low distortion projections, deciding on the type of map projection in order to minimize the distortion for
an area of the earth may not be an obvious or clear-cut task.

2.2.2 Two General Types of Map Projection Distortion by Michael L. Dennis, PE, RLS

1. Linear distortion - The difference in distance between a pair of grid (map) coordinates when
compared to the true (ground) distance is shown by & in tables 2.2.2.1 and 2.2.2.2. This may be

Page 10



Rocky Mountain Coordinate Reference System Handbook and User Guide

expressed as a ratio of distortion length to ground length: E.g., feet of distortion per mile; parts
per million (= mm per km). Note: 1foot / mile =189 ppm =189 mm / km.

Linear distortion can be positive or negative:
Negative distortion means the grid (map) length is shorter than the “true” horizontal (ground) length.
Positive distortion means the grid (map) length is longer than the “true” horizontal (ground) length.

(continued on next page)
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Linear distortion due to Earth curvature

Ellipsoid
surface

Projection
surface
(secant)

Grid length less than
ellipsoidal length
(distortion < 0)

Grid length greater

than ellipsoidal length
(distortion > 0)

Maximum projection zone
l—t———— idth for balanced positive —>:

and negative distortion

Table 2.2.2.1
Maximum Maximum linear horizontal distortion, 6
zone width for
secant projections Parts per million Feet per mile Ratio
(km and miles) (mm/km) (absolute value)
25 km (16 miles) 11 ppm +0.005 ft/mile 1:1,000,000
57 km (35 miles) 15 ppm +0.026 ft/mile 1:200,000
81 km (50 miles) +10 ppm +0.05 ft/mile 1:100,000
114 km (71 miles) +20 ppm +0.1 ft/mile 1:50,000
180 km (112 miles) +50 ppm +0.3 ft/mile 1:20,000
255 km (158 miles) e.g., SPCS* +100 ppm +0.5 ft/mile 1:10,000
510 km (317 miles) e.g., UTM" +400 ppm +2.1 ft/mile 1:2,500

*State Plane Coordinate System; zone width shown is valid between ~0° and 45° latitude
TUniversal Transverse Mercator; zone width shown is valid between ~30° and 60° latitude
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Linear distortion due to ground height above ellipsoid

Horizontal distance between
points on the ground
(at average height)

Local
projection
surface
Ground surface

Grid distance in project area

greater than
"ground" distance

! ! Grid distance
(distortion > 0)

less than
"ground" distance
(distortion < 0)

Ellipsoid
surface

Typical published
"secant" projection
surface (e.g.,

State Plane, UTM)

Distortion <0
for almost all cases

Table 2.2.2.2
Height below (-) Maximum linear horizontal distortion, 6
and above (+)
projection surface Parts per million Feet per mile Ratio
(mm/km) (absolute value)
+30 m (+100 ft) +4.8 ppm +0.025 ft/mile ~1:209,000
+120 m (400 ft) 19 ppm +0.10 ft/mile ~1:52,000
+300 m (+1000 ft) +48 ppm +0.25 ft/mile ~1:21,000
+600 m (+2000 ft)* —96 ppm —0.50 ft/mile ~1:10,500
+1000 m (+3300 ft)** —158 ppm —0.83 ft/mile ~1:6,300
+4400 m (+14,400 ft)" —688 ppm —-3.6 ft/mile ~1:1,500

*Approximate mean topographic height of North America (US, Canada, and Central America)
** Approximate mean topographic height of western coterminous US (west of 100°W longitude)
" Approximate maximum topographic height in coterminous US

Rule of Thumb:
A 30 m (100-ft) change in height causes a 4.8 ppm change in distortion
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Creating an LDP and minimizing distortion by the methods described in this document only makes sense
for conformal projections. For conformal projections (e.g., Transverse Mercator, Lambert Conformal
Conic, Stereographic, Oblique Mercator (RSO), regular Mercator, etc.), linear distortion is the same in
every direction from a point. For all non-conformal projections (such as equal area projections), linear
distortion generally varies with direction, so there is no single unique linear distortion (or “scale”) at any
point.

2. Angular distortion - For conformal projections (e.g., Transverse Mercator, Lambert Conformal Conic,
Stereographic, Oblique Mercator, etc.), this equals the convergence (mapping) angle (y). The
convergence angle is the difference between grid (map) north and true (geodetic) north. Convergence
angle is zero on the projection central meridian, positive east of the central meridian, and negative west
of the central meridian as shown in table 2.2.2.3 below.

The magnitude of the convergence angle increases with distance from the central meridian, and its rate
of change increases with increasing latitude.

Table 2.2.2.3 shows ‘convergence angles’ at a distance of one mile (1.6 km) east (positive) and west
(negative) of projection central meridian (for both Transverse Mercator and Lambert Conformal Conic
projections).

Table 2.2.2.3
. Convergence angle . Convergence angle
Latitude 1 mile from CM Latitude 1 mile from CM
0° 0° 00’ 00” 50° +0° 01’ 02”
10° +0° 00’ 09” 60° +0° 01’ 30”
20° +0° 00’ 19” 70° +0° 02’ 23”
30° +0° 00’ 30” 80° +0° 04’ 54”
40° +0° 00’ 44” 89° +0° 49’ 32”

Usually convergence is not as much of a concern as linear distortion, and it can only be minimized by
staying close to the projection central meridian (or limiting surveying and mapping activities to
equatorial regions of the Earth). Note that the convergence angle is zero for the regular Mercator
projection, but this projection is not suitable for large-scale mapping in non-equatorial regions. In many
areas, distortion due to variation in ground height is greater than that due to curvature. The total linear
distortion of grid (map) coordinates is a combination of distortion due to Earth curvature and
distortion due to ground height above the ellipsoid.
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2.2.3 Six Steps for Designing a Low Distortion Projection (LDP) by Michael L. Dennis, PE, RLS

Step 1. Define the project area and choose a representative ellipsoid height, h, (not elevation)
The average height of an area may not be
appropriate (e_g_' for projects near a Localgri_d coordin_atesystem designgd forspecific project
mountain). Usually there is no need to location, showing extent of low-distortion coverage
estimate height to an accuracy of better m;XJETLfJon
than about #6 m (20 ft). Note that as the coverage
size of the area increases, the effect of Earth Ground Local
curvature on distortion increases, and it | ™ N_| e Priace "
must be considered in addition to the effect

of topographic height, E.g., for areas wider
than about 56 km (35 miles) perpendicular irtsbatvok
to the projection axis (i.e., ~28 km or ~18 for projegt area
miles either side of projection axis),
distortion due to curvature alone exceeds 5
parts per million (ppm). The “projection
axis” is defined in step #2.

+Height limits
for low
distortion

Ellipsoid
surface

Local projection axis

'
|—7 (central meridian for

H Transverse Mercator)

Figure 2.2.3: Diagram shows the effect of scaling the projection to a
representative height above the ellipsoid [md]

Step 2. Choose the projection type and place the projection axis near the centroid of the project area.
Select a well-known and widely used conformal projection, such as the Transverse Mercator (TM), one-
parallel Lambert Conformal Conic (LCC), or Oblique Mercator (OM/RSO).

When minimizing distortion, it will not always be obvious which projection type to use, but for small
areas (< ~55 km or ~35 miles wide perpendicular to the projection axis), usually both the TM and LCC
will provide satisfactory results.

When in doubt, the TM is a good choice for most applications, since it is probably the map projection
supported across the broadest range of software packages. However, commercial software vendors are
adding more user-definable projections, and so over time the problem of projection availability should
diminish.

In nearly all cases, a two-parallel LCC should not be used for an LDP with the NAD 83 datum definition
(but note that some software may not support a one-parallel LCC). A two-parallel LCC should not be
used because the reason there are two parallels is to make the projection secant to the ellipsoid (i.e.,
the central parallel scale is less than 1). This is at odds with the usual objective of scaling the projection
so that the developable surface is at the topographic surface, which is typically above the ellipsoid,
particularly in areas where reduction in distortion is desired.

The OM (RSO) projection can be very useful for minimizing distortion over large areas, especially areas
that are more than about 56 km (35 miles) long in an oblique direction. It can also be useful in areas
where the topographic slope varies gradually and more-or-less uniformly in a direction other than north-
south or east-west. The disadvantage of this projection is that it is more difficult to evaluate, since
another parameter must be optimized (the projection skew axis). In addition, this projection is more
complex, and may not be available in as many software packages as the TM and LCC.
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The Oblique Stereographic (OS) projection can also provide satisfactory results for small areas, but it has
the disadvantage of not conforming to Earth curvature in any direction. In situations where this
projection works well, there really is no reason to use it, because the TM projection will give equally
good (if not better) results. In very rare cases this projection might give the best results, such as bowl-
shaped areas.

Bear in mind that universal commercial software support is not an essential requirement for selecting a
projection. In the rare cases where third parties must use a coordinate system based on a projection
not supported in their software, it is always possible for them to get on the coordinate system implicitly
(i.e., by using a best-fit procedure based on coordinate values).

The 'projection axis' is the line along which projection scale is constant (with respect to the ellipsoid). It
is the central meridian for the TM projection, the standard (central) parallel for the one-parallel LCC
projection, the (implicitly defined) central parallel for the two-parallel LCC projection, and the skew axis
for the OM projection (actually the scale is not quite constant along the skew axis, as discussed in
Section 2.1.3). The OS projection does not have a projection axis (projection scale is only constant at
one point).

Place the central meridian of the projection near the east-west “middle” of the project area in order to
minimize convergence angles (i.e., the difference between geodetic and grid north).

In some cases it may be advantageous to offset the projection axis from project centroid (e.g., if
topographic height increases or decreases gradually and more-or-less uniformly perpendicular to the
projection axis).

Step 3. Scale the central meridian of the projection to representative ground height, h,

h

I . p ” 0
Compute map projection axis scale factor “at ground”: Kk, =1+—
G

For the TM projection, K is the central meridian scale factor.
For the one-parallel LCC projection, K, is the standard (central) parallel scale factor.
For the OM projection, K, is the projection skew axis scale at the local origin.

For the OS projection, K, is the scale at the projection origin.

avl-e?

Re is the geometric mean radius of curvature, Ry =

1-e’sin’p
and ¢ = geodetic latitude of point, and for the GRS-80 ellipsoid:
a = semi-major axis = 6,378,137 m (exact) =20,925,646.325 international ft.

=20,925,604.474 US survey ft.
e’ = first eccentricity squared = 2f — f 2
f = geometric flattening =1 / 298.257222101

Alternatively, can initially approximate Rg since K, will likely be refined in Step #4, by using R values in
Table 2.2.3.1.
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Geometric mean radius of curvature at various latitudes for the GRS-80 ellipsoid (rounded to nearest
1000 meters and feet).

Table 2.2.3.1
Latitude Rs (meters) R: (feet) Latitude Rs (meters) R: (feet)
0° 6,357,000 20,855,000 50° 6,382,000 20,938,000
10° 6,358,000 20,860,000 60° 6,389,000 20,961,000
20° 6,362,000 20,872,000 70° 6,395,000 20,980,000
30° 6,367,000 20,890,000 80° 6,398,000 20,992,000
40° 6,374,000 20,913,000 90° 6,400,000 20,996,000

Step 4. Check the distortion at points distributed throughout project area
The best approach here is to compute distortion over entire area and generate distortion contours (this
ensures optimal low-distortion coverage). This may require repeated evaluation using different k0

values. It may also warrant trying different projection axis locations and different projection types.

Distortion computed at a point (at ellipsoid height h) as 6 = k( Re ]—1

R; +h
Where k = projection grid point scale factor (i.e. “distortion” with respect to the ellipsoid at a specific
point). Note that computation of k is rather involved, and is often done by commercially available
software. However, if your software does not compute k, or if you want to check the accuracy of k
computed by your software, equations for doing so for the TM and LCC projections are provided later in
this document. Because O is a small number for low distortion projections, it is helpful to multiply & by

1,000,000 to express distortion in parts per million (ppm).

Step 5. Keep the definition simple and clean
Define ko to no more than six decimal places, e.g., 1.000206 (exact). Note: A change of one unit in the

sixth decimal place equals distortion caused by a 6.4-meter (21-foot) change in height. Defining central
meridian and latitude of grid origin to nearest whole arc-minute is usually adequate (e.g., central
meridian = 111°48'00” W).

Define grid origin using whole values with as few digits as possible (e.g., false easting = 50,000 for a
system with maximum easting coordinate value < 100,000). Note that the grid origin definition has no
effect whatsoever on the map projection distortion.

It is strongly recommended that the coordinate values everywhere in the design area be distinct from
other coordinate system values for that area (such as State Plane or UTM) in order to reduce the risk of
confusing the LDP with other systems. Note: In some applications, there may be an advantage to using
other criteria for defining the grid origin. For example, it may be desirable for all coordinates in the
design area to have the same number of digits (such as six digits, i.e., between 100,000 and 999,999). In
other cases it may be useful to make the coordinates distinct from State Plane by using larger rather
than smaller coordinates, especially if the LDP covers a very large area.

Step 6. Explicitly define linear unit and geometric reference system (i.e., geodetic datum)
E.g., Linear unit = metric; (or) Linear unit = international foot; Geometric reference system = NAD 83
(2007).

The international foot is shorter than the US survey foot by 2 ppm. Because coordinate systems
typically use large values, it is critical that the type of foot used be identified (the values differ by 1 foot
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per 500,000 feet). Note: The reference system realization (i.e., “datum tag”) is not an essential
component of the coordinate system definition. However, the datum tag is an essential component for
defining the spatial data used within the coordinate system. This is shown in a metadata example later
in this document. For NAD 83, the NGS convention is to give the datum tag in parentheses after the
datum name, usually as the year in which the datum was “realized” as part of a network adjustment.
Common datum tags are listed below:

= “2011” for the NSRS2011 (National Spatial Reference System of 2011) realization.

= “2007” for the NSRS2007 (National Spatial Reference System of 2007) realization.

= “199x” for the various HARN (or HPGN) realizations, where x is the last digit of the year of the
adjustment (usually done for a particular state). In Montana and Wyoming a HARN/HPGN
adjustment was done in 1992, so its datum tag is “1992”(there was also a readjustment
performed in 1999 with a corresponding “1999” datum tag). The HARN and HPGN abbreviations
are equivalent, and they stand for “High Accuracy Reference Network” and “High Precision
Geodetic Network”, respectively.

= “CORS” for the realization based on the CORS network, and currently corresponding to 2002.00
for the coterminous US and Hawaii (and 2003.00 in Alaska).

= “1986" for the original NAD 83 realization. Because of the coordinate changes that occurred as
part of the HARN/HPGN and NSRS2007 readjustments, this realization is not appropriate for
data with horizontal accuracies of better than about 1 meter.

23 What Constitutes a Complete Coordinate System?

A complete 3D coordinate system is made up of a combination of horizontal and vertical datum, a geoid
model, and a map projection definition. Each of these has certain aspects to consider which are briefly
discussed below.

2.3.1 Ellipsoid Models

The overall shape of the earth is modeled by an ellipsoid of revolution (sometimes referred to as a
spheroid). In order to imagine an ellipsoid model for the earth, align the shorter axis with the polar axis
of the earth. Centrifugal force caused by the earth’s rotation creates a ‘squash’ effect where the radius
of the earth is greater at the equator. The shape of the ellipsoid representing the earth is defined by
mathematical models. Defining the latitude and longitude of particular points on the earth defines the
origin and orientation of the ellipsoid. The North American Datum of 1983 (NAD 83) uses an ellipsoid
model called the Geodetic Reference System of 1980 (GRS-80), which is very similar to the World
Geodetic System of 1984 (WGS-84) ellipsoid. WGS-84, was created about the same time by the US
Department of Defense. The WGS-84 datum definition continues to be minutely refined over time
(although the WGS-84 ellipsoid definition remains fixed). Table 2.3.1 shows how similar GRS-80 is to
WGS-84 in metric units, (note that the two numbers completely define the ellipsoid dimensions, and
typical convention is to define the ellipsoid with the semi-major axis and reciprocal flattening, which are
used to compute the semi-minor axis).

Table 2.3.1
Ellipsoid Model Semi-Major Axis Semi-Minor Axis Reciprocal Flattening
(exact by definition) (computed) (exact by definition)
WGS-84 6 378 137 6 356 752.314245 298.257223563
GRS-80 6 378 137 6 356 752.314140 298.257222101
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2.3.2 Datum Transformations (seven parameter)

Sometimes called the Helmert Transformation after Friedrich Robert Helmert (1843-1917), this seven
parameter transformation is the typical (common) geodetic method for moving the coordinates of a
point or group of points from one coordinate system referenced to one datum into coordinates
referenced to a different datum for a given instant in time. For the purposes of this discussion, a (local)
coordinate system contains the necessary elements to convert WGS-84 geodetic positions observed
with GPS (GNSS) to a particular coordinate/datum realization. Each projection zone coordinate system
may be based on the choice of a particular defined datum, adjustment, and epoch such as NAD
83(2011), NAD 83 (2007), NAD 83(CORS)Epoch2002 or other NAD 83 realizations (see software vendor
choices). As previously described, the defined datum relies on an ellipsoid model such as GRS-80 (used
for NAD 83 and the ITRS). These seven parameters account for the following:

Translation X- Translation along the X-axis Rotation X- Rotation about the X-axis
Translation Y- Translation along the Y-axis Rotation Y- Rotation about the Y-axis
Translation Z- Translation along the Z-axis Rotation Z- Rotation about the Z-axis

Scale Factor

Transformation equations and parameters provide a means of transforming coordinates referenced to
one datum into coordinates referenced to a different datum. In general, two three-dimensional
coordinate systems in space are related to each other by the following equation for Cartesian
coordinates:

[XYZ]Datum'A'=[AXAYAZ]+(1+AS)[1-RzRyRz1-Rx-RyRx1][XYZ]Datum'B'

Where;

AX: Shift along x-axis Rx: Rotation about x-axis = == shift

AY: Shift along y-axis Ry: Rotation about y-axis (3% vy eale
AZ: Shift along z-axis Rz: Rotation about z-axis Datum A

S: Scale factor

The first step is to know precisely the datum to which
your input data are referenced. If your processing will
require that this data be transformed to another
coordinate system which is not based on the same
datum, then you must consider the required datum
transform. The following described example will consider
the common case in which input data is referenced to WGS-84(G1150) and requires being converted to
a coordinate system based on NAD 83(CORS96, 2007, or 2011), as these are the current versions of
those datums. It is important to note here that for these particular datums, it will also be required to
know the date to which the GPS data are processed, also known as the epoch of the data.

Datum

~
Fig. 2.3.2 [mla]

7“”-»._.,-“

To consider a seven-parameter datum transform from WGS-84 to NAD 83, obtaining the required
parameters for the Coordinate Frame datum transform is based on several assertions:

We can say that WGS-84(G1150) is equivalent to ITRF 00, the International Terrestrial Reference Frame
of 2000, to an accuracy of approximately one centimeter). Also, a 14-parameter (add time variables)
transform has been defined between ITRF 00 and NAD 83(CORS96) and, for a given instant in time, the
14-parameter transformation may be represented as a 7-parameter coordinate frame transform. While
no direct transforms have been defined from WGS-84(G1150) to NAD 83(CORS96), the transform from
NAD 83(CORS96) is defined from ITRF 00 which creates the path through which the desired transform
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can be completed. This 14-parameter transformation is specified in “Transforming Position and
Velocities between the International Terrestrial Reference Frame of 2000 and North American Datum of
1983”, by Tomas Soler and Richard Snayg). Further discussion of 14-parameter transformations are
beyond the scope of this document. For further discussion of this topic and tools for doing additional
analysis, visit the NGS Horizontal Time-Dependent Positioning (HTDP) webpage:
(http://www.ngs.noaa.gov/TOOLS/Htdp/Htdp.shtml) and the CORS Coordinates webpage
(http://www.ngs.noaa.gov/CORS/metadatal/). Tools are available at this site for transforming data
between the datums described here and several others. Velocities for positions can also be predicted
here, as well as transformation of points on different datums to different epochs.

2.3.3 Horizontal Reference Datum

A reference datum is a mathematical model of a realized known and constant surface which is used to
determine the location of points on the earth. There are a large number of commonly referenced
datums in use in North America but two of the most common in use are WGS-84/ITRF, and NAD 83. The
North American Datum of 1983 (NAD 83) is a common horizontal control datum for the United States,
Canada, Mexico, and Central America, based on a (nearly) geocentric origin and the Geodetic Reference
System 1980 (GRS-80) ellipsoid. Horizontal datums also have ‘realizations’ or a variation of a model
reference frame primarily created from official network adjustments performed by the National
Geodetic Survey. For example, NAD 83(1986) is significantly different than NAD 83(CORS96), but NAD
83(CORS96) usually only differs by a few centimeters from NAD 83(HARN/HPGN), and NAD 83(CORS)
only differs from NAD 83(2007) in the western US (they are considered functionally the same elsewhere
in the US). For the majority of Montana and Wyoming, the horizontal coordinate change from
NAD83(2007) to NAD 83(2011) is 2 to 4 centimeters. Each of these is based on a particular adjustment
(i.e., realization) of NAD 83. The suffix tag example ‘CORS96 and the epoch date of 2002 (Epoch 2002)’
refer to an upgrade of NAD 83 positions and velocities for all CORS sites, except those on the Pacific
Islands and Alaska, so that they equal the transformed values, of the then computed, ITRFOO positions
and velocities. Transforming from one adjustment datum to another will result in a coordinate position
shift in your point positions.

NAD 83(1986) was officially (according to the National Geospatial Intelligence Agency (NGA)
http://earth-info.nga.mil/GandG/coordsys/datums/ NATO DT.pdf) a ‘zero transform’ from WGS-84
although the earth center and parameters for the two datum are slightly different. This ‘zero transform’
is commonly accepted by software vendors. This effectively made NAD 83(1986) and WGS-84(original)
identical, except for extremely small difference in ellipsoid shape (maximum difference of 0.1 mm at the
poles). This was referred to as NAD 83 “CONUS” (code NAR-C), and the “CONUS” designation continues
to be used in various commercial software packages (although it is not used by the NGS). At the time
this relationship was defined (1987), the location of earth’s center of mass was only known to about +2
m, so these datums were considered the ‘same’, to within £2 m. Presently, the earth’s center of mass is
known to the centimeter level, and it is recognized that current realizations of NAD 83 and WGS-84
actually differ by about 1-2 m (depending on location). This legacy ‘zero transform’ is still commonly
used by commercial software vendors, even though it is not actually correct, which has become a
persistent source of confusion. Part of this confusion stems from the fact that “WGS-84" is the name of
the ellipsoid and the datum, which is not typical geodetic practice (e.g., both NAD 83 and ITRF use the
GRS-80 ellipsoid). Also, software vendors may have slight variations in datum naming conventions,
especially those programs developed in foreign countries.

Most GPS (GNSS) processing software packages contain a large list of the world’s datum from which to
select. For the purposes of this document, users should generally accept (or seed) control values in the
datum specified for the project or by contract specification (a notable exception is using current ITRF as
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seed coordinates for baseline processing when using precise ephemerides). Where available, real-time
GPS Networks currently send correctors referenced to the NAD 83(2011) Epoch2010.00 datum. In 2012
the NGS adopted new NAD 83 coordinates and velocities for all U.S. CORS that are located where NAD
83 is defined.

Datums identified only as NAD 83 or WGS-84 are not specific enough to clearly define the reference
frame of geodetic data. Additional information is needed that defines the realization or version of a
particular datum. In the case of NAD 83, a “datum tag” must be appended to the name, such as NAD
83(1986), NAD 83(CORS96), NAD 83(2007), or NAD83(2011); likewise for WGS-84: WGS-84(G1150),
WGS-84(original), etc. NAD 83 (2011) and WGS-84(G1150) are the current versions of these systems.
While NAD 83(1986) and WGS-84(original) were 'equivalent datums' (to within £2 m), this is not the case
for NAD 83(2011) and WGS-84(G1150). A datum transform is required when transforming points
between any projected or geographic coordinate systems based on these datums. For these particular
datums, the magnitude of the difference is on the order of two meters.

The NGS has adopted a realization of NAD 83 called NAD 83(2011) that is based on new observations,
but remains consistent with CORS observations. The NADS83 (2011) realization is not a new datum, but
uses the same origin, scale, and orientation as the previous CORS realization. This realization
approximates (but is not, and can never be, equivalent to) the more rigorously defined NAD 83(CORS96)
realization in which Continuously Operating Reference Station (CORS) coordinates are distributed. NAD
83(2007) was created by adjusting GPS data collected during various campaign-style geodetic surveys
performed between the mid-1980's through 2005. For this adjustment, NAD 83(CORS96) positional
coordinates for ~700 CORS were held fixed (predominantly at the 2002.0 epoch for the stable North
American plate, but 2007.0 in Alaska and western CONUS) to obtain consistent positional coordinates
for the ~70,000 passive marks. Derived NAD 83(2007) positional coordinates should be consistent with
corresponding NAD 83(CORS96) positional coordinates to within the accuracy of the GPS data used in
the adjustment and the accuracy of the corrections applied to these data for systematic errors, such as
refraction. In particular, there were no corrections made to the observations for vertical crustal motion
when converting from the epoch of the GPS survey into the epoch of the adjustment, while the NAD
83(CORS96) coordinates do reflect motion in all three directions at CORS sites. For this reason alone,
there can never be total equivalency between NAD 83(2007) and NAD 83(CORS96).

Control for the NAD 83(2011) adjustment was provided by the CORS. For all states except AZ, CA, OR,
WA, NV and AK, the values used were the NAD 83 epoch 2002.0 values currently published by NGS. For
AZ, OR, WA, NV and AK, HTDP (version 2.9) was used to convert the currently published NAD 83
positions of the CORS to epoch 2007.0. Typically, for all stations on the stable North American plate, an
epoch date will be shown — as is currently the practice on datasheets (subject to change). For the other
states, an epoch date of 2007.0 will be shown. In those states, except CA, HTDP can be used with the
currently published CORS to determine the proper value to use. In CA, the values as currently published
on the CSRC website should be used to maintain consistency with NAD 83(2007).

2.3.4 Vertical Reference Datum

The North American Vertical Datum of 1988 (NAVD 88) was established in 1991 from a simultaneous,
least squares, minimum constraint adjustment of Canadian, Mexican and United States leveling
observations. It held fixed, the height of the primary tidal bench mark, named 'Father Point' in Rimouski,
Quebec, Canada. Additional tidal bench mark elevations were not held due to the demonstrated
variations in sea surface topography, i.e., the fact that mean sea level (as recorded by tide gages) is not a
gravitational equipotential surface. NAVD 88 replaces NGVD 29 as the national standard geodetic
reference for heights and is the only current vertical datum that works seamlessly with GPS (GNSS)
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observation measurements and NAD 83. For more information on vertical datums see the NGS website
http://www.ngs.noaa.gov/faq.shtml#WhatVD29VDS88.

2.3.5 Geoid Models

A geoid [hybrid geoid model i.e., currently GEOID12A used in geodetic adjustments is comprised of a
gravimetric scientific model constrained to a ‘best fit’ of a current benchmark monumented network
(currently GPSBM2012). This hybrid model is updated by the National Geodetic Survey (NGS)
approximately every three to six years as more gravity and bench mark data becomes available, and as
new computational methods are developed. When measuring coordinates with GPS (GNSS) equipment
within a project and coordinate system a geoid model such as GEOID12A must be applied (geoid height
‘N’) to allow for the conversion of measured NAD 83 ellipsoid heights (h) to orthometric heights (H)
[equation H=h-(N)] in the vertical datum NAVD88. The NGS 10 year plan outlines a transition to a pure
gravimetric geoid model (GRAV-D) and new vertical datum by 2022.

Figure 2.3.5 GEOID12A Model Heights
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See: http://www.ngs.noaa.gov/GRAV-D/

For Montana and Wyoming, the GEOID12A hybrid model is currently used. The GEOID99, 03, 06, and
GEOID09(Conus) model were built with observation data and are no longer considered consistent with
the physical earth. The GEOID12A model coverage over Montana and Wyoming includes additional
satellite gravity data based on the new global geopotential model (EGMO08) but otherwise varies from
GEOIDOQ9 (Conus) in the following ways:

= Difference in ellipsoid heights (h) due to NGS’s National Adjustment of 2011.

= Difference in control data sets available at the time of generation.

= An additional signal (GOC002S) was incorporated in the 2012 model, providing for more
accurate and consistent terrain models.

The choice of geoid model is generally available in your GNSS vendor survey, engineering or GIS
software and also within the National Geodetic Survey Online Positioning User Service (OPUS) program
(http://www.ngs.noaa.gov/OPUS/ under the Options menu).
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2.3.6  RMTCRS Map Projection Parameter Units

As part of the ‘best practices’ approach to the creation of these zones, all of the RMTCRS map projection
parameters are provided in metric units. Careful attention is needed when entering these map
projection coordinate systems into the coordinate system management section of your GPS (GNSS)
surveying, engineering, or GIS vendor software. When converting the provided metric data (false
northing, false easting, etc.) to international or US feet, be sure to carry out the values to full sufficient
significant figures (at least six decimal places) and check that the units are accepted by the software in
the units you provide. Each software vendor (in the future) may elect to provide updated versions of
their coordinate system management software with the RMTCRS zones already installed. Until that time
it is recommended that you enter the projection parameters in metric units. Assigning units for a
particular project, is a separate issue, and you may elect to choose English units of International Feet.
Note that Montana requires the use of the International Foot where Wyoming requires the use of the
US Foot.

2.3.7 US Foot vs. International Foot

The Rocky Mountain Tribal Coordinate Reference System grids were created and are defined by metric
units. However, to conform to conventional survey practices, the projections are converted to the US
Foot or the International Foot depending on state legislation. Foot type selection has long been the
subject of internal debate among the professional survey community and this section is provided to
clarify conversion from metric to imperial units.

Although both the US Foot and International Foot have merits, it is important to remain consistent in
the use of the selected foot system. Use of the US Foot versus the International Foot is irrelevant when
establishing a new coordinate system if all parties use the same foot system. To reference an existing
project to a RMTCRS, the existing project must be re-projected into a RMTCRS. Once projected in a
RMTCRS, the units may be changed between US and International feet using the 2 ppm conversion
factor described below. Each existing project would require the same re-projection process regardless
of type of “Foot” used. What is paramount is the same “Foot” is used for the current RMTCRS. Below is
information regarding US Foot and International Foot from the NGS website:

What are the official conversions used by NGS to convert 1) meters to inches, and 2) meters to feet?
First, remember this rule: There is only one meter, BUT, there are two types of feet.
The two types of feet are:

1. The U.S. Survey Foot

It is defined as: 1 meter = 39.37 inches.

If you divide 39.37 by 12 (12 inches per foot), you get the conversion factor: 1 meter = 3.280833333...
U.S. Survey Feet.

2. The International Foot

It is defined as: 1 inch = 2.54 centimeters.

If you convert this to meters and feet, you get the conversion factor: 1 International Foot = 0.3048
meters.

These two conversion factors produce results that differ by 2 parts per million; hence for most practical
work it does not make any difference to the average surveyor which one is used since they usually do not
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encounter distances this large. For example, converting a distance of 304,800 meters (about 1,000,000
feet) to feet using the two conversion factors, these are the results:

304,800 meters = 999,998.000 U.S. Survey Feet
304,800 meters = 1,000,000.000 International Feet

A difference of 2 feet in 1 million feet.

NGS has always used meters in their computations, so this has not been an issue for us. However, the
one place where NGS does use feet, and the numbers are large enough to make a difference, is in the
publication of rectangular State Plane Coordinates (SPCs).

For most of the years surveying has been undertaken in the United States, surveyors have used the U.S.
Survey Foot. (Note: Some surveying historians will mention that other types of linear measure, mostly of
Spanish origin, was also used in the United States) In fact, NGS originally computed and published SPCs in
U.S. Survey Feet for many years when the reference system was the North American Datum of 1927
(NAD 27). And the conversion formulas (latitude/longitude to SPCs) were developed to produce U.S.
Survey Foot values. In fact, NGS never published NAD 27 SPCs in meters.

However, most other countries, and the engineering community in the United States, began using the
International Foot as established by the National Bureau of Standards (NBS), now the National Institute
of Standards and Technology (NIST).

To make the transition in the surveying community, in 1959 NBS published a Federal Register notice
stating that the U.S. surveying community would convert to the International Foot the next time the
National Coordinate Reference System was updated with revised values. That revision of coordinate
values (i.e., latitudes and longitudes) was realized when the North American Datum of 1983 (NAD 83)
was computed and published in 1986.

NGS began publishing SPCs in meters because going metric was the direction the Federal government
was heading to be consistent in a global economy, AND, the change in the size of the SPCs values was a
way to alert users that they were using a new horizontal datum. Also, the new conversion formula
(latitude/longitude to SPCs) produced meters, not feet. However, the surveying community in various
states still wanted SPCs in feet. NGS did not want to mandate which foot (U.S. Survey or International) a
state should use. So, NGS left that decision to the individual states.

NGS does NOT have an "official" conversion factor. NGS works in meters ONLY. NGS only uses feet to
publish SPCs, and those are converted from meters using the conversion factor as defined by the
individual states who have requested that we publish SPCs in feet.

The only other instance where NGS publishes linear values in feet is for elevations, i.e., orthometric
heights. All computations are still done in meters, but for publication purposes we convert meters to feet.
That conversion is done using the U.S. Survey Foot conversion factor. We publish elevations in meters to
the nearest millimeter (3 decimal places) and in feet to hundredths of a foot (2 decimal places). For
elevations above 5,000 feet (1,524 meters), the conversion factor will change the foot value by one in the
second place.
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2.3.8 Adding a Map Projection to a Coordinate System

Finally, a map projection must be chosen so the results can be displayed on a projected planein a
defined grid (northing's and easting's). In order to derive common northing and easting coordinates, a
false northing and false easting are paired with the projection origin (central meridian and origin
latitude). The map projection parameters (RMTCRS) provide a scale factor (based in part on the
topographic height above ellipsoid) to better represent the local ground elevation within the useful
limits (best range) of the zone topography (see figure 2.2.3). This scaling helps to define a threshold
range in parts per million (ppm) of how closely the grid vs. ground distance measurements should match
one another. For example, if the choice is to fit a threshold of £10 parts per million (£10ppm) then the
desire is to maintain an accuracy ratio maximum of 1:100 000, which would be a ten-fold improvement
over the State Plane Coordinate Systems (as much as ~1:10 000 with respect to ellipsoid, and
significantly greater distortion in high elevation areas.
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Chapter 3 RMTCRS Map Projection Zones

3.1

The development of each map RMTCRS projection zone involved a hands-on process by the Technical
Development Team of interested stakeholders, together with the aid of Michael Dennis of Geodetic
Analysis LLC, Pima Arizona. Mr. Dennis has created proprietary software to facilitate the visualization of
low distortion map projection zones. Each zone was developed through a multi-step iterative process to
derive the best result as determined by the Technical Team using the ‘best practices’ approach outlined
in Chapter 1. Two additional low distortion reference systems in Montana have been developed for the
Billings and Bobcat (Bozeman) areas by Mr. Dennis and Rich Jensen, PLS with Sanderson and Stewart,
but are not part of the tribal mapping project. Additional zones may be created and added to this
chapter as time goes on. If you work in a particular area of the state and no current zone covers that
area, you may wish to discuss future plans for an additional zone for your work area. Please call and

The Development of RMTCRS Projection Zones in the Rocky Mountain Tribal Areas

discuss your needs with Northern Engineering & Consulting in Billings, Montana.

3.1.1 The RMTCRS Zone Catalog for the Rocky Mountain Tribal Area

Table 3.1.1
L Latitude of Grid Central False Northing | False Easting
Zone Name Projection . . Scale (exact)
Origin Meridian (m) (m)
Big Timber 83 ™ 44°00' 00" N 110° 00' 00" W 0 175,000 1.000 209
Billings LCC 45° 47' 00" N 108° 25' 00" W 50,000 200,000 1.000 1515
Blackfeet ™ 48°00' 00" N 112°30' 00" W 0 100,000 1.000 190
Bobcat LCC 46° 15' 00" N 111°15' 00" W 100,000 100,000 1.000 185
Butte 83 ™ 44°09' 00" N 112°48' 00" W 0 200,000 1.000 252
Canyon Ferry 83 ™ 45°30'00" N 111°48' 00" W 0 200,000 1.000 188
Crow ™ 44° 45' 00" N 107° 45' 00" W 0 200,000 1.000 148
Flathead 83 oM 48°24' 00" N 114°27' 00" W 150,000 150,000 1.000 142
Fort Belknap LCC 48°30'00" N 108° 30' 00" W 150,000 200,000 1.000 120
Fort Peck - Assiniboine LCC 48°20'00" N 105° 30' 00" W 100,000 200,000 1.000 120
Fort Peck -Sioux LCC 48°20'00" N 105° 30' 00" W 50,000 100,000 1.000 090
Interstate 83 oM 47°03'00" N 104° 39' 00" W 225,000 200,000 1.000 105
Milk River LCC 48°30'00" N 111°00' 00" W 200,000 150,000 1.000 145
Mission 83 ™ 46° 45' 00" N 114°39' 00" W 0 100,000 1.000 126
Missoula 83 ™ 45°30'00" N 114° 09' 00" W 0 100,000 1.000 158
NECI 83 oM 48°15'00" N 112°00' 00" W 100,000 50,000 0.999 985
Phillips 83 ™ 46° 45' 00" N 107° 39' 00" W 0 175,000 1.000 110
St Mary's Valley ™ 48°30'00" N 112°30'00" W 0 150,000 1.000 160
Wind River ™ 42°40'00" N 108° 20' 00" W 0 100,000 1.000 240

TM = Transverse Mercator

LCC = Lambert Conformal Conic projection (single parallel)
*All zones designed with an initial target distortion level of £ 20 ppm = 1:50 000 Ratio = £0.10'/mile.

All lineal units are metric (m).

All zones reference the NAD 83 (2011) datum (Geometric Reference System)

Refer to the RMTCRS map series shown in Appendix 'A', noting on each map the defined areas shown in
green. These areas define the area where one can work within the 10 ppm or £20 ppm threshold as
defined in the catalog above. As the ppm range increases the colors change accordingly as shown in the
legend on each individual map.
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3.1.2 RMTCRS Zone Map Interpretation

Figure 3.1.2 : RMTCRS Zone Map Interpretation
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3.1.3 Picking a Zone to Use for a Survey/Engineering/GIS/Mapping Project

Some of RMTCRS map projection zones have zone overlap. Overlap allows users maximum choice in
picking a zone to work in for their projects. For working in an overlap area, the users’ goal would be to
pick a zone that provides the least distortion in the project area, which often is correlated with
elevation. For example, the Fort Peck Assiniboine High Zone projection scale factor is larger (higher)
than the Fort Peck Sioux Low Zone projection so if you’re working in that overlap area at a relative
higher elevation it would be best to use the Fort Peck Assiniboine High Zone.

Figure 3.1.3 shows all current RMTCRS zones as boxes which are displayed in their correct locations. The
size of each box considers the areas of low distortion coverage as appropriate. The boxes are not the
absolute limits of the projections and there may be areas outside the boxes (and the included map set in
Appendix A) where the zone coordinate system will still function well within the + 10 to 20 ppm level.

Figure 3.1.3
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Cha pter 4 using the RMTCRS in Software Programs

4.1 Adding an RMTCRS Zone Projection and Coordinate System to Software

When processing baselines and adjusting networks for projects it will be necessary to perform
adjustments and input collected data from the field into projects created in certain vendor software.
Input these RMTCRS zones into the appropriate ‘coordinate system management/definition” module of
that software. This chapter is designed to get you started, but it is recommended that you consult the
‘help’ documentation and tutorials of each piece of vendor software you plan to work with.

For the purposes of entering these low distortion projection parameters into particular vendor software,
normally define the datum as NAD 83 (which uses the GRS-80 reference ellipsoid) for the RMTCRS. The
software may typically assume that there are no transformation parameters (zero transform) between
WGS-84 and NAD 83, and that is acceptable (but not truly correct). Later, when starting an actual
project you may seed that project (within the software) with the local latitudes, longitudes, and heights
for control points in the appropriate project datum, adjustment, and time epoch chosen.

The screenshots shown below illustrate the upload process into various software programs. Although
the screenshots are shown for the Oregon Coordinate Reference System, the same process shall be used
for the RMCRS. Once the RMTCRS parameters are accepted and incorporated into vendor software, this
section will be updated with RMTCRS screen shots.

4.1.1 Trimble Coordinate System Manager

Trimble has created *.csd projection files to use with field and office software. The files and an
Operation and Procedure Guide can be downloaded at www.MARLS.com. The *.csd projection files and
the Operation and Procedure Guide may also be obtained by contacting Kyle Engel, Geospatial
Representative with Frontier Precision at kyle@frontierprecision.com.

4.1.2 Carlson

Carlson is working to add the projections to the software drop down menus. In the meantime Jim
Reinbold has created *.csl files available upon request.
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4.1.3 Topcon Magnet Office Tools (version 2.6)

As shown below, Topcon has developed a procedure to define the RMTCRS zones in Magnet Office Tools
Projection input parameters for RMTCRS zones are provided in Table 3.1.1. Contact Todd
Ferris at RDO Integrated Controls in Billings, Montana, (406) 794-8747 or TFerris@rdoic.com, for

Software.

support.

Mew Open Save
Job...  Job

Job...

| Map View x

Northing, _|
Meters |

500 —

[ save Job As...

) Close Job.
Import... Export... Create AutoCAD Create MAGNET
drawing...

+ Print Preview
i = Page Setup...
Print...

drawing...

Points

Icon Name

A Job configuration

Display

= Process
Linework
Adjustment
TS Computations
Quality Control

Setup | Conversion |

Proj 5 None -

Custom Projections List R — [ﬁ
D: £ - Custom..
Name Region Datum MNote B
Wind River Wind RiverInd.. NAD83_NO_TR.. Transverse Me..| [———
s -
Co -
< mn ] 3

Remove

e
A

n

-1 EH L1 FY P EE]

Pageilofl | Wordsi36 | < |

& S Wil £l

. New Custom Projection : Projectign 2| =E3a]
General |
| Name [Wind River
Projection Type Transverse-Mercator -
Y | Name Value
Y | Central meridian | 108°20'00.00000"
d | scale 1.000240
1 | Lato 42°40'00.00000"
East0 (m) 100000.00
North0 (m)
< n ] v
1 Region [Wind River Indian Reservation
Note Transverse Mercator Projection
North American Datum 1383
] Dawm HNADE3_NO_TRANS -
Coc ] [om ] [ o

e

45 PM

6/29/2014 |
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Once the Custom Projection file(s) have been created, these files can be shared with additional
users. To copy the Custom Projection file(s), select Browse Folder/Browse User Folder from the
Help menu.

BEE BEEE &+ - mijt22F9 - MAGNET™ Toals (Demo Made)

Job Edit Window Add Select Process Report Enterprise

View

- ’ —
Q@i A 2 (R]|T A @
Context Help Send Bug Question To Browse Check for Licenses... About MAGNET™
Help Topics.. Report... Support.. Folder... = Updates... Tools...

BErowse User Folder...

Browse Temp Folder...

Browse Application Folder..,

Morthing,

IMeters Browse Current Job Folder...

Browse Geo Systems Folder...

Navigate to the ‘Geo’ folder and find the file “userprojections.xml’. This is the file that contains
the parameters for the Custom Projection created above. You can then make a copy of this file
to distribute to additional users.

(oo e
1+ AppData » Roaming » MAGNET » Tools » Geo - |¢,| | Search Geo pe |
Share with + Burn MNew folder =~ i l@l

MName : Date modified Type Size

=] geoidsxml 7/1/2014 12:58 PM XML Document 1KB
12| InstalledGeoids.xml 7/1/2014 12:58 PM XML Document 1KB
2] userdatums.aml 6/30/2014 8:02 AM XML Document 1KB
2] userellipsoidsxml 6/30/2014 8:02 AM XML Document 1KB
|2 userprojections.xml 6/30/2014 8:02 AM XML Document 1KB
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4.1.4

Leica Geomatics Office (LGO)

The following outlines the step-by-step procedure to add projections to the LGO. Projection input
parameters for RMTCRS zones are provided in Table 3.1.1. Contact Donovan Mosser or Bryce Scala with
Selby’s at dmosser@selbys.com and bscala@selbys.com for support.

Genera | Pick RSO to select General |
Name: Columbia River West this format for an " Columbia River West RSO
Transformation: |None j (OCRS) OM Type: IRSO j
projection
Trans. Type: H False Easting: I?[H]'D'D'I}D.D m
Residuals: IND distribution j False Northing: |.3{H]-|]-|}|}|]_|] o
Local Hipsoid:  |GRS 1980 | T G | 4555 0.00000° N :Il
Projection: Columbia River West RSO j . i L 127 0 oooooow =
! Columbia River West ~ |<eri! Mendan: | I—|

Proj. Type: RSO Obllque Mercator Angle Type: Iﬂzimuth j
Geoid Modsl: | Geoid03 | (RSO) Projection Angle: | 295° 0' 0.00000" :Il
CSCS Model: | None =l Parameters Rectify Type: [ Azimuth |
Mote: I Scale Factor at Origin: |1 0

Last Modfied 01/26/2010 09:37:25

Last Modified: |u1f2&f201n 09:39:26
OK | .
— LGO requires that you enter the oK Cancel

projections parameters within
the Projections folder before
making new coordinate systems
within the Coordinate Systems

folder

% LEICA Geo Office - Coordinate System Management

Fle Import Edit View Tools Export Window Help
pe 8n (=@ aaaql

Screen shot of
Coordinate
System folder

input into LGO

| Bam|e||ss
—

Ao v ¥

Manogemert
= Contents [ [ Name [ Local Elipsoid | Projection IPrgecuon...]
® (_] Coordinate Systems OCRS Baker GRS 1980 OCRS Baker ™
3 e @ (] Transformations OCRS Bend-Klamath Falls GRS 1980 OCRS Bend-Klamath Falls ™
-] Elipsoids OCRS Bend-Redmond-Prineville GRS 1980  OCRS Bend-Redmond-Prinevile  Lambert one
£ Frogections OCRS Canyonville-Grants Pass GRS 1980  OCRS Canyonvile-Grants Pass ™
oordinate Systems ;B:ﬁ:"“zw OCRS Columbia River East GRS 1980 OCRS Columbia River East  Lambert one
- OCRS Columbia River West GRS 1980 OCRS Columbia River West RSO
@] CSCS Models 4
OCRS Cottage Grove-Canyonville GRS 1980 OCRS Cottage Grove-Canyonville ™
e OCRS Eugene GRS 1980 OCRS Eugene ™
4 | OCRS Grants Pass-Ashiand GRS 1980 OCRS Grants Pass-Ashland ™
S OCRS La Grande GRS 1980 OCRS La Grande ™
Wire OCRS Ontario GRS 1980 OCRS Ontario ™
OCRS Oregon Coast GRS 1980 OCRS Oregon Coast RSO
OCRS Pendleton GRS 1980 OCRS Pendieton ™
OCRS Portiand GRS 1980 OCRS Portiand Lambert one
S OCRS Salem GRS 1980 OCRS Salem ™
& < l
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Leica (cont.)

Coordinate System properties i

21|

5

]
Name:
Ty Bl [Nore \\
Trans. Type: H
Residuals: |No distribution
Local Blipsoid:  |GRS 1980 ~|
Projection: |ocRs Bake:\/%\
Proj. Type: ™
Geoid Model: ~ |None ~]
CSCS Model:  |None ~]
Note: |
Last Modfied:  03/02/2010 10:51:54

OK

Note for all TM projection input
into LGO it is recommended that
you specify 2 degrees of coverage
for the Zone Width

Note that it is recommended that you
name the projection with the same
name as the coordinate system name
to make it easy to match them up

Note: GRS-80 is the normal Local
Ellipsoid choice for all OCRS zones in
LGO

Cancel
General I
Name: I
Type: ™™ |
False Easting: |40000.0 m
False Northing: 0.0 m
Lattude of Origin: [ 44730 0.00000'N =
Central Meridian: [117°50° 0.00000'W =
Zone Width: 20 00 =
[1.00016
Last Modfied: {03/02/2010 13:47:28
ok | cance |
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4.1.5 ESRIArcGIS
RMTCRS projections have been available through drop down menus in both feet and meters since
ArcGIS Version 10.4.1. The Montana State Library, Geographic Information Department worked with
ESRI on the projection input and assisted with the quality control process. *.prj files may be
downloaded at www.MARLS.com

4.2 Checking Software Output Grid Northing's and Easting's

Table 4.2 provides the correct grid northing and easting for points in each RMTCRS zone. If you have
entered the RMTCRS zone parameters into your vendor’s software and successfully created coordinate
systems, then, by entering the input lat/long values in the table, your project grid coordinates should
match these results. The output data (northing's & easting's) in Table 4.2 are carried out to five decimal
places in order to check the formulas used by each vendor. Regardless of the software, match these
output values exactly (Trimble output varies in the ~last decimal place for the OM/RSO projections). If
you do not match, refer back to section 4.1 and check your RMTCRS zone parameter input.

It is important for users to understand that the (local) coordinates shown in Table 4.2 are datum
dependent and are shown for NAD 83(2011) or NAD(CORS). If the datum (datum realization) changes
the northings and eastings will also change. Table 4.2 simply provides a coordinate check that the
particular zone parameters were entered into the user’s software correctly. The latitude and longitude
values in the green columns represent the datum shown and the corresponding grid coordinates are
shown in the output columns as metric northing and eastings.

The *.xls files for Table 4.2 may be downloaded from www.MARLS.com

Page 34


http://www.marls.com/
http://www.marls.com/

Handbook and User Guide

Rocky Mountain Coordinate Reference System

[A/AICLAR

250, b0 .0+ 292000007 |5298°L [FUoREWE] || 729 226 |58 |AEEETLS0'9SL |E0S5L982° 0L [ES5LE995° L [BRLPREL COSPEESSLLLL-  [HZ22228LL'S5h | .LEP0R'CZ B0 L |M.9EESE LR 8P 5P TH2d| 205550 Eaqog
LP2LELE O- SipZLEBEED |0S25°LE- [FUonEWS] (£ G2 ESZ'98L |SEIL0SIESE  |ERSLSE90S  [19SE9E0Z2  [BESEEL S2C P05 L9S°LL- |25EEP09209p |4 LSSLOSEES L (MLB0SLETLL.S50 9b Sral SEEZTY 1eaqog
LWOZE2 L O+ EBLLZAEEBRED |9028 L2 [EuChELS) 0225 A6 88 |LBER EPA'E0E SO LE0'ERL (BLOSLEL'ZD C23°0.PL L5 S2k 89 0-  |MBP 029 L06°Sk | W0EK52'S0.LE 0L (NLELEERLZ 75 .5F 135348211 SE9EYY Eeaqog
L.Ob'22 .10 .0 9b2 000000°L |E9p2°0 [FUoREWS] |21 Z°ESO°0ZE |9A9EZER'98  |SEEZPSSLE [SALETPEROE  [99ETL0ZL AEPELEZESELL- |2S00PLSEZ 2P |MLELOLS RS LS 21 (M.LEP0C°LL Pl O TEL ShOLL 1@apoe|gq
95, b0 0+ £502000007 |2250°8 [FUoRE] |22 20 0L P PSE |BLSOILE'LZE  |2S55°2P0°R0L (9292°L0¢ 69 |220991L 000 526 0B 2H- |2LL 555 p29°0b |4 . 2002812 .22 21 (M.2L00P82 L5 O C2b20 1S90k L 1@apoe|gq
L.81'05.50 .0+ 060 PLOOOOL |LEB0°HL [FUonELIS] | 5225 5P E5E |SLSE PR0EEE [PLIL'SASE0L  [0SE0SZEET  [209BEIL 195 L9Z 0LECL- |BSELSL L2298 |M 22896 2L .22 2L [N.BBPOEBE LE BF Eep Y 05900 L 12apoe|g
LEOSLSZ .0+ EELO9p0000°L |ZEEL 9P [FUORELISI] | DPELBSE'S9 |RLOL AL PA SASOPZ0ZPL |BLSZZPLEL  |DLODESOL CZSOP0SCETLLL- [EEESZLOLL2p M .05.90090.95 L |M.9EP30°PE 0L Sb LEb aLeonL @apoe|gq
WOL'52.50 0+ (QLEE00000T |SOIEE [FUShELLS) | 0070 202 L5 |02P0 IEEEEZ (9905568001 |PLZZ'SZZ'RD  |SELESH 0S5 S2EELEZH- [900LLEELAEP |, 92L80°5P .22 2 |M.Z2450°8P 98 2 jaj= i) 99910 1Bapoaeg
LEE2P.50 .0+ 2200000071 |Les0OL [FUonREWE] |25 L0EESE |E2EL 52 ELE  |9P00°LISE0L (P220°EER'99  [PAOSSIL L20 L2E 0LE 2L 289 PP LO9'2P |MLEPESS'SL.Z2 2L (M.92002°50 .95 .2 94137 SE£8910 12apoe|g
292 b .O- ZIOCE0000T |PZLIED [FUOREWS] 9270 pACTL0L |LSOLZSZZLE B9 PZLZE  [SPZOPLISE b ESEL 2 L SESOLPELL- [EL2LE0ZSE 2P |M.2L025°E5.p2 CLL |M.SS0ESA0LS 9b 2 IHNIHIHS fac=t=1a1 @apoe|gq
L8182 B O0- 2259500007 (0225798 [EuonES |OLSL PEE'BLL  |SS0LSALPPE LZEP 8E0™E  |OS5L°P0E POL 205 EEEL PEZ 05 ZLEEH- |LOZ ELEBEE '8P | .9862012 22 B [N PLLBTEZ 85 8% Ng93dld Lecay 1@apoe|g
222012 .0~ Sl9EZ0000°1 |02L9EZ [FUoREE] | Z20L SLPZES |20 025058 |OPES2EZ'ZOL (90152227301 [ELh DEOL 925042 S0E"20L- [ZLSE95 EEZ 9P A .LLPELLZ PS5 BO0L  |MW.9POSE'9E L 9b ZEL2 EE00AS
LLSEE.L0.0- Q5010 000°L  |9550°LL [FUoREWA] | ZSEE T 2E'9PT |DESESEEZLE |L2IL'002°LEL (0921 L0R'SE 922" A50L CEPOEE 25P"20L- (909 5ZL LELDP |4 . 9SEPSOL.AZ B0 (M.2LELZ0E L .9 2155 EE00AH
L85 PE .5 O+ P56 8P0O000°L |9E5E°5R [FUonELIS] | )S52 9357302 |BEZP BPE'ELE |BEEP 02L°SPE [2904°529°SH  |EBOLEE O0F 8L L28 A0L- (986 0L ZLE 9P | . POLEREL BF LOL |M.S5EESEL.22 9P 0zZLia sLe0nd
.24 5P .CE O+ PEC 92000070 |EPEE9Z [FUORELWISI] | 9775 052 pSE |LSEZZES'EEE |EEEP 2557092 [2592°5L9°10L  [EERSOOL ELOEPSLEQLOL- [PEZOED SPZ'9P | LPOLSES LS L0 |M.9992Ch bl 9b 0ZLH Zicond
WIE'S0.95 0+ |ZhLOPO0OODT |Z2HL0F [FUShELLS) | C005 5097308 |ELLZ'SE00EE [E9250C8POT |EREOIZPEE  |202pES ZLZZLE LAS'L0L- (522928 5219k | EH00L DR FE LOL (M .LSZELEE L0 OF PEC D [B==tu]pie]
L2321 EL.O- E8E LEEBEED |B0L9E2- [FUonELIS] | )SEZ SLSIPS |SLZE ZF1T EEPL L0591 |2099°21L°3L SE0°090L E9516F £98°80L- |2L0LS0L0S5'SE | .59695'8F.15 .80 (N.B8E8L°E0. .08 5¢ 095M| ZPP0MO
.L2°0L.50 .0- 0ZL P2EEEE'D |E022°5L- [FUoRELSI] | bl 90 EEP'5ZT |BREEEZL 0L |LLEETIESOEL [E52P°2E0°ZS  |ED0290L 222 CSLAES'R0L- |0SPL09L02°Sh | 09050 °EL 28 201 (M.22980°50 .2 S Z1H0d4e | 20b0M0
L2091 .0- SIEELEERED |2HL200Z- [EuonELSY 9027 LeL 095 |SLOLPLESEL  [EPPELZETDLL (ERE0HPEER  |LSLEEDL 196 IEE ERL 201- |ZLE PR ELL'SP |MGEHLEEZ LR 801 (N PLLSLER 2F SF o5 A BEEOMD
LLL'SE 2L .0 09p 9EEBEE'D |EEES E- [FUoREWE] |E395 0B85 226095 LEL |2bbe L0Z L (PLIS9ER L SbLPEE SZEEZE BO0LR0L- |98L [900LL'Sh | .LLS585EE .20 B0L (N.EPEZ2 98 2 .5 phi|  E0Z0MD
L.Zb'95 2L .0- 529 PEEEEED |ESLE'S- [FUoRES | DRL2T0E' RS |ASER PSSR |SHe 0B [2949°882°Sh  [E2RZ00L SLLOEQE0L 20l |LOSASORL'SE | .E200LP'SE 20 200 (M..PO0LD9Z bb Sb bhd|  LOZOME
LOSEE L O S5L 986 BEE D |9PPEEL- [FuonELS] | SLGE R0 L85 |BPRIEAT'SAL [EOLSEOLELL [ESSEESPES  |SEDSSOL 69 38F 589°80L- [SLS50F LB'SP | .WLEESL A0 LR 801 |M.LOO3S'LS BF SP PPA|  BIOMO
L.SbL0.90 .0 LSLZ00 0001 (20502 [FUOREWS] | E2E2 Z0P 029 |ELLSSIE'ESE  |ES2L2E0°EEL (L99b ELE'Sh CECESE CL0 L5 955201~ (ICLLBPSSL'Sh | .BP5ZE P £E 200 |M.SZPELEL 5P SP copa|  EPLOMD
LA 25,60 .0- 953000000 |D3E3°0 [FUSHELS] 2R3 ELETLES |SISL 09088l |OAPS'ELOZEL [DLEDE0ZE  |292°09E EEP 8L 3b2'20L- 00092 LLL'SE | .GBLELP'2P 85 201 (M.0290L 2 2b Sb ppL|  OPLOME
L8592 .10 .0~ 868 POOOOOTL |LBESR [FUonELE] 52958097 pT |E996 ZEULLL  [PLEOTEETLEL  [LB2S19LES LER 'SEE S22 L2205k 801 (980LLL Z208°Sk | .8586L°00..2 201 |M.LESLE'B0.BF SP pap 0| £000M0
LEDLELE O+ 009 pLOOOO0L |Z2009°6L [FUoRES] | pObE E0LELS |DDEZ PPULPL  |SLES'SEL'29Z [S19L 020k |9Spiig E99 ppALPSA0L- [PELSELLLL'SP M .LE0ZE'EZ .25 0L |M.0LZ0ELD.EP Sh L8h S LLZ0ne0
L AL 0 FE O+ OPE PLOOOOE |00FE FL [EuonELSY |COE0 POZ'ESE (2252 LLLEPL [2E0P 5219 |SES9BIS'ER |50 LS 0S9ZP3 L2901 MR L2 22L'SP | W PSEED 8L LE L0 (N.SHPEOZ .7 5P L8PM| Z9Z0A0
LESPL .25 .0+ 2ESE00000 |D285'E [FUCREWE] || 792 ZE9° P2 |L9EPEELLSL  [PREP2SE'R5E (00 L8909  |925°90E CEL022999°L00- (P99 EEP SPL'SP |A . PI0ES00.0P LOL |M.ELLLLED PP SP anno|  252.00
LE0ER.ZE O+ CSLOWD000T |PESLOL [FUonEWA] | DECE L2052 |S829°SEL1SL  |L2SEPESESE [S625°590°9  |BSLEER 192 225 E59° 01- (255608 SPL'SE |M . pLO2A'EL BE L0OL M. LPE0F Eb.bP Sh anon| 452400
LBE 82 .25 O+ COLOLOODO'E  |PEOLOL [FUonELE] |92 00 B2E 3PS |BEB0CILLSE  |SEPELLLESE [LL9ZES0°9F  |A0SS0E SEE 025199 °A0L- [20P 985 SPL'SP | .LESLP LR BE LOL |M.LOLEE EF PP SP wnoo| 252200
.05 SLED 0= QLLSEEEEE'D |Lp22 - [FUoREWS] |7 E1SZ 09 |ES95190° 8L |HO0919Z'E8l  [IS9S 02605 [PESLEE COp Q0B LEQ20L- |ZLEEOP LEL'SE | . PSOLSPS.LE 201 (M.OESLOEZ .Lb SP e a ZpZ540
L. '0S bl .O- 250 225 BEE0 |SZALLL- [FUoELIS] 25028 PAE RS 9562 LAL9EL [B2LZSZLELL [ALL99RS 23001 ALt SE0PSL20L- |PLLEPOSOL'SE | .0SLESPL.Sh 201 (M.LESLE'EZ 2 .Sb 3259 ELp530
L1925 0L 0 ELLABEEBRED |OLSZEL- [FUonELS] | DEIZ FAL7LTS |SOLEZELSEL  |LAPSPSOELL (E2ETBELLYE FLE0S0L CLLBLIZ9L 801 (98P ZPS EOL'SE | .BLLER 'SP .S BOL  |MW.SESSLEL 2R SP J858 20p530
L22LE b0 0= QEC Q25 EEED |SZ299°EL- [FUoRELSI] 19215297629 |A0S5'SZULAL  |SOPLL0SIEL [2L90°BSLZS  |DDEESOL LOLLPO 2257300~ |90L L0L 2025k | . S28PCELLE 201 (M.255PLE0.2 S ag PECMT
LS4 P08 .0+ LB0120000° |9980LZ [FuonELSY |EELLELO'ESL  (SE20L0ESET WS99 pRSTZEE |POSS 2L L 265398 200152 966" A0 |L1Z 096 LLE'Sk | .298059F .65 LOL (N.2L959°0F 85 .5F 173 LLZe
P390 .81 .0+ ZIS020000°1 (021502 [FUoREWE] 9325 0L Z°E9)L 9228 BSPEET |2RLE PPIZET [LEPZ BSLLL CLEOLE Lol ZLSSEEL0L- |POOOES ZLE'SP | .E85P2EP.ES LOL (N.E2P0PZE 85 .5 7113 oLzZene
LL2'£0.90 .0~ ESQ02EEEED |EOPEEL- [FUoRELIAI] | 2057 FAZ° 029 |BER9TEDPAL  |EBS5°9S50°EEL [25PLE00°ES  |9EROEOL PEC OEP JSSR0L- 00202 0L2'Sh |4 .20020'92 .28 201 (M.2b922°0C 00 Sb 2713 pO2EdY
L00°L2.50 .0- BEL ZBEBEED |EL9E Lh- [FuCnELS |CECT L' EZD |DB0S EEP 2L [AE02°9PL'0EL (SELEZLS'ES  |ELDLAOL LPE POP EPSB0L- (984 B0F 9025k | .59552 "9 .28 201 |M.E9LLO'EZ BF Sk L =] 85p5dY
LPOEZ .CE 0= PEJIEEEEE'D |250SL- [FUOREWS] | 2E0b 02 RLE |ELZL B9 EER |LLpL 285 [LLASTPOPSE  |OSLELEL LLOZLE 242 00- (2199028 29290 | . PZE09°EL.9b Ol |MW.9LP0L25 .91 9F Py L200d £ 1aqun) big
LS2ES.bh O- PLOLS0000L  |ObLDLS [FUoRELIA] | bERE B09°A0E |PROE'SIZ'R08 |9ESZ PSE'EE  [ER0ZPEE'SEL [225°06RL CSLLSLOP0LL-  |SL9450 £99°Sh |4 . S0PbL 9k 20 LI (M.E£9200°Lb EE Sb SAONYWIZ0T| ERLOMD £ 1aqun) g
LEZSELP O- ZEPFE0000°L  |9LER P2 [FUonES] | DZLEEEETEZ D905 921959 |SEBEBEL'8S  [0BSETIEEEEL  |[PERILEL E93ELE LOLLLL-  [PPSS00BEL'SE |™.E509592.90 WL |M.9BELR OZ .7k SP £9500| SLPOXD £g 12quu) g
LZ5°.2 .55 0= S9PE00000°L  |OS9P'E [FUoRES] | D2P2 DEE'0LE |DEPL'SEEZ0R |SEPZEZ0ELL [I2STLAZZL  [D5S8'ELSL 52002 122 °00- (PEILPZ Z0L'SP | .SLEZEEL.Lp O |M.OL0LOD'20.90 SP Zolw| 2e00xD £ 1aqun) big
LWSE'LE 2L 0 EEOZL0000°L  |PEED'ZE [FUSIELLS |SEPS 55580 |DE0LERE"HE  LIS2LESETSE  (DOLLEEPEEL  |PLLEEZL Pl ESLSEZ0H- [ELZ HPESEQ'SE | GLOSEL b LL O [MLEBESEZER MP Sh PEP M| EBHOOKD £g13quu) Big
952 AL .0+ LLOZp0000°L  |LOLDZR [FUoREE] (C7h BELLLD |0 LBSEET [PLOS0LS 90 [SEOPESD0EL |LZEERIL E2b 2p3 PES'EOL- |00L ELZ BOL'SP |4 .95PEL 00 .55 EOL (N.ZESBEEE 2 5 E2br| OPEOMED £8 12qun) g
L.Sh'SE.Sh O- L20LIEEEE'D  |LELE'2E- [FUonES] |20 670 I SED |Z250T1EEE5E |EOZEESL0E  [APOSSES A0l |LASSHIE CSEEELSAOLLL- |ESZLOEC9E P | .S2ELL'DE PO UL (M.LSPPOOS.LS b 9Ly PaL0Ad £ 1aqun) big
LEE'SP.EC O- BZEPPEREER'D |OLLT'S5- [EuSnELSY |0ESZ LEP ZEE |OLAS'S2SPSE [96L8 PLA'ELL  |OPEEESO'E0L |P29°82EL C2C 2B 0L O (S22 LB00LE PR |™.BE8E6™90.20 O |N.2P2EZ 2L 85 PP FA=R] SEMDAd £g 1aquu) Big
LPEZLED .O- LESPEOOOOL  |HLE2PE [FUonEWE| |LEE9 EZ0°Z8E |B0ELSIS LA |SOS9°Z9E°528  [ELLAZ92°LEL  |9Lb EREL OSLEEP PPLLLL-  |LP2 598 BAL'SP |M LOLESE'EE 20 WL (N.E2PLS'LL.9P S5b aNzZg|  POSS90 £8 12qun) g
L.20°2L.05 .0- 19200100070 |OLEE 00k [FUonEA] |02 SEZ'9LZ |ES58°995°E59 |925L P2 PR [SLLLA0ZEEL  |DBZEEEL CLLLPZ AL  [2P2 922 9205k |A 0026072000 L |MW.E99LP 0L L Sh anNzg| £05990 £ 1aqun) g
AP ER .EF O- PISLE0000°L |EPESLE [FuonEwE] ) FELAE0'ELE |ZRESEPI0SE |HP2 050752 [SP20TILETEEL  |BRLPREL C0SPEE SLEL- (M2 22EBLL 'SP ™ .L2P0822 B0 L |M.9BESE LR BF SP YNz | 2055830 £g 1aquu) Big
L5285 .92 0= Z89900000°L 91299 [FUoREWS] | | PG ESLOLP |DZES'HLZOED LIS 820 LEL [9969°SZEEE [ERE0LPL LOC SZL 290~ |Lep 02905 'Sk | .0SLS2'S0.LE Ol (M.LELEERLZ 5 .S 13sadezr SEQETY £ 1aqun) big

Page 35



JU0d

‘T¥ AIqeL

.05'sE.00.0-  |oDo0S0000% |Z000°gL [Fucpeus | pS7S ZEA E6S |Wp0 E00by |ieaeos 08k [ro0oEser feenie |ieraiasesion- |pa00BS 26 S |M.EESPE ER 65 L0L |N.EZP0F 22 85 SP viog|  owzaw mo1g
Sepp.pe 0~ [eppszooont [ropvsz | Eusnews|ipsoeezose [peaniseies Jesvoiczier Jossiezzen Josvosor  [peesceisssol- [oosiosoisse M .zo0se 9z g5 8oL [N.BpOESEE SF St a7g| wossoe Aoy
LL600.p5 0~ |5Be5200001 [seeaaz | euonewsw(igpoosses |seenesziose |teizaeeel |svaeszian feowsor fere pobercsol- |98e a0k o0est |¢.59552°95 28 SO0 [N.SALLOET Sk St vig| eseoee Aoy
Lczun0t+  |esieonoont [szsees | euenewsw|goss segrese |uectogos  |oservsepos [eesorezial Jeenial  [uppossepou- [S2elsslenir |M.ESLOMESZOU [N.ASPELSS LD b DELW| BHOSS| €8 fuaquokuer
L.ozocc00-  [eorsooooot [zemey [eucnews [7089°€20 009 [zz's0rer [ozzasies [oszepigont [asen  feipivsozoz- [2epesiczior [M.00620'SL00 2 [N ARG PR £F OF g5bz| 9800xH| €8 fuaquokuen
() Lcgziuo-  |iezeooooot |ueze [eucnEwS |00 B2 16S [2608°050°50¢ [peos sz ot [soepesheat |eozeen  |eescerssozu- |scspzzoieor [M.05089'52.60 2 [M.ALE08'9E 95 OF gabg| blOOxd| £ Auag uokuey
§e Lsezzzlor |zalziooonl |eesal [FucRewE [£0bS 167°92L [nalssesez |alezeselee [peczpzoos |tesssl  |oozesswlsul- |resoepeosop [M.zle0eEs 08 WL |N.ZEEbEEE8L b | cdoomIsMMOL| 78S0MH| €8 fuaquoduen
=} Lccozs0.0-  [emesceeso [soiao- leucnews [ceas 1oL 09 [pozesze ase [osoopesel [sopoogoel feeeizet  franiesieewn- [ecoseroesor [m.priiosz 65 0 [N.pogLL S5 98 SdovNaTIH| 1850MH| €8 fuaguokuen
Qo L.ecoos0.0-  [isseooooot |rossE [EucnEwS [E9p DLE'LZY [pEZO'0Z5 L0 [3822 P02 16 [so Pz bel  |eeeehll  [5OSE08 WL |98b Sz a00p [M.GERLEESPS ML [N.SSOL0°20.LE OF igbw| 9cE0d| €8 Auag uoduen
b Llgucoio+ sgzuooool |ssaz [eucneus LI Ep EpIEp). [9550 10667 |oRie1er'ezz [zoesecoel [rocoel  fecrazicril- [sseeiposiop [m.Ll00pES ST NERLLEZ 60 9F zon| 90z0Md| g8 fusquokuer
)
N .sezocc 0+ [osvooooont [iespo leuonews [0050'928'9p8 [vzst pzzese [zzesaese [sizasemia faoion  Juesswow-  Joocszozesor [M.aieesosao e [N.Ss0s s St op 1353d0ga] (6l0Md] 8 Auaguoduen
- Lcipsop o+ [seroeeees0 [towgez- | euonewsi|ipes arose [aupszeise [ez0zizsiee [seeerseer szsi  escrcieeson- ossiocisior |m.eszi80545 00 [N.SSL0E 0 SOk gzir| 570MH] €8 Auaquoduen
o] Lpobepb 0+ |26ZU00001 [pAEZUL [euonewa [SoEE LAl [osigeelsez |ieegiezedz [zabeesie ostera fuozuziiou-  |seconszezop [M.bZE00°ELO6 0L [N.OLROLESOL OF ize| le00Md| g Auaq uoduen
o
b=} 5715.08 0~ [ooavesees o [ieseae- | Puonewswlians ooty [psegosria Joseozieenl [eiscorzes Juzisar  fesossuasan- [aseerssosse [mosesszeoss 2 |M.z5ees b0 5 Sh sdo3aung] sesosm|  gg duaguokuey
V) sgocs0.0- [zesioooont [ssew [euonewe (9065 p0E'909 [t0s0egE0r [oskoioepel [ssicoznezt [eosoa  feooopcessii- [sesivbo0oor [M.L102008 65 L [N .£0212°62.95 OF InH| selcbn|  eg fuaquokuen
w LzpzLi00-  [lsosooo00l |osos [eusnEws [Z080°b00°PLY [ss0e1betor |sictseen [peacierzz fosost feseeecoeil- [soziesiooow |M.BOLELSS.AS I [N PE0SL G095 OF WnH|  PEIEDO| €8 #uSg uokuey
et pzos.e00- [iesconoont [ziese leuonewe [conp Lz’ 018 [052ecas vor [aserzse sl [peosoisezt fsetes  feosoezsewl- [eesicoeneor [mosireses i [w.sisisze 9t or ruH|  seiepa| g Ameg uokuen
..m .02'b0.42 0+ 3009000001 |55009 [FucnEwSI 0SS, 0SZUG (ISHESSSLr |3622°602°Lb2 [DBEC0SEPEL | paleel  |SehZER0Slil- (00S9212089k [M.SLZIZIS0L L [N.SPIST L0 8 OF n_n_n_h_mzﬂum?__,_aum UpbHO| €8 Auaq uoduen
m Loco0.L0.0-  [pepsoooont [peips [eucnews (7008 EEE PO [Ipleeezor  [Letosres [lesetesza fossus  fecaseessii- [pecaipzooor |m.6ie556p LG 10 [N .LGHATE0.95 OF HnH|  95sare| £ duag uokuey
Lseoz.e00- [ezpooooont |seepa [eucnews |pzag'5pE2l9 [clesc0ozor |opecceront [sucsza feoresy  |ecowcziewl- |pezseocooor |M.e0zEcnz 85 L [N.O0IEZ'EL 98 OF anNTH|  555orw| €8 Auag uoduen
Lcpipoo0-  [sossooooot |seesy [eucneuisi |5070°250°909 [1sonszeeor |ossapze bl [zpesgsoezl [epzoal  |poepceseil- |ceroscongop [m.10559748 65 L |N.OPLGLGZ 9 OF dNTH| posore| €@ fusquoduen
7o oc0-  |aecosses o [preoas- | Euonewswlignzee ey [aveooseour Jesaoaosshl [snsecozs Jrzassar  Jusisznoszu- [rocerssosse [soepvosonos 2 [MLLELG LS SE gwia| gcvbre] €8 Auaguoduen
Lebbz0 0+ [LE695665°0 [peaa - | Euonewsi|oiopserea |serpaEis |o002 b2a b0z [PAl0RLOE  sezetel  |eOpElLEi - 956 06PORSOP |¢.58620°E  bb L [N.Ph8G22E 9P | 01gownaTaH|  098ld| €8 6uag uokuen
LC69p.c0 0~  |0B6LEEEE0 [ogz- | euonewsi(pen) sop'eeg [elorsie etz Jozpeoczeel |95eiElz9  [sesiest  |sacrosieeil- |as5ccpoom0op |m.LSSL0GLES LU [NLEOSLETL S0 Ob orol| 8s62gd| £ fusg uokuey
L0ZE.00 0+ |L62E200001 196862 | Fuenewsi(l60E 062 659 (2099606 P, |2989°1S6°007 |9LE22E1'02Z [poLssel  [eebaualeral- |SASEEZ SR |M . 9ESE0EL.LP ZUL (M. LESSTED L b mmwz_mn_mmwwm LIE0NH £g sung
L95P2.42 .0~ |BE0L96EEED [0iaEE- | Puenewsw |l zzesaroey |aisetesser |9sa0 agerl [eezoeegset fezaaknz  [iszoctepbeu- |Wszoskest  |¢.968p420.92 £H [NLO0AOLPS AL SP | swzvnosHowr| 639040 £g aung
L.cosc.oo 0+ [prosooooot [sepsy [eucnews (9555 025072 [S056100100 |10 paelz [specszzeat [ecruest  |eze L0z05520- [sesiecerash [#.080p0 00 £6 21 [N 2PPES LS 5L 5P g1H047I0]  $9s0AD cg anng
g L19oz.00 0+ [zeocooooot [szens [uonews [plLUEDZL [2si0siczor [ioze0sselz [osiozezel [zsist |seolesossai- |ses e ps2sp [M.LpEESE0 SE 2L [N.ESOS0LL S S 1H0dTI0|  £99040 £g anng
) Llees.200+  [zezpooo0l |ozszhl [FucRews [SG0E1SEE0L 1920925 pee |eLsepasplz [dzesiczoet [eoezest  |ezsnestiozi- |sozseslezst [¢.pe06kEs 98 2l NLESELLPS £L St SdINOTIO|  EE90AD £g 2nung
-—
W/ ceoLzi o+ [ezsosesesn [ampe- | euonewsw|iesesooeze |weaesces [acogsize [eseiemzoe Juzisar  |wsossusz- [aseeresgesy [M.Sessze0ss 2 [N.Z5065 00 85 S SdoaLng| #es0An cg anng
) LSiczhe0-  |BeciceEesn [szoaz- | euonewsw|copl 0saragy |spezeocors [eszscosehl |ispacao ol |eovest  |eszeciesel- |eoioozezase |m.22ellSSAE £ [NLSSBELSE LE S 07| L9E0MD £g anng
) L0652.62 0~ |157098666°0 [06pLee- | Fuenewsw|zzarznials |sleeeseesy |uessioes |sesrovzest feorsooz  [sinoozepsol- 1940808506k |M.L8LSLES .02 1L [N.PLOLELOZ Sb 1o9w| ZE204D £g 2ung
m L1rzsp0.0+ [ovvooooont [zoppa leuonewe 161810 2°680 [shaLsioers [oebe0ieng [2eeonssar [eirzist |pescrzomszu- [doseocose [M.0585p0L0p 2 [N.08H0L0Z BE 5P 350073w| 202040 cg anng
) L0l zz 0+ |agippoo00t [e5os v | euonewsi|saiczoiess |oserenover [esecasovz |pascisnst |serosel |esesoorszan- |sezocsose |m.c2i66ES .8l 2 [NLSL0B0EL OF St auz| sioosp £g anng
=
3) .9720.60 0+ |es0le6Ees0 [9opez- | Pusnewsw|soiepan'ees |szegest'oon eperect'czz [pesriocioz foeesal  [sebellsepEl- [LpoossO96'ch |M 66841562 21 |N.EESO0'EE LS S cebS| 6000AD cganng
© Lczop 2 0+ [oopiesceso Jlonaz- leuonews [5eel seL1EL [se0eeipzeg [anegzoeze [sozssoeioz |reosen  Juedszosz-  [rocerssossy [m.erb0snL0s 2 [NLLARLS L5 S gwig| gepbry £g anng
[ paog.2l 0+ |ucoseEss 0 [socae- | euonewsi|saopseszes |eostaseice Jonos opeeez |Sopi1s5 002 fBeeial  |BZI066b T |pOb 200 ESE'SE | PREPEOS 62 21 [N.LBPPSEL LS S wwig|  zeEpbry £g anng
) Lizgzl0-  [eeceoooont |iesc [eucneus [pe 0107 [e6eLeeEpe [zze000oss [osecipooor [resssll  |oozesswisul- [recoepeosop [m.2i60eEs 00 L |N.2oEbEeea of | cdoonasmwmol| Zesosd 1e0qog
-—
< 571500 0-  [pzacsesssn [eaeen- | euonewsi|saizenzez |isiocooeez Jlorresese [seciaose Jresost fsevzzieru- escervosior [m.iiiorzssz i [nosilezen av zea| aozomd 1eaqog
.5 [Sizv.0z 0+ |esciesees0 [apges- | euonewsw|pegosesery [peiswivors [esecocerost [eepessreor Joscea  Juozuziiou- [ercooszszor [M.p2c0oelgr U [M.9LPOUES G 6 IEn 1eaqog
..m Lloge0.0+  [ogbooooont |losee [eucnewa [ bS5 a7 08E [pezzea0 bl |aizioegsl [soncgorbe [ezsoekl  festiciopoiu-  |seousocoos [M.Sibblop20 L N.£9.000EE 5P | Sdonwwazog| ERLOXD 1eogqog
@) cize.0z 0~ [agssseses o [overpi- | Euonewsw|izaacorioz [Lsepec ooz Jesoraizes [zoooeosze Joovossr  avezeovziul- [sesiscsisr [s.oopeisezer i |M.EvELS'SS pS SE zasd| sEpOXD 1eaqog
©]
O Lipocp0- [zeouooool [pzeou luonews [cope Lp0zhz [ algiel  [aeoanss [peoeszon [eceezl [peososiesii- [slezosisese [mM.pE0LOLSE L [N.SL0GK0E £5 5P zasr| sipOXD 1eaqog
o L.czoLooo+  [acsgonoont [ness [eusnews |BGEE 805 paE [sloase el opzorl  [pzeotozer  [eerosel fseseicioiin- [peSso0ees b [M.65005'92 90 L N SGELEOZ b SF cosin|  £LpOXD 1eaqog
= iooazo-  [sosmooool [ieosa leuonewe [opet 099202 [oestosetol [ererorte |soorzocer [esezezt  ferscesweiun- Josgiseesese [m.esiolszer L [N.965TR9E L SP oeba| JEEOXD 1eaqog
+= [Li25.02.0- [eoooeooont [sesnne | euonewswi|zacosozpoz eocneise  |usoerzze [soszoent  Jecuew  ecoreiieru- e zizesese [m.e00zps £6 L [N.00285 S 17 S T 1eaqog
m Loz o- [eopesooont |lsopes [eucnews [1199'09° 117 [25p0000 76~ |secaeaz'on [siszeene- feesonar  feeouzeiowl-  [seszwbzezisk [¢.056505k 06 L (N .ESHEL 95 EL 5P gpLH|  SEE0MD 1eaqog
) pouLzo0r  [pspoooor s luonewe [l o5y 2abe [szza00570r [eeporsaieor [pesizrzie Jeseset  fooszioseiwl- Jueosieose [m.eozoperi i [N.2eserEs e S pora| vszoxo ]
M Lpoupp0.0-  [sz02000001 [ipE0L [eucnews [pEE019E 662 [5068LL05L [levlaerls  [soesooees [mereiat  fesoeicoosii- [seosselies [m.Sioscistz L [NLLEIESEL 25 S cepz|  ZELOXD 1eaqog
>, Llopepoo+  [isceooooot [rosss [eucnews || 08p B20'SSE [2055946750 |ozsaazeor [soszizaor |averst  fosieerprlin- [ibzsescasse [M.0686'E 80 L N ESHLS L OF St Jnza| possaO 1eaqog
1“ .0z5E.£0.0+  |5092000001 [Zs09°L [Fucnews [E09p 002 645|225 266'85k |aoocgeron [sesoperar oszeest  feesivziovi- |oveszzensse [m.oozeozo.on e [NLEsgkeoLLp St gnza| £05890 1=aqeg
sibue  [ioieyseas| (wdd) | - - - - (w)wbiay [ (Bap oap) (Bap aap) (SWm (SW
%hu sousbieaucg| pourquoy | uomiesig | 20F 1004 | () Bunsed | (y) Buruoy ( u) Bunseq | (w) Bunguon |\ 0 . pranen pratbuc oprne uoneufisag | QId SON |  2uoZ SHOWH

Page 36



Ju0d ‘7F A[qeL

.oouc 2 0+ |esszooooot |ezesz Fuonewswi|lS bU10005 |6209°00°6b |Bearsnul [Loibboron |ioseos  |sscsszesibl- |cosove sac |M.sozeem0.00 ML |N.BSLEZES L2 B gepw| OzbONL €8 peayiely
(690220 0+ |SEOSEEEGED 15951~ | Fuonewei| 068, 5LpS0S |Opro 85l Sk |S0Z0G90bSl [S2E0pe92l ||6L626 20282 565 bIl- |pE 0pD G2L'EF | 0ESHOEP £2 b [N LESHS T L Y lgea|  SrLONL £a peayiely
Zvz5 60 0+ |czepoo00DY [BZEch Fuonewew 5L Z6 bOB'SHS |LBLLEDE E2b |DOEOGLE'D0L |SB08 2202l [plaals  |SZ0BE962z bl |9E050LIZBY | Gr00LSh €1 bl |N.ELbEL Db 2L 8F SLA| ORLONL €8 peayiely
icens 0+ |scecooooot |emest FuonEwew 655 8L bLG |COBE S5 Elb | 82070051 |DESE0SD0ZL |SLLZ88  |DSSEOSLLLbll- 558 bGl bALEE |M.BLBBE1H .90 ML |N.LbLSEZ0LL B Sun|  Leoul €8 peowield
(605550 0-  |S667C00001 [SEEEZE | Fuonsweil|Sels Bp0Esy [8255'SEC'S07 [GLP0GIEEEL |SSIZ0L698  |SLL008  [BL91SabESpll- |808 bSl EE5 LD | b0SFL PO SE P11 |NJELSCES 6b Lb zec | 0RZONG £a peayiely
) 6vEz 82 0-  |LO0SIO000L |Z100°8L | [Fuonewe|pea. 6S90ME [EIPESISEEY |LLE0CEREQL [29.b 20622 |0EZEE. | [750B8E DSOS~ |57 bOB £95 8P | .£L0DP D b0 Sl |N.92550°05 25 BF Jigs|  gzsed €8 peayiely
§e (059062 0~ |L95AL0000L |20982L | Fucheuisi 0959 667 1PE |6259 4Lk 00L |E660S20bOL |SBPLPLYELZ [DZG V6. |96 $25 LI0SkH- |L69ELY BI6 BP |M.20L Ub b0 S |N.LESOSS0 .55 &P Quga|  vesald £8 peaviel]
=] L1002 50 0+ |cILEEEEEED 51820~ | Fuonewisil| 0996 vE01ZS |SIZ5Shy 6bb |LSP. G25°5G) |DSEE0GE9EL |OL0'B0E  |DOGEPOIESbIi- |95€ b95 282 5% | b0SSL1S 6L bl |N.891L9'85 91 BF zenls| L £a peayiely
O 850290 0+ |GriEEEEGED [MGZ0- | Fuonswsi| bzl 515975 |650LSSESEY [70DZ18v08L |C9E9OELSl |S99ElE  [DSCEbpBOSHI- |LZCELObSr |.9095S 0S40 bl |N.SSELFOE HZ B | | NACLWNLS|  08L0 €8 peayiely
5 (650700 0-  |ElL8BEEEE0 |SL8B1- | FUoheusil|SIS 62l 06 |20B91EL SEE ||SLplGEEhl |LOI0EIS 2L |OLbipE  [S9ESLLBSH I~ |GESE08SELBD | EELEP 6 L2 bIL |N.PEPLE'ED A0 BF TATHLME| Bl £8 peavield
@ [E10Z 100+ |SO0SEEEGE0 [89651- | [Fuonewiei||605 99556y |902915. 59y |LU6'9022S. |OPEDLGELHL |EELEIE  [DSOZhCOZb bl |00F 2Ll LZEBb |.B61082L 52 bl |N.POPaLEE £1 BF SHHAARd| Bl £a peayiely
- [1ic60 0+ |sesanoooot |sicoa Fuonewew|08bL Z0PbS |9900ESEIGE |5525 000000 |pOBE GEZOLL |55000L8  |EBB0ZZSEZ bll- |00GBEL 960'Eh | BISEL 00 bl bl |N.bDSLESh S0 86 | ounanaltvod| Ll €8 peayiely
o] £997 9L 0+ |96L0000001 |L86LD FPucnewer | [0DE0 LS5 185 |2579 Db OLE |DlZ50BELLl |98SL1052IL  |DOb'S05  |95L6.9780°bll- |46 L8 590D | .96bb5 25 b0 bIL |N.Z6L55 95 £0 5b csowr| sl £8 peavield
w ec9z 50 0+ |sicooDo00l |emicn Fuonewew 2157 0pL 175 |9020'LSE°EED |982b 0Z0'6GL |LIZh BO0PEL ||EB P05 |L95055 8ZE bll- |91 283952 8 | kb Zh B BIL |N.DBSS0bZ 5L B omH| s £a peayiely
~ 109p 2 0+ |lsczonoont |oiseE Fucnewew|£507 120105 |Cl0LBLS Bzb |LOLZBl1LL  |LOIG 0SO0EL |LblZ68  |LLGvE bOL b= |bbL 26 S22 8 | OIS CS 60 bl |N.BBLEL IE £1 5 TrWsHY| £ 8 peayely
o} [020p 2l 0+ |ZIG9EEEEED [oll- | Fuoneusi|a0S'60.195 |20z 295 bbb |LISOGOZILL |Z9S0POSSEL |BLE A6 |98ezbe bl bll- |LEbODE E9Z'EP | .6EPEO1S 60 PIL |N.GLEHED Gl BF e £a peayie)
an 178220 0+ |0SL86EE6E0 [S0SZ1- | Fuoneweil|9c,z (b5 505 [£5IG95. B2b |0508 UB0'bGL |SSO5 eI UEL || 9L0Z6 D06 EVE PEEPIL- |GLLGOE 92260 | bUSLS1h £2 bl |N.GEHLLPE £1 BF brra| L0 €8 peayiely
o] (8962 99 0+ |SELIEOOO0L |SHELLE | Fonewei|oiz9 /66 0p, ||BIG 9. 859 ||SL0°958'522 |L280'S6L 002 ||phasel  |7LLSESOLbEll- |58 IG0ZS88h | .BL025 65 b2 £11 |N.SS0ESL04S 8 | ZaNdngdaHs|  S98i £a peayiely
w (5002 60 0+ |pECE0D00DT |BEECE FPUcHEwE[ObEa ZEY LES |COCE 1095y |0LOb C0B'EGL |CIESEI0EEL |pELGOE |2l OBBE0Z'bll- |96 290(00°Ch | AShOD0S SL bl |N.9.625°C0 61 5 ¥a4zovis| Zseedv £a peayie)
T L0060 0+ |csezooooot |ezasE Fuonewew S50z LbS1bS |00 DEL Z0h |58LL 180500 |SELLOPOLM.  |ESh0B8  |BESOPEGbZbll- |CSO5SZELC B |M.0ES850h bl blL |N.GE0ZEG0 6L 8b | wodzywlcdy| lSes0v €8 peayiely
[0Uip 60 0+ |esezooooot |ezesE Fuonewew|25b) 628 '5EG |LbZ9 99 0Sh |ELOL 0PSSOl [BZLZ 0L ObL |DbL 685 ||9ZSEEESZb- |bab bOGELE B | bEZBEbL S bl |N.L09LE BY AL B ddvwad|  05ee0v £a peayiely
bobs 1L 0+ |5E90000001 |SEESD FPucHEwS| (0596 bLI'EES |30 20 L6h |S0C50BSELL |00E09751SL |LODGhE  |PLLLOOSO'bL- |190CEE ELbBb | L17a510 £0 bl |N.bOGSL0S 42 S NOLioT| SeLidvY £a peayiel
LL1E8v 0+ |5S.6S00001 525065 | Fuonswei|0SeL LolISL |LLb00LE UGS |GLbE GPE'SEZ [C0L9L090LZ |S0SE62L  |PEcBUSZLCEl- |92 CIEEEESh |.9962012 22 £ |N.bLLBT'EZ 95 BF Nyagd|  Lecay €8 peowield
1£10.62 0+ |SS0Z6EE6E10 [BLpE2- | FUonewsil|Se0y Z60'9va [$2SLELL 762 |p906 G25°06) |S9SZLEEE  |0bbiSE  [B92 bEDEZEEIL- |ScrZEBISE L | .LEL8827 6F S1L |N.ELZIE90 LS Lb TI0v0|  eesEvY £a peayiely
(e090 e 0-  |poBZ0000DT [BEOSE Fuonewew|o717 LOE 62y |96SCSUSE  |SZ0L0B01EL |O10L16582  |P9EUEZl | |SE9OEE hZO'B0L- |ZhB 6 LOD'Sh | DBLLTLZ L B0L |N.E90LE'9Z 00 S sasa| ELPOAD oy
|S0CE b 0~ |SS09E0000 |SES09E | Fuonewisw|S0/6 pEESEE |h2Z10h b |DBEL 4T |WPEEPS PP [EUGShZE  |ZbESbe L5LB0L- |9ES OO OPLSh | .£OPSP0S.Lb B0k |N.£S65T Sb G0 S vash| 8P0MD ~o)
[ bEEE Lp - |052bL00001 |5E88RL | FUonewei|[ppaz SO90LE 2582 E99°SLZ [SB U952 |C62LEE0PE  |SE0090L  [59S16pE98B0L- |SL01S0L05Sh |.S9895°9 1S B0 |N 2856150 OF S I oy
9915 62 0-  |S859700001 ||58592 | [Fuonswei|Scse eSSy 0891 98K bEE |S0S6 LEL'SEL |OPEEIEILLL  |S00'S90L  [7zzesl LESB0L- |05k L09 0B 'SP | .09ISLEL.ZE S0L |N.2898.50 8 S Z 1d0ddre| Z0p0mT oy
g LE0b.bb 0-  |POZ9SO000 59295 | Fuchewsn |68/ 190 06E |B0Pb BO0Z ESE |BL65 A0 EM |S2C6 259200 |15 660L V06 LBGGEL B0 |ZLE beBELL S | EHLGEZ Lb 80k |N.bLL8L Bb 2b S BESA| BEE0AD ~or]
5 b2l 1b 0~ |0ZL0900001 [SELL09 | Fuonsuwsi|celz £SO WY |LLBLBIS1SE [flZ068Z°52L |SHZIo 0L |EbipEE 526628 BULB0L- |98L 190 OLLSh | .LSSESEE 2b 801 |N.PZZT9E 2b S bp0| £020MD o1y
< [E2%L1b 0-  |SIPESO000L |SELPES | Fuonswei|Ze0z7 /S0 b |L099'80L 298 |pLEZ UEZ'S2) [SEESESS UL |5ehzo0l | 5.l 9ESE0L 0L |OSLSOPLSE | .£200h SE 2 801 |N.PODLOSZ bb Sb bhd| 102040 o1y
S|  [sosiovo-  |zrpivoooot |leiviy | eeohewsio|iseeEss b [Z1l9195 68 [BBE 160 7l |IGLEBEL B [GE9SS0L  |L69SEDSE9E0L- |S.5 500 ESh |M LEESL L0 LY BO0L |N.LOD9E1S BY S bpA| GE0AT org
N [ b30p $E 0-  |LSESP0000T [0S0 | FUonewei|S0/C £0Z05t [EL6SEIL L9E |ELB6122460 |OPOLELUZL |SEEESE  |BL0./S. 955901 |95L18h S5L5P | .BPSZE b2 S5 BOL |N.STPELEL Sb SF cero| EWOAD oy
8 IU1E 85 0-  |Lbe9500001 [S0pE9S | Fuonswei|zze6 v L2y |9585 0S0ZSE |G0BE Z9V'0EL |SISEPOSL0L |S98°996  [SEv 1ol 9bO'B0i- |00DESE LLSE | BLEL Bh.BE G0L |N.0890.°2h 26 S bb1| OHOMD o1y
m ZE0006 0-  |£5L/E00001 [PEGLUE | IFUoHEUsI|ZE8) 755 /Ub |SZ6LP0L PEE |EOB0GSSSHl GLEBUST UL ||GhSEE  [Bzelzz0ShaDi- |9801LL Z0B'SP | .B596L100.L7 S0 |N JESLEED 8b S vapa| £000AD mory
= (5595 80 0+ |LL95100001 [S029°61 | [Fuonswe| |1 e L6E'60L [B1Z0 UBLZ5E |G0ZE b22 02 |ObO5 L2500 |9Svii8  [599vbaIbS L0l |pELSELLLLSE | 1802662 22 L0L |N.0LZ0610 £ S Lars| HZ0AD oy
& Z50E 50 0+ |S50ZL0000 |LL607L | [FUoneweinl|S605 S05'959 |0ECE SES PE |0l25 BLE'E07 |SE09 2 0500 |599hi8  |0S92velza 0l |1oh 19222 Sh | SEESEL L€ L0L |N.SUPL 02 £b b TR o
M LUP0Zl 0+ |9pLZi00001 |Esbial | Fuoweusi|zel0Ez'ezs |9UZ @l IZE  |SeES bOBlze [SCODSLELE |9SEPOE SRS pOE B9k LDL- |97 bOZ 0SSP [ .bE2l 90,87 LOL |N.SPSEL SR IE S 1ap2| esionm mory
1) .b7'9Z pb 0-  |c9BSEEEGED [19E1p- | Fuowswsw|s0DeTz0bee 928z T e [SERLOSDLNL [SL9E1ZSHL  |599B0SL 5oL AI9BELEOL- |19E 678 SLEDY [M.IBIZIES.Lb BOL |N.OLSEETE 25 bh qu:zﬂmmw,m_u £250Md o1
.m cizo.ce 0+ |ssienoooon [ewsse Pucews|oELe Bl ESE (306 LbZE  |0OPDDEIGE [ploSEls?  |izoesl  |LG0LSZE0G'00L- [5G0 GO ZLLBh |4 .SEEELS0.05 001 N.20Z001Z Sb b zﬁ_ﬁﬂm zeloMd o1
i Shb £0 0+ |98c9000001 |Bgecd FPucHEwE [o5bE b0b 00 |BLOL 0 COF |GLEG 2Lb'002 |LECSGE0 L |905°005  |FEL0EG G99 L0L- |ba8 EEb ShL S | bO0ES 00.0b L0L |N.ELLLL Th #b S anoo| ssziod no1g)
o L1050 0+ |szL 000000 |oBZLL Fuonewew|Sobl E05'089 |LGS5 BOD'ESE |L6EL B0SL0Z |56l GhOOIL |SSL6ED  ||9222E50°L0L- |8GE 66E ShLSh | $L0BZL 65 LOL |N.LbZ0bTh bb Sb anoo| ‘szion oy
an blapc0 0+ |o959000001 |BLaca Fuonewew|LZL 082509 |LShb S00'ESE |pA07 988°902 |LESO PP 0L |SUCE0E  |3E60Z5199°L0L- |80k 95E ShLSh | LESLbLh 65 L0L |N.LOLEE Th bb S vnoo| zszion oy
- G55 E 0-  |SECEHODO0Y |Z88CCH | FUSHEUSI|lGEE 1oL 1Sy |LOLPEIDIGE |GLZLELKIEL |SPELBEUGL |PESUEE  [EEbEOGICO'B0L- |ZLE 60V LELSh | bS0LES L S0 N OESLOEZ 1b Sb zan| zbzedn o1y
R= (B0.0£v 0-  |L6SES00001 96565 | Fuonewei|Sepe | Z96EE |ppE0'SEE USE |LL8S P0S1ZL |LE5208590L |P90EH0L  |ApSEOPSLB0L- |pll 6b0 S0LSP |1 .0SLZ5FL Sb B0L |NLEBLEEZ 20 SF Jgcg|  ELbadn ~or)
8 056z £9 0-  |pl96S00001 [phi96S | Fuonswsi |zl L0F L6 |2OIGB9E°6PE |LOBG G2l Izl |LSpOLera0l |pLB0SOL |7l 19290 801~ |98+ 265 S0L 'SP | EUER Sb b B0L |N.SE25L2L 2b SF Jgsa| zovsa oy
m bouc zc 0+ |crsanooont |ezhsa FucEwew | LbbE 070058 |SBE0DELE  |0bbG0zL197 |OpELGOBZ  |SE0SELL |BBLLOBLLEODL- |pOGELO bLL b | .BZ00E Ob 85 G0 |N.EBHAT 02 3b b ddvHE| 206y oy
) 50620 0+ |GkZ9000001 |lEk29 Fuctewen 260 PEE 9SG |G959°009°S  |Z90516HIG7 |DSUGB0LL  |S99UGH | |ESSSPE LL6'O0L- |GL6 HGL Z9L bh | EEEPP BE 85 B0k |N.ZHEPE Sh Sb b Ios|  nzoery ~o)
S [05'sz zc 0+ |0zspoOOODY |10Z5h Fuonewew|65ZE £75°558 LGB EORE  |S0LSE8 002 |LIZE €057 |DLS b0zl |E09ELS 286901 |22E bh OLL B | LS0L0'L5 85 001 |N.55EhL B 3b b Oohs|  Sl0erY o1y
s|  [Evzeso- |svoczocoot [ostoiz | muewsuswilpicazezes |1lere es [eLorpieeel [sealz0e Al |o0sEs0  |lelip0zzaso |901L0L 208Gk [M.5285E°6LAE B0 |N.833L 60 80 G a7a| veeery o1y
4 [S02E 00 0-  |SOCSWO000L |SOSS. | Fuchewsw|p b 0SSE65 |9905 246 4bh |06e TS 08l |SOZ8CC59Eh |BES G958  |BO0LSZ 986 20k |2 096 LL6'Gh |1 .£9505 9b 65 L0k |N.BL959 Ob &5 b ara|  ueaw or]
%hu wu:wﬁuﬂ_au 10108 ajeas :a._...._na.“m__n adé1300, | (1)) Bunseq | (y) Gunpioy | () Bunseq | (w) Bupguoy | B4 48124 w__muw_”_mwo_um_ .mw_u .uw_u__ um..;E : .1m=.n_._ uoneubisag (Ol SAN |  2uoz SHOWH

Page 37



1bE2.50 0-  |9025000007 [pa0z's [euonsuew [pZEL GplB6Z [9SE99EZE.  [PRE0GLE0E |S9ZE1SIPE  |GIEEES  |SibOSbZ29'SOl- [L9852000L 8k [M.LLS9E0Z.LC SOL |N.ZLELE'Z0 80 2P ZbSH| pZpOHL|  wmoig yoad uoy
zsbzzz.0-  |seevoooo0t [epeat [euonsuew [6650°L02°S0Z [90LS 9P P [RLEEEZLZA |paEZerd’el  |0p0'0la  |696 £5E BEE'SOL- |602 0926508k |M.6ZpER ES BS 0L [N.POLCEEE £0 2P 1pg1| aopoHL|  sneiggeed ey
Lsooa 0- [uvescessofszzsop- | evenews|ogineieaze [shavoroios Jsezozsreg [osecsoes Jemops Jecpoicsosco- [seszevoseor [m.ecsez e ol [nassesi 0.0z op pac| onsoHL|  wmoig yoad uoy
LOEpE 8L .0- SELOSEEEETD 0598 Ch- [FUCHEWEY |EERETEZ AET (BALEER0TL0Z |SSI21E9°2L  [S8LE0ZIES  |255°L48 L9L 056 E92°50L- (ZL952L05P' b |M.PLEE2'L .25 SO0 |M.Z2P2LD°20.L2 2 nocfm|  Z0S80HL ¥NOIS joad wo4
Lizucoz 0+ [zpomecesso[oescez- | evonewen|pozoeonese [oszieera Jsoz e [pezosesss fpopiee osiossesosoi- [eeosmorver [m.psozoczzo sou |N.czaiz ve sz op ziz1| sszoHL|  #noigyoaduey
] .95°.0.E0 .0+ |DLEZ2EEEED (PO LL- [EUOnEWE] | LplSB0E" PPE (D0LELPO'ZEZ JEEEPZELS0L [SIZ2°820°0L  |ELPOEL PPE OS2 0CP 'S0L- (25C Z0L ELS'2p |M.POOSE'2P 52 SOL |MLEPSZEOLLE Sb It ¥ CLZ0HL ENOIS joad wo
§e Lspezze 0+ [recszoooot [peissz | euvonewsi|osanupezos [saiszizes fsezoaszes [maarzior foeza fesesovsesvo- [ivzsesicer [m.cosecocop pon [n.Esm 0z b 20 cgz|  IsiHL|  #noigyoaduey
=} L2898 L0 b+ Q0E PEOOODL |2905 L [FUonEWE |27 0LE' 95T (S000°0PE'09S |26P2°SE9'002 (LEEP 09T |LPISPD S22 256 SZHP0L- (SLPECOELE'SR M H02921E.L0 POL |MNLHZ0L 9P .25 8P £0zg EL00HL ENoIG yoad vog
O 650s.20.0- |9:29000007 [Esia9 [euonsuwen (0900 6LSZUE [phBLEPLS. [pSOLPLZSE |SS0L990°CZ |S€048S  |220bEp£95'S0L- |0SLODELED'EP |M.8p295'90 £ SOL |N.bS029'9Z S0 2P an| sepein|  =moig yoad uoy
g [9lece00-  |Esp 00000t [cesta [euonsuew [SESLILB0E |SSPATISLL  [SZObIEEE |CpGRGZOEZ  |oSbiSS |S/SOKL LSS0 |3989EL980°8R |M..8980°0S bE SOL |N.ELZE0'9P S0 2P ain| pepein|  =moig yoad uoy
"nUo l0sLe0.0-  |poooooot [eocve [euonsuiew [3200°090°0LE [EAZPA0LL  [EEE0SISPE |PROZSEPEZ  |UWE28S  |5E2 .29 £25'S0L- |£90 296 A0SR |M.b08S0'SZ.PE SOL |N.OLSEE 1.0 b wo| copein|  =moig yoad uoy
o) LEEPS PP O+ (92E50000071 (55265 [FUonEWE| |EELO'SRA'ZLS (9205 SOPEE  [PELP PSS PAL 259272008 |S52995 L 2L BEPPOL- [L9C LLZEPLEP |M.EOBPZ'ES B2 POL M .2528L°L5.80 8 _/___D}M_.mh_)_mﬁ__m_un_wm ELSMD ENoIG yoad vog
w 1602050~ |6pbSeEEEED |2sS - | Fuonewsi|onc 0pe’Es [6O0L19ZEL |DSio0MbOL  |pS@LbioiE |p0SELS |000LZS bZ990L- [phbiedOlZSp [M.09SSEEZ.LE 901 [N.OSPEIU0EL 8P | wwlCdysoo| ozoedw|  wmoig yoad uoy
~ LES'E0.05.0- |PLPSBEEEE'D (BSOS HL- [EuUonEWwEM || pO9°S0Z55 (0SS ZPEEEL |[P929°928°9L  [SEZSESZLE [R9Z199 PLEZ0LELD'S0L- [LLLOEELZ'2p  |M.EPOLL'20.LE Q0L |M.ZPILE LD 2L OP ddy mo0| 92860 ENOIS joad wo
) Lapaser.0-  |le9rlonont |zagbh [euonsuew [c5pz 00b baE [LELP1AZ 202 [9L0PIELAL |S08Z26508 |aZpse9 [20L1ZZhl9'90l- |19.9c091Z8b |M.GESELIS 95,901 |N.OSEELMS 2L 8b ZM00SYT0|  Sie0rL [putoquussy yoed 1d
.m LEL25.08 .0- Lip Q0000 |HLpak [FUonEWE |SEOLZS07 98 (901 EE0'99E 2192950 ekl [LABLSOLLE LA E2D POl LZL 881901 (BSE09CH9LSP |MGBLAMPELLE 901 |MN.BZLEZ0P B0 8P FHALMIA OEsOrl |ewequussy joad 14
= £le0s.0-  |ezsalonont |eezsar [euonsuew 2019 6Z'10E |£8Z010VPEE [0SLSEIZOH |L0SP0Z9'98  |US'S.9 [99E0M LZ9°00L- |258.80 10280 |M.EELESLE.LE 0L |N.E2956 92 2L 2b opsa|  szsorl[euroquissy yoad iy
c £6/C.ip 0~ |IPOOEEEEED |pESEL- [euonsuiew (0208 PES'ORE |ShPL LCQ'BEE [9L051EYIZL |SPPLSAS1ZL [0927l8  |SiZ90.Z95'90L- |26 LSEZ25'8b |M.EL6PL Gh .EE 0L |N.ZL08P 0Z LE 2P 163|  zezorl [putoquuissy yoed 1d
m Leszper0-  [zicozoonot [pzicgz | euonewei|csesgzsians [ozpeoszez Juevaosin Juessiczs  fpesizs |eroconeooom- ssoszeviier [m.soczaze ac g NLdsssEz 00 b aszi|  zsiorL[swoquussy yoad g
Lproose0- [peovzoooot [ppeavz | evonewsi|oczzicoesy [assioovoz forscsass [ocezsarss feovor [segowe seeon- Joorowszoer [m.coserer sl ol [n.zssizve 0 op pocd| ee00rL[euroquuissy yoad iy
pebzol 0+ |esoiconnot [oesore | euenewsw|ipisoczeze [aesios ez [psozoszzzz [tateezabe fasenis  [epsszioozso- [sseonasoer [mosenezoz son [N.2ecarczen ep | aowasuvidod|  ivvoHL [eurequuissy yoad iy
Lozee0.0-  [oesveoooot [seeope | ieuonewsi|opeoeosiacs [cose sesovz Jesiscaivel [spocpazae feosoes [peecesoesco- [szzesowmvoe [m.goscove e son |n.zzsiees a0 op Zp5|  9zb0HL [uloquuissy 12ad g
Livez.o0.0-  |pozscoooot [ssozse | euenewsi|cczozeziazs [sosoazorz |ivorsigoe [assoswe |occes |sepospzeaco- [resszooorer |moesasuzas sou |w.zisiszo g0 op Zb5|  pzpOHL [euroquuissy yoad 1y
Lzsvezz0- [zesveoooot [zzeape | ieuvonewsn|piocysgess [ancseroze Jesioozezol [aseczeoes fovoae  [sescossseso- [sezoazesoes [m.ezpenes s S0l Napnisses S0 Bp 1pG1| 90bOHL [swoquuissy oad 1d
L.20°8L.81 .0- CLPESEEEED (2925701 [EUOREWE] | ZEE0 0907 LSS [EESLIE0TLE  |PALETEL'EOL (2890 20L°EH |29l abe [GEP OLE S0E'S0L- (E92 280 05P'0b |MLLECE'EZ PS5 SOL (M.ECOEL10.L2 2P 095K |  90S0HL [auoqiuissy yoad 14
Lospco0-  [iorosseeso [osago- | ieuvenewsi|csanzicrans [erovseiee fepecocoza [oecizven fessioss Jisroscesscoi- [zigszioseer [mopizzon zs son [w.zeiazo Lz ov paco|  ZocoHL [euequuissy xoad g
L2 LE.0Z .0+ 8£9000000°1 |S8€9°0 [EUonEWE) |1 190G, 7 9) (E9E1PS 0SS [BISE B0 PEE [0B0LB2E'SH  |pObLEL (0SLOSE BED'SOL- [2P8 L8L9LP'8F |M.PS0Z5°E2.20 501 M .E29LZ PE .82 BF ZL21|  S520HL [Puroqiuissy yoad 14
asi0g00+ |ssczionont |esscar [euonsuew [CUL0'ELN'ELS |9P00ZE0'9RE [RESAZSIS0Z |IEpR 920 02L |Eib0ZL  |pbE Sz 0SraOl- [25€ 204 ELSR | .b00SE Bb 52 0L |N.EPEZE 0L LE b apy| £lz0HL [euroquuissy yoad iy
g [sbEzzo 0+ |IESS00000 |SLESS [euonsuIei 3260 £6'0EE |L0SS ELZ'OEP [PAZOEOZESE |LGHL LPZIGL  |LEZLe [98220LSLL 0L~ |LpZS9816L G0 |M.E0805°0C.9b 4OL |N.E26LL DS L0 2P coz|  LsioHL[ewoquussy yoag g
L Lesoszo0- [eesocoooot [peiges | ieuonewei|poig zagope [sosicorees ososcizse [zoeasence scouss |ezovercosso- osioocieoee [m.gveecer.cc son |N.psose ez S0 op 20| sepainfeurequuissy yoad 1y
W/. Loreceo0- [ispacoooot [saspos | evenewe|echiceosa [arbozesive Jeeizaecel [zronszoce fespuss  |sessuiesco- [samscioeoer [m.ooeivs e o [Nosszs09r S0 ap an|  pepeiafeurequuissy yoad 1y
n LiosLeo.0-  [sapocoooot [csapos | ieuonewei|seceziacs [acogcaive Joszewiovel [prevberse fueuos feczuzocigso- [sansaevsoee [m.poosocz e S0 [Naoisse e S0 b wn|  copainjeurequuissy yoad 1y
Y 16bz.05.0- |appsionont |aseesl leuonewai seosalglas [poosiosese [osovsovon [uzpeigvs [pozces oooizseesoo- [eepeossizor |m.ssscez.ac ool Maosssaiost gv | wwisdvmoo| sescov|ewequussy yoad iy
& 65E005.0-  |UpSiooool [oubs [euonswew [ogaplez ces [2l62 602902 [peLbzaal |zipleszie  |oozies [ezolele9nl- [ilolccizer |M.5p0.400..c 900 [NLZPOLE L2l b ddv 00| 9zecov [euequuissy xoad g
o lseszgzl- [peomcessofisasiz- | evonewen|scisanoon Jousoozels Joosoessis [iesceszes fonsos [ssoovvevou- |soeceiosser [mossuozsz o [Nasacezes ap gacl|  owoL deuyjag uoy
CDIL. LL28b AL 0+ APEOL00007 |ELbEAL [FUCHEWE] 2250 PESTZS) (SEPE'SES'SPE [90LP ZLE'EEE (LASEBELSEL  |E2LpLS LEOZESE0L20L- (EELAZ9LLE8h |MLELEE'ZL.00 201 |M.OLPS2'LLZZ 8P Cl5e| 9880l deuyjag uo4
[} 255500 0-  [pezolonont [epizon [euonsuIei [paEe 0pZ46S |S8PL 626005 [25Z0'6E0Z0L |SPOZEa9'ZS, |54900.  [690S2L £l 0L~ |256698£25' 80 | .52052'SE.bb 0L |N.EOIEE SZLE b 2151 9seAL deuyjag uoy
R 0L 0 EL .O- LOL QLo ooo'L | 2roL oL [EUonEWE |ERIE'SZ0LSS [BLESTRELLS [BEE9ZSE'LAL [LZLL 0287 5L |226S0L 192 LEL PEE20L- (Z2SEP0O0LS P M. OEZLL'E0.95 200 |M 2995121 pE Ob ZI55|  OSE0AL deuyjag noy
Y Logo0sz0- [espassesso [ppses- | ievonewsi|oase angeos [seeazza by seisensse [assouecaz fezovzor  |essccoioien- [zzeconoszep [m.apsisto.s0 con |n.00ssaE0 L b peza|  saoAL deuyjag uoy
m LL9°8E .05 0+ (22892000071 (9LE892 [FUonEWE |BECELEN'DZE (LE90PI0°099 |L0SELPE'EPE (39257101102 |PEIEEL (0S4 090 8L8°L0L- [PPLEES 8SE°SP |M.0L8L0°S0.6F .LOL |M.2E099°6Z.L5 8F EER W L5p0rL deuyjag nog
8s 122 ec0-  |aogeooooot [pance [euonsuiew |50 22 055 bb |S225 080692 [BLPE GRS PEL |EEPLGIZE  |202 L0l |UZ0SPhICEOL- |LEIZESARYP |M.0/82002.22 60L |N.PIOSLA0ES Lb Aoda1|  esouds deuyjag uoy
o izzeen o+ |elsszooonl |eaisez [euonsuiew [9Z06'Gpa 169 |ESPLEERTEZ [0SPE PLO0LZ |SISOSEE'SE  |SZ6'0l6  |2ZSUSPSCE0L- |POEEEOEZELb |M.OPLPZOLLZ B0L |N.LODS'SZ.SS5 b gz5|  pleDdS deuyjag oy
w iessis - [sesosoooot [psesos | ievenewenm|iuzisyea [pezcczocer Jeeziowoir [osizosyes fsesoe [pecsssseoou- [sucooeer [moseestrzs .o [N.cpeza s e 13c3dsen| penaw deuyjag uoy
O [0ssse0l-  |neprO0000t [cogpb [euonsuwew |LA9E U BE'OLZ |EPSSAEEDP [SIELOZPPE |{SALEIED. |G99BEL  [phDPS0OSOOM- |2292.9.p20 [M.95PEL1Z.E0 0L |N.PPLZILS b b 13c3deein|  coliaw deuyjag uoy
e 1zp oz 0-  |eigaonoot |oelear [euonsuwew Lo z'9z0'05E |98PE'Z0L'209 [B6Z2 pAZE0L 129062602 [olzne [sizaspiensl- [G9990LEEEp |M.61028°0l SO S |N.AOP2L 90 55 2b T £8 peapely
y- ce9g.2l 0+ |sezzo0000t |apezE [euonsuew [SUC 06095 |E049P0L 82D [F999°6Z6'0LL |SE0L 699°0EL [o0pZee  |0SESSEoakbll- |S0ESE85228b [M.92600°90.00 b |N.E0L00EE £ 2b 0404lNOW|  oLsonL £8 peapely
.m acezizo-  [zeosioooot [eenst [euonsuiew [Se5E 646°5PE |0bEa09E'069 [se0s bShslL [Zzecnaeaz [iszele |loevpzososu- [enieescosor |M.0sle9Ez S0 S |M.ELOSE'RP LS @b c0sH|  SpsomL £8 peapely
5 1z9z.pl.0-  [secoscesso[csoao- | ievonewen|poasiza i [tezppanzes Joeczoveoa [zoeosoron fowses Jezosmiiiswi- Jsacscosioee [mogzsenonop vl |N.oseszES0p op z05W|  EOSOML £8 peapely
@] L.AL°A0.L0 .0- LLZEEEEEED |OE2L70- [FUOREWAY] |ZE9Z E00°92p (LBZP 00LF0S |ZELEESL'2PL  [SOL2EPI'ESL  |ASLILE [G0ECPE bLbBLL- [ZPLSLEZEP'EP |M.B02EL'EZ .82 PLL |M.ISPEL'ES 52 8b losd|  28bOML £f peayield
M [EpELo0 0+ |lezs00000t |ciezs [euonsue 1012 5pS'0ZS |0ZS0 AL POP [2086 0EP09L |pLiapll'Ezl |LZ6'8L8  |LbiSODEOCPH- |222504 85180 |M.690Z0°ZE 81 bl |N.029EE1E 60 2b Zvbw|  ZppONL £8 peapely
L.9LF5.80 .0+ LS0E000007 |ELS0°E [FUoREWE |52 GG P 0PS (S096°LLLBSP [S926°95LPIL (PEESSER'EEL | ae 0SELSELSZpLL-  [£88LEFS0E°8R |™.98006°F0 51 pLL |M.BLPSE0C 8L B A0SW|  BEROML £8 PEaYI®l4
>
Lnn‘, £pZ560.0+ |BLLZ00000 |E8LLZ [euonsuIei (0205 602 °5hS [ESPEIEEDLP [FOBZ ZEC'09L [E9SOOPSERL [20LPEE  |UZSHLEZZ bl |PEEZ0LLPE R |M.04bIE' G0 EL bl |N.2L0EL DS 0Z 2P ozpa|  9THONL £8 peae)y
6 dd 6 & &
%hu s _”.um_ w_Hm s o | 2341004 | 6 Bunsea | Bunpon | ) Bunsea e il e ww_um_ it uw_u__ st , ot , 50 |mIdSON | 2uoz SHOWH
q 1 pmy proy pmy pray
P’
‘Juod 7'y 91qe L

Page 38



LSELE 8L O+ 19710000070 [PL9271 [FUchEwE 0BT B5PEZP [E0PSSAEIEP [LELEBER0CL |SPOZLLLERL 5537048 C280ZZ 582 bL- (0062619602 | BL56L 9001 PLL  [M.POSLE 9P 50 B0 o4NaN3L e ad| L0 £8 uoIssiy
L9CELSZ.0+  |A508900000°0 |L950°9 [FUchEWE (5564 E29°990 (2504 625°09 [6269 L8226 |LPSPSaP Ol |00r'SOE 951 EL9Z20°PLL- [BLEEL2530°2F | . 9EPPI LS b0 PLL (M.ZELSE95 .20 BF CSSlr| 94470 £8 uoIssiy
LSLSL.PZ O+ £L9100000°0 (PELSL [FUchEwE (Sp) L DLZEIP (B5TLHPE'00E  [0ZSEPOZTIPL |PLO9'IZLLE  |2P2'92E 926 L0P Z0LPLL- [BROEO9ELS LY | .pSE99°20 .90 PLL (M.BZE8L'SZ PE Lb J0s:| LEELHO £8 uoIssiy
LBLSL.PE O+ SPZZ000001 (EEbZE [FUChEWE (9UpL OSSP (P2 ERLBEE [GLSLPLELPL  |LZELEI0LE L99° 226 PES OPE Z0L PLL- [ZLZ80L LS AY [ pALPP'R0.90 PLL [MLBAEEEE0.PE LP 05| OEELHO £8 uoIssiy
LOEPLbZ .0+ |EEZZ000007 |EZEZZ [FUchEWE (0p0S ZLE'ETP (SPZEEZE'I6Z [LZbL LT LPL |SOECTLZE08  |09L 7228 95F B9C Z0L PLL- [BIZEZ0LASLE |#.pO0SS'20.90 $LL (M.LLEB9°EE EC P wOsSL| E2ELHO £8 uoIssiy
.8L9b 22 0+ |BEZPEEEEETD |S29L°5- [FUORES| BE0PSELZ' 09 |Z529°LATEEE |IOLEPAZ00  |LOPEPOLIOL  |39L 106 SZZ0SSELLUPL-  [POPLSPEITLE [ L8098° 60 S0 bLL (M.L2520°80 BE P wis1d| 282530 £8 uoIssiy
o " \ " p
...m 28 LL L O+ 0L5ZL0000° (POLSZL [FUchEWE (0201 025'355 [PEPS'S2E°L0Z \SHE'SSE0LL |ZL0LESL°LE  |eErOLL PPLOZOLLLEL-  [L9S8EPSES AP | Z52L210.80 ELL [M.ZBPELL0.ZE L 549 NOONDD ZZBLIY £8 uoIssiy
=) 6915500+  |PEZESEEEETD |LOLL 0E- [FUchEWE (980 B5Z19E (1259950 HPL  [GESELLLON  |IEPSPIOER  |SPEL0OL LEPLZLOLSPLL- [P OB 9EL LY |M.BELELODLE PLL |M.LSS0E°CL.80 Lt 5D AN SlELIY £8 uoIssiy
G LPELP OC 0+ |98EZZ00007 |E9867ZZ [FUChEWE (F195E5L1ES (0624 °S50°S0b ISLELER1L9L |SPOPLSEZZL  |obrLsE E9Z PZ0EZREL- [SZPZERISELE | .LELBBZZ 6 L1 |M.ELZISE0 LS L I1049]|  EESEWY £8 uoIssiy
mu LbPB5.9C 0-  |ISLEREEEED |EEPZEL- [FUchEWE (| EpE'E2E’1SZ (S26L°LHZL  [LLOL2PE'SE |ISOS199'POZ  |SEP 0SOL LLASEZL92L-  [LEP PP OPS 2P | Z2P92°Z0 25 L (M.5L019°52 .28 BF AFTIHE L5L0711 1aniy AW
"nUD LBCBP.CL.0- |98 PEEEEETD |LbLSS5- [FuchEwE ) pp SIS P (L2524 BES PP [SIEE'ALZLEL |PESEOLP9EL |OES196 SLZEEZ A0S [90Z 858 1902t [ . BE190°9Z 8L 1L [M.PSEEZP0.82 8 Jlngd|  ESPOTL 1aniy AW
LEZBC.8C 0-  |95PI2EEEED |ObPSEL- [FUChEWE (EE97 b, 27 ($292°921'5L9 |IS2S9P98  |3PSP'ILLS0Z |958°SPOL 929040991~ (S22 90L 8PS Eb [M.APPLA AT LS UL [M.BL92P°55 .28 8 Zopld|  EBEOTL 1aniy AW
Im L0 2 .0 B00 966 EEED (216G - [FUChEWE (FEPZ PPE'EIZ (D69 0EE'EES [LLOZ0SP'0S  |SPSLA0P PAL  |0L0°ZS0L BZ59P05EE L [BRESZL AL S |#.05.9090.95 WL (M.SEF0PE 0L BF LZP N 2Le0TL 1aniy AW
[} L9°5F BE.0-  |SZPOBEEEETD |£5.5°6- [FUChEWE (5509 PSTLLZ (D250 LB PIT [0SZLEZ9'PE  |PSEZ'S0S'Z0Z |L99°926 0S0CEL PERLLL- [S0ZLZLELS S | . BEPSZ'S0ES UL (M.SELS2'20LE BF ZZp |  LEZ0L 1aniy AW
4 LSL1552.0+  |LE0E00000°) |A0E0°E [FUchEwE 470 0'9Z25°E9 (5920°906°L49 [OLPLEEPZEL |EP2E'929°902 |96l B0 92094 PZE OLL- [S5LE0LB55°2P | BELLBZ 52 0l |MISLEEZ.EC .8 E9E L a0l 1aniy AW
w LAPEPEC 0- |02 200007 |E0ZP b2 [FUchEWE (0pI2 0P A0S (LLER'LLS'S5P [PSLPEEL'EE  |SELP PLLEEL  |620°SS0L ZZ5ZECZSL L [LPZEARSSE LY | . B0LEE20 50 UL [M.EZSZS1Z LS L EZp3| LDELSE 1aniy AW
e LBZ2'52.0Z .0+ |PESSA000071 |LEESSL [FUchEWE (2054 S09°C09 [S2SE'222 1bP  [SSSP2LETESL |IPLIPOSPEL |595°3LL POE 555505 0H- [SALELLOELE | EEEE'ER 22 Ol [M.EPEZE'9E.P5 LP 1353d4560| LAY 1aniy AW
Im L5220 0+ LLPBZ0O00L (PLIPEZ [FUChEWE (FEGZUSLZEL [SEE0°ELS59S [LSESEH0ZZ (L2 0L 2L |699'36L PP0PSOAS0°0H- [ZZ9ZL9 L9280 [ . 95PEL1Z.20 0L [M.bPLZD1S.6L B0 1353de6m| £eLlav 1aniy AW
o L08'E0.2L.0-  |ELLS9EEEED |LL89'L- [FUchEWE (5094 '9LSPEE (OPLD L2 phL [L9B6'992°021 |3P99'958°92Z |SLE7LS0L CSZLELPObLLL-  [SZPESLOPL 'SP | L5880°5L.0Z L (M.EELPE9Z PP 8P g4rgl|  v09say 1aniy AW
H LOE'C0.L0.0- |EEE8LEEEED |0490°12- [FUChEWE (F995 2pL PSP (SO0LZE08ZL |OHSPZP'2EL (0981 POE'LEZ  |SLZ2°L60L ZLESLZASLLLL-  [PRLOPESES 'SP | . 0E826°S2 B0 UL (M.B9929°8 Lb b g4ri| ©09sav 1aniy AW
920,02 .0+  |l9Efl00007T L0926 [FUChEWE (9901 599'0LL (D602 0ES'6LE [LEPEBESPEZ |LL0G' 095262 |0bZEES ELOSSE P21 POL- (PEEZESOLL AP | .L09PE 'S0 POL (M.BLPLEBE 2P LY JF4LINOT|  LOPOLS £8 ;Esiay|
LES'80,00 .0+ |PELSOOO00L |PPEL'S [FUeREWE |1 95 PRE'95T [0S PE019L  |PPEE'RPE00Z P2 096 LSS |LBL'EET ZPE 024 9POPOL- [LEE 00D EH L | EESEL 'SP 28 pOL [M.ESE9E'SP .90 Lb 25510) 8£e0ds £8 SEmsiay|
LWLLLS.0Z 0+ |SE2SL00001 |9bE2SE [FUSREWS |BE92 Z07'CLL [CE0PELS'99E [BOL9'9E9'SEE (SOS6'ZESPEZ |0E9'0LS Q05 289 pLEPOL- [SLELLE PLTLE | OEZE8°82 0L pOL (M.ELZOLEZ 0P Lb L5kd| 002045 £8 SEmsiay|
LIEPLEL O+ SPOZL0000 [0EPSEL [FUeREWEM) |2909'995' 0L [I225A62'E08 |SH0L 9L 222 (LPORTLIFRIZ  [pHOES CECLPE EPEPOL- [HELPOEPPLP | PO0S9°LS5.02 POL [M.008P5°95.92 Lb 0551W| E920d5 £8 SEmsiay|
(O2ES.EP 0-  |BPEEL0000L |LAPETEL [FUeREWE [EZ80° PE0'E0Y [PPELIES 9SS |SBESCLO PRl (2626'580°192 |S9LChL Q26 POZ LPOS0L- [LEL 222 0LE L | LLLEEEP BE SOL |M.EBI02°2EL .22 L 2ok 2EHDdS £8 SEmsiay|
WHHLE 20 0- QP2 POD OO0 [L9be [FUeREWE) || bR 998 L0 [SZLELPS LS. |E928 LS8l (POGE00G0ET [296199 9P 226 SP2POL- [S09POEZOLLE | EB0ZL2E.05 pOL (M.LS95P0L.90 L oL L[ LA00dS £8 SEmsiay|
LS5LE.L0.0- |60 POOOOOTL |L80FT [FUSREWE || BEESEEELT [SEHEE82°95, |OEPIBLE'98L [AUE0SLS0EE HOpisa ZE2 203 E28POL- [PPELLPEEDLY | 52896 P2 60 POL [M.BPIE0E5.50 Lb Z5Ln|  9400ds £8 SEsiay|
WBEEP.20 b- |S5P8E0000T |0S5P°8E [FUeREWE |22 EZ0PEE [OP2L'SEE'ZLS |9942 81968  [BELE'SPA Rl |OSEPEL 5 £EL0B0'30L- (351 2b0 8859 | . 5p965 F2 50 900 (M.2EE56°9L 58 O 9gd|  £000md £8 SEsiay|
m LL9°9E .80+ |ZPEBL0000T |p2bEtal [FUSREWE | pEZE PSS, (2250 0LG'EEF [SOLIES 622 (BELL S P |BEZ'988 928 2LE 992 POL- (S22 28k 25879 | BEZPEES S0 pOL |M.H0SL9°L0 L2 A wong|  AlS00d £8 SEsiay|
Q LWLEEDLL O+ PLEELOOODL [EPLETEL [FUShEWS |EZ5E BEZ'IS, [SZR9 POC 08P [82P0025'0EE (2550 SLPObL  |PEE'06S CLLOESESEPOL- (902 LLp 2PESP | . Z29PEEL SE POL [MGPELLEZE 02 O gonz|  Als00d £8 SEsiay|
L& LPLERAL.O+ (99881000071 |2992°8L [FUSREWSM 9506 LEEPS) [PESLE0Z'ZS [L902226'622 |00SE L6790 |5LO'GES 228 PEEL9ZPOL- [2P5 095 L0850 | BEE9L 0P 5L POL |M.SELLE15.02 .98 asns|  sls00d £8 Smis1agy|
QVu/. LLBELPS.0- |509800000°0 |Eb0SE [FUeREWE |CE0L 085 LPE [C0BE'BSKILS |SS50°S0Z°P0L (Z00L 2687551 [BOSFEL B29150968°S00- [LBEEESLZP 9t | .98520 50 £5 501 |M.LLSEL AL 52 .9 05| PLS01H £8 Smis1agy|
1) L.£2'52.85.0-  |IS6L00000°1 |ZL56°L [FUSREWE |90 89'9PE [LpBE12FSLS [6062'049°50L (SOBS00LASL |060FEL 920 0P LLB'S0L- (922 £89 2Ep S | ELPA0°8E 25 501 [M.59.85705.52 A ST wlsdy|  ELS0Ld £8 Smis1agy|
m LEL LR 250~ |pOLA0000L |2R0LLL [FUeREWS) 9P/ £ EZ9'05E (9986281205 [S48L048°90L [pLELSIOESL  |OLLpOL 001 LZ8098°500- (L0925 969 | A5LLE°8E 15 501 [M.POEES'ALP £2 F | NWONALDS3 W] 21500 £8 Smis1agy|
) LSLR25.0-  |SE0L00001 |8bE0TLL [FUeREWE | 5P 929 0SE (206182205 |LbPE0L8'90L (FELIBPOESL |LEEROL ZLEEL8092°S0L- [pPSLEE 969 | OE02E'8E 1S 501 (M. ALSEE 9P E2 b SdDALID ST Ls01d £8 Smis1agy|
m L9E'0E 92 0+ |2528EEEEED |E2097- [FUeREWEM) 229 1517002 [LE99'856'989 [BS29120°9P2 (pI06'SLER0Z |PRO'LSSE L35 866 SPOPOL- (L33 POE LOE'SP | E8PES 'SP .20 pOL [M.02950°32 b5 Ab NOWgd|  95#0.d £8 fmsiay|
Cod LLLPE AP .0- |pABZO0O00L |EbL2°2 [FUORERM |21 SED'SLE [Z0LSBEL L b [E249°L0E P (B9ER°SELEPL [E9R'EEL 5.2 Epb 290500 (L2080 bleab | GELSEL PRSP S0L M .84918°05 8L .ap E95A|  PEPOLY £8 fmsiay|
R LPA'85.80 0-  |E52500000° |0RSZ™S [FUOREWEM QPP IER'LLE (LA SOLLSY  [SESO0PSEEL (BEEOLP'IPL |2BE9ZL 059 6P 5LL500- [2SLELAEEE S | . pLBS21E 9P S0 [MW.SERE8°EZ.02 b E95 x| ZEPOLd £8 fmsiay|
m 252,82 0-  |E00.00000°0 |5200°L [FUeREWRM) |SE9 9ES'ZED (0068 0PE'2ES [ESEPEPLOSL |ESZ2°SESPEL |E8b28d 204 pLL202°S00- (0S8 0ELpLi'ap | BSZLLE0 8L 501 (M.80LL3"9E b Sb H5L M Lalold £8 fmsiay|
(¢} LPLBEED O+ |SILSO00001 |BBLLS [FUSRERM |[pp20pESELL [LEESEPE'Z0S [9058°0LZ°ALE (L06LLEZ'ESL |pOS'9pR LEZLOZ 920 0L [PPSEPE POPSP | LOPZEPE 52 POL (M.ASLPPLL P2 S0 954 Leoold £8 fmsiay|
. m LLLA0.A0.0-  |SOZEEEEEETD |EPELS- [FUGNEWE |pLLb pOR'SLS  [Z00E°GEOLLL |9pELIES' 20l (SESSLLOGEZ  |ppSEEL 954951 ZL8pOl- [EREEZEEELLP | .ZE002°CP B pOL [M.09LPLEZ.00 LY andso|  LOLEHD £8 s1Esiany|
Im LELSPES.0-  |SPL2000001 |EbbLE [FUBNEWE 2705 1L phE [ZE02°009°CLS LSO0'290°S0L [ZE96°ApS9SL |[pESPEL 950 296 pO2S0L- [3L5809 L2pOb | . 0pE92°S0 £S5 SOL [M.BR0EEEE 52 ab J57W|  0LBEOY £8 s1Esiany|
o} L9L°50..0 .0-  |98ZEEEEEED |RELL9- [FUBNEWE |[p0LE SEE'SLY [9Z08°0L2'ZL) |aL 5650l |0B0P PSSSET |IBSEEL LLE L L2 p0L-  [SEECL8 Pl L | ™. 2822000 8P POL |MLOSZE10.20 L wado|  EESEOY £8 s1Esiany|
@ L9p'95 6p 0-  |PO9PREEEED |95ECSL- [FUBNEWE S0P OLP'9S  [99p9°0ZZ°CZL |SIEQEEL’ML  [2E59US5LE  |92p'Sed QOLLZZ PLaa0l- (L9l 8E09L2'2p | BESELLS 82 901 [M.BSEELIS 2L b ZM0259190 Slanrl HNOIG 1234 1104
c LELZS.08.0- |PLPOBEEEED |BSZ5EL- [FUONEWE |EOSLE EESL [PREEESOZO0L |22L96SL 2P [BESLGOLIE  |LALEE9 pal Lzl eala0l- (952098198 | GELLPEL L 901 [MLEZLEE0R EO B IHALNIA|  OBS0rL HNOIG 1234 1104
mm LELLE0S 0- ZES98EEEED (94090 °EL- [FUONEWE [ECL0ZZZ'ES [20SLAPL0ZL  |L920E22'al  (plS202998  |LLS'GL9 92 0LLLZ9°90L- [958 180 L0Z2'2p | BELESLE LE S0L (M. EZ95E°92 21 B ops59|  82s0rL XNoIG Ja3d 1o
- LEELELP 0-  |PPOBSEEEETD |LS5671E- [FUONEWE (2018150 [pLE9CELPEE |9ZZECEYLE (9605351 09222 542004 295901 (346 LS8 Z25°8p | ELEPL'SE £E S0L (M.2L0820 02 18 B lE3|  ZE20rl XNoIG Ja3d 1o
m LESZP BP 0-  |SLESEEEEETD |9b29°C- [FUONEWE |LEQ 0SHLS  [9229°0EL'20L |OLLEOIS'AL  [SL0S'QLEZE  |pl9129 LP2 S0 E09°90L- (959808 pLL 20 | 58629728 9C 0L |MLLEESEZ OL .8 95218 Z510rL XNoIG Ja3d 1o
o] LPLB0LE 0-  |LLAPEEEEETD |LZ22E75- [FUONEWE |SOLC°ESEGEL [BEZSPA0ES |SHZLA9E  [B992°892°5L  |L20loL 549904 828001 [00LOLP £20°20 | . £0820°CP EL S0L (M.Z58L2°02 10 8 pSEd| EEOONL XNoIG Ja3d 1o
M L9250 50 0+ |pS0800000°0 |8E50°9 [FUGNEWE |00EL L OELS (2020 BOF0E  [262L 950 P.L (EELPELODE  |22p'295 ZES190 bEP POL- [PLSZELERL SR | EL29'82 62 p0OL [M.S0CE0°L5.80 8 ob5l|  FSS0HL HNoIg §934 1104
LPEP2.EL .0+ |950.00000°0 |S550°L [FUGNEWE |OLEC ZLZ'10b  [0LBE 29912 |99S5'622°22L (LECLEZ2°pE  |95E'ELS 2P5 524 002500~ (926009 9012 |~ . SEL9720.21 S0 [M.LAEE9L°E2.90 86 | 3swamdyidnd]|  LbbOHL HNoIg §934 1104
>
.I/FA» LELZEE0.0- |28 +00000° |S282°% [FUSNEWE | pEZA02'00C [SB2L9SE'28  [25SLbEl'pE  E9p0SIESE |L99°06S bPLEE2 BLS'50L- (SZZES0LLSE | B0B20 P b2 SOL (M.22E13 60 90 B Zh5l|  92P0HL HNOIG §934 1104
o) ajbue 10108 3|ess [wdd) d 5 5 B B [w) wyEray [Bap oap) [(Bap 2ap) (SWO SWO
R 6 107 | pauquon . ' adfyiooy | (i) Bunse] ([y) Buiquoy | (w] Bunse] | (w) Buyuoy prosdig apnubuo apmine] apnubuo] apmne uoneubisag | Old SAN |USZ SHIWY
JUu0d ‘T dqeL

Page 39



Handbook and User Guide

Rocky Mountain Coordinate Reference System

LL8'95.60 0+  |SLLEEODOOL |EbLLEE fening 61 |00PS £6LESE [EEZE1S0°SEE |E2b2 29960k |S0E0PZLZ0L [\9EZeEL  |4BGEZLELZE0L- |GOPLE9SESEY [¢M.GE90PEY 2L B0k |N.EGZELZ B0 SE £F LzEwW| L0zZoMO 1an1y puipy
590890 0+ |see2E00001 |Z5eeis fening; 6 |0zpL PSS'E9E |G/ BAV'OEE [BL2E° 0PI |LEB'SSLOEL |BL2N05k [P 2o 9/l B0k |EREO0PZESLER | .L9EH'SE 0L 800 |N.EES99LL b £ gzen| zeoma 121y puipy
Sl7pe0 0~ |989SEEEEED |99t - fening o [l955pE2 207 |1GSHSEZIZE |OBEEPPLEE |LZ/6U0FEs |959085  |ozeb0eZbaB0l- |89 0L0ZZ8 S |M.9EL60°PE ZE 0L |N.SPEEZEL BY £F 651 vOL0M0 1an1y puipy
L0600~ |WlP00000L |BbkE fening 6|/ pa5195'p97 |FELE L9808 |79759E9°08 |LS96'9B0TEZ |pheEeSt  |GU9/E0.SE0L- |G0BPELOLETE | .EOPSEEL.PE £OL |N.ELL 9E b5 2P 1zr| oaonsm 121y puipy
lcE0zt 0~ |L02866EED |LzeR - fening on|BLIEDSELYE 2097 02lbe  |ELZGPS'S. |L0LPSEY  |920099L  |oE2elelea'snl- |GE0EShZEL Zh [.58102 PS.LE BO0F |N.2LL98'95 £ b 7| tsoosm 1an1y puipy
967820 0~ |zsnaononot |4so fening o |apap | e bOE 520085907 |PPlOGZ6Z8 |L269°9L0 98 |LLSEPE  |olhSL00Z080L- |1bS B9 66 Zh |[M.290/ 2 2L 52 B0k |N.LL0BE 1S 65 2P 1zd| vooosn 121y puipy
GPlSS 0~ |SLL8EEEEED |pSzatl- fening on|slil 7L E2E |LGEHILPSS [PPSO OBL'ES |SbSOIOEEL  |00LSESt  |obblElZzs'S0L- |GELOLLELE TP |M.GLOMGTELER B0L |N.EbLbS0.Eh 2 Jon1|  assod 1an1y puipy
Bcl08l 0~ |7e09066660 996 1L fening o1 |Sesh 829727 2522 EL5'YS  [6EAZ SO |SZSEEEdal  |B29/e9l  |\80.Sz97290k- |72.£E9SLETY |M.GPSZSPE £b GO0 |N.OPLEP9S BF 2P won1| eossod 121y puipy
L£1Ep0 0-  |28£EE6E6ET |SEa el fening o|2597 726467 |09POLLO'EH. |\9RE'908°06 |OPSE'EESER  |GLUEPSL  |0SEOSLOPEOL- |LLGEESSSUER |M.98791°96 92 0L |N.OLEE0ZE £0 £F Jp|  Zpbogwa 1an1y puipy
GUbES0.0-  |ME086EEET |Z689EL- fening 61 |9869 Z5L 162 |LG9p PhL AL |PODP'9ZEES |9670 GE'Ph  |SE5590L  |9EL657E95B0L- [3597LZ0L0°EP |4 .S0SEEE0.82 0L |N.L558. 2k b0 £F gsb|  avogua 121y puipy
el S0 0-  |zrzzeeessn |less - fening 61|99E7 PhZ PEZ |EOCE L0 |L228'G89°68 |99K GEL'PP  |E0DZSOL  |L9.bZ6ESPB0L- |BSE /6. EA0ER |¢M.OL67 SE.LZ B0 |N.6ZZL9 Y £0 £F w | Spogwa 1an1y puipy
795,50 0~ 5952466660 |peEb 22 fening 61 |SOBS L ZE'687 LS LSS |0922251'88 |GBLP'ORE PR |LEb'paSl  |SZEE7E 8.5 B0l |PE9ZZL990EY |, LEESELE 82 0L |N.0LHP0'8S £0 £F 008955 5MN| L2z 121y puipy
a9pzip 0-  |A9E000001 |HI9E [Fuonews | [Ep0ELb 7 |E95E L0067 |LSE9'97.7E |9780°S95RE  |\bbESEl  |oLlSESOLbEH- |GLBLE0ZSEBY |4.8.82565 67 £IF |N.SSOESZ04S 80 | zandnguaHs|  esedw R
abezEc 0~ |L759000001 99259 [FuonE S |0LE0 EEE 27 |OL0P 2L 1L |LEYE 0L0'S8 |Plal SEZ 6P |[BDSEEZL  [PEcB0SZICEll- ||9ZELEEEE B |M.9862012.22 £IL |N.b/LE9EZ 95 8F Nyoad|  uegav el 15
e50z.0z 0- |szawont |uze | Puonewsw|eecz08e'Eeb [GZ0ZUE1ES [LAEITEELAL |LPESHLYORL |2 bi9 |lE0ZESE0LSOL- |SELSZ9LLEEP |MIEIEETL.A0 80 |N.OLPSELL 22 ab cisw|  seemL £8 sdyyd
158060 0-  |9520800001 |l85208 | IPuonewsn|cz) 902 °R0¢ |POLZ L20'6PT [2E9L9bZ bE |DZISEZOAEL [5L9002  |R905ZLEb. B0L- |ESE BI8EZ5 9k |M.52052 56 bb 20K |NLEELEE ST LE ab 2157|  95emAL £8 sdyd
159b.5.0- 2996000001 |999°%60L | IPuonewany|phbz08UESZ |phbl bES'999 [SBEEULZ02 |ZSERLLE0Z [BBE'S0L  |\98.6LPEESOL- |Z25Eb00L5b [M.0E7H 50,95 20 |N.B995L 2L bE ab ass|  osemL £8 sdyyd
S5tz bz 0+ |z25E200001 |zzzsez | | IPuonewen|cagr SZe'90L |LESLPE0Z09 |(EROBRZGIZ |D96Z GIGERL |0b0LbS [BLZLIGS0VL0L- |ELZEPLEGE SR |M.0Z8L51Z.90 400 |N 656 95 52 8k opsd|  eosorl £8 sdyd
729200~ |900 996666 |9eRzEl- | IPuonewan|9pesea. EES |SL90ELT'S0R [PbA01E 7oL |GOSHEISSPE [p2996L  |0SL0908L820L- bl EEZESE SR |M.O0LEL0'S0 6 L0L |N.ZE099°6Z.45 Bb covy|  LSbOrl £8 sdyyd
pbibil 0~ |6LLISREEET |G0Z2Zh- | Fuonewsw|Ql09°EAE Sk |LEGELLEPE G125 96 PRL |LGOLLOTPOL 021058 |54 6bEOSIEL |ZbEE900RS LY |M LOBLPED £0 B0L |N.SEEZZPZ AN Lb NOSHyD|  ezods £8 sdyd
[ec1e.p 0-  |s76iS00001 |pezels | IPuonewaw|gaglbOsOle |9ELLSSEEYE [LOLLDSS'PE  |Z0bIPSIPOL [BE2il8  [9SSEPOLZZB0L- |58E 92989 Lb [M.O0bELLSL £b B0L |N.OBSS L LD Lb Lz5r|  ovends £8 sdyyd
B57zic 0-  |wE 0000001 |ebED [FuonEwISI |79l 9BEL 0P |EbOb LE6 B2b |LBLSTPE T2l |9E0PBSLUEL [G6OE  [cZSLGbSEB0L- |POE EEBETE L | BRbZ oL A7 B0L [N HLO0S'SZ 55 1P azsH|  bLEOHS £8 sdyd
eliz iz i+ |R9U0000t |WESl | Puonewaw|7l97 699 69 |04GS EPZECE [FORSLOE PEL |IbibbIGIOL [F99°B6L  |pPOPSOSSIOL- |7297L8 b2k [M.9SPEL1Z S0 0L |N.PHLZTLS b ab 13cadcen| eenigy £8 103N
S0EP .00~ |99bEL0000L |S99bEl | IPuonewew|gacl 9/ 9'Eaz |GEbL EA5ESS [PS0S PAY'SR |965895S 0L |USPOE |9t ZS0EZEbll- |89 S00PEN b |M 85896 0k L bLL |N.SZEIPE0.20 Lb cos0| exons £8 enossiy
0ggg .00+ |9saploo00l [zagebl | IPuonewasw|vziiai0ice [pObbOSEbSL [SIESTPLZ0L |DSPZORDTEE [PUSIE  |LBESSEWBH- |LOSPEISLP |M.bEISEEP 90 PLL |N.PISOOOLPE Lb bhbd|  LONS £8 enossiy
[SvEZZE 0~ |0B00S00001 |PORODE | IPuonewsw|Za0sS9z 06l |Lb29 195 0h. [0999185 b |Z695 LOVAZ [pS3ZEL  |5990RE bEEbLL- |E8E 8229k b |M.EESE9'50 S bLL [N BEEITER.LZ Lb Suvld|  lezons £8 enossiy
iesz.p0.0+ 99000001 |09 [FuonEwsi |BZ9E ELLESE |ZGH9ZGHEES |0ESE'BZTI0L |LALL 12978, [BBEE9E |BLGOPD BP0 bLL- |90S P09 ZPL L | LEL8EU5 .20 Ik |N.ZZ9LEEE 80 LF gsr| 1s0ong £g ejnossiy
ZvSLl00r  |leBZio000t |seeEh | IPuonewew|Z5zaba0'Ses |SASE 0P 99L [CE9L CELZ0N |JEIGZ0LEEE [SH 926 |Z20629lal k- |PlISZ0Z08 b |M.BPbIE AL L0 PLL |N LOSEZ L0 .SE Lb cso| szoons £8 enossiy
151048 0+ |SRSSEREEET |ZL0bb- | IPuonewa|1 i) 09pE0S |GPES RIS [ROSE PSY'ESL |DGEL PhY'ORL [0E009ZL  [ZR0L6 bbRELL- |00LZ9SbAL AP |M.PESER 1P .92 £ |NLISE0SEZ.00 Lb |Sdn T ATIIAS|  bEIOLS £8 enossiy
PIEOPE 0+ |SLPELOOOOL |peibEl | IFuonews|Z0p 082225 |9092 05k 255 [99016KESL |pebl 095800 |29 bl |[LLLIGILICEL- |EBLSZRHOLP |M.AL0R0EL.ZZ £ |N.28256 2h .00 Lk ooig|  eols £8 enossiy
Lalses0 0+ |USL00000% |l0isL [FuonEwSI | 96EL SZ'EYE (BZZLPESSIS (957222690 (1008 bELSL [AESE [EeLlzosa0pH- |WE9BEEIEO |M.9290210.60 4L |N.E9EZZER 4G 9F qum%_m:uammth_m bEDLAE £g =nossiy
iciez0 0+ s l00000% |HesL [FuonE s || GEY PED'EYE |PIFE SPSELS |(MEEOSSPOL |LICPISE'ESE |SPEESE |95 8/L0G0PH- |6ES 0P bZE b |4 .ESEPAbZ 50 Uk |N.ZE98/2.55 96 | SdoyInosoi|  EHOLAH £8 enossiy
062220 0+ 522 pOOOOOL 1522 [Fuon= IS || ELEDZI /e 9060 1G9EAE |Ph 9 DS SOL |EOEEEEEGH |S55086  |WASOE ZA0PH- |57EIGBIGS 0P |M.Z6950Z 50 Pk |N.LLZLL S0 EE 9F zix| sconAd £8 enossiy
e5e0.be 0+ |p9GEEREEED [9500°09- | IPuonewaw|celples'9zS [95051LL7EE [99.0 9RK0SL [F9480REEE [e0r 49l |\8EobSSEEl- |0SbblZ 2969k [M.L6IPEER L2 £ |N.2098L95 .22 9b wna| 2500k £g ejnossiy
[Z0ibze 0 |ebalZoO00L |GEbSlz | | Fuenews|IZSUAEESlS 9950 0G5 LER [ObPILSTASL |PLLASEEEL [SObZZ [BSEODSLOPEL- |PESUZLEGR |M.EZi0PS0bE £ |NLOLZIEER Lb Ob iprd|  sziowd £8 enossiy
sipezl 0+ 2198000001 |0ziae [Fuonewsi |£a/L EAE'EGE 5245795 96b |LbZaLEEl |2iz2SelSk |ESZ0BE  |oRhee9zestl- |Gl88S0iesar |M.6PLL9'Sh A5 £LL |N.SLHEEE IS .9F oicr|  £a9nxd £8 enossiy
Lszibzo0+  |s02000001 |sEioe [eusnewIsL SLE6 D0S'EPE |EE0E OPE'S5P [GER0°EET'bL |2Ee5'507°6e) [E5856  [392905 800 P~ (265 pRL 252 °0b | .coezaat 50 bl |N.Esbz0TL e g |15 mmm_._MMMMM £9E6HD £8 enossiy
19020 0+ |A52100001 |292670 | Ieuonewie |75/ 6 CEGTGEE |pBSAORE 05, [SE0E 185 E0L |SLOLBES0EZ [Bb2 926 |26 L0k Z0Lbll- [5G0 E39 /G b |, .b5885'80 90 bIL |N 67681 52 bE Ib Sose| leslHD £g enossiy
799020 0+ |6e5Ei00001 |leegel | 1eueneuisw|copl 0SE'6EE |0BSSEEZPGL [B77E 985E0L [SEIG1EEEZZ |L99Z2  [PESOPE Z0LbLL- |22 8PL 195 LY |M.bLLbb 0 90 FHt |N.BLEEEED BE Lb gost| meetHa £8 enossiy
p590.20 0+ |S756100001 |0E2S el | 1euoneuisil 6000 Gbe'GEE |GEB0'SELIS, |ISUSESEDL |pSEOBHEZZ |00 726 |9S6EGE Z0UbLl- |592 20105 Lk | .bO0ES'E0 90 FlL |N.LLEBIEE £E It wost| eseiHO £g enossiy
0z9c 10 0+ |popanoooot |evova [FuonE IS |SGEY E6E 9EE |B0R Z5LE8. |PAGGHLZ0L |CRI9EESUbE [99.196  |SZ20SBELPH- |pObISPESS L |M 180956 90 UL |N.LZ5Z0 B AE LF wis1d| zezead £8 enossiy
(GSE0EL 0+ |L0DIEGEGED |L7667- | ISuonewisl |cp00 d SOGED |7895' 100 2h) |EbIE SOZEL |BbS5 S6E022 [BCb L |phl0Z0 LLLEL- | 19586V SES Lb |#.2520210 66 £ |N.2BbEL L0 2 i | SdonOONOd|  Z26iM £g enossiy
9ce0.5z 0+ |9nh0l0000L |egbiOL | 1suoneussw|gegl €S9'Lib |PPEEOEZPOS [EbERESLEEL |ZbZb EA9ESL [PEZEE0L  |9SPEGE S/SELL- |25 000L8E'Sh | POSESEE bE £H |N.SEOS1S.75 9 | SdOWWOLOd|  0z6l £8 enossiy
692091 0-  |lese00000% |OESE [Fuonewsi |96/ p'96L 967 |S00L'997 465 |BS9S°SLZL |152L 9b0ZeL |ShEL00L  |LEbLZi LSPH- |LbbOGBSEL L |M.GELELO0E UL |N.L9S08ZL80 1P Sao T ann]  ae £8 enossiy
Lr8z.z20.0+ |pel 1000001 |SERL L [FuonEwS [l p9ZZ e |L9EL 1SS |ZOISILE POl |ODEE'BSTSL |Sl0096 |GESSLPEGDPH- |SSSIZLALE'GE |4, 905°9E 50 ik |N.L9/EZ'S0.55 b J0cw| ssmzav £g ejnossiy
6lzsi0.0+ |ososooooot [posoe [FuonEwsi [pEES'9PL BEE |02E8 SLPELS |GELGBPZE0L |EIGZ9EE'BSL [Bap S |E02SEELOCPH- |\ P22 b6 |M.65000 52 .90 bhk |N.E060Z L2 55 9F oosw|  sgezav £8 enossiy
ZU80pt 0+ |LISIEGEEED g2z~ | Isuoneuisw|ssee i ca0r |88 19L E0L [SZeSELPbEL 26299290 |USPOR  |EeEZS0ezebll- |LB9E00PE0Lh |M.85886 0 AL b |N.SZELE0 20 1h 050 exons £g uoIssIy
LGesv.ez 0+ |0sszooooot |soesz [Fuonewsi | gEZ8 525 09 |£252 €9E 662 |2 B9E 0N |SS0TSZ1E |l SlE  |AIBEOSEHL- |L09pPEIS L |M.PEISEBE .90 bLL |N.POSO0LPE P bbvd|  LLONS £g uoIssIy
LpS.20 0+ |Gl B86EEED |0zezil- | Ieuoneuimw G0N PhE |/SEEELISEE [L95 7RO P0L |9BZ9ER0ZL [SLL 208 |BLONSH pRS PLL- |B08 PSLEEE LD |M.P09PL 0 .SE P |NLELSEES AP Lb zoc A oszOnS £g uoissy
LGoez.oL0-  |ezwioooot |meztl | ievensuisw|zobz0s6'69 |965. Z99°ESE |L0EE 98z 28 |269L9026.  |psaie.  |598eem peetll- |88 87iz9b L |M.EESE9'50 £5 b |N.BEEITED L2 LF Suwd|  lezons £g uoIssIy
68pZ.92 0+ |pSPEEGEEET [ESPS0- | Isuoneuisw|16op 65 LLp |E990BLERL [POZl 0OG'ShL [B/62 9Z8Er [BO6E96  |BLGOPPEPObLL- |905 b0SZPL L |M.LEL8645 20 bk |N.ZZ9LEEE 0 LF gsr| 1s0ong £g uoissy
Lrbzez 0+ |iezooooool |soezo [Fuonews [phEL SGbESP SOz PSZIE |05 AELGEL |SRPE0LEPE  |SbhOZ8 |cz0Bz9lzlbl- |Pl9Ez0Z09 L |[M.bbes il i0 bl |N.L0SEZ 20,98 1P sso| gzoons £g uoissiy
6ZPE.80 0+ |0Z00BGEEET |L626°6L- | IFuoneuiml|Z5pa1E6 biE |S0Z8TIG'S05 [SSOLELT P [LL80 OUPSL [OLbLbE  |S9E5.LESEPLL- |5ES 08 SELEh |M . EEIEEZ 42 b |N.PEALEE0 .80 8F THLWS| 610 £g uoIssIy

Page 40



Rocky Mountain Coordinate Reference System Handbook and User Guide

4.3 Low Distortion Projects in the GIS Community

Modern GIS software incorporates on the fly projections. This allows users to simultaneously display
data from differing coordinate systems in a common coordinate system on the computer screen. Low
distortion projection systems can thus be easily and seamlessly incorporated for display of GIS
databases. An advantage to LDPs is the fact that the historical data need not be modified. Past data can
still reside in its original coordinate system and merely be re-projected in real time into the new
coordinate system for use with new LDP data. Thus, as future LDPs are developed, multiple round-off
error will not propagate with each time a new projection is applied. This will allow cities and counties to
adopt the new LDPs while still using their original data without modification. New data can be acquired
in the best LDP for the area and still be used with the historical data or other data collected by other
agencies in different coordinate systems with minimal effort by the user.

Many cities and counties in the Rocky Mountain Tribal areas use GIS data to manage their resources.
Thus, because LDPs generally cover the typical extents of multiple counties, a LDP will provide excellent
coverage for the entire area that agency is concerned with.

GIS calculations of route distances, cut/fill volumes, etc. will be more accurate with use of LDPs because
of the minimized distortion. Existing coordinate systems may be adequate for large, statewide analyses
where data resolution is low (e.g. large grids cell sizes > 30m). The development of LDPs allows for new
high resolution data (e.g. small grid cell sizes 0.1m to 2m) and digital terrain models (DTM) from LIDAR
and other new technologies to be analyzed with minimal distortion in GIS environments when studies
are performed on a localized county or city areas. Existing coordinate systems would provide a
substantial amount of distortion when analyzing these DTMs. Hence, LDPs will allow for the
development of more accurate GIS databases and help bridge the gap between GIS and surveying for

mapping.

We will be here |

Still separated, but
getting closer:
Coordinate Systems,
accuracy, & detail
level are becoming
equally important!

We are here

Geographical
Information
Systems

Engineering
& Surveying
Data

Figure 4.3, [mla,rs]
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4.3.1 Managing GIS Data

Geographic Information System managers administer data. Data includes spatial and attribute
information that is provided from many sources. The spatial data locates features across the landscape
while the attributes provide characteristics of the features. GIS managers use the same reference
frameworks as surveyors to define positions in space.

Nearly all GIS operations require accurate locations of geographic features. Accurate locations allow GIS
users to integrate and/or combine information from various sources. Critical to the accurate locations
of features is a record of the coordinate system and associated projection parameters. GIS managers
often incorporate surveyed data into geographic databases. Conversion of coordinate information into
a different map projection system from which it was collected is usually necessary. Critical to this
process is a well defined set of existing and desired map projection parameters.

The newly defined RMTCRS low distortion projections provide another reference system in which data
will be collected. By having detailed descriptions of properties of the map projection, GIS software can
re-project and transform the geographic locations of dataset elements into any appropriate coordinate
system. This allows the integration of multiple GIS layers, a fundamental GIS capability.

A GIS or mapping project based on one of the new low distortion coordinate systems has significant
advantages. The design of the coordinate system allows field based measurements (data collection) to
be directly utilized in the GIS without translation, saving time and reducing error. The size, position and
orientation of features in the system can match ground conditions, increasing confidence and reducing
the need for repetitive observation.

Page 42



Rocky Mountain Coordinate Reference System Handbook and User Guide

Cha pter 5 Testing Ground vs. Grid Distances in an RMTCRS Zone

5.1

Testing Methods ‘Best Practices’ Adopted for RMTCRS Trial Zones

Field test measurements shall include measurements independent of existing Real-time GPS
Networks.

For short (1100 m - 1300 m) and medium (3000 m — 4500 m) baseline tests, perform EDM
baseline checks in each zone. Then with two GPS receivers simultaneously occupy the
monuments at the ends of the baseline courses. Use NGS Calibration Baselines for short
baselines as appropriate.

For long (30 000 m — 50 000 m) baseline tests, use paper calculation with real ground heights
(CORS stations). Compare grid / ground distances in the data collector while working within the
beta test projection. The curved horizontal “ground” distance may be computed by scaling the
Vincenty GRS-80 ellipsoid distance to the topographic surface. Vincenty’s inverse formula will
calculate the ellipsoid distance between the two points when given the latitude and longitude of
each point. Then scale the resulting ellipsoid distance using the mean ellipsoid height of the end
points and the geometric mean radius of curvature at the mean latitude of the endpoints.

Step 1. Vincenty Inverse Formula(;) for ellipsoidal distance (other variations exist):
Use GRS-80 ellipsoid parameters:

[a=6378137 m, b =6356752.314140 m, f=1 /298.257222101 ]

a = ellipsoid semi-major axis (= 6 378 137 m for GRS-80 ellipsoid)

f = ellipsoid flattening (= 1 / 298.257222101 for GRS-80 ellipsoid)

b = a(1 —f) = ellipsoid semi-minor axis

&1, ¢, = geodetic latitude at end points p; and p> (positive north of equator)
L = difference in longitude (positive east)

A = difference in longitude on an auxiliary sphere

s = length of the geodesic (distance on ellipsoid), in the same units as a

oy is the initial bearing, or forward azimuth (clockwise from north)

o is the final bearing (in direction p1=>p2)

U = reduced latitude, where
U: = atan((1-f).tands)
U, = atan((1-f).tand,)
Begin with initial approximation A’ =L
Then iterate until change in A’ is negligible (e.g. 10%? = 0.06 mm):
{ sino = sqrt[ (cosU,.sinA)? + (cosUs.sinU; — sinU;.cosU,.cosA)? |
coso = sinUs.sinU, + cosU;.cosU;.cosA
o = atan(sino / coso)
sina = cosUi.cosU,.sinA / sino
€0s20m = €0so — 2.sinU1.sinU,/cos?a.
C = (f/16).cos®a.[4+f.(4-3.cos?a)]
A’ =L+ (1-C).f.sina.{o+C.sinc.[c0520m+C.c050.(-1+2.c0s220m)]}
}
u? = cos®a.(a*-b?)/b?
A = (1+u?/16384).{4096+u?.[-768+u?.(320-175.u%)]}
B = (u*/1024).{256+u?.[-128+u%.(74-47.u?)]}
Ao = B.sino.{cos20m+B/4.[c0s0.(-1+2.c0s220m) — B/6.c0520m.(-3+4.5in%0).(—3+4.c05%20m)]}
s=b.A.(c-Ao)
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oy = atan((cosU,.sinA) / (cosUi.sinU, — sinUi.cosU,.cos\))

o = atan((cosUi.sinA) / (-sinUi.cosU; + cosU;.sinU,.cos)))

As an alternative to using the above method, the Vincenty inverse is also available in the NGS
Geodetic Toolkit (http://www.ngs.noaa.gov/TOOLS/Inv_Fwd/Inv_Fwd.html).

In addition, many surveying and mapping software programs can perform this calculation
(although it is recommended that commercial software be checked against the NGS version).

Now scale the Vincenty ellipsoid distance using the mean ellipsoid height of the end points and
the geometric mean radius of curvature at the mean latitude of the endpoints using the
following formula.

Step 2. Ground Distance = (((h1+h2)/2) + Rg)/ Rec X [Vincenty ellipsoid distance (meters) -
from step 1 above]

Where:

h; & h, are the ellipsoid heights of the endpoints (meters)

Reis the geometric mean ellipsoid radius of curvature (GRS-80) of the endpoints (meters)

. e’
¢ 1-e’sin?p
Where: a = semi-major axis = 6,378,137 m (exact)

e? = first eccentricity squared = 2f — f 2

f = geometric flattening =1/ 298.257222101

4, Test RTN complete software / hardware coordinate results across test projections.
Latest RTCM protocol does support one standard parallel Lambert Projection.
Using the RTN, test 30 to 50 km baseline lengths across zones to prove projection distortion
meets predicted tolerances/ppm thresholds (pending).

5.2 RMTCRS Field and Office Test Methods

As part of the development of low distortion projections for the Tribal Coordinate System, field

tests and calculations were employed to compare grid distances measured with GPS between two
distinct points while working in a project defined by a Tribal LDP coordinate system with the direct
distance measured on the ground between the same two points. If the two comparative distances were
less than or equal to the projections designed threshold of, say, £10 ppm, then the goal was met.

Short, medium and long baselines were chosen to simulate the extreme limits of how people might use
the projections. The short baselines chosen were on NGS Calibrated Baselines (CBL). For this test two
baselines were set (temporary points) and the horizontal ground distance (previously checked)
measured with both Trimble and CHC GPS equipment. The average of those measurements was again
compared with multiple fast static GPS measurements and then processed with baseline processing
software (Trimble Geomatics Office) while in the particular grid zone coordinate system. The grid vs.
ground distances were then compared to see if the threshold was achieved.

For the test on long baseline lengths of ~20 000 m to ~80 000 m, one of the goals was to choose
particular points beyond the edge of the planned useful area of the zone to ‘break’ the desired
threshold and prove that it fails where it should fail (i.e., exceed the ppm design threshold). For this test,
random Plate Boundary Observatory (PBO) CORS station data were used. For the grid distance baseline
calculation, 24 hour RINEX files were downloaded for various PBO CORS stations, and the baselines
between points were processed with baseline processing software (Trimble Geomatics Office) in the
particular RMTCRS zone grid coordinate system. Since the ground distances were too long to

Page 44


http://www.ngs.noaa.gov/TOOLS/Inv_Fwd/Inv_Fwd.html

Rocky Mountain Coordinate Reference System Handbook and User Guide

physically measure with an EDM, the ground distances were calculated using the Vincinty Inverse
Formula (as shown in Sec. 5.1). The curved horizontal “ground” distance was computed by scaling the
Vincenty GRS-80 ellipsoid distance to the topographic surface. The scale factor to do this was

computed using the mean ellipsoid height of the end points and the geometric mean radius of
curvature at the mean latitude of the endpoints.

Refer to Appendix C for samples of the baseline test results.

Page 45



Rocky Mountain Coordinate Reference System Handbook and User Guide

Cha pte r 6 The RMTCRS and Rocky Mountain Real-Time GPS Networks

Real Time GPS Networks are not currently available in Montana and Wyoming. This chapter will be
updated when Real Time GPS networks are established in Montana and Wyoming.
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Chapter 7 Legislative Adoption

7.1 RMTCRS Legislative Adoption

The RMTCRS is substantially complete, thoroughly tested. Coordinate reference systems are very new
on the national survey scene and have been generally accepted by Oregon, Minnesota, Wisconsin, and
lowa professional surveyors, engineers, GIS, cartographic, and academic professionals. Montana and
Wyoming surveyors are becoming more acquainted with the use of these systems. The next step is for
the Rocky Mountain Tribal Department of Transportation's (DOT) initiative is to include the Rocky
Mountain Tribal Coordinate Reference System (RMTCRS) into the each participating tribe’s Statutes.
Legislative adoption will provide fundamental viable acceptance by engineering, surveying, and mapping
professionals within the tribes as well as other Federal agencies such as the BLM, NGS and FEMA etc.
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RMTCRS Zone Maps
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Appendix B

RMTCRS Distortion Overview Maps
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Appendix C

RMTCRS Trial - Field Testing Results
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Rocky Mountain Coordinate Reference System (RMCRS)

TM = Transverse Mercator

LCC = Lambert Conformal Convc (4]
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