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SURVEY TYPES

m  Surveys can be grouped into two categories:
m 1. Plane Surveys

m 2. Geodetic Surveys

A survey of a small area in which the area surveyed 1s considered flat except

for topographic variations, is termed a plane survey and this branch of
surveying is called Plane Surveying,.

When a survey covers a large portion of the earth, the curvature of the earth
has to be considered. Surveys of this type cannot be mapped on plane sheets
of paper without distortions. These are called Geodetic Surveys, the position
of points are indicated either by spherical coordinates , namely Latitude and

Longitude, or by Plane Coordinates after projecting onto a plan surface, E.G.,
State Plane Coordinates



SURVEY TYPES

Plane Surveys

assume earth’s surface is flat plane
use X-Y coordinates

easy procedures and computations
sufficient for most surveys

Geodetic Surveys

accurately represent earth’s shape

use spheroid coordinates (Latitude, Longitude)
more complex, expensive, difficult computations



GEOCENTRIC AND GEOGRAPHICAL

Figu 2, Gadgraphicel Coordintie Syrscm




LATITUDE & LONGITUDE
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THE ELLIPSOID
MATHEMATICAL MODEL OF THE
EARTH

N

a = Semi major axis

b = Semi minor axis

f = a-b = Flattening
a




THE ELLIPSOID

THE ELLIPS
OID ¥ INORTH GEODETIC POLE

- GEODETIC

GEODETIC
PARALLEL

ROTATION /
. AXIS / ?
Na GEODETEC MERIDIAN

SJUTH GEODETIC POLE




UNITED STATES
ELLIPSOID DEFINITIONS

BESSEL 1841
a=6,377,397.155 m 1/f =299.1528128

CLARKE 1866
a=6,378,2064 m 1/f=294.97869821

GEODETIC REFERENCE SYSTEM 1980 - (GRS 80)
a=16,378,13/m 1/f = 298.257222101

WORLD GEODETIC SYSTEM 1984 - (WGS 84)
a=6,378,137m  1/f=298.257223563


Presenter
Presentation Notes
There have been several different ellipsoids used for the horizontal datums of the United States.  The Bessell 1841 ellipse was used from approximately 1845 until 1879.  Clarke 1866, developed by the English Geodesist A. R. Clarke was adopted in 1879 following the completion of the great Transcontinental Arc of Triangulation as it most closely approximates the size and shape of North America.  As part of the activity to complete the North American Datum of 1983 (NAD 83), In 1979, the National Geodetic Survey decieded to adopt the Geodetic Reference System 1980 (GRS 80) as recommended by the International Association of Geodesy, as it most closely reflects the size and shape of the entire globe.  It should be noted that GRS80 is for all practical purposes, the same size and shape as the World Geodetic System of 1984 (WGS 84) ellipsoid used with the Global Positioning System (GPS).  The small numerical differences in the flattening (1/f) amount to less than 0.1 millimeter from the most northern part of Alaska to the southern tip of Florida!!


THE ELLIPSOID

(1738)6,397,3006,363,806.283191France Everest
(1830)6,377,563.3966,356,256.909299.3249646BritainBessel
(1866)6,378,206.46,356,583.8294.9786982North AmericaClarke
(1880)6,378,249.1456,356,514.870293.465France, AfricaHelmert
(1969)6,378,1606,356,774.719298.25South AmericaWGS-72
(1972)6,378,1356,356,750.52298.26USA /DoDGRS-80
(1979)6,378,1376,356,752.3141298.257222101NAD 83
(1982)6,378,1376,356,752.3298.257024899N AmericaWGS-84
(2003)6,378,136.66,356,751.9298.25642Global ITRS



http://en.wikipedia.org/wiki/George_Everest
http://en.wikipedia.org/wiki/Bessel
http://en.wikipedia.org/wiki/Alexander_Ross_Clarke
http://en.wikipedia.org/wiki/Friedrich_Robert_Helmert
http://en.wikipedia.org/wiki/World_Geodetic_System%23The_Department_of_Defense_World_Geodetic_System_1972
http://en.wikipedia.org/wiki/GRS_80
http://en.wikipedia.org/wiki/NAD83
http://en.wikipedia.org/wiki/World_Geodetic_System%23A_new_World_Geodetic_System:_WGS84
http://en.wikipedia.org/wiki/International_Terrestrial_Reference_System

THE GEOID AND TWO ELLIPSOIDS

CLARKE 1866

Earth Mass Approximately
Center 236 meters



DATUMS

A set of constants specitying the coordinate system used
for geodetic control, i.e., for calculating coordinates of
points on the Earth. Specific geodetic datums are usually
otven distinctive names. (e.g,, North American Datum of
1983, European Datum 1950, National Geodetic Vertical
Datum of 1929)



GEODESY OVERVIEW

DATUM:
ANY LEVEL OR CURVED SURFACE (REAL OR IMAGINARY)

TO WHICH MARKS ARE REFERENCE TO.

—EARTH CRUST
—MEAN SEA LEVEL DATUM

VERTICAL LINE OR
PLUMB LINE




VERTICAL DATUMS

MEAN SEA LEVEL DATUM OF 1929

NATIONAL GEODETIC VERTICAL DATUM OF 1929
(As of July 2, 1973)

NORTH AMERICAN VERTICAL DATUM OF 1988
(As of June 24, 1993)



NGVD 29 and NAVD 88

NAVD88 - NGVD29 (feet)

Latitude




COMPARISON OF VERTICAL DATUM

DATUM DEFINITION

BENCH MARKS

LEVELING (Km)

GEOID FITTING

NGVD 29 NAVD 88
26 TIDE GAUGES FATHER’S POINT/RIMOUSKI
IN THE US. & CANADA QUEBEC, CANADA
100,000 450,000
102,724 1,001,500

Distorted to Fit MSL. Gauges Best Continental Model



COMPARISON OF DATUM ELEMENTS

ELLIPSOID

DATUM POINT

ADJUSTMENT

BEST FITTING

NAD 27

CLARKE 1866
a = 6,378,206.4 m
1/f = 294.9786982

Triangulation Station
MEADES RANCH, KANSAS

25k STATIONS

Several Hundred Base Lines
Several Hundred Astro Azimuths

North America

NAD 83

GRSS80
a=6,378,137. M
1/f = 298.257222101

NONE
EARTH MASS CENTER

250k STATIONS
Appox. 30k EDMI Base Lines
5k Astro Azimuths
Doppler Point Positions
VLBI Vectors

World-Wide



NAD 27 and NAD 83

MAGNITUDE OF DATUM SHIFT (METERS)
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HIGH ACCURACY REFERENCE
NETWORKS

“GPSABLE”

Clear Horizons for Satellite Signal Acquisition

EASY ACCESSIBILITY

Few Special Vehicle or Property Entrance Requirements

REGULARLY SPACED

Always within 20-100 Km

HIGH HORIZONTAIL ACCURACY

A-Order (5 mm + 1:10,000,000)
B-Order (8mm + 1:1,000,000)



HIGH ACCURACY REFERENCE
NETWORKS
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DATASHEETS

The NGS Data Sheet

Sea file _dsdata.txt for more information about the datasheet.

DATABASE = ,FROGRAM = datasheet, VERSION = 7.5H

1 Haticnal Geocdetic Surwvey, Retriewval Date = MARCH 10, 2008

DGQE?: A N N N N N A A A A r A A A A A A A A A A A S
DG9672 DESIGHNATION - ARC

DE9672  PID - DE9ET2

DG9672  STATE/COUNTY-  WA/THURSTON

DGE9672  USGEE QUAD - TUMMWATER (1884)

DGEET2

DG9672 *CURBENT SURVEY CONTROL

DG9672

DGE9672* NAD B3(1986)- 47 00 26. () 122 54 34. (L] SCARLED
DG9672* NAVD HA - 53.014 (meters) 173.93 {feet) ADJUSTED
DGOET2

DGH9672  GEQID HEIGHT- -21.36 (meters) GEOIDA3
DG9672 DYNAMIC HT - 53.024 (meters) 173.96 (feet) COMP
DG9672  MODELED GRAV- 980,800.7 (mgal) MAVD 84
DG9672

DG9672  VERT ORDER -  SECOND CLASS [

DGOET2

DG9672.The horizontal coordinates were scaled from a topographic map and hawve
DG9672.an estimated accuracy of +/- 6 seconds.

DG96T72

DG9672.The crthometric height was determined by differential lewveling
DG9672.and adjusted in July 2005.

DG9872

DG9672.The gecld helght was determined by GEQIDOS.

DGEET2

DG9672.The dynamic height is computed by dividing the NAVD BB

D96 72 .gecpotential number by the normal gravity value computed on the
DG9672.Gecdetic Reference System of 1980 (GRS A0) ellipscid at 45
DG9672.degrees latitude (g = 980.6199 gals.).

DG9872

DG9672.The modeled gravity was interpolated from cbserwved grawvity walues.
DG96T72

DGEET2; Horth East units Estimated Accuracy
DGUET2;5PC WA 5 188,850, 316,810, MT (+/- 180 meters Scaled)
DG9872

DG9672 SUPERSEDED SURVEY CONTROL

DGOET2

D96 72 .Ho superseded survey control is awvaillabkle for this station.

DG96T72

DGE9672_U.5. WATIONAL GRID SPATIAL ADDRESS: LOTETOEB059(NAD B3)
DGY9672_MARKER: F = FLANGE-ENCASED ROD

DGE96T2_SETTING: 50 = ALUMINUM ALLOY ROD W/Q SLEEVE (10 FT.+)
DGEH96T72_STAMPING: ARC 2004

DG96 T2 _MARE LOGD: WADT

DGY9672_PROJECTION: RECESSED 16 CENTIMETERS

DGY96T2_MAGNETIC: © = OTHER) SEE DESCRIPTION

DGE9672_STABILITY: B = PROBABLY HOLD POSITION/ELEVATION WELL
DGY9672_SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITAELE FOR
DG9672+5ATELLITE: SATELLITE OBSERVATIONS - octocber 28, 2004

D96 72_ROD/PIFE-DEFTH: 7.7 meters

DGEET2

https:/fwebmail w hpacific.com/exchan Dodson/Inbox/™Mo%208ubject-193 1. EML/DA...  3/11/2008



DATASHEETS

The NGS Data Sheet

Sea file _dsdata.txt for more information about the datasheet.

DATABASE = ,FROGRAM = datasheet, VERSION = 7.5H

1 Haticnal Geocdetic Surwvey, Retriewval Date = MARCH 10, 2008

511599 A N N N N N A A A A r A A A A A A A A A A A S
5¥1599 DESIGNATION - A 461 RESET

5¥1599 PID - 5¥159%9

5¥1599 STATE/COUNTY- WA/THURSTON

5¥1599 USGES QUAD - TUMMWATER (1884)

5y1589

5¥1599 *CURBENT SURVEY CONTROL

5y1599

SY1599* NAD H3(1991)- 47 02 05.66216(M) 122 53 12.08665(W) ADJUSTED
5¥1599* NAVD HA - 20.889 (meters) EB.53 {feet) ADJUSTED
5y1588

Y1588 X - -2,364,502.757 (meters) CoMp
5¥1599 ¥ - -3,656,966.266 (meters) COME
5Y1599 2 - 4,644,410.470 (meters) COME
5¥1599 LAPLACE CORR- -9.56 (seccnds) DEFLECA3
5¥1599 ELLIF HEIGHT- -0.560 {(meters) (08/17/92) ADJUSTED
5¥1599 GEQID HEIGHT- -21.53 (meters) GEOIDA3
5¥1599 DYNAMIC HT - 20.893 (meters) E8.55 (feet) COMP
5¥1599 MODELED GRAWV- 980, 802.9 {mgal) HAVD 44
5y1599

5¥1599 HORZ ORDER - FIRST

5¥1599 VERT ORDER - FIRST CLASS I[I

5¥1599 ELLP ORDER - FOURTH CLASSE LI

5y1588

5¥1599.The horizontal coordinates were established by GPFE chservations
5¥1599.and adjusted by the Haticnal Gecdetic Surwey in August 19892,

5y1599

5¥1599.The crthometric helight was determined by differential leweling
5¥1599.and adjusted in June 1991.

5y1599

5¥1599.The X, ¥, and Z were computed from the position and the ellipseoidal ht.
5y1599

5¥1599.The Laplace correcticon was computed from DEFLECH99 deriwved deflections.
5y1599

5¥1599.The ellipscidal helght was determined by GPS chserwvations

5¥1599.and is referenced to NAD A3,

5y1588

5¥1599.The gecid helght was determined by GEQIDOS.

5y1599

5¥1599.The dynamic height 1s computed by dividing the HAVD BB
5¥1599.gecpotential number by the normal grawvity walue computed on the
5¥1599.Gecdetic Reference System of 1980 (GRS A0) ellipscid at 45
5¥1599 . degrees latitude (g = 980.6198 gals.).

5y1589

5¥1599.The modeled gravity was interpoclated from cbserved gravity wvalues.
5y1599

5¥1599; North East Units Scale Factor Converg.
EY1599;5PC WA S - 191,878.267 318,633.7T10 Mr 0.999945490 -1 44 01.3
EY1599;5PC WA S - 629,520.61 1,045,384.10 sFT 0.999945490 -1 44 01.3
5Y158989;UTM 10 - 5,209,048.963% 508, 608.7A9 MT 0.99960091 +0 04 54.5
5y1589

https:/fwebmail w hpacific.com/exchan Dodson/Inbox/™Mo%208ubject-193 1. EML/DA...  3/11/2008



DATASHEETS

The NGS Data Sheet

Sea file _dsdata.txt for more information about the datasheet.

DATABASE = Sybase ,PROGEAM = datasheat, VERSION = 7.42

1 Haticnal Geocdetic Surwvey, Retriewval Date = FEBRUARY 2, 2007
SEEEdE A N N N N N A A A A r A A A A A A A A A A A S
5¥5645 FEN - This is a Federal Base Network Contrel Statien.
5¥5645 DESIGNATION - FAIR
5¥5645 PID - E5¥5e45
5¥5645 STATE/COUNTY- WA/GRAYS HARBOR
S¥5645 TUSGS QUAD - ELMA {1981}
5y5645
5¥5645 *CURBENT SURVEY CONTROL
5y564d5
5¥5645* NAD H3(1998)- 47 00 52.554e2(M) 123 22 35.28791(W) ADJUSTED
5¥5645* NAVD HA - 32.316 (meters) 106.02 (feet) ADJUSTED
5y5ed5
SY5E45 X - -2,396,679.778 (meters) COMP
5¥5645 ¥ - -3,638,005.919 (meters) COME
5Y5645 2z -  4,642,879.264 (meters) COME
5¥5645 LAPLACE CORR- 10.40 ({seconds) CEFLEC33
5¥5645 ELLIF HEIGHT- 10.65 (meters) (03/21/00) GBS OBS
5¥5645 GEQID HEIGHT- -21.66 (meters) GEOIDA3
5¥5645 DYNAMIC HT - 32.322 (meters) 106.04 (feet) COMP
5¥5645 MODELED GRAV- 980, 791.2 (mgal) MAVD 94
5y564d5
5¥5645 HORE ORDER - A
5¥5645 VERT ORDER - SECOND CLASSE LI
5¥5645 ELLF OFRDER - THIRD CLASS II

5y5E45

5¥5645.The horizontal coordinates were established by GFS chservations
5¥5645.and adjusted by the Haticnal Gecdetic Surwey in March 2000..
5¥5645.This 1s a SPECIAL STATUS positicon. See SPECIAL STATUS under the
S¥5645.DATUM ITEM on the data sheet iltems page.

5y5ed5

5¥5645.The crthometric height was determined by differential leweling
5¥5645.and adjusted by the Haticnal Gecdetic Surwvey in April 1995..

5y5645

5¥5645.The X, ¥, and Z were computed from the position and the ellipscidal ht.
5y5ed5

5¥5645.The Laplace correctlon was computed from DEFLECS9 deriwved deflecticons.
5y5ed5

5¥5645.The ellipscidal height was determined by GPS chservations

5y5645.and 1s referenced to NAD 83.

5y564d5

5¥5645.The geclid height was determined by GEQIDOS.

5y56d5

5¥5645.The dynamic height is computed by diwviding the NAVD BB
s¥56d5.gecpotential number by the normal gravity walue computed on the
5¥5645.Gecdetic Reference System of 1980 (GRS B0) ellipscid at 45
5¥5645.degrees latitude (g = 980.6199 gals.).

5y56d5

5¥5645.The modeled gravity was interpolated from cbserwved grawvity walues.
5y5ed5

S¥5645; Horth East Units Scale Factor Conwverg.
SYSEA5;5FPC WA S 190, HE35. 335 281, 347.893 MT 0.99994263 -2 05 22.0

https:/fwebmail w hpacific.com/exchan Dodson/Inbox/M™o%208ubject-193 | EML/Fair.... 3/11/2008



The NGS Data Sheet

See file
DATABASE

S5Y3193
SY3193
SY3193
SY3193
SY3193
SY3193
SY3193
SY3193

SY3193*
SY3193+

SY3193
SY3193
SY3193
SY3193
SY3193

SY3193.
SY3193.

SY3193

S5Y3193.
SY3193.

SY3183

SY3193.

SY3193

SY3193.

SY3193

5Y3193;
SY3193;SPC WA S
SY3183;SPC WA 3
SY3193;UTM 10

SY3193

5Y3193!
SY3193!SPC WA S
SY3193!UuTM 10

SY3193
SY3193
SY3193

The
the

The

The

dsdata.txt for more information about the datasheet.

= ,PROGRAM = datasheet, VERSION

National Geodetic Survey,
R E AR SRS E XSRS E SRR R E XSS R RS SRR RS SRR R R RS R SRR EEEEEEEE RS S S

DESIGNATION -~
PID -
STATE/COUNTY-
USGS QUAD -

HOSP RM 4 1974
SY3193
WA/THURSTON
LACEY (1994)

*CURRENT SURVEY CONTROL

Retrieval Date -

MARCH 10, 2008

NAD 83(1991)-
NAVD 88 -

47 02 47.82141(N)

50.4 (meters)

122 51 09.07491 (W)

LAPLACE CORR-
GEOID HEIGHT-
HORZ ORDER

The horizontal

1

SY3193 NAD 83(1986)-
SY3193 NAD 27 -

SY3193 NGVD 29

ov3IT1473

NGVD 29 height

-9.04 (seconds)
-21.68 (meters)
SECOND

geoid height was determined by GEOIDO3.

North
193,100.914

Elev Factor x Scale
0.99994703
0.99960154

0.99999549 x
0.99599549 «x

Units Scale Factor
0.99994703 -1 42 31.9
0.29994703 -1 42 31.9
0.99960154 +0 06 28.6

321,268.335
633,531.92 1,054,027.8%6

5,210,355.068 511,202.434

DEFLEC99
GEQIDO3

coordinates were established by classical geodetic methods
and adjusted by the National Geodetic Survey in December 1991.

NAVD 88 height was computed by applying the VERTCON shift value to
(displayed under SUPERSEDED SURVEY CONTROL.)

Laplace correction was computed from DEFLECS9 derived deflections.

Combined Factor
0.99994252
0.99959703

SUPERSEDED SURVEY CONTROL

47 02 47.81920(N)
47 02 48.46856 (N)
(07/19/86) 49.4 (m)

122 51 09.08485(wW) AD(
122 51 04.58400(wW) AD(

(f) VERT ANG

ADJUSTED
(feet) VERTCON

Converg.

[SS IS




WSDOT Survey Mark Report Page 1 of 2

yF 9 - -
W Washington State Geog ra ph IC Se rvices

Department of Transportation

SURVEY INFORMATION SYSTEM Report of Survey Mark

GENERAL MONUMENT INFORMATION

T.R.S: 18N, 1W, 18 ACCOUNTS INFORMATION
Corner Code: BOOK PROJECT INVOICE
State Route: 005 224 MS5400  23-05032
Mile Post: 107.900 233 MS5400 23-05032
Station: 55 0L1550 23-92009
Offset:

Owner:

Bearing:

Designation: GP34005-2
Monument ID: 193

State: WASHINGTON
County: THURSTON
Region: oL

Nearest Town: OLYMPIA
Usgs Quad: LACEY

Description

THE STATION IS LOCATED IN THE CITY
OF OLYMPIA. IT IS LOCATED IN THE
NORTHWEST QUADRANT OF THE LILLY
ROAD UNDERCROSSING OF SR 005, 8.2

THE WEST SIDEWALK AND 1.2 METERS
WEST OF THE EAST EDGE OF THE
SIDEWALK. THE MARK IS A BRASS DISK
CEMENTED INTO A DRILL HOLE IN THE
CONCRETE SIDEWALK SET LEVEL WITH
ITS SURFACE. * NOTE: UPDATED BY
G.P.S. CONSTRAINED TOH.P.N. *

CURRENT SURVEY CONTROL
DATUM LATITUDE UNIT LONGTITUDE UNIT NETWORK METHOD ACCURACY

NAD 83/91 47 0240.113805 N 122 50 39.990669 W _ PRIMARY GPS 2 CM

ELLIP HGT
NAD 83 44.576 M GPS 5CM

ORTHO HGT
NAVD 88 66.116 M PRIMARY DIFF LEVELS 1 CM

SPC ZONE NORTHING UNIT EASTING UNIT SCALE CONV.ANGLE COMB.FACTOR

S 192844.741 M 321874.875 M 0.99994673 -142 10.8




WSDOT Survey Mark Report Page 1of 2

o E ‘Washingion Siats Daparimernt of

W ashinglon &1 Geographic Services

Ropor of Survey Mrk

GENERA L MONUMENT INFORMATION

18M, TW , 17 ACCOUNTS INFORMATION

BOOK PROJECT INVOICE
224 MS5400  23-08032
233 ME5400 2305032
55 oL1 550 23-92009

GP340051

192
WASHINGTON
THURSTON
oL

LACEY

LACEY

Designation:
Monument 1D: 008

108.400

THE STATION IS LOCATED IM THE CITY OF LACEY. IT IS LOCATED IN THE BERIDGE

DECHK NEAR THE APPROXIMATE CENTER LINE OF SLEATER-KINNEY AND SR 005, 12.2 METERS EAST OF
THE WEST TRAFFIC BARRIER WALL AND 38 METERS SOUTH OF THE NORTH EXPANSION JOINT. THE
MARK |5 A BRASS DISK CEMENTED INTO A DRILL HOLE IN THE CONCRETE BRIDGE DECK AMD SET
LEVELWITH ITS SURFACE. * NOTE: UPDATED BY G.P.5. CONSTRAINED TO HP.M. *

CURRENT SURVEY CONTROL

NAD 83/81

2

4702 451668733 N 122 5001440477 W

ELLIP HGT
46633

PRIMARY  GPS CM

MAD 83 M GPS 5CM

ORTHO HGT

WAVD 88  EB.215

PRIMARY _ DIFF LEVELS 1CM

192976641 94693 -1 41 42.8

RECOVERED BY

GEOGRAPHIC SERVICES
GEOGRAPHIC SERVICES
GEOGRAPHIC SERVICES

08/25/2008 GEOGRAPHIC SERVICES

CONDITION

MOMUMENTED
GOOD
UPDATED
GOOD

91 47 02 45.168500
ELLIP HGT

WAD 83 46

https://webmail w hpacifi

SUPERSEDED CONTROL
UNIT LONGTITUDE UNIT HETWORK METHOD ACCURACY

122 50 01.449824

om'ex change/MDodson'Inbox/MNo%20Subject- 193 LEML/WS,..  3/11/2008



WSDOT Survey Mark Report Page 1of 2

o E ‘Washingion Siats Daparimernt of

W ashinglon &1 Geographic Services

Ropor of Survey Mrk

GENERA L MONUMENT INFORMATION

18M, TW , 18 ACCOUNTS INFORMATION
BOOK PROJECT INVOICE
00s 204 M35400 2305032
107.900 233 MS5400  23-05032
55 oL1 550 23-92009

Designation: GP34005-2
Monument ID: 183
WASHINGTON
THURSTON
QL
OLYMPLA
LACEY

THE STATION IS LOCATED IN THE CITY OF OLYMPIA. IT IS LOCATED IN THE

NORTHWEST QUADRANT OF THE LILLY ROAD UNDERCROSSING OF SR 005, 8.2 METERS SOUTH OF THE
MWORTH END OF THE WEST SIDEWALK AND 1.2 METERS WEST OF THE EAST EDGE OF THE SIDEWALEK.
THE MARK |5 A BRASS DISK CEMENTED INTO A DRILL HOLE IN THE CONCRETE SIDEWALK SET LEVEL
WITH ITS SURFACE. * NOTE: UPDATED BY G.P.5. CONSTRAINED TOH.P.M.*
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SUPERSEDED CONTROL
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122 50 39.001050

om'ex change/MDodson'Inbox/MNo%20Subject- 193 LEML/WS,..  3/11/2008



Standard Long

Report 1 of 1 Found El

Horizontal Monument | PIERCE COLNTY PLELLC WORKS AND LTLMER asamaz

Standard Long Report Tacoma WA GEMIATHEE  mhabangco dere waus

|:|1 Point Designation: ED‘Q | Horkzontal Conmral: =

b County Municipallty: [Merce County ] Etm:El Vertlcal Control: [~

Point Desig. Alias: [GPS200 | e ocoe:
Paint ID #: (310 ] ELM Deslgnation:

Report 1 of 1 Fou MORTHING {f.): [512668.198167 Coord System Zone: [4602 " -
EASTING {ft.): [1174215.76468 Horlzontal Datum: (WAD 19881 Zsa. Fea. 3z=1

osa. vos 327

HORTHING {m): |10B567.2931 68 Horizontal Method: |Geodstlic GPS rcldendhco. pierce. wa.us
EASTIMG {m): (357301.680878 Horizomal ACCUracy: |o-0.050m / 0.1641. Sry Records: ||
=Tavd ecords: ]
Lathude: (479 0" 52 po0pd N Horlz Calc By: |PCM sntal Contro
Longhude: [122° 22 0.G7208'W Horlz Calc Dabe: [1902-1215 00:00:00.0 tical Control:
Scale Factor: (0900042669152 meridian: | Willameibs
Convergence: [1°27 27.9 lEzETienREE |
Combined Grid Factor: (0.9g9821201068 Sectian: | |
Feet Units:
tUnits: [US Survey Foot Harz. Nerwork Relatansnip: 53
a1
ORTHO (#.): 448259 Vertlcal Datum: (NGSYD29 F O 16art,
ORTHO (m): (136927455075 Varical Method: |GPS
ELLIP {f): [280.766544856 Vertical Accuracy: [e=1.000m/ 3.2811.
ELUP{m): (116067875 Vertical Calc By: [PCM
cCombined Gr GECID {ft): (685024561042 Vert Calc Dape: 19681215 00:00:00.0 [ |
= GEOID({m): [-20.5795300748 Geold Method: Darwed

r=Y-] Vet Network Relatonship: [Natwork

oR
= MoRument Condition: (Ecisling or Asomyened ProjecSuney #: 1962 GPS rS.=281ft.

GE| Monument TYpe: |Donation Land Clalm Fleld Book #:
Py Visit Dae: |1 953-07-22 00:00:00.0 Page #:
Vil BY: [PCM Image Fliie Raf: [Wa etwork
Dane Set: Document Flie Ref: [we
Monument Set Bj': LI PLS ID #: |22353
Cased Monumen: |0 PLS_ID_Name: Wads, Varnon M.

[Won Tesonpon: REFERENCE
Monume rnaberand Tap.

Cased N Honunant Lomabon:
Mon Descrption: R 755600
[Rebar and cap.

Horizontal
Standard Long

Point Des
County/AWu

Point De=is

re-zZoMN-noI

5 00:00:00.0
mette

Sca
—onn

rh4Z0N=701

rFEo——nom=

P 00:00:00.0

rFy0=42m¢

Monument |
Mornun

—ZMECZOE

4Zmgczo3

Monument Locaticon:

|SR F-26500 DriveTo Dasor:
lnieon SR T north of 257 St. E. &t oronthe narth ine of J. McPhall DLG,

Drive-To Domcr:
Station is omn SR 7 nc

b Lt Lo e Conmana:

Ne PLS number reco rn PLS number reconded on view diagram. Posaibie ME cormar for J. MePhal LG,

https:/fwebmail w hpacific.com/exchange/MDodson/ITnbox/MNo%20Subject- 193 1. EML/Stan...  3/11/2008



THE GEOID

THE GEQID [S THE EQUIPOTENTIAL SURFACE OF THE
EARTH'S ATTRACTION AND ROTATION WHICH, ON THE
AVERHAGE, COINCIDES WITH MEAN SEA LEVEL [N THE

OPEN OCEAN.

HEIGHT ABOVE

. H

e ———— e GEQID HEIGHT
: N = H+N = :
—— ————ELLIPSCID ELLIPSOIDAL HEIGHT

—

THE ZECIC: An elipesid 5 defined <z a :uifazs of revolution cbeut
iha mince Qa5 the gecd 5 nat. 1 % defined as the sea level sunace cnd
is sobjact o grovitationcl cnomcliss which couss it to have on enduleting
swiace. Jometintes it & cbove the elfzscid ong somealimes below. The
sezoralicn befwest tha elicssid ond the gaciz. af a given poind, s ceffed
gaoid height, The NAEBZT Cofum bosed on the Clake sflienid of 15435
had srmoll gecid heighiz but the ellipssid for NADES coes nat Tt Morth
Arnarizg gz well. in the conteminaus United Stotes tne elfipssid s gbove
the-gecid whils in Alasks i = balow 1he gecld. Eipsoidcl neight k definea
@i 1he hsight of the sudicce abova the slligseid. Gecid height & defined
Qs sdlipseical height minus elevalica. in the midwest, the gestd haight i
coproimaisly -3 melors whizh plases if helow tha =ligssid




GRID AZIMUTH COMPUTATION

o, = o, + Laplace Correction -y
= 253°26° 14.9” (Observed Astro Azimuth)
+ (- 0.1)” (Laplace Correction)
= 253° 26’ 14.8” (Geodetic Azimuth)
-_0 36 37.0 (Convergence Angle)
= 252°49> 37.8”

The convention of the signh of the convergence angle is

always from Grid to Geodetic



UNDULATIONS OF THE GEOID
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ELLIPSOID - GEOID RELATIONSHIP

H = Orthometric Height (NAVD 88)
h = Ellipsoidal Height (NAD 83)

- / EOID99
/ GeOId PERPENDICULAR
TO ELLIPSOID
A
PERPENEHCULAR///////////'
TO GEOID (PLUMBLINE) DEFLECTION OF THE VERTICAL

DEFLEC99



State Plane Coordinates

BRIEF HISTORY:
-Originally a U.S. English unit grid system

-Developed by land surveyors in the 1930’s to simplify surveying
computations

cooperative venture between the Coast and Geodetic Survey and the North
Carolina state government, and efforts to build a North Carolina spatial
coordinate system with minimal distortion was started. In 1933 this
cooperative venture produced the North Carolina Coordinate System. In less
that 12 months, the North Carolina system had been copied into all of the

remaining states, and the State Plane coordinate system was born.

-Used only in the US



STATE PLANE COORDINATE SYSTEMS

Lambert Conformal Conic and Transverse Mercator Projections
International, State and County Boundaries

NAD 27 - Coordinates in U.S. Survey Feet

NAD 83 - Coordinates Metric w/State Defined Foot Conversion
1 Meter = 3.280833333 U.S. Survey Feet
1 Meter = 3.280839895 International Feet
NAD 27 to NAD 83 VERY large Positional Shifts



Types of Plane Systems

Plane—A Point of

(/ Origin

~— Ellipsoid

Axis of Cone

) Axis of
& Ellipsoid  Tangent Plane N Elipsoid
Local Plane
Standard Axis of
; Parallels Cylinder
— N~ Ellipsoid Ellipsoid

Intersecting Cylinder

Transverse Mercator

Intersecting Cone
2 Parallel Lambert


Presenter
Presentation Notes
States like Washington and Oregon that wider in east-west direction use the Lambert Conical Projection, represented by the ellipsoid intersecting a cone.
States like Idaho, that are elongated in a north/south direction, use a Transverse Mercator Projection that is represented the ellipsoid intersecting a cylinder.
Our area of interest is that part of the cone that partitioned by the intersecting standard parallels.
This scenario is repeated for both zones in Washington State


LAMBERT CONFROMAL CONIC
WITH 2 STANDARD PARALILELS

STANDARD PARALLELS

ately 158 miles

CENTRAL MERIDIAN


Presenter
Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.


GEODETIC
VS

GRID DISTANCE



LAMBERT CONFROMAL CONIC
WITH 2 STANDARD PARALLELS

Grid Scale Factor

STANDARD PARALLELS

CENTRAL MERIDIAN


Presenter
Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.


=
Standard Parallels



Presenter
Presentation Notes
The illustration above, defines the standard parallels and projection limits for each zone.
RCW58.20.130 “Technical definitions” defines Standard parallels
The Washington coordinate system of 1983, north zone, is a Lambert conformal conic projection of the GRS 80 spheroid, having standard parallels at north latitudes 47° 30' and 48° 44', along which parallels the scale shall be exact. The origin of coordinates is at the intersection of the meridian 120° 50' west of Greenwich and the parallel 47° 00' north latitude. This origin is given the coordinates: E = 500,000 meters and N = 0 meters.�
The Washington coordinate system of 1983, south zone, is a Lambert conformal conic projection of the GRS 80 spheroid, having standard parallels at north latitudes 45° 50' and 47° 20', along which parallels the scale shall be exact. The origin of coordinates is at the intersection of the meridian 120° 30' west of Greenwich and the parallel 45° 20' north latitude. This origin is given the coordinates: E = 500,000 meters and N = 0 meters. 
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Presenter
Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.


STATE PLANE COORDINATE SYSTEMS




North and South Zones

48-44
47-30
47-20
Q. Zone Origin 47-00/120-50
N=0m, E=500,000m
45-50

C}. Zone Origin 45-20/120-30
N=0m, E=500,000m


Presenter
Presentation Notes
RCW58.20.130 defines the boundary’s
The area now included in the following counties shall constitute the north zone: Chelan, Clallam, Douglas, Ferry, Island, Jefferson, King, Kitsap, Lincoln, Okanogan, Pend Oreille, San Juan, Skagit, Snohomish, Spokane, Stevens, Whatcom, and that part of Grant lying north of parallel 47° 30' north latitude.�
The area now included in the following counties shall constitute the south zone: Adams, Asotin, Benton, Clark, Columbia, Cowlitz, Franklin, Garfield, that part of Grant lying south of parallel 47° 30' north latitude, Grays Harbor, Kittitas, Klickitat, Lewis, Mason, Pacific, Pierce, Skamania, Thurston, Wahkiakum, Walla Walla, Whitman and Yakima. 


WASHINGTON ZONES
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RCW 58.20

RCW 58.20.110
Definitions.

Unless the context clearly requires otherwise, the definitions in this section apply
throughout RCW 58.20.110 through 58.20.220 and 58.20.901:

(1) "Committee" means the interagency federal geodetic control committee or
1tS successof;

(2) "GRS 80" means the geodetic reference system of 1980 as adopted in
1979 by the international union of geodesy and geophysics defined on an
equipotential ellipsoid;

(3) "National geodetic survey" means the national ocean service's national
geodetic survey of the national oceanic and atmospheric administration, United
States department of commerce, or its Successor;

3

(4) "Washington coordinate system of 1927" means the system of plane
coordinates in effect under this chapter until July 1, 1990, which is based on the
North American datum of 1927 as determined by the national geodetic survey of
the United States department of commerce;

(5) "Washington coordinate system of 1983" means the system of plane
coordinates under this chapter based on the North American datum of 1983 as
determined by the national geodetic survey of the United States department of
commerce.

[1989 ¢ 54 § 9.]


http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.110
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.220
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.901

RCW 58.20

RCW 58.20.120
System designation — Permitted uses.

Until July 1, 1990, the Washington coordinate system of 1927, or its successot,
the Washington coordinate system of 1983, may be used in Washington for
expressing positions or locations of points on the surface of the earth. On and
after that date, the Washington coordinate system of 1983 shall be the designated
coordinate system in Washington. The Washington coordinate system of 1927
may be used only for purposes of reference after June 30, 1990.



RCW 58.20

RCW 58.20.130
Plane coordinates adopted — Zones.

The system of plane coordinates which has been established by the national
geodetic survey for defining and stating the positions or locations of points on
the surface of the earth within the state of Washington 1s designated as the
"Washington coordinate system of 1983."

For the purposes of this system the state is divided into a "north zone" and a
"south zone."

The area now included in the following counties shall constitute the north
zZOone:

The area now included in the following counties shall constitute the south
zZOone:



RCW 58.20

RCW 58.20.150

Designation of coordinates —

"N" and "E" shall be used in labeling coordinates of a point on the earth's surface and
in expressing the position or location of such point relative to the origin of the
appropriate zone of this system, expressed in meters and decimals of a meter. These
coordinates shall be made to depend upon and conform to the coordinates, on the
Washington coordinate system of 1983, of the horizontal control stations of the
national geodetic survey within the state of Washington, as those coordinates have
been determined, accepted, or adjusted by the survey.



RCW 58.20

= RCW 58.20.160
B — Description.

m  When any tract of land to be defined by a single description extends from one into the
other of the coordinate zones under RCW 58.20.130, the positions of all points on its
boundaries may be referred to either of the zones, the zone which is used being
specifically named in the description.


http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.130

RCW 58.20

RCW 58.20.170
Zones — Technical definitions.

For purposes of more precisely defining the Washington coordinate system of
1983, the following definition by the national geodetic survey is adopted:

The Washmgton coordinate system of 1983, south zone, is a Lambert
conformal conic projection of the GRS 80 spher01d havmg standard parallels at
north latitudes 45° 50" and 47° 20', along which parallels the scale shall be exact.
The origin of coordinates is at the intersection of the meridian 120° 30' west of
Greenwich and the parallel 45° 20' north latitude. This origin is given the
coordinates: E = 500,000 meters and N = 0 metets.



RCW 58.20

m RCW 58.20.180
m  Recording coordinates — Control stations.

m  Coordinates based on the Washington coordinate system of 1983, purporting to
define the position of a point on a land boundary, may be presented to be
recorded in any public land records or deed records if the survey method used
for the determination of these coordinates 1s established in conformity with
standards and specifications prescribed by the interagency federal geodetic
control committee, or its successof.



RCW 58.20

The position of the Washington coordinate system of 1983 shall be marked on the
ground by horizontal geodetic control stations which have been established in
conformity with the survey standards adopted by the committee and whose geodetic
positions have been rigorously adjusted on the North American datum of 1983, and
whose coordinates have been computed and published on the system defined in RCW
58.20.110 through 58.20.220 and 58.20.901. Any such control statton may be used to
establish a survey connection with the Washington coordinate system of 1983.

RCW 58.20.190
Conversion of coordinates — Metric.

Any conversion of coordinates between the meter and the
shall be based upon the length of the meter being equal to exactly 39.37 inches.


http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.110
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.220
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20.901

RCW 58.20

RCW 58.20.200
Term — Limited use.

The use of the term " " on any map,
report of survey, or other document, shall be limited to coordinates based on
the Washington coordinate system of 1983 as defined in this chapter.

RCW 58.20.210
United States survey prevails — Conflict.

Whenever coordinates based on the Washington coordinate system of 1983
are used to describe any tract of land which in the same document is also
described by reference to any subdivision, line or corner of the United States
public land surveys, the description by coordinates shall be construed as
supplemental to the basic description of such subdivision, line, or corner
contained in the official plats and field notes filed of record, and in the event
of any conflict the description by reference to the subdivision, line, or corner
of the United States public land surveys shall prevail over the description by
coordinates.



RCW 58.20

RCW 58.20.220
Real estate transactions — Exemption.

Nothing contained in this chapter shall require any purchaser or mortgagee to rely
on a description, any part of which depends exclusively upon the Washington
coordinate system of 1927 or 1983.

RCW 58.20.901
Severability — 1989 c 54.

If any provision of this act or its application to any person or circumstance 1s held
invalid, the remainder of the act or the application of the provision to other
persons or circumstances is not affected.

58.09.070



WAC 332-130-090

WAC 332-130-060

Washington State Register filings since 2003L.ocal geodetic control survey
standards.

The following standards shall apply to local geodetic control surveys:

The datum for the horizontal control network in Washington shall be
NADS3 as officially adjusted and published by the National Geodetic Survey
of the United States Department of Commerce or as established in
accordance with chapter 58.20 RCW. The datum tag and coordinate epoch
date (if pertinent) shall be reported on all documents prepared, which show
local geodetic control; e.g., NADS3 (1991), NADS83 (CORS) (2002.00),
NADS3 (NSRS) (2005.50) and other future [standards].


http://apps.leg.wa.gov/wac/registerfiling.aspx?cite=332-130-060
http://apps.leg.wa.gov/RCW/default.aspx?cite=58.20

SURVEY RECORDING ACT 1973
RCW 58.09.070

= 58.09.070
Coordinates — Map showing control scheme

required.

m When coordinates in the Washington coordinate system
are shown for points on a record of survey map, the
map may not be recorded unless it also shows, or is
accompanied by a map showing, the control scheme
through which the coordinates were determined from
points of known coordinates.

m [1973c 50§ 7]



WAC 332-130-090

WAC 332-130-090
No Washington State Register filings since 2003Field traverse standards for land boundary surveys.

The following standards shall apply to field traverses used in land boundary surveys. Such standards should be considered
minimum standards only. Higher levels of precision are expected to be utilized in areas with higher property values or in other
situations necessitating higher accuracy.

(1) Linear closures after azimuth adjustment.

(a) City - central and local business and industrial

ATCAS . v v et e 1:10,000
(b) City - residential and subdivision lots .. .......... 1:5,000
(c) Section subdivision, new subdivision boundaries for residential lots and interior monument control . ........... 1:5,000
(d) Suburban - residential and subdivisionlots . . .......... 1:5,000
(e) Rural - forest land and cultivated areas . . .......... 1:5,000
(f) Lambert grid traverses . ........... 1:10,000

(2) Angular closure.

(a) Where 1:10,000 minimum linear closure is required, the maximum angular error in seconds shall be determined by the
formula of 10 \/n, where "n" equals the number of angles in the closed traverse.

(b) Where 1:5,000 minimum linear closure is required, the maximum angular error in seconds shall be determined by the
formula of 30 \n where "n" equals the number of angles in the closed traverse.



SYMBOLS USED IN TEXT

PEI = LAFITUDE
LAMBDA = L3 JCC
ALPHA = AZIMUTH OF LINE, USUALLY BEFERRING TO GIUDETIC VALL:S,

yrw

GRin QR PLAHZ AIIMUOTHS ARE USUALLY BENSTED AS o
CECASIONALLY USECR T2 INDICATE AN ANGLE.

CELTA = DIFFERENCE

DELTA PHI = LIFFERENCE IN LATITURE
DELTA LAMBDA = DIFFSREHCE IH LONGITUDS
DELTA ALPHA = DIFFERERCE IN AZIMUTH

RHO = RADIDS OF CUIVATURT QF TME AEFERENCE SFHEROQILD. THE OHLY
USE MADE OF THIS QUANTITY IN THIS FAFER IE IN THE
REDUCTION OF ZONTAL DISTANCES TOD ELLIFEQID
TOR THIS PURPOSE, A HEAMN VALUE EQUAL TO 20,%0&

AND DESIGRATED A5 "RY HAS AEEH DTILIZZQ. THIS
FHOVLD WOT BE CONCUSED WITH TEE "RY OR "R " g
USED IH THE COMPUTATIONS XRVOLVEING THE CONVERSI
SEDGRAPHIC PFOSETICHS TG LAMEZRT PFLANE CODRDINATE
THE IKVERZE QF THE PROBLEMS.

ELEVATION AND OH E2 ASIONS MaY THODICATE A
DIFFERENCE LW ZLE

SLA7S QR IRCLINEER DESTARMCT

ETIC DISTAKCE = DISTAHCE AT THZ TLLIPSDID SURFACE.
CRID DISTARCE = 03 ETIC DISTANCE MULTIPLIED BY SCALZ
_{GEID] FACTOR,

THZ DISTANCE {IN METZRS rCR THE STATE GRID SYETE
AND WESD oF THE CENTRAL HZRIDIAH. BEAEST QP THE ©
AMYE FOSITIVE, WEST OF THIS MERIDIAH
&2 QUANTITIES CAN OFZ DESCRIBED INH
AS THE GEFARTURES MIASURED




SYMBOLS USED IN TEXT

EERFENGICULA
L0t
FEICIENMT &
THE ¥ QUARTITIES WI Z PREITIVE.

GAMEE = THE HMAPPING RNGLE IN TEEZ TAMBERT DROJIOTION
TaOiL RED T A5 THE ! A" ANGL THIS ANCGLE :
APPLIZR T SEZODETIC AYIXUTHS TO O3TALY  FLANE ({GRIE
AEZIMUTHS AkD VEICE VERSA.

FOTE: ALTHCOSH THESE AFODCTIONS ARE ROT ErACT, T

IN NESLECTIRG ANOTHER CORRECTION WHICH I8 Edor

SECOND TZRM" [9-t CORRICTICN) IE QUITE SHALL FOR TEE
STATE SYSTEMZ AHD CaN B2 TGNAORED EXCE T FOR TEQSE
QCCASTONE  WHIRE THE MOST ERECISE o JTATIONE
DEZIRED.

THEZ PIANE COORCINATE VALUES (GIVEK IK MHETERES FOR
STATE GRID 5Y 5) WHICH CORZESFOND T0 THE

HORTH 4F THE CRIGIN TO THEIR INTEZRSECTION WETH T
COORDINATES OF THE PCTINTS. THESE QUARTITIES €

BEECRIBED TN PIAWE SURVEYING TERMINOLOSY AS THE LATIZID
HEASURED FROM THE QRIGIN.

IH THE %TATE LAMPERT GRID SYSTEMS ;, TEEZ
METERS FROM THE VERYEX QF THT CONE TO TYE LATITUDES
THE POINTS. :

It THE S5TATE LAMBEAT GRID SYSTENS, THE DISTANMCE IN METERS
FROW THE WERTEX OF THE ZOME TD THE GRIGCIM.

A CONSTANT DETERMINER FOR TACK ZOWE OX BAND &F 4 LANE
SROJEZCTION AND IS EQUAL TD THE SINE oF §, WEICH Is
IZTITUDE ABOUT MIOWAY EET: THE STANDARD FARMLLEL
A mmLrr D BY THE DIFFERZNCE IN SECONDS BETWED)
LOKGITUDE OF A POINT AND THE CENTRAL MERIDIAN
ANGLE IN SECCHMDE FOR THE EOINT.




DEFINITIONS

DEFINITIONE OF JECOETIC AMD OTHR TERVG

ABTRONCIEC AZ TMUTH
At the point of ciserwation, the angls measured from tha vertica plane
thrcugh the calestial pole to the wertical plene through the chzarved
chiact. Astrondmic azimuth iz the ziimith which resulis diractly from
obrtrvations on 1 celestial bedy, and ia usially reckoned from soyth = O
dagreaz. It is affeciss by tha Tocal caflestion of the vartiea)
(etat{on error} shich, $n the US, produces difforencas betwaan
astronomic and sexdatic azimuths of as moch as 28 in tha reuntain
regicns of tha west,

CARTESTAM OOCFDINATES
Feor this discussion, rot 1o be confused with state plana asordinates.
The X, ¥, 2 valuez axpressed on tha W3S data cheots baginning at the
sarth's canter of maes and rackansd from the mesn valoe of the earth's
axis of rotation, nore technically referrad tu as gacsErtric
ceordinates. The I valus 15 the vertical position on tha alligsaid fiom
tha earth’s center of mase.

A datun i. a referance system from which survey wesurements are meda
and are expresssd in quaniities or et of quantities that E&[ve gz 3 -
reference or basic for calolation of other quentities. The valuss or
coordinates expressed originate from a specifiad point of crigin. The
datim may be a local fysiem, a statewide system, a.system that
represents Morth americs only or oould be a wortdwids SYS{aT,

ELLIP30In .
A mathematical madel of a'surfave genarated by rotation of an eNipge
abcut one of 1z axes and g defined by a ssai-major axis ard a Eaini-
minor axis. The allipsdid of the carth is the ellipsoid which mogt
cloeely aperoximetes the geaid, .

EFITRITENTIAL SURFACE ]
A surfaca with the same potential, ususYiy of gravity or of gravitatfon,
& every point.  An equipotential surface is B1£0 referrad %o as 3 Tewnl
suriece.

GECDETIC AZIMUTH
The angle meesured on tha hariZon batwean the merigian and the plane of
the variical circls through & celastizl body correctwd by the lapiaca
corraction.

RECOETIC COORDINATES . :
A mat of coordinates designating the Jocaticn of a paint with roapnect to
tha reterence eilipsodd and with respect 1o the planes of the geadatic
Equstor and a selacted gecdatic maridfan. Ths coordinata sygtam
congiats of an &1t{osoid, the acuatorial plane of tha alltipsoid, ond =
meridionzal plana through the polar axis anil is wprassed in Latituds ang
Long { iude.

SE0ID
Tha squipotantial surface of tha'e=arth®s grevity field which meut tits,
in tha least sgueres tonse, o=an ses lovel.

GEOIC HETRHT .
The' valus ndicating the separatfon betwasn the gerid (ssn level} and
the 2ilipsaid, In the contermineus US tha 2iTipenid i3 above the gecic.
'{h; sllipsoidal haight [h) = height cbove saa level [H) + gecid haight
M), .




DEFINITIONS

GRID ATIMUTH
The argle 0 tha plas of projection botween a straight line and the

cantral Amckdinn of a plase—rostewuisr 22ardinate systen,
LAPLACE AXINATH OR CFECTHH
The Tapiece aziauth 13 & gecdetic wrimsh derived from an astrononmic
ArimAly by meand of the tapleow sgutios. The lsplsce condition arises
from the fect ihai e deflection of twe werticxl in the plane of the
priva vertical »ill give a differues batreen astroncmic and geadstic
Tong! tude and Brtwman astroncaic s geodetic azimsth,
HAPING ANGLE CA COMVERGENCE ANGLE
The anguiar differenca batwesn grid nerth and gecdetic north, which
{rclutes the correction for the “sscond term” or are—to~chars
carrasticn: The sbol 'Y® i3 geomx,
MW FEOJECTTONE i
& system of 'Tines on a plans representing a corrasponding system of
femginacy -1ites on an adopted terrestrial or celestial datum surface.
The ianbert confomal confc profection 12 one of oeny such projections.
PLANE CODIRATES _ :
A cartesfen coordinats systed in the plane, with the axes fntersecting
at’ right angles. In the Wadhingtoen Coordirets Syatam ths valuss ara
identifind ex-"N" for the Tatitudingl (north-scith) position and "E* as

the lormitudinal (eeat-wast) pogiticn,
TRANSFORMAT IO

The' prozass’ of projacting a datum or pafnts on 1t, from its plana onto

anciher plana by translatien, rotation, and/or scalg changn.




TRAVERSING

® w~aD-83 CONTROL 3TATiON

&  TRAVERSE STATION




TRAVERSING

FTERS To COLOUHATE TAAVERST ON VRETENGTON COUROINATE SYSTEX

Gbtatn startiag HES or sider sccepiable cemtrol point with MAD g3
coordimetes.

find acteptable WBS Backsight control peint with NAD 33 coordipates.

Calculata inversa directly from published coordinates to derive starting
aztmiih,

Obtafn closing NGS or sther zcceptable control paint with MAD &3
coordindtes.

Find accaptable HGY forssfght comirel paint with #AD 331 coordinates,

cal:u1;te inverse directly fram published covrdinatas to derive clasing
ariouth.

Determine the appropriate scale {latitude} Factor for the project or for
each traverse line, depending on the size of the project and acturacy

required.

Determine the appropriate elevation factor fer the project or for each
traversa lira, depending on the topography of the prodect and accuracy
required. )

Cokbine the scila and #levation factors for a project combined factor or

cempute & factor for each iipe, depending on the size of the project and
ecuracy refquired., }

Reduce the harizontal distances to grigd by multiplying by the combined
prpject factér or the factor for each line.

If the projact iz smal) and the traverse Tines dre shorter than 5 miles
lamg, skip to step 15,

Use preiiminary azimuths derived from mean field angles and ysing grid
distancas compute approximate stata plang coordinztrs.

Gompute the second term, t-T eorrections, using the approximate
coordinates for each point, . :

Apply ©-T corrections to tha measyred angles o obtain grid angles.
Determine the apgwlar closure and adjust tha angles.
Determing the clesing errov and Adjust the traverse.

The computed fnverses between the adjusted final coordinates will be tha
adjustad grid 2zimuths and distances.

To obtain the ground diztancax, divide the adjostad grid distances by
the combined project grid factor or the combined factor for sach ine.




PARAMETERS OF A LAMBERT
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PARAMETERS OF A LAMBERT
PROJECTION

Soastanty For The Lambert Projection By The
Pelyrnodal Cosfficlant Method

PDascription

fouthern stacdacd parallel

Hortharn $Eaadard parallel

Latitude of grid oiigin

Longituda of the irue aed grid origin,
the "gantral macidlan”

Kotthing valua at geid ergin "Bb"
Zaitipng vilus at the origin "Le”
tatituce af tke trua prejecticn origin,
tha "central parallel®

fina of o

¥ipping radius at Bb

¥apping tadivwz mt Eo

Happing eadiud at the cquater
Northing value at the %rua projection
ocigin “Ba” _

czatral parallal grid zcale facter
sraiad radius of curvatuzz in the
meridian at "pe”

Cacpetic mean-radiuy ¢f curvatura ot
s fcalad te the grid

%5, Bn, Bb, and Lo in dagressi minutes
Mo in decimal degrees
Linsaz units ia Reters




PROJECTION TABLES

Lambhart cenfermal conie prejection with two Etandard garsllels
Flene coordinate prejaction tables

DATUM: NAD &3
The projess=ien 1s WASHINGTONM NORTE

Elliproidal corstancs

a = §378137 @
£+~ 1,/258.25722210

Definlng constants

g = 47 01 (latieude of grid origin)

ipgw 120 BD (longitude of origin and Central Meridian, CH)
g, = 47 30 (southern standard parallel)

y, = 42 44 (northern standard paraiiel}

E, w S00000.0000 m (easting cocrdinate of criging

M, T 0.0000 1 (northing ceordinate of origing

Derdived constankts

L = 0.7445203265853 = sin{g.}
K = 11672405%.555% o {@=appinyg tadivcs at the eguatar)
R,

= 58531778.6028 n (mapping radiuz at grid origim)
Lambezrt canrdinaces {N,E] fren gecdetis posiciens (f,4)

~ 1] sinf@) {¥ is the meridiconal convergen
R (1) + E, [R from table)
By - R cosf{qh + N

)

[r
5

Eatitude . ] singry
Eongitude coslfq)

462773.940

48 7 0.00003 BI29625.930 m -0.00H4971134
538 1242745.530E ™

121 20 0.08900 -0 22 20,1365% - 223397HE
Geodetic posiciens frem Lambert ceoordinates
tan{y} = (B = EJ/[(Ra ~(H - H])

R = (R ~ (4 - Wlsoos(y)

b= hg - orsk
¢ froa takle using R

Longitude

540000.000 m 4a4000.000 m 5723916.36585% mw 48 19 §.7701
130000000 m STRA7T7E.604 m O 24 1.43555 120 17 J13.%40E

WARMING: Use sufficient significant digits for trig.functions




PROJECTION TABLES

Lapbert cenfermal cenle projectisn wich cwe srandazd parallels
Plape coordinate prodjectisn takles

DFUK: HAD 43
The projection i VASHIFGTON 300

Eiligsaldal cunstants

a = £373137 o .
£ = 172%8.35Y22210

Defining ceniCunts

- {letitude cof grid crigin}
30 {longitude of origin and Central Heridian, <)
EQ {southern standard parallel)
; (narthern standard parallalj
500000.0000 @ {zas=ing coordinate of origin)
0.0000 m {rerthing cocrdinate =f crigin)

0.726395784030 = sinfe, )
11760132.8647 w (zapping radius at tha egunater)
£iB3952,.2755 m (mapping radius at grid origin)

Lambart cmn:dina:es (Wl ,E} from geodetie pesitions {(d,4]

{Aaa - ) sinia.) t+ iz the meridional convergence]
R sin[7) + & fR fram table)
R, - B cos(y] + M,

sin{(y)
cosi7) H

p.00000 6045015.043 @ —O0-0M63329566 441680
p.oooke -0 21 47.531241  0.9999759086 3139058

Cszaderie poxitions frem laxhert coordinares

tan{y} = (E - E}/{{R ~(N - W}
R = (B, - (F - M})/cas(s}

A= lpw — ']lf’-f
% from table using R

E - E, R Latitu:
Fy=(K - H.] T Lorgic

540000.000 n 4A0000,000 0 SO44084.6377 m 46 35 30,
140Q00.000 B 504355%.275 m 0 22 45.0V8%1 117 SB 44.

fep sufficient significant digits for trig.functicos




WHAT YOU NEED TO USE THE STATE
PLANE COORDINATE SYSTEMS

m N & E STATE PLANE COORDINATES FOR CONTROL POINTS

AZIMUTHS
- Conversion from Astronomic to Geodetic

- Conversion from Geodetic to Grid (Mapping Angle)

DISTANCES
- Reduction from Horizontal to Ellipsoidal
“Sea-Level Reduction Factor”
- Correction for Grid Scale Factor
- Combined Factor



SYMBOLS USED IN TEXT

SYMBOLS USED IN TEXT

PHI = LATITUDE

LAMBDA = LONGITUDE

AZIMUTH OF LINE, USUALLY REFERRING TO GEODETIC VALUES.
GRID OR PLANE AZIMUTHS ARE USUALLY DENOTED AS q
OCCASIONALLY USED TO INDICATE AN ANGLE.

ALPHA =

DELTA = DIFFERENCE
DELTA PHI = DIFFERENCE IN LATITUDE
DELTA LAMBDA = DIFFERENCE IN LONGITUDE

DELTA ALPHA = DIFFERENCE IN AZIMUTH

RHO = RADIUS OF CURVATURE OF THE REFERENCE SPHEROID. THE ONLY
USE MADE OF THIS QUANTITY IN THIS PAPER IS IN THE
REDUCTION OF HORIZONTAL DISTANCES TO ELLIPSOID VALUES.
FOR THIS PURPOSE, A MEAN VALUE EQUAL TO 20,906,000 FT.
AND DESIGNATED AS "R" HAS BEEN UTILIZED. THIS "R" VALUE
SHOULD NOT BE CONFUSED WITH THE "R'" OR "R " QUANTITIES
USED IN THE COMPUTATIONS INVOLVING THE CONVERSION OF
GEOGRAPHIC POSITIONS TO LAMBERT PLANE COORDINATES AND

THE INVERSE OF THE PROBLEMS.

ELEVATION AND ON RARE OCCASIONS MAY INDICATE A
DIFFERENCE IN ELEVATION.

SLOPE OR INCLINED DISTANCE

HORIZONTAL DISTANCE

GEODETIC DISTANCE = DISTANCE AT THE ELLIPSOID SURFACE.

GRID DISTANCE = GEODETIC DISTANCE MULTIPLIED BY SCALE
(GRID) FACTOR.

CENTRAL MERIDIAN = THE MERIDIAN (LONGITUDE) OR AXIS USUALLY
SITUATED NEAR THE CENTER OF A PLANE COORDINATE ZONE WHICH
SEPARATES THE POSITIVE AND NEGATIVE X’ VALUES (SEE DEFINITION

OF X’).

THE DISTANCE (IN METERS FOR THE STATE GRID SYSTEMS) EAST
AND WEST OF THE CENTRAL MERIDIAN. EAST OF THE CENTRAL
MERIDIAN THE VALUES ARE POSITIVE, WEST OF THIS MERIDIAN

THEY ARE NEGATIVE. THESE QUANTITIES CAN BE DESCRIBED IN
PLANE SURVEYING TERMINOLOGY AS THE DEPARTURES MEASURED

FROM THE Y AXIS.




SYMBOLS USED IN TEXT

THE PLANE COORDINATE VALUES WHICH ARE PERPENDICULAR TO
THE N AXIS. THESE VALUES USUALLY CONSIST OF A CONSTANT
c* X. THE CONSTANT "C'" IS GENERALLY OF SUFFICIENT SIZ“

TO ASSURE THAT THE X QUANTITIES WILL BE POSITIVE.

GaMMA = THE MAPPING ANGLE IN THE LAMBERT PROJECTION
USUALLY REFERRED TO AS THE "GAMMA'Y ANGLE. THIS ANGLE IS
APPLIED TO GEODETIC AZIMUTHS TO OBTAIN PLANE (GRID)

AZIMUTHS AND VICE VERSA.

NOTE: ALTHOUGH THESE REDUCTIONS ARE NOT EXACT, THE ERROR
IN NEGLECTING ANOTHER CORRECTION WHICH IS KNOWN AS THE
"SECOND TERM'" (T-t CORRECTION) IS QUITE SMALIL FOR THE
STATE SYSTEMS AND CAN BE IGNORED EXCEPT FOR THOSE
OCCASIONS WHERE THE MOsST PRECISE COMPUTATIONS ARE

DESIRED.

THE PLANE COORDINATE VALUES (GIVEN IN METERS FOR THE
STATE GRID SYSTEMS) WHICH CORRESPOND TO THE DISTANCES

NORTH OF THE ORIGIN TO THEIR INTERSECTION WITH THE £

COORDINATES OF THE POINTS. THESE QUANTITIES CAN BE
DESCRIBED IN PLANE SURVEYING TERMINOLOGY AS THE LATITUDES

MEASURED FROM THE ORIGIN.

IN THE STATE LAMBERT CRID SYSTEMS, THE DISTANCES 1IN
METERS FROM THE VERTEX OF THE CONE TO THE LATITUDES CF

THE POINTS.

IN THE STATE LAMBERT GRID SYSTEMS, THE DISTANCE IN METERS
FROM THE VERTEX OF THE CONE TO THE CRIGIN.

A CONSTANT DETERMINED FOR EACH ZONE OR BAND OF A LAMBERT
PROJECTION -AND IS EQUAL TO THE SINE OF¢° WHICH IS THE
LATITUDE ABOUT MIDWAY BETWEEN THE STANDARD PARALLELS.

X MULTIPLIED BY THE DIFFERENCE IN SECONDS BETWEEN THE
LONGITUDE OF A POINT AND THE CENTRAL MERIDIAN EQUALS

Y (GAMMA) ANGLE IN SECONDS FOR THE POINT.




SOLUTION EQUATIONS
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SOLUTIONS

T Calae T .
_ CEIOETTE S ar .?_"a LESIBEDET ™ omar g0 o

"= MARNING: Us= sufficient sig-:iﬂ.:ant digits for trig. functions ——

_iven) | AE-d7-08 . agaad Aeriruoe 4= et

PV ' - 3

Lambert conformal conic pru]act;l.u-n tables . — 7"
WASHINGTCH HORTH .
R (metars) l:a.h Alrs. K-

§733331.225 30.8B492 0.89994244 °
5731475.131 30.58%00 0,59964230
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5727771.915 .30,88519 N 95894325
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SOLUTIONS

= 57=_'3r;255.30 FoSaw wg=ib-Ze fR4TP - Sob0dd odors
£729625,030 X g,00 6477120 + 500000903 m

T = a72f& 065435 - SFeef0.Qodam
Foi 773, P40 0 '

T AL T ASLEFAANG A el T

R, — R cos{y) + H,

0,050 @ (northing cedrdinate of origin]
. —
f= SFEAPPF pudT i STEIELE B Sos, @2-22-UyBLES L g dmmgm o
_ = SFSITIRAL08M— 5723075 g QFFIFFETEL fy500m
= 55 37 7E.La3km — BI2D5¢46%8 £ sonddm
sres su¥ a7

sanple 48 7 L,.CO00Q 5i29625.0d30 m =-0.1064971138 462771.5%40 m|
1 (321 20 O0.00Q00 -0 32 20.136%9 O0.99937BEDIE  1324374.508 m| --.




SCALE FACTORS

LIMITS GF PAOJECTION ~.
SCALE TOO EWMALL ~—8F =i

Gerd Olstance A°fa B 15 Smzller Then Geodallc Distance Atn B

Ged Disjanca &'t Df [s Larpar Then Gegdalfe Dlslance o O
Figura 4. 2,-=Ceodetic va. grrld dlatances,




REDUCTION TO GRID

(Geodetic Distance) x k (Grid Scale Factor)



SCALE FACTORS

The =gale fam'-:rr far tha State of Washlngtnﬂ south zone
At ¥7 15 g4, i

LBBEOEZIN

27" se = 49998 §Eo0
27'767 K= 5 9959 J5EF

. doag e =L

- B P8aa ﬂ_j'f:"_-_.__. :
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SCALE FACTORS

TRAVERSE COMPUTATION SHEET
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ciant. Whan working on the #3 systex in wethuaie , 4 VArY SONIRIVE—
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ELEVATION FACTORS

|
=M - _:_'1"‘ Sea-Level {Gesid)

a ~ Bilipsoid

s=n(——ﬂ—jj

R+ N=H)

Where 5 =0Ceodetlic olslance
I = Harironiel Oisiance
H= Mean Elevatlon
H = Mean Geald Helght
r=MWaan Radies of Earth

SEDUCTION TO THE ELLIPSOID

ALASKA




ELEVATION FACTORS

= Ellpsoid
Scilovel (Genid)

)
i:5= e —
m(FvH!‘Ji-i-ilf

REDUCTION TO THE ELLIPSOID
LOWER STATES




GEOID MODELS

U.S. NATIONAL MODEL -- GEOIDY99

(http:/ /www.ngs.noaa.gov/ cgi-
bin/GEOID_STUFF/geo0id99_promptl.ptl)

CANADIAN NATIONAL MODEL --
CGG2000

http:/ /www.geod.nrcan.ge.ca/products/html-
public/ GSDinfo/English/factsheets/gpsht_fact.html

GLOBAL MODEL -- EGM 96
(http:/ /www.nima.mil/GandG /wgs-84/egm96.html)



GEOIDO03

USGG2003 and GEOIDO03

USGG = U.S. Gravimetric Geoid
GEOIDO03 = U.S. Hybrid Geoid

In excess of 11,000 GPS on BMs

(A, B, and 15 Order GPS on 1%, 274 and 3¢ — Order NAVD 88
BMs)

Possibly overall misfit will be about 2.9 cm.



REDUCTION TO THE ELLIPSOID

D
h
H
N S ——
BN
7~ \\‘
R sl e
Earth Radius R+h J
6,372,161 m
h=H+N
20,906,000 ft.

Earth Center

S:DX{ R

+|—|+|\|J



ELEVATION FACTORS

The Blevation factor for a mean elewation of 1941.8 ft.
Brnd a MHMemn Gacid Belght of -15.85m i=

Y - . i ﬂ«-lh_.'"".nlll:"r"_ﬂ. J__-"\_ :f:~ "‘r raver e
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ELEVATION FACTORS

ELETAY 1o%F - ELEVATIOH

FEET FACIOR FERT ERCTOR
1. oda0ec 4500 9ORTRLE

-D%90TEL 5000 IFFTE0

-BREELI2 X500 «9FI7370

+BO092E3 000 9TFINY

- 9009053 €500 -9995BS2

 DOTEEGS TO0D - 9996653

BARASES 1500 B del:la B

,9998326 Booo L9985175

- FR9E0ET

NOTE: UWhere difference in 2lsvation does not exceed 500 along amy Eraversa,
mesns traverse xlsvatlon can be used and ome facter may ba fotarpoalated
for eptire traveréa: YWhem vielsn: differsnce in elavation deeuta,

. Andividual fecrorg mus:c be intarpolaced.




COMBINED FACTOR

CF = Ellipsoidal Reduction Factor x Grid
Scale Factor (k)



CONVERGENCE

Lamber’ Polyconic Lrojecdrion
Washingrorn, Sourd Zolic
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CONVERGENCE
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LAMBERT CONFROMAL CONIC
WITH 2 STANDARD PARALLELS

The Convention of the Sign of the Convergence Angle
Is Always From Grid To Geodetic

Convergence angles (S9)
always positive East

Convergence angles (<o)
always negative West

CENTRAL MERIDIAN


Presenter
Presentation Notes
The International Earth Rotation Service (IERS) is a non-governmental agency based in Paris, France.  Their goal is to produce a global reference system - ITRF that takes into account the motions of the Earth's tectonic plates.  Data from a variety of techniques (listed) are provided to IERS annually by National governments (such as NGS), academic institutions and research facilities around th world.  Use of ITRF is recommended for all reference frames that are designed to use space-based (e.g. GPS) measurements, with a need for international coordination at the several centimeter level.


GROUND LEVEL COORDINATES

“I WANT STATE PLANE COORDINATES
RAISED TO GROUND LEVEIL”

GROUND LEVEL COORDINATES ARE
STATE PLANE COORDINATES



PROJECT COORDINATES

. PROJECT LENGTHS FROM STATE COOADINATES
Engincering prajcis require the el location of construction lines and survey
paints. Since most larpe prajects will be estabhlished with reference Lo conlrol
points on the state coordinate system, 1he constructien plans and drawings
will coplain state coordinales and grid ines. 10 1he state coordinales of lwo’
erds of 3 construction Ene arc wsed lo inverse the line, the gnd lengih and
arid bearing or azimuth will result. The praper length o be taid off, however,
s the aclwal ground length. The differcnce between the grid benpih and 1he
ground kength can be lukcn inlo accound by one of iwo methods, The fArst
mcthod, which is quitc practical, is to ignore the difference. This method
assumes thal Lhe errors in layoul measurements are larger than the errors
iniroduced by peglering the difference between the grid and the ground
distance. For example, in an area whese clevation is 2500 [, the sca-level
reduction laclor is .9998804. Suppose the prid scale facior is 0. 9999000 or one
part in 10,000, The combination factor is then 0.9997804. This means thal the
difference between the ground length and the grid length is ooty 0.02 ;100 [t
or (.22 I/E000 N, This small discrepancy, amounting to aboul one part in
000, could be ignored an most construction prajects. In high country the
sca-level redection factor becomes significant, particularly if the praject lies
in an arca of the siate projection where the grid scale factor is less than unity.

The second methed is 10 compute the combinalioh scaslevel grid lacior,
and then to divide all grid distances indicated con, or derived Mo, Lhe plans
in order ta obtain the correct ground or project lengihs. In order Lo accom-

plish this without misunderstanding betwesn 1he surveyor, cnginesr, and
contracior, a pole should accompany sach comstruction drawing giving
explicil inslructions to the user. The note could possibly read, * All distances
shown on this set of plans (this drawing) ar derived from planc coordinates

-shown on Lhe plans (drawing) are grid distances on the— Coordinale Syslen,
Zone—. To oblain ground distances for faying oot construction lines, divide
erid distances by 00998940




PROJECT COORDINATES

FROJJECST CATLM CAaRDIHATIS

THE HeD A3 PLENE COORDINATE DATY: ISSUED EY THE NATIONAL GEALETIC
ZJRVEY IS AT THE ELEIDSOIL REFEREHCE. TO FROPERLY WUSE TRIS
GROUKD DISTAMCES SHOULD BE CORRECTED BY A BCALE FACTOR AKD
REDUCER 70 THE ELLIPSOXC. TEIS COMEUTATION IS USUALLY MADE USING
A COHBINED FPACTOR. IT HaS SEEN SHOWW THaT TO OBRTATH ADJIUCSTEL
GROUND LEVEL DISTANCES THE ADJUSTED GRID DISTANCES ARE DIVIRED BY
THE COMBIKED FACTDH. T3 OETATH ROUWD LEVEL R FROJECT DATITHM
COoRLDINATES, ALL THAT HEEDS TO BE DONE IS T UIVIDE THE ELLIPSQID
COORDINATES BY THE COMBINED FROTOR. THE DISTANCES CCHMPUTED FROM

THESE COORDIKATES WEILL BE AT GROUND LEVEL.

THERE IZ AMOTHER AFPROACH THAT MAY BE TAKEM WHEN FROJFECT DATIM
COORDIMATEE ARE DESIRED. FIRST, THE PLANE COORDINATES FODR THE
FZXF» CONTROL FOINTS ARE DIVIDED EY THE COMBINED FACIOR, WHICH
BEFRESENTS THEE HMZaW ELEVATION AYD THE MEAN SCTALE FACTOR POR THE
AFEA TO PLACE THE FIXED CONTROL AT GROUND LEVEL. HORIZONTAT GROUWID
LEVEL D-IE-TPL]‘TIZEE ARE USED IN THE COMPUTATIONS WITH FREQJECT DATLM

COORDINATESE THE =ZNWD RESDLT.

E¥TEEME <CaUTION #HUST BE EXERCISED WHEN SHOWING PROJECT DATDM

COCRDTHATES ©ON A PLAT OR DODCUHMENT. IN ADDITIOR TO A CLEAR
EXPLARATION ©F 'THE CCORDINATES, THE COMBINED FACTCE SHOULD EBE
SHOWK, AND THE COORDINATES SHOULD BE CHAAGED LY ADDING OR
EURTAACTING COHNSTANTE OF SUFPTICIENT SIZE S50 THAT THEY WOULD NEVEER

BEE TAKEM AS STATE PLANE COORDIMNATES.




PROJECT COORDINATES

RSJEC

ETEEMINE COMBINED ELLIPSOTD AND ECALE FACTOR FOR 2ROJECT

REEA.

IVIERE COCROIVATES FOR COHTROL POINTE BY COMBINED FACTOR

CR MCLTIFLY EY 1/CF.
FSE HORIZONTRL CGROTGHD LEWEL DISTRMCES.

BATANCE TRAVERSE - RESULTS ARE GROGUNL LEVEL COORDIRATEES.
HISTANCES COMPUTED FROM THESE CODRDINATES ARE ATWUSTED

GROUND LEVEL VALUES.

IH ORDES THAT THE GROTHD LEVEL COQRDINATEES HITL HOT BE

NISTAKEN AS S0CS FALUES, DO THE FOLLOWING:

(81. MAKE COORDINATES UHIQUE BY BROFEING
SoME TICUREE ON LEFT CR ACD LARGE

CONSTANTS.

COCUMSHT, ALI COMPOTATEONS,, PLATS,
MADS, ETC., WITH PERTIKENT DETAILS
INCIUDING COXGIHED FACTOR USEDR. HOTE
FERN LATIPHDE AND MEAN ELEVATION aF

PROJEZCT IN DOCUMENTATTION.




Ground Level Coordinates

Project Datum coordinates are based on state
plane, but.....

Are state plane coordinates!!!!



GROUND LEVEL COORDINATES

TRUNCATE COORDINATE VALUES

SUCH AS:

N = 13,750,260.07 ft becomes 50,260.07

E = 2,099,440.89 ft becomes 99,440.89
AND

DO DUCTHEN DUGTe .



LEGAL DESCRIPTIONS

BASLE OF BEARTNGS FOR, THIS SURVEY 15 N0Z°00'S4"E BETWEEN THE CARED
MONUMENTS AT THE SOUTHEAST CORNER AN THE EAST IARTER. CORMER OF
SECTEON 28, TOWNSHIP 31 NORTH, RANGE 5 EAST, WILLAMETTE MERIDIAMN,
ORIENTED ON THL WASHINGTUN COORDINATE SYSTEM NAD &1 (1901}, NORTH
ZONE.

SECTION SUBDIVIEION INFORMATION SHOWN HEREOM WAS ESTABLISHED BY
GES, AND 15 SCALED TG GROUND DISTANCES WITH A GRID SCALE FACTOR OF
.5530425 AND AN ELEVATION FACTOR OF 0,9900070 BEING APPLIER, FOR A
COMBINED FACTOR OF 0.9955393, YIELDING FAQRIZONTAL GROTUND DISTANCES
FOR THE SECTION SUBDIVISION AND THROUGHOIT THIS MAF,

FIELD) MEASUREMENTS FOR. THIS MAP PEREFORMED WITH TRIMBLE 4005 SE GPS,
WILD 1510 AMD SOKKIA SET 2 TOTAL STATIONS, AND MEET OR, EXCEED A
LINEAR, CLOSURE OF 1:15,000 AND THE LEAST SQUARES ADTHSTMENTS YIELDS A
BELATIVE ACCURACY NO GREATER THAN 0.08 FEET AT A 03 CONFIDENCE
LEVEL, RELATIVE TO THE CONTROLLING MOWNUMENTS (ENCHOMISH COUNTY
GPS COWEROL POINTS #5146 AND #437), '

ALL PRIMARY MEASTUREMENT EQUIPMENT UTIL]EED HAS BEEN COMPARED AN
ADJUSTED TQ A NATIONAL GEODETIC SURVEY CALIBRATED BASELINE WITHIN
THE LAST YEAR

THIS SURVEY UTILIZED CHICAGO TITLE REPORT NOE. 163284 & 63066,




LEGAL DESCRIPTIONS

SAMPLE

LECAL DESCRIPTICN USING WASHINGTON COURDINATES

That pnrtinn of tha aoythuwest ane-guarter of the northwest ane-—
quarter of Seoction 15, Tosmehip 12 North, Range 19 Eaxt, Willamatte
Meridian, situete in ocounty of Yakima, State of washingtaon,
described a5 follows:

Camirencing at the northwest corner of saild Saction 1l&,
having grid conrdinatés of B £38 136.45% and E 165071%.03,
Sonth ZIZone, HWashington Coordinste System HAD B3 91
thence South 0°21701Y West, a grid diutﬂnﬂq of 1,388.13
fest along the Wast 1inm of =aid Saction 16; thanca South
£9°33/50" Emst, a grid distance of 173.54 feet to the
True Point of Baginning kaving grid ovordinatezs of %
435747.20 and £ 1550884.07; thence Worth 79"E5 35 Eagt,
a grid distance of 149.97 fest; thence 3outh 107047240
Eant, o grid diptence of 149.97 fezt; thence South
79555340 West, B grid distence of 149.%7 feet; thence
North 10°04°24" Waszt, a grid distancs of 149.37 feet to
the Trae Point of Beginning.

All bearings snd distencee shodn are on the Weshington
Courdinate System NAD B3/91, Souith Zone end the combined
grid factor is 9.992 5308

NOTE: TO OBTATIN THE AREA AT THE MEAN RLEVATION OF THE PROPERTY,
DIVIDE THE GRID AREM BY THE DOMBIHED FACTOR SCQUANED.




METER TO FEET CONVERSIONS

5 AMPLE CONVERSIONS OF PLANE COORDINATE -

VALUES FROM METRIC TC ENGLISH UNITS

spL7 I: Comvert NAD 83 State Flane Coordipate Talue ip Hatsra fo Falue

Expressad in V.5, Jurvey Feet £1200/3%37 metiz)

(] zater = 19,37 {nchad exactly = 293771200 i.u'l.}

Werthing (msters) = [3937/1200) U.5, Survey Feet/mter = Northlag (V.5 Survey Fakt}
PR, 471927 m x (3937/1200) U.5. Survey Feet/meter = 324,552.517 0.5, survey Feel
Egsting (meters) X {3937/1200} U.5. Survay Fret/pefer = Easting (U.5. Survey Feekd

G02,2542.230 m = (3¥X7/L200) W.5. Survey Fect/oeter » 1,975,B56.383 U.5. Survay Fest

SXAMPLE 1: fomvest HJ'.J.i. 83 State Plape Coordinat: Yalue inm Mxters to Valos
Expregsad in Intermations) Fest £351/12%0 mater)
1 inch = ?.54 centimeters exactly}

1 foat = {12 inftt x 3.54 cnfia) X (1 @/100 ) = 03048 m = 381712450 m

Norzhing [meters] = £1250/%81) Inurr}ltiunu Fasr/mter = Horthivg {Internetional Feut]
95,923.927 @ = {1280/381) International Feet/mecar = 324 553. 566 Internstinoel Foet
Eascing (moters} & ¢1250/181) Internecional Feegfowier - Easting {Interertlonnl Fumt}

S0z, 362 .10 m = {12507381} Interuaiional Fexpt/meter ~ 1,97%,260.395 Interrationnl Fext




NADCON

£ =+0.12344 = +0.12249
B = -1.87842 “B = -1.88963
£ =+0.12354
2 =+0.12438 B = -1.8594
‘B = -1/86547
2 =+0.12423 2 =+0.12568
‘B = -1.81246 B = -1.83364
2 =+0.12431
‘B = -1.86291
2 =+0.12441
B = -1.83879
£ | =+0.12449
Y8l = -1.88905
2 =+0.12640
B = -1.85407
2 =+0.12499

B = -1.86543



CORPSCON

m http://crunch.tec.army.mil/software/corpscon/
corpscon.html#download
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