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A PRESENTATION Phoenlx,AZ B5009

OF
ARIZONA'

STATE PLANE GRID

CO.ORDINATES

AS SPONSORED BY:

HOLMANS
CAD - TECHNOLOGY & SURVEYING SOLUTIONS

FridaY',JULY 19th, 2002
, Hawthorn University Center

,Hawthorn Hotel.
3353 East University Drive & FlO'

, Phoeni;x,Arizona ' "'"

Instructor:
Gregory e'Gregg") ,M. Tuttle, AZIPRLS.

, 'Manager, Land-Surveys Division, .
,SRP (Salt River Project), ,,'

RLS member of the ,
A.rizona State:Boaid of Technicai Registration, '

Chair, Legislative & Rules Committee

RLS member of the
Arizona Geographic Information Council,

Chair, Parcel Identification Committee,
Chair, Geodetic Control Committee,



Gregory M. Tuttle, AZ-PRLS; FACSM

Since 1-1990, Gregg has been the manager-in-charge of all professional surVeying, (both
engineering and boundary), for both the water and the electric-power departments of the
Salt River project (SRP), the nation's' third largest municipal power district. The annual
budgp.t<lrY expenditurn for this surveying op!ration c1i'Edi1 excess of $6.5M annually.

He has been an Arizona Registerecj Land Surveyor, (AZ-RLS, # 11121), since February, 1977.
He has over thirty+ years. of surveying experience, including 20 years in the Federal sector,
concluding as the Chief-of-Surveys for the. United States Department of the Interior's Bureau
of Reclamation's Central-Arizona Project, from 1984 through 1989. As a federal surVeyor
manager, he was responsible for geodetic, engineering-surveys, and land surveys in ~everal

western states, including all of Arizona, southeastern California, and western New Mexico;

Gregg is a member of National Society of Professional Surveyors (NSPS), the American
Association of Geodetic Surveyors, (AAGS), the Cartography and Geographic Information
Society (CaGIS), the Geographic and Land Information Society (GLlS). and also is an
honored Fellow of the American Congress of Surveying and Mapping (F-ACSM) and has
been a member of ACSM since 1975, .

He is also an associate member of the California Land Surveyors Associations, (CLSA), the
.' Professional Land Sl!rveyors of Colorado, (PLSt), the ·New Mexico Professional Surveyors,
the Nevada Association of Land Surveyors (NALS) and the Texas Society of Professional
Surveyors (TSPS). He was also a long time associate member of both the Montana and
Wyoming state societies of professional surveyors. ,
He is a past state Chair of the Arizona Professional Land Surveyors Association, (APLS),
from 11/94 through 02/97.

Since 7-1997, by gUbernatoriai appointment, Gr.egg ha~ been the Registered Land SurVeyor
(RLS) member, on the Arif:ona State Board of Technical Registration (AZ/BTR), and was its
Board Chair from 7-1999 through 6-2001. He is now the Chair its Legislative and Rule
Committee. He is the AZ-BTR RLS representatiN'e to the National Council of Examiners of
Engineering and Surveying (NCEES). He is t-h~ ~hair of the Land Surveyors' examination.
review workshop and evaluation committee Tor Arizona. From 1995 - 1997 he was actively
involved on the BTR Enforcement Advisory committee, as a case assessor, an~ committee
chair for land survey investigations. His most recent, major accomplishment was as Chair
of the combined AZIBTR & APLS committees, (11/99 - 04/2001), to revise the Ariz~>na State
Minimum Standards for Land Boundary.~urveying,official as of 2/14/2002.

By gubernatorial appointment, iii 4-2001, Gregg is the professional surveyor, member on
· the ArIzona Geographic Information ·Council (AGIC), and has been previously active with
AGIC since 1993. Gregg is currently .the AGIC Chair of the Parcel Identification Committee,
and responsible for the Geodetic Control Working Group.

Gregg is the Survey Chair of the Arizona - Kachina Chapter (# 28) of the International Right
of Way Association (IRWA), and writes the monthly "Surveyor's Corner" series of popular
articles.

· Gregory M. Tuttle, AZ-PRLS #1121, & Fellow, ACSM
·manager, Land Surveys Division
SRP • LAND DEPT. (mail stop PAB-15.8)
Address: 1521 N. Project Dr, Tempe/AZ. 85282
(MAIL: P.O. Box # 52025 PhxlAZ. 85072-2025)
(Phone: 602-236-3170 I fax:--602-629-8360)
e-mail: gmtuttle@srpnet.com

The RLS member of the AZ.- Board of Technical Registration - http://www.btr.state.az.us/
The RLS member of the AZ. Geographic Information Council - http://www.land.state.az.us/agic/aaichome.html
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How 'long' (as measuredidfietris ~n "arc';;sl!~&;rtd"
of Latitude, and of Longiitude?

Use the~JI'llP'~fQrmul~:, L..~ 2TTRA/360°
L =length ott~~atc:(hi fe~t.) ." ,
1T = Pi = 3.14159265;4 {for this eX'ample).
R =Radius of the Earth; (w~~sed Clarke's Spheroid 1866..., in FEET)

11 =ANGLE (in degrees) as sUbtended; (in this case: 0000 00' 01.00")

L =[21T(~(l,906,OOO-ft)1 X (000° 00' 01"/360°)
L = 101.3$51-ft.· .
Use 101-ft (+/-) as a g()od~roximator"for one-arc-
second of Latitude.

REMEMBER: @ the EQUATOR BOTH LATITUDINAL &
LONGITUDINA,L. DISTANCES, for one (1) arc-second,
are Equal. '. . '
And, Remember, that Latitudinal distances (N ...5 distances)
remaih constant.

However, the Longitudinal distances DO NOT remain
constantir

At the Equator they still equCiI about 101-ft (+/-) for each arc
second.

However, at Latitude N 33.4° they are approximately 85-ft (+/-)
for each'are-second

To "APPROXIMATE"-fhis, multiple the cosine of the latitude
by 101-ft.

At Latitude 606 there only 50+ ft (+/-) per each arc-secOnd of
Longitude.

Factoid extra - # 1
Page 1 of 1 7/13/2002



CLARI(E, Alexandel' Ross

born Dec. 16, 1828 , Reading, Berkshire, Eng.
died Feb. 11, 1914, Reigate, Surrey, Eng.

English geodesist whose calculations of the size and
shape of the Earth were the first to approximate
accepted modern values with respect to both polar
flattening and equatorial radius.

The figures from his second determination (1866)
became a standard reference for u.s. geodesy,
even after the acceptance of other figures by the
International Union of Geodesy and Geophysics in
1924..

Appointed to the Royal Engineers (1874), he
remained with the British ordnance survey at
Southampton from 1850 to 1881, except for a period
between 1851 and 1854.

He was responsible for the principal triangulation
(long-distance trigonometrical surveying) of the
British Isles and published the results of the first
geodetic survey of Great Britain in 1861.

Entrusted with comparing the standards. of length
for measuring 'an int~rnational arc of triangulation
from Ireland to Russia, he published results in 1866.

His GEODESY (1880) has remained one of the best
textbooks on the subject.
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http://www.srpnet.com/Salt Riyer Project (SRP)

. http://www.acea.org! Arizona Consulting Engineers Association (ACEA)

http://www.ca.blm.gov)we.bmanuallid2.htm BLM - the nManual~"

GREAT surveying websites:
(wI an AZ bias)

,.

BLM~ AZ Cadastral offices

POB (formerly RPLS) messaging

ACSM (NSPS & others)

BLM - the "Casebook"

the 'other' messaging board

NCEES (examinations) .

Western Federation of Professional Surveyors

httl2;!lwww.btr.slate.az.lIs!·AZ/BTR

htto:llwww.azpls.org! APLS

http://azwwv.t~az.blm.gov/platslcadhome.html

http://www.igc.topica.com/lists/AZSURVEY AZSURVEY

http://www.land.state.az.us/agic/agich6me.htmIAZ Geographic Info Council

http://www.Qcio:-ne.f.com/.....users/S/sowens/ APLS .. Saguaro Chapter

http://www.d~tco.pjma.az.us/gis/mapsfcontrollindex~htmPima County GIS

http://www.dot;co~l?ima.az.us/gis/maps/contr~lfjndex.hbn
Pima County DOT - City of Tucson DdT Geodetic Control Points

http://www.mcdot.maricopa.gov! Maricopa County DOT (*which wm have a
link to the MIG G~od~trcl?ata and Cadastral Survey * within a. f~wweeks.)

(wl0 the At. bias) ..

http://www.wfps.or~!·

http://www.survmap.org/acsmintro.html

http://www.ncees.org/

http://wwW.or.blm.gov/NILS/cas,ebookl

http://www.i-boards.com/bnp/pob/

http://www.forumboard.net/1635/
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In the more than 67 years since the deyelop~~n:tof the ~TATEPlap;~Co6rdinate
SYSTEMS, most States have passed legi~l~tionpermitting their use in defining'
property boundaries and for other purposes.
BUT, most land boundary surveyors do not utilize.these systems.
During this 65+ years thel'e have been many papers presented whlch described the
value or the STATE Grids and provide, (often in great detail), instructions on hoW
to employ thes~ systems, including the computations involveq.
And, although recently, more surveyors have shown some increasingrIJ.ter~st in"
STATE Plane Grid Coordinates, the nuinhel'sare still a small factor of'ihe entire
surveying community. .

We will attempt to review and explain both the system based on the NAD..1927
geodetic positions and also the system based ,on theNAD~1983 positions, and also we
will note, that due to refinements constantly being made, such as the U$~ of Global '
Posith>n~ng Systems (GPS), surveyors shQ1.lldbe a.ware of and ttnder~tandwhjdhree
sets ofstateplane Grid coordinates are possiblefor the same point, and most .
importantlv; how to differentiate b.etWeen them;"'" " .,'"

This system has been much misunderstood andlittleutiliiedby~utv,eyorS,~inc'e'its.
inception. With' geodetic quality densificatiOIi o,f' control and IIDprovea acc:urades in .
the system now afforded by continuous adjustments of the horizontal controf
netyvork and the increasing,use of GPSthe~etiiphasisto'inetea~etlsage of the
AZSPGCS will undoubtedly increase.' "

" However,· as mallY are becoming increashiglyaware,lhe fuany chatiges'mad~"since
by the new adjustments with the advent ofGPShave created added cQnfusion to
what was already a confused system for most surveyors.

.It is the attempted 'goal of this presentation to act as'an introduction which will
assist Arizona surveyors in overcoming their reluctance of employing Arizona Stf(lte
Plane Grid Coordinates.' . . ' ..

We will give a history ofthe PLANE fi\I{I]),Co'ordinate Systems, and thcntoctrs ~ri. .
t~ose PLANE COORDINATE Syst~ms most often used in ARIZONA..'

We believe that the systems are fair easier to understand and use than mQst
surveyor believe. .'

As a new generation of surveyors is assUliiiIig,its place in ou:fchosen profession', we
hope that .the AZSPGCS will take its place a ve,ry special and helpful tool, especiaJly
for the professionalArizona land boundary surveyors.' . ' .
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The Arizona Plan~,CO,ordlrJat~,SY$t~1T119?3 .'. '. -. . .
R. L Lawrence Jr. pim~ CoqntyTranspcJftatidn'$urvey Sect~cjlJ,_ 6/1990-

"? . ,"".' ,~.:,. ' ~.. .

State Plane Coordinate System' of 1983
NOAA Manual NOS NGS5 -." JamesE. Stern, Rockville, MD 1/1989.". .. . . . : ";:.. ' ,- . . . ',-. .. .', --.'. . .'.' ',-;;, ,;...~~::.:: ..'. ~':",~', -:' ". . .' .

.: " .. ~.

.."'. .

.,REFERENCES

I

I

North American Datum of 1983'P/~:ne::C()ordihatesancJ
6i!ittirrITf2j:tlsfofm.ii~i()I')SbY:;QaMigli;,~.~gqrle.,r'!.G.S;(,C!spre.$enteqat,
the TSPS AnnueJl Conferenqe, $an Ant9vjo Te)(as"B/1996 ".' . - .

. .' . '.": ~ "', ....,: '. ". - "'. "... "

_ REFERENCES
Page 1 of3
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r.~~6!;:!;fi~(~~~ic~r~~t~~~;:&~~~7:e;U~~~ors{ ....
Special publication N&'235jobyH-ligh C~Mitchelf.'&'L8fjSil1g G.Simmons
US/GPO, Washington 1945 .-

. '-\,-, " .. ~.,. ':.. "" ", ":r.. .: \.:.-' ,." ': '. ::_:~,::·:,.::~":t.:~.\ ..::·. ':'; ?:.-. ':":'~:":;: ""'"''''~:''.' -, ':;, .,.•:' .;'

Plane Coordinate PrQJectJ;ci.Qt~$'~-~ltt.Qri~'
u.s. Department of Commerce, 'CaBstand Geo:deficSiirvey,
Special PllPtfc:;a.~i:0n Nc~257,U§/Gl?();:Was/;1ingtQI1' 19§:1

.Fundamentals 'of the state' PJi1il(JCOorC:JJrl~,,f~"-syst~ms
u.s. D~pt. of Commerce, NOAA NOS
NGS bY'~CJ$f#P/;1'F/Drqc;lJPi RQ(:k¥ill~i"M4: .QI;JQ74\ . . .' ,-;',' '. . ".' :".-.. .':,.";. - , .:.".. ". . .~~

Understanding the State'F?laff~::G~d,tqJH~t~'Sy~tems
u.s. Dept. of Comrpe(ce, NOAA N,r;>$., ..... ..' .. ' ",_" ....J

NGS by Joseph F. Dracup, RockvilJe, MA- Preprirlfof 1/1997

Methocfs f~r C1i!AV~;;;qgg<ir;I.~if,lJ~tiJm"R1~lf~.
'Coordinates to NanhrAameric';JD Qa"fum,Jif':t9~3 . .
surveyihf1ani:JLJand:IHf6rmfitibn:SY$tem$)'''IOI.:~,51j;\i:jp~:~,'Jf~9{:,Pp•..75~82
by: Joseph F. Dracup, NGS retired.: ' .... '. . . .. '. .- "

IV/anuaJ ~f PJan;·cri~rdif/.l!cte. C;!J~t~i~J;"."c
. 'u~s: ~epi:iffm.en.-t.ofG6tnf11~rt;e}Ci:ra§t and, li.~R~f#tIC':~If1/iI~K, > .;"'''.;' . . .. ,'

Special PublJcation No. 198,,/;>'¥ O$.c:ar:$.,1Ac:f9;1J1$~ Ph;:U'[If;S fl. Claire,
US/GPO Was1?ington, 1948, reprinted 9/1971 ...,. . .
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State plane coordlhiiltes ill Mddem .Surv'eyitfg·' Practi'(;e
by R.J3. Bu,akner."Ph.D. LS, PJ;, planner, .Copyrighted 1993

. .- '::". ~ ..>. ~'~:, -,.,j~:\ ~-.~." ~ : --" ".::':',:.::! ,;~ ":= .. ~~........; -:•. " •...•. :'··':_:.·~'~:¥,-1.·.,.~'.:· .'-' "". -1.."'. . . '".
- - . '.,"~' .... ' ", .:" r:

'.

Geodetic and Grid Afigl~- $·(at~ CQQffpinate Systems
u.s. Dept. of Commerce, EnvironmeritaJSciencifServices Administration
USC&GS Report No. 36, by Lansing G. Simmons, Washington, 1/1968
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GEODESY for the LAYMANJ/!JMA:~Techfli:CarReport)
DMA TR.8Q.:l)Q~Th~J?f#(el1$~ntlappl!19 Agf#".cy
u.S. Naval ObseNatofy,'·Washiitgfon' 3i1:984~;/:·;'
(available on 1i11t3at: http://164.214.2.59fGahc1G/pubs.btml)

. ,'.- , ~,,' '-" ..; :\-y: '. I'J.~~"'.-" ',' .
• ';.i- .....: ~.:

srArE pt~NE:COORDINA·Tf£S·IN<M()t!JIERN;:S(JR\fE,YING·
PRACTICE by 'it.' B. 'Bu&kri~r,;'PlfD: [S/'~E~\·Pla~ner·1g94:··'. '.' ;', .. ~ . ..
125 pp. Regular price$4$,;A.J:;SM.mf#,IJ)P~rpr!c.f# $41. Order No. S312
on-line at: http://wwW.suWiTiap~off,lfj§firveYing.¥itml;i'''r.':'";/' :~-. '

• ~ ,", - , ., :.. ""': .. :"':i-, :" .", - ~ ":". ";".:.: :~. ;:.'-', . '; '. .

:. .". :.." .....

.We'Ve Missed thi{P6lhf oH :S'tai:~'Plarie Cc:Jo·rdin:a'tes,
articJ::~J:W"PY~;';~ri~hIcc.kn.rr, Bh.q~ ~$.i.1J.thf!,,~~!JIFeb 1996 issue ofthe,ACSM
BuJl~tin (pp; 22-·19)' . ".. ... ' .: .,:"'-";";':.'. ,.. ,.: ... .... ... ,:.;-

;" ..", ;'." ,"

.:-. "" .:;.:. "." :" :' .;,' :'".~. ,,_:,~ :: r'.: ,,"'-:':,.:: .:.: .... ': '.. -" ~.'. "', ." .
.A man:ual OTJAstrQn!pl11.l~til1rl·C7;trc!f4:?f.ml!t.ff .
R. B. Buckner, Ph.D., LS, ·PE,·Plarmer, Lahdtriafk' Enterprises ;,. .
Rancho Cordova, CA 1~t Edition, ~9.84

REFERENCES·
Page 2 of.3

WORLD GEODE;ttt:;· S'(~rEM 1984 - its pefinition and
Relationship wi~J:1·Local G~9CJetic"Soyslems . ... ,
Dept. of Def~nsfJ;N1JVIA: TR8350.2' : ~f1. Edition, 1/1997
(on-line at: 'htti£/lI6~;2·14~2:~59tGithdt?IJ:)(jbs.:htinn) ....

\' ;;'.\. ':,:~ .. :~':' . - . \,;:/.: .' "; ,

.'. ,";

The (jNiVER§~4,GJ3JIJ§; .. U[1iv~r$al' Trflnsverse Mercator

b~~~~;~~#MI~Jc[~~:~~i~!f=~:j:::::~,i.,.. c,'
Faiifax, ..VA/9f1 sJCS9 (ori41n£i;atthtt/j:11164~2:14.2~59IGalldGlpub$.htmn: .,

DA7;UM~J,,:~LLIRSQt[)S,l;RI12~,and.C!~I[)REFEREIJC~
.S'YST~MS'·-···Q,ei~n~:~..,M~Ppiog~-4~,y,~:6it~~h~lc~1··ft~ij~~~.··~~5~~ 1
, FairfaxVA,·9/1900 6Gn..Jin~:~t: http://164.214.2.S9/GahdG/pubs.fitittf)···

. - ,'",- -.'. --'",'. ;,.....- ... '.. - . ," . - . , - ,., ", ""'.' - " "; ; ',' ". - . ," ".':; ~ .;..'
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The North American Datum of 1983
H. W. Stoughton, Editor 1983: ACSM; 48 pp. Regular pricii$13;/1CSM

memberprice $10. Order No. S281 (order on-line at: ,:/. . .~,. ',:~rit'" .
http://www.siJrl1rrta(j~btfl!bacsiribest~htmlJAcotlettitmof:papsrsd.fj~~l1blng the
planning and implementatIon of the readjustment of the North AmeriCan hij'i#"nta/' .
network. ., ." ., , ' F' .' . ','

. 'f )'.

INTRODUCTION TOGE(][)ESV: THE I;IISrOR'IAND.
CONCEPTS -OP MODERN:@EODESY by: Jar;nesR. Smith
1997; John Wiley & Sons! l"c

7
(softcover);240PP" ISBN 047t-16660-X '

Regularprice$50;':ACSM,'memberprice$45.0rder No'~ S29
oni.i1irie at: hftp:!IWWW.Sl1rVrrtifp.or9lbsuNr:fYingJ1fml

. .

Basic ~aQcle~y:Jn.tiociJuctiontoJheHisJoryand·
Concepts of,·,Moaern geoaeSY":'by:Jam~sSmith'
1988: Landmark Enterprise$ (softcover); 151'PP~,' ISSN-0-910845-33-6.'
Regular price $45; ACSM memberprice $41. Order No. S295
on;;;/irie at:http1/Iwww.survfriap.otglbsurveying.html

..<. ,.:"; .

GPS & ~PJtltfJl~a,$JJt~Jjle.tlts'-Why [Jon'!'Th,ey Mate!)? e.-

by: J~~$~·Kqil~wS1ft.P.f.,ti,G1;'~'prCJj~c.tJk1~n~~~rait'~yjotvvis~man.•~. '.' .
TaYlor.-·?$,Pr~~f3Rt~d::il:tth~N~w-\..f~r~~f$Oci£~ty ofJ:rbfesSLC?niJ(land '.
Surveyors, Atlimtlc CitY, tvJ 02l200()"" .. .. . . '. '.' '.
available on:-lipf!#Jn PQFClt:http://www.profsurv.comlpdfIGPS Vs EDM.pdf..' . . ~ ., . : .. . . '.' .. ~ . . -.'., ' . - - .. , . . , ' .

,~ ..

'.' ,J .. ·1', " .• , •••. ·.·e··>,·... ·!" .'. .; •.;, " .:<, .' ,:",:;' ., .... '........ 'ND ··CC. , •.•..~~' 'e'

GLQSSARlliS FOR SURVIEYORS.2 . EditIon..;,
·Collect~dbYRoy Minnick'/Landma;'k~~terpri$~sjRa'ncho GQtdQ~a:.ci:4.·:1P[J.9 .
This collectio!lr;.p,nta.ip$(am~m.g,Qther$)t;,' .• , ',;' :;: .

.GEC>DBTJO:G~·OS$ARY;'NGSRbckviIJe·MD1986' " ,

GLOSSARY of MAPPING, CHA·RTING, & GEODETIC TERMS
.byth'e·O~S.·Dept.:?fl!Jef~nse, DMA,Wasl1inglo.rJ,4thEditioft, 1981 e "

J~\.~-; ~ ... .., :·"·,;·1·~··
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BRIEF HISTORY OF THE STATEPLANE,COORDlNATE SYSTEM

For the last one hundred years and more, surveyors, engineers and cartographers have
been seekitl9 ways ID. wWch to cooJ;diAate V@9USS1.1fVe;ys and maps together. They have
,created sUrVeys ofincreasing accuracy and precisloIi, with superior monumentatiori,
whose stations serve as starting pomts fpt reSQtVeys ~d Ii~wst;trveys.

The backbone ofthis concept has been ~d,COIltjnlJ~~i,tQ.be, tb~, geocleticcontrolstation
'mon,uments ofthe National Geocletic Surveys,N(]-S(~d before 1.970, the)J.S. Coast~d
Geodetic Sllr'Vey, USC&G$). Designed origimillyto proVide contIol for federal surveys'
_ ~~, tWs~;ystem cqIll'pri~s,al1flPpnal-wi~e~ '5o,~~en!~pe¥o~~,~nnecting
~un~$-~f-th6usands 'ofmatked pomts'whoSe geodetic positions (1atitude and
longitude} control a myriad oHesser surveY$/andar,eytii~b~isf,ora:vaFj~ty<>ftm!pping,
productss.uehas theUs'GS 7,1/2min'Qte series:ql,ladr~gles.

But, the geodetic survey data (la.titude ahdJQng@d.e;;~kats & i~ng~~I)requires a degree'
oftrainfug and usage with which the land surVeyor, en'gineer arid'cartographeris .
ordinariJy upaPHl,laintePi"~o~Il1~aJ:lS weJ."e,§9ught fqJ;,~g~o4etip.!$lID'~Yc:l~ta~"

i~iii~~tW4'$1J~~1l1~
~ ". ; ,.

In 193~fthisIleedwasstibmltted to thebSe&Gs' hya ~t~'highW~y eligfue~r, who
sought a niethod ofutilizing the geodetic data over an entire state, which would involve
only the fo~uJ,.~:efp~~~,s1.1fVe~~..•,JPis ~rpV~l.~P,Qut~y,estaJ.?U$bm~~t 9:ft!:l{( tl9rth
Carolina C6\jid1fiate System?bybletms'ofwh16lithegeod6tIcpositi6hS'tliltS&10Ilgs) " :'
could freltfafilifomied into platie;;rectangulat ," (x'andy);eoordinateso,n a smgIegrid; and,"
surveys in all parts ofthe state referenced thereto}'s6that~Sl11'VejhntontiJIieI1t$~ .
landmarks could be, acctiratelY'desc11.oed'bYtfie,:Statmg,/their'COQd,Unates',REFER.'REQ,.TO
A COMMON ORIGIN OF THE GRID.

Withfu a yea~, a'sipJil~systeJ,ll had,beeD;4evise~fQr e~cb Qftl1e ~~tes.,,~or som~pf th.e
states a single origin and meridiati ofreference were suffident. oiher states, because of
their large size, were each divided into several zones, each zone having its ownorigin
and reference meridian~ It is now the practice ofthe NGS to compute and publish the
coordinates qn the appropriate state ~stem, ofstations for which it d,etermines the
adjusted positions on the standard geodetic datum (the North American Datum of 1983).

One result ofthe growing use ofthe State Plane Grid Coordinate ~stems in engineering
and land surveying, is the formal recognition given the systems in various state .
legislatures, by approving model legislation m adoptmg these systems in the statutes and
codes ofthe various states (see ARS-33-121 TO ARS-33-128).
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STATE PLANE COORDINATES 
ADVANTAGES AND DISADVANTAGES

DISADVANTAGES:

Con:fusitlg, misunderstood, too complex.
Grt<l distances are not the same as ground distances.
Grid ,coordinates derived from sources that are questionable.

ADVANl'AGES:

Measurement.tool,. ifan entire·area is reference4 to the system at accuracies,
approaching'second order, all new land submvisions,n:1apping, utility, ~eet

,planning and retracement work can be done much easier. This is true because
the coordinate values provide a method ofindirect measurements. By inverse
calculmions fOJ; le;ngth and .direction, $Y,stem users ~ve.a reUabl~ 1lleasur~ment

and this can avoid the necessity for dire~t IrteaSutements bet-w:een\hitelated ..•.
structures.

Preserving Evidence ofMonuments - Mathematical monuments are
indestructible. They can be better than ground references, and can bea highly
iIn.porti:l.Ilt part ofretracemeIiteviden:c.e~ , ,.'.

Features and facilities properly 10catecI and referenced via Arizona State'Plane
Coordinates are also referenced to the National Geodetic network, as state plane
coordinates can be CQnverted to latitUde and longitude, and as such, can be
refer~nce<:l to, fWy o:tli~:rcartograpl1ic JD?ppjIIg SysFemthat i§,~~g base4 011 latitude

, and l?ngitude.". . ,

Integrated Land Systems -- Ifall cadastral, engineering, natural resource, taxation,
and'other land-related information is coordinated and mapped using a common
grid; all planning and surveying in the future can be conducted more efficiently.
The Arizona State Plane Systemprovides a common base for building a common
future database. The more it is properly used, the easier it will become'to use and
develop modem land systems and GIS'. Arizona State Plane Grid Coordinates are
currently used on all federal projects (within Arizona) and by ADOT, MCDOT,'
and tJre.· various munic.ipalities, (l?.b,oenix, Scottsdale, Tempe,¥esa, etc.)' for their
various engineering and mapping projects. . '.
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WHY EMPLOY
THE STATE PLP.NE COORDIN~A.TE SYSTEr¥1?

'. ' No :point,can ev~r be considered ,egaHy'los1: s.ince
it can b~ r~positiohed to original accuracy ','

• AU sur'leys correlated to 'a single reference
.c-..... n-.::-.u:iO... t ,;., " , "
HallfClf~ I:\.,

• 'Sordering and overlappipg, mapping projects are,
..:. . .conslst.ent

, "

• FevJ .biunderswHrgo undeteoted iT tVIO armore
coordinat~dpoints ,are' used to pontrOI asurvey. ,

-,

Source" ", ' """ "'"." - """
NO;J.l ; ..metiCfui. Datum,of 1983 Plane Coordinates" and Datum Transfomlations
P'-e~"-+"d 'b-y"' D" ~a.·\na· R- Dovle National Geodetic Survey , ,"'J. ~vll\"'\,J .. . "J.. .. ." - ,- - • : - ' A

, At: t.1.~ .~nnu.al TSPS Conference in Sa:.i. Antonio Texas, A~g0.St 2""" 19?o

'•,
",
I

•~-•
•,,
,
•,
~

•,,
I

••~,
•~I)
f
~



;1
,

I_~'- .
(

I
:1
'I
I-
'I
I
1-,
i , '

il
I
'I
)1,

'I'
il
I .

:1-

:I~· ..
i

)1
) .

II
f

. .

ADDED r.dOUGHTS .A-.BOU'I' THE STATE
PLANE COORDINATE SYSTEM

e THEACCURACYO;FASURVEYHASN'OTBING
T'O DO \\rlmWHETHER OR NOT STATEPLA..NE
COORDINATES A.RE USED

,. COMPUTATION TIME IS,::NcGLIGIBLEt
, ADDITIONAL COSTS i\RE DtJE TO FIELD

OPERATIONS N"ECESSA-RY TO'CO}mEcr
SURVEY TO POINTS OF ICN:OW'N
'COORDINATES:;'"

/ '

Source:
'North. p",nlerican Datum of 1983'Plane Coordinates ~dDatum Transfomlations
~resented by: David R Doyle, National Geodetic Survey , ,
At: the Annual TSPS Cop..ference'L."'1 S-a.:."'1 ~Antonio Texas, AU~jst 24, 1996



The Three Basic.· Projection Surfaces

\

'\
Uno. of

Ib)

Ie)

(a)' Plane, (blCone, (0)· Cylinder
Showing the Respective Extent of
Contact With the Datum Surface.

r

So'tti:cc: ...-:.. ._00' .'.. .. ••

NOJ'II~American Datl!m of-1983 Plane Coordinates IIl1d DatulII Transfom;atiolls
Preselilcd by: David R. Doyle, National (Jeodelic Survey
Ai: the Annual TSI)S Conference in San AntOliio Texa~, August 24, .l9~()
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Source;- .
North An1crican Datum of 1983 Plmie Coordinates and Datuin Transf0r111atiol1s

.. Presented by: DavidR. Doyle, National Geodetic Sun~ey

At: the AlUltIal TSPS Conference in San Antonio Texas, August 24, 1996 .. .
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. .. .... " ............ _ ~._.. -" .. , •••- , 0 .

Surfaces Used hl'
,:St~rtePICl~e.,Coo.rdinate. 'Sy~tem s-

z

..

Lambert Conformal

Conic Projection

Earth

" ""~

Imaginary Cylinder
A --- C

".

Transverse

Mercator. Projection

,
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North American D~tul11 of 1983 Plane Coordinates ami Datum TransfurL11£li(;ions
Presented by: David R. Doyle, National Geodet~c Sur..ey ,
At: the Annual TSPS Con(erence in San Antonio TexES, August 24, 1996
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NAD' P'RO,J:E·CT

$'TATE, PLAN'E ..
COORDINA'TE 'SYS'TEM. . . '.

"

-'

\
; -

-if

PI:"{OJECTION$:
"1. "Tra.nsverse IVlercator '
2. Lal,nbert Con,fornlal Conic'

"UNIT~: M'etric,S,ystenl
,MODE~:Eq,ualion.s,Support Millimeter Pr~cisl.~n

,"S;UPPQRT:
~L C9mputer Prograrns )
2. Publication Describing ,System
3. Sp~cial PToje-cti,ons .
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• Azimuths

- ,

• N & E State Plane Coordinates For Control Points

.J

\VHAT YOU :N"EED TO USE'. .

THE STATE PLA.-~TE COORDINATE SYSTE;LYlS

SoUrce: , . - T f' tions
North American Dat\;m of i.983 Plane Coordlna~es and Datum ra.'ls.orma
Presented bY' David R. Doyle, ~~tional Geode~c Su;vey , , +?A 6
At the Annual TSPS' Conference In San Antomo Texa~, Augus. _"T, 199

Reduction from Horizontal to Ellipsofdal
IfSea Level Reduction/Correction Factor tl

Correction for Grid Scale Factor, '

-' Conversion from Geodetic Azimuth to Grid
Azimuth ~lappingAngle)

- Seco~d Term ~orrection (t-T)'forLong Lines
,(i.e. Generally greater- than 2 mil~)

- Combined Factor:
/Ellipsoid~l R~dtJbfi(lnFactot ',<C, Grid Scale Factor

e Distance Observations
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Dev.elopable prc:ij~ction surfaces. 2. Cylinder tangent to a globe at the Equator, a~d the
developed or AunroliedA map•. b. Cone tangert to a globe along a paialh~li and the
developed or ~unrolled·map. c. Pla;ne tangent to a globe at the north pole, and part ot
the'resuiHng map.· . .
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THE GEOMETRY OF MAP PROJECTIONS
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~ource:.. . . •
North American Dat~m of 1983 Plane Coordinates and Datum Transformations
Presented by: David R. Doyle, National Geodetic Survey . .
At: the Annual TSPS Conferej1Ce in San Antonio Texas, August 24, 1995

NAD27

-0" DEFINITION BASED UPON. . ' ....

"LOCAL" BEST-FIT ELLIPSOID
'{CLAR~1866).

.. O' REFERENCE POINTS 'BASED
uPON "LOCAL" ADJUSTlVIENTS
:A.-ND PIECE-WISE NETWORK

'ADDITIONS

o . C·LASS1CAL TERRESTRIAL
.' SURVEYS

. 0 'NAD 27 served the local US land ... .

surveyo'rs ,veIl, in providing reference
control points for small survey? _

. O· . NAD 27 served'· tbe US navigational
-cOJumunity well, as long as systems

,. :. -earth~base and relative.



......

. .
eonveroenee

angle

those states
New Mexico,

..
."·u

, <:.

.E ~.

.", ..
1i"=
::E :;

z
E:s
~ ~ ...

u."
c:
o

~
D.

"0
o..
t:l

.z:..
== ~
<>z ~.

-D .~'

~ ~
t:l

eonverq erice
angle

DEFINITIONS
NAD - 1927 spes

..

Terrestrial
Targ-et

Grid' Azimuth
Geodetic Azlmul h . .

. j ~ .

_... .-.- .._._- -

TRANSVERSE. MERCATOR PROJECTION = The spes used in
extending pr~mariiy north to south (~.rizona,
Nev:ada) .

x' = Tne d.istance in feet .(NAD-1927) east or west of the llYi~. or
north-south axis of ·the system. When east of "yn, axis the val.lies
are added to 'the ne" and' 5ubt'racted froin lIC

lI when west of ·,the "y"
axis. 'I'his v~lue may b~ c6nsideredthe.D.e·parture measured from the
Iiy" axis.' . .' .

, .
ZONE = A subdivision of the SPCS within a state., These subdivision
follow county boundaries. In orde~ ~o mai~tain a maximti~ ~~ale
reduction in the center of a particular system at 1: 10,000', the
limits cannot exceed 158 miles (east. to west< for t~e Transverse
Mercator projection). There are some zones where for no reason or
anot;her the maximum ·is larger than 158 miles (AZ West Zone), and
therefore the scale r~duction is worse than, J,: io,ooo at their
center~'. '

LA.liBERT PROJECTION = The. SPCS used in those states ~hose major
dimensions are primarily east to ~est -- (Colorad?, utah)

Y = The .plane coordinate. value in the feet. along 'the "Y" or
north-south axis, north. from the origin to 'its intersection with
the nX,i c.oordi,nate. In plane ~urVeying terminology, th,is quantity
may be. cons,idered. the· Northing,' or ".N",. or th~ Latitud~ measured
from the origin. . .

.C.M. = CENTRAL}iERIDIAN .= The' meridTan {LongH:ude} or fly"
(north-south) axis-usually located near the c~nter of the plane
coordingte system which separates the positive and negative llX'll
quantities. . . - .....

,--

X = Th~, plane coqrdinate value in feet. (in the MAD 1927)
perpendicular. to the "yll OF north"'"south ,axis (cent~r). of the
system. In l~nd surveying terms, nx" would be the Easting or "Ell

. and consist of C +/- X' 'where ll~n is.a constant of suff'icient
numerical si~e to keep the !'Xn value positive.

:1
i·

:1'

I
I·
I
I
il

I
I
il
'I
I
;1
·1
:1
i

:1
II
i

JI1

i

:1



P' = phi:= latitude

~ = lambd~, = longitude

A delta =,difference;

a = alpha = ge,odetic azimuth

d:1
~

= alpha sub g = grid azimuth

aa = alpha sub a = astronomic azimuth

s = geodetic distance

sg = grid distance

ll.x = D~part'Ure

ll.Y = Lat.itude

Aa ! = DELTA ALPHA = The ", CONVERGENCE ANGLE, (also' known as
the llmapping angle"), in a transverse mercator p:l:ojection. 'This
value is 'applied to grid' azimuths to optain -yery" close

,approximations to geodetic azimuths. The angle is considered
positive when the point is east of tne:"nyll axis '(C.M.) and,negative
west of this axis. 'This term is also used to, describe the
difference bet.ween forward and backward geodetic azimuths. It·is
o~teh used ,as well, in pl?ne"surveyim:j' to define the differences,
convergence .between "true',' and gr~d bearing's.

Grid Azimuth = Geodetic Azimuth - D..C! - 2"" term.
The 2~ tei~ ~elates to aspe~t~ of the spherical shape of the
earth and the project,ion system. It is usually less than 1"
'ar,- unless survey lines are' 25, OOO:~, ft. or greater, are
oriented e'ast-west, and are near thezo'ne boundary edges. The
2~ term is hegligible for suivey ~ork least t~ari i~ order.
D..C! = SA sin¢' + g D..'A = ~i-.I -r A

ACM = longitude of 'the central meridian
A = longitude of ,the occupied point ..
¢ = la't,i tude of the occupied point.
The llgH term is a func'tion o'f latitude and longi.tude; a'nd
it's like the 112"" term ll with a m'axiinum value of less. . :' . .
than 1/1 and this maxImum only occurs for very long line.s·

, at the extreme edges ,'.of a zone, and them only needs to be,
'c6nsidered for 1~ order surv~y work.

'# •

Use th~ formula as D.C! = D.'A sineP The algebraic sigh of D..a is
detepniried by the sign of t1.'A .•- The values for ¢ and A can be
scaleid from a USGS topog'raphic map.

Example: N,GS:£'?OLAND = 34° 27' 29.54104'1, N, 112 0 16' 07.57859"
111 0 '5,5' 00'" - 112 0 16' 07.57859"=- 00 0 21' 07.57859"

...: 00'0' 21' 07.57859 11 (sin 34° 27' 29.54104") = 00 0 11' 57"
tic!' = - 00 0 11' 57" . @ A POLAND
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0.Q05·,9175. 644
0i'.qO~,,9g19 648'
Q'.;,OO;o.··:0467 ,6-52g: g.g~ 1171.17"4' .6.55 .. 66q .

0'~'OO'6~\~434 6&3,'
o~ 00& .30~7 66~{
0.006 ~705: 672
0.006 ·~4'7' 675·
0.006 5112 6go.

o. 006.,~5]92· ,685'·'
9'•. 906."6477. 639 '.'
.0.0.06:' 71'66, 693'
0.066 7S59 '69:8·"
.0~o06,~557 7~~

'. 0.006.9259 707
0.bb6:9966 712,
O~007 99-78 717..
0.007 1395 722
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.Combined Factor = (SF)*($LF) =(0.999972281)*( 0.999783778) = 0.99975607

EXAMPLE:
Assume the average easting coordinate is 751,251.31 feet

Ground Distance ,;" Grid Distance / Combined Factor
! = 5750.01 / 0.99975607 = 5,751.41 feet

/

X' = 280,000 feet
X' = 140,500 feet

[(X' )2 X (1.145 X 10.15 )]

[( X' i x ( 1.145 X 1O-15 )J

C.M. = 500,000
C.M. = 500,000

x = 220,000
x = 640,500

Examples:

SCALE FACTORS (SF)

ARIZONA STATE PLANE GRID COORDINATES
NAD - 1927 (U.S. SURVEY FOOT)

X' = The distance from the center meridian and a point at "x". This distanCe is determined by taking the current
coordinate value at "x" minus the coordinate value at the central meridian (500,000'), or the reverse - which ever will
leave a position value.

Based oh the radius ofthe earth as determined by the Clark Spheroid.of1866, as= 20,906,000 feet.
SLF = [20,906,000/ (20,906,000 + elevation of point )]

COMBINED FACTOR = (SCALE FACTOR X SEA LEVEL FACTOR)
. GROUND DISTANCE -to- GRID = (GROUND DISTANCE)*(COMBINED FACTOR)

GRiD DISTANCE -to- GROUND = ((GRID DISTANCE) I (COMBINED FACTOR) )

X' = (751,251.31- 500,000) = 251,251.31

EASTZONE Scale Factor' = 0.9999 + [( X' ) 2 * (Ll45 x 10,15 )]

0.9999 + [( 251,251.31) 2 * (1.145 x 10 -14 ) }

0.9999 + [( 6.3110)* (1.145 ·15 ) }

0.9999 + 0.000072281
0.999972281 = East Zone Scale Factor @ 751,251.31

EAST or CENTRAL ZONE = 0.9999 +
WEST ZONE = 0.9999333 +

SEA LEVEl:. FACTOR (SLF):

Assume the average elevation is 4,521.31 feet·

Sea LevelFactor = .[20,906,000 / ( 20,906,000: + 4,521 .31 ) }
= [20,906,000 I 20,910,521.51 J

., .' = 0.999783778

Assume Horizontal Ground Distance =#5,751.41 feet
GridDistance == (Groun<fDlstance)*( Combined Factor) .

. =' (5,751.41)*(0.99975607)= 5,750.01 feet
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Ex. A listing of control points withdesignat~onsbeginning.
with "PTS" will be produced for; ,

Enter State: KENTUCKY'

Ex. To' retrieve a single datasheet fe>r the control point,
PTS 51 M, in the state of Kentucky.

NGS Data~heetB'y State andD'esig,n~tion'

En~erDesignation: PTS 57 M'

Enter State: Kentucky

Data Sheets can be retrieved by specifyingthe desig:natiqn or-name 9fthe control
point and the state in which it is located. The designatfchrdoes no.~ need to be exact 
If there are less than one hundred control points identified then dat~sheetswill be
produced. If between 'one hundred and two hundred control points are identified a,. 
listing of designations will be prod-uced. Use this listof designations as input.lfmore
than two hundred contr«;>1 points are: identified a message will be pr9duced"
requesting that a more exact 'designation qe entered~. '

ALABAMA
ALASKA

_AMERICAN SAMOA
Enter State: ANGUILLA

Enter Designation: PTS

Enter Deslofiatiori: f!?~WEY_ .0,,_- .--

)
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:1
I'

0_' .,
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DEFLEC99
GEOID99

Grid Az
·105163.7.2
1054748.1,

Scale Co~verg.

0.99991033 -0 10 43.6
0.99975758 -0 41 54.5

r12 13 55.44054(W) AD(
112 13 52.85943(W) AD(

4583. (f) VERT ANG

(seconds)
(meters)

. ;

East Units
184d06.937 MT
386,930.026 . MT

SUPERSEDED SURVEY CONTROL

*CURRENT SURVEY CONTROL

SECOND

34 31 49.10511(N) 11213 55.44243(W) ADJUSTED
1397.6 (meters) 4585. (feet)· VERTCON

Primary Azimuth Mark
ROUND .
ROUND

North
391,518.601

- 3,'821,647.086

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.27
Starting Datasheet Retrieval ...
1 . National·Geodetic Survey, Retrieval Date = SEPTEMBER 14, 2000
BT086i ** **** *** * ***** **** *** ****************** ** **.** *** *** ****** *............ ,.. +.+ *** **
ET0862 DESIGNATION - ·DEWEY
ET0862 PID ET0862
ET0862· STATE/COUNTY- AZ/YAVAPAI
ET0862, USGS QUAD HUMBOLDT (1~73)

ET0862
ET0862
ET0862
ET0862* NAD 83(1992)
ET0862* NAVD 88
ET0862
ET0862 LAPLACE CORR
ET0862 GEOID HEIGHT-
ET0862 , ' ,
'ET0862 HORZ' ORDER
ET0862
ET0862.The horizontal coordinates were established by classical geodetic methods
ET0862.and adjusted by the National Geodetic Survey in August 1993.
'ET0862
ET0862.The NAVb 88 height was computed by applying the VERTCON shift value to
ET0862.th~ NGVD 29 height (displayed under SQPERSEDEDSURVEY CONTROL.)
ET0862
ET0862.The Laplace correction was computed fromDEFLEC99 derived deflections.
ET0862
ET0862.The geoid height was determined by GEOID99.
ET0862
ET0862;
ET08 62; SPC AZ C
ET0862;UT~ 12
E'r0862
ET0862:
ET0862:SPC AZ C
ETQ862:UTM 12
ET0862 .
ET0862J---------------------~--------------------------~---~----------------I

ET0862f PID Reference Object Distance Geod. Az I
ETOB621' dddmmSs~s I
ET08621 ET0866 ROUND APPROX. 4.2.KM 1050553.6 I
ET08621 DEWEY RM 1 14.176 METERS 17037, , r
ET08621 ET0919 HUMBOLDT SMOKE STACK APPROX. :L 6 KM 1802627.0 r
ET08621 DEWEY RM 2 13.445 METERS 27856 I
ET0862r----------~-----------~---------~---------------------------~--------I

ET0862 '
ET0862
ET0862
ET0862 NAD 83(1986)- 34 31 49.10126(N)
ET0862 NAb 27" 34 31 49.01237(N}
ET0862 NGVD 29 1396.8 (m)
ET0862 ,{;',:,
ET0862.Superseded yaluesare no~ recommended for survey control.
,ET0862.NGS nQ longer adjusts projects to the NAD 27 or NGVD 29 datums.
ET0862.See file dsdata.txt to determine how the superseded data were derived.
ET0862 '
ET0862_MARKER: dD = SURVEY. DISK
ET0862 SETTING: 15 = METAL ROD 'DRIVEN INTO GROUND. SEE TEXT FOR ADDITIONAL
ET086z"+WITH SETTING: INFORMATION.

The N'GS Data Sheet

Data Sheet Retrieval
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DEWEY,
TURN
TO A

Recov. By
USGS
USGS
USPSQD

STATION DESCRIPTION

STATION RECOVERY {1~80}

Condition
MONUMENTED
GOOD
GOOD

STATION RECOVERY (1997)

.'

Date
- 1969
- 1980
- 19971112

HISTORY
HISTORY
HISTORY
HISTORY

lE1'OS62
&'l'0862
ET0862
ET0862
ETOEl62
ET0862
ETOB62
ET0862J

tT0862'D~6CRIB~U Bf U~,G~ULUG1~AL 8U~V~~ l~b~ (FtA)
ETOB62 'LOCATED ABOUT 13 MI. E. OF PRESCOTT. 0.6 MI. E. OF DEWEY. ON, LEVEL
ET0862'GROUND AT A FENCE CORNER.
ET0862' ,
ET0862'TO REACH FROM THE JUNCTION OF STATE HIGHWAY 69 AND RD. E.'TO
ET0862'DRIVE E. ACROSS THE RR. TRACKS FOR 0.6 MI. TO A N.-S. FENCE,
ET0862'LEFT AND DRIVE N. ALONG THE W. SIDE OF THE FENCE FOR 300 FT.
ET0862'FENCE CORNER AND STATION MARK.
ET0862'
ET0862'STA'1'ION MARK--A STANDARD USGS TABLET STAMPED DEWEY' ET 1969 CRIMPED
ET0862'ON T{.lE END OFA COPPERWELDROD THAT HAS BEEN DRIVEN TO REFUSAL,
ET0862'LEVEL WITH THE GROUND.
ET0862' ,
ET0862'REFER,ENCE MARK NO. 1--A STANDARD USGS REFERENCE MA~ TABLET STAMPED;
ET0862'1 1969, CRIMPED ON THE END OF A COPPERWELD ROD THAT HAS BEEN DRIVEN
ET0862' TO REFUSAL, LEVEL WITH THE GROUND, AND 2 FT. BELOW THE STATION,
ET0862 'MARK.
ET0862' , .
ET0862'REFERENCE MARK NO. 2--A STANDARD USGS REFERENCE MARK.TABLETSTAMPED
ET0862'2 1969, CRIMPED ON THE ENP,OFA COPPEP-WELP ROD THAT HAS BEEN DRIVEN
ET0862' TO' REFUSAL'; LEVEL WITH THE GROUND~ AND 1 FT. ABOVE THE· STATION.
ET0862' , ,
ET0862' HUMBOLDT SMOKE STACK--A TALL MASONRY' SMELTER STACK ABOUT 2.0 MI.
ET0862'FROM THE STATION MARK. . '
ET0862
ET0862 '
ET0862
ET0862'RECOVERY NOTE BY US GEOLOGICAL SURVEY 1980, {GH}
ET0862 'THE STATION MARK AND REFERENCE MARK 2 WERE RECOVERED AS DESCRIBED.
ET'0862 'REFERENCE MARK 1 HAS BEEN DESTROYED. A NEW RQUTE TO THE
ET0862'STATION FOLLOWS.
ET0862'
ET0862"TO REACH THE STATION FROM THE POST OFFICE IN DEWEY, TRAVEL EAsT ALONG
ET0862 'ARIZONA HIGHWAY 169 FOR 0.7 MILE TO ASIDE ROAD LEFT. ,TURN LEFT
ET0862'CRQSSING OVER A CATTLE GUARD AND rHEN BEAR LEFT ON A,BI,ADED ROAD FOR
ETOB62'O.l8 MILE TO THE STATION ON THE LEFT, JUST pAST A RIGHT HAND CURVE IN
ET08'6.2 'T,flE ROAD.

·ETOB62
ET0862
ET0862
ET0862'RECOVERY NOTE BY US POWER SQUADRON 1997
ET0862'RECOVERED IN GOOD CONDITION.
Elapsed Time = 00:00:07,. II

D~aS"'~~tRetrieval
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DEFLEC99
GEOID99

Grid Az
023 27 09.2
023 58 16.6..

Scale Co~verg.

0.99991295 -0 11 58.7
0.99976759 ~O 43 06.1

Units
MT
MT

112 16 10.16728(W) AD(
T12 16 07.57859(W) AD(

5008. (f) VERT ANG

(seconds)
(meters)

East
180,943.613
383,395.030

SUPERSEDED SURVEY CONTROL

*CURRENT SURVEY CONTROL

-1.61
":"26.32

34 27 29.64066 (N)112 16 10.16850 (W) ADJUSTED
1527.2 (meters) 5010. (feet)" VERTCON

Primary Azimuth Mark
DEWEY
DEWEY

North
383,535.495

- 3,813,696.878

Th.e N'GS Data Sheet

Data Sheet Retrieval

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.27
Starting Datasheet ~etrieval....
1 National Geodetic Survey, Retrieval 'Date ,= SEPTEMBER 14, 2000

ET093R" *******************************************~***************************
ET0938 DBSIGNATION ~ .POLAND
ET0938 PID ET0938
ET0938 STATE/COUNTY- AZ!YAVAPAI
ET0938 USGS QUAD POLAND JUNCTION (1975)
ET093.8
ET0938
ET0938
ET0938* NAD 83(1992)
ET0938* NAVD 88

.ET0938
ET0938 LAPLACE' CORR
ET0938 GEOID HEIGHT
ET0938 ,
ET0938 HORZ ORDER - SECOND
ET0938 ,. ,
ET0938.The horizontal coordinates were established by classical geodetic methods
ET0938.and adjusted by the National Geodetic Survey in August 1993.
ET0938. ..
ET0938.TheNAVD B8.height was computed by applying the VERTCON shift value to
ET0938'.th~ NGVD 29 height (displayed under SOPERSEDED SURVEY CONTROL.)
~T0938

ET0938.The Laplace correction was computed from DEFLEC99 deriv~d deflections.
ET0938
ET0938.Thegeoid height was determined byGEOID99.
ET0938
ET0938;
ET0938;SPC AZ C
ET0938;UT~ 12
ET0938
ET0938:
ET0938:SPC AZ C'
ET0938:UTM 12
ET0938
ET09381-----~~--------~-----------------------------~-------~~-----~~~~-----I

ET09381 PID .' Reference Object Distance Geod. Az r:
ET09381 dddfumss.s I
ET093BI ET0862 DEWEY APPROX. 8.7 KM 0231510.5 I
ET0938I POLAND RM 2 14.902 METERS 03358 I
ET09381 . POLAND RM 1 . 7.975 METERS 297'00 I
ET09381---------~-----~-----------------~--~,~------------------------------1
ET0938
ET0938
ET0938 II

ET093.8 NAD 83(1986)- 34 27 29.63687(N)
ET0938 NAD 27 34 27 29.54104(N)
ET0938 NGVD 29 ; 1526.4 (m)
ET0938 . .
ET0938.Superseded values .~~e.not recommended for survey control.
ET0938.NGS no long~r anjusts projects to theNAD 27 or NGVD 29 datums.
ET0938.See fi,le dsdata.txt to determine how the superseded data were derived.
ET0938
ET0938 MAR~R: DD ='SURVEY DISK

. ET093()lETTING: ~5 = METAL. ROD .DRIVEN INTO GROUND. SEE TEXT FOR ADDITIONAL
ET0938+WITHSETTING: INFORMATION,
E'T0938

fiIe:IIS:\SURVEy\SurveyStaffiGMTUTTLE\APLS\St.. ;\Data Sheet Retrieval fotPOLANJ).ht 9125100

./
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Rec;:ov: By
USGS
AZDT

STATION DESCRIPTION

STATION RECOVERY (1980)

Condition
MONUMENTED
GOOD

- Date
1969
1980

HISTORY
HISTORY
HISTORY

E'I'093S
ET&939
ET0938
8'1'0938
E'1'0938
ET0938
ET0938'DESCRIBED BY US GEOLOG~CAL SURVEY 1969 (WFM)
ET09384 LOCATED ABOUT 13 MI. (AIRLINE) SE. OF PRESCOTT. ABOUT 4 MI. NNW.
ET093S'OF MAYER.
ET0938'
ET'0938 'TO REACH FROM THE MAYER P. O. DRIVE N. 1.1 MI. TO ARIZONA HIGHWAY
E'10'938'69. GO N. 2.8 MI. TO A DRIVEWAY ON THE RIGHT. TURN RIGHT, CROSS
ET093S'CATTLEGUARD THEN LEFT (N.) ON TRACK RD. ON E. SIDE OF HIGHWAY
ET0938 'FENCE, FOR 0.6 MI. TO AN E.-W. FENCE AND END OF TRUCK TRAVEL.
ET0938'STATION IS 150 FT. NE. OF FENCE ON TOP.
ET0938,
ET0938' STATION MARK--A STANDARD USGS BRASS TABLET STAMPED POLAND ET 1969,
ET0938 'CRIMPED TO A COPPERWELD ROD DRIVEN TO REFUSAL WITH'A CEMENT COLLAR
ET0938'8 INCHES IN DIAMETER.
ET0938,
ET0936'REFERENCE MARK NO. I--STANPARD USGS REFERENCE MARK TABLET STAMPED
ET0938'NO'1 1%9· CEMENTED IN DRILL HOLE IN ROCK OUTCROP; l\:BOUT 0.6 FT.
ET0938 'BELOW' STATION.
ET0938,
ET0938'REFERENCE MARK NO. 2--STANDARD USGS REFERENCE MARK TABLET STAMPED
ET0938'NO 2 1969 CEMENTED IN DRILL HOLE. IN ROCK OqTCROP, ABOUT 1. 5. FT.
ET0938'BELOW'STATION MARK.
ET0938
ET0938
ET0938
ET0938'RECOVERY NOTE BY ARIZONA DEPARTMENT OF TRANSPORTATION 1980 (GH)
ET0938'THE STATION MARK ANDREFERENCE'MARKS 1AND'2 WERE RECOVERED AS
ET0938'DESCRIBED IN 1969 AND FOUND IN GOOD CONDITION. A NEW ROUTE TO THE
ET0938 'STATION FOLLOWS. '
ET0938' •
E1'0938'TO REACH THE STATION FROM. THE POST OFFICE IN DEWEY WHICH IS ON ARIZONA
ET0938'HIGRWAY 69; TRAVEL SOUTHEAST ALONG SR 69 FOR 6.2 MILES TO A BLADED
ET0938'ROAD ON THE LEFT. TURN LEFT CROSSING OVER A CATTLE GUARD, THEN LEFT
ET0938 'AT FORK AND ,TRAVEL NORTH' 0 ~ 5 MIllE TO AN EAST WEST FENCELINE AND END OF
ET0938 'TRUCK TRAVEL. CROSS THE FENCE' AND PAC!'::· NORTH UP THE HILL. FOR ABOUT
E'1'0938'200 FEET TO THE STATION.
Elapsed Time = 00:00:10

Data Sheet Retrieval
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-from POLAND to DEWEY: N 23 0 27' 06"E 28,549.606~_ (GRID) -'

"EASTINOS"

1.258,265.90 393,861.64

"NORTHINGS"

1.284,457.18 405,223.72,A DEWEY

A POLAND

- 0 -
ARIZONA STATE PLANE GRID CORDINATES

CENTRAL ZONE - NAD 1927

.. . .
ELEVATJ.ON-@ POLAND = 1,526.4-M = 5,008 FT.
ELEVATION @ bEWEY == 1',396.8M = 4,582 FT.
AVE. ELEVATION = 1,461.6M = 4,795.FT.

-,

. ..

I _

COMBINED FACTOR = (0.999770693) X (0.999911555) = 0.999682268- ,

SEA LEV,EL -FACTOR =: (20,906,000)/(20,906,000 + 4795) = 0.999770693

AVE EAST.ING (POLAND to DEWEY.) = 399,542.68
X' = (500,000 - 399,542.68) = 100.4~7.32 .

SCALE FACTOR :;=
[(1.145 X 10.15

) X (100,457.32)2]-+ 0.9999 = O.9999i1555

.(28,549.606'/0;99968-2268) = 28,558.68' = '''GROUND'' HORIZONTAL DlSt.-
- BETWEEN POLAND AND DEWEY

-("GROUND"- HORIZONTAL DIST. IS DISTANCE BASED ON THE ELuPs'orD OF THE
-C~ARKESPHERIOb OF -1&66). -
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DEFINITIONS
NAD - 1927 spes

:= s::... .. ...:= 0 :Ez 0 s::... t> Z -0 c: ...
'z ~ c:-

-~
0

c C> Z.. __ t>
0;-c -c -c :E-;: 0 - .r::. ..,

~.
., :;~ 0 ...

'" ~
~ :::E 0 ~z

convergence c.., conver~enceangle ... -- ong e- ...
;~

U .".
c:

.0

t>

a;
."
0..

<!>

Terrestrial
Target

Grid Azimuth
Geodetic AZimuth;

z z

Y = The ,plane' coordinate value in the feet along the "Y" or
north-south axis, north from the origin to its intersection with
the "X" coordinate . In plane surveying terminology, this quantity
may be" considered the· Northing, or "N", or the Latitude measured
.from the origin.

C.M. CENTRAL MERIDIAN = The meridian (LongitUde) or "Y"
(north-south) '. axis usually located near the center of .the plane
coordinate system which separates' the positive and. negative "X'"
quantities. -"'---'-'-

ZONE = A subdivision of the SPCS within a state. These subdivision
follow county boundaries. In order to maintain a maximum scale
reduction in the center of a partic~lar syste~ at 1:10,000, the
limits cannot exceed 158 miles (east to west for the Transverse
Mercator projection). There are some zones where for no reason or
another. the maximum is larger than 158 mi1es (AZ West Zone), and
therefore the scale reduction is worse than 1: 10,000 at their
centers. -

x - The plane coordinatevaiue ~n feet (in the NAD 1927)
perpendicular to the llyn or north-south axis (center) of the
system. In land surveying terms, "X"would be the Easting or "E"
and consist of C +j- X' where "C" is a constant of SUfficient
numerical size to keep the "X" value positive.

TRANSVERSE MERCATOR PROJECTION = The SPCS used in those states
~xtending primarily north' to south (Arizona, New Mexico,
Nevada) .

LAMBERT PROJECTION = The SPCS used in those states' whose major
di~ensions are piimarily east to west -- (Colorado, Utah)

X'= The distance in feet (NAD-1927) east or west of· the "y" or
north-south axis of the system. When east of "Y" axis the values
are added to the."C" and subtracted from nC" when west: of the "Y"
axis. This value may be considered the Departure measured from the
"yn axis. . '
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ARIZONA STATE PLANE GRID CORDINATES
CENTRAL ZONE - NAD 1927

("GROUND" HORIZONTAL DIST. IS DISTANCE BASED ONTHE ELLIPSOID OF THE
CLARKE SPHERIOD OF 1866).

." t .

COMBINED FACTOR = (0.999770693) X (0.999911555) = 0.999682268

(28 ,5;49~ o()6''fO.99~p~~%q8) :~'.2"Si $'~S"(?~':;:,iiGRQ;l.1tNP,t'.,H'QRI~6NtAL DJSiL '
, ' , ,." BETWEEN POLAND ANDnIEWE¥

from POLAND to DEWEY: N 23° 27' 06"E 28,549.606' (GRID)

ELEVATION @ POLANP = 1,526.4M = 5,008 FT.
ELEVATION @ DEWEY = 1,396.8M = 4,582 Ft.
AVE. ELEVATION' = 1,461.6M = 4,795.FT. f I :.t.

, 'r 19"L1 speC/ft!:' S.es.. e,if4 ' ~r.eYe"'t: ,
SEA LEVEL FACTOR = (20,906,000)/(20,906,000 + 4795) = 0.999770693

- AVE. EASTING (POLAND 'to DEWEY) = 399,542.68'

s~~t;;~~;~~9~'54:;:OO,4m2 I~p~~t (¥ /9n
[(1'-14~:X Hf ·);.X{lOO,457~$?)]+ O.9~~9: =,0.9999LI555

"EASTINGS"

1,258,265.90 393,861.64

1,284,457.18 405,223.72

"NORTHINGS"

A DEWEY

A POLAND

',',I'f j
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ARIZONA STATE PLANE GRID COORDINATES

ARIZONA STATE PLANE GRID COORDINATES
BASED ON THE CLARK SPHERQID OF 1866, AND

THE NORTH AMERICAN D~~UM OF 1927 (NAD '27)

Three zones: EAST, CENTRAL and WEST.
Grid origins: East = Longitude 110 0 10' 00"

Latitude 31 0 00' 00"

Central Longitude 111 0 55' 00"
Latitude 31 0 00' 00"

West Longitude 113 0 45' 00"
Latitude 31 0 00' 00"

The Central Meridian is equal to the Grid origin Longitude for each of the
three zones, and the "EASTINGII == 500, 000 feet (U. S . Survey Foot)'
(One Meter = 3.2808333333333333333333 U.S. Survey Feet)
(1893 federal law stated a yard = 360.o/3937m exactly = Ii Survey' Foot")

=========================================================================

ARIZONA STATE PLANE GRID COORDINATES
BASED ON THE GEODETIC REFERENCE SYSTEM OF 198(), AND.

THE NORTH AMERICAN DATUM OF 1983' (NAD ' 83)

There are the same three zones as the '27 system with the same three origins
as mentioned above. (Please note: That the Latitude and Longitude are the
same, HOWEVER, they are not at the same place on the surface of the earth
because they are based on two different, ellipsoid models of the earth,
i.e., the Clark Spheroid of 1866 an~ the.GES of 1980.) .

The Central Meridian for each zone is equal to the Grid Origin Longitude for
each of the three zones. The IlEASTING" for each central meridiari is
700,000 feet (International Feet), this is by Arizona state statute.
(One Meter = 3.280839895 International Feet (to nine decimal places).
(1959 federal law stated a yard ~ O.9144m.exactly, = ll:J:nternationalFoot")

==========================================================================

rhe mathematics necessary to operate in either the State Plan Coordinate
~ystem (SPCS) of '27 or of '83 are for most all applications (except those of
:xtremelyhigh (1st Order) precision) are the same.

~ote: Arizona ts the only state that enacted legislation defining their
'83 state plane coordinate system based on the English ("foot") system of
neasuremerit. For conversion purposes the "700,000 ft." is considered to be
~qual to 213,360m -- by: The U.S. Department of Commerce

. National Oceanic and Atmospheric Administration
National Ocean Survey
Charting and Geodetic Services
National Geodetic Survey

tnd the National Institute for Standards and Technology (NIST).
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GEOID-ELLIPSOID RELATIONSHIPS

(Illustrating effects of in'egularmass
distribution in the earth's crust)
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State/Zone/Code

Central Meridian
and Scale Factrir
(T.M.) or Standard

Projection Parallels (L.)

Grid Origin
Longitude Easting
Latitude Northing

Arizona
East

AZ
E 0201 T.M. 110 10

1:10,000
110 10

31 00
213,360.

°
Central.· C 0202 T.M. 111 55

1:10,000
III 55

31 00
213,360.

°
West VI 0203 T.M.

(State law defines
(2l3,360M. =

113 45 113 45
1:15,000 31 00

the origin in International Feet)
700,000 International'Feet)

213,360.

°

~~----~-~-------------------------~----~-----------~-----------~----~--------
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(PROJECTION, OR GRID, DI9TANCES ARE
SHORTER THAN SEA- LEVEL DISTANCES.)

SEA-LEVEL FACTOR EOUALS ',1.00000
(f.~EASURED DISTANCES" SEA"LEVEL. DISTANCES)

GRID, OR COMBINATION, FACTOR EOUAL~ 1•.00000

(MEASURED DISTANCES ." GRIODISTAI~CES)

fA:". AT LEVEL OF SORVEY ARE'

~---.----~ AT SEA-LEVEL
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Elements of the Transverse Mercator
Projection
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PROPERTY
TItle 'J3

Boundaries ¢:::os.
WESTLAW Topic No. 59.
CJ.S. Boundaries § 14 et seq.

Tt,tle33
pg. 9

ed as article 2 under the authority of
§ 41-1304.02. '

Reviser's Note:
The article on the Arizona coordinate system

as added by LaWs. 1972, Ch. 57 was renumber~

Repeal

11zf.s section is repealed .by Laws 1985, Ch. 197, § 12,fffective
Janua,ry 1, 1997.

AittiCLE 2. AiuzONA COORDINATE SYSTEM

Article 2, consisting of §§ 33-121 to 33-128, is repealed by Laws
1985, Ch. 197, § 12, effective January 1, 1997.

Article 2, formerly Article 1.1 but renumbered Article 2 (see I{..eviser's
Note, post), and consisting of §§ 33...,121. to 33-128, was added by Laws
1972, Ch. 57, § 1, effective August 13, 1972.

§ 33-i21. Arl2:.ona cdordinate system; zones; coxnposition

A. The Arizona coordinate system is the system of plane coordinates
iwhich has been established by the United States national gepdetic surveyfot
defining and stating the positions orlocations of points on the surface of the
earth within the state of Arizona. . .

':i.',

B. The Arizona coordinate system shall contain, three zon/:?s as. follows:

1. The west 'zone; composed of La~az, Mohave and Yurnacounties.

. 2. The central zone, composed of, Coconino, Maricopa, Pima, Pinal, Santa
Cruz and Yavapai counties. .' '. ".

, 3. The' east zone, composed ~f Apache, Cochi~e, GIla, Graham, Greenlee
and Navajo counties.

C. In any land description in which the Arizona coordinate system is
utilized. the system shall be designated .,Arizona coordinate!. system,
__~_.__ zone", with the name of the appropriate zone illseqeq.,. and the
datum used,'either 1927 or 1983; .....,.. ..'
Added byLaws 1972,Ch. 57,§ J. Amended by Laws 198:?:: Ch.29I; § 8) eff.Aplil27,

.1983; Laws 1985, :Ch.197, § 6. . '.

,§ 3~122. Coordinates 'of system; zone definitions

A. The plane coordinates of a point on the earth's surface, to·beuSed in
expressing the position or location of such point in the appropriate zone of
this system, shall consist of two distances, eXpressed in feet an¢! decimals ofa
fOdt. . One of these distances, to be kD.6wnas the "X~coordinate";shall give the
position in an east-and-west direction~ the other, to be kndwn as. the "Y-coor
dinate", shall give the position in a north-and-south direction. These coot-
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COORDINATE SYSTEM § 33-123.
eli. 1

dinates shall be made to depend upon and conronn to the coordinates, on the
'Arizona coordinate system, of the triangulation and traverse stations of the
United States national geodetic survey within the' state of Arizona, as those

, coordinates have been determined by such surVey.

B. For the purpose of more, precisely d~fining the Arizona coordinate
system, the following definitions of the United States national geodetic surVey,
are adopted: 1

1. The Arizona coordinate system, west zone, is a transverse mercator
,projection, having a central meridian 113· 45' 00" west of Greenwich, on
which meridian the scale is set at one part in fifteen thousand tbo sm'aIl. The
origin of coordinates isat the intersection, of tl1.e meridian 113· 45' 00" west of
Greenwich and the parallel 31· 00' 00" north latitude.' This 'origin is given the
coordinates of ''X'' equals fiveh'undred thollsandfeet, if rising 1927 datum, or,
seven hundred thousand feet, if using 19,83 datum, and''Y'' equals zero feet in,
either case.

2. The' Arizona' coordinat~ system, c~ntral zone; is a transverse mercator
projection, having 'a central meridian 111° 5'5' 00'" west of Greenwich,on,
which meridian the scale is set at one part, in ten thousand.too small. The'
ongin of coordinates isattb,e intersectiofl of the meridian 111° 55' 00" west of
GreenWich and the parallel 31" 00' 00" north latitude; This origin is given the
coordinates of "X" equals five hundred thousand feet, if using 1927 datum, or
seven hundred thousand feet, if uSing 1983 datum, and ''Y''equals zerO' feet in
either case.

3. The Arizona' coordinate system,east ,zone~ isa transverse mercator
projection; 'havinga central meridian' 110° ·10' OO"westbf Greenwich, on
which meridian the scale 'is set at one part in ten thousand too ,small. The
origin of coordinates is at the intersection of the meridian 110· 10' 00" west of
Greenwich and the parallel 31° 00' 00" north latitude; This origin is given the
coordinates of ''X'' equals five hundred thousand feet, if using 1927 datum" or
seven hundred thousand feet, if using 1983 datum, and ''Y''equals zero feet in
either case. '
Added by Laws 1972, Ch. 57, § 1. Amended by Laws 1985, Ch. 197, § 7.

Repeal

This section is repealed' by Laws 1985, Ch. 197, § 12, effective
January I, 1997.

Ubrary References
Boundaries p8.
W'ESTLAW Topic.No. 59.
CJ.5.Bound<u'ie;s § 14 et seq.

§ 33-123. Gr~imd. mark.U:1gs of system ,
, 'The position of the Arizon~ coordinate system shali be as' marked on the
ground by triangulation: or traverse station~, establisnedin conformity with
standards adopted by the United States national. geodetic .surVey forfirst-Qrder

Title 33
pg. .10



IJbrary References

Cross Iteferences
Recording prerequisites, see § 33-124.

Boundaries e:>8, 54(1).
WESTI..AW Topic No. 59.
CJ.s. Boundaries §§ 14 et seq., 89 et seq.

Repeal

This 'section is repealed by Laws 1985, Ch. 197, § 12, effective
January I, 1997.

IJbraryReferences
Boundaries e:>36(5).
WESfLAW Topic No. 59.
CJ's. Boundaries § 114.

Title'33
pg. 11

§ 33-123 PROPERTY
Title 33

Wid .3CCUllJ~Ul Jel wurk. whOSe geod~hc positions 'have been rigidly adjusted
on the north American datum of either 1927 or 1983~ and whose coordinates
have been computed on the system defined in this article. Any stich station
may be used for establishing a survey connection with the Arizona coordinate
system.

Added by Laws 1972, Ch. 57, § 1. Ame."1ded by Laws 1985, Ch. 197, § '8.

§ 33-124., Recording prerequisite; e=tception

No coordinates based on the Arizona coordinate system, 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 unless such point is
within three statute miles of a triangulation or traverse station established in
confonnity with the standards prescribed in § 3~123, except that a six mile
limitation may be substituted in isolated Iilral areas. "
Added by Laws 1972, Ch. 57, § 1. Amendedby Laws 19.85, Ch. 197, § 9.

Repeal

This section is repealed by Laws 1985, Ch. 197, § 12, effective
January I, 1997.

§ 33-125. Tract located in more than one zone; description

When any traGt of land to be qefined by a single description extends from
one into 'another of the coordinate zones established by this article~ the'
positions of all points on its boundaries may be referred to either of the two'
zones, the zone which is used being specifically named in the description.
Added by Laws 1972, Ch. 57, § 1. Amended by Laws 1985, Ch. 197, § 10.

Repeal

This section is repealed by Laws 1985.Ch. 197,' § 12, effectiveJanuary I, 1997.
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§ 33-128

Repeal

This section ,is repealed by Laws. '1985, ,Ch. '197, § 12, effective
January 1,. 1997.

Boundaries ~ll.
WFSrLAW Topic No. 59.
CJ.S. Boundaries § 17 et seq.

COORDINATE SYSTEi\f
Ch.l

§' 33-127. Reliance of purchase:r ~r mortgagee not required

Nothing contained in this article requires any pUrchaser or mortgagee to
rely on a description. any part of which dep~nds exclusively upon the Arizona
coordinate system. .
Added by Laws 1972, Ch. 57, § 1.

Boundaries ~20(1).

WESTLAW Tonic No. 59.
CJ.S. Bow:idarles § 35 et seq.

§ 33-128. Limitation

The use of the term "Arizona ,coordinate system" on any map, report of
su..-vey or other document, shall be limited to coordinates baSed on the
Arizona, coorc:linate system as defined in this'artic1e. '

..~.. "
Added'by Laws 1972, Ch. 57,§ 1.

Repeal

This section is repealed by Laws 1985, ch.' 197, § 12, effective
January I,1997.,

Title 33
pg. 12

Repeal

This section is repealed by Laws 1985, Ch. 197, § 12, effective
January I, 1997.

§ 33-126. Public lands survey descriptions; 'conflicts; control

Where coordinates based on the Arizona, coordinate system 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 rbe construed as supplemental to
the basic description of such suqdivision, line or corner contained in the
official plats and field notes filed ofrecbrd, ,arid in the event ofa.ny conflict

·the description by reference to .the subdivishm, line or cortIer oftheUmted
States public land surveys shall prevail over the description by coordinates.
Added by Laws 1972, Ch. 57, § 1.



n
U

o
n
U

o
q
u

n
• I

U

n
U

nu

'I
i

~J

..,,

I

'--.J

n
i.J

(,
. I



I

..~ .. : ~ .'

oj,. :

.... ~...~.

.J -:

"
.'....:.
. ~~:

... ". ·i

! .... '

"~:.. "::
. ". ,~......
: • ;r

~. , ":~~ .
-.. ', .~~. ~~.

. ..'~ .. , ;','

,",

" :

.: ~ .."

::.

.~..

"

! ~
I

. : .: ; ~,;, t
. ,. ~

.UNITED STATES ' •

. GOVERNMENT PRINTINC OFFIce

WASHINCTON .1951

.;. .~..

.-~' ~.

",<

"I, :

..CO!i!5~ ~mcl Geod~~ic'SurY~y.
" Rbh",rfF\ A. $I:udds~ i:JireCfc>r

." ·'·L:, . .
;':" .

u. s. Departm¢n~ of Commerce
I - I' ' ••

. ChaTl~ s.w;y"'r, Si(ctti_1ilf. > i .: .. ..' :.. .'. ,"

For ..1.. by the S.u~rl..tend..nt of Doc"m.nb. U. S. c.overn......nt Prlntlnr. Office
WashIn~onZ5. D. C. - Price ZO cento (pap..r).

, '

!I
~I

.\'
~

I ./.\".
..........,

,I /

I
'I'.
'Ii", .'

~.I

it
i

\.1 t
;' ~'.

"'~' "

:1 ;-

~I\
)

)1

:1
!

:1
~I

..;

}

JI
11\ "t

Ut.: .-
) .,'

:1



"F..;'

/

~i:::

".'
,'i,'

.
~
.
~
"
"

-
»

\
.,

'\.'

"II,.'

.....,

'"
:

J<
{

z<
{

o0::
W~

g
~

~
~

I-

8.
0>

0
co

~
<

,.J
'"

!?:!
2

!S
....

w

J,P
A

C
H

1!
~

Z
~\

::
?:

GJ..J
I-

~.
~

<;
I-

~
0

a:
<

h
,

...
~

Ii
Q

1
w

~
~

~
z0

(

le::«0
-

wZo=
:

.
U

.
S.

D
E

P
A

R
T

M
E

N
T

O
F

C
O

M
M

E
R

C
E

C
O

AST
A

N
D

G
E

O
O

E
TIC

S
U

R
V

E
T

(
/

1
11,.-65'

.
,,,.

-
/0'

Ii,,:

:!:
l-

I
-

jC
O

C
O

N
/H

O
0

a::
:!:

~
,
~

=
<

rt
l
-

X
l-

I
-

«
l
-

e:
....

c:
e::

'
~
.

a:
~

~
~

rt
«

rt
"'"

..J
C

....
<

.~
.
~

,
·z

0
~

W

0
i;J

~
z0

"'-J
S

T
A

T
E

P
LA

N
E

-C
O

O
R

D
IN

A
T

E
Z

O
N

E
S

A
N

D
S

C
A

L
E

F
A

C
T

O
R

S

"...
4.5'

I
I
~
·

1
.r

."
.

IIZ
·SS'

~
'V

~
0

0
0

0
0

0
:

0
·0

.';\"
m

c:>
or.

8
2

It)
cD

....c.l
z

en
~

..
..

s
tA

tt...S
T

A
T

U
T

C
JItU

l.'lS

A
R

IZ
O

N
A

.:;"
,:

.~
"

:",',:.::'"

I
,....:-..--,--,---:;;:.~~-,-,--.,,-.;;,..,+dR-..h..::;..;!--ri-~_··"-'~··~"·rT-'--n--,,-'T-··"::"n··-.--r-,h·"",.:.;.,,-,..,

!

.
/



.,

"

, ~.

, I

.:..' ....

.;;.

: .l.:'_, ".:

.•....::1'

: ..'

-I. ~' .
"~'';':' ...; .~~

". . ~'... :.,:
"' ..:

~·500,ooo

.:.. ' .. -

Foreword

~·H· ~i\,tf + a b.....

.~.·Yo+V (~r}2 .± e ,
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x

y'

X'

6.tX tt

... :.:: .

y , H, V, and a are based on the latitude
o '

'-

.. .'., ',.
.' .;' '. • .' • ;::": .' ~ .;'.; ,. . ..'. .:< \., .'
." ..' ."

Plane coordinates from geographic positions

,·Grid azinnith :: ge~,e;t'ic>azimuth ~6(X-,·second- term
" .~'

and

'where

"':ehe.· piane coor4:in.c;t~~·y's~e;m''l1S;~d ' in;' this' st~'te is' based'
on ·the transverse Her¢<itc>r,' prc:>j~ct:ion using a reduced scale
for" the central meridian "of" the 'zone~ The tables, in this
pub1.~Cet~i()ri ~,~ .:;~;g"p':e,£gs¥.~Atq:;"f~he ,c:<?nv~~s~'o.J;li.o:t.::_&e~gr~p.rrlc , '
;PQ$;t;t.:i~l:ls· ;1;0.' pJ.;~~: ..co9~q~I}ates: 9r ,' plane. ~()o:r;dtn~.~~,~·i.tO;:;¢~~~.. ;; ,
grap~:tq' p';o~i~j,oP;9.;~;,..{,:,1;l:le:..:c()l1stants' o:.C·;the proj.eetiqn 'are"'~;:~~,':' '"

listesr" ~f.~h.::..~'~~': ,r~:p:~~ ~ ~;,:",,:'::.':~ ;;i:;'. ;';:.·,h~;'·: ~ ;: :~::::~:/~,:Li';,.:. i; ;~:.~:;.. :,\'L,;~H~~~·;~f<~;;;.:~1::)::t'1··,·:}:,. ',. f "

, The ·me.th~ of ' computation' have'been- designed for· ',' " ,"
machine cal.culat;i.ort.:All of the. functions that are·.-required

. are giver{ in ~hisp1il.pli,cationa : . .
•• :-' ~....... • .. •• : M" '.' ••••• ,.' •• .' - • ',.' !' . ... : :..';: ~. ,of·.... _ : ~. '. "

,ThefQrmulasariCl sampler: computations which .fQliow ShOirT
the general methods for computing either type of coordipates •.

."
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Determine!. from latitude and .:e from approximate A:it,

Mis based on the y and e on~he x and y ·of the plane
coordinates.
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1\ ~.. : x.~ 'R'u".· .••

AI\!' =: Central Me;r'idian - .It

~ : 'ext + a b ) .; H

~a" = Mxt - e

A oc." is the convergence of the meridian
." at 'the station with respect to the

-;. Central Meridian.' .

;. "

.... ,:".

p (xt/l0~~)2'+ d": -y- ( 6"'''/100)2 + c

. ' . . 2

. 7 0 = Y - P .(x'/10,000) -d

G.eogr~phie positions from plane coordinates

ap-proximate

'and .

then

Obtain the 1atitp.de- from the table' of Yo"

Use latitude toobta1rl Hfrom the table.

. x": i':" ,06,000

~he'secondterm for the reduction or g~odetie to grid:
. azimuths. may.'.:be, "ziegleeted tor IllOS-t, vork~ .However, for lines
five miles or"more;lrl length if the" Same degree of accuracy· 
is desired. as is obtained by geographic computations, this ,. ".
term shoUld be evaluated and used.:. -' .

.dL>~~om term={Y2 -~1; {~t ~ ~')1·
-.-, ,.: ..-- ,._ ,. ,:'" ,', .',' (6 ng/, sin 1") ~

.. ,.- /0 ,g, .
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, Central meridian //0' to 00.'000
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. 'Hand V=Tab; Hand Tab,'V;," ...
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When as:, . . ... IN~.>. numerIcally.' + mcre/lS", '"
g increases AX" sin'rpnumerically
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Zone . Edst
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION'

(Comhmsed form fQrcnlc\l)uting-mllc11ine ('.omp\ltntion)
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y:;=Tab.·y+V '160' ±o
Ad" ~ A'A" sin 4> +0
Grid Az,. =Geod~ Az. -A.,:a

State Ii r/zona

.. , ....~.. ...-:--.-n-:........·.¥--·l.· .. ~~~..M.· ~_·· .. ·_·_~ ••· •••·••__ • .-._ ... '-"-"':1-;---'--' _.", -_.....__... ,,~

.~.

. ":' ~ .....•._ - -. __ ..~.•" ..

..~-: ..
'l)l)PARTMENT O'F COMMERCE

U.ll. CqA8T AND G>:OI>IlTIC SURVEY
,,"f)rm i':u. 7.14h

.Edo~ 19~qt,
. . ... :',' .Station Plaua /935

. .

: ..
32 °08 J.I./.771?

-::;;if -
</> 3--5" 07 P8~2'1.3 .' '. " ..'.., .'.~

IQq 'IS 13.22~· I/O .'~O .':14949' . : ,. ..X
.' ..

, ", ... .. ";

~ A>. =Central .rper..... X .+ ad' 2Lf I J.f6~771f .....0
0

2.0' l3'f.9'f8 .. , ••0 .. ..
Ax'i '. +I 48fo. 774 .. . . ... 12::;'-1.94g ".. . .',' " ..:-....

a

, (i86Y' '..

. 22/.0.$0: /S2.S'/()
'.' ,

85. 97Co so/'" :- 83 Ofolf 7¥t.
, .. .' '., . ,

"
...R ',' . ;. ~ ".: : .'

, . . ...
"

j /09 ·0$?2. :'.:' . /. 15!? 70(, .
... .-'y . .-.: :", : .j:' I ... .....

I - 0.9/21,+ 'f.9C,Q -OJo R'8 I r4. 2"3 ' I . ", .,. '.. . . Ia b "..
::ri-H.A>..±ab . + 12ry 823.10 . -/02 577.7/',' .

. . (A~r'
.' 2/-fS //$ - . /7t; meO

.....'
V ioo ±c ..

Tabular y. 4Ifo· LJiffo. Lf2 i'L5"h05h2'~50
;

.....- .'
~,

397 '122.2·Q . ' .
.x . .. (",27 R2.~ /0

Lfl ~ (Pq /.$.'1 . I. '{'OO 7~Q ~LI " .,......: . .' ,'.
'II ...

Aa" + 79/..07.. - 7IrJ."c;:1
.•... . . , . "' . ".7 .: ."

:.' "

',,' .- . '.."..' . Aa . + 0 /.~ /I. i -.0 1/ 50.5·: .. . .... ,.

/74 '::>.~ J./f{~2
: ..•.

. . .', Geod. Az; to .Az. Mk. . 3/ /7 !f3}~ . . .- .... ,'. 't "

:: -.

:~ Grid Az. to Az.M.k. /74 /2 37 . .3/: 29 34< .. .. . ',- .
.'

~... . .

A

-'~"":'''':':-:,,' :.......- --'k D:_HI'- ~¥4l1i1o"lI"""'JIfl'nlf'..~~;-~~·~::--;;;-~~io'··

-



'~;.";, .-,

y

..... ~ ..:.,,~.~ ....

>.= C.M.-A>"

>.=(X·+ ob)-;- H

P(~ +d' -

Central Meridian

I " '
X numerically' ,

09'

+

ZONE':--...s-.>...L-~="':;J.-"C.::..-_,_F_Q_s_t _

+, decrease
When Q' b is_~ fncre,ase

O£?ARTM£NT Oll'" COM Mi!:RCE
U.s. COAST AND CEOOnlC SURVEY ,

l"onn No. 'U3. '

st-tion

STATe
Station

X

C

X'
P
d

Cf

Stcrtion
X;
C:
X'
P
d

H

CI b

~

..
X Y

0: - P(~)C:+ d --
X' Yo

"""
p Apprr;;J..AA=Xi

.::- H 1
~A=(X'+ ab) '7 H

..
d

0" I ..
H ~>...

a j b I Centr'al Meridian
0 ,

" X- C.M.-6.}" 0 ..
4> :'

6
GEODETIC POSITIONS FROM TRAN&YERSE MERCATOR COORDINATES

(CI>LCULAT1I'fC MACHIl'ilt COMPUTATIO:-Q

S·taiWn
•

X y

0: - 'p(~)2+d -- , "

X· " Yo

Aprxox..6.>"=X'.'7 H
n,••

p
,

A},,=(X'+ab)'7H
..

d' •
" 0 , ..

H bo)"
(l I b I Central Meridian

,4>-
..

"
,

.-!! , >. ...... C.M.-~)" 0 , ..

I
! '
!
I
I
f .
L
j

I
I '
!

rI .
L,
I

I
I

f
'f

i ",,
4
I :

I:~

j
l

"

; .

.. '



7 .

West

9.896 0276 -·20

'7.\315~1 .,D-"

0.7871 x 10-10

4.,gl, 6025 -20

3, 815~48":5 x 10 ~1('

. .-IZone

Central

4. ,lSI 66}6 -20_
1
(,

3. $14,4854)(10

East

I
-100.7872 x 10

Constants tor Ari~ona

ll.. ,81 6636 -20
- . -Ill

3."S1G:,4854 X \0

110 0 10' OO~OOO 111° ,,' oo~ooo 1130 '+,' oo~ooo

-'+34-.; -~34.3 -289.,
"

.. :-:, .. ..

1 . 10,000 1 . 10,000 1 . 15,000. . .
log R

Constant

Central. Meri:d1an

. Scale reduction
{Central Merldlan)

~ .

.;

I
I
I
I
'I
I

I
I
I
I
I
I
I·
I
I
'I;'

I
I
I~.'{ .



........

".-
~Yo per, ~Hper Ll.yperLat y", H V ilfeet second: second . ;. 'second"

31 00 o .00 101. 0'16 67 67.033 90a ~52.<4i 1-.0 II ~ !!O.,o 5.62 -1.00.·
H 01 6 061. .6,0 101..026 83 67.018, 76<4 252.5<4 1.,087 ;1;37 5 .• 60 -.996
3"1 02 12 123.21 '1;01..027 .17 87,.003 612 252.6<4 :1..067 <47.3 5.60 -.9!""
3;1 03 16 16, <4.8'<4 101..027 33 86'.988 <45<4 252.• 79 1.087 809 5 '.60 ,-.996
,3'1 0·4 24 246.48 1.01.027 83 86.973 '287 25'2 .. ~ 9 1.0811· 1<45 5.60 -.99<4

31 05 30 308.15 '101.027 83 86.958 11<4 253.02 1.eBll 4'81 '5.58 -.993
3'1 06 36 369.• 82 1,01.• 028 .33 66.\'42 933 253.1'<4 1.eae 8.:1. 6 5,.57 -.992
31 '07 42. 431,.52 '101.02B 50 86.• 9'a·" 7<45 253.27 :I..oa9 150 5 .• 58 "·.9ge
3'1, OH 48 493.23 ·1.01.028 67 66~912. 5<49 253.39 1'.0.89 <4'8.5. 5.&5 -,.9&9
31. 99 54 554, .95 101.0<19 0'0 6!$ .:897 3<46 25:5.51. ,1.0 e9 81. 8 5.57 -.9,IlS..
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'253.64,
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3'1, 10 60 616.,69 101.029 33 66.882 136 1.0'90 152 . '5 '55 -.9.7
31: ',11. 66 6"' B: .·45 1.01.0,29·'50. 8Ei·,866 ,9'18 253.76 1.0,90 :485 :"',5:5.5 ,,:,.,98:5,
31 ',12 7<1 740 ••,22 . '1,Q 1. 02.9 83 8'6.851 69.3 253.87 1.,090' .. 818 .. .,5.53 -:-.'98.<4
3,1 13 , :78 8'~ 'I'. 01. - '.1'0 i". 030' . In> 86;8'36'" 4 6i' 25·4.0J. 1.,.091 :1.50 5.,53 ·.983
3;1 :1.4 H4 8b.3 .'81 101. 03'0 ; :{3 86.821 221 25<4 •. 12 1.'09:1. 482 .5.53 ,..9·e2·

. ' ... .:, ,. !

31. 15 90 925'. ,63 101.030 ·67 86.805 ' 9 74 254.2<4 1.09:1 814 .... 5,.52 ".93,,1
31 1.6 96 967.47 1.0:1..030 83 66.790 720 254.37 :1..092 1.45 5.52 - •.97.51
33: ' 1 7 '103 049'.32 101.031 1'7 86: 7:7 5 ·458 254.49- 1~()9a 476,. 5 .• 52 -.9'?~
3"1 :ttl :1.09 1.11.'.:19 101.031 33 86.760 169 25<4.61 .1.,092 .80.7·;. 5.5'0 , -.!'In
3'1 19 115 173. •.0 7. 101.031 67 86.74.4 9 :1.3 25<4.74 1.093 13.7, 5.50 . - • $'1~

31 20 121 234.97 101.032 00 66.729 629 254.86 1.El93 46., 5.5& - .• 9''15
3:1. 21 127 296.89 101.032 17 66.714 .338 2S+. 99' :1..093 797 ·5·,;.48 *.973
31, 22 ,.133 35 ei : 82 1,,01.032 33 86.699 '039 255.0.9 1.094 136 5.48 -.9.7'2
3·1' 23 139 420.76 101.03a 83 86.683 7'34 255'.22 1 •.094 45& 5.4:7 -.9'11
31 24 145 482.73 101.033 00 86.668 421. 255.36 1.094 783 • ,5.47 -.969

31 25 151 544.71 101.033 17 86.653 10d 255.47 1'.095 1.:1:1. ' 5.47 ·.96 &.
,1 26 :I. 57 606.70 101.033 50, 66.637 772 255.59 1'.095 439 5.45 '-,.51~7

fl- 27 163 66 a., 7;1 i01..033 &3 86.622 '437 255.71 :1 •. 0 9 5 766 5.<45 -.516,5
3",;1 28 169 730.74 ::"01.034 00 86.607 095 255.8·4 1.096 093. 5 ...·5 :-.9'6<4
31 29 :1.75 792.78 101.034 33 66.591 "/45 255.96. 1.09 e,' 430 5.43 -.963

31.-' 30 :LH1 854.84 101.034 67 86.$76 388 256.09 1.~'O96' 746 5.43 . -.96ro1
31'31. 1H7 916.92 101.034 83 66.561 023 256.19 1.097 072 5.• 42 -.9'60
31 32 193 9'19.• 01 101.035 17 86.545 65~ 25·6.32 1.• ,097 397 5. •.42 -.959
31 33 200 041 .12 101.035 33 86.530 273 256.46 1.097 722 5.42 -.958
31 34 206 103.24 1.01.035 6 "I 86.514 886 256.57 1.098 047 5.40 • •.956

,
31- 35 21<1 165.38 101. 03~, 83 8'6.499 494. 256.69 1,;.098 371 5.40 ":.955
31 36 21.6 227.53 101.036

1 "'
86.484 091 256.61 1,.096 695 ,

5.38 -.95A
31 37 224 2H9.70 101.036 50 86 •. 468 683 256.9<4 1.099 018- 5.<40 • •.9.5'2
31 38 230 3,51.89 101..036 67 66.453 267, 257.06 :1..099 34,3 5.38, - •. 95'1
3.1 39 236 41.4 •. 09 101.• 0.37 9,0 86.437 844 257.17 1.099 6'65 5.3'1 ';:~"~S,O, .

31 40 242 476. '3:1, i01.037 33 66.4;;!2 <4:1. 4 '257.31' 1.099 5187 5 .• 37 . -'.949
31 4:1. 246 538.55 101..037 50 86.406 9 "'6 257.4'2 .1.1.00 309' 5.37 -'. 9." 7
31, 42 254 600 .80 101.037 83 66.391 531 ~57.54 :1..100 63·1 5.35 -.946
31 43 '160 663.07 101.03H 00 86.376 0"9 257.66 1..100 952 & • .3-7 - .'945
31 44 ~66 7 :d.5 • 35 101.036 33 66.360 620 257.79 1.101 .2.74 5.33 .. -.944

31 45 272 787.65 101.03H 50 86~345 153 257.91 :1 • 1'0 :1 .594 5.35 - • .94:!
31 46 278 849.96. :1.01.039 ·00 86.329 679 258.04 1.1.01 9'1. 5 5.32 -.9-41
31 47 264 912.30. 101.,039 ,00 86'.31<4 197 258.16 1,.102 234 5.3'3 -.940
31 4t! 290 974.64 101.039 5.0 86.296 '1.08 258.27 :1."102.55-4 5.3'2 ·.939
31 49 297 03'7.01 101.039 6'7 86.263 212 258.39 1.103 87 :5 5~'8 -,.938

'.
31 50 303 099.39 101.039 83, 86'.267 709 258.52 1.10 :3 1 9 :a 5'.30 -.931
31 51 309 161.78, :101.040 17 86'.252 196 256.6<4 1.103 5·10 5.30 - .• 935
31 52 315 224.19 101.040 50 86,.236 680 258.76 1.103 828 5.30 '-.934
31 53 321 286.62 101.040 67 86.221 155 25.8.89 1.10<4 146 5.28 -.933
31 54 327 349.06 101.0-41 00 86.::i05 622 25.9.01 1.104 <463 5. ,U -.931

. ~.

31 55 333 411.52 10'1.041 33 86.190 082 259.12 l' .10 ~ 780' 5'.2·8 - .• 938-
31 56 339 474.00 101.04:1. 50 86.17-4 535 259.26 1.105 097 5..;'27 -.9119
31 57 345 53.6 ~ 49 1.01. 041 83 86.:1. 58· 980 259.36 1..105 413 5'.2,7 -.921
31 5H :5 51 599.00 101. 042 1.7 86.143 419 259'.51 1.105 729 5.25 -.9a.
31 59 :5 57 6.61.53 101; 042 3'3 '86.127 849 259.61 1.106 0<4 <4 5·.25 ~.925

./:,..t 00 363 724.07 86.11.2 273 1.10', 359 • .,S'-4
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TRA,NSYERSE MERCATOR PROJECTION
.' .. ..ARIZONA . "

EAST ANPC~NTRAL 4QNES

~~ Yo AYot>e,r H ll.Hper V
.~ ~Qnd' second .,

.38 00 36.3 724 •.0.7 1.1."412 SO 86.112' 273 25~ .(4 1.10$ "5 S'
:u o'i 36' 7a6~·6a 1~ 1·.e43 o. 86.• 096. 689 2.59' ;1'& 1.106 '674
:u oa 3'75 84~~'ao 1~:I.. _,43 Oe 86.081 09a 259,91 1.10 is' .:gea
"lI 03 '38:1 9:1.1.78 '10:1. •. 043 50 e 6·. 065 5.i)0 260.11 :1.16-7 "'0 a
3a 04 3a:7. "'74.3.9 1 0 1 .•. $43 67 e 6.'049 894 260.2a 1.107 6'15

32 GS 394 0'" .. 01 181.044 08 86.034 281 260.34 1.107 92 a
.31l Of>· .,409 999;;. 6,5 10'1. ,<44 1., 86.015 661 26°·47 1.108 241
3a 07 -40li 1.a.3. 101.$-44 58' :;:.~g~ 033 260.59 '1.108, 5'53

·3a 08 412 224' .. 91- '.181.844 83 398 260.71 1.108 865
3'2 .09 ·41$ 287.'6 ';1.:1..04.5 OD 85.971, 756 260.83 1.109 17,7

:33 10 434 3.5!>.36 1.03:. 045 33 85.956 107 260.96 1.109 -48·8
'3a ,11 .'·4·30, '41,3-,. o.e-. ':1111.~ 045 SO 85.940 '450 261 .06·, 1.109 799
:J;a 13 .... ,-6 '175... 8':1 :1:01. 0-45 8::5 ,,85.9:.14 ,,7 a7 261.j;l.:1:" 1.11Q ·109
,3·a. 13 '44~ 538.56 ,'10 :1::. 046 17 85.909 115 261.3.1 1.110 419

" 3:3' '14 .::4'ole 6d1C", 33 .:....~01.0;46 $'3 8 5.8~U 437 261~44 1.110 739

;u 15 .41 5..04 66<4.11 101. ',46 67 85.877 751 261.56- 1.111 039
·;Bl 1'6 ,460' 72 6.. !f~ ,101 ... 04?- 00 85.8l>2 0'58 2l>1'~ 6'1 1.1'11. 348
3.2 1~ :,466" 78!?' .'7) 10.1.0,47 17 85. 64'Q' 358 '26'1"7~ 1.111 656-
:n, 1a ,4.7~ 852':56- ,,101. 0"'7; 5J) '85~830 651 2U.!>2 1.111 9'5
3'2 19 .. 478 9iS.41 'i01~ 047 67 85. 614 936 262.04 1'.112 272

ll.V per
second

5,.25
'5.• 23
5 ..• 23
5.• 22.
5.,,22:

5.2'2
5·. ao'
5.2'0'
5.'20 .

'5.18

5.18
5.17
'5.17
5 .• 17"
5.17

5 .• 15
5.• 13','

. 5 .• 15
5...12
5.13.

-.924
"'" ~.9iaa
'-.921
-;"920-
-.9111

-.917
- .,916
-.91-4
-.913.
-~9:1.a

-.911-
-.9jl'9
-.908
-.907
- •. 906

-.9~5

"-.9·03
; - .9·'&2

- .9,01
-.~'oo·

- .8,5 4
~ .8$3
-.851
•• '8::> 0
·'.849

-. ~8 IS
-"S84
-. S'8,3
-18$2
-~ ~'6 i

-.8.74
-~a72

- ."8.'11
- .8.·":0
-.86a

-.8.67
-.866-
~ .8~4

':.~;t>3
-:~.S62

.-'. 8~1
'"' .~i5 9
- 858
- :.8~7
-,.135 5

5.10
5'.'07"
5.08
5.0"
5.07'.'

4'.9,3
4.92
4'.92
" .9.;2
" ,; 90;

5.0.5
5.05'
S. 0'5·
5. oj';
$-.03

4.90.
4.9,0
,4.88
4.88
4.57

t l

4.97
4.9:5
4 .• 95;.
4.9.5.
"'.S'3

5.00
4 •.99'
:4 ~9'8
'4.·97
-4.97

5'.03 ~.88·O
·5 • () ,3,:' . -. 8'1 e
5.02'- -.1:177
5,.00' , -'.876
5.00'· -~875

5 .1.2 - • 89 9 '
5 •.12' -.8.97

"s .'10 :",.896
"5.12 -~8,95,

5.0:"8 '-.89'3

635
938
241
544
8~ 6

,1.123 106
1.1.23 400
1~12.3 69~
1~123 9JP
1. 1. a..,4 2,80

•
1.114 112"
1.114 .'4'18
1.114 722
:1..115027
1.11,:> :531.

1.112 5S0
1.13:2 8e'7
1 11:3 '194
1 .. 113 500
1.113 8'07

1·.117
1.117
1.117
'1.118
1.118

1.124 572

265.1.9'
265 "31'
2,~S-:~<4;1.
2.65 .• '5.6
?65/6't;

263.37
26.3,. ,49
263.6 2
2.;3.72
263.'86'

263.97
26h·1.;i.
26,,,,'~21
2.'64.3" .
264 ~ n'

262.16
'262.29

2 62.~.4.:I.·
262:",52
2 6a'~'6,4

,_4.AY 1.118 652
.04.7'1 1_1i~ f5~
'264~81'r 1. H.9' 25 i
*~4~~4 1 11. 550
2 65 ~06 1 • '11 9 84'0

21,4
485
746
0:04'
253

8 5 .24~ 375,
8 5 • 2 ~8 3 '92 '
85.2,12 402
8$.19,6 ;40~
85~18,c).·4iJl

85. 72.0 4 95
85~7:O,4 72.9
85,. 6~S 95P
85". 67'S, :116
85;;657 389

85.6,41 594
85.625 792..
85.609 983
85·.594 166
85.578 3.~3

85 799
8S.78.:S
85.767
8575'2
85.736

85.562 512
8 5 • 54'(; 6'" 4
85.530 828
85.• 51'4 976,
85. 4 99 116

85.48;J 2:49
a5~4li7 3"1.5
85.45'1.' 49.3
85~-435 60$
85~41.9 7.09

5.0
67
00
17
50

67
00
33
50
83'

00
33
50
83
()o

1.01.0.5483
lch~o5500
~0'1.~G's5 33
101. 055 67
101.~055 83

101.053
101~ t.S3
10;10": 0,5;4
10'1:054
11)1~ ?54

101. "0'52
101.~0l5a
10 1. O'5~

10':1. ~':s'2
101.,053

101.950

·in: :n
1~ i ·0.51
101: 051

.1:01. 057 50
" 10 1;~ .OS 7 ' $ 7

1'0 1:'. osa 1. .,
101.0S-a ;3
.101.O'SI:l '50

:101.0,48
101. i-"8
1cn, .. O~8

: 1,O.:1~· (>+8
'l'Oj". iH9

1Gl.0H
1.(> 1~' 049
'1Pl~O..sO
101';".50
101.050

923.,,18
986,~ 30
049'.44:
112: 60
11'$;'1'7

IS07.8li1
670.,84
7~3~90
796.98
6liO.07

7.27 5().~.17

6:3'6 555.15
6~a 6;i;8.4'"
6";U 681;'74.'
(; 54 7 ·pr' :0 6-'
6~O 8.08 :••l()

51'S
5~1
5~7

533
539

515
581
588
594
6.00

484 978.27
491 0,41.~15
497 10~":0'5
S~3 166.96
St'l9 229· .. 89

606
1512

·61,8
624

• t;50

32 20
3":it' 2.,1
32 2.2
3.2 23
32 2 4

33 2S
3:2 2:S"2 2.1
j'a '28
$'2 29

32 30
33 31

:3'~' 3,2
3,2 33
.":2 3.4

33 .:5 5

n 36
37

'3.2 38
3'3 3.9

33 40
32 41.
32 4'2
32 '4j
::5;2 '44

3a '4.5
3:2 ·4:6
32 4'1
32, 48
~2 49,

32 5Q
',2 Si

'U S'2
; 32. 53
32 '54

32 55
32 .~;';2
32. s~
32 5.9

33 (10

II

I;

I~

I'

'1';
'~ :

~i:

I



--- - sH per. . AV perLat Yo ~,yo per H V areel l)E::!<.:um.l . SecOl1d second
~3 00 727 506. 17" ::1.01.• 0511 8.3 '.' 85. 1::6.4 :5 89 ~ 6 (; .·9 9 .::1. .12 ~ 572

,
<I.OJ? -.·84&,

3,)- Ol. 133 569.7.0 1.01.• 059 3'3 85 .'148 :3".7'0 267.1::1. ::1. .• 12'4 66 ',4 .. <1 .. 8·7 . - .,8·<16
33. ,0 ~ 7,39

'~~ ~ :~~
1.01.059. 33 85 •. 132 3-4-4 267.22 1.125 ::1.56: "4· .. 85 -.8-45

3·' 03 7·-45 101.059 67 85.,116 311 267.36 1.125 <1,,'7 <I .85· -.644
33 04 751 760 •.40 101.0bO 00 ,85.1.00 .270 2 6'!. 4 6 1.'12'5 7·38 <1.85 -.843, ,

"/5Q 10·1 .. 060 8 5.084'
J

" .,.05 82".00' 17 2'23 267.59 1 .• 126 Q~ 9 <1.83 ·.842'
33 1),6 7.63 887.,.61 1.0'1 •. 060 .50 85~O.68 16.6 267.71 1'.12'6 31'9' ... 83 - •.8" &
33' 0" 7.69 951.2'4 1.01.060 83 85.052'106 267.8-4· 1.126 609 4.'82 -.839
3'3 06 7'76 014.89 '101.• 061 17 85~'036 036 2'67.94 '1.126- 89·8 4.82 ,-.• 838.
3' 3· .0- 9 7112 '0'/8 •. S, 6 :1.01.06.1 33 85 .. 019 !).60 268.07 :1:.• 127 187 · , <4.82 ·-.637

"
.' ". .... , ,

33 ",1.0 7 tl,8 .142 •. 24 101 .. 061 50 85.003 8 '/6 268.19 '1..1. 2 7 476 ..... ·80· ·.836'
33 11 7'94 2(,) 5.9'3 "101'.062 00 84.987 "/85 268.'31 ...1.12·7 764 <1 •.80· ·.834
~3; 12 8·00 269.'6.5 101..062, 17- 84.9'71 667 268-'44- 1.128 052. · .-,; <4.78 .-.833
3:S, 1 3 80,6 333 •..3.8 :1..0,1 ....062. 33 84.,9'5'5.,5.81 266'.54 .1 •.'12'8 3'39 4.80 -.832
33. ,1: 4 8·12 .39,:,1.2 ,:1.01,. 0 6~. 67 84.939· 4 6 .9 .268.• 67 .1.'12.8 62'7 .. ,-4.77 -.'830, :,.:.

33. 15 818' 460.88 ::1.01. '063 00 84.9-23 349 ~68.7~ 1 .• ':1.28 913· · . ~'. 78 ·.829
33,16 '824 524 ~66 101.063 33 84~907 2-22 2'68.91 '1r1'29 200· 4.75· ~; 8,21)'
33. 17 83'0 588. 4 6 ::1.0·::1..063 50 84.·891 '086 2'69.04· 4.'129 485 :-4.'77 -.'826'
33' 1 '1:1 836· 652.27 ::1.0::1..063 83 84 .8.74 ·946 269.1<1 '1.12·9 77::1. '4.75· -.625
~3 19 842, 716,1,0 1.0'1.064 00 84.858 798 269.27 :1,.:1.30 0'56 :~ " •.75 -·.82-4
. ,. ,. .7 .

3.3. 20 848 779.9 ... ,10.::1..064 33 84.842 (>42 269.39. ::1..1.30 3~"1 4.73'·' - .8:23
33 2::1. 8!,54 843 •.80 10::1.. '06~ 6.7 84.826. 4 '(-9 269.51 ::I. .1,:3 0 625 ." '4;. 7'5 -.821
33' 22 86·0 907 •. 6£1 ::1.01.065 00 84.810 3.09 2651 •.54 ::1..130 90.9 ' 4.7.3 .- .·8AlO
33 23 666 971:.58 10'::1..06.5 1·7 84.794 ::I. 31 . .2 69 •. ,74 : ,1. :1.31 19.3 -4.72

' ,
- •.8.19

33 24 873 035.49 101.'.065 33 84.7'/7 947 269.87 1..13'1 47 ? f. .7.2 '-.8.17 .
.'

'.

j
25 ,8.7.9 099. 4 1 ::I.01~065 83' 84.761 755 269.99; ::1..• :1. 31 755' ., '.... '72 -.81 6
·26 8.&5 163 •.36 • :1.0::1..066 00 .84.745 556 270.1::1. 1.132 0","2 '. -4.7Q -' •.815

5· 27 89'1 227.33 .:1.0"1. •.066 ::1.7 8-4.'2'29 350 270.22 ::1..132 324· 4 :'70 - .813
,3. .28 897 29:1. • '2.9 101; 066 67 84.7::1.3 ::I. 37 270~3" i.1.32 606' 4.68 -. :'·8-12

33 29 903 355.29 ::1.01.066 83 84.696 9:P 270'.47 1.:1.32 887 " .4.68' -.8:"1

33 30 !H19 419.30 10 ::1.·.067 00 84.680 689 270.59: ·1.133 168 4.68 -.810
33- 3'1 91S 483.32 .1, 0'1.. 0 ($ 7. 33 84.'664 45'4 270.71 ::1..::1.33 449 '<4'.67 -.8'08
33 3.2 921 547.36 10·1.067. 67 84.648 212 270'.82 ·1.133 725' ',".67 -.807"
33 33 .927 ,6.1.1 .42 . ::1.01.068 00 84.631 963 270,,94 :1:.13 .. 0119 <4.65 -.8.06
3'3' 34 933 675.50 .101..068 17 84.·6'15 707 271.06 ::1...134 288 4.65' -.805

.. "

33· j 5: 939 739.59 10::1..068', 50 84.599 444 27:1..::1.9 1.134 567 -4.65 -.804
33 36 945 81,)3. 7 () ,. 10'1..0611 83' 84.58.3 '173 271:.31 1.13~ 846 .: .·4.63 -.802
33.· 37 9:51 867.83 :1:01.069 0.0 84.56·6 895 271.42 .::1. ~ 1'3'5 124.'- '-'4.6.3 -.801
33 38 957 '931..97 :1..01.069 33' 84.550 610 271.54' 1.135 4·02 4.63 .'- ;800
33 '.39 963 996.::1.3 101 •. 069 50 .. 84.534 318 271.66 1~135 6ao 4,.,6'2 -.7'99

, ".

33 40 970 060.30 101.069 83 a4 •. 5::1. 8 019 27::1. .• 79 I' ~.135 957, '.<4 • Ii 2 - .• 798
33 4::1. 976. 12.4 •.49 . ::1.01.070 17 84.501 712 271.89 11.::1. 3 Ii 234 ''4.6'0 - •.796
33' 42 9 8:2 ::1.68.70 10'1.070 50 '6.4. 4 85 399 272;,02, I, 1.13'6 51.Q '. 4 .. 6'0 -.795
33 43 91:18 :.l52.9:S :Un.070 67 84.469 078 272.14, 1.136 786 ".60 -.794
3.3' 44 994 317 •. 1.7 101. .070 83 84.452 750 272.21$' ~.137. 062. .<4.58 - •. 792

33 45 1 0..00 36::1. • 4;2 ::1.01.071 33 84 • 4'36 4 is 27a~39 ('1.137 337. .. 4.58 -.'791
33 46 ::I. 006 '445.7() 101.071. SO 84.420 .072. 272.,49 "1.137 612. ,,4 • .5 B. ·.;790
3~ 4 ',. ;1 0'12 .509.~~ 10,1.071. 83 84.403 723 272.61 '.1 1,:3"7 887 :... 57 -.7'88
33 48 1 0.16 574.;36 ::1.0::1..072 00" 84.367 367 272.7<4· '1:1.38 '1;6·1 , ..·.57 . -.'787
33 49 ::I. 024 638.62 10::1..072 33 84.371 003 2-72.66 1.138 4;3 5 :4.55 -.786

.;.

"
33 50 i 03.0 702.96 101.072 67 '8".354 6 32 272.97 .1.138 708· ".55 -.785'
33· 51 ::I. .036 ;.;,767.32 101.073 '00 '. 8~.338 2S" 273.09 :1..::1.38 981 ..·.55. ·.78.3
33 5~ 1 O. 4 2, 6 3 1 •.7 0 10::1..073 .17 84.3:<11 869 273.2::1., ::1..:1:39 254 4.53 '-'. T8a
33 53 1 048 89 6 ~·a9 '101·.073 33 84.305 ~ 77 273.3" 1.139 5,3.6 ".52 ·'781
33" 54 ::I. 054 9 b 0 •.:4 9 ::1.0::1..073 .63 84.289 0" ".7 273.44, 1.13~ 79,7 ·<4.53 :'<779

..

3 55 ::I. 061 Oic1 4 .92 101.074 00 84.272 b 71 27 3 .5~, 1..::I.~O 069 ' ... 52':' -.778
33 56 '1 06" 089.36 .10.1.074 33 84.256 2,57 273 .• 69 1. .'::1. 4 0 . 3040 ... 50 -.777
33 5 " '::1. 073 153.82. 10:1..074- SO 8".239 836 2'73.81 ',1.1.4 0" 610 4,·.52 -.775
33 .5l:l 1 079 218.2~ 101.074 83 84.223 ~Q8 27 3'. ~2 ,. ::I. .::1." 0 ,8$1 , <4.50 - • 7'" 4
3'5 59 .::1. 0115 262 •. 78 ::1.01.075 17 84.206 973 274.04

'.
.. 1 •.1"1, 1S i :4.48 .~. 77:3

I

;,( 00 1 091 347.29' 84.::1.90 531 ::I. .1 4 1. 43.0 -.7"3

{

TRANSVERSE MERcATOR :PROJECTION

. ARizONA'·,.
EAST AND CENTRAL40NES

.-.... ~.~ .....

11

.......~_.~ ." .
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TRANSVERSE MERCATOR PROJECTION lYARIZoNA· • .. ,J'~

EAST AND CENTRAL ZONES

Lat. ··ltt,) il'jo per H uH tJur V
===-'~~\rp~f=~-==:" _.

feet s~cond seconp s~cona, a
34 00 1 091 >~ 7. 29 ·10.1. 075 33 64 .190 53'1 274. 16 1.141 ,.420 ".4S" - •.772
3'4. 01 1 097 411.81 10 :l. 075 67 64 .174- 06a '274.29 1.141 669 4 .48 -.770
34 O~ 1 ·103 476.,35 101.. 076· 00 84 .157 625 274 .41 1.14'1 958- .( .47 - .• 7'69
34 0,3 1 109 540 .91 10"1. 076 17 84 .141 161 274 .52 1.142 226 4 .4"1: . .768
)4 04 1 11. 5 605.48 "101. 076 50 . 84 .124 .690 274 .62 1.142 49 ~ " .4'5 -.767

34 i.
,

0'5 121 6.70.07 iO 1. 07.6 83 ,8"'.10'8 213 27".77 .1.142' 761 ".. '" S. -.766
3·4 06 1 127 734 .68 1'01. 077 00 84 .091 -f 27 274.87 1.143 028 4 .'45' - _7'64
3,4 ·07 1 13,3 799. 30 10,1 •. 077 .33 84 .• 075 235 a7~.99 1.'143 295 " .43 -.76,3'
3~ 08 1 139' 863.9.4 . 10.1. 077 '67 64.0'58 736 275.11 1.143 561 4.43, -.762
34 09 1 '145 ,928 .. 60 "'10.1 ~ 077 83 84;042 230 275 .24 1.143 6'27 4 • "3:' -.761

3.4 10 1. i51 993 •.27 10i.07t!. 1.7 84 .0'25 71.6 275.36 1.:1.44 093 4 ~;... 2,. -.7,.60
3.4 ·1 i- 1. 158 057.9.6 .:101',078 'so 84 .'009 195 275.47 1.1 ...... 358 4 • ...'2' -.758
3'4 1~ i '1'64' 122.67 ·10:1.071J. 83' 83.'99.2 667 275.57 1.1"'4 623 4 .42 -.757
)4 13' 1 170 1tl7 ..... 0 ',101. 079 ,.00 83d17;6 133 ~n 5. "/1 1.'14" 888 4· ..... 0 -.75$
34 :1:,4. 1 176 252.i:4 101. 079 1'7 83.959 591 275. 84 1.145 152 ·4 .38 -.75,4.

.;:

3'4 15 i ·1.8.:': 316.89 .101.079 67 83.94;S 041 275.94 1.145 415 4 .4!) -".753
34' 1~ 1 188 381.67 10:1.. 079 83 83.92.6 4'85 2., 6' .. 0 6 1.145 679 4.38 -.752

'3·4' 17 i i'94 446 ••q, '10 1,.'060 00 63 dl09 922 276.19 1.145 942 4 .3.7 -.750
3" 1,6 :1 2·00 511.2'6 . "10:1 • 060 . 5 0 83.893 . 351 276.29 1 • 1.4 6 204 " ...37 -,.• 7.49
34 '19 1. 206 .5'/6. 09 '101.060 '67 83.'6 '/6 ., 74 276.42 ·1.·145 ,"'65 4 ...37 -.748

. 34: 20 1.' :21.2 640 • 9 3. 1.0:1 • 060 83 83.860. 189 276'.54 1.146 728 4 "35 ·'.7 "'7'
34 2.it. :1. :':18 705 .. 78 1.01.Q81' 33 83.8"'3 597 276. 66 :1.1.'46 989 .. • :35 -.7;4 5
34 22 :1 2'24 7'/0.66 :1:'01. 061 50 83.826 998 276.77 1.147 250 4 ;35 -.744
3. 23 :l. 230 835.55 '101. • 081 83 83.810 392· 2.76 •.89 1.147 511 4 .33 -.743
34 2·4 1. 2 :36 900.46 .101. 082 .00 .83.• 793 779 277 •. 01. 1.147 771' 4_33 -.1"'2

3<4: 2S .1 2'4.2 9 6~;'.3 8 .1,01 .. .0,62 3.3 83.'7.77 1·.59 277 • 14 1.148 031 4 .32·

:.

74r."3.4 26 ':1.: 249 030,.'3.2 1.01. 06.2 67 8.3.,760 531 277.24 1.146 29'0 4 .'32 .73:. ".," '
3~' 2.7 1 :ass 095.28 101~ 083 00 83.7 ... 3 897 2'77.37 ,1..1"'8 549 .. .32 -.73 ,!.
34 28 1 261' 160 .26 101 •.083 "17 83.727 255 2.77.4.7 1.148 808 4.3 O. -.737 .' ..
34 ··29 ::L 26.7 .225:.25 101. 0,83. 33 83.71'0' 607 277.61 1.149 06'6 4 .30,. -.736

34 '30 i 2.73 29.0 ... 25 101.083 .e. 3 8':J.693 95~ 277.72 1.14·9 324 4.28 -.7.35
'34 ~1 1, 2751 355.·2fl' ·101 •.064 00 8:,3.67·7' 2.8>8 277. 8'" 1..149 581 4 .28 -.73:3
34 32 1 2115 420. 32 , 10'1. 084 33 83.660 .618 277.96 1.149 838 4.28' -.732
3-'" 33 1 291 ... as. 36 101. 084 50' 83.643 941 278.07 1.150 095 4 .2·7 -.7.31
H ';4 l' 29.7 .550.45 :10':1. 084, 8:3 83.627" 257 278.19 1.1 5 0 351 4 • 2'7 - .,7'29..

3~ 35 :1 :503 615.': 54' :10:1. 085 117 83.'.610 .·566 ,278.31' 1.150 607 .. .27-· ":'."2,8
34 36 1 309 61l 0 •. 6 5,. .:101. OB5 .., 5.0 B;5.593. 868 278.44. 1.150 86 :5 4 .25 - .'727
ji4 3·7 1 3:15 745.78 10·1. 085 6'7 83.577 162 278.54 :1.:151 118 4 .25' "".725
34 '38 :1 32.1 810.92 :1.01.086 00 83'•. 560 ... 50 278. 66 '1.151 373, ' , ... .23. - .72~'4 39 :1 327 .876 .. 08 1,01.. 086 33 83'.543". 731 278.79, :1.1.5.1 627 '4.23' - .'72:3.

34 40 1 333 94L26 101.086 50 8' 3.5127. 00'" 278.91 1.1:5:1 881 4.23 -.722
34 41 1 340 006 .. 45 101. 086 83 . 8 3~ 51.0 2·70 279.01 1 •. 152 135 4 • ·22 -.73.0.
3,4 42 1, 346- 071 .66 101. 087 00 83.493 530 279 .14 1.152 388 '4 .22 ··.719
34 ·43 1 352 136.88 101. 087 50 83.476 78a 279.2.6 1.152 641 4.20 -.71e
3.... 44 1. 358 '20.a. ~3 101. 0.87 67 83.460· 02:.7 279.3.7 .J.:L52 69.3 .4 .• 22' -.717

.;H ....,.!i 1, Ht 267~'~9 101.087 .8'3 83.443 26:5' 279 .49 1. ·1' 53. 146 4 .18 .,..716
3~" 4 6: :1

~;~;g~"
·1()1..08~· 3'3' 83,.:426 .496 279.61 1.,153 397' ".ao -.7·14'

34'47 :1 376 101.-.066 50 83. 409 720 279.72 1.153 649 4.17 -.713
3. 48 1 382' ... 63.2.., 101. 08S 83 83·392 937 279.86 1.153' 89 9 4.18 .~. 7:L~

3.~ .49 1 3~", 528.6.0 1Q 1,. 08,9 op 83.376. 146 27$ ~ 9j; ,:. :ic.;i: 5<4 150 ~~17 ....:711

\.; c.
H 5a 1 j 94 59".9 4 10i. O!'l9 3~ 83.359 349 2 eo. Qi· '., 1.15'" 400 .j •. 3.7' .,.·.71()
H 5'1 1 ".00 6'59.30 .101. 089 67 83.342 545 280.21 1';15'" 65,0 4.1:5" -.708
34 52 1 "'06 724';68 :1:01. 089 83 83.325 733 280.31 1.15'" 899 4 .15 -.707
34 -:53 1. 412 790.07 101.. 090 17 e 3 • 30:6 .915 2eO .... ~ 1.1 55 148 4.1:3 ''!t .706
~ .. :54 1. 418 855.48 101. 0'90 50 83.;292 G89 28(),5/? 1. 1 $5 39j; 4.• .13 '" .·70~

34 55' 1 ~:li4 ·:9 2~. ~91 101. 09Q .83 83 •. :':75 256 280.66 1.is5 64'" 4 .i3 ..:.• io~
3'4 '56 1 430, 986..... 36' 3,01.091 00 83.• 258 4.17 280.79 1.15S 892 ... .12. -.703
j;." ':5'1 1 437 051.82 101. 091 33 83;241 570 2 8 0 .{91 1'.:1 56 139 '" • :1'2 -.700
34 5H ;1. 443 11.7. 30 101. 091 50 83.224 716 281.02 1 •. :156 386 4 '.12 - .699

.3.';~,. 59' '1. 449 ·162.79 101- 091 83 83.207' 8S5 261.14 :1.156 633 .... '10 -'.'6'98
, ( .. \1:'

35 0.0 1 4:55 248. 30 83.:190 9,87 :1.156 87 9 _.69~:;t



,.

., ••• ,,, ......_ ........,;o:-__._'..............~••_ ........~-• ._._.-_••_-~--- --.' ..... - ••• -_..."'--_.--_ •••_ ..... -

13

-,641
-.639
-.638
-.637
-.636

".,553
- .. 5 52.
.... 550
-.649
- .6".8

·-,628
·,627

..- • 625
;-'.6..2·4.
-.623

~.6.97

-.695
" .•' 6'9 4
-.6.93
., ~ 692.

.,.691
,;. .:689
.~ .688
.-.687
-.586

..;; , 685
.. ,683.
-,582
~- .;.681
.-· .. $79

~'. 67 2
- 670

.' : 6'6 9
-.668
~ .. 657

~ .

a

··.6.7
'.6.5
- , 6'<4 <4
.-.643'·

.-.6<42

-.660
-.658

.-.657
-.056
-,654

.-.678
-.677
- •.675

,- •.574
.: - ,6" 3

.. • ·666

.. ,.664
-.663

:::~~~~

- ,.635
-,633
-'632

.• : 631
-';.629

3.9?
3.97
3.95
3.93
3.95

3.73
3.73
3 •.72
3,12
3.72

3.80
3.80
3.8·0
:5.77
3.78

6V per
second

<I. I) 3'
4.02
4 .02.-

.4.02
4.00

4.05
,<4.07
4.05

·4.05
. 4.03

4.10
<1.·08'
4.10'
4 •. 07
<4.08

3,77
3 ~.77

3.75
3.75
3 ·•..7 5

3.90
.3.90.
.3.8 a·
3.88·

'3.88

<1.00
4.00

'3.98
:. 3 .98

·3:.97"

3,93
3.92

"3 •. 93
' .. 3.;92

3.90

... -......__..--~ •.. ,... _...-... ..-.. -- .. "'.... ~~..-:

3,83
·3.83
··3. e 2
3.82

... 3.80

10 S
348
5,90.2 .'
8.35
078

·721
959·
197
434
670

1.158
1.158
1.1.58
1.158
1.159

....-- ..- ~ .

1.160525'
1'.1.60 765
1.·161 005
1.1.·61 2<4<4
1.161 4a3

•• >••,

1~3:6'6 406
1.166 636
1.166 866
1.1.6·7 095
1..1.57 324

1 •. 1. 6 a· 689.
1.168 91.5
1.169 ·1<41
1.~:l.69 366
1..169 59.1.

1..165 250
1.165' 48a
1..165 71.3
1.165 9<45
1..166 1.76

V

1.159-'320
1.159 562
1.159 8.U 3"
1..3:60 044
1.1.60 285.

1.1.67 5S2
1'.167 780
1.168 008
1,158 236'
1.16·8.· .• 62

1.16<1 083
1.164 31.7
1.164 551.
1.16<1 7&4
1.1.65 017

1 •.169 8';1. 6
1.1700·<40
1.170 264
1.170 487
1~170 71.0

1'.170 93:5

1.156 879
1 • 1 57. 1'25'

'1..1'57 370
1. • 157 6-16
1.1,57 86 a

1.162907
1.163 143

·1.3.63 378
: 1 • 1 6 3·61. 4
,1.163 8<49-

1.1.61
.1.161.
1.162

·1.162
1 •. 162

281.8<1
281..97:
282.07
282.21
2.82.3:1.

285.52
26·6.64
2 a 6.7'6
286.87
286.99

287.:1.1'
287.2'2
287.34
287.<16
287.57' .

282 .• 4<1
2B2~5<1

282. 6"
2B2~79

282,.89

285.9,4
286.06
286.19'
286.29
280.41

283.6:1.
283.72
283.82
283.95
28<4.07

283.02
283.14
283.24
283.37
283.49

284.77
284.89
285.01.
285.1.2
285.24

287.69
287.81.
!:!87.91
2e8.04
288. 1 ~"

285.37
285.47
265.59'
285.71.
?85.€!2

284.19
284.31
284.<42
28<4.5<4

. 2 8,<4.66

621
3·95
162
922
675

147
131
108
079
042

82.338
82.'321'
82.304
82.286
82.269

82.510 497
6:':.49:5 341
8::l.476 1.'78
82.459 007
82.• 441 830

8::l.681 673
6::l.664 567
8 ::l'. 647 . 4 94
82.630 394
82.613 ::I 8"

82.424 646
8 :.1 • 4·07 4 .s 5
62.390257
82.373 052
8.2.355 840

8<1.'852·
6:!.835
8'2.818
82.801.
82.784

8':5 • 02 l' 9 19
83.00<1 973
82.'988 021.
6 a. 97·1 ' 061.
82.954:094.',

83.19'0 9'87
83.174 112
83.157 230
83.1..0 341
83.·123 ~<l4

82o!I37 121
8~.920 140
8::l''''03 152
8~.e86 158
I; 2'.669·1. 56

82.166 047

B ::l." 252 "21
82.235 160
82.217 892
8::l.200 6i8
8:.:.i83 3.36

8 2'. 5 9 6 ·1"/3
82.579· 051.
82.561 923
82.5<44 '/88
82.527 646·

.82,166 998
82.749 947
80:1.732· 889
82.715 824
82.698· 752

·83.106 5 <4 1
83.089 631
8 3 • 0 1 2 '. 7 1· 3
83.055 789
6:5 .·0 38 8S 7

3·3
50
83
17
50

33
33
57
00
33

83
00·
33
67
00

101.106
101.1.06
101.10'6
101..107
101. •.107

101..092
10'1.092
101,092
101.093
101.093

101..099 17
101.099 50
101.09983
101.100 00

·101.100 33

101.103 50
1.01.103 67
101.i04 17
101.1.04 33
101 • 104· 50

101.096 33
'';1.01. •. 096 67
1·0 1 •. 09 6' 8:3:
101 .. 097 .:33
101.,·097 50

101.1.021"
101.1.02 33
101.102 50'
101.102 B·3
101.1031.7

101.095 00
101.095 17

'1'01.09'5 50
101..·095' B3
~ 0 .1 .O~"6· 1 7 .

101.107 67
101.108 00
101.108 33
101·.108· 50
101.108· 83

101.10<4 83
101.1.05 1.7
1"01.105· 50
1.01.105' 67

·101.106 00

'101.1.·00 67
:1.01.100 83
i01..101 17
101 •. 101 50
101.10167

101.093 SO
101.093 83

··101.·094·17
101 •. 09<4 50

'101.094.67.

101.097
101..09b

·101.09t1
·'101.09.8

101.099

5<45.51
611.89
678.28
744.69,
Bl1.12

221..54.
287.58
35"3.63
419.70
48.5.79

562.10
627.97
693. 85
759~75

825.67.

891.61
957.56
023.53
089'.52
15<5.52

233.02
298.80
36 4 ~ 6 0.'
430 .'<41..
496. 2:.5

·90" • :5 6
9"1·0.06
035.·7.7
1.01.50
1.67.25'.....•..

576
582
588
59<4·
60'0

6C'6
6'1'2
6.19
625
6.31

515
$2i
5'28
534
54 (j

1 758
1 76<4
1 770
1 776
:1 7l:12

l' 637
1 643
1 649
1 655
1 6,61:

1 <485 576.12
1 491 6.4.1.73
i 4 97 70 7 • 3;6
1 5·0"3 .713 •.01
1 509 838;68

1·54·6
:L' 5·52
1 558
1 564
1. 5'70

SO
51
52
53
5<4

30
31
3~

33
34

20 1
21 i
2.2 1

'23 1
2" ·1

TRANSVERSE ~ER9ATOR •. PROJECTION

ARIZONA
EAST AND CENTRAL ZONES

La~ Yo 6Yo ~r H . tlH per
L~ +- .:..:fe~et --=s~ec=.:o:.:n:..:d=-·_-j- · ~--,,-~f~nc1

2.81.36
281.37'
281..<49
281~62

28i.72

35
35
35
35
3S

35 15
35 16'
35 .17
35 .1.6
35 '1.9

35 05
35 06
35 0.7
35 Oil
35· 09

!c e8 1 cS. ~48.'0
~i 0111 461 313.8<4·
3~· 0211 .~7 379.38
35 {)3 1. <473 <444 .. 94'
35 o~ r <479510.52

35 45 1 728 213;88
35 46 1 734 280.17
35' 47 1 740 346.~6
35 4t> 1 746 '412.81
35 <49 1. ~52 <479.1.5

35
35
35
35
35

35 10 1
35- 1111
·)5: ~2 1
35 1.3' 1
35·.1.4 1

35 401 697 882.67
3 5 . 4· 1 l' 7 a 3 9 4 8 • 88
35 <42 1 710 015.10
35 43 1 716 081.35
35 44 1 7?2 147.61.

35 55 1. 7l:1B 877.57
35' 56 1 794 9.4.03
35 57 1 801 010.3~

35 5b i B07 077.01
35 59 1 813 143.52

3s
35
35
35

<55

35 35 1 66~ 551~89

3536 1 673 618.02
35 37 1. 679 68<4.~5

35 381 685 750.31
35 ·39 1. 691 816. 4 8

35 25 1

35.. 26.11~'5 27 1
'. 2 tl. 1.

.,:-7.29 1

~ ..

f.



TRANSVERSE MERCATOR PROJECTiON

ARIZONA
EAST AND CENTRAL ZONES

Lat. Yo .c,Yo p~r . H .c,H per V .c,Vper a
feet second'· sec~nd second.. .-

36 00 1 819 210.05 10.:1:.~ 1 0 9 1,7 82.166 047 288~27 1.170 9:5 :5 3_.70· ...... 6aa
36 01 1 825 27,6.60 igi: ~J~'

33 82.14.8 751. 2813 •. 39. 1.:17:1 15 -5 3 .• " ~, -,.6.20
36 02 :1 831. 34,3. ::1:6 83 8.2.:131 448 28.8.49 1. :1.71_ 317 3.68. .-.6"19
36 ,0,3 1 837 409.75. 101;:110 ·00 82.11~ :139 ~86.62 1.:171; '59'S 3 .• 6.13 - •. 618
:S6 0'4 1 .843 476.35 101.1.10. 1.7 82.096 822 288.74 1.• 171. 819' 3 .• 68 -.617

36 05 1. 849 542.96 101.110 67 82.079 496. 288.84' 1.172 040. 3.67 - .'016
36 06. 1 .655 609.60 -101..1.1.0 83 82.062. 168 288.97 1.172 260 '3.'67, -.6:14
36 07 1 66:1 676.25 .. 1.01..111 00 82.044 1330. 269.07 1.:172 480 3.65' -,.613
36 08 1 867 742.91' ' :1'01. :1.:11.. 50. '82. °27 ,461$ 289.21 1.172'699 3.65 -.612
.36 69 1 873 809'.60 101.1.11 67 62.010 134 289.3 1 1.172 918 3.65' ..,.6il

, '.
,

....
36 10 :1 8'79 876.30. . 101.1:12' 00 8:1.992 776 289-. 4~ :1.:173 :137 3.63' -.610
36, :1:1 ':1 885 943. 0; 02' "1Ql.112 33 8.1.9'75 411 289.56 1..173 355. 3.63 - •.6;08
36 12 1 .. 892 009.76 '101..112. 50 8:1.958 036 269.66 1.1,73 573 3.6'2. -.60.7
36 ,13 :1 696 0'(6.5.1 101..:112 83 81.940 659 269.77 1.1'7'3 790 :5.62' .- .,61)15
36, :14 1, 9.04 143.26. 10.1.113 17 81.923 273 289.89 1.• 1.74 607 :3 .6·a - .·60.5

;

36 15 :I., 91.0 210.07 101.11·3 33 61.905 8.80 290.01 1.174 23<1 3.60' -_604
36 i& 1 916 276;87 10 :1..,113 67· 81.6~8 .460 290.12' 1.174 4.<10" 3.60. .. ··.6,(UI
36. ·17 1- 922 3.43.69. 10.1.114 00 61.871 073 29:0~24 1.174 .656. 3.58 - .Iii,f)1
36 18 1- ~28 410.53 101.114 33 81..65,3 E?59' 290.36 :1.174 871 3.58 - .6eo
36 19 1 . 9.34 4'/7.39 101.:1-104 50 81.636 236 290.47 1.17,5 066 3.5'6 - .. 599

"'",

36 20 i 940 544.26. _101.114 63 .61.61e 810 290.'59 1.'175 30:1 3.57 ....598
36 2:1. 1 946 611.15 101.115 17 61.601 3'75 290.71' :1.175 515 3.57 -.59&
36 22 :1 95·2 678.06 10:1;115 33, 61.783 933 ' 290.61 1.175 7·29 3.57 - .595.
36 23 1 958 744.98 101.115 83 61.766 485 290.94 1.175 943 3.55' -.594
;56 24 :1 964 611.93 101 '-1:1'5 63 61.749 029 291.04 1.176 156 3.55 -.592

"

36 25 1 970 '678.6.8 101.116 3~ 81.731 567 291.17 :1.176 369' 3.53 -.591.
36 26 1 976 945.86 101.116 50 61.714 097 291.27 1.176 581 3.53 - .59~
36 27 1 983 012.85 101.116 83 81.696 621 291.41 1.176 793 3.5i -.58
36 28 1 969 079.66 101.:117 17 61.679 :137 291.51 1.177 004. 3.5a' - .5~.

315 29 1 995 146.89 101.117 50 81.661 647 29.1.62 1.177 215 3.52 -.58'

36 30 2 001 213.94 10:1..117 67 81.644 1,.50 291.74 1.177 426 3.50 .-.585
36 31 2' 007 281 '-00 101.118 00 61.626 646. 291.86 1.1-77 636 3.50, -.583
36 3';; 2 013 346.'06 101.116 17 81.609. 135 291..97 1.177 646 3.50 -.562
36 ·33 2 019 415.17 101.118 67 81.591 617 292.09 1.178 056 3.48 . -.58:1
3.6 34 2 025 482.la9 101.118 83 61.574 092 292.21 1.178 '265 .3.4'7 -.580.
36.35 2 031 549.42 10'1.119 1·7 81.556 560 292.32 '1.178 4,73· 3 • .4,8 -~579

36 36 2 037 616,.57 101.11'9 33 81.539 021 292.44 1 .·178 682 3.47 '- .577
36 37 2 043 663.73 10'1.119 67 61.'521 475 292.• 54 1.178 69& '3.4'5 ·'.576
36 38 2 049 750.91· 101.120 00 61.503 '923 292.67 1.179 09 '1 3.45 -.575
36 ~9 2 055 618.11 101.120 33 81.466 363 292.77 1.179- 30'4. 3.45 -.574

, ' '

36 40 2 061 665.33 101.120 5.0 81.466 797 292.89 1.179 Sil_ o
3.4,. _.573

36 41- 2 067 952.5.6 :1.01.120 63 81.451 224 293.01 1.179 717 3.43 -.5!11
36 .42 2 074 019.61 101.121 17 81.433 644 293.12 1.179 923 3.43 - "5~O
36 +3 2 080 067.08 101.121 50 81.416 057 293.24 1'.160 129 3~42 -.569
3-6 44 2 01:16 154.3'7 :101.121 67 81.396 463 293.36 1.180 33 <I 3.42 -.568

',-

36 45 .2 092 221.67 101.122 00 81.360 862 293.47 1.160 539 3.~a -.567
36 46 2 096 286.99 101.122 33 61.363 254 293.59 1.1'80 744 3.4'0. -.565
36 47 2' 104 356.33 101.122 SO 61.345 639 293.69 1.180 948 3.36 -.564
36 <11:1 2 110 423.68 101.122 83 81.326 016 293.62 1.:161 151 3.38 -.563
3'6 ~'9 2 1':16 <191 .05 101.:123 17 81.310 369 293.92 1.161 350( 3.38 -.562

36 SO 2 :122 558.44 10 :1.12.3 50- 81.292 754 294.04 1.181 557 3.37' -.561
3'6 5·1 2 128 625.85 101.:123 67 81~275 :112 29.4.17 1.161 759. '3.37 -.559
36 5'2 2 134' 693.21 101.124' 00 81.2'57 462 294.27 1.161 961 3.37. -.558
36. 5;' 2 140' 760 .• 71 101.12<1 33' 61'.239 606. 29<1~:39 1.162 163 :5. 35 -.557
3~ 54 2 1'46 828.17 101.124 50 81.222 143 294.49 1.162 364 3.35 •• ~'5 6

3f;- 55 2 ltl~ 695.64 101:.125 00 81.204 474' . 294.6'2 1.162 565. 3.33 "'.555
36 56 2 1. 56 .9,63. :14 101.125 17 81.186 797 294.74 1.162 765 3'.'3'3 -.553
36 5.1 2 165 030.65 101.125- 33 . B 1 • 169· li3 294.64 1.182 9.65 3~32 -.552
36 SIS 2 173- 096 .• 17 101.125 63 81·.151 423 294.97 1.1.83 164 3.32 -.551-
36 59 2 177- 165.72 :101.1lC!6 0-0 81.133 725 '295 ~ 07 1.183 363 3.32 -.sso

00 183 233.28 81.116 021 1.163
-.
562 -.537 2
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I

TRANSVERSE MERCATOR PROJECTION

ARIZONA
EAST AND CENTRAL ZONES

Lat.' y~ l:"yoper H .c,H per V AV per a
fcct second seconn second'

37 oe 2 18,3 233.2'8 101.126 33 81.116 021 295'.19 1.183 562 3'.30 -.549
37-' 01 2 ,. 8'9 ,30E> ~ S,6 101.126 6, 81.098 310 2,95.31 1.183 760 3.30 -.547

37 02 2 195 368. ,46 101.126 83 81.080 59a 295.42 1.183 9:5,,8 3.30 -.546
37'03 2 201 436~07 101.12 7 17 81.062 867 295.54 1.184 15'6 3.28 -.545

'37, 04, 2 207 503.70 101.1~7 50 81.0·~:5 135 295.6,6 1.:1. 8.4' 353 3.28 :-.544

37 05 2 213 571.35 101.,127 67 81.0,2,7 396 295.76 1.184 550, 3.27 -.543

37 06' 2 219 639.,0 1 101.12S' 00, 81.009 651 295.89" 1.184 746 3.27 -.5'41

31 ' 0,7 2 225 706.6 9 ,101.1,2tl 33 80 • '~91 898 295.99 1.1'84 94'2 3.25 -.54(1

37 DB 2 231 774.39' 101~1211 ,67 8 0 ~, !,I 7 4 .. 1 39 296.11' 1.185 137 .. '3.25 -.539
:37: 09 2 237 842.11 '101.129 09 80.956 '373 296.22 1.185 332' "';3.25 - • 5 3,~

37;, 10 2' 243 909.85 101.129 17 80,. 938 600 296',34 1.185 52 i 3,"23 -.531
3'1 :U. 2 249 977'~ 6 0 101.129 ,33 80.9,2'0 820 296.4,6 1.: 1'85 721 3~23 -.535
37,';1 ? 2, 2'56 0.45.36 101.12,9 83' 60.903 033' , 296.56' 1~1'85 915 ' 3.23, - ~ 534,
37,:1.3 2 26,2 113.15 ,10'l.1,3Cl ,17 80.885 240 '296.69, ,1'.18 1>: 1,09 "3.22, -.533-
31''1<1 2 268 160.96 101.130 33 6 O~ 8'67 " 4 j 9 296.79 1~166 302 ',,3.22 -~532

37 '15 2 274 246.78' 101.130 67 60.849 632 296.91 1.18,6' 49 S' 3.20 - .,531
37,16 2 280 316.62 101~130 63 60.831 S'18 297.04, 1.186 687 3.20 -.529

37- ,17 2 2b6 384.47 101:1.31 17 60.813 996 297.14 1.186 879 3.18 -.5'28

37 ' 1 t; 2 292 452.34 10'1: 131 50 60.796 168 297.24 1.:1:87 070 3~18 -~527

3'7 19 2 298 520.23 101.131 83 60.778 :5 34 297.37 :I.~187 261 " " 3.18 -.52~

"

,:p 20 2 304 586~14 60.:760 492 1.187 -\52 -.524
, '
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a

;. .-5167
... 9'85
-. 98~
-.'9·8'3'
-.982'

.... 93()

.,.. 92,?'
- • 9'2'1
-~926

-.925

-. 92L~~~

-'.952
-.960
-.95.9
-.958
-.956

- .96~-.96
-.965 _.
-.9.64 8,1f)
... 96.'''- •

-.975
-.973
-.972
-.971
-.969

-.94,3
-.941.
... 9:4.()·.
- • 9.3'9
-.938

-.98i:
-.9·79
-.978
-.977
-.976

... 937,
-.93$
-.934.
-.933
... :9.31.

•• 993
.. .-99,2
'- .'990

.989
-.9S8

- .'94,9
;;'.947'
-.946
-.945
-.94 4

-;•• 955
.. ·.95'"
-.952
- .:951

.-.950

5.50
5.48
5 "'8
5.4'8
5 .47'

5 ... ·4,,)
.5~ 4 2
5.42
5.42
5.40

5-.55
5.55-
5 .53'"
5.53
5.53--

5.58'
5 .. 57
5.58'
5.55"
5.57.

5'.47
5."'S·5'." 5
5. '" 5:'
'5.43

5.'52 r 1 .·OO<l
5.6(f -.998
5' •. 60' -.997
5.60" -.996
5.60' -.994

5.40
5.38
5."'0
'5.38

, 5~7-

. 5 • 52
5;; 5lf'

. 5.5'2
5'~ 5 '0

'5.50

AVper
second

.' 5'.37·
·5/3"7
5.3'5
5.37
5.33

148
'475
803
130
457

850
181
512
843
173-

783
109
434
759
06'"

503
833
162
-491
820

1.096
1 •.097
1.097
1.097
1.098

1.09$:'
1~095
1,.095
1.095
1.096

i g}fg~
1. 087 509
1.067 845
1.088 181

1.'10'4 '817
1 .• ;1;05' 134
1.10·:5'45'0
1:.10'5 766
1.106 061'

v

1~090 188
1.09053'1
1'.090' as'"'
1 ~ 09'1 186
1.091 518

1.100 024
Ii. 1.0'0 34 6'
1'-'10 l) I> 68'
1'.1.0'0' 989
1. .10"1 311

1:.10)229"
:1,';.'l-0:~54.7'

1';:.'10,'3> 'S I> 5'"
i '~:l 0"4 1 B 3"
1 • 1·0 4 5-00

1.106 396

1.093
1.'0.93
'1:' 0'9-4
1 :'094
1.094

i;·;~ 09,:1,'
1';~'092'

1.09;2'
1.092
1.093

1.'09,8 406
i.o 9 il 7:3 2'
1.09'9" 0'55"
,i • l) 99 37 9 .
1.099 70?

'1.-101 631
·1'.101 952

1 .... 1 O'~' 271
1c~ 1. 02 ,,59 1
1.102 910

e:.Hpet
second

25"'~26
254.37
254.51
25"'.62
254.7""

259.'14
259.26
259.:3'7'
2$9.51
259.62

254.67
25"'.99
·255.11
255.22
255.36

255.71
'256.82
256.9'"
257.06
257.19

255.4~
255.59.
255.72
255.84
255.9.7

'253.• 02
253.16'
253.27
253.39
.253.52

256.09
256~21.

'256.3'"
256.46
256.57

2.52.42
252.54
252.65
252.79
252.91:

256.52
2'56.5'6
-;158.7'1
'256 • 89·
259.01

257.31
.257.44
257.54
257.5·7
257~81

257.91
258.04
2'58.:1'7

"258.27
258.41'

253-.64
253.7'7
253.89

'254.01
254.12

868
613'
351
061'
80'"

S 20
228
929
623
310

295'
857
4 :l.1
959
499

989
660'
325
982
632

376 .
974
565.
.149·
725

274'
909
·537
157
7 "I\).

66.732
86.71·7
86.701
86.686
86.671

86.579
86.56-3
66.548
86.533
66.517.

66.655
86.640
8'6.625
86.609
66.594

86.502
86.466
86."'7'1
8 6 5·6
8.6 .( 0

8.6.961012
a 6 ~ 9-45 631
86.93-0 642
86.• 915 .446
66.900 2"'3

(66.348' 0.31
., '86.33255·7'

'.86 • 3 170 75
,86.301· 5&'5
86.286 089

8S. 270.' 585'
S6 • 25"51 074
86.2'39: .555
86. :?24' 029:
66.206 4 ·96

86.865' 032
8·c;·.86~· 814
86.854 588
86.839 35S
86-,824 115

8 7 • 0 3'6 8·09
87.02.1 66",
67.006 5:C2'
86.991 353'
86.976 186'

86.115

"'>86.808
86.793
86.778
86.763
86.74'7

86. 4 ~5'

66.409
'86.394

1'86.378
66.353

.; '66.19295.6·
86.177 406

·166.1618.53
8 IS • 1'" 0' 2 91 .
86.130 721

6.7
'8-:3.
1'1
50'
67'

67
63
17
33
67

3·3
50
83 ..
17.
33

00
17.
SO·
63.
00

33
50
83
17
33

1.01~03a
101.03i:l
101.03t1
101.~03l:l'

101..039

10'1.031
101~03.1.
1.01..031
101'-032
101.032

101..030'
101.036
101.~()37

101~037

101.037

101.039
1.01~039

101.039
1.01.040
1·01..0·4U

101..035 33
101. .. 035 50
10 1 ~.o 35 63
101..0361"7
101..036 33

1.0)1. .~04 2 00
10'1.~'-o4217
1 0 ,1~P4 25·0,
10'1';. 0 ;1.2 83'
10 ~ .·0 4:5 00'

e:.Yo per
second

:1.01..034 00
101.034 17.
1.01. 034 50'
101 •. °3 4 8,3
1.01.0.'55.00

101.04U 5'0
1.01.0.41.0·0
101.041 1.7
101.041 33,
101..041. 67

TRANSVERSE MERCATOR 'PROJECTION
ARIZONA

WEST ZONE

10 1 .. 03'0 o 'It .
1.01.0.30 33
1 o"i~ 0 3 0 . 5 0··

.101.030 6'1
iOl.031 17

1Oi.oJ.t~ 33
1. 0 ':I.. ·0'43' 5 0
101"iP 4> 83
1 0.1.'';.0.4 4 1.'7
101.0.4433

, '1'0 <1 ,i '044
10\14,0,4 .'
10'1'045
10'1!'045
10~.045

239.01
301.13
363.26
"'25. 4 1
487.58

928.66
990~70

052.75
114.82
1.76.91.

2' 4 2 ,4 8 4 • 4 0
~46546.83

254 609.29
260 :&7·1.76
~66 ~34.24

303' 109. 4 9
30,9 1,72.09
3i5'234.70
3''jJ,.297.33
:3~7 3~9.96

27.2 796.74
276 859.26
2.~"·921.79
290·'96'434
29.7 046>~i

212 );72. 4 5
218234.-61
2204 29.7'.16
230 '359.57
236 421.96

333 422.64
339,,485.32
3. " 5'.5.4 8 • 0 1
3S1'610.72
357 673.45

':5() 309 16
.36 371 •. 04.
42 432.93
46 494.84
54;556.77

Yo
feet

0.0·0
6061.6.0

.1:2 123.62
1. 6' 1. 6·5 .4·5
24 247.29

9.0
96

10 :5
109
11.5

11l16b'0.90
1\1.7 9.2.3 18
193 .98'5.47
200 047.78
206 110.11

,'60 61.8.7i
',66· '660.67

72 742.64

.~~ ~~::u'

151 549.76
157 611.96
163 67-4.17
'1 69. 736.4.0
175798.?4

121
127'

.133
139
1·45

35
36
37
38·
39

25
26
27
28
29

20
21
2:2 '
23
24

50
51. ;",j
52 ,.
53 "
54 .

45
46·
47·
46·
49

30
31
32
3.3
34

4U
41. •
4 ~"
4 3'
44

15
1.·6
17
1.6
1.9

31
31
31
31
31.

31
31
31
31
31

31
31
31
31
31

31
31
31
31
31

31
31
31
31
31

31
31
31
31
31

31
31
3.1
31
31

31 55
31 5§
31 57·
H 5$·
31 S9

Lot.

32 00

:J1 00
31 01
;}1 02
:>1 O;}
31 0'"

31 05·
31'06
31 07
31 Oil
31 09

31 1.0
~1 11.
31 12
3i·1.3
·31 14

31
.31
31
31
31

16
,I

,I
I
.'

il
I

\: ..

'I
I
I
I ..
I
I
!I

I ..

I ,C

'I, "",

I

I
,I



~-

-.880"
-.878
- • 6'7.-7
-.676
-.875

-.654
-.853
-~851

-. 65 0
-.849

-.892
-.891
-.689M'. 886
.... 887

-.674
-.872
-.671
-.67()·
-.866

-.667,
- 6.66

'-:664
-.663'
.-~86a

.-.861
-.659
-.858'
'-.857
-.8'55

-.686
-.664
- •. 883
'-: 88 a
.-.881.

5.05
5.0'5
5.05
5.03
5.03

5.03
5.02
5,.02
5.00'
5.00

4.97
4.95
4~95

4.95
4.93

5.10
5.0,7, .
5.06"
5 • '07'·
5.07

4.93
,4.92
4.92
4.92
4.90

. 4.90
4.86
4.9\>
4.68
4.' 8 7

5.00
'4.'96
4.96

.'4.97
4.97

672
975
278
581
883

689
989
288
567
885

666
964
259
554
849

16 S'
467
788
089
369

143
43.,
730
024
317

1.114' 149
1'.114' 455
1.1104 759
1.,1'15 064
1.115,368

1.124 50'j'

1.118
1.116
1.:119
1.-119
1.119

1.117
1.117
1.117
1.118
1~118

1.123.
1.·123'
1.123
1.12'4
1.124

1.120· 1,8,3
1..120 461
1.120 776
1.121075
1.121372

1.1'21
1.121
'1.122
1.122,
1:.12,2

1.115
1.115
1.1,16
'1.1'16
:1-.116

263.37
263.51
263.62
263.74
26 3. 86

266.41
266.51
266.64
266.76
266.67

262.77
262~69

263.02
263.'1. 04
263.26

263.'99
2604.11
264.22
264.34
2,604.4,7

2604.59'
;:164.'/1
26-4.82
2,64.96
2,'65.07

;:165.79
265.92
266.02
266.16
266.27

265.19
;:165.31
,265.42
265.'56

,265.67

352
586
813'
0'32
"'44

099
224
342
453
556

6,52
741
62,3
69·8
96S

449
b4 '/
6,37,
020
196

025'
076
123
162 "
19'3"

217
233
243 '
245,
2,.0

85.723
85.707,
85.'691
85.676
85.660

85.406
85.• 390
65.374
85.356
65.34'2

85.644
85.6,28
85.612
85-. 59'/
85.581

85.167 226.

85.327
85.3"11
8 5 .,29 5
as :279
85.:J63

85.486
85.'4 'f 0
85.45-4'
85.438
85.422

85.565 3,65
'85.549 5l:l6
,85.533 680
65.517 -827
85.501 967

85.247
65.231'
85.215
65.199'
65.163

63
00'
33
67
63

17
50
67'
00
17,

63
17
33
83
00

83
00, '
17
50
83

i7'
33
SO
:00
17 -

33
83
83
33
50

SO
83
00
33
67

101.05-2
101.053
101.053
101.053
10i.053

101.056
101.057'
101..057
1.01.057
101..057

101.055
101.055
101.055
10 ::1.!. 056
101.05c

101.060
101.061
101.,061
101.061
101.062

101.058
'101.058
10'1.058
101..059
101.0.59

101. '054
101.054
101.054
101.055
101.055

101.059
101.059
,101.060
101-.060
101.060

893.98
957.55
02.1. .. 1.4
064.74
148.36

310;01,
3'/3.18
436.36
499.55
562.76

212.00
275.65
339.32
403.00
466.71

576.37
639-.86
703.3,7
766.89
830 .43

942.38

8g~:6~
132.40
195.76.

259.17
3~2.58

.~86. 00
,449.44
512.?0

515
521
527
533
53'9'

636
6 -4'2
648
654.
66,0

545
551
55,7
563
56?

666
67'2,
679
685
691

727 530.43

57~

5tl'"
Sll8
S 94
SOO

697
703
709
715
721

606
612
~1.8
624

"630

30
31
32
33
34

40
"·1
42
43
4,4

SO
51
52
53
54

32
32
32
3-2
32,

'-2 35
32'36
32 37
32 38
32 39

32 45,',
',,32 4,,6

32 47
3'2,48
32 49'

32, 55
32, ,56
3'2 57
32 5,8
!5,2 59

r
'v- ~:. \hI:: ~~:'



i

"'. e T
4.s1
... ·.• 87
4"~ 8S
;4.85'

:I.. i 2 ...
1.12 ·
1.125.
1 1'2-5
1:.12'5

TRANSVERSE' MERCATOR PROJECTION
i '..:,:, . :': "'.. ". . .

. ..ARlZONA,
WEST ZONE

530.43'
594.16
657.91.
721.68
785 46

727"
733
739·
745
751

33 00
33 01
33 02
33 03
33 04

Let. Yo: ~Yop~r H .~Hper V ~ ~V"per'-'--
__-+--...-_...,,-...:f:;::e:::;:et=-..-__-.:::se::;c:.:o:.:,n:..::d:........,.-:f-'-- - ---,'--:;s..:.ecz..;..b::.:,n.:;t1:..ry --,-.--:-'-::.:se:::::c:;::o::.:;nd a

1 0 1. 0.$ ii;. 1. '1 8!;' 1. is ./ IUHt ~b b .• l/9 .
-101.062.5"0 .85.151 .209 261.<1,2:
101. 0,92 83 B 5.135 18;1a 267 .;,2:4'
1~1.063 06 85.119 148 2~7.36
101.063 33 85.103 10~ 261.47

18

I

10.1.0.65•., 00
. 1 (l.1 • 065.; .1 7
.101. 065 ,67

lSi: 8~g ·H·

101.063 67
101.063 ..83
1(l1.064 17
101. 064 .50
101.064 6'/

-.816
-.~~5
~{ "3 •.

-~.l.

-.842
'" 840
- • 8.3 9
-.836
-.6 ;n

-,829
-.828
- •. 82~
- .6'25
-.82-4;

-.836
- 834
- .8;:-3-
- ,.83 ..
- .• 6~O

- .,6,2'3
-.~6'21

,-.6·20
-.61'9
-.817,

4".83'
.... 6;3
4·.82
4.6'2
4.82

4.80
4.• 80
4.• T 8
4~. II 0

'.4.• 7.7

.... 72
4.70
4.70
'I 6'8·
4:66

4.73'
4.73
4'.73
4.72
4.72

4.78
.... 75
4.77

..... 75
.4.75

379
663
947'
2.31
51·...

057
35'7
647
936
225

951
238
52'3
81)"·9
09~

514
802
09:0
377
665

1.126.
1.126
1~126
1 .• 1;a 6
1.127

1.'.127
1.127
'1.126
1.128
J:.128

1·.128
1.129
1.129
1.:!.·~ 9
.1.130

1.131 7i97
1.132060'
1.132 362
1.132 64 .....
1.132 '92'S

't: i~g
'1.:139
1.131
1.131

266.21
26 8 .• ~2
266.44
2.68 •. 56
266.67

267' .15·9
.26.1 .• 7,2.
261".84
267.96
26B~07

2,70.'0·1
270.3,:>1

'270.•.'2~
27.0.:5 6
2., 0 • 'I '/

269.39
269.52
:a:69 • 64

,·2'69.7.6
269.87

268 •. 81'
268.92

_ ;269 .04
269.1:6,
269~:a7

64.• 926180
84.!o!1'0052
6'4·.69.3 917
64.677 77$
64.861 626

64.764 561
84'-"'46 381
8.4'.732',17.5
84.7'15 9'61
84.699 740

84.845 470
64".629 .30.7
6 4 • 813 136
64.796 956
64.7BO 773

6'5; 00,6' 710
B4,. 9.9'0 6'1:'8
8 4,.. 9,,7 4. 5,1.9
e 4 ... 95 e 4 :1.-3·
64.94 a :3 00.

8 5 • 0 87 0.5.9
85.071 004
'8.5.054941
85.038 8'i1
B 5.022 '{94

6"/
00
33
50

B'

101. (l6?,
101.06,8
101.068.
101 061l
101.068

:1.'03..0.6,6 3:5
101.066 .67
101.06.6 83
.101 •. 067 ·1'/.
101.067 50

101.·06:9 cio
101.069.50
.101.~ 0~9'67
10 1 • 06.9. 83
101.070 17

6'08 2',4·
672 .. 3.0
936.36
0'·0·'0 .. 4·6
064 • ~ 9

128.7'2;
192.86'
25'7.03'
321.21
365. 'I 0

4'1:1 8·... 17.
55,·2.15
6.16.15
6110 ~ 1Q.
744.19

166 51
232"41
296..3.2
;>60 ; 26·,
424.20

649.26
913.08
976.91'
040 • 7~
104.63

679
885
691
8'9'/
903

757
763
769.
776
782

618
824
6:30

'8:3 6
'842

648
854

!860
867

·873

'l1l8
794

·c· 800
806
812

33- 25
33 26
3"3', 27
·33 28
33. 29

33 05
33 .U6
'33 07
33 0'1:1
33 09

33 20
.33 21 f·
33 22
33- 23
33 24

3' 15
33 15

··33 17
33 18
33 19

I
I.

I
I I..
'I

I
It

34 00 1. 091 383.67

·-.79'1
.7JJO

-.788
.. _ 767.
-.766

~.77;8
..·.7·7:7
·.775
-.774
-.773

-.804
'"'.6'02
-.6·0'1:
-.8'00
"".799

-.796
-.796
-.79'5
-.7'9·4
-.792

.. " 785
"~.~ 783
".782
·.7·81
-.779

•• 610
-.808
''''.8:07
-.606
-.805

4.'52
4.-50
.4.52'
.4.56
4.4.8

4".'52
4.60
4' ~ 6-0
4 60
.... 56·

4.55
... :55
.... 53
4~52'
.... 53

4.58
4.5'8
....51
4.57
.... 55

4.66
.4. 67
,4.67
4.65
4.6 S'

4.65
'4.63' .
4~63
4.63
4.62

1'.'138 '146
i/l 3 9'Q 1:9
1.'139292
1'.1 3 9 '5 q:."
1.139 63"5

1 •• 134 605
"1;'. 1 34' ·S6 ...
1.135' 16'·2
1 135 """,,,0'
; .135'7.16

1..•. :1 40 '1.07
i'~i4(f 378
1 '.1 4 0' '6 " 6
i .14 0 919
1.14~ 189

1 133 206
1.133 487
1 133 767
1.1.34 0~7
1.134 326

'1.135 9.9,'5'
·.1.136272
i'.136 54.8
i..L~6 824
1.137 100

1 137 315
1.137 650

. L131925
[., 1.:138.199

1.13·8 ... 7:3

27'2.39
272.4.9
272·6~
272.76
27'2.86

270.59
270'. '/.2
2;70.• 8:4
270.'94
271.07

2'71"79
27.1.91
272.0;4
272.14
272.27

272 ~9'i,
27'3 {11
273 i?'~
27:3.::l;4·
273.46

:a13.·57
27" ~'69'
2'73.82
21'3.92
274 •.0-6

271. .'21.
271· •.H,
271· • 44
'271.54
271.67

51:;2
277'
03:4'
7.84
5 2~

264
99:2
7 '1'4
4" 28
136

B4;. 602
84'.565
64:.56'9.
6 4'.~ 5.53
84. S 3'/

64.520. 63.6
64.504529
84-.4'68215
64.471 893
64.455 565

84~35'744'4
84' .;3 ii, 066
640'32,4 6 80
64> ... 30'8 2.87
B4 • 29 1 8·87

'" ....-

8".27;5"4.80
8'4 • 2 5'9 ·0 66'"
8 4';.2426;(S
84:.22"6 2 :t6'
8 ....'209 781

84.439229
84".422 8liir
64.406 5 ~1
8 ...·.:390 18,0
84.373 815

84.193 338

6 ..... 683--·
84;•• 667.'
8'4,.651'
64'.634
84.618

101.'0705.0
1'0 1 ~ 071) 83
1:0 1 • 071· 00
101.071 17
101.071 67

101 • .-071' 63
101 • 07.2 1'7
1.01.072" 33
101,,07267
.101.073 00

JO';t. 016 ()o
iO'1: 07,6 33

':1;0,1" Q 76 S'C>'
10·1.' 0'76 53
101'.07717

·101' 0'74 '6'7
1-01: 0'74 8 j
101.075 11.
'101,,'07;5 50
101.07~.67

1·01~·073·17

t~i:g:g .~~
.10 1 ~ 074. 00
·101.074 33

414.7'-7
47.9.25
543; ··7 ...·
601f; 2·5
6'/2.76

449.. ·6'1:;
513<' 84'·
57'8'; 09
642; 3?
706.62

770'.92
83.'5.23
89·9.56
963.90
028. ·26

0"92.6;4'
~57.03
.2"21'. ;4'4'
2 as'. 87'
350..'31

939·
945
9'.51
9'57
964

909
915
!,,'~1

927
933

970
9'76
962
988
994·

3} 4'5 ';1' 000
3.3461' 00'6
33 .4.'11' iH 2
33 . 4'8 ;1. il1.'8
3' 49 i 024

'33 35
33 36
33 37
33 31:1
3.3 39

j, 30
33 31
33 32
33 33
33 34

~.

3''3 . 55 1 b 61 060; Z'9 ·i·Ol 01'13;3

~l;; Fg'*~ ·.i2··.5~.•.•_.~..,•.:.;-.•~~7'·_..:;.. ·..•· 19,i g~~ ~j
3'3 58 ii, 079 .. Co :io,i 0'73 11:
33.59 1. 085. 316.~6 101 oia 50

3'~5;O 1 030
:f35'1 l' "P3~
3 .3' 5'2 1" "04'2
3"3- 53 i.' 0 ... 8
33 54 1054

.'.. "",.'

':S3 40
33 41.
33 4.2:
33 ·(3'"
33 4."

I·'
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TRANSVERSE MERCATOR PROJECTION

ARIZONA.
WEST'ZONt:

..

tat+l. Yo £:'Yo per H iH per .' L:;V'iper
feet second second V· second a,

~ 00 {:l. o qt ,:a3.1l7 :1.1)1..9711' 67 6"4.1P,~ 3 38 ;<1-7 -4.:1.7' '1.141 -4jO -t ." ft, ~.TTa

4' lJ1.1 097 "148.39 101 •. 079 17 8.04.17.:6 aaa 27.04 .• 29 1.1.041 727 .04 '-:4 a - .'770
4, Q~, ':l. :l 0'3 51'3.1 4 , 101.0,79 3.3 8.04.160 " 31 274 • .042. 1.,1.041 996 '4.47 -.769
-4 .UZ- 1 109 '577.90 .101.'0.79 50 84.14'3 966· 274.52 ,1.142 264 .- ,4.47 -.768
4 ".~ 1 :1.1.5 '6-42 .67 101.079 83, 8 ..04.127 495 274~66 1.142 532 "4 ~ 45 -.767

, .
", ,. ,

4 OS '1 :I. 21 "707.46 101.oao 17 ,8.04 .111, 0,16 . 274.76 1, .14 a ,799 4.45 ",.766
4 '06: 1 :LZ7 77'2.27 101.060 50 ·64.09.04 5 :51 ,274.89 ,1.14.3 066 4 .. -45, ·.76"
-4 07 1 133 637.10 101. 'oao 67 ,84.078 038 275.01 1.1" 3 33,3 4.4,3 "

-.763
-4, 0 s: :1. 1.39 901.94. 101.08:1. 00 8'4.061 538 275.12 1.143 599 -, 4.43' -.762
4 09 1 1''''5 966.80 101.081 33 84.045 o:u. 275.24 1.143 865 .. 4.43 -.• 76+

.-
"

. . ' . ,
" " , "

4 10 1 ' 152 03 i .66, 10i.081 50. 84.028 517 275.36 1.144 131 -- 4.42 <760
4 1.1 ',1 15,6 096'.57'" ,101.,081 63 8'4.011 996 275 • .047 1.1.044 :396 4~42' -.758
4 12' 1 16.04 1'61. 4 8 101.082 17 83.995' 468 275.61 1.144"661 4' ~ 42 '-.757
4 13 ':1. 1'70 2'26 • .04:1. 101.082 33 83.978·' 932 ' 2.75.7'1 '1.144 92'6 4.·40', -.756
-4 1.04 1 176 291.35 101.082 67 83.962 390 275.84 1.145 190 ,. 4.38 ~.754

," 0 .' .. "t .. ~;.":"'~ "
. '

; ..~ ,
4 ). $, .:1 :162 356.3:1: .101.082 83 83.945 840 275.96 1.145 453. 4.40' -_753
4 16 1 1 B8 -4.21.28. 101.083 33 63.929' 283 276.07 ,1.145 7'17 4.38 -.752
4. 17 1 19-4 486.28 103.•,083 33 83.912' 719 ?76.19 1.145 980 4.37 -.750
4,' 18 1. 200 '551.28 101. ~83 83 . 83. 896 148 276.31 1.• 1.046' 242, ·4 .. 37 .-.749
~ 19 1 206 6i6. ;a 101.084 00 83.679 570 27t!.42 1.146 504' 4.37 -.148.', ; .:

"

4 20 1 212 683..35 101.084 33 83.862 985 276.54 1.146 766 '4.3 S -'.747
4 2':1. 1 23.8 746. 4 1 101.084 67 63.846 393 276.67 1.1.4'7 027 4~35 - .7'45
4 22 1 224 811. 4 9 161.(l84 83 83.829 793 276.79 -j,.~47 288' 4.35' -.744
-4 23 1 230 876.58 101.085 1.7 83.813 1'86 276.91 1.147 549 ,4.33 - .. 743
4 24 1. 236 941..69 101.085 SO 83.79,6 572 :?77.01. 1.147 809, 4.33' _."142

, '.
4' 25 1 243 .006.82 101.085 67 63.779 952 ,277.14 '1.148 06·9 4.3,2 -.743.
4 I'" 1 249 071.96 101.. 086 00 83.763 324 277.26 '1.1.48' 328' 4.32 - .. "13,9
4 :I. 255 137.12 103..086 33 83.746 689 277.37 3..148 587 ,4 .. 32 -.738
;;;.. \ 1 261 202.30 101..086 50 83.730 047 277.51 1.148 846: 4':30 ~.737
~? '~'9~ :l- 267 267.49 101.066 83 83.713 397 277.61 1.149 104 4.30 "'_136

-
4 30 1 2'73 332.70 101.067 17. 83.696 741 27.7.72 1 •.:1.49 36 :I 4.28 -_735
.04 31 1 279 397.93 1.01.087 .33 83.6'80 07.8 277.86. '1.14,9, 619 ...·.28 .-.733
4 3,2 1 21:15 463.17 ,101.08,7 67 '83.663 4,07 277.97 1.:1 .049 87 II 4.28 .-.732
4 33 1 291. 528.43 101.0811 00, 83.646 729 278_07 1.150 133 4_27 ,-.131
4 34 1. 297 59'3.7:1. 161.088, 17 83.630 045 '278'.2:1 1.150 389 4.27. - • ., 29

4 35 1 303 655'.00 101.088 50 83.'6i3 353 278.32 1.150 645 4.2'1' -.728
4 36 1 309 724.31 101.088 83 83.596 654 278_44 1 .• 150 901 4.25 -.727
-4 37 1 315 7B9.64 101.089 17 83.579 948

,
278.56 1..151 156' 4.25 -.725

4 38 1 321 854 .9'9· 1.01.0B9 33 83.563. 235 278.67 1.151 411 4.23 ,-. '7 a 4
4

..
39 i 327 920.35 101.089 50 83.546 515 278.79 1..1$1 665 4.23 -.723

'.
"

" " ".. 40 1 333 985.72 101.090 '00 83.52'9 788 278.93- . 1 '-151. 919 4_23 , -.723
4 43- 1 340 051..12 10.1.090 17 ',83.513 054 279.02 1'.152 173 4 '.22 -.7'ae
4 42 1 346'1:16.53 :101.090 so e 3 • 496 ~13 279.16 1.152 .0426 ,4,_22 ,-.'719
4 43 1 352 '181:.96 '1.01.090 67 83.4,79 ,564 ' 279.26 1,1.152 679, 4.26 ·.718.. 44 1 358 247 • .040 103-~ 091: 17 83.462 S09 279.37 '1.152 931 4.20 :-.'·17

4 45 1. 364 312.8";: 101.091 33 83.446 047 279.51 1.153 183. -4.'26 -."16
,4 46 1 370 378.35 101.091 50 83.429 277 279.62 1.153 435 4.18 ,-.7,14
4 47 1- 376 443.84 101..091 83 83.412 500, 279.72 1.1.53 686 4.18. '. •• '713
4 48 1 382 509.35 1"01.092 17 83.395 717 ' 279.86 1.15'3 937 4.18 .••'712
4 49 1 388 574.68 101.092 50 83.378 926 '279.97 ,1.15,4 188 4~1'7 ,- .. "11-..
.04 'SO 1 394 640 .43 101.092 67 83.362 128 :? 8 0 .0,9 3..154 .. 38

..
4,_'17 ·'.710

4 51 1 400 705.99 101.993 ' 0:0. 83.345 323 ' 280.21 1.1$4 688' _ 4.15· -·'.7'08
4 '52 1 406,771.57 101..093 33 83.328 511 280.32 ,1.15.4 937 4,.15 '-~7G7

4 53 1 43-2 837.17 '1.01.093 50 8.3.311 692 :<180.46 1.15.5 186 4.15, ,:-.-"'86
4 5'4 1 418 '902.78 101.093 83 83.294 865 280.56 1.155 435 4.1·$ -.7'04

4 55 i 424 968.41 101.094 17 83. ,2,7 8 032 ~80.67 1.155 683 4.13' -.763
4 56 1 -431 034.06 101~ 094 33 ' ,63.2' 6 J. 192 280.8J. 1.15,'5 931 ,4.12 -0 • .702
4 57 1 437 099.72 101.094 ,67 83.244 344 280.91 1.156 178 4.12' , ~ .·700
4 58 1 443 165.40 101.095 00 83.227 4,90 281.02 :1.156 425 4.12, -.699
.04 59 1 449 231.10 101.095 33 83.210 629 281.16 1.156 672 4.10' . -.698

5'-'"< 1 455 296.82 83.193 760 1.156 918 -.6'97

3
.3
:5
3
3

3
3
.3
j
3

3
3
j
3
.3

;3
3
3
.3

-'3

3
.3
,3
3
3

.3

.3
3
.3
.3

3
3.
3
3
3

.3
" 3

3
.3
3

. 3· I

: I fii~\"\ .', .,'\~~\ ,.~"



35 15 1 5046 264.56 :1.0:1. •.099 8:5 62.939 886
35 ',1,6 1 55 2 350.55 ·101.100 00. 82.922 9 0<1
35' 3:7 1 558 <116.55' 101.100 33 62.905' 916
35' '18 1 56<1 <182.57 101,100 50 .82.888 921
35 19 1 s'io 5<16~60 1.01. 1. 0 1, 00 82~871 918

:'

35 ·20 1 576 614.66 1.01:101 17 62.85<1 909
35 ,21 1 562 660.73 101.101 33 62.637' 693
35, '2'2 1 5e6 746.8:1: 1.01.101 63 62.620 869
35. 23 1 594 81'2.92 .<101.102 00 82.803 '8'39,"
35, 24 1 '. iSo O 879.0<1 101.102 33 82.,786 801

35 25 1· 606 945.16 101.102 50 8·2.769 757
35 26 1 613 011.3.3 101.10? ' 83 82.752 705
35 27 1 619 077.50 ~Q1.:l.03 17 82~735 647
3'~ ,$8 1 6.2 5 '143~.·~.~ 10 1 • 103 50 82.718 5,81 '
35: :if9 1 631 209.9() 101.. :1.03 6 .( 82.701 ,509

35 30 1 637 276.12 101. :1.03 83 82.68<1 <129
35 3:1. 1 643 342.35 101.104 33 82.667 3<12
35 '.32 :I. '6 -'\9 40a.61. :1.01,;:104 67 82.650 2<19
35 ;33 1. 655 474.89. ··101.~104 83. 82.633' 148
35 34 i- 661 541,~18 ':1.01.105 00 82.616 041

"

c.H per V c.v· per asecond. second,
aU.2't 1,.1!> 6 Y:l.l:i 4.l.U ".45'1
281.37 1.157 '1. Ii <I 4.08 - • 69.5
281.51 1..157 "\09 ' 4,'.1'0' - .. 69"
281.62 1.15,7 655 4.0'7 -.693'
281.72 1..1.57 899 .4 .'() 8 -. 69 ~,

"i
281~86 4~05 -.6'91

r
1.158 144 I

281.97 1.158 387 4.07 -.689
j

282.09 1 .. 158 631. 4.05 -,.,688 l
'282.21 1..15'8 874 4.'0'5 -.• 687 •282.32 '1..159 11. 7 -4.Ci 3, ·-.686,

~.

282.<14 1.159 359 04 .0,3 -'.685'
282.56 1.159 601 4.0:;t - .. 683
aSa.69 1.1,59 84 a 4.0a '- • 6,82.
262.7~ 1..160 083" 4 .'02 -.5.81.
2 82'. 9~. 1..160 3::1 " " ..~·oo -.67~·

" .. .;-: ..
"

263.0-1 1.160 56 -I 4.00 -.673
a83.14 1.16'0 804 4 '.00 - .,6 7 '{
263.26 :1..161 0"" <I 3.98, -.675
283.39 1.161 '283 ',.98, ·'.:67.4
283.:49 1.161. 52a 3.·97 •• 67,~

283.61 1.161 760 3.97 -."'72
283.7-1 1.161 998 3.,97 -.670
283.84 1.1.62 236 3.95 -.669. '
28:5.97 1.162 <173- .. ,3_93 -.66.8'
28<1.'0'7, 1.162 709 3 ~'95 "'.61ii7

~ .

2804.21 1.i62 946 3.93 - .6,6'6
264.31 1.163 182 3.92 -.664
264.4<1 1.163 417 3'.93

::.~264.54 1.163 .65- 3 3.9.2-
264.67 1.163 8B8 '3.90 .',:;)
.284.79 1.:1.6:4 .22 3.90 ,..66Q
284'.89 1.16<1 356 ' .. 3.90 -.658
285.02 1.1604 590 3.88', .-.657
265.J.2 1.16-. 023 3.• 88 -.6'5.6
285.26 J. .. 165 0<;6, 3 .• 8,8 -:.654

285_36 1.165 289 3.,87 -.653
265.<19 ,1.165 ' 521 3.85 •• 652
285 •.61 1.165 752 3.87· -.650
285.71. ,'i.165

i~~
3 .. 85. "' .6-49:

285~84 1.166 ,3.83 ~. 6.4~.

285.96 1~166 445 3.63 -.6-47
266.07 1.166 67s 3_83 -.645
286.17 1.166 905 3.82 :-.644
286.31- 1.167 134 :so 82 "' .604'3
286.<12,· 1.167 363 3.80 -.642

...

266.52 1.167 591 3.80 -.641
286.66 1.167 B19 3.80 - • .639
286.77' 1'.168 047 3.8'1) -.638'
286~87 1.168 275 3 •.77 -.637
287.0:1 :1..168 501 3." 8. • • .6"6

287.12 1.168 726 3.77 -.635
287.22 1.168 95<1 ,3.77 -.633
287.3.6 1.169 180 3.7,5 .... Ii. 3.2'
28,7.,. 46. '1. ·16 9. 40'S 3".75 "~l>31
287.59 1,.1. 6 9 '630 ;;3.'7 S, _.629..

287'.69 1.169 BS 5 3.73 '•• .6 2 a
267.82 1.170 079 '3.73 -0:627
28'"7 •. 92 1..• 170 303 3 •.72 -~'62;5,

28.8.06: .:1'.'170 526 3~'12 ..-.6 2 :,4'
28:8.16 1.170 749 3_72 -,;:623

1.170 972 -.622'

f '.
'V"! .

394
203,
'00<1
798
5,86

82.1.68 786

82.513 2<18
62.496 091.
82 •.47 8 927
62,;461. 757
82,;44<1 579

82.255 163
82.237 902
82.220 .-633:
82.• 203 356
82. :18'6 075,

82.427,
82.410
82.39.3
82,;375
82.356

B 2·.341 366
82.324 1.39
.8 '2. ',;31:l6 906.
8 2".'2·8 9.:'· '6:6·5
6 2'.272" '11.8

~yo per :H
second

10:1..09 5 5~ 83.193 760
:1.0.1.095 83 83.:1.76 884

::to 1.096 00. 83.160 '002
10.1.09,6 :n '83.1 <I, 112
:1.01.'09.6 67 83.:1.26 21,?

101 .• 097 00 83.109 312
10:1..097 17. 83.092 <101
10:1. .:097 50. 83.075 483 '
1.01.'097 83 83.058 558
1.o1:.()9tl 00 A3,04:1. 626

"

101.09tl 33 83.024 687
101'.098 67 '83.007 7<\'1
1.01.09'8 83. '82.990 .76 a
10;1.099 1,7' ' 82.97" 827
10:1. •. 099 50 ;: 82.956 ,8~.0

. ~ .',

101.108
101.1.08
Hi1,; 108

. 101.'109
~Q 1..1.09.

'101.1.11 17
1.01.1.1.1. 33

'101.11"1. 67.
. 1.01. 1 :1..i. '8'3'

\!. 01 : :1:l. 23'3'

271.. 4 9
33.7. 9~,
<1'04 .5'l)·
471. '. 'l);5
537~~7

1 667 607.48 10i.:l.OS 50 82.598 926
:I. 673 673.81 1°1.:1.05 67 ,82.581 605
:I. 679 740.'15 :1:01.106 00' 82.564 676
1 6t15 806.51- 1.1H.106 17 62.·5 <I 7 540
l' 691 87,2.68 101.1 0 iS 67." 82.530'398

1. 697 939.28 101. 106 83
i 704 005.69 ~o 1. 107 0'0

'1- 710 072'; 11 101.. 107 50
1- 716 138~5~ :1..01. :1.07' 67
1 722. 205.02 1.01. 107 83

:56 00 1 819 270.70

35 40
35 .. -,\·1
35'42
35 <1:3
35 4'"

"5, 35
3S'36
35'37
35 38
3~.39

35 00, 1 <155' ,296,. 82
35 ,01 1 <16:1. 362.55
35 ()2 1 ;f$7 <128 3'0
35 0',3 1 <173 49'<1 :.06
35 0,4 1 . 479 . 5!> 9.84

15 Q5 :I. 4tlS 625.64
35 06 1, 49:1. 69 :I. .04,6'
'35 07 ,1 <1;.97 757.2,9
35 0·8, ':I. 503, 823~14

35 Q9 ,1 50,9 889.0:1... ,

35 10 1, 5,15 95<1 .89
3'5 13. 3- ' S'a2 020.79,
35, 1.2 1., 52'8 086.71,
3.S 1. :$' l' 5:54 152; 64
35 1'4 "1 ;·540.,,21; 8.59

."-.• :.

~5 50 1 758 604.13 101..109 67
35,51... 1 764 670.7~ ?-91..11() 00
35 '52 3: 7'70 7 3 7~·~~· :I. 0 1 • 1. '1.'1)1"7 '
,) )3 '1..~~~ 803~~. ~101~i~~ .7
:5554 17'82: 870 ~:$l ;\> 1: i10;' 67

~I
)

,I
il

:1
I
il
ii,
I /,

I I
:1
I

:i? II,

I
I

,I -';
I

I
',:-

"

"

JI "
ff'

~.:;{:..
f.~ -

I
a·
~,~
f:·'

) ".'..';p "

JI
'~, '-1
,.,

,,~J .
'7._.

,;



.,

;.,:

21

'1"

TRANSVERSE MERCAJ:0R PROJECTiON
ARIZONA

WEST ZONE
- ClH pflr AV per

:::=:=:====---=
Yo AYo per H V ,a'

feet second , second , . second
·270.7(i

:
2SS.27

.. .. '.

-.6~:;l819, :1.01.112 50, 82.168 786 1.176 972 }.70
825 337. 4 5, 101.112 83 82.151 490 266.41 1.171 194 '3.70 -.62.0
831 40 ... 22 .101 •. 113 00 82.13.4 186 268.51 1.171 416 3.66 ·-.619
837 471. 0 0 101.113 33 82.116 876 288.64 1.171 637'" 3.615 '.618
843 537.80" 101.113 67 8;.).099. 558 268.~4 1.171 8'58 3.66 -.617

",
~

: ,
849 60 .... 62, 101.114' 00 82.082 234 268.86 1~17.2' 079 .3.67' - :61'6
855 671 .... 6, 1.01.114 17 62.064 903 298.<;J7. 1 .. 1.72 299 3.67' - .. 614

.861 738.31.' :1.01.114 50 92.047 565 299.09 1.172 519 .. 3:65 .. -.613
867 905.18 101.114 83' 82.030 220 2·89.21 1.172 738 3.65 -.612
873 872.07 1.01..115 00 82.012 868 269.32 1.172 957 3.65 -.611

'?•• " .. ' . .< , .,
.. . : , J

e 79 939.97. ' "'10:1:.115 33 81.99'5 509 289.44 1'~ 't·7 3 176 j ;63 -.610
8116 005~89 101.115 67 61.978 1.43 289.56 1.173 39,4 3.63 -.60e

~'~~~g~:~~ :
101.'115 Eq .. ~i:~1t 7.70 .2'69.66 1.173 612 ... 3 •. 62 -.607
10i.i16 33 391 289.79 1.173 629 3.62 -.606

904 206.76 iO:1:.116 50 81.925 004 289.~1 1.174 046 3.62 -.605
", , " .. : :

910'.' 273.75 ",101.116 83. 81.908 610, 290.01 i.174.263 ;} .6'0 ,.'~ 604
9·16 340.76 1·01. 117 00 81.891 210 290.14 1.174 479 3.60 -.60 :;to
922 407.76 101.1j,7 33 61.67 ;} 802 290.24 ,1.174 695 3.58 - •. 601
928 4'(4.82 101.117 67 61.856 368 290.37 1.174' 910 3.58 -.600
934 541.86 101.117 83 81. eus 966 290.47 1.175 125 3.58 .... 599

940 608.95 101.:1.11;1 33
,

81. 8'21 538 290.59 1.175 340 ,3.57 -.598
9.46 6,76.• 05 101. :l.1l:1 50· 8:1..804 103 2~0.72 :I. .17.5 554 3.57 -.59'5
95::l 743.16 101. :l.1l:1 67 61.786 560 2~0.82 1.:1.75 768 3.5,7 -.595
958 810.28 101.119 17 8'1.769 211. 29 0 • 94 1.175 982 3.55 - ~ 5'94
964 8"77. 4 3 101.1:1.9 33 81.751 755 291.06 :1..176 195 3.55, -.592

970 944.59 10'1. :1.19 67 81.734 292 291.:1.7 1.176 408 ·3.53 -.591
977 011. 7 7 :1.01.119 83 81.716 822 291.29 1.176 620 3.53 -.590
983 0" 8 • 9 6 3,01.1.2U 33 81.699 345 291.41' 1.176 '832 3.52 - .5.88
969 146.1.6 '101.120 50 81.681 861 291.52 1.177 043' 3.52 -.587
995 213. 4 1 101.12U 6 "/ 61.664 370 291.64 1.:1.77 254 3.52 -.585

00:1. 280.65 101.1·21' 17 81.646 872 25>1.76 1.177 465 3.50 -.565
007 347.92 1.0:1..121 33 81.&.29 367 291.87 1.177 675 3.50 -.583
01.3 415.20 101.121 67 81.611 655 291.97 1.177 865 3.50 -.5e2
019 4El2.50 101.121 83 81.594 337 292.11. 1.178 995 3 .. 48 . -.5IH
025 549,61 101.:1.22 17 81.576 811 292~2:1. 1.178 30 .. 3.47 -.580

I

031 617.14 101.122 50 81.559 279 292.34 1.178 512·· 3.48 -.579
037 684. 4 9 101.122 63 8'1.5" 1 7.39 292.44 1.178 721 3.47 -.577
043 751.66 101.:123 17 81.524 193 29 2 • 56 1.178 929 3.45 '-.57.6'
049 819.25 101.:1.23 33 81.506 640 292.67 1.179 136 3.45 -.575
055 886.65 101.123 67 81.489 060 292.79 1.17'9 343' 3.45 ,- .,574

061 954.07 101.123 83 81.471 513 292.91 1.179 550 3.43 -.573
068 021.50 101.124 33 81.453 939 293.02 1.179 756 3:43 .- .571
074 088.96 101.124 SO 81.436 358 2!>3.12 1.179 962 '3.43 :,.570
OeD 156.43 101.:1.24 83 81.416 771 293.26 :1.180 166 3.42 ·.569
08~ 223.92 101.125 00 81.401. 176 293.36 1.160 373 3.42 - •. 5 68

092 291.42 101.:1.25 33 81.383 575 293.49 3..160 578 3.42 -.567
098 358.94 :1.01.125 67 81.365 966 293.59 1.180 783 '3.40 - .5'.65
104 426.48 101.126 00 61.346' 351 293.71 1.180 .98·? .3 .• 3 8 -.564
1:1.0 494.04 10.1.126 17 81.330 72.9 2'93.82 1.181 190 3 • 3.8 -.563
116 561.61 10'1.:1.26· 50 8:1..313 100 293.94 '1.181 393 3.38 -.562

122 629.20 101.126 83 81'.295 464 294.06 1.181 596 3.37 -.561
\ 128 696. S i 10.1.127 17 81.277 82:1. 294.17 1.181 798 3.37 .- .~S9

134 764.44 101.127 33 81.260 1"'1 294.27 1.162 000 3 .• 37 ~ •. 55e
140 832.08 3.01.127 67 83..242 5'15 29.4.4:1. 1.182 202 3.35 -.557
146 899.74 101.128 00 81.224 85:1. 2.9,4.51 1.182 403 3.33 -.55Ji

152 96.7. 4 2 :1.01.121$, 17- 81.207 181 294.64 1.182 603 3 .• 35 -.55S
159 035.11 101.121$ 50 81.169 503 294.'74 1.182 804 3 .• 33 -.553
'165 102:8? ·101.121$ 83 81.171 81.9 294~86 1.183 004 3.3l'! - .:552
171 170.55 103..129 17 81.154 128 294.97 1.183 203 3.32 ';'.551

17 c/ 238.30 101.:1.29 33 81 .136 430 2,95.09 1.183 4Q 2 3.32 ·.550

183 306.06 61.118 725 1.1 8~ 6.01 -.549

:I.
1
:t
1
1

3'6 :1.0
36 11
36 1.?
36 :1.3

'36. 14

~ ..~
15
16

36 17
36 11l
3·6 1.9

36 35 2
36 36 2

'36 3 "/ 2
-36 38 2
36 39 2

36 40 2
36 4:1. . 2
36 42 2
36 43' 2
36 44 2

36 45 2
36 46 2
36 47 2

.36 48 2
36 4.9 2

36 2U 1
36 21 1

.36' 22 1
36 23 1
36 24 1

36 30 2
36 31 2
36 32 2
36 33 2
36 34 2

36 55 2
36 56 2
36 5'/ 2
36 58 2
3.5 r- ,2

:,{fll' '1'. '0,,\\\ 00 2

36 50 2
36 51 2
36 52 2
36 53 2
36 54 2

"3'6 0'5' 1
36 06 1
36 It?·:1.
36 08'1
3-6 o~ 1

'_-' L~t..: [

36 Q.O 1
36 9'1:3:
36 0.2' 1

·36 03' 1
. 3 6 04 :I.

;. .
it ~:;JJ....;..~r~I,,~·li·~i >:".;'.,;..,~~.
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22
TRANSVERSE MERCATOR PROJECTION

ARIZONA ( f: .
')"~.

WEST ZONE

.I~t. Yo bYo per H bHper V A per afeet second· second .second
37 00 2 183 306.06, 101.129 6·7 81.116 725 295.21 1.163 6Gl 3.30 -.54937 <l1 2 16·9 373.64 101.130 00 81.101 013 295.31 1.183 799 3.30 -.547·37 0·2 2 195· 441.64 101.130 33 6i.083 295 295.44 1.183 997 3.30 -.54637 03 2 201 509.46 101;13<1 s. 81.065 569 295.54 1.184 1.95 3.'26 •• 545.37 04 ··2 207 577.29 101.1?O 83 81.047 837 295.6'7 1.184 392 3.28 - .5~4

37 05 2 213 645.14 101.131 17 81.030 097 295.77 1.184 589 3 •. 28 ·.54.337 0.6 2 219 713.01 101.131. 33 81.012 351 295.89 1.1·84 786 3.27 -.54137 07 2 225 780~89 101.131 67 80.994 598 296.01 1.18.4 982 3.25 -. 5~ 037 08 2 :or:H 84·6.79 191.132 00 ·80.976 .638 ·296.11 1.1.85 . 177 3.25 -.539·37 09 2 237 916.71 101.132 33 80.959 072 296.24 1.185 372 3;25 -.538.

37 10 2·243 964.65 101.132 50 80.941 298 296.36· 1.185 567 3.23 -.53737 13- 2. 250 052.60 101.132 83 80.923 517 ·296.46 .1.165 761 ;) •.23 ·.53537 12 2· 256 120;57 101.133 17 80.905 730 296.57 1.165 955 3.23 ~.53437 13 ;2 26a· 188.56' 101~i33· SO ··.80.887 936 '. '296.6·9 1.186 149 ,j.22 ··.·53337 ·14 2· ? 68 256.57· 101~133 67 ,.80.870 135 2·9·6.81 1~~f!6 ~4 2 3.22 ·.5:5 ~; ~

296.92
. , ......

37 15 2 274 324.59 ·101.13·4 00 80.852' 327 1.186 535 ·3~20 -.53137 16 2 2·80 392.63 iOl.134 33 8'0.834 512 '297.04 1.186 727 .. 3.30, . ~. 5 2937 17 2 ·286 460.69 101.134 50 ·80.816 690· . _ 297.14 1.3.86 919 3.18 -.52637 :La 2 292 528.76 .. 103..135 00 80.798 862· 297.27 1 • .187 110 3.18. -. 5 ~7,37 19 2, 298 59· 6.86· 101.1.35 00 80.781· 026 297.37 1.3.87 303.· 3.18 ·.526
, .

37 20 2 304 664.96 80.763 184 1.187 492

~ ....

~;..'0/

:. ":',.

j

1
t~. .,._
~



23

Abb

+1.377
'+0. 710

0.000
-0·755
-1.562

I .:: • -"'~

4100
'4200
4300
4400

.4500

4600
4700
J+goo
4900
5000

....
...( ,.

.'3100 +6.997 -0.110 -0.133':
. ::;200 ++66•• 5g47 -0.141, -0.135'
, 3~O 4- 6 -0.173., -0.136.' , .'.'; :f,:~() '+6.273' -0.205;' -0.135'.

)50q +6.068 -0.239 -9.133
~,: i'GOO ~~':'g'~, ~O.;{3:·;·2:_0.~3i·· '
. 37~0 +5.'55b :"0. 3~2 -0. 12g'

., 3800 +5.247 -0.346. -0.124 .

~6gg .:tt: §~~. . ;g:4~~ .. :g~~·i~ .,
:. . . : f

+4.097' -0.462 ":'0.109· .
+3.635 -0.503 -0.101 :,'
+3.132 -0.544. -0.091"
+2.53g . -0.585 . -0.073 .'
+2.003 -0.626. -0.063,

0,." "

-0.667 ' -0.945 .
·-0.710' -:-°. 025 .;'
-0.755' 0.000,'
-0.307' +0.026 .
-0.g60. :" +0.P53

5100 -2.422 -0.911, +0.og4
5200 -J.333 -.;0.960 +0.11'7
5300 ,-·.293 -1.014 +0~153

'. 5400 -5.301' -1.067 +0.191
5500 -6.374 ~1.120 +0.232

5600 -7.49,4 -1.'172 .+0.275
5700 -8.666 -1.225 +0.321
5800 -9.S91. -1.277:, +c.:rn .
5900 -11~16g -1.331 +0.~26
6000 -12.499, . +O.4a7· .

II

AA,

:,'~ .;. ... ..

All Zones

. ARIZONA

-0

',-:. ,-

+0.305 -0.027
+0;.:294 -0.032'
+0.282 -Oi03g
+o~268 -0.043
+0.255 -0.049

+0.239 -0.055
+0.223 -0.001
+0.'206 -0.067
+6.188 -0.073
+0.. 169 . -0.079

+0.149 -0.085
+0.12g -0.091
+0.105 -0.096
+0.032 -0.101
+0.058 -0.106

+0.033 -0.111
+0.007 -0.116
-0.021 -0.121
-0.0#.9 -0.125
-0.079 -0.130

.. ' , t:.bb

" O. G.GOO..+0.370 o.obo,
100 +0.,370 +0.370 0.000

'. '200 , +0;.7% . +0. 364.....0.001

. ,~g ~~ i~~i ,!g:.5.~:o :g:'gg~
'500 +1~$31 ,+0.35.5 -0.:.005

,60.0 +2~tg6 +0 0 :'3'50-0."001
700 +2~5}6 +0.,;5'43 -0.010
800 +2.g79. +0.335 -0.014
900 +3.214 +0. 32't> -O.Olg

1.000 +3.540 +0.315 -0.022

~RANBVERSE MERCATOR PROJECTION

2100 +6.284
2200 +6~.433
2'300 +6.561
2400 +6.b66
2?90 ~ +6.743

2600' +6.806
2"70.0 +.6.839
2800 +6.846
2900 +6.g25
3000, +6.776

1100
](.-,'0

:C(Ql)~b,..
. ,~'1400

1500

'1600
1700
1800
19°0
2000

"'"



6000'

o~t58
0.59 .

ltooo"3000"

O~07 ' 0~i7 ' O~33'
0.07' 0.i7 0.3~

<:' .· ...t

o.oS' 0.18 . 0.35' 0.60
0.08 0.18 0.35·· 0.61
0.08 . 0.18 0~36' 0~62
0.08 . 0.19 . 0.37 0.63
0.68 0.19' .0.37. .·0. 64

0.08 0.19' 0.37 . 0.64
0.08 0.19 . 0.3$ o.ft-lj
0.08 0.19 0.38 cit i",

0.08 0.19 0.38 oOfJ.~o)J»,
0.08 0..19 0,.38 :>

0.08 0~19 0.38 0.65
0.08 0.19 0.38 o~65
0.08 0.19 0.38 0.65
0.08. ,.0.19 0.37 0.64
0.08 '0.19, 0.37. 0.64

..,.-

0.08 0.19, 0.37 0.63
0~08 0.18 0.36 0.,63
0.08 ',0.18 0•.36·0.62 .
0~08 0.18 0.35., 0.61.
9.08' 0.18 0.35, 0.60.

0.07 0.17 0.34 0.·59
0.07 . 0.17 0.33 0.58.
0.07 . . 0.17 . 0.33 0.56
0.07 0.16 .' 0.32. 0.55
0.07 0.16 0.31 0.54 .

'. [·.c (sin .ltl)"cos3 0"] .·~.·3··
g = - 2. . . + F ,(l.lft.-")

'. . 2A .' .

. At C and F are position fact.0rs.
'; "
~, ,i)t·
~~.

TABLE Fo;i g

L:.lX fl =sin !O (6Att ) + g

2000"

0.02
0'.02
O~Qg

0.02
6:~b2

0.02
0.02
0'.02
O~02
0.02

0.02
0.02
0.02
0.02
0.02·

0.02
0.02
0.02
0.02 '
0.02

....

0~02
. 0.02

0.02
0;02 .

. 0.02
0.02
0.02

..
TRANSVERSE MERCATOR PROJECTION

1000" .

0.00.. 0
",; 0

'.. 0
'0

0.00
.0
·0
o
o'

0.00
o
a
o
o·

0.00
o
o
o
o

0.00
o
,a

·0
0.00

o~oo .
. 0,

..,: .
0.00

o
0.'<
o
o

0.00',· .
o
o
o
o

0.00
o
o
0,
.0

0.00
.0
o

. 0 '
o

0.00'
o
O'

, O'
·0.00'

. ' .:. ~

ou' ' ..'
:~-.~. '. • '=•• , •

240 ':'-':"';, 'QnOO ....
25 :',.". • a .'.

26°
27
28' .
29
30: '; ..

Lati
tude

31°:
32

.. '33 ."
. 3lt .'

. 35



'25,

y P 6P , x· d
t·

"

° "1.,4;5434 1562 0 0.00 . '

, ,
"

100,.000 ;. 1 .. 44996 1570
"

50,000 + 0 ..01

200,000 1.46566 1580 100,000 + 0.02

300,,000 1.481:46 1.58~ 150.000 + 0.04

~OO~OOO 1.49735 1598 200,000 + 0.07

',. (' ~:O,OOO 1.,51333 1608 " 250 ,000 + 0 ..09, J,

! , «((t" 6ho,000 1.52941 1618 30°,000 +0.10

700,000 1.54559 1628 350,000 + 0.08

800,00'0 1.5(5187 1638 ,400,000 + 0.03 ' .t..'1

'900,000 1.57825 194:9 450,000 0.07
i p ': ~.

;
::
; , .. -~

1,000,000 1.59474 1658 :!: I1 '" ~

1,100,000 1.61.132 1670
~Hr;.

1,200',000
..

1.62802 1680 i' •
~

1,300,000 1.-64482 1692 "',i :",,-,
~~ ,

1,400,000 1.66174 1702
.... :::

""I'~

}!.

1.500,000 1.67876 1714 y p, & ~'i 1

1,600,000 1.69590 1726 2,000,000 1.76564' 1775 il.'.;

t~·
1,700~00O' 1.7131(5 1738 2.100,000 1.78339 1780 :iI,
1.800,000 1.73054 1749 2,200,000 1.80125 1800

:,', ~(hl)O ,000 1.74803 1761 2,300,000 1.81925

;,~'::'\\\i', " ".

-•. ". "': .~.. ;., . :": .
~~{

, ,

:ll!,
" ~."

'~., 1,'":,"

; )

"
~

0-'<' '~-'~.-"."~ " ' ......---_. .... .. - .. .... '. . ,IS'



I
. I

j
1
I. f

"1
.ji
,

t
' .. .
.~q I

. ,·,t::

. .-.~. ..... :~. .'

•. '<S.-

d ', ....

- 0.04

0.13:; . ,.

0.00

0.00

+ 0.01.

+ 0.02

+' 0.03

i'~8b129 •..... J.a~Q

1.81929 .

o '.
·x'

.350,000

400,000.

~'50,000 ".. ;,. + 0.03:

.:."

' .. 50.000
". , .

, 100,000

15~,()00

.200,000

", .' j;

.- 300,000.' + 0.02

1561

,.1,571 .

·1580 .

1589

1598

1608

· ..1.618 .

1628'

'·'1638

.",",'

. ~:< "

1.59478 165$

. ,.:.,'
1.57829; ;.:" 1649 .

1.69594 1726

1.• 71320 1737: .' .! ri;'~QOiOOO

1.73057 1749f·~j·~P.o~000

1.74806 ·i76~

1.61136 . 1670

1.62806; . 1680

'1.64486 16'92

) .• 66178' 1702

.. p

.1.5133'7\

1.49739

'1.52945

1.54563

,.1.56191

'. "'1.44999':

1.46570

1'.4815(j

. J"

·'0'

y CORRECTIOlfFOR C61i~tJTATlbN OF GEOGRAPHIC'
'.. POSITIONS FROJiIPLAliE .COO·RDINATES: .

!l""n.A:NSVEHSE :MEI{CAi'OR PROirECTIOll;. ARIZONA-WEST. ZONE ;.,

P(xl/ld~o6o)2+d:: V(M'iOO)2 i.·c.····)

P taken: out' for y-coordiriate
: d' taken but for X' .'

100,000

r .200~000

300,000 '

,400,000.

5.00,000

600,000

700,000

.800·,000

. 9.00;;000.

1,000,00.0
,: .

'3;;1.,0.0,000 '.'

.1,~OO,OOO

1,300,000

1',400.,000

"),,'50Q',.o60

1,600,000

'i;,'i~o,000

.J;;soo,,000

", :f~9.00,oqo

2.6

;

Il
i

I
,I

,

I
,

I
I
i

I
I
I'.
I;·
it r

I:·
I
,I

'I·.·
I

;11

:1
:.'
J. r

JI:'
) .i.

II··
I ,

;



TRANSVERSE ·~ATOR PROJECTION
~ '. ~

ARIZONA

" :.'

0.9999351
0~9999371
0'·9999392.
0.9999413 ..
0,.9999435' .

'0. 99994,g' .
o. 99994;81 .
0.9999505
0·9999529
0.. 99~.554

0: 99995g0
0~9999b06.
0.9999632 .
0;"9999659
0.999,96g7 .

0.9999715 '.'
0.9999744.
0.9999774-

· 0.9999go4 .
(). 9999$34·'~

·6. 999;~6'6
0.9999891
0.9999930· .
O.99999~J·· .

· 0.9999996 ':

+ 13.1 1.0000030
+ 2g.1 1.0000065
+ 43.4 1.0000100
+ 59~01.0000136
+ 74.~1.0000172

+ 90.g 1.0000209·
+107.1 1.0000247 .
+123.6 1. Q0002g5
+140,4 11.0000323
+157.4.. 1 ..oooq3~2 ..

Scale in Scale
units ofexprsesed
7th pl~ce' asa .
or logs ratio

XL
teet

300,000
305,000
310,000
315,000
320,000

325,000
330,000'
335,000
340,000
345,000

175,000 ":'ZSz.o

ig~:go~.· :~I4:i '
190,000. .. ;-Z5lf.S .
195,000 .' -245.2

..

Zoo, 000 -235.4
205,000 -Z.Z5.3 ..'
210,000 ~215.0

215,000 -204.5 ':
220,000 -:193.7 ..

~25,OOO -1gz.6
230,oqo -171.J·.
235,000 -:-159.7··
2lW, 000 ~147. 9 ...

. 245,000 . ':'135.9

aso, 000 ~ -123.6
255,000 -111.0
260,000 - 9S.2
~65iOOO '- g5:2
27o,oqo - 71.9

275,000 : 5g•• 4.
6
, .....'

280,000 44
aS5,000 - 3Q.. 5 .
29D,OOO' - 16.2,
295,000 - '1.7

East and· Central Zones

Scale
expressed
as a .... ~

ratio

0.9999029
Q.999.90~5
0 •.99990,.1

. 0. 999"904e
0.9999°56

0.999'906'4
~ 0.9.999°73
·0.~999Q~3
()~9999093 '
.0.9999103

0.9999114'
0.9999126
0.9999139
.0.9999151 .
0.9999~65

0.9999179
.0.9999193
0.9999209
0.9999224

. 0'.9999 241

0.999925g
0.9999275
0.9999293
0.9999312
0.9999331

Scale in
units of.
7th pla oe
of 1:og.!3

-434.3 0.9999000
~4.34~.2·· 0.9999'000
-433~g .0.99990.01
-433~ 2 . .0'~9999003
-432. 3 .' 0 ~ 9999.~05

. - .. : , .:~.

'.;4.31.20".9999007
-429.g .'0.-9999010
-:42g .. 2 0.9999014
_1~26~ 1;. , o. 999.901g
-424.3 0.9999023

-421.9 .

:~i~:J'
-413.3
•..In.o.o
-4060 4
-402.. 5 .
-39g~4
-394.0
~3g9.4

-384.6
-37~·i
:jls:5
-362.7

-356.6
:~~~:~
-336.g
-329.7

. -322~4
-314.g

:~~~:~
-290.6

50,000
55,000
60,000
65 000, .
70,·00t\-

75,000
go., 000
~g;.ggg
9',000

x'
feet

0
5~OOO '.

10~OOO

15,000
.20.;000

25,000
30·,0.00
-3,,000
4O i OOO
~5 .. 000

:LOO,OOO
105,000.
110,000
115,000'
120,,000

125,000
130,000
135,000
140,000
145,000

.150,000
155,000
160,000
165,000
1'10,000

28.

.1:

\

:f- ."



t·

I

f.r

27

.-:.'

. ~ .. ".'

;.... .'
' ..... \ .

..';-::...
•• 0••;:', •

. ~- ..

: "" .... ,

., ':~-; t ,: :' .

.,

707 ..
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737 :
742
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q"oQcP,. ~765' 67i
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0.007 4313
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0.095.982*· .' ··6~g·

.:.·d.00.6~::o14<69 ":~·"6:52:: .
o ~ 006' 1121 .: 656:

· 0.0'06 1777 . 659'
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! x'
:feet

Scale .
expressed
as a.
.ratio

Tk~~SVERSE MEFdJ.A:t'O:R PROJECTION

ARIZONA

- East and,Cent~l Zones

..
~ -.....-...-..'" - '-.

Scal.e in
units of

'. 7th plaoe
ot. logs

o·
5,000

10,000
1,,000
20,000

25,000
30',000
35,000
40,000
45;000

x..
feet

SO"OOO
55.,000
60 000
6,;000
10,'00+1·'

-75,000
go#OOO
gS,oOQ
90' 000, .

95,·000
1,00,000'
10,,,000'
110,000
115,000"
120;J 000·

125,000
130,000
135,000'
140,000
14,,000

.150,000
155,000
160,000
165.,000
170,000
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East ahd Central Zones

I

. 1.0001315
1.0001370
1.0001422
1.0001475
1.0001529

1~00015g3

1.0001b37
, 1.0001693

1.0001749
.1.000].805

i.0001g62
1.0001919 .
1.000J.9Tl
1.0002036
1.0002095
1.0002155

TRANSVERSE MERCATOR :PROJEd¥>I~N

ARIZONA
"....:",; ;:. ,

Scale in scale'
units of expr'es'sed
7th place' as a

. of logs ratio

...,..........: ........:..,~~. -' .. ,

.x.'
:reet

~5,OOO
430,000
4~5,OOO
440,000
4lJ.5,OOO

350,000+174.7 1.0000402
355,000'.' +192 • 2 , 1.0000443'

' .. 360,000 .~ +2'10.0 1.00004g4
.. '365,000 ·+22g.0 1.0000525 .

370,000' +246.3 '1.0000567
. .; ..

375,000 .. +264.g , 1.0000610
. ~o,ooo .' +2g3:6 1~0000653' ;

355,000 '+302.61.0000697 : ,i

'390,000 +321.g 1.000074k
395,000 +341.3, 1.0oo07g6 .." .1

400,000 +361.1 " 1~0000g31 '. i
405).000. +351.1' 1.0000g7g I
4'10,000 .+401.4- 1.0000924·· I
415,000 +421.9" 1.0000971" . ,I

,,~20 , 000 +442. (; 1.0001019 !

1.0001067
1.0001117
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6

40
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" 520,000 +910.0)1 ffl25,000 +936.0
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, ARIZONA

. ada-Ie in
~u:nits of

'7:t;h place
'. .of logs

. i! .
( feet)

.. "':::350 ,000
> . ;;. '355,000
, ",' /~7t60 000
, . '. . /C '
.-!:. ,.",. 3'65 000. ., .

,.: ' ' 370,PDQ
.,<., '.' .

..' .

.:":1:' ...: '",'..375, boo
<'\~ .. 3g0, 000·

<'. :~, .~.fii '" 000'. ::.. U?,·. '.
<.:.':'~" 90,000
{..... : 7;95,000
..... ~: .. 400 000. ').... . . "',

TRANSVERSE MEgCATOR PROJECTION

\1est Zone

·adal~· .
expres.sed. as 8. ..
ratio

+)19.5 '1.0000736
.+337.0 "1.0000776

. +354,.g '1.0000817
'. +372.g', ··.1.000085g

+391.1 ' .'1.0000901

::-,~~409,.6 :;: ~ ..i~·S000943.'
'. +42g.4,,:.' I~00009gb
+441.4 '.'1.0001030 .

,>+466..6 l~ 1';0001074
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24
27
31
34

.38

42
46
50
55

, 59

64
69

§6'
.86
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~ . < ':il
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16
19.
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. 1.',
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For Lambert '01"
transverse Mercator

P:r6;leetion

" ,.,

4z 'or ~ Corian
'. ~P1US)

". -t, :',' '~~\.:.•~ : ~ '. "

.. . :~"":'~ ".
10,,000' ,.'...
20,.:000' ,
30"'000., rro:ooo
'o,.~oo

.60,000
~"., 70,000
,.~o,ooo
. , 90,000 .
' .. ' l~,OOO

110,00:0
120.;000
130,000
llf.O,ooO

'1'9,999

'160,000
'170,000
180,.000
190,000
200,000

210,000
220,000"
230,000
240,QOo
250,<?OO

260,000
270,000
280,000
290,000
300,000

0 3l. 3lr
0 32 36
0

~~ ~gl.
1 35 43

.... .

1 36 '4~
2 37 .4
2 38 51.

~ 39 53
40 . 56

4 41 59
l' 42 62

43 65
7 '44 68-
8 ltf . 71,

9 lt6 74
10 47 77
11 ir8 81
13 49 84
14 .50 88

15 51 91
17 52 95
19

.~ 98.
2O. 102
22 55 i06

24 56 110
26 57 114
27 58 118
29 59 122
32 60 126

..... '

1s the difference in
1at-ituqe in minutes
orth.a;~ndsot the line.

3J.P,ooO 91
3?P,000 97

I.
:.' .' 33..·•..99.'. ,.. 09....°....... 1033ItP,000 110

_~~_..-.....~----.~ ~_ 350),000' 116
*Scal~ ratiQ/:,$.p.terpolated t:or mean l~titude:?J; mE£gn 'x' of
the ji~p.ds ot:c::~:linE(and correct~d by the above. tab1:e 1$ a
true'mean value·ac¢ura.te to within one in the seventh
dec1~1 place. . . . .

; ; .

21.' .
22 <

2J'
21+ .
25'

26
27
28
29
30

AlP"

. .

CORBEc~rO~sTo NATURALscAtE,. RATIOS,*
(in units or the 7th decimal p1ac.e)

lor. Lambert Projection

A" a. s a. 1" g U DR e n t
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2·
3
It
5

....

6 ".

T
8
9

10

11
12
,N
15
16
17
18
19
20

6rpt corr')" l1~t Corr'n
(Plus. - (PlUS)

,I
i

I,
,I

,

I
'I
,I

I
I
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I
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I
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I
I
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I
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I
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GEODETIC CONTROL. ,
SERVESAS

THE BASIC FRAMEWORK'FOR:'

MULTIPURPOSE CADASTRES

. LAND. RECORDS PROGRAMS. - ~. .

~. ' ...

NET.WORK OF MONUMENTED,POINTS

GEODETIC CONTROL:

PREciSELYMEASURED INACCORDANCE WITH'
STAlfDAJjJ):PROCEDUReS

" MEETA'CCURACYSPECIFICATIONS
( '. . ,. .' ,. . '.,

ADJUSTED ·TO 'fIE TOGETHEf1

. -' .

DOCUMENTED FOR MULTIPLE USE

Source:
North Arrierican Datum of 1983 Plane Coordinates 'and Datum Transformations
Presented by: David R. Doyle, National Geodetic sui-vey ,', . '
At: the Annual TSPS Conference in San Ailtonio Texas, August 24, 1996



USER DENSIFICATION NETWORK
'Fe~eral, State and Local Fundi~g Station Spacing as Requ'ired

GPS Observations Only (Horizontal) First-Order HorizontalAccuracy'
DNOVertical Requirements

Second-Order Class IT Vertical
. ; (ConventionalLeveling)

'. NO Gravity Requirements
.,',. No Velocity Predictions

Revisited as Needed

.,

NAD 83 NETWORK PROBLEMS
NOT "GPSABLE" - POOR ACCESSIBILITY

: .
IRREGULARLY SPACED & LOWER ACCQRACY

HIGHACCURACYREFERENCE NETWORKS (HARNs)
'~GPSABLE" Clear Horizons for Satellite Signal Acquisition

EASY ACCESSIBILITY
Few Special Vehicle Of Properly ~fitr.tficeRequirefi1efits

REGULARLY SPACED Always \\iithin 15-100 Kilometers
mGH ACCURACY (HORIZONTAL)

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

FEDERAL BASE NETWORK .
. NGSFunde(I

NGS Mark Maintenance'
100 Kilometer Station Spacing

A and B-Order Horizontal Accuracy·
First-Order Class n Orthoinetric'Heights~- .
~econd-Order Class I Orthometric Heights
S~cond';OrderClass I EII~ps.oidal Heights

50 microgals' GravityAccu~a~y .
Imm/year Horizontal and Vertical
Crustal Motion Relative Accuracy

Revisited every3to 5 years .
. . ..

.COOPERATIVE BASE NETWORK
StateFund~d'. .

. State Markl\[a~~t~n~nce .
'25 to 30 kil!>meter Station Spacing

B-Order Horizontal Accuracy
.' •Second-Order ClassJOrthometric aeights

Thlrd-OrderClass I Ellipso"idal Heights
. 50 microgals Gravity :Accuracy
1 Jinn/year Horizo,ntal and Ver:tical' ;
Crustal Motion R~lative Accuracy

Revisit~~ as Needed' .

,
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rnethods ."

GEOID93
N.?-:vbea

Jl-.DJO-S'r:E:D.
.•:!:>J?JuS'TED
Jl.DJUSTEi:>

I...

Ccn-verg,
-0 01 10.5
-0 31 30.2

Scale
O.9SS§()013
O. 99,969~53

57 07.89249(W)
-00.00515

, +02.52624

111

210,057.740
411,514.730

"

CI.Jl.$S 0 ,.

0.62.
'-29.57

979;467.7

27 42.16€58(N)
+00.00551
+00.15877

SECOND
SECOND

;33

N."-.D 83 (1992)'
N?-.YV 88

G'tiN,
DU0876
?Z/M.~.RICO?F.

TEM?E .(lS86)

North
272,954.910

3,702,879.816

. . ., ./ , ..' '
orthometric ne~crnc was decerr~nea by differentiil leveling
adjusted. by th~-National Geodetic Su;c-,;;ey .in November 1993.

horizontal pos~c~on was estab~isA~~ by classical ge~o.ecic
adjus-c·e.d by· the National Geo¢!etic4iurvey in .7>..ugus-t 1993.

~.?L:.1>..CE COR.1R.
GEOID E-EIGI-i-r
MODELED' GR7!;.V-

DESIGN?-.TIOH 
?ID,
STi7F./COUNTY
uSGS QU.?-.D

• •• at • "

N- .. : 0'--; G' -00.·..... ; c s··_:·~" .' _~r:l• c::.,-.:. .:.J.c:._ -=. '-'-- ~""'V~JI ...... :... .'
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D110876
1;)U087'6
, UQ876
DU0876
DU0876
, uosi6
U08/6 EORZ DATUM

I U0 876 ·\IERT DJl.TUM

I I U0876
'---"--DU0876 POSITION

DU0876 92 mirtus 83
DU0876 83 minus' 27
DU0876
DU0876
DU0876 RE!GET 401.461' (meters) 1317.12 (feet>. ~.D,JuSTED
DU0876 86' minus ,29 ..;, +0.658 Jl.DJ WCE
DU'0876 DY rr:inus 88 - ' -0.465 COM?UTED
DU0876. _(NOTE -. Fp= assistance in· applying shifts see file readzn.e .. dat) .
DUge? 6 ** ****.*~*'*** ** ****** '* *' ***"jr **0*******.* '* * ** *********** *: * .... *** '* **"**** **.* ****-

DUO~76

DU0876
DU0876
DU0876
DU0876
pUOe76
PU0876 EORZ -ORDER
DU0876 VERT OKDER
DU0876

. DU0876
) DUOS76.The

DU0876.and
DU0876
DU0876.The
DU 0 876. and
DUOB76 
DU0876.'The dynaniic height is computed by.div~cli:ng t.~e NAilD 88
DUOS76.geopot~ntialn~~er by the nozmal ~r;v~ty value. c9mpu~ed on the
DU0876.Geodetic Reference Syst~~ of.iS80 (GRs 80) 'e1lipsoid at 45,
DU0876.degrees latitude -fG = 980,6+93 gals. }"
DU0815 . . .
DU0816. The Laplace correction was computed. from DE.!:·~EC93 derlvea defl·ections. 0;

DU0876
DUOB76.The geoid height was dete~ined by GEOID93.
DU0876
DUOS75.'The model-e:d gravity was interpolat~cl fr:o:m observed Q'ravity values,

DU0876
DU0876;
DU0875; S?C .?l.Z C
DUOS7'6;UTM 12
Do-08,76
DUOB7e:' primi::ci:y Jl.zhnuth !"~rk Grid .?l.z
DU0876:S?C:~i £ G~YER~OR hu~TS TOMB 146 17 18.7
DU0876:UTM 12: Go·,;,-i?J'1PR, n-pNTS TO~ 14647 38.-4

.;~~~~ ~ I:-...... .;.;..;.__ .:..:-... _-',..•_.. :.~.;.;..;.;.l.;.;..;.;.~_-----:-----:-_·- - -.;..l;.·;.. ..__ .. .;.;.~.;.;.:-:~:-.;.;.~.:..''.;.;.---_.....::..7--·1
DU08761 Pia Re+.ere....ce Object Distant;e' Geod. Jl-.z1
DU0876-1~ ' " " . " 'ddcL'Ta-.s5. 51
DU08761 m,j,Q87'7'~PN~"'iJ ..... , 5.327ME'i:E~ 0281:11

.DJ-j0876L DU41?i. SCQ'rr;rSP?LE MOTOROL? viJ.t.TER TJl.NK ?P?ROX. 4.5 KM oa15e~L 4 I
DU087~1 DU2"182 GOVER~6R RuNTS 'i:oi-G Jl.??ROX. 1. 3 ~ 146J.6-Qe .2. I

- D.Up;~,J~.1 mi2177 TEM;E ·SJl.LT R PRO..i;CT .PJ<.D M,li.$T A??ROX. 2.3 ~ 1522259.3 I
• f"-



horizontal coordinates were ~stab+ished-by classical geodetic methods
adjusted by the National Geodetic Survey in August 1993.

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.27
Starting Datasheet Retrieval... .
1 National Geodetic Survey, Retrieval Date = SEPTEMBER 14, 2000
DU0876"+++++++++~********~****+*+************+*******************************+

t,
,
•Ir.,
•F-

•J,
,

.. t
,
,
,
t,
,*
'.
If-! j

I'
.~
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DEFLEC99
GEOID99
COMP
NAVD 88

Grid Az
146 17 18.7
146 47 38.4

(feet)1315.60

Units' Scale. Converg ..
MT 0.99990013 -0 01 ,10.5
MT 0.99969653 -0 31 30.2

East,
2111)', 05-7 . 7 40
Hi, 5H .730'

(seconds) .
(meters) .
(meters)
(mgal) ,

CLASS 0

*CURRENT SURVEY CONTROL

1.06
-'-29.65
400.996

979,467.7

33 27 42.16658(N) 111 57 07.89249(W) ADJUSTED
401.461 (meters) 1317.13 (feet)· ADJUSTED

. GUN
DU0876
AZ/MARICOPA
TEMPE (1982)

North
272,954.9J.0

3,702,879.816

LAPLACE CORR
GEOID HEIGHT
DXNAMIC Wt'· 
MODELED GRAV-

DESIGNATION 
PID
STATE/COUNTY
USGS QUAD

The NGS Data Sheet

Data Sheet Retrieval

DU0876
DU0876
DU0876
DU0876
DU0876
DU0876
DU0876
DU0876* NAD 83(1992)
DU0876* NAVD 88 '
DU0876

. DU0876
DU0876
DU0876
DU0876
DU0876
DU0876 HORZ- ORDER ~ SECOND
DU0876 VERT ORDER - SECOND
DU0876
DU0876.The
DU0876.and
DU0876 '
DU0876.The orthometric height was determined by differential leveling
DU0876.and adjusted by the National G~()detic Survey in November 1993.
DU0876
DU0876.. The Laplace. correction was computed ;rom DEFLEC99 .derived deflections.
bU0876 t

DU0876.The geoid height was dete~ned by ~EOID99.

- OU0876
OU0876.The· dynamic height is computed by dividing the NAVD 88
OU0876.geopotential number by the normal gravity value computed on the
DU0876.Geodetic Reference System of 1980 {GRS 80) ellipsoid at 45
DU0876.degrees latitude (g= 980.6199 gals.). . .
DU0876 . ,
OU0876.The modeled gravity was interpolated ~rom observed gravity values.
DU0876
OU0876;
DU0876;SPC AZ' C
DU0876;UTM 12
DU0876
OU0876: Primary Azimuth Mk~k
OU0876:SPC AZ C GOVERNOR HUNTS TOMB
OU0876:UTM 12 ' GOVERNOR HUNTS TOMB
OU0876. .
DU08761-~-------------------------------------------------------------------1

DU08761 prD Reference Object Distance Geod. Az 1
DU 087 6( . .. ; -' dddmms s . s I
OU08761 DU0877 GUN RM 1 . 5.327 METERS 02811 1
DU08761 DU2181 SCOTTSOALE MOTOROLA WATER TANK APPROX'~' 4.5 KM 0875851.4 f

~ ~ 'i ..J ••

OU0876 1 OU2182 GOVERNOR HUNTS TOMB APPROX. 1.3 KM 1461608.. 2 f
OU08761 OU2P7 TEMPE SALT R PROJECT RAn MAST APPROX. 2.3 KM 1522259.3 f

'OU08761 OU2175 PHOENIX RADIO STA KOOL S MAST APPROX. 3.3 KM 2862027.2 I
DU08761 oV2065 PHOENIX RADIO KTAR S TWR OF 2 ,APPROX. 5.0 ~ 2904656.7 I
DU08761 OU0875 duN RM 2 7.563 METERS 30358 f
DU08761 OU2Hl4 PAPAGO . . APPROX~O. 6 KM 3283405.6 1
DUO 876 I----~--------- - -------------------:--- - ----------:-- -_:.:.:..-:--.:. ---:------- -:-.1

file:IIS:\SURVEy\SurveyStaffiGMTUTTLE\APLS\State .)Data Sheet Retrieval for GUN.ht 9/25/0'0
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USC&gs (ngs) .).st Qrg~l' l:iorizonta! ContrQl Station:,"GU1:'i'"

'.. :;> . i

METERS
U.S. Su'Rv'EY E,t:J::.T ,
·1Njl.:El"L~ATION!'L" ri:.bl

......

"cony~:rte9-" to }4.AD- 27
"cohy~f,t~d"t~u'tw';.27'
\U;S;SURy-p;i:i!bJiH '

.~ .L.c..'<-S .'
U,S. Stj"RVEYF~{ ,
"J.t.irER"N"f-.::TION!,.,L'J !"J:-ET

u.s. ST.JR:V-EY b::h£
nfrER-~ArIQN.A.:Lr~T

';0" ......

210;057.740N:..AJ! 83/92
689,164.435 NA1?;.83/9.2
689.165,,794 NAB 83/92

+02.52624

.-CO.005I5 .. '

48~,379.190, •• N,..;p ,83/92
489,,?7:S,754 NAD 83 .
48Q)79.163 N.A.D27

210,057.607 NAD 83
6&~.J.63.999 NAD. 83 '
689,165.357' N.A.D83 '

W 11 ~ 57 07.89249

LONGITUPE

.W 111' 57 05~37140 ,.

W 1115707.89764

.. +00.15877

+00.00551

895,474.S82
895,474,026
895,474.109

'272,954.·910
'895,519.567

89 '" ~?, ~"?:>,~-_.~;).-

N332742.00230

N 332742.16107

N33 2742.16658

LATI11JDE

1 METE...~=3.2808333333~3~33333333~3333333333~3333 .
1 METE..~ = 3.2808398 (to 7tl> place right of decimal)

S?CAZC

SPCAZC

SPC.A2 C

NAD -'47

83 -27

Nj..D·83

93/92'· 83

N.AD-83/92

Tuesday, Sept. 10, i990 .
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Index of On Line' Publications

Publications o~tthe NGS web site: ",
• An Accuracy Assessment 6fThe'Geoid96 Geoid HeiillltModel for "the State,of OHIO.
• The CARIB97 high resolution 'ge6id height model fottheCaribhean Sea ~.~ ~:', .'
• CD-ROM as Medium for Large deographicIrlformatiori'·Piles . .
• Computing OPS-derived orthometric heiihts ""rith the GEOID90 geoid height model
• The Contribution6f Geodetic Data to the National SpatialData Infrastructure " ,
• Converting GPS I-Ieight'into NAVD 88 Elevation 'Vvithihe GBOID9'6 G-ehid He-iQb.t Model
• Data Processing in the National (j6odetic'sitr~ev .' . ':,. '
• Development oitbe,National SpatialReference S-V'stem
• TheEGM96 geoid: Subtle'points onthe'useofa global geop'otenti81 model, . ' '.,';

.• Evaluation ofme EGJ\196 Model'offue Geop6ten"tiiaL:intneUnited States·', ,
• Exchange ,Pile Format (for submitting data to theNGS Obstruction Chart Database)

fWordPerfect format] [PDF formatj .~:: " . ,.. _.' '. '.', . '

• Evaluation of the Hicll Accuracy Reference Networkrelative to the Con~inuolislyOperating.
Reference Stations . '" .

• Evaluation ofPreliminary Models of the Geopotential in the Ulrited States
• A'Free2Pall Deteri1Uriation.ofthe Newtonian Constant of Gravitv

.• Federal Register Notices (pdfformat)·
o Use ofthe NAD 83 / \\Tos 84 Dataum Tag on Mapping ProduCts (August 14,1995)
b Affirmation ofVertiCal Datmnifor.Surveyingand Mapping Activities (June 23", 1993;

NAVD88) ..;t .. ' ' ...• .'.;,., ,.;

o Affirmation 'ofDatum for Surv-evihgancfMapping Activities (JuneJ3,. 1989; NAD83)
o National Vertical Control Net (MCilY 15,) 197:3";;N"GVD29j ." ,
o Refinement ofValues fotthe""Yatd and the pouna (JUne 30; 1959; Meters to'Peet
. Conversion)

• FOeS Techrllcal Publications (in6IudingtheNGS~lueBook)
• The GEOID96 high'resolution .~eoid·heiclit model for.the United States
• .Geodesv: hnagine the Possibilities (pdf, 765 KB)
• Geodetic Phase ofNOS' San FrancIsco Bay Demonstl'ation Project
• Geodetic Surveys in the United States TIle Beginning and the Next One H1.U1dred Years 1807-

1940 '
• GeodeticSm-veying 1940 - 1990
• High Accuracy Reference Network for :Michigan .
• High Accuracy Reference Network for Nebraska
• High Accuracy Reference Network for Nevada
• High Accuracv Reference Network for Ohio
• Hiilll Accuracy Reference Network for Oklahoma
~ High Accuracv Reference Network for Utah
• High Accuracv Reference Network for West Virginia

-~- - - ......... , ., ., , I .1 0/1 ?,...,{)()()
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• hnproviJ.1Q. Geoid Undulations and Ocean Dvnamic Topographv Througl~ AltiJ.netry and A
Modified Kalman Filter

• International Geoid Commission Activity Report!991-1995
(Various countries including the USA) [postscript format] . .-

• Intern.ational Geoid Commission National Report for the United States of America'
• Na.tioilal Ocean Service Shoreline Mapping .Program
• New Coordinate Adjustment for 1\1ississippi
• NOS NGS-58 '- Guidelines for EstablishingGPS~DerivedEllipsoid Heights,
• Overview of Global Positioning System Continuously Operating Reference Stations
• .Planning the l:\.:rkansas High Accuracy Reference Network
• Planning the Kansas Himl Accuracy Reference Network
• Report to lAG SSG 3.136: High ResohitionGe6id Modeling and Evaluati~n
• Results of the General Adjustm~ent 'ofilie North AmerIcan Vertical Dahrin of 1988
• Surveying Support for Eastern Eurone .. dO ..

• Where Freedom Stands (using GPS to determine the position the Statue'()fFreedom)

Articles of interest from other web sites:
• Dannstadt lGS AC Workshop. Draft Docll11lel1ts [PDF format]

• NIM..A. PubliCations on Geodesy and GeophysiCs including i'Geodesy for the LaYman"

9/1312000
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G&G Publications

~ Geodesy and Geophy~ics

1. Geodesyfor the Layman (HTML)
o 'Geodesy for the Lavman (3,507 KB)

2. DoD World Geodetic System 1984 - Itsl)efinitionandRelatiol~ships \\11t11 Local Geodetic
Systems - TR 8350.2 .' . .

3. Datums. Ellipsoids. Grids andGnd Reference Systems - TM 8358.1 (HTML)
o Datums, Ellipsoids and Grid Reference Systems' - TM 8358.1

• Chapters 1 - 5 (6,418 KB) .

• Chapters 6 -7 (7,747 KE)

• Chapters 8-11 (6,824 KBj

• Appendix A -:- C (286 KE)
4. The Universal Grids: Universal Transverse Mercator (UTM) and Universal. Polar

Stereograpbic ClJPS) - TM8358.2 (2;883 KE)
5. GEOTRANS v2.0.3 (GEOgraphic TRANSlator)

o Revised version 2.0.3 posted April 14, 2000.
o Summary ofFixes from 2.0.1 to 2.0.2 to 2.0.3
o A GEO~RANS usemarp,e.and password is required for this page. They can pe obtained

by completing this online registration form. Note: Yau must have an email 'extension
of .mil or .gov to access this software.

6.. WGS 84 Coordinate Validation and Improvement for the NIMAand Air Force GPS Tracking
Stations (NSWCDD/TR-96/201)

7. Horizontal Datums
8. Vertical Datums
9. Publications of Historic Interest

10. Ordering Instructions for Geodesy and Geo];ilivsicspublications

.' .

Welcome to the NIMAGeodesy ami G.eophysics publications listing..Many ofthe d6cuments are
available in Adobe's:P9rta,·~e.documentformat (PDF). TbeAdobe Acrobat viewer software is'

.' . <... . I

available free...

NIMA:(U)G&G Publications(Unclassified)

J



................. - ' -
Hefel'e,llce,E'll1ps'old COIl~~allts

.'. . ' , ..
Hcfcren~e Ellipsoids , a (/ole ters) f

.. .
,Airy .. . 6377563.396 1/299.32119646.. '.....

. : Ho~.lfled ·AiI:Y 6377340.109.' 1/299.32.49646
Austrdllan National .. 6370160 1/290.25 .

,. . ...:

Oess!! I IOU 637-7397.1554" 1/299.1520120

Clarke 1066 . 6370206.4 I/Zp4.970G9U2..
~ClarkelOOO ., 6370249.145 1/293.465

. ·'r,verest 6377 27-6.345.. 1/300.00lJ

·Hodifled Everest 637.7304.063 1/300.0017

Ffschc~ 1960 (H~rcury) 6370166 :.' 1/291.l. 3
Hod Ificd Fischer' 1960 (South' As ia') 6370155 11290.3. '

Fischel' 1960 6370150 1/290.3'..

'Geodetic HeJcrcnc.c System 1967 .. 6370160 1/290.24 7.1G7 427

~ Geode t.,1 c ltef.erenceSys tem 1900 . '
,

6370137' 1/290.257222101

lie lUlQl't 1906
...

..6370200 1/290.3

. /Iough 6370270
..

1/297

Internatlolla F ·GJ70300 11297.
1/290.3Kl'ilssovsky 6370245

South American 1969 . 637UlGO 1/290.25 .

WGS GO .. ' 6370165 ., 1/290.3'

WGS 66 6,370145. 1/Z90;25

WGS n 6370135 112-90.26

"WGS· 04 G37UIJ7 1/290.257223563,

Source: .
NOJth American Datuni of 19S3 Plane Coordinates and Datum Transforrrialiolls'-" . .'

, Presented by: David R. Doyle, National Geodetic Sur:vey
At: the Annual T~PS Conference in San Antonio. Texas, August 24, L996

.~~



NATIONAL SPATIAL REFERENCE SYSTEM

Definition:
Tlle National Spatial Reference System (NSRS) is the name

• !

given to all Geodetic Controlcontaip.ed in the National
Geodetic Survey (NGS) Data Base.

The NSRS includes:

.• A, B,. First, Second, and Third-Order horizontal
a.nd vertical control observed by NGS as well as data
submitted by other agencies (i.e. USGS, B~M, States,
CQunties, Cities and'private surveying organizations.).

• Precise Astronomic Data'

• Gravity Data

• Satellite Data

• Very Long Base Linelnterfero'metry

Source:
North American Datum of 1983 Plane Coordihates and Datum Transformations
Presented by: .David R· Doyle, National Geodetic Survey
At: the Annual TSPS Conference in San Ant6nio Texas, August 24, 1996
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Source: ,
North American Datum. of 1983 Plane Coordinates and Datum. Transformations
Presented by:" David R. D~yi~~ National Geodetic Survey
At: the Annual TSPS Conference iIi San Antonio Texas, August 24, 1996

DATUM DEFINITIONS - VERTICAL
"MEANSEALEVEL"DATUMOF 1929

NATIONA,LGEODETIC VERTICAL DATUM OF 1929
NORTHAMERICAN VERTICAL DATUM OF 1988

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I·,-
I
,I

I

, .

NATIONAL SPATIAL REFERENCE"SYSTEM

ELLIPSOID DEFINITIONS
CLARKE 1866

GEODETIC REFERENCE SYSTEM 1980

DATUM DEFINITIONS - HORIZONTAL
NORTH AMERICANDATUM OF 1927
NORTH AMERICANDATUM OF 1983

GEOID HEIGHT MODELS"
OSU78 ".

"..
OSU89B.

GEOID 90'
GEOID 93"
GEOllJ 96"
GEOID 99 "

"GEOID 200?



. ~;.;

NADPROJECT ELEMENTS

, REAOJU STMENT - .Mathematical computation. to remove• i...

,. unpredictabte distortions in' the
netvv..ork

"a,

REDEFINJTIO'N ~ Define a new datum that is:. .. '" .

W~rfd't/ide - Not just best fiitting' North 'Am~iica. ,.. : : ~•

Earth-Centered ':'Center.bfthe ~Hipsoid 'is, at the mass
center"of. the Earth

'Uses the best valu~'s' f'Or the size and shape

GRS 80 I WGS$4 -

tJ

Source: >~; , , . ,

NorLh'Ameridan Datum of1983 Plat.ie' Coorclinat~s 8..a.id Dafu."11Tra..Tlsfonn~tions
p'tesented by: David R. Doyle. N~tibllal Geodetic Survey
At: the Arumal TSPS Conference in San Antonio Texas. August 24, 19~6
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.-...,-- ..-- .. -.. .. - ..-- .... ..-.. '.... '.....
COMPAIUSON: OF DATUM.EL]~MENTS·.

?f1

~ i J ..

-.' .. .. ..

ilefel:e:nce EIIi}lsoid

.:Datulll I>oint:

J

. Longitude Origin

Azilnuth Ol'ieiluitioll

Atljtlstmellt

.13estli'ittiug.

">-.

NAD27

Clarke,1866 .
a = 6,378,.206.4111

l/f '= 294.9786982
'.

Tdangulatioll. Statioll
lYIEADES l~CII,· KANSAS

"Greenwicll>Meridiall .
(131M Z~I:O :1\tlcddiall) .

lh~()m Sputh

251t Statiolls'·
Several' Hundred: DaseLhles.". ", . , . ..'

'Sev.crnElIundl'cd.Astro. Azi.

North Alller1cn

.,'

NAn 83

GRS80
a .= 6,378,137. HI

Ilf·. 298.257222101'

" NONE
(M{lSSCentet· of the Earth)

GI~eeIlwich l\tleridian
• 4~'_

. (BlfI 'Zcro Meridianf

:li'rOUl North

2501< Stations
Apilrox. ~Ok :EDlYll Base Lines

,' •.... SIc Astl'o Azhlluths .
., -- \ .

Doppler Point Positions
. VI.J3I Ve~t()rs

vVorld"Wide
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EFFECTS ON USERS' OF GEODETIC DATA

, -'
, 'e For new surveys beginning'and Closing on

National GeOd~ticReference System (N<!RS)
statioris:

, ,-" NO chang~ to field.prncedures

,Obtain N_AD 83" coordinate,s from NGS

.~el[oim corriput3Jti6n~ as always

• For old SUi veys tied, toartd data bases·
referenced to NGRS':. ':. '

,-A datum trarldfornp.ation is necessary

: ]

.Source: . ,', : .

No1tLh Americ'an DatUm of 1983 Plat''le CooiJdinates and Datum Transfomlations
." . Presented 9Y: David R; Doyle) Nationa,l Geod~tic,Survey

Atth~ Annual TSPS Gonferenc.e in San Antonio Te~as, August 24, 1996 .
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. STA'l'USOF NAD 27 AND NAD 83 STATEPLANEi COORDINATE LEGISLATION .
. '. (A,~ .Qf MIl,reh, 1996) .

I:.
~\.~

ENAC'l'ED HAD 83 S'PCS
LEGIS'LATION

, (44)

EXIS'llING' NAO, 2'7 .SPCS
:' , LEGISLAT·ION' ,

(4;) .

I ' . , I : -'--;'--.

NO SPCS
LEGISLATION

(4)

\

UNI 'l'S ,.,
r ;::: International. Feet and Meters,
S ~ U.S.' S-Ul.-V~YFee.t and Meters

ALL' OTI7lERS' lvIETERS .ONI:ii .. :::-..:..~'.,

.~.,

" .. -,......

New Hampshir~

·NewJersey
New Mexi.co (S)
New Yorlc (S)
Nor,th Caroli.na (S)
North Dakota (I)
Ohi9
Olclahoma(S)

'Oregon (I)·
Pennsylvania (S)
Rhode Island
south·C~rolina (I)
.south' D~ko.ta

Tennessee.';':,(s)
Texas, '.'

(S) Utah tIl
Vermont
Virginia'

(8) Washi~gto~ (S) .
·WestYirgi.nia •
Wisconsin (sl-

~ , "

wyomIng

Ala.Glee.
Arizona .( I)
California (S)
C~l:orado. ('s)
Connecticut ($)
'Florida(S)
Georgia
.Idaho (S)
Indiana(S)
Iowa
l\ahsas'
l\entuclcy (S)
Louisiana'..
Maine
I1cll;yland (S)
Massachusetts
Michigan' (.I)
'Minnesota
Miss,issippi
Missouri
Montana
Nevada.

1\labama'
Arkansas'
Delaware
Illinois

'. '.

District of Columbia
Hawaii
Nebraska
Puerto Rico

Source: '. ,
North An'lerican Datum of1983 Plane Co~rdinates and Datum Transfornlations
'Presented by: .David R. Doyle, National Geodetic Survey
At: the Anll~~TSPS Conference in San Antonio Tex~, August24, 19?6
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Figure 21.1. Lntitudc datul)) shift ill the conterminous United States
in second's of arc (NAD 8)' minus NAD 27)..

125 ' H

Figure 21.2. Latitude datu!l1 shift in the conterminous United States in meters (NAD 83 minus NAD 27).
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Tli·E ELLIPSOID
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a=S.ell1i Inajar.axis
b·= S·emi. l11inqraxis'

f=a;b::;: Flatte~ing
"\

Somce: .
North American.Datum of 1983 .plane Coordin~tGs and .Datum,TnlJ;lsfo1111ations

.Presented by: David R. Doyle, National Geodetic Survey
At: the Alll1U~l TSPS COl)ference in San Antonio Texas,.Augllst 24, 1996
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THEOHETI,CAtLY:. . , .

.. ~~' I·.A SPECIFIC LEVEL.l SUHFACE '·,0:', ·0): THE hRAVih'FIE~D.: '.

,PRACTICALLY: .
. G ZERO· REFEHENCE 'FOlf ..ELEVATIONS AND DEPTHS

'0 o' 0 0 0 0'.
. . . .

,• MEANSEt\ LEVEL CONTINUED. INTO THECONTIN:ENTS'
@ A'~SURFAGE 'j.TO, THE·DIHEGT'ION,'OF-GI11YV·1TY··

~ ,

/' .
., '11)e' geo{d io defined /:lS thu t aquipo t:ential (level) SUl' fac!l of

'the eil1:th's' gravity fic1d' (al:tr~H~'l:ion and :l:ol:'1i::I:on) ,."hicJl, 'on the
uv~~rage, coincides \-11 ~h mean sea-level. in the', open undi~ turbed ·ocean.
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REDUCTION TO TH~ EoLLIPSOID .
(ILLUSTRATED WIT~ A NEGATIVE GE~ID HEIG_~T):

, ,

-,

h = N+H by Definition

:.s= 0 (, R ).
. R+N+H

S R
,D-R+h.

:.S=D(R~h).

Cent~.r

of
Earth'

-." .

D

t
tt,
t
t
t
t
f

, ~

S~~: . . . . ,
Nor", American Datum of 1983 Plane CoordiJ,ates and Datum Transfomiatlon, i j

Presented, by:' D;ivid'R. Doy1e~ Nati~nal Geodetic Survey "
, At: the AnnualTSPS Conference in San Antonio Texas, August 24, 1996
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REDUCTION TO ELLIPSOID

s = 0 x [ R I (R + ~)]

VVhere: h =H + N

S = Geodetic Distance

D= Horizontal Distance at Mean Elevation of'Points

R '= Radius of the Earth

H =Me'an Elevation or.:Po·ints

N 111,11 G"d I' .- h' .. P - So= :':"1 ean - eo! n e19 II t O'i . a In LS

h = Mean Ellipsoidal Height of Points

EXAMPLE: D =1,500 ft. H =581ft. N::: - 86 ft~ .
R =20,906,00.0 it. (Mean for Average 'Latitude

. of 96ntiguous U"S~)

VVltHout GEOIO. HEIGHT

b =581
S = 1 ;500.000 x (20,906,oOO/zn,906 s581}

S = 1,499.958

WITH GEOID HEIGHT

Difference = 0.0,06 ft {,1:2Sa.OOO}

Source: •
North American Datum of 1983 Pla..-1e Coordinates and DatUm Transfo.--mations .
Presented by: Da\-id it, Doyle, Natio~al (hodetic Survey. .
1.:...L h ....,'",·' 'rt::t>~ r"nf".fl'.W",,,, in ~li¥l AniifinlQ Texas.l·.ugust 24, 1996
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ARIZONA STATE' PLANE GRID COORDINATES
, CENTRAL ZONE --- NAD .1983

8,704'.7 17m x 3.2~083j33 ;.. 28,558.73' (U.S. Survey Foot)·
8,704.717tn x 3.280839895 = 28,558.78' (International Fo"ot)

COMBiNED FACTORS = (RED'UCTION -to ELLI'PSOID) x {REDUCTION TO GRID)
- (J = (0.~9977531) X (0.99991160) '= (0.99968693)

(GRID DISTANCE / COMBINED FACTORS) = "G~OUND DISTANCE"
(8 ,701.992m 10.99968693) ,=:='. 8704~717m = "GROUND DISTANCE"

. ~:;.~ .

"EASTINGS"

184,406.985

..
180,943.644 .

$,701.992-m (GRID)

- 1·,526.4nl
- 1t3.96. gin .

= 1,461.6m = (el. @ Poland + el: @ Dewey)12

"NORTHINGS"

from POL'AND to DEWEY: N 23° 271 10.2" E

lJ. POLAND 383,535.379

A DEWEY 391,518.482

REDUCTION TO ELLIPSOID: S = D x [ R / (R + N + H) 1
S = distance on the ellipsoid
D = horizontal d,istance on the surface
~ ,= J'!iean radius of the curvature of lheellipsoid = 6,370,000111
H = elevation (height above sea level)
N == Geoid Height = Height above el.Iipsoid (h) - Elevatioi)·(H)

[ R I (R +' ~+ H)]' " ".
(6,370,000)/(6,370,000+ 1461.6 ~ [-:JO]) ;'0.99977531, ,

'AVERASiE "EtSTING" OF THE .LINE ~OLAND ,to DEWEY = . I82,675.3145m
E' = (2I3,3~0 -182~675.3I45) == 3Q,684.686m

REDUCTION TO GRID .
, k = Grid Scale Factor = 0~9999+ [(E;):! x 1.23244 x lO-I~J

= 0.9999 + [(30.684~686)2 x 1.23244 x· ~O·I~]

= 0.9999 + [941,549,924.2 x 1.23244 x 10.1.1]
= 0.9999' + 0.00001160
= 0.99991160

ELEVATION @ POLAND
ELEVATION @ DEWEY

-AVERAGE ELEVATION. ,
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ARIZONA STATE PLAN GRID COORDINATES

Three (3) zones: EAST, CENTRAL AND WEST.

The mathematics necessary to operate in either the State pian Coordinate System (SPCS) of'27 or of'83 are for most
applications (except those ofextremely high (1 st Order, and above) precisio~) the same.

Longitude 110° 10' 00",
Latitude 31 0 00' 00"

Central = Longitude 111° 55' 00"
Latitude 31 0 00' 00"

West = Longitude 113° 45' 00"
Latitude 31 0 00' 00"

EastGrid origins:

ARIZONA STATE PLAN GRID COORDINATES
BASED ON THE GEODETIC aEFERENCE SYSTEM OF 1980, AND

.. THE NORTH AMERICAN D1\TUM OF 1983 (NAD '83)

There are the same three zones as the '27 system with the same three origins as mentioned above.
(Please note: 'That the Latitude and Longitude are the same, HOWEVElt .they are not at the same place on the
surface ofthe earth because they are based on two different ellipsoid models ofthe earth. i.e.! the Clark SpherOid of
1866 and the GRS of]980j .

ARIZONA STATE PLAN GRID COORDINATES
BASED ON THE CLARK SPHEROID OF 1866, AND

THE NORTH AMERICAN DATTTM OF lq27 (Nt\n '?7)

• /1 . ',. •

Note: Arizona is the only state.that enacted legislation defining their '83 state plane coordinate system based
on the English ("foot"), system of measurement. 'For conversioll purpos~s the "700,000 foot" is considered to
be equal to 213,360m i.. .

by: The U.S. Department ofCommerce
Na~ional Oceanic aiid~Atmospheric Administration
National Ocean S·urvey
Charting and Geodetic SerVices
National Geodetic Survey
·and~ the National Institute for Standards and Technology (NIST)

The Central Meridian is equal to the Grid origin Longitude for each ofthe three zones,
and the "EAST~(t = 500,000 feet (U.S. Survey Foot)

(One Meter = 3.2808333333333333333333.....U.S. Survey Feet)
, (1893 federal law stated a yard =3600/3937m exactly =."Survey Foot")

The Central Meridian for each zone is equal to the Grid Origin Longitude for each of the three zones.
'The "BASTING"for each centra/meridian is 700,000feet (International Feet); this is by Arizona state statute.
(One Meter = 3.280839895 International Feet (to nine decimal places).
(1959 federal law stated a yard = 0.9i44mexactly,= "International Foot")



3/4-41 Transvers.e Mercatov,P"roJection (NAD 27)
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,CONVERTiNG STATE PLANE COORDINATES
. .... TO: '

LAliTUQ~ ANp l-qNGITW'OE:
(Also Grid Scal,e Factors and Mapping Angle)

PC SOFTWARE

GPPCGP (NAD 27)

SPCS 83 (NAD 83)

CORPSCON (NAD21 & NAD 83)

HP-41 SOFtWARE

42-41 LamberfProJec'Jon. (NAP 83) -

4S~1 ,Alaska. Zone 1 (NAD83)

43~1 Alaska Zones ·2-9 (NAD 83)

5/6-41 Lambert Projection (NAD 27)
,.

. 9/10-41 Alaska ZOi'!9 1 (NAD 27)
'.'

7-41 Alaska Zone 2-9 (PC to GP, NAD 27)

8-41 A!as~a Z,?ns 2-9 (GP to PC, NAD 27)

,0-41 GUam,'

PUBUCATIONS

... ,'.

,"

"I
i

I
I_ J

I

PROJECTION TABLES (Separate NAD 27 & NAD 83)

:.Tq~· STATE: C09~Q[N~IEi:;SV:~J\t;M$ SP~235{MAD27)
';:;! ..'.- (A. Manual torSu~syors)

STATE .pLAtlgO-OORPINATg.SY$TE;M,OR 198q;., NOS~5
". ' ',': ~"" .': ,,;:." . '-." :-.... ,- ". . - '.' ".." ..-
".i·-

STATE;PLAlXE COORbtNA1ESBY'~A(rtoMAfIGDATA PRoeESSfNG
USC&GS 62-4 (NAD 27)
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QUESTIONS TO ASK ABOUT·
DATUM TRAf~3FbRrv1A~~JO'NS

, .
~ .'

• , "', 1",

1. v~hat dc;!I.;lm are the existing coordinates on?

2: What·datum do I wantth'e new coordinates on?

, ,

'3. Ho·w large a geqgraphic21 area .do I Vlant to
convert at one !iDle? ',

4. 'Hovv many point$ are COMMON to both datums?:. , .(,

5. What is tne distribution of the COMMOt~ points? '.

·6.: How aCQurate are the existing coordinate~?

O.1·Foot'?
, '

1.0 Foot ?
J,O F :.?j. e~.L,.

7. Mow qccurate'do I want tne, I}6W coordinates'?

NOTE: The ansv{ers to these' questions will'
determine, 'which transformaNon' method
to use.

.'

Source:

North .American Dat1.!m of 1983 Plap.e Coordinates ~nd Datum Tiansfc.,-matie-ns
. Presented by: David R. Doyle, National.Geodetic Surv~v . ' ,• A•• _,- _ J • _ _
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SO\2rce: . .
North American Datum of 1983 Plane Coordinates and Dat.im Transformations
Presented by: David R. Do)'Ie,National G~ode~c'Suivey ". '
},.t: the Annual TSPS Conference in San Antonio Texas, August 24, 1996
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TillS CORRESPO:N1)S TO A POSITIONAL
DIFFERENCE OF 0.78 FT

.. ',~: .

N.l.4D 83
• 'rIo •

NADCON

.,

..
L ·L donglt~ e

960 40:i·. 5·6.~2243 fT .;

96 40. 56.52875,
O.00652u

O.169:M.
. 0.55 FT.

. GEODETIC COORDINATES

Point: BUCKNER RESET

0.00544".
0.168 M.

'0.55 ·FT.

·ADJuSTED VS. TRANSFORM:ED

Source: . .
North A.merican Datum cif 1983 Pl8J.le Co¢rdinates and Datum Transforn1ations
Presented by: David ·R. Doyle, N~tiQnal de()d~tic survey ".
'At: the ALlllua1 TSPS Conference in S"" Antonio' Texas, August 24" 1996

~. .' .

Latitude

.COORDINAT.ECOMPARISON"

;; .

:320 47' 45.80090n .
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-----Original Message-----
From: Marta Dent - FCDX [mailto:mld@mail.maricopa.gov]
Sent: Tuesday, October 02, 2001 7:26 AM
To: 'gmtuttle@srpnet.com'
Subject: Question

Good rnorning Greg. Last Saturday you mentioned that it is not always
, correct to use just the NAD27 coordinates and use the conversion
programs to derive the NAD83 coordinates.

I would like to do some research and I was wondering if you could help me
with that. . .

When I got the GIS routines that do the conversion fory-ou, I wanted to test
them to see how accurate they were. To do that I downloaded all NGS in the
county from the NGS web site, their parameters and I use the programs to
do the conversions.
Then I compared the projected coordinates with the published coordinates
ofNGS.
They match very well.
However it is' possible that those points were used to actually create the
routines on the first place. .
When surveyors deliverdata to,the district irlboth datums,~ run the
conversion program to check how good the program is and theRMSE that
I get'is usually in the thousands of a foot.

However, they could also be using similar programs to do their
conversions.

As you can see the experience that I have checking conversions is very
limited and I would like to do more research to get abetter handle of the
conversion issues.

.Do you think this would be something you would like to help rne with?

If I misunderstood whafyou said, please disregard this message.
Thanks,' .
Marta



From: TUTTLE GREGORY M (GREGG)
Sent: Sunday, October 07,200110:02 AM
To: 'Marta Dent - FCDX'
Subject: RE: Question

MARTA:
HI!
I am just now back from a week of vacation and am attempting to get .
caught up on my e-mail correspondence. Sorry for the delay in my reply.

Please let me response by quoting certain !sections from
"STATE PLANE COORDINATES IN MODEAN SURVEYING PRACTICE"
by R.B. Buckner, Ph.D, - self published in August 1993.
Page 106, Section 5-4 TRANSFORMATION ,BETWEEN NAD27 AND'NAD83:

Introduction
General concept of transformations.. .
"A coordinate transformation changes the !geodetic coordinates ofa fixed
point from one reference ellipsoid to anot~er (i.e., Clarke Spheroid to
GRS80 or vice versa). Transformations start from geodetrc coordinates.
After transforming the point from one ellipsoid: toanother"with a
consequent change in its geodetic coordinates, the plane .
coordinates of the point may be determine~ by' a coordinate conversion. '.
Although there is a distinction between th~se two processes, surveyors
often think of changing theSPC27 plane ccilordinates of a· point to SPC83
plane coordinates as a transformation."

Transformation Method -Introduction.
"As with other surfaces, coordinate transformations can be made
mathematically between differentellipsoid!:i without any errors other than
the usuaicomputation,al (round-off) errors.! Uncertainties much larger than
round-off errors occur in transformations between NAD27<and NAD83 .
because of "distortions" in the readjustmel:1t (non-uniformity caused by the
variations in weighting the data, relative aqcuracies of the data used, etc.).
Except as the stations used in the readjustment, any transformation done
without actually computing positions from isurvey data . .
has uncertainties larger than allowed on mbst surveying projects. The best
methods available cannot be executed without uncertainties of 10cm. or ".
more for points located anywhere between control stations used in the
readjustment." .

" ...the best way to arrive at SPC83 coordinates is to use the original field
data (distances, angles, azimuths, etc.) that produced the SPC27 plane
coordinates, and (re)calculate the SPC83 c90rdinates. The determination of
the distances factors and convergence angles on the SPC83 system would
modify distances and directions slightly. \l\(iththis approach, coordinate
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conversions may be required, if SPC83 plane coordinates of the reference
station are not known. Transformation errors caused by distortions in the
system are avoided when this method is used. For survey accuracy, this
may be the best approach. For mapping and other purposes requiring less
accuracy than land or
control surveys, some of the other transformation systems may also be
useful."

The point that the good doctor and I are attempting to make is that if you
have, initially, NAD-83 and then convert "backwards" to NAD-27 - you
should be within +/- 10cm (or greater) to NAD-27 coordinates on points
whom have been previously recomputed (transformed / converted) from
NAD-27 "forward" into NAD-83.

The problems will arise when you have NAD-27 coordinates where the
original survey data (i.e., angles and distances) are not available to re
compute the coordinates into NAD-83, but a 'simple' transformation
conversion routine is followed without the best (direct re-computations)
method, such as when a "modeling" transformation
system is used instead. Then, you can anticipate even larger 'distortional'
errors.

This is a good example of knowing enough about the metadata of the
original coordinates (NAD-27).
You used NGS coordinate pairs in your example of conversion analysis.
Obviously NGS had the original survey metadata for their own points (NAD
27) and recomputed the original field measurements from the original
surveys on NAD-27 to obtain a tight NAD-83 transformation/conversion.
No' problems there.
My guess about your example of dual data (NAD-27 & -83) received from
private surveyors is that they transformed data originating in NAD-83 to -27
using the same program you use to verify their results.

My point is about using 'historic' NAD-27 data-sets that have no original
field measurement meta-data available, and then plugging those
coordinates into a transformation/conversion routine, and then verifying
the NAD-83 results by references (GPS and/or conventional ities') to known
NAD-83 coordinates which originated directly from NAD-83, (or have been
correctly transformed/converted with use of original field measurement
data be re-computing into -83).
This is where 'distortions' in the range exceeding 10 ft. and greater can be
(hopefully) discovered.
We here at SRP have found +/- 2.5 ft. and greater in such examples
examined and analyzed. . .
I hope this feedback is useful and insightful.
Thanks, Gregg Tuttle, @ SRP LAND-Surveys.
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ARTICLE 3. ARIZONA COORDINATE SYSTEM, 1983

4rticl~ 3~ cpns4ting oll§33-13/to 3~-c!j8 was added by Laws
1985, ChJ97, § 11, effective January I" 1987.

HIStorical and Statutory Notes,
Laws 1985, Ch. 197, § 13 provides: , "Section 11 of this act i~ effecdve from and
"Sec. 13. Effective date 'afterDecember 31, 1986."

§ 3~131. Arizona coordiriate syst~m; 1~83; zones; composition

A;. The ~onac9()l'"diIl<it~sy~terit, 1983,)5 the sys~e~ pf pl?pe coo~d~Fq.t~s
which has bee:q,establishe4bythe Iiationalgeod~ti¢swVey for defining and
stating the positions ot locations of points OIl the su.r:face ofthe earth in this
state.

R The Arizona. coordip;ate sySteIIl, 1983, contai:q$. t:.lrree zones as follows:
, .

1. The west 'zone, composed of ,La p·az, Mohave and Yuma counties.

2~ T4e centra,lzone,'composed of Coc6Jiino~Maricopa, Pima, Pinal, Sap.ta
cmi and Yavap<iicotinties.· ',', '

3. ", The eaSt zone, composed of Apache" Co¢hise, Gila, Gr?-4am, Greenlee
and Navajo counties.

C. In any land descriptio;n in which the Arizona coordinate ~stem, 1983,
is -utilized the system shaUbedesignated "AriZona coordinate system, 1983,
-' zone", with the name of the appropriate zone inserted.
Added by Laws 1985, Ch. 197, § 11, eff.,Jan. 1, i987. '. ,

HistoricaI;fUlcl ~ta:t:utory Notes
Law~ 1985, Ch. 197, § 13 provides:

"Section 11 of this act is effective from and
after December 31, 1986." '

§3~1~~., ~J;dh1~t~of sY.st~m; z,o~~d~~#9~';';' .
A. The plane coordinates of a point on the.eartliissutface. to be used in

thep.o$ip.QAO!" lOglti():Q. 9f .S1J~h:poi,I.lJiAt1l~, ap;prol?,rittt¢ zon¢of the :system.,

il~!i\~~~{.~ri;i;:
and-south'direction. These coordinat¢s $11.<3,.11 c!eli)eilA9ri.:a.ilAcorifoiriito,the"
coorq;natesQIl.*e·'A.Pzonac()()J'd4i~te$Y$t:etct,'~i983j' QfthejlorjzQAtal,coptrol

=:~~~%~~~~~~k~~as~~~w<>rd~t.$have
B. '. FQt: thep1lIpQ$~of 1UQrepp::cisely Qef1njpg'theArizonai::oordinate'

~stexIl, ,~e:Joll9~Ilgdeflpiqpgs; of the nap,<malgeoaettc survey are adopted:
L Th¢,Atiz6na.coordinate syst~m,< 1983; W~#?op'e;'isa;: tttiliSversemet¢i~

torprojecti<ni ofihe NorthAInetican datutrl.,leg3i.havip,it'?icentral tnerjdian
:.' • c,"' ~,: " .. - , .;:.~:.:'.,.;~,~,,;•.~~'-: ..:.~

Tttl e '~1.;33'.":' ",.'
P9·~ ",

=
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COORDINATE SYSTEM, 1983 § 33-133
th.l

113· 45' 00"': west of G;een~ich,on whi~h meridian the scal~'is set one part in
fifteen thousand too small. The origin of t~e coordinates is at the intersec
tion of the meridian 1130 45' 00'" west of Greenwich and the parallel of 31 0

. 00'
00'" north latitude. This origin is given Jhe, coordinates of "X" equals seven
hundred thousand feet arid "Y" equals zero feet.

, .

2; The Arizona coordinate system, 1983,' central zone, is a transverse
mercator projection of the North American datum, 1983, having a central
meridian 1110 55' 00'" west of Greenwich, on iWhich meridian the scale is set at
one partin ten thousand too small.. 'the origin of the coorcHnates is at the
intersection of the meridian In· 55' 00'" west of Greenwich and the parallel
of 31 0 00' 00" north latitude. This origin ,is given-the coordinates of "X"
equals seven hundred thousand feefand "Y" equals zero feet.

3. The Arizona coordinate system, 1983, east zone, is a-transverse mercator
projection of the North American datuIn, 198G,having a central meridian 110·
10' 00" west- of Greenwich, on which meridi~ the scale is set atone part in
ten thousand too small. Th~ origin of coordinates is at th~ intersection of the
meridian 110· 10; 00'" west of Greenwich and the parallel of}l 0 00' 00'" north
latitude. The origin is given the coordinatF:s of "X" equals seven hundred
thousand feet and "Y" equals zero feet.
Added by Laws 1985, Ch. 197, § 11, eff. Jan. 1, 1987..

Historical and Statutory Notes
For effective date provision of Laws 1985,

Ch. 197, see Historical Note following
§ 33-131. - . .

. Library Referen'ces
Boundaries <p8.
WESTI,..AW Topic No. 59._
CJ.s. Boundaries § 14 et seq.

-§ 33-133. Ground markings of system; accuracy specifica~ions; hortzcin
tal control 'stations

.A. The position of the Arizona. coordinate system shall be marked on the
groUJ;ld by hori:z;entalcontrol stations which· have been established in con"'
Jonnity with standards adopted by the federal geodetic control committee fer
first order, second order class I or second order cI,aSs II surveys or equivalent'
standards adopted by successors, at the time the surveys. were made and
computed on the' North American datum, 19,83. ..

B•. A horizontal control station normally consistsof, if practicable, a group
of bronze or brass discs imbedded in concrete posts nearly' flush with the
ground surface or cemented into holes drilled into rock outCrops or ledges in
such a configuration that the station is referenced by a subsurface mark in a
precise vertical register with the surface, mark, two refe~ence marks~ similar .'
to the surfa~e mark accurately located by ~muth and horizoI+taI distance in
respect to the hori2;ontal,controI station and hot more than one hundred fifty.
feet distant and an azimuth' mark which may be siinilar to the horizontal

Title 33
pg:. 14
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, 'control 'station not less than one thousand feet distant; or optionally; an object
not less· than three thousand feet di$t:mt such as a church spire, water tank,
radio or television transmitting antenna, by which azimuthmatk subsequent
surveys may be accurately oriented.

c. Horizontal control stations shall be established, if practicable, in prox- .
imity to road jntersectio~s, 1:lil~ or IIlO1.;Ultain toP? andsimilat locations as an
aid in the field searches for the horizontal control stations.
AddedbyLaws 1985, Ch. 197, § 11; eff. Jan.l,1987.'

mstoti~ and Statutory Notes
For 'effecti"ed~te proviSion 'Of Laws 1?85;

Ch. 197, see: Historical Note folloWing
§ 33-'131.

Library References
Boundaries ¢::oS.
WFSrLAW Topic No. 59.
CJ.s. Boundaries § 14 et seq.

. , § 33-134. Tract located in more than one zone; descIipt10n

If a tract of land to be defined by a single description extends from one into
another of the coordinate zones. established by this~cle. the position of all
points q~)ts ·bo'Jild~esmaY be referred to as' either 6f the two zones,'the
zone which is used being specifically named iIi the description.
Added by Laws 1985, Ch. 197, § 11, eff. Jan. 1, 1987. .

:$StoIi&u andStat,utory Nbtes
. For, effective ;date prbVi$i6ii of ia~s19k5, -,

Ch; 197, see Historical Note' foIlowmg
§ 33-131. . .

B9~~_~_~lJ •. ·
'WES'r,t.A.W'1;o-Pie No. 59.
C.1.s.'BoUridanes § 17 et seq.

§··3&,-13S.-- .R~lIallce9f-PUI'<:has~r;()r mortg1ig~e not reqUired

.=1i:~~t\~!j~~tfJ·~exj~~~:thi
Add¥;by,~""'s>f~8$,Ch.197,§ ll"eff. J~; 1,19&7;

Historical and Statutory Notes
Foibffeetiv~ dat¢ prBvisionoftiw,s 1985: .....

Ch.197o'·~' Historical Note follOWirig
§ 33-131.

Title 33
pg:.. '1$



Title 33
pg. 16

Historical and Statutory Notes
For effective date provision of ·Laws 1985,

Ch. 197, see Historical Note following
§ 33-131.

§ 33-136. Public lands survey descriptions; conflicts; control

If coordinates based on the Arizona coordinate system, 1983, are used to
describe a tract of land which in the same document is also described by
reference to a 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 the subdivision, lirie or corner contained in the
official field notes and plat filed of record, and in the .event of a conflict the
description by reference to the subdivision, line or corner or the United States
public land surveys prevails over the description by coordinates.
Added by Laws 1985, Ch. 197, § 11, eff. Jan. I, 1987. .

§ 33-137

Library References
Boundaries *='54(4).
WESTI.AW Topic No. 59.
CJ.s. Boundaries § 89 et seq.

COORDINATE SYSTEM, 1983
<.;h. 1

§ 33-137.· Recording, filing, publlshing.extensions·anddensifications of
the ground marking system

A. Extensions and densifications of the ground marking system of the
Arizona coordinate system; 1983, shall be ~xecuted in conformity Vvith the
standards and specifications of the federal geodetic control committee for
first order, second order class I and second order class II· surveys and
computed on the North American datum, 1983.

B. The results of these surveys shall be publiShed.by a competent depart
ment of the federal government, such as the national geodetic survey, or a
surveyor qualified to practice in this s+...ate,in which case the survey results
shall bear a certification to the effect that· the specifications of the ~ederal

geodetic control commit:tee have been fonowed~

C. Extensions and densific?-tions of "the .ground marking system by first
order, second order class I orsecond order class II methods only shall be

.used. Such extensions arid densifications shall be integrated with preViously
established horizontal control stations of equal or· higher order t6' form a
matrix or network no part of which· shall have positional" ettors exceeding
those specified for class II second order. The spacing intervals shall not
exceed three miles.

D. The results of these surveys are public domain and shall be duly
recorded in the office of the county recbrder of the county where the
horizontal control station is situate&
Added by Laws 1985, Ch. 197,§ 11, eff. Jan. 1, 1987.



§ 33-138. Recording prerequisite

Coordinates based on the ArizOna coordinate system, 1983; shall not be'
presented to be recorded in any public land records unless the recording
-document also contains the descriptions of not less than two horizontal
control stations of first order, second order class I or second order class II
positional accuracy which shall riot exceed siX miles from the' nearest point or
line of the land survey.
Added by Laws 1985, Ch. 197, § 11, eff. Jan. I, 1987.
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§ 33-137

HIstorical and statutory Notes
For effective date provision of Laws 1985,

Ch. 197, see Historical ' Note following
§ 33-131.

Historical and Statutory Notes
For effectJve date provision 6f Laws 1985,

Ch. 191; see Historical Note following
§ 33-131.
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The Arizona Plane Coordinate System
- 1983 .
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THE ARIZONA PLANE COORDINATE SYSTEM, 1983

A DrlefDac~ground

The State Plane Coordinate System (SPeS) was e$tablished in 1933 hy the United States Coast and
Geodetic Survey: TIl1s came about ci.fter a request from the North Carolina Highway Department for
a plane coordinate system that would cover the entire state and involve mathematics no more
complicated than those used. in plane surveying. ~th1n a few years similar systems were devised for·
all of the states~ The SPCS provide plane coord1nat~s for each of the hOrizOntal control points in the
National Geodetic Reference System. The criteria used in the design of the original state plane
coordinate systems were:

•Use of a confonnal map projection.

·Restrict the maximum scale distortion to less than one part in 10.000

·Cover an ent;ire state with as few zones ora projection as possible.

·Deflne the boundaries of the zones as an aggregation of the counties.

A map projection is a mathematicai function that defines the relationship between the coordinates
of points on one curved sUrface to the coorcllnates·ofpol.ntson another curved sUrface. One of the
mathematical surfaces traditionally employed by surveyors is the local tangent plane with few. ifany.
reductions made to the field data. The planec~tesresulting from computations of this nature
are sumdent for independent projects over a sInall extelit. At the other extreme. field observations are
reduced to an cll1psoid of revolution and subsequent computations are preformed using geodetic
coordinates and ellipsoidal geometry.

Two conformal map projections were chosen as the reference planes for the vast majority of the
.State Plane Coord1nate Systems. The Lambert Conformal Conic Projection was chosen for states longer
in the east-west direction ·and the3ransverse Mercator Projection was chosen for states longer in the
north~southd1rectioD.._ In a conformal projection the sqale varies over the surmce of the map but is fixed
at any poiIit and the computation of Its value isindCpendent of az1Inuth•. As a corollary uie angIe
between twoUnes at a point on the surface will appear as the saDie angle on the map.

IIi the T.ransverse Mercator Projection. the one chosen for Arizona's SPCS. the .first surface is the
ellipsoid that approJdmates the surfu.ce of the earth and the·second is a transverse secant cylinder .(See

figure 1). It is on the pJanedeveloped from this cylinder to which survey observations are reduced and
where the plane coc.cd1.nates are computed. The radius of this cylinder Is such that the scale on the
sulface ofthe cylinder is one part in ten~thousaridsIDfl11er along its defining central meridian than on
the surface of the ellipsoid. The secant cylinder intersects the ell1psoid at two small ellipses that are
equidistant from the central meridian. The scale along these ellipses is exact and increases with the
distance from the central meridian. The spec11lcation of the latitude - longitude and the linear grid
values oithe grid origin along with the longitude and scale factor of the central meridian are the
"defining constants" for a single zone of a projection,

I



Tranverse Mercator Projection Lambert Conformal Conic Projection.

Figure 1

The N~rt.h American Datwn of 1983

Central Meridian

Imaginary Cylinder

2

The State Plane Coordinate SyStems of 1983 becanie necessaty after the readjuStment of the North
Aniertcan Datum was completed in 1983 (NAD 83). The project. which was begun in 1975. was
undertaken because, the qualitY of the hor1zontal control data was no IOIlger meeting ~e requirements
of the surveytn:g and engineering communities. NAo 83 suppllesthe following improvements:

The State Plane Coordinates are mathenlatically derived from the geodetic coordinates.
The new figure of tlie Earth. the GRS 80 ellipsoid. hascl11ferent ellipsOidal parameters than
Clarke's spheIu1d and these~tcrs are used in the "mapping e<I':Ultlons" to cOiDpute plane
coordinates.

• . Simultaneous adjustment of approximately .1.8m1ll1on geodetic observations. thus e1im1nat.
1ng error propagation that occurs when projects must be assembled fran smaller interdependent
projects.

• Theuiclusiori of data from the precise~scont1nentaltraverse. satellite triangulation.
Doppler positions. eIectron1~ally IIlGasured baselines. and baselines' establlshectby very long
baseline interferometry contr1buted to improvilig the intetnal consistency of the network.
A new figure of the Earth. thece'odetiC Reference System of 1980 (GRS 80). was chosen
because it is a better approximation of the surface ofthe Earth than Clatke's Spheroid of 1866
which was used for NAD 27. .

The a1gI.n of tlJe datum wa,sIIDVed fran Meades Raneb;tn,Kansas to the Earth·s .center d mass.
This is for compa.tib1l1ty W1.th satellite systems.. - .

Not only will the pUb~heclgeodeitcposition of each control point change. but the State Plane
Coordtnates bf each po1IJ.t will also Gh~e for the following reasons: . ...." . . . . . .
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SPCS 27 versus SPCS 83

1'0 meet the crtteI1a outlined above, both the AriZona SPeS 27 and SPeS 83 use the Transverse
Mercator Projection with the state diVided into three zones, West, Center, and East. Each zone is
defined by a central meridian, a central merldianscaie factor, and a grid oI1gin.

For SPeS 27 these definitions are as follows:

t:

y

o
o
o

East
.700,000
700,000
700.000

North
o
o
o

Grid Ortgtri

LOngitude Latitude X
1100 10' 00" 31°00' 00" 500,000
11'1° 55' 00" 31° 00' 00" 500.000
113° 45' 00" 31° 00' 00" .500.000'

Longitude' Latitude
. .. ~ . ;. .,. . ..' , . .

1100 10' 00" 31° 00' 00"
1110 55' 00"31° 00' OO~
113°'45' 00" 31°00' 00" .

Grid Or1l.1n

Central MeI1dianScale Factor
110010'00" 1:10,000
111° 55' 00" 1: 10,000

. 113°45' 00" 1: 15,000

Central Mertd1anScale Factor
1100 10' 00" . 1:10.000
111° 55; 00" 1: lOiOoo
ll~ 45'00" 1:15;000'

NOTE: the X and Y coordinates for SPCS 27iare in survey feet
For SPeS 83 these defu:lition as are as'follows:

East
Central
West

East (0201)

Central (0202)

West (0203)

The defin:ing constants for several zones ha\(C been redefined by the states.
The n~er1c value of the grid Origin of each zone has been changed sign1flcantly to make the
plane coordinates appear clearly different.
The State PlaIie C()()rd!nates pUblished by Nbs on NAD 83 will be in metric units.
SPCS 83 Is based on the Gauss-Kruger fonn' of the transverse Mercator projection. SPeS 27
used the Causs~Schreiber fonn of the equations. '..

In the mid-19705 NOS conducted a study to cons~derseveral alternatives to SPeS 83. Ult:1I:nately,
it was decided to retain the basic SPCS 27 design. It ',has been in use for over 40 years,. accepted by
legislative action in 37 states, most surveyors and engineers are fam1l1ar With the definitions and
procedures 4lvolved, and except Jar purely academic reasOn the phllosophy behind SPCS 27 was
fundamentally sound.

NOTE:.1he Northings and EaStlngs are by statute expressed in Inte~atlonalFeet

AS can be seen the onlydtiference'in the parameters de1lnin.g the zones is 10 the false eastings
assigned to the centniJ. meridians, SpeCial noteshou:!d be made of the fact that the unit of linear
measure sped,fied for Arizona's SPeS 83 is the International Foot.1be procedures for u~g either
system (or any SPeS for tnat matter) are essent1allythe ~trie. Urir~tely.1tis not possible to easily
translate coordinates from. one syStem to thoSe of the 'other. TIns Is due. for the most part. to the
a!ijustment of the geocleticposit1ons of the hoI1zontal control points 1n the NGR&. It would be very rare
for the adjustmentp:rocess to have reSulted 1nthe saIne cor:rectlon in geodetic position being applied
to all of the points used to control a survey. The only foolproof way to convert from SPeS 27 to SPeS

.. 831s to go back to the orlglnalfield observations and recompute..
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Eanh's Surface

Sea Level

Where:
D=horlzontal distance on the sUrface
S=distance on the ellipsoid
H=elevatioo (height above sea level)
h=height abOve the ellipsoid
N=geoid height .
A=mean radius of curvature of the ellipsoid

(
R jS= D·

.. R+N+H

Figure 2

Reduction to the Elllpsoid
Knowledge of the rad11 of curvature on ellipsoids is basic to the reduction ofdistances measured

on the surface'of the earth to any other'elll~surface. Ellipsoid radU are a function ofboth latitude
and azimuth. Fortunately. for 'most ~urVeys .any reasonable mean radius of curva.tureWill produce
sat1~a~~ry resu,lts. Distance reductions are often preforme<lonasphere w1tll~~diusequalto the
m~ radius oi.'curvatlmtfor the contiguous s4ites. For NAn 27 the radius used W~9.?72,OOO m or
20.906.000 it"F~N~83 .th1sapprox1mate radtusservesequallywe}l FOL~dzona.asl1ghtly smaller
radius of 6.370.Q()(tm(~omputedfor latltud~ 34.o.N at anaziJ;nutP. of 45'i'} is a slightly better
apprQ?dmatlon. For cl1staI;1ce$less. than .10.000 ill e1th~racij.u:s and any ofthe~eralslope reduction
proced~s that .take into account the earth's. cuivature and atmospheric refra,ctlon will produce

" .',- :. . .

essentially the same ho:t1,zontal distance, Ifa more r1go~us~uc1;ion is required the procedure can
be found in N<iM Technical Memorandum NoS NGS-IQ . Use ofCallbratlonijaseUnesappendix I..". -.": , .. ,.,.. " - '". . . - .. ' . . .-". -, ':"

The firSt ~tep itt uSing the'SPCS is to redv.ce obServed distan~esto the cll1p~Oid. In the past.
because Clarke;~$ph~Oidof 1866 closely approxtmatesthe' g~d inNbrth Amenca. dtstanc~s were
usually reduced to sea level. With the adoption of the worldy.'ide. datum ofNAD 83.the difference.
between sea level and the ellipsoid becOIncS significant.. This dtlference is referred to as the Geoid .
Height (N) and is defined as:

G£;)Oid,Height(N):=Height above the ElliPSOid {h)-Height obove Sea Level (H)
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/'ioIt----------Limil$bf Pmjectlon -----:-----.1111
Scale

Scale to small ----_...+-""- to
Large

SCale
to __'*'-1----

Large

For the west zone:

A geoid height of -30 m will systematically affect the reduction of all horizontal distances by
approX1matelya -5 ppm. Figure 2 illustrates the reduction of a hortzontal d!stancemeasured on the

surtace to the ellipsoid.

The Grid Distance AI to S' is Larger than the Geodetic Distance A to B.

The Grid Distance C' to D'is Smaller than the Geodetic Distance C to D.

.' Ftgurej3 .

Reduction to the Grid

After the cUstances are reduced to the eRS 80 ellipsoid they must theri be transtorr'rkd to the grid.
This is accomplished applyfug the grid scale faCtOr. 'Ole grid scale fact~rep~sen~,the'eUstorttonin
thelengtll bfa'line On the ell1Psoid CaUsed by itsprojectlon on the gridplaD(~: ~was ~ntlbned earlier,
one Of the' properties·ofa confccrnal·mapprbjectlon·!s that the grld scale ofa point is"~onstantregardless .

;' .. of azimuth. The grid scaleractoc,symtx}tize by the lette:r"k", is the ratio ofcili increr:nenta1linear unit

on the grid to its cOITeSPondingmetementalrinli ontlie ell1psoid. In. the ArizOmiPiane Coordinate
System the sCale mcter is defined as~=o.9999atthe d~ntra1merid1anoCthe central and east zones

.and 0;9999333•.. for the west ione and fucreases with the distance fromfue central ~dian. (see
Figure3).1bemappiDgeqUatlons 'roc the TrarlSverse M~tor ProjectlO1iSha:wtliat the grtd scale factor
15 actually a.-function of both latitude and the disl:4nce from the central meridian. However, the
folloWing formula yields an app~tevall1e'thatw111 'meet mpst ~nts:w:p.enUSed within the
llintts de a Zone. ..... . . ' .

.For the central and east ZOnes:
k

p
=O.9999+ (E')2X 1.23244 X 10-14

k =0.9999 + (E') 2 X 1.23236 X 10-14
. p . . . ,

where E'=the Easting of the point in meters minus 213.360 meters.
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Because the scale factor var1es with the distance from the central meridian. each point on the line
-will have a different seale factor. There are severalsolutions to the problem of det:erm1ning the grid scale
factor of a line. The solution depends on the required accuracy of the reduction, the lengths of the lines.
and to a lcs.<;er ext3l1t the size of the pi'ujcct and Its locaUu1l11l the zone. 1b determine the appropriate
method for computtni the line scale factors for the lines In a project. compute the point scale factors
at. the worst case situations - the ends of the longest lines and at the east-west extremes of the project
- and compare the magnitude of the corrections to the required accuracy of the proje'ct. The 'Simplest
solution Is to use a single factor for an entircprojcct. If this solution Is applicable It may also be possible
to combi.l:le the grid scale factor with a single elevation factor thus allowing the reduction of surface
distances to the grid In a stngle step.

When it is determined that a line grid scale ul.ctor for each line Is reqUired there are three commonly
used methods. Each approach involves computing one or more point grid scale factor along the lJne
to be reduced. Approximately the same results can be obtained using the mid-point scale' factor (k )

- m
Of the mean of the end point scale factors (k 1+k2)+2. The tb1rd method requires computfng the point
scale factors for the end points and the mid-point of the line and Is computed as follows:

k1:l=(k)+4km+isM

Convergence and the-Arc to Chord (t-T) Corrections
Due to the fact that the state plane grid Is constructed from orthographic lines on a plane and

geodetic mendians are converging lInes on the globe. geodetic north and grid north do not coincIde
anywhere except along a zone;s central mencllan. This d11ference between geodetic north on thegrtd
and gi1d north Is the "convergence angle", sometimes referred to as the "mapping angle".· The
convergence angle 15 sYIDPOl1zed as "y". Note the change from SPeS 27 where convergence was
symbolized "/la". Put another w~y, the convergence aIigIe Is the d1.fference betweenthegeodeUc
azimuth of a line "a" and the projection of that a.zi.IJluth on the grid T. Hence by definition:

y-a-T

. Recall1ng that one of the properties Ofa confonnal map projection is that angles.on' the surface are

..... _represented by the same angles on the grid. -Th1sis truehowever~oniyfor lines ofl.n.flni~.length.

From a purelyacad~c perspectlve,gt1d.aztmuths should be uSe<iwithgiid angle.s, whtIe geodetic

azfIDuth sbouldbe used wtthobservedangles. The piojected geOOetlc azimuth mis not the grid. ClZ1muth.
The grid C11Jmuth is the az1muth computed from two grid coordinate paJrsand Is sYInoo11i:ed ';t". The

relationship between the ·projected. geodetic azimuth rl1 aild the grtdazlmuth (t) is ~ subtle. but

computable quantity symboUzed as ..~" Of as "(t-11". As can be seen in figure 4. the term (t:-"O Is often

referred to as the ~arc to chord" correCtion. "t-T' is the angular correction to the tine of sight between

two points and can be viewed as the d11ference in "pCi.D.ung- observed on a 'curved su.r1ace like the earth

surface or the ell1psoid and the pointing on 'the grld.To perfo.nn survey computations on the ~d the

observed angles need to be corrected for the arc-to-chordcorrection. The relationship among grid

azimuth (t), geodetic azimuth (a), convergence [V). and the arc~to-chordcorrection (5) is shown in figure

4 and atany point Is

t=a-y+o (where o=(t-11)
6



Projected Geodetic Lines

/

Geodetic North

t=u-y+o
<x=Geodetlc Azimuth Reckoned From North
T=ProjectedGeodetle Azimuth'
t=Grld AzimUth Reckoned From North
y=Convergence Angl~MappiC1gAngle
~(t-T)=SecondTerm Correction=:Arc to Chord Correction

FlQure 4
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·~
z
u

~
(!)
II

.,.;
<5z

. "'0
'C
<9
II

where:

7

In orderto apply the arc-to-chQI'd,correctionto an obseIved angle the correctionIieeds to be computed

for both the ba~lts1ghtand for~ght. As can be seen in llgure4: tbe 'correction to the backsight~

1?-crease the observed. angie wh1le the correction to the foresight Will decrease it. ,The arc-to-chord

correction is technically a function of the latitude ofthe.:,po1Ilt. the'd1tferencein longttudeofthe point

and the ceIl,tral meridian. the az1muth of the line. and the length of the line. "The following equation

will compute an approxtmate value for a\:!, the d from point (N1,E I) to po1Ilt (N:l,E:l) • that w1l1 meet the

requirements Qf most sprveys.

~12=- 25.,4 • 6.N • Ej • 1O·lOs~oQds '
where the coordinates are iu II1Cters atld

.6N=N -N2 I
,: F

1
=E

l
-213360

E' =E-2133602 2
E3 =(2E' 1+ E'2) +3

I
I!.:
" ,

! )



FlQure 5

An Example Traverse

8

Azimuth Mark

.I
/

4

\
'\

2 I
!

\'" //
~.

N."O",,TE,,:,' : The proit:voted ,,900de.t!<: lines ar~ concave toward, the" central meridian.a New POirit: ' J"""

The following steps are required to comput<?,any traverse: '
1. Obta1n thestart1ng and closing coordinates and azlmutb,s~

2. Compute the elevatiOn factOrs for the traverse legs. Barrtng better information a mean geOid
heighteN) trom the published data wiJi'generally be adequate for corriputlrig the elevation'
factors. ' '

. 3.. Using preUm1nary azimuths calculated from the observed angles and ellipsoid distances.'
compute,approximate coordinates for each point.

4. From the apprOXimate coordltiates compute the (t-1),corrections for the observed angles,and
the grid scale factors of the lines.

5. Apply the scale fact;ors to the ellipsoid distances to compute the grtd distances.

DEF

ABC, /--
/ .-

/ ...

r-f-(
Grid Angle-)( (, " , 1 ),/"", ,',
,,\~ ./ Observed Angle

" ",. .' ,', 'hs. Fixed Point ,--/',. '

Figure 5 is a sketch ofane~le traverse. (1b1s is an e.xample and is not intended to demonstrate
good traverse practices.) The traverse was run toestablish coordinates on points 1.2.3. and 4. The
starting azimuth was derived from the published data for station XYZ. The clOSing azimuth was
computed from the coordinates of stations DEF and ABC. In the sketch. the heavy lines represent the
final grid lines. The fine curved. lines depict the projccted'geodetic lines. and the short lines the obsen'ed
line of sight. With today's calculators and desktop computers it is almost as easy to calculate elevation
and grid scale factors for each line as it is to calculate mean values to be used in the reduction of field

. data. That is the approach that will be illustrated here. Note that in this example the linear units are

. meters.
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Note: The ahead and backJ~ the table re.fer to.thedlreetlon of the line between the points.
:.- .'. . ! '.. .. ' . : ,. . .. -,

For example, In the columns labeled L\N Ahead refers to the line from XYl to 4
.' while Back refers the line from 4 to ><:YZ.

Preliminary Horizonta Mean Elev Ellipsoid Preliminary Coordinates
Sta~on Obs. Anole Rt Azimuths Distance of the Line Distance Station

H (H) , S North East ..........

Az Mark Az Mark
'025°09'32.4"

xyZ 088°11'50.1" ·147,271.976 306,474.391 XYZ
293°21'22.5" 3447.119 827.083 3446~688

4 066°03'50.1" '. 148,638.405 303,310.133 4
179°25'12.6" 4788.087 758.346 4787.540

3 179054'26.6" 143,851.110 303,358.582 3
179°19'39Z 4832.376 720.770 4831.852

2 270"28'07.6" 139,019.591 303,415.289 2
269°4746.8" 9596.632 755.780 9595.539

l 277°31'09.5" 138,985.482 293,819.811 1
00]018'56.3" 8163292 726.463, 8162.400

OEF 050034'43.3" •147,OS1.m 294,859.224 OEF
t237°53'39.6"

ABC ·141,427.408 285.840.563 ABC

9

. 2 ~4

kp == 0.9999+ E' X 1.23244 X 10

~2=(k 1+k2)+2

Table2 .

-10
(t-T) = -25.4 X liN X E3X 10

... These values from step 1 are fixed
t Note the difference between this value and the one from step 1 is the total angular

error and includes errors in observation and the ( t-T ) corections.
S = 0 X R -;- (R + H + N) = 0 X 6,370,000 -;- (6,370,000 + H-30 )

Table 1

L\N 6N E E
3 (t·T) • GridE' 3 kp kStation Ahead Back Ahead Back Ahead Back 12 Dis~ Station

AzMark AzMark
0.00 0.00

XYZ ~3;114 1.0000069 XYZ
1,366 -1,366 92,059 91,005 -{).~2 0.32 1.0000033 3,446.699

4 89.950 0.9999997 4
-4,787 4,787 89,983 89,966 1.09 -1.09

.'0.9999998 .
.0.9999998 4,787.539

3 89.999 3
,,' ~,831 4,831 90,036 90,018 1.10 ·1.10 ' ·0.9999999 4,831.S52

2 90.055 . 1.0000000 2
-35 35 83,658 86,857 '0.00 0.00 0.9999899 ,9.595.442

, 1 80.460 0.9999798 1
8,097 -8;097 81,153 80,806 -1.67 1.66 0.0099008 8,162.243

Off 81,499 0.9399819 OEF
-5,655 5.655' 75,491' 78,495' 1.00 -1.13

ABC 72,487 .'1 ABC



* These are fixed grid values, ,
t The extra 0.2" was apportioned to these'angles because theyhave the shortest Iilles of sight.

Grid Angle = Obs. Angle - Backsiight Correction + Foresight Correction

Table 3

(t- rf (t- rf Correction Corrected
Station Obs. ANoie Rt. BackSiOht Foresioht Anole Grid Intennediate for Grid Station

Correction ,Correction Correction Anole Azimuths Closure Azimuths
Az Mark Az Mark

•025°09'32.4- .025°09'32.4-
XYZ 088°11'50.1- 0.00 -0.32 -0.32 088°11'49.8- t+Ol.Z· XYZ

,293°21'22~2- 293°21'23.4-
4 066~03'50.1- 0.32 1.09 0.77 066°03'50.9- t+Ol.2- 4

179°25'13.1- 179°25'15S
3 '179"54'26.6- -1.09 1.10 2.19 179"54'28.8- +01.1" 3

179°19'41.9- 179°19'45.5"
2 270"28'07.6- ·1.10 0.00 1.10 270028'08T +01.1- 2

.', . 269°4750.6" , 26~}047'55Z

1 277"31'09.5" 0.00 -1.67 -1.67 277°31'07.8 +01.1" 1
007°18'58.4- 007°19'04.1"

DEF 050"34'43.3- 1.66 1.08 -0.58 050"34'42.1 +01.1- DEF
237°53'41.1- "23]053'47.9-

ABC -1.13 ABC

Unadjusted Accumulated , Adjusted CoordinatesGrid Grid ; CorrectiOn
Station Azimuth Distance North East North East North East Station

XYZ '147,271.976 ·306,474.391 0.000 '0.000 '147,271.976 '306,474.391 XYZ
293°21'23.4- 3,446.699

4 148,638,423 303,310.129 0.014 ~0.012 148,638.437 303,310.117 4
1(9"2S'15S 4,787.539

3 143,851.129 303,358.510 0.034 -0.030 143,851.163 303,358.480 3
179"19'45S 4,831.852

2 139,019.608 303,415.070 0.053 -0.047 139,019.661 303,415.023 2
269"4755Z 9,595.442'

1 138,985.890 293,819.687 0.093 -0.082 138,985.983 293,819.605: 1
00]019'04.1- 8.162.243

DEF 147,081.651 294~859.335 0:126 ..(}~;.'f... r,,·147,081.m -294.859.224 DEF

compass RJieAdlustmeV
' Table 4 < " , ,

Station ,North East Grid 'Grid Elevation ", Scale S'urface Station '
Azimuth Distance FaetQr: Fa~or Distance

XYZ 147,271.976 306,474.391 ' XYZ
293"21'23.9- 3,446.715 0.9998749 1.0000033 3.447.135

4 148.638.437 303,310.117
" , 4

179"25'16.3- 4,787.518 0.9998857 0.9999998 4.788.067
3 143,851.163 303,358,480 3

179"19'46Z 4;831.833 0.9998916 0.9999999 4,832.357
2 139,019.661 303,415.023 '2

269"47'56.1· 9,595.4n 0.9998907 0.9999899 9,596.667
1 138.985.983 293,819.605 1

00]019'03.3- 8.162.272 0.9999808 0.9999808 8,163.321
ABC 147.081.m 294,859224 ABC

I
I
I
I
I
I
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Anal. Adjusted Results
Table 5 10



6. Apply the (t-11 corrections to the obseIVedangle to obtain the grtd angles and compute the
balanced azimuths.

7. Adjust thetravetse and compute the final SPeS 83 coordinates of the points.

ABC.

t=arctan ({ 285846.563 -294859.224 )+( 147427.408 -147081.m »=237°53'47.9"

Step's 2 &3

. Table lshows the results of steps 2&3~ For this example an apprmdmate vaiue for N of 30

meters waS, used the ellipsoid distances.

Step's 4& 5

Table 2 shows the various intermediate values, needed to compute the arc-to-chord. (t-n,

corrections and the line grid scale factors for each traverse leg. Because the (t-n correction corrects

for the dtiference betw,een sighting ona curved surface and on a plane. it. is necessary compute a

correction for both backsights and foresights~
, .

In this.eJlaIIlple a mean of the point grtd scale factors was used to compute the line grtd scale
\ , .... ':' . " .

fa<.:tors.~ .

Step 6·

Table 3 illustrates the application Or;M!C(vncorrectlon. It is helpful to refer to a sketch when

applying'the arc-~;.chordcorrection. Atterthe grid angles bavebeen computed it is usually necessary

to correct themfor closure. In this exaIIlple the error in closure amounts to 1.r per angle with 0.2"

left· In this case We 0.2" ~, ciMded between the clngles Over station XYZ and point 4 on the assumption
; , ;.- " '...... :., .

that all else be1ngequal the angles with the short~stsights have the greatest poteptlal for error.

Step7

Taple 4 s~oW$ac~ rule adjUst:IIient and table 5 the final adjusted results and surface

distances.
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Some Final Comments

. .
Th~Ar1Wna Plane Ooordinate System. 83 provided a convenient method for peritlanently

recording the positions ofsurvey points to the accuracy of the 0I1gt.I1.al wOrk and ties all stiIVeys to sJ.ngle
reference framework. If at least two lmown point\; are tised to control a,sutvey most blUIidern will he
detected..

1broughout this paper the l1ne~ units u,.se<;l have been meters. There are several reasons for .
this:

1) A meter is metetwhereasa foofisIl't alwayS a foot.
2) The coo~d1nates published by:the NOAA are in meters. (The couritry has been on the
metrtc system legally since 1866 and practically since 1893.) .
3) Using meters on the SpeS.83 grid helps to distingwsh between'SPCS.27 and SpeS.S3.
State law currently requires that coordinates shown on plats be 1IiIiltemationalfeet.

-'

~ ,."
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Appendix

Transverse Mercator Mapping Equations
Definitions. Notations. ArizPna. and GRS Constants

Note: Unear units are ~ meters and angular units !are in radians unless otheIwfse indicated.
CRS- 80 Ellipsoid. constants:

a =6.37,8.137 = sp.mi-rrI:ljor axis

b =6.356.752.3141403 = seIni-minoraxis
f =0.0033528106811911 = flattening = la-'b)/ a

e2 =0.<:>06B943800229034 =eccentricity squared =2f-P

e'2 =0.0067394967754966 = second eccentricity squared =e2 /(1 - e2) = (a2_ b2j/b2

, r =6Y6~449.14!?77 =radiusofthe.rect:1fyf.Og sphere
U o =-0.005048250776

U2 = 0.000021259204-
U 4 =-0.000000111423

U 6 = 0.OOOOOOOOO626

.V0 = 0.005022$93948

V2 . =0.000029370025
V4 =0.000000235059

V6 =0.()()()(XX)()()2181

So = Meridional distance from the equator to the defining latitude ofthe zone multiplied
by the central meridian scale. factor of the zone and is 'constant for the zone.

SPCS 83 Notations

4> Geodetic latitude positive north

A Geodetic longitude positive west

w Rectifying latitude
N Northing on the grid (formerly y )

E Easting on the grid (formerly x)

AO Central meridian (110010'00". 111°55'00". or 113°45'00" for Arlzona)

Eo False easting of Ao (213.360 for all three .ArlzonaZones)
S Meridional distance

4>0 Latitude of grid origin ( 31·00'00" for all three Arizona Zones)

No False northing of 4>0 ( 0 for all three ArizOna Zones)
k o Central meridian· grid scale factor =0.9999 for the central and east zones

:=0.999933333... (14999 + 15000) for the W'est zone.

Wo =4>0 + sin 4>0cos 4>0 (Uo+U 2cos :14>0+ U 4cos 44>0+ U6cos 64>0>
So =ko wor:: 3,430.631.2260 for the central and. east zones and 3.430,745.5918 for the west
k " Grid scale factor of a point
k 12 Grid scale factor of a line
~N N2 -N 1

~E . E2 - E1

E' E-Eo
.y Meridian convergence

13
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li12 Arc-to-chord correction (t-T) from point 1 to point 2
R Radius of curvature in the prime vertical = al (l - e :2 sin :2 4»1/2 (note: Latitude dependent)

r 0 Geometric mean radius of curvature scaled to the grid = 6,36945Om for central and east
zones and == 6,369,66Om for the west zone.. rO= kQ(l- e 2) 1/2/(1 - e 2sin 24>J where 4>= 34°

t taI1$ or grid atimuth depending on the conteXt.
1)2 e' 2 COS 24>

Direct ConversIon
(Geodetic to State Plane)

The following computations start with geodetic coordinates ora point (4), A) and yield

the Transverse Mercator grid coordinates (N , E), the convergence angle (y), and the grid scaie factor

(k) of the point. All angles are in radians (one racU.atr= 180+1f degrees). All linear units are in
meters (one international foot = 0.3048 meters exactly).

L = (A- ~) cos 4> (Note: the sign convention for spes 27 was ("0- An
lJ) =4>+ (sin <l> cos 4>lIUo + cos 24> {U :2 + COS 24> (U4 -+- U aCOS 2$m
S = kowr

R =koa/(l-e 2 sin 2$)1/2

A 2 =(R t)/2

A 4 =[5-t 2+T)2(9+411 2))/12
A a =[61-58 t 2+ t 4 + 11 2 (270- 330 t 2 )1/360

N =8- So+ N 0+ A:zL2 [1 +L2( A 4 + AeL 2 »)

Al =-R
A 3 = ( 1 - t 2 + T) :2 )/6
A IS =[5 -18 t 2 + t 4 + TJ2 (14 -58 t2 »)1120
A 7 =(61 -479 t 2+ 179 t 4 - t 6)/5040

E=E o+ AIL[ 1 +L2( A s +L2( A IS + A~:2))J

C 1 =-t
C s =(l+3'l2+2rt 4 )/3
CIS =(2-t 2 )/15

y = C IL[ 1 +L2 (Cs +C 5 L2»)

F:2 =(l + TJ 2)12
F 4 =[5-4t 2 +n 2 (9-24t2 »)112

k= k o [ 1 +F2L:2( I+F 4L2)J

The terms A e• A 7• C 5" and F 4 may be omitted when computed within zone boundaries,

ID.verse Conversions
(State Plane to Geodetic)

These computation start with the SPCS 83 grid coordinates (N,E) and yield the geodetic

. coordinates (4), A), the convergence angle (y), and the grid scale factor (k) of a point.

lJ) =(N-No+So)/(kor)

4> f = W + ( sin W cos W ) [V0+ coo:2 w{V:2 + cos:2 w( V4+ V 6 cos2 W )}I

Rf =k oa/(1-e 2 sin 2 4>f)1I2

Q =E,'/Rr
14



B 2 =- trU + 'flf2 )/2

B 4 =- [5 + 3t:r2+ llf2 ( 1 -' 9tr2 ) -"411(4)112

B 6 =( 61 +9Otr2+:45tt + flf~ (46 .... 252tf~ - 9Otf4 )11360
4>= 4lr+B2Q211+Q2(B4+B6Q~)1

B 3 =- (1 + 2 tr2 + Ilf )16

B 5 == t5 -I:" 28tr2 + U tr 4 + flr ( 6 +8 tr2 )}/120
B 7 =(61 + 662 tr2 + 1320 l:f4+720 fie )/5040
L. =Q[1+Q2{B 3 +Q2{Bs+B'iQ2}H

A= Ao-L/cos 4>[ .

0 1 =t:r
D 3,= .... { 1 +t:r2 -,-, titZ-, 2 '1f4)/3

0 5 =(2 + 5 tr2 + 3 tl )115
y= 0 1 Q[ 1+Q2(D3 +D 5Q2»

G2 = ( 1+ '1fz )/2

G4 =(1 + 5 flf2 )/12
k= k o[ 1+G 2Q2 (1+G4Q2)/

The Arc-to-Chord Correction
The following equations produce arid use appro~teValues for w¥uJ cPr. cPfiS accurate to within
~ seconds. The formula given earlier under'the section on convergence yields resul~ that will
agree very closely with the ones generated by these equations when dN is less. than 30 km.

aN=Nz-N I

Nm =(N 1+N 2 )/2

tV = (Nm-No+So)/(kor)

cP f = tV +V 0 sin tV cos tV

F =(1-e2sin24>rHl+l]r2)/(koa)2

E s =2E' 1+ E' 2

0 12 = - {AN E 3 F [1- (E3 :2 F)/27 J}/ ~

. '.< ,;: ,.-.:'

: ~ .;":
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Depa.rt:ment of Commerce National Oceanic And Atmospheric Administration National Ocean

, Service, Charting and Geodetic Survices. Rockville. Maryland 20852
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This paper originally appeared in Professional Surveyor Magazine as a3 partseri~sof articles.
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.~ ~ .;-..

EDM & GPS Measurements-Why Don:.tj:hey:Agree? ParfOtle
Jul-Aug 1999, Volume 19 No 6" , "

EDM &GPS Measur~ments:W~yDon't They Agree? Part T\fv'()
October 1999, Volume 19No 8, ",' '

EDM & GPSMeasuremenfs:'fIi'r)yDon't They Agree?, Part Three' '
April 2000, Volume 20 No4' '/ '

" ...;:~" ..

This version is a compi/alion of the three ,installments along with some additional diagrams and
tables. IfWas useo as the workshop notes for a class held at 'the New Jersey Socie'ty of

, Profession'alLand Surveyors Conference, SurvCon 2000 - Sighting ~he FUture, February 2,3,4,
2000 Atlantic,::pity, New~,efsey ':, i'-'
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GPS &. EDM Measurements
- Why Don't They Match?

Have you ever measured thedistanc~ between 2 points that
were established by GPS with your EDM? Have you been
surprised or alarmed? If so, this workshop is for you.

This will be a "hands on" class to teach you why this happens
and how to solve the problem, so bring your calculators. The
theory and equations will be kept to a minimum, but the
.topics will include GPS vectors as m~asurements, State
Plane verses "Ground" Coordinates and grid lengths verses, ..
ground surface distances.

New Jersey. Society of Professional Land Surveyors
SurvCon 2000 - Sighting the Future

February 2, 3, 4, 2000
Atlantic City, New Jersey

Instructor:
Jesse Kozlowski, PLS
GPS Project Manager

Taylor Wiseman & "Taylor
WWW.taylorwiseman.com
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EDM &GPS Measurements - Why Don't They Agree? Part One.

A question put to me often by surveyors all over the country is "Why do my EDM measurements
disagree with the State Plane Coordinates I was given by the GPS surveyor?" In the majority of
cases, the source of this problem has very little to do with GPS. It has everything to do with how
,the surveyor is using the coordinates that were produced using GPS. '

In the series of articles to follow, we will explore the proper use of the State Plane Coordinate
System. The whole process will be covered step by step by the end of the series. The purpose
of this first article will be to dispel a common myth. Have you ever heard someone say, "The
,traverse that we ran was close to the shore, so we didn't have to bother with any of that
'reductionstuff' since we were so close to sealevel"? What do you think? Is that an accurate
statement?

Ok, beforewe jump teany conclusions, it will be necessary for us to be acquainted with some. of
the basics. I learn best by working through a problem. For this demonstration, I have selected ,a
pair of monuments located in Absecon, New Jersey. This location was chosen because it is ,
situated only 25 seconds east of the Central Meridian and it is very close to sea level. Itwill
serve as a perfect illustration of the problem that many surveyors are having across the country.

The State Plane CoOrdinate System in New Jersey is based on the Transverse Mercator
Projection. Refer to Table 1 in the appendix for the Mapping Projection Parameters and a map
of New Jersey showing Absecon in relation the Central Meridian as Exhibit 1. The same
example could be developed for other states that use the Lambert Projection. The NGSData
sheets for the two control points used in this example Cgn be found in the appendix as Exhibit 2
and Exhibit 3.

In this example, we want to set our Total Station on STEELMAN 2 RM4to begin a Jraverse and,
we want to use STEELMAN 2AZ MK 2 as'an azimuth mark for' orientation ontlleNJpCS. The
first thing you would probably do is measUre the distance with your EDM. After reduCing the
slope distance to a horizontal distance, you might record sometl1ing very close to 354.838
meters. I said, "very close" because we are 'liottliscussing measurement error theory or '
instrument calibration here. As it turns out, this distance actually is the ground distance between
these two marks, so we will use it in this example.

Notice thatwe are given the distance between the two marks on the' NGS data sheet as
354,840 meters. You say, "Not bad shooting;" We appear to be within a couple of millimeters of
the published distance. You might think that this confirms your assumption that no "State Plane

,Reduction Stuff" will be necessary and proceed to traverse happily off into the Pine Barrens.
Everything will be fine until you close your traverse on another control point several kilometers
away.

Some of you may have also noticed something else before you picked up the instrument. When
you inverse the pair of State Plane Coordinates, you get a distance that is very different from the
one you measured. The inversed grid lengthis 354.8048 meters, which is 33 millimeters shorter
than what you measured. What is going on here?
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Part of the answer is that the distance shown betwe~n the two marks on the NGS Data sheet is
the Geodetic Distance, which means that it is measured along the curved surface of the
ellipsoid. At this location, the ellipsoid would be arou~d 25 meters over our heads. How do I
know this you ask? We are given all the information that we need right on the NGS Datasheet
to determine this interesting fact and also other useful things such as reduCIng our
measurement to the grid surface. An eXamination ofFigure 1 and Figure 2 will clarify this.

Ok; now it is time to reach some conclusions. Notice that the NGS Data sheet provides us with
the Scale Factor for the control stations along with the coordinates. For both points the scale
factor is 0.99990000. This scale factor is especially interesting to Us because it is the exact
same scale factor used to define the SPCS in New Jersey. Refer to Table 1. This makes perfect
sense because these two stations are practically on fop of the Central Meridian. " '

Those of you thatcompared your measured distanc~ toJheinversed grid length may have also
been interested to know what the accuracy of your measurement was. If you divided the
published distance by the perceived error of 33 millimeters, you may have concluded that you
achieved a dismal accuracy of around 1 part in 10,000. What you were really looking at was the
affect of the scale factor along the Central Meridi,an,which actually is 1 part in 10,000. What do
you suppose would happen when this traverseclosesi.on another control point several
kilometers away and no account is taken for the scale!factor?Even worse, what ifonly a loop
traverse was run and closed back on itself e,ttSTEELMAN2 RM 4?,The problem would go"
undetected as it so often does. See Figure 3 fOJ:,an e~ampleofaconnecting traverse and the
misclosure that results when the distances are not reduced to the grid. Table 2 presents the
differences between coordinates comp'uted on the grid and cO<:>r(jinates computed on the
ground.

SuinmaryofPart One - 'The wholepurpo~eofthIs entire ,exercise was to demonstrate
Iha/thlJproperuse ofthe StatePlane Coordinate System requires ourdistanceslJe'
reduced to the gridno matterwhat the elevation Is. ItIs true that elevation can be an
important elementin the reduction, computation. Wepl/rposely chose an example atsea
levelso thatelevatioll wouldnotbe afac;torinord(]r to focus:youraHention on another
very importantaspectofth.e State Plane C{)ordinateSystem;th(] Scale Facton Ithas been
demonstratedthatlgnorlng the gridscale fac(or~illlntr.oquceas much as 1partin
10,000 distortion into anyfinalsurveying workpl",Ottuct

Hopefully, the lTiyth has been dispelledandI have 'capturedyourattention. The next
article will covereach step ofthe computation to r(]duce an EDMmeasureddistance to
the correspondinggrld/ength. You willsee howthi! elevation andthe scale factor are
usedIn the computation. yqu willalso,be in.tr()duc~dtoanQtheraspectthatmus/be
consideredcalledthe GeoidHeight
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EDM & GPS Measurements -Wily Don't They Agree? - Part Two

This is the second in a series of three articles addressing the familiar "Grid versus Ground"
issue. Included is a detailed look at the distance reduction computations for the Absecon, New
Jersey example from the previous article. You will need to refer back to the first article for the
data and other information used in the 4 steps below. The reduction computation can be found
in the appendix as Exhibit 4.

Step 1. Reduce The Slope Distance To The Horizontal Distance.

Everyone is familiar with this computation. The most common method used is to multiply the
slope distance by the sine of the zenith angle. Another useful way employs ,the Pythagorean
theorem to sc¥ve for the horizontal distance given the difference in height between the two
marks and treating the slope distance as the hypotenuse of a right triangle. In our example, this
computation was assumed'to have already taken place. The reduced horizontal distance is
354.838 meters. This is labeled 'as the "Horizontal Distance in Exhibit 4.

Step 2. State Plane Coordinate Inverse Computation.

Using the Pythagorean theorem once again, compute the grid inverse of the two marks given
their respective northing and easting coordinates. The grid inverse is equal to the square root of
the sum of the squared delta northing and the squared delta easting coordinates. The inversed
grid length is 354.8048 meters or 354.805 rou'nded to three decimal places.. Refer to Exhibit 4
to see the "spes Grid Inverse Computation".

Problem Presents Itself

Here is where the problem presents itself. Comparing the inversed grid length to our reduced
horizontal measurement reveals a discrepancy of 33 millimeters. Faced with this situation, some
surveyors begin to question the control rather than their procedures. For whatever the reason is
many surveyors are not comfortable with the state plane coordinate system, which is evident, by
how often this problem arises. Often times the choice is made to ignore the discrepancy hoping
the problem will go away somehow. This course of action only makes the situation worse by
allowing the problem to become more complex than it really is. Lers examine this in greater
detail.

How Close Is Close Enough?

Dividing 354:805 meters by 0.033 meters indicates the accuracy of ourworkup to this point
which equals 1 part in 10,752. Is that acceptable? How close is close enough and how is that
decided? This decision will be made using objective error analysis.
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Error Propagation

Making the following assumptions - that the control is accurate, that the EDM is working
properly, that it is capable of measuring to precision of at least +/- 5mm + 5ppm, and that the
EDM and target have been carefully centered over the marks to within 1 to 2 mm, wecan also
assume that 33 millimeters is too much discrepancy to be acceptable. Using well know error
propagation methods, we find that over this length the difference should liot exceed 12
millimeters 95 percent of the time. ' . '

The error propagation is computed as follows:

(0.0052 + ((5/1000000)*354.8)2+ 0.0022 + 0.0022)1/2 =+/-0.006m one sigma (68% confidence)

+/-0.006m * 1.96 = +/-0~b12ni or +/-12mm 95% confidence

Clearly something els$is involved here. The explanation is simple, but not well known or readily
accepted by those having difficulty With this subject. The measurement made at the earth's
surface cannot be compared directly to the corresponding length on the surface of the grid.
These two surfaces are separated by hundreqs ofmeters. See Figure 2.

Point Emphasized

To emphasize this point, cohsider a traverse located in an area where the difference in elevation
ranged around 200 meters. Would you ,use ohlyobservedslope distances from this tra).(~rsejn

all the subsequent'computations that you perform suctl"as traverse closure, boundary line
analysis, subdivision design, etc? You wouldn't waste your time with such nonsense, right?
Every single slope measurement gets converted to a horizontal distance before the
measurement is used in further computations.

Likewise, before a comparison can be made in this example, a transformation must tak~ place,
that is, the ground sutface measurementmust be reduced to the grid and then compared to the
grid length obtained by inversing the pair of state plane coordinates. That brings us to ~tep 3.

Step 3. Ground To Grid Reduction

There will be two parts in this reduction. The first part reduces the measurement to the surface
of the ellipsoid to produce a Geodetic Distance. The second part reduces the geod~tic distance
to 'the surface of the state plane coordinate grid producing a,grid distance. Later it will be shown
how to combine these two parts into one reduction step, which will produce a grid distance
directly from, thegrouhd surface horizont~1 measurement. '

Step 3, Part 1. Horizontal Distance Reduced To The Ellipsoid

This step can be compared to the "sea-level" reduction, used for NAD27. It is similar, but
different in that rather than reducing the line length to sea level, the line is reduced to the
surface of the ellipsoid.
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The separation between the geoid (sea level for ourpurposes here) and the ellipsoid is called
the GeoidHeight, symbolized thus "N". It is the distance measured from the surface of the
ellipsoid to the surface of the geoid. In the contiguous USA, the geoid height ranges between
minus 25 and minus 35 meters, except for places in the Rocky Mountains where the separation
becomes as low as around minus 5 meters. In Alaska the Geoid Heights are positive.

The affect of ignoring thiEl Elcpomtion causes the length to be reuuced to sea level rather than
the surface of the ellipsoid. An error of up to 5-PPM can result because the NAP83 State Plane
Grids are projected from the ellipsoid and not mean sea level. Try the following computations for
yourself with and without the geoid height to see what the affect is. The error may seem small
on this one line, but it will accumulate in the traverse as a systematic error.

To transform the distance to the ellipsoid, a "reduction" factor is needed. This factor is known as
the Elevation Faetorin the NOS NGS 5 manual to distinguish it from the Grid Scale Factor,
which we will use in the step to follow. I prefer to use the term Ellipsoid Factor rather than
Elevation Factor because it is more meaningful considering the surface that the measurement is
actually transformed on to.

The ellipsoid factor is simply a ratio between the geodetic distance and the horizontal ground
distance. Dividing the mean radius of the earth by the average ellipsoid height of the line added
to the earth's mean radius will yield this ratio I call the ellipsoid factor. MUltiplying the horizontal
ground distance by the ellipsoid factor produces the geodetic length. Take note that the use of_
the terms "reduce" or "reduction" does not imply that the magnitude of the distance decreases.
In the example before us, the geodeticdistance is actuaUy longer than the ground distance by a
very small amount. Figure 2 provides a visual clue why this is true at the location in our
example. For any location where the terrain elevation is near sea level, the ellipsoid'will be
overhead. The result of this computation is labeled as the "Geodetic Distance" under the
"Ground to Grid Computation" heading in Exhibit 4.

Step 3, Part 2. Geodetic Distance Reduced To The spes Grid

To make this part of the reduction, the scale factor for each of the points will be needed.
Fortunately, we rarely, if ever, will be required to compute the scale factor. Itwillqlways be
available to us on the NGS data sheet along with the coordinates and convergence. Most
software programs that make SPCS computations also output the scale factor. If you are
interested in how to actually compute the scale factor, you may refer to the NOS NGS 5 manual
for the equations. . ..

For our purposes, it is more important to know what the scale factor is qnd what it does. Recall'
from the previous step the way in which the ellipsoid factor was computed. That ratio represents
the difference between the geodetic distance and the ground distance. Likewise, the scale factor
is the ratio between the grid distance and the geodetic distance. To obtain the grid distance; we
simply multiply the geodetic distance by the average scale factor for the line. The result of this
computation is labeled as the "SPCS Grid Distance" under the "Ground to Grid Computation"
heading in Exhibit 4. That ends the reduction computation. In Step 4, we make a comparison to
check our work.
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Combined Factor

As stated above, the two parts ofStep 3 can be combined into one step. To do this, simply
multiply the ellipsoid factor by the grid factor to produce a single factor called the Combined
Factor. The saine grid distance will result when the ground distance is multiplied by the
combined factor~A single combined factor Can be computed for many surveying projects and
used to reduce all tho distances measured in that area.

Step 4. Comparison Between Published and Measured

Now you can compare the grid distance computed from your measurement to what we 'may
regard as the published value, that is, the inversed grid distance from the published coordinates.
This step is labeled, "Comparison" in Exhibit 4.

Relieved or alarmed? If the discrepancy exceeds what youwould expect from your EOM now,
then there is cause to question the control. If the marks were established using static or fast
static GPS surveying techniques, the difference should be very small. The stipulation'of Course
is that the base line between the marks was observed, in the GPS survey. In otherwords,if the
two marks were surveyed with GPS using a radial method and the base line between fhemwas
not observed, then the discrepancy could be larger than desired since the two marks would be
"side shots". .

Try This Experiment

If you still aren't convinced that extreme accuracy can be obtained from GPS, try this
experimenfsometime. Take your GPS receivers to an,EOM calibration base line. Be sure to
use care in'setting over the marks just as you would if you were calibrating your EOM. You will
find that the GPS base lines you process will mqtch thepubfished "mark-to-mark" distances on
the NGS data sheet extremely well. .

.Here are the results of some cornparis6ns made on the 'Burlington C~unty EOM Calibration
Base Line located near Lumberton, New Jersey..

. ~

The pUblished Mark-to-Mark distance on thisJine between the 0 meter mark and the 1000 meter
mark is ·10dO.0414m +/-O.6mm. These markswereocc~piedduring a static GPS'survey for
around 50 minutes on two separate occasions. The r,esultsobtained byposlprocessing the
GPS data collected during.these two occupations yielded the following base line lengths:

Results on 12/5/95 = 1000.041m +/- 0.0003
Results on' 12/6/95 = 1000.043m +/- 0.0003

The length on the first day is within 0.001magreement with the published distanceatthe '.
millimeterlevel. Luck perhaps? The results {)n the second day differ from the pUblished distance
by 2 millimeters rounding lip. Two millimeters in one thqusand meters equates to an accuracy of ;
1 part in'500,000. You can see similar results usingRTKwith careful centering of the'anfenna
pole. . .
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Problem Discovered

EDM& GPS.Measurements .... WhyDon't Th~YAgree?-Part Three

This is the final partin this threenjarfseries of articles ohthe sUbjett of IiGrid vs. Ground"
coordinates or measurements - whichever way you see it. Thi:>.9.rtiGle wIll begin.With an
explanationwhy the title, "EDM & GPS - Why Don;t They Agree?" was chosen to presentthis·
~~ . .

8
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SummaryofPart Two - The above exerciseprovides evidence to supportth~RIl~ai!!(l .
statementin the Drstarticle. The grid versus groundissue has verylitt/e to dawJth GPS.
Ithas everything to do with the way the surveyoris usingt~ecoordi!!lJle$(hill i¥L?r~ ;
proifllf;giflall11: liPS mea,su.remenfs. -Ifyou take'the time 'fo do the test o/J a,/1 ePM/)lf$e
line, the grk/versusgroundissue willbegin to vanish beforeyour eyes.

The /iQMil!J¢/i!?$qreqilPP/)/(! ofproducing COI11PiJiif1blelllel1s,!jtelJl/ln}$.. .tj,isptflc;/f! ttea,/I
entlr~iy W'1(J,l4~ff,if!Jslormlftion .pfdisllfnceS friJ/n one stiffat;e tPi/r,athi:!t!n the,ll(J-1'I,!(1d
Dnalarticle olthis series, we willexamine hoWto .transformthe coolilinafes from one'
surface to another. These rrocalizedH coordinate systems call. b:.l(s€(1I1IIl.f;ertlfin
aPP/lqa,tions-. Th~dislfdvantages of/ocalcoordinates willalso be.prliselltecl.

Thillk fqrp morn.enlhow this.gridvs, groundproblemi~fjt$t qIS9O:'(~f~d'.•lt.iSIl't disqovered ..•...
duringtl1j;).~p$isurvey. Afterc?ref~.lsurve¥ planhi~g, ~~t~ 9C>I!~qt,gil',~.P9q?t~proc~$,sing:th~.;'·
usual finished product is a fileof'coordihate \jellies. Confidence in th&se values' comes from the
QAlQC phases of the data processing and relyin~ ?ng999 .~.urveyin~pr,AqyQwre~qurilJg.·tQg

data collection.' Any problems discovered during the tiAJ9,C,JiK~nighB&t$, m}~n~meds!9tiOF)s,
incorrect antenna height measurements;bbstructi()ri$;;:~l~.'rftV~lb~ .r$me,:qJ~d before producing, .
the final coordinates,,;Those problems are unrelated toth~,·"grid'V~:grgUnQ"js~ue.

• -'. ' .. r.···' -'."-'." :: ..' c.' '.,

.. "L"'";

This werit undetected for a long time, but now because' 56 many point§' ate'beihg established
with GPS, the reduction computatio~~ cann9Ionger.l:>~jgm:>r~Q. Inr,r7R§Qn~foF;~hj§i9tt)9tth~'

~~~~~~ES=~~E~i:!:~:!~~!i;;(~~i~f!t'ti!~Z~r':f'
actually happenswhenthabbufton gets p'lJShed. It is hoped fHaHhls series of articles has been
nelpful in this regard.

1

JI
'I
I
:1
I
I
'I
I
I
'I
I
I
,I
I

'I
;1
:1
JI
)1
)

~I
.'



Some Review

Before we get started with the subject of Part 3, let's look back at what has been covered so far
inthe first two parts.

In the first article, it was,demonotroted that the distortion that is built into the projeCtion cannot
be ignored no matter what the elevation is. The example being used is at sea level and the
distortion is 1 part in 10,000,.., that is just over afoot in only two miles!

The second article explained how to reduce a distance measurement to the grid surface step by
step. A single combined factor can be computed for the whole project area and used to reduce
all the distances without the loss of accuracy required for the application.

It should also be mentioned that the SUbject of thi~ series of articles has been re~ttjdtedlothe
treatment of lengths and coordinates. It was felt that the arc to cord correction for angular
measurements was small enough in most application~ that it could. be ignored~

Now, we will examine how to apply this knowledge to the coordinates themselVesl"ather than
the distances. .

Coordinates Can Be Scaled Too

By now you are familiar with~o'N, to apply the pombined scale factor to a distance to reduce it to
the grid. A distance of 1000.000 meters betweento pqints on th~ground is 999~900 meters on '
theSPCS grid surface where the combined factor equals 0.99990000."

This same principle can be applied dkectlM- to the coordinates themselves ,to increa'se or
., .". .... . . I .

decrease their magnitude, thatis,raise them from the grid to a surface near the ground or visa
versa. This method of manipulating the spes .cal"lgive rise to heated debates between the
advocates of this method and those that are opposed to this method. Obviously, there are
positive and negative aspectsto eVerythi,ng, including bow coordinates are produced and what
they are used for:' ',' ", " " '

A Continuing Debate

This article willnot pr,omote either sidloft~js,debate,but wiJIonly,describe how this is already ,
being done andhoWfhese so called,'iJo.caH?:ed ground: coordinates are beingused.Some'of
the issues rais:ed by both' sidesWiU,bemeritloned,. Various organizations, agenCies~counfies,
and DOTs around the country have ad(>pfe,dmeth'()ds and procedures for dealing with the grid
versus ground fact. These'01ethods can Qeseparated basically into two categories - 1}Use the
SPCS as it was designed to be used as published by NGS, and 2) Create hybrid coordinate
systems that are related to SPCS in sqme way.

Number two can be further broken down into two additional categories -4a) The hybrid
coordinate systems are designed to best fit the aVerage elevation for an entire county. Each
county has its own system, and 2b)JJse thespes as in number one above for the entire state,
but create localized coordinate systems for various projects, like highway construction for
example;"""',·
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Point Name Grid North Grid East Ground N Ground E Delta N Delta E

STEELMAN 2 AZ MK 64612.500 150488.828 64618.715' 150503.304 -6.215 -14.476

STEELMAN 2 RM 4 64948.826 150601.837 64955.074 '150616.324 -6.248 -14.487

Scaling the grid coordinates in this way has the desired affectofproducing new coordinates that
are situated "near the ground" surface. This means that when an inverse is computed, the
reSUlting length will match the horizontal distance measured with an EDM - in this case 354.839
meters. . . .

What would happen to the coordinates of the end points if they were divided by the combined
factor? The answer is that they would increase in magnitude in proportion to one another. In the
table below, the grid coordinates of the control have been divided by a CombinedFactor of'
0.99990382to produce 'ground coordinates'.

The reader will discover
that the inverse of the so
called "Project Coordinates"
will still produce the same
ground distance.

As has been already stated, this topic can be debated and good arguments presented by the
parties on all sides. My personal view is that each method can be used to great advantage in
those applications that are well suited for them. Each surveyor needs to be well acquainted with
the SPCSto be able to recognize when to apply one of these methods. The biggest point in this
regard relates to the ability to follow the footsteps of the previous surveyor. Often times, the way
in which a system of localized coordinates Was produced does not get passed on with the
northing and easting values. Thot is the number one reasun given to discourage this practice.
Nevertheless, a surveyor faced with this problem needs to know how to unravel a tangled
situation like this. Knowing how to create a localized coordinate system is the very same
knowledge required to return ahybrid coordinate system back into something that begins to
resemble State Plane Coordinates.

Absecon Example Revisited

Recall that the scale factor used to reduce the line to the grid was computed by averaging the
scale factors for the end points of the line. The elevations of the end points were also averaged
to find the average elevation of the line in order to reduce it to the ellipsoid.

Something else becomes immediately apparent. The ground coordinates are shifted northward
by around 6 meters and eastward by around 14.5 meters. For some surveyors, this shift isn't
quite enough. They would recommend applying a greater shift by either adding or subtracting a
large constant so that these scaled ground coordinates are not mistaken for State Plane
Coordinates. Adding 300,000 to the northings and subtracting 100,000 from the eastings would
result in the following: . . .

Point Name Project Datum N Project Datum E

STEELMAN 2 AZ MK 364618.715 50503.304

STEELMAN 2 RM 4 364955.074 50616.324
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Some situations and applications require that the shift between.the grid coordinates and the
scaled ground coordinates be kept as small as possi~le. This requirement may also come from
the desire on the part of some surveyors to have it "both ways" - StatePlane Coordinates that
are at ground and match their EDM measurements. Having reached this point in this article, it is
hoped that the reader will be comfortable with the fact that it is impossible to have it both ways.
The spes is not at ground and coordinates at grouno arc not Stete Plane Coordinates. With
that said, we will now examine how to produce a set of ground coordinates that are "localized" to
keep the shift from the corresponding grid coordinates as small ·as possible.

We will use the connecting traverse depicted in Figure 3 as an example. The following table
contains the Localized GroundCoordinates for the starting and ending control points.

Point Name GridN GridE Elev Comb Fact Local N LocalE GN-LN GE-LE
STEELMAN 2 RM 4 64948.826 150601.837 9.317 0.999903880 64948.647 150601.938 0.179 -0.101

STEELMAN 2 AZ MK 64612.500. 150488.828 2.301 0;999904980 .64612.289 150488.919 0.211 -0.091

PINE 2 68739.917 148331.659 12.590 0.9999b3380 68740.103 148331.542 -0.186 0.117
PINE 1 68936.075 148765.899 14.730 0.99Mb3020 68936.280 148765.824- -0.205 0.075
Centroid 66809.330 149547.056 9.735 0.999903815 66809.330 149547.056 0.000 0.000

..

The SPCS coordinates for the point named "Centroid" are computed by finding the average of
all the Northing and Easting values in a project. This would comply with the definition for
"centroid" as taken from the Geodetic Glossarv(NGS, Sept.1986), uThe point whose
coordinates are the average values ofthe coor.dinates ofallthe points ofthe figure. JI

In this case, the centroid is the. average of the starting" and ending' control points in the traverse.
The centroid then becomes a "hinge" point or a "peg" to keepthe shift assmqU~s possible.
Note the last two columns in the table iisting the shifts. The shifts for the cenfroid are zero
because the local ground coordinate is identical to the grid value for the centroid. The local
ground coordinates are computed as follows: ..' ,

GroundN =CentroidN -[(CentroidN - GridN) I CdmbinedFactor]
GroundE =CentroidE - [(CentroidE - GridE) / CombinedFactor]

These equations find the latitude and departure between the centroid and any other point in a
project. Just as a grid length can be "raised" to the ground by dividing it by t,IW' combined factor, '
the latitudes and· departures can also be transformed to produce "ground'" latitudes and .
departures; Algebraically summing these "increased" latitudes and departures with the Northing
and Easting values of the centroid will yield the local ground values forthe point. One variation
for computing local ground coordinates includes the option to "localize" on an existing control
monument rather than computing a centroid. All other computations remain the same.

11
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It is a very simple procedure and used very conveniently to deal with the grid 'Is. ground issue in
certain applications, like construction layout for instance. Keep in mind that the very same
attribute of these local coordinates considered to be wonderful and desirable bysom~~urv~YQrs

is exactly the same attribute considered to be unacceptable by other surveyors. Theseiocal ..
coordinates 100kJustlike Stat~Plane C90rdinates, but are not - byayerysmana,rnQ.l.Jnt;Whk~h

makes themdangeroq~,ln.?t1¢ res.pe6Hh~se coordiJiat~~ mak~ G~rt;;lin ta~kseasiert whIi~in
oth~r respeots.th~ workl~~(fJ~. inForAARAn~~~~,,~P.. rrlll~r. mnr~ b09Jr.. klii\9ping ii riiquir~q19
document 1i6\IVthe¢ootdihat~swh~r~prgdtlc~q.Here is al) example of some notes'fhaL~hClUld
accompany a setof local ground coordlnate~ "'- . .' .,.

Summary ofPart Three - The finalpartofthis series describedhowsurveyors in various
countiesT state"DOTsT andotheragencies ororganizations are modifying the SPCS to
produce 'l1eargroundT coordinate systems. Advocates ofthisprocedure want to use a
system ofcoordinates that easilyrelates to the measurements made with theirEDMs
withoutapplying scale factors. Theyalso want the hybridsystem ofcoordinates to have
the appearance ofState Plane Coordinates. Surveyors thatare opposedto creating
modifiedprojections raise concerns about the" confusion thatresults when these
coordinates are mistaken for State Plane Coordinates. The additional1JookkeepingT in
the form ofextra metadata aboutthe source ofthese coordinates can also become a
disadvantage when data is sharedorexchangedin a GIS application for example.

Pt6J'e2tN.~I1"I~: Abs'eqq,tlTraverse
bate: 01/26/00 . .

Reference InfQrmatipv: NJ$PLS Example
Vnit~:Meters

Vertic:;aIQ;il~uJ:mNAVQaa· .....
Hori~on~ClI Daturn:}LQo~ISrol.trH:I $;ystem

he horiz:ontal;yoordinatesarelocalground coordinates that are based
on the State Plane Coordinate system or NeW JerseyNAD83 (1!J86).
The relationship between this local ground system and the grid system is as follows.
1) Both systems share a common centroid point with identical c09rdinates of

North .' 66~09.330. '., E~st 149?41.056
) The projectioh surfaoe l.Ised f()1' theloc?1 ground syst~ni iSP8sedQO the follOWing: ..
Average~(~\fflfh$h.= .~.7~~hf'· .. . .".. ..' .'
e-omijihedF~St6t=='0·.99QQ63at!5;'... '

3) St~t$ Pt~ri~t;Q6rdih~Jt~~'C;;lr:b~c()o,P4lt~qfrom the, Iqcalground.cOQrdinates by:

NG = Nc • [(Nc' .. NdxCF] EG= E6o;[(Ec: ··Et)x CFl

NG,EG=Grid'Ntirth , Grid East' ,
Nc, Ec = Centroid North, Centroid East
NL' EL = Local North, Local East

CF = Combined Factor

Where:

II
i

I
I
I
I
I
,I
I
I
I
I
I
il

'I
il

:1
I

I
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Conclusion -

The State Plane CoordinpteSystem was created to enable surveyors to traverse great extents
across a curved earth, yet treat it as though it were a flat surface. The SPCS was designed so
that "ordinary" surveying mathematics, like trigonometry would still be applicable eliminating the
need for complex geodetic computations on an ellipsoidal surface. The most complex aspect of
the SPCS is the need to account for the distortion caused by projecting a curved surface onto a
developable "flat" surface. Since the SPCS was designed to be conformal, that is, retain the
shape of areas, the distortion is forced into the lengths between points. The computations to
account for the length distortion are simply applied through the use of scale factors.

Even with all of its simplicity and utility, the SPCS has never reaily been fully accepted by the
majority ofsurveyors. Even where the SPCS is being used, it is being modified iii various ways
to accommodate the user's requirements. The time has come to accept the fact that the SPCS
does not fulfill all the needs of surveyors and other mapping professionals. One of the biggest
disadvantages of the SPCS is that it is only 2 dimensional. The technology existing today and
that will be used by surveyors,in the future will allow. for 3 dimensional positioning with great
ease.

Once upon a time, it was thought that the sun orbited a flat earth. Forward looking surveyors will.
be open to the idea thpt there must be a better way to position points and describefhose
positions. True 3-D COGO is possible today. The coordinate system alr~ady exists in the form
of Earth Centered, Earth Fixed (ECEF) coordinates. Using ECEFcoordinates,eliminates the
grid/ground distance dilemma. There are no zones orproj~ction·c;onstants to apply using ECEF
coordinates. One set of solid geometry equations is equally applicable around the world. This
subject will be detailed in a future article. In the mean time, readers areencolJraged to explore
this issue for themselves. Additional information on 3-D COGO can be obtained on the web at
http://www.zianet.c()m/globalcogolindex.html
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Table 1 - Mapping Projection Parameters for the New Jersey SPCS (NAD83)

Central Meridian W 74°30'00.000000"
Latitude of Origin N 38°50'00.000000"
Origin Northing 0.0000 m
Origin Easting 150000.0000 m
Scale along Central Meridian 0.999900000000

Exhibit 1 - Map of New Jersey Showing Central Meridian and SPCS Origin
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Exhibit 2 - NGS Data Sheet for STEELMAN' 2 RM 4

horizontal coordinates we~e established by GPS observations
adjusted by the National G~odetic Survey in March 1993.

AD.JUSTED
GPS OBS

COMP
COMP
COMP
DEFLEC96
GPS OBS
GEOIP96

Scale Converg.
0.99990000 +0 00 16.0
0.99962345 +0 19 19.0

Units
MT
MT

(meters)
(meters)
(meters)
(seconds)
(mett=rs)
(tneters)

East
150,601.837
543,641.486

CLASs II

*CURRENT SURVEY CONTROL

1,319,118.861
-4,754,336.670
4,028,294.964

-1. 57
-24.79
-34.11

39 25 06.31893(N) 074 29 34.83764(W)
9.4 (meters) 31. (feet)

STEELMAN 2 RM 4
JU4104
NJjA'fL1illTIC
OCEANVILLE (1989)

FIRST
THIRD

North
64,948.827

- 4,363,333.591

x
Y
Z
LAPLACE CORR
ELLIP HEIGijT
GEOID HEIGHT-

DESIGNATION 
PID
S'l'A'1'.I:: / CUUN'1'Y 
USGS QUAD

JU4104 ***********************************************************************
JU4104
JU4104
JUJH01
JU4104
JU4104
JU4104
JU4104
JU4104* NAb 83(1986)
JU4104* NAVD 88
JU4104
JU4104
JU4104
JU4104
JU4104
JU4104
JU4104
JU4104
JU4104 HORZ ORDER
JU4104 ELLP ORDER
JU4104
JU4104.The
JU4104.and
JU4104
JU4104.The orthometric height was determined by GPS observations.'
JU4104
JU4104.The X, Y, and Z were computed from the position and the ellipsoidal ht.
JU4104
JU4104.The Laplace correction was computed from DEFLEC96 derived deflections.
JU4104
JU4104.The ellipsoidal height was determined by GPS observations
JU4104.and is referenced to NAD 83.
JU4104
JU4104.The geoid hei~~t wa~ determined by GEOID96.
JU4104
JU4104;
.TIJ4104;SPC NJ
JU4104;UTM 18
JU4104
JU41041---------------------------------------------------------------------1
JU41041 PID Reference Object . Distance Geod. Az I
JU41041 dddmmss.s I
JU41Q4/ JU0332 STEELMAN 2 43.496 METERS 03132 I
JU41041 JU4103 STEELMAN 2 AZ MK 2 354.840 METERS 19835 I
JU41041---------------------------------------------------------------------/

I

I

I
I

I

I
I

I

I
I

I

I

I
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Exhibit 3 - NGS Data Sheet for STEELMAN 2 AZ MK 2

JU4103 ***********************************************************************
JU4103 DESIGNATION - STEELMAN 2 AZ MK 2
JU4103 PID JU4103
JU410) OTATEjcomny NJjATLANTIC
JU4103 USGS QUAD OCEANVILLE (1989)
JU4103
JU4103 *CURRENT SURVEY CONTROL
JU4103
JU4103* NAD 83(1986)- 39 24 55.41251(N) 0742939.56332(W) ADJUSTED
JU4103* NAVD 88 2.3 (meters) 8. (feet) VERTCON
JU4103
JU4103 LAPLACE CORR- -1.60 (seconds) DEFLEC96
JU4103 GEOID HEIGHT- -34.12 (meters) GEOID96
JU4103
JU4103 HORZ ORDER THIRD
JU4103
JU4103.The horizontal coordinates were established by classical geodetic methods
JU4103.and adjusted by the National Geodetic Survey in June 1990.
JU4103.Nd horizontal observational check was made to the station.
JU4103
JU4103.The NAVD 88 height was computed by applying the VERTCON shift value to
JU4103. the NGVD 29 height (displayed under SUPERSEDED SURVEY CONTROL.)
JU4103
JU4103.The Laplace correction was computed from DEFLEC96 derived deflections.
JU4103
JU4103.The geoid height was determined by GEOID96.
JU4103
JU4103; North East Units Scale Converg.
JU4103;SPC NJ 64,612.500 150,488.828 MT 0.99990000 +0 00 13.0
JU4103;UTM 18 - 4,362,996.737 543,530.373 MT 0.99962333 +0 19 15.9
JU4103
JU41031---------------------------------------..;:..----------------------------1
JU41031 PID Reference Object Distance Geod. Az I
JU41031 dddmmss.s I
JU41031 JU4104 STEELMAN 2 RM 4 354.840 METERS 01835 1
JU41031 JU0332 STEELMAN 2 397.348 METERS 01959 I
JU4103! - - - - -.~ -- - - ---- -- - - ---- - - - - -- ----.,. --- -- - - - - - - ----- - - - - - - -- - - - - - - - - ----I
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Solution to Absecon Example - Ground To Grid

Exhibit 4 • Distance Reduction CompuHttlor1s • Absecon, New Jersey Example

Ground To Grid Coml)utation

SPCS Grid Inverse ComDutation

18

~Iev ~eo;d Ht. ~cale Factor

Differen ce == 1 art in 354,800

~ast

-113.009

12771.0341

354.805
=354.804

0.001

64948.$27 1!S0601.837 9.4 -34.11 0.999900000

64612.500 150488.828 2.3 ..J4.12 ·0.999900000

l-Jorth

=354.$3$ =(EDM Slope Measurement ReducE!d to Horizontal)
5.850 == (9.4 +2.3) 12

1.000004436 '" ( R I (R + N ... H) ) '" ( 6,372000 I (6,372000 + c- 34.1) + 5.850 ) )
=354.840 = Horizontal Distance x: ellipsoid Factor

0.999900000 = Sum of Scale Factors 12
354.804'" Geodetic Distance x Averaae Scaie Factor

Point Name

STEELMAN 2 RM 4

STEELMAN 2 P;ZMK 2

Com arison

Hori::zontalDistance =
Ave Elev of Line ==
Ellipsoid Fact6r '"
Geodetic DistancE! =
Average Scale Factor ==
SPCS Grid Distance '"

Published Grid Dist '"
Reduced EDM Dist '"

---.;.;;.;~..;.

Difference ==

Delta N, Delta E '" -336.327

Delta N2
, Delta E2 == 113115.8509

Delta N2 + Delta e2
'" 125886.8850

IfDelta N2+Delta e2
)112 = =354.$0~

I
I
I
I
I
I
I
I
I
I
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I
I
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Ellipsoid

SPcs

SPCS

In New Jersey, the surface of the State Plane
Coordinate System is approximately 640
meters below the surface of the ellipsoid along
the central meridian. . . .

Figure 2 - Reference Surfaces in Absecon, NJ

Figure 1 - Reference Surfaces



Table 2 - SPCS Compared To 'Pseudo SPCS'

SPeS PseudoSPCS spes minus Pseudo Gricl-Gmcl
Pain! Name Grid Dis! N E N E Grncl Dis! Delta N Delta E Radial Delta Dis!

STEELMAN :2 AZ MK 64612.500 150488.828
354.805 354.839 -0.034

STEELMAN 2 RM 4 64948.826 150601.837
708.965 709.034 -0.069

T101 65657.760 150595.104 65657.829 150595.103 -0.069 0.001 0.069
773.436 773.511 -0.075

1102 66417.949 150737.639 66418.091 150737.652 -0.142 -0.013 0.143
713.073 713.142 -0.069

T103 66774287 150119.985 68774.463 150119.938 -0.178 0.047 0.182
639.648 639.709 -0.061

T104 87391 .941 149953.694 67392.177 149953.632 -0236 0.062 0.244
668.972 669.037 -0.065

T105 68033.350 150143.741 68033.648 150143.697 -0298 0.044 0.301
773.436 773.511 -0.075

T1D6 68555.980 149573.600 68556.329 149573.501 -0.349 0.099 0.363
892.668 892.753 -0.087

PINE 1 66936.075 146765.699 66936.461 146765.721 -0.366 0.178 0.425
476.49 47B.536 -0.046

PINE 2 68739.917 148331.659 68740.284 148331.439 .0.367 0.220 0.428

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I,
I

Figure 3 - Traverse Example ShowirtgClosure

nos

Traversing along the ground without
reducing the distances to the grid causes
a misclosure at PINE 1 of 0.425m. The
total distance traversed was 5170.34
meters. This equates to an accuracy ratio
of 1 part in 12,000 which is the direct
result of notapplying the grid scale factor
of 1 part in 10,000.
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,The U.S. Survey Foot versus the "International Foot" and
their .rel~tjonsJ:t.jp tQ.. determining Arizona St~te rlan~ Grid

.Coordinates derived from tile North American ])atum 1983
(NAD~83)

Background:
Back in the late seventies, the U.S. National Geodetic Survey (NGS) encouraged all of
the states to revise their respective statutes concerning the impending arrival ofthe North
American Datum of1983, (NAD-83). As a part ofthat endeavor, N"GS (under direction
from the Carter Administration) irlfonned all partiesconcemed that thebasi~ for th~ .'
system ;Wotildbe meters itlthe International System ofUnits (p. SySt:ei11eliitenidtion.aI
d'Unites, or simply S1). This would be in contraSt: to the existing NAD-27 system ofstate
plane grid :coordinates in feet, bas~don converting from metrics utilizing the "u.S.
Surve)tF6oe'. . .' . . ,

The surveying' community in Arizona (the Arizona Profess'ional Land SUrveyors, or
APLS,. w~ch w(iSformed 4t19;8Q) took uponjt~elftheob,jective Ofworl&ig;with the .
Arizona 'State legislature t.o ~eVise the state statutes to compJywith the suggestions ofthe·
NOS. ,~... . .

The mempers ofthe legislature Were very skeptica1of~Yfederalmandateaild especially
on any system based soleJy on metr~CS~The legisl~tots Wishedio JJlaiIltama: Arizona '
State Plane Grid SYstem based on feet, ,this was even after attempts demonstrating that
"the foot system" they were already employing was in reality originating in meters and
then converted into·'feet).F~~t c.olPWunic8rtio~with NGS indic~t~ililitNGSWollld
publish NAD-'83 coordinates in BOT,tIm~ter,$6NPfeet!lli SO l"eques~edandord'~lled
by the respective state legislature), thenNGS would;appIyaconversionfrommeterSCto
feet using S1 units.

With all that iIlforr,nati0Il, AP~~ap,d the legiS,JliiQrs l,1a.tnD1ered out the revisions to the
appropriate AIiiOna ReVised Statutes (ARS) tp convert from NAD~27 to NAD-83 .
coordinate systems. Asa part ofthat change i~ was noted that thecohversion shall be
from meters to .feet using the s1 conversion (<;wvY17s.P$the.oldconvetsi6hu.tilizingthe
U.S. Survey Foot). These revisions were passed and signed into law.

4 .

Meanwhile, the Reagan Administration'had taken over, and began revleWiiigWhatthe
previousa~sir~tio~.~~PY~¥'l!R tQ)n fuypr~qedingfouryears. O~e6fCatt¢rtsgO.cils.
was theIliei~Gati?~·p~tli~gwt~4·~~~t~~,t.oRQAfqrm,tP:the re~t tifthe\Vorldts '. ," . ,
measurement'SYSfetti.F.or vMr~tis reasons tied tQft~~marKet.drivei1·econ6i11ies;the
Reagan Adnrinistnltioh considered any mandated federal policy to be "Illlwarranted, and
began to systematically dismantle the previous efforts towards metrics.
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This including, reversing the previous decisions to have all federal surveying
organizations (NUS, USGS, BLM, COE, USBR,I;>MA, etc.) to begin using the SI
conversion to obtain coorainates in feet.

Also, because ofthe confusion arising :from the fact that several states had already acted 
on the previous request to use SI as the conversion':ofchoice, (and Arizona being one of
those states), the NGS decided NOT to calculate ~d distribute NAD-83 in feet as had
been previously promised, but would henceforth an~ forever after, publish data in meters
oilly! .

.Currently:.. .
Well...., this has s~tthe stage for some interesting potential problems when dealing With
Arizona State Plane Grid Coordinates based on NAD-83..

Where ever and Whenever riecessary, the federal agencies are using NAD-83 meters and
then converting to "feet" by using the U.s. Survey Foot; which is 3.2808333333333...
(.~.3333asfur out as you wish to carry the decimal conversion.)

Meanwhile, theState ofArizona (by law, in the ARS) is mandated to useNAD-83 state
plane gridcoordinates jn feet, (where ever necessary to do so), and they are converted
from those SAME memcs coordinates, (tlie saIne as those that the feds are using), by
using the international system (Sf) conversion, which is: .
1- foot = '03948 DJ.eter (InternationaIFoot), -o'r- .. _ .
3.2808~9895 .....(constant1y changes as you increase the number ofdecimal places.)

In the U.S. (since 1893) the yard has i>een defined intermsofthem~ter by the relation:
lyard = 3600/3937m drm =3937mches e~actly. -
This legal ratio is used to definethe "U.S. Survey Foot".

In.1959, the U.S. agreed-to establish a. new "ubiformi' relatipllship between the yard and
the meter as: -- -- ---

1 yard =0.9144 meter exactIyor
1 foot == 0.3048 iIieter (International· Foot) or
1 inch = 25.4rnm

- .
So What's th.eiproblem?:
Since the new value for the y~d is smaller by two parts perrniJ.lion tp.an the SurVey Foot
-system (about.li8 inch peJ;'tiiiie!!)one might believethan only in ·lcrrge.,.scale geodetic
surVey projects would this difference be important. - - -- -

- -
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The potential for BIGGER problems: ..
However, the land sUrveying profession, (and anyone attempting to mix the apples and
oranges ofNA..b-83 coordinates in feet, that are converted from both S1 & U.S. Survey
Foot), should be -qniquely·sensitive to the problems that arise in converting metric to non
metric and lor from converting record measurements (non-metric) to metric.

Example:
The origins (the zero, zeto (0,0) points ofthe Arizona coordinate systems were located
far enough sOllth and west, so as to insure that there would be no chance ofnegative
coordinates within the respective.state plane grid zones (west, central and east).

This means that in the central area ofthe state near Phoenix you alr~adyhave "northings"
at or 1 J:IliWon (1,000,000) in feet, after conversion. This is where the problems can arise~

Ifyou were to have NAD-83 metric coordinates of 153,000 East, and 290,000 North, arid
.then convert them to feet you would obtain:

50i,967.50 East and 951,441.67 North (rounded to two decimal places, using
eight decimals for conversion from a handheld HP-41ex calculator), using
3.2808333~3 for U.S. Survey Feet. . . .

Using3.280839895 (SIconversion) you would obtain:
. 501,968.50 East and 951,443.571'!orth.

· The difference between the two is -+1.00' East and.+1.90' North, between the conversion
from the U.S. Survey Foot and the conversion from S1.

It is very easy to discern from this quick example that it is ofa paramount imperativeto
know precisely which conversion has been utilized when one receives information· iri
NAD-83 "FEET"!!! .

·Another item to ponder:· .
Also -- be aware ofthe possibility ofSomeone receiving coordinates in feet and

·"converting"· them back to.meters,· (differently;than theoriginaI metei'to' foot conversion);
· and then giving you what may appear to. be "driginal" meters; (this becomes the "ticking
time bomb" scenario waiting to explode later,. when and where it can do the most
damage).

. ,:
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What to do?

Suggestions:

"ONLY" tn:msfer (and receive) NAD..:.83 coordinates in the."o"rig.in.al", unadulterated
meters, and ifavailable, 'also transferred (received) with the geographic coor~tes
(latitudes and longitudes) from which the metric coordinates themselve~ axbCierived, as
this is additional verification on the metrics. Then perform any necessary conversions
internally within the control ofone's own local sUrveying alJ.d mappingenviromnent:

"NEVER" transfer NAD-83 coordinates, IN FEET, 'outside your own organization
(without plenty ofcaveats).

"NEVER" accept coordinates in NAD-83, IN FEET, without theoriginaI memes and
complete confirmation as to the conversion(s) utilized by the originating/sending
organization; even then, double check with some independent source as to how the "feet
.coordinates" were derived.

Into the Future: .
Until such time (ifever) as either the federal government changes from the U.S. Survey
Foot"to the SI definition; and/or, theState, ofArizona revisesitsARS to chcin.geJrom 81
to the U.s. Survey Foot, -- we.willjust nave to be awate·thatthete· are pbfentially, at
least, t':V0 separate systems that IIlaY be operating within Arizona for state plane grid
coordinates based on NAD-83.

Conclusions:
My advice is to learn to live with, (and eventually, b~gin to love) meters.; and itwould
appear that NAD-83 is a good place to start. '.

Note:
This reply is not intended to be an exhaustive discussion on the possible: potential
corruption ofstate plan grid coordinates; We have not evenbegin to discuss such diabolic
strategies as the "traverse adjusted grid conversion"; or localiZed coordinate systems such
asthew-ound level systems; or "regionalized" topog~aphy driven systems.

THANKS and Good Luck with any endeavors using spes!
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Jobo

Christian l

Any help is greatly appreciated!

Anyone else have a clue?

Page I of 1I

AZ footsies .
Posted By Christian Clausen on 6/27/2001 at 11:07 PM

Just a quick question ...

Re: AZfootsies
Pdsfe7:rB,/';TO~G'L!D[jE"'{on"-6127l200Tat"ii:21 PM

Simply putl for my own piece of mind and complete understanding of surveying practice in
Arizona l my question is this: Is there an AZ RLS out there that can definitely confirm that the
International foot is the 'foot' in AZ?

Christia"n l

i tJi"o'ught we all used the U.S. foot. It is only One hundredth difference in a mile l but going out
141 000 miles it might fuss things up a little. I,think we should stayiri meters most of the time
and convert to feet at the last ·minute. Conversion factors are a bummer. (I live in Washington
and we are on the U.S. foot. (39.37/12)

Several weeks ClgO I recl::!ived a glorious letter informing me that I passed the Principles and
Practice (professional) NCEESexam. .

Next weekI I will be sitting for the Arizona state 'statutesexam (2 hr).

Reading through my copy of the state statutesl I have come across the follo'wing wording:

'foot value 0.3048 meter exact'

I know for a fact that 0.3048 meter is an International foot (not a US survey foot, which is 39.37
inches).

Re: AZ footsies
Posted By .C.hristl..ql1.......Cla~t!!J...1lon 6/27/2001 at 11 :47 PM

Re: AZ footsies
Posted By [;r!1.nt B.Qpbit.1 on 6/27/2001 at 11:53 PM

The definition of the US Foot is 1200/3937 = 0.304800610 meters. C~hat's all I can display).

This has come up before l I suppose it you do a search up top you might tlnd It.

I'm with you Jobo.,. I've always used the US Survey foot or the meter. With that exam coming
up in less than a week/.r sure am interested in finding out ifI in factI Arizona uses the
International foot instead of the us Survey foot.

,;'Point ofBeginning Message Board - Messages View
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Christian (still unsure of AZ 'feet')

The difference is about 2 parts per million.....

I appre<;iate the info Grant.

I feel completely confident in my knowledge of the definitions of the various 'feet' - 39.37"/12
for USft and .3048m for International foot. '
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lnRn; rnnVprc:;inn fi'lrtnrc:; i1rp rnnl RF'mF'mhpr thi1ti1 nirl<p( je; E) ori'lm<:;; i'll, Ie; hill ie; 1 ari1m; i1
penny is 0'.750 diameter

My main concern is that the AZ Statute says '0.3048 meterexact value'. I looked up the.
international foot conversion in a surVeying textbook and...viola! 'O.3048m (International foot)
=denotes exact vallie'.

Re: AZ footsies
Posted By Christ/an Clausen on 6/28/2001 at 12:01 AM

I'm with you and Jobo... I don't see why the USftwould be deviated from in AZ, but the wording
of the statute seems to indicate that that is the easel' '

There is a warning in Foote/Davis that if you want more that 6 decimal place a.ccuracy,· you
should use the 1200/3937. .

I guess I would get a definition in a reference like Foote/Davis,:, It looks like your state is
rounding it off. I can't imagine they intend to go against everyone else. Same as Jobo except he
is giving you the reciprocal equation or how many feet in a meter which agrees with the
textbook.
Grant

Some of the posters on that previous post warn that ',if you don't use enough decimal places
when you convert state piane coordinates, you can have big problems. '

Also, Foote/Davis says. that many hand held calculators are programmed with the International
conversion. .

Re: AZ footsies
Posted By Philip- Huntoon on 6/28/2001 at 12:37AM

As Grant says; "when one converts state plane coordinates, you can have big problems." .....This
is because the 2ppm error is large; when one is away from the reference point of grid .•. ,

All the HP calculators I have ever used use 2.54cm = 1 'inch .•. ;ie the 1 foot = 0.3048 meter'
value; not the survey definition.....

My TI-99 goes out to 14 places; When I fire it up again; I will get a more accurate number....

This 2 ppm "error" can easily get swaiT!ped with the temperature error of an EDM ... '.

Point ofBeginning Message Board - Messages View
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Re: AZ footsies
Posted By JOE GLIDDEN on 6/28/2001 at 12:48 AM

Philip, ,
Well Philip, you are cool. What would t~is board do without you. I now like Engineers.

_ ..1;'
Jobo,

Re: AZ footsies
Posted By Glen Cameron on 6/28/2001 at 6:45 AM

Using the calculator in Windows I get
1200/3937=
0.304800609601219202436404876809754

Cheers,

Re: AZ footsies, , '
Posted By !2..ria_n D. Ewing,. PL,S on 6/28/2001 at 8:32 AM

Christian, " , . '.' 'f'. '

In Arizona, some boneheads leg'islated the Internation.al Foot pS the !Jnitfor spes, '~t3. The Us
Survey Foot is still the basis of all PLSS records,' though; it WIll only 'make a sign'ificant '
difference.when converting coordinates, but.watch your~elf; not all, software knows about
Arizona's idiocy. BTW, I'm IicenSeci'iri AZ and CA. ',' < " " ' '

,---Brian
Modified By !k.ilm..J:b..£w;n!k.EJ,.S. on 6/28/2001 at 8:34 AM

Re: AZ footsies
Posted By Cliff Wag/2er on 6/28/2001 at 8:42 Aivf

Christian,
The use of US vs International foot you are speaking of qnly relates to the St9te PlaOe
CoordinateSystem in Arizona. While I am not in Arizona so I'C21O't relate to you the exact place
to look, I do know that this is defined ,in the SPCS specs, which may in fact be what your looking
at...The standard varies State to State.. :sorile'use'fnte'tnati6nal, some 8S...1n' either case most
daily survey work would show negligible differen,ces. However if you convert from metric values
it will make a difference'.;',.I suoge'st you rook at 'reference rriaterl'al.for your SPCS to find the
standard ",' ,":":' , ,< ' ',.'" ; ,,/.'" ~'" ' , , ',.'.'

Re: AZ footsies
Posted By l.ewis_,Qark on 6/28/2001 at 9:56 AM

Isn't NAD '83 on the international foot? Aren't all states that have legislated NAD '83 using the
international foot?

Re: AZ footsies
(lo9tcd By GhriatJan Gll1uacn on 6/2D/2001 a(;'9.'SG AM
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Many thanks Ron. . . . . . . '. '.

.. .
For NAD27 State Plane Coordinates, Arizona uses ~he·,U.,S. SuryeyFoot.

. . ' . ,"."

Ji,
I

I

I

•I
II,
t
I;,--

*;

I

•!
I

;

I
f

I
I',
I

*I

t

I,

*

Page 4 oflI

. .'

Brian D. Ewing and Cliff Wagner:

I appreciate your sensible, to-the-point answers.

Thankfully for anything other than SPC's the US foot is used.

Appreciate the enlightenment, folks.
Thanks again!

Christian

Point ofBeginning Message Board - Messages View

Re: AZ footsies
Posted By Mr~ Geodesist on 6/28/2001 at 10:01 AM

When NGS developed NAD 83 each state was asked to specify which definition of the foot they
wanted to use; If there is a state law specifying the International foot this is 'what NGS will
pUblfsh. You canloak at an NGS data sheet and see' What foot hasbeen adopted by anystat~ by
looking at the SP coordinates given on the data sheet. . .

For NAD83 State Plane Coordinates,
ArizorJ,a uses the S.L Foot.

Re: AZ foqtsies.
Posted By Cliff Ml1.9.l1ier on 6/2B/?00.1 fit iO:13 AM

Re: AZ footsies
Posted By ;ang'eIQc.l.Lore11.i..ifi on 6/28/2001 at10:i7 AM

. .' '. . ."

Sure enough, the Arizona coordinate system uses the International foot per my statute book.
Seems odd, but at least I knoyY now.

Paraphrasing "Surveying-10th Ed" by ,Mqffitt aand.Bossler (19Q8):.

When SPSC83 wa? deveioped; st~tes w~r~ giyen theopt{on to choose m~ters, US or
International Foot as the preferred linlts. 9 states adopted the US foot and the meter; 6 states
adopted the International foot and the meter; the 21 states adopted the meter eXclusively; the
remaining 14 states have (at that time) not yet legislated a preference. I remember seeing a
table of these states somewhere...I'm guessing it was on an ACSM page s·omewhere.

Re: AZ footsies
Posted By Jeremiah Teague on 6/28/2001 at 10:20 AM



The question whether this value is "InternationM, Foot" or the "Survey Foot"
(or "U.S. Survey Foot") is answered asfono\.~s::;' '

!
foint of Beginning Message Board - Messages View

The NGS has a document at
http://www.ngs.noaa.gov:80/PUBS_UB/FedRegister/FRdoc59-5442.pdf that
defines the "U.S. Survey foot" as 1200/3937 meter or 0.3048006096 meters.

Page 5 of 1f
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Arizona Revised Statue 33-132 specifically defines the Value of the foot to" ,
be useqin our NAD83, Arizona Central State Plane Coordinate system. You
can view this statue at http://www.azleg.state.az.us/ars/3'3/00132.htm.·'

"33-132. Coordinates of system; zone definitions

In part~ the first paragraph of the' statute reads: '

, ,

Last week I gave you (Laura) a rather abbreviated answer whether we use
'''International Foot" or '~U.S. SurveY-Foot" (as I did J.O. a couple weeks
ago); so for the benefit of all (meaning myself), I 'have researched this
topic and come up with the following. Someone please straighten me out
soon if J. got his all screwed up I I

So, two different sources confirm the value of the "U.S.Survey Foot". It is
also now obvious that the value specified by statute (0.3048 meter exact) ,
and the value of 3.280839895 feet per meter (as .derived from 0.3048 meter
exact) used locally in our projections is NOT the "U.S. Survey Foot".

A portion of said document refers to the "International Yard" as 0.9144
l"'l~t~r (01' (Jn~ foot .... 0.J040 Jn~t~I' ~xoct fl'o 111 dividing by J feet), we. con·be.
fairly certain the division of the "International Yard" may in definition be

. ."..

Researching conversion charts one can find' that the "US foot" = 0.3048006096
meters (to ten decimal places) and that the' "International foot" =0.3048"
meters. See http://www.genaware.com/html/support/fclqs/gmap/gmap28.htm.

• ..- ..1."

The final question whether we are certain the value we use is the
"International Foot" or not, is best answered through further study of the
NGS document at '
http://www.ngs.noaa.gov:80jPUBS-,UB/FedRegister/FRdoc59-5442.pdf.

A. The plane coordinates of apoint:'on the'-eartWs 5uiface;'to be used in ' .'
the position or location of such point in the appropriate zone ofthe
system, shall consist of two distances, expressed in feet and decimals of a
foot. (foot value 0.3048 meter exact). One of these' distances" to be known-as

, the "X;-coordinate", shall give the position in an east-and-west direc;tion,
and the other, to be known as 'the ,"Y-c06rdincite",shaH..give the' posfti6h in
-anorth-and-south direction. These' coordinates shalldepehd,on a'ildconform'
to the coordinates on the Arizona coordinate:'systeiTf;'1983" of the horizontal
control stations of the national geodetic,survey in this"state, as these'
coordinates' have been determined by the survey." (Underlines added for
emphasis). ',.-'; , ' ,

It is from the 0.~048 meter per foot va'lue we get the 3.280839895 feet per'
meter value used in our projection files. ,I.e.;:' tile ratio derived is 1 foot, '
I 0.3048 meter = x feet / 1 meter. '

I
I
I
I
I
I
,I
I
I
I
I
I
I
I
I
I
I
'I
,I'



file:IIS:\SURVEY\SurveyStaff\Gmtuttle\STATE PLANE COQRDTNA TP.~\A 7 "RM+";~" t.<-_ '7/'>1 ,,,,..,...

Point of Beginning Message Board - Messages View

extrapolated to verbally mean "International Foot". I am sure there is a
real statement to this effect out there somewhere.
Also, based on the data provided at
http://www.genaware.comjhtml!support/faqs/gmap/gmap28.htm we .may also,
conclude the answer is "yes we use' the Interni3tional Foot .even though ARS :'.;
33-132 did not expressly say so". .

I also found an article at http://www.wsdot.wa.gov/Metrics/ftmtr2.htm thati,
offers a bit of history (J.O.}regardil1g the two (left) feet.

Lastly, one might ask why we'use :the "Internationgl F,ooti,? E.specia/ly since
the NGS designed the State Plane Coordinate System as a "Geodetic" network,
and since the article at http://www.wsdot.wa.gov/Metrics/ftmtr2:htm suggests
geodetic applications be based on the "U.S. Survey Foot".

The NG$ document at http://ww.vv.ngs.noaa.gov:80/INFO/PolicY/st_plane.htmlis
the policy by whichauthbrity is ves~eg w:i.th the. states to decide .whkh
value is used. Arizona obviousiy chose...well,you ans,wer that.

Thanks for all 'the'great info Ron! It coincides with ,WhqtI'.~e learrledin
the Pi3st that it was the,State leg;islatl!.r~~~;decisionto. go w.j~h,the.
meter/foot relationship that results in us using.th,~Int!=rnq.tiqnalFoot
designatioI'). Here's what the Arc docs say about the differences:

; '." ~

In·1959, the directors of the Natio'nal Bureau of Standards arid the United
States Coast and Geodetic Survey agreed on a redefinition of the
inch-centimeter relationship. This re.defii)i,tlcm ,<;I(:fin,ed 1., inchi3sequal to
2.54 centimeters, exactly,or lfoot as equal tQ .0.3048 meters, exactly.
However, thei'r agreement stipulated that the older value for 1 meter
equaling 39.37 inches, exactly, be retained for identifying the 'U.S. survey
foot'. One otthe reasonsfor this retention.,wasthaUhe,$.tqte Plane ,
Coordinate Systems, which are derived from the nationi;l'lgeodeticcontro!
n.etwork, are based on the relationship of 1 meter equaling 39.37 inches,
exactly. The difference between these two valuesfor~thefoot.isyery small,
two parts per million, which is hardly measurqble. but not triviaL.wnen
computational consjsten~y.isdesired. Fundamentalsu·rv~yunits" such as
rods, chains, statute miles, acres, sections, and townships, all depend on
the relationship of 1 meter equaling 39.37 inches, exactly.

,c-ya,
Whit.

Re: AZ footsies
Posted By Mark May-er on 6/28/2001 at 10:37 AM

Oregon also uses the International foot for NAD83, the US Foot for NAD27-;
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Modified By /;"arl BYJ:kb5J.k!~.J: on 6/28/2001 at 11:44 AM

Jobo

Page 7 of 11

Re: AZ NAD83 uses International Foot
Posted By Earl Burkholder on 6/28/2001 at 11:40 AM

Oh No I disagree with Jobo...Must be a celestrial transferance gOing on somewhere...First ,Off i
can wor/( in any unitD 'lou gi';/C mc OD long 00 thcy uro qofino.d.. J ofton uno metern in v/orld.ng on
government jobs but I still think in feet.. its hard for me to visualize meters becau~e I grew up

Re: AZ footsies
posted ByJOE GLIDDEN on 6/28/2001 at 11:57 AM

British - 1 inch = 25.39997 mm
Canada - linch = 25.4 mm
US - 1 inch = 25.40005

Earl,
You are right on the money! If we'stich to meters like NGS has since 1807 there would pe no
problem. How do we get the m'essage out? They won't listen to me, I'm too old.'. -. .

NGS has always used meters. When state plane coordin(,3tes were UinventedUin the 19,'3"b's;'NGS:'
published plane coordinates in feet using 39.37 feet = 12.00 meters: Theda~4;mwas NAD27.

According to a paper uThe metric system for surveyorsUby Ralph Moore Berry (1973), prior to
1959 several relationships were used:

In 1959 a compromise was reached whereby the. International Foot would be 0.3048 meters
(same' .as the ;Canadian i.inch = 25.4 mm). But thousandS of state plane coordinates were
already published otherwi$e and it would not be prudent to change them. Therefo'reifwas·.'
decided .that (NAD27) state plane coordinates woultlcontiniJe unchailged:but theY; would be 
called U.S..Survey Foot to distinguish them from other foot units defined by the International ,
Foot ·relationship: A July 1, 1959' notice in the Federal Register (24 FR ~348) states that the U.5..
Survey :Foot'shaH :continue to be used "'until such time as it. becomes desirable.. and expedient to
readjust> the geocJetlcsurvey network$ +n the, lJnitedStat¢s, after Which the ratio of a yard equal
to 0.9144 meter (the international definition) shall apply." .~. ,. .

Re: AZ footsies
Posted By Cliff Wagner on 6/28/2001 at 1:02 PM

So, once NAD83 is published, which units are to be used for state plane coordinates? Meters?'
The October-November 1988 issue of P.O.B. has an article (page 90 & 92) by James E. Stem, .
NGS Geode~ist, who describes the senario and requested input from the surveying community
on the foot conversion issue. He describes action of several states, Arizona being one of them,

.who attempted to 'live up to the intent of the 195.9 decision. But theupshofof it all, is states Gan.
adopt whatever conversion they choose and NGS' pubJisnE::s coordinates accprdingly. . .'

Could .all ·this confusion be u.sed as an argument t9 !,.Is:e .meters wh~never pO$sible.? The meter .is
defined 'at-a very high degree o'f precision: ancl u$ed b{#cientist{and spatia'ldafa prQfess(6n~ls .
world-wide. Humm..... . .' '. ,,..' ." .

:Point ofBeginning Message Board - Messages ViewI
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Re; AZ fQotsies .
Postea By Ja"!es Webb on 6/28/2001 at1:31 PM

:>}

I to have trouble visualizing meters because each of my feet is a foot!

Re: AZ footsies
PostedBy JOE GLIDpEN on 6/28/2001 at 1 :38 PM

Jimbo

Cliff,
I thi'1~ weagre~.,All I ar,n ,:saying is to use metri~ when dealing with the GPS info. Wait until the.
las~minute to convert. ({)on·'t do i,t in yo.urequipmerit. You'rare dea'ling \K(ith very long distances
anc!as Earl has pointed out, the meter is v'ery well defined.. they will also, have to waitbefore '
converting to meters totally, say in 20 years. . .,

Re: AZfoo'tsies
Posted By Bill McComber on 6/28/2001 at 2:50 PM··

Interesting th,rea·di~olora!=lostarted'wit,h· ~he .U.;S. SurJ(3Y.i=oot. Wh~n NAp83 rolled arouncl, the
Jaw changed to theS.LFoot, then at the flrststirisetreviev'li3fter that, it ch~mged back to the.
U.S. SurveYfoot. So, depending on the era of the survey, you 'can run into various combinations
of numbers. '

with feet, All my conversions that I have stored in my head would have to be restored and there
just isn't any more room up there...everyone who works with rods...chains... links..perChes..etc
can handle a little metric-foot conversion ...I do think the metric system will eventual win out but
I hope its after I'm long gone

Although thiS topic has been fairlyweH di$cussed,Iwouldliketo c;lar!fythecomment made by
Brian Ewing: "In Arizona, some boneheads legislated the International Foot as the unit for spes
'83."

During the initial couples of years (the end of the Carter administration and into the Reagan
administration), NGS had ·proffered a model19w, and NGS had assured everyone that they the
conversion would METERS and "INTERNATIONAL FEET" - ONLY - and that theU.S. Survey Foot
conversion would not ~e an viable optiOH, an~ would not be supported. .' .. .

Re: AZ footsies - from one .of the SQNEHEADS!
Posted By (iregg_T.L on 6/29/2001 at 2:06 PM

In the late 1970s early 19805 the Nation~l Geodetic Survey was preparing for the transfer from
the NAD~27 to NAD-83 datum.

Point of Beginning Message Board - Messages View
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At thit time poriod (ourly to mid lD~?'G)tho,ll,ri.L!onu. ProfcDoionul Lund Curo'cYC?f:J (l\f"1LC)
.Associate was a.ctively involved in promoting the NGS proposed moqel !aw (including the
1nternationai Foot) as the basis for the new Arizona State Plane Coordinate System.

Ini.tially, APLS had supported the NGS recommend,ed language of ju,st METERS a's the basis of
, theconv~~sion, fromNAD-27-to;-83;,however;, at" ~hat time many members in the AZ Leg~sfature

were "anti-metric" in orientation and ,natural procliyity.. : .
So, APLS suggested th'e (NGS promoted) Int. Ft. conversion, 'as the only 6~her alternative, which
was eventually accepted by the legislative members on the various committees through which
the bill needed to traverse.

Various mem.b~rso'f APLS, (including myselfY, from various private, municipal, county, state and,
federal sector employers testified·in favor of the proposed I.egislation. I was in the federal sector
attDe~iJrle?!nd t~stified that, .indeed, NGS .has drafted t~~ 1110gellaw we were just 'copying'!3nd
following their directive; and .also.noted thClt.~GS had in~isteq,on the,InternationalFoot
cODyersionas 'the only' conversio!"ltlicit they.would support., (this was from t~e Carter
adrl:iJ9I~tt.9tioD,infi.yeq~~~,f9rt~.ose qtY9U~Vo[h,:9Anlgbtr~~e!IJb~r;.. ,we.:~~reaO going.to be ,
completed metricified by the early '80s. Remem,ber the duaHng/dueling speed limit signs in both
MPH:& KPH ? And rememoer that the MPH Signs·.:we·re going to be 'phased-out' on the federa.l·
highway systel1}? ." . , . ,

Anyway, The AZ legislative was approved as drafted.

THEN the Reaganites finally took hold in the Federal Government and various age[lcies who were
hell-.on-wheels for metrics began to recant and.back off their "all-Jrletrics or nothing-at-all"
positions, including NGS. ' •
The initial federal pressure to maintain and preserve the US Survey Foot came from BLM;'
The Reagan revolution was rather anti-metrics (similar in philosophical tenure to the AZ .
legislature, past and present.) .
So the next thing we know, NGS has eased it original hard line and no longer pressured the
states for metrics and international feet definition in their respective state statutes.

But the damage has beendone.
AZ had already redefined it as Int. Ft. versus Survey Feet.

As noted above, this on4y applies to the AZ SPCGS, the relevant citations Clreelsewhere in th,is.
thread. '. ' , .
And, no one from APLS, or any other survey oriented group, wanted to go. ri.ght back and open
up the legislative process again. If you have eyer dealt w.ith go:vernl}1ent and'leglslators at" a;by,
level y"6u 'vvili know why theydid not return:to change the aefinites~' ", " .',,', :,',
Ana/"at the' tim~ it was no~ viev..red as a rrtajod)r061E!m~since so few people were actually w~ing
the AZSPGCS (the true realization 'of tremendous impact of ~~S, at alll~vels'dfgovernment was
still a full decade in the future. ' .

The big problem is that the state law did not apply to federal agencies
which continued to use USSF versus I.F.

The other insight is that now, when dealing with data in the Arizona State Plane Grid ·Coordinate.
Systems, in AZ (if not everywhere) it should be each professional'surveyor's due-diligence to,·' .
inqUire as to the meta-data behind the coordinates. Did, in fact, the creator of the coordinators
use an I.F. versus USSF conversion.

The problem is so invasive that our survey organization (within a quasi-governmental utility
provider) will NOT supply NAD;,.83/HARN-94-2001 SPGCS except in METERS. Requests and user

file:IIS:\SURVEY\SurveyStaff\Gmtuttle\STATE PLANE COORDINATES\A.Z Footsies.htm7/31/2001
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A US foot man,

Philip

Well, this note is another 'novel-for-television' response.
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Gregg; great poston,the history of the metric stuff....

Re: AZ footsies
Posted ByPhilip Huntoon on 7/1/2001 at 2:37 AM.

Gregg," , " , '" _',
What a excellent post! I think Brian w?iS ~al~lngniore out of frustration than a.nythi'ng eis~~ The
whole.Metrj,c:debfite hCls.~s,all gping.HereJn.was~.ingtonStat~ they had,us g6ing'r;'1.~tr!(; un~ii
last year. Too '11any ho[ror:-stori~~: Ibeliev~ ~s su~eyors d~alirig with GPS however vye' shQuld, ,
stay metric and forget the US- foot against the 'Internatibncii' foot. • ' - , ... -'"

Greg,9 Tuttle/ AZ-RLS

SRP LAND-Surveys Division,

RLS member & Chair, AZ-BTR

Thanks, if you made it this far, for taking the time to peruse it.

Re: AZ footsie~ _
Posted By JOE GLIDDEN on 6/29/2001 at 2;17PM

of the documents can then convert as they deem appropriate.

We trust no one who submits AZ SPGCSdata'for which we can not confirm the meta,-data toa
high degree of verification.

Now, 15 years after the passage of the origill'al AZ SPGCS statute re.visions, ari,d 4-years.atter'
they became mandatory, it may be time f6r'the state surveying society (APLS) to havea debate
UII WIH:!LIt8f UIE: ~LC:lLuLes 8re in need of revision (especially the antiquated sectIon in ARS .:U-l:;:;
& 137.) i.: "

In closing, I would like to relate a quick story about testifying before the AZ Senate Commerce
Subcommittee, which was reviewing the proposed legislative changes. A very well know political
leader, committee chair, and banker was very,very !concerned that if we changed the coordinate
system, it would change the location of the prop'erty he owned!!!!! At' first I thought he' WclS just
'shining' me - and when I chuckred he 'reacted very negatively, aFld verbaHy reprlinanded me for
me flippant attitude. Before I cO!J.ld.'reply, 'I Was rescued by another 'senator' on the committee,
whc;> was a' pilotfor a rriajor(at the' time Pan Am)aJrline, arid with his:bacJ(ground'in 'navjgation
he couldassure the banker (and're'al estate broker, 1 might add), that changing a cbordi'rfate'
system would NOT change the,locatipn of the"p'rbp'e'rty. .. ..
This was one of my first insights into how very, 'Very little most people know about our field 'of
expertise, and revealed that an even more minuscule fraction, of otherwise verY intelligent

-people, have any insight and understanding ofwhat it is all about.

Point ofBeginning Message Board - Messages View
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This should be taken as an example of how not to do things the next time there is a need to
legislate units for a coordinate syste"m. "
---Brian
Modified By f}.J.iP..J.J...P~"Jl.fn..9T....P..J.s..on 7/2/2001 at 3:02 PM

Gregg,
Good post, but it reinforces my view that the International Foot was legislated out of ignorance
and lack of roresl!;lht. Admltt~tlly, Clllll~ L1fft~ nu url~ kfl~w 1IIdLII!:!W L~L1IlIUlu!:Jh::!!:> (lJdtl!culdr'ly
GPS) would cause widespread usage of SPCS83, In my opinion, the Internatippal foot is a
seldom used unit that should not have been selected for this purpose, given that all land records
and SPCSi7 use the US5urvey foot. If you want to go metric, use the 51 Meter, not some half
assed unit like the International Foot (which is a misnomer, since the international standard is
the 51 Meter) ," I've performed surveys in 23 countries on 4 continents, and the only place I ever
used International feet wa~ in Ariiona.
Thanks for the historical info. I didn't know NG5 was pushing the international foot at the time.

Page 11 of1l

Re: AZ footsies
Posted By Brian D. Ewing,. PLS on 7/2/2001 at 9:30 AM
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A DAfUM is the foundation on which other structures and/ur work arc built

DATUMS
Joseph F. Dracup

National Geodetic Survey (ret.)

• In surveying, Geographic Infonnation Systems (GIS) and Land Information Systems (LIS)
DATUMS are r~quired to provide horizontal and vertical positioning bases for the systems.

• In the interest of uniformity, employing the latest national DATUM for each of the fundamental
, elements (horizontal and vertical) is best., However, this does not preclude employing several
DATUMS in the preliminary compilations provided relationships exist, or can be determined,
toacceptable accuracies between the specific DATUMS and the presentNational DATUM.

;.r . .

• Relationships exist between all.U.S. National DATUMS and also between these DATUMS and
manY local systems.. For a discussion on this subject see: Dracup, J.F. 1991~ "Methods for
Converting Earlier Datum Plane Coordinates to North American Datum of 1983", S.urveying
and Land Information Systems, Vol. 51, No.2, 1991, pp. 75"'82.

• AnylocalDATUM (system), regardless of its internal accuracy and geographIc extent~ that has
not been converted to a National DATUM has only alimited value for GIS and LIS identifica-
tion purposes. Several possible solutions to this problem follow. .

., .. The best way to convert local systems to a National DATUM or one for which a relationship
with the Natiorial DATUM exists is to connect the two systems by surveying methods.

.• .where only one point of the local system is tied to the National DATUM. all points in the
local net can berissigned National DATUM coordinates; but no fully satisfactory verifica

,tion of the connection is oQtained regardless' of the number of National DATUM points
invdlved in positioning that one point. .

As alast resort. in very isolated places where connections to the National DATUM are not
practical, coordillates scaled from the best available map based on a National DATUM may
be used. Such coordinates should always be prominently identified as SCALED values.

1

, '

for vertical position (elevation) conversions, at least two points (bench marks) and
,preferably three or more of the local net should be directly tied to at least two National
DAWM bench marIes. As a general iule.a mean ofthe differences can be used to convert
all the local bench marks.

for ,horizontal position conversions. at leasttwopoints and preferably three' or more points
in the loc~ system should be connected to at least two and preferable .three National

. DATUM points. This method proyides verification for the differences in distances (scale)
and azimuth (orientation) between the National DATUM and the local net. If arecomput
ation is not feasible, these differences can be incorporated iIi translation and rotation
formulas discussed in Dracup (1991). .

where a recomputation of the local horizontal system is feasible. but the original obServa
,tions are not available. angles and distances computed from the local coordinates can be
used.

•

•

•

•
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The following National DAWMS have been or are presently used in the contenninous United
States for horizontal surveys.

1 New England 1879-1901
2. U.S. Standard 1901-1913
3. North American (NAD) 1913-1927
4. North American Datum of 1927 (NAD27) 1927-
5. North American Datum of 1983 (NAD83) 1983-

Datums{l), (2) "and (3) are identical for all purposes, only the names were changed.

• Prior to 1879 detached pieces of the triangulation :were computedon independent astronomic
DATUMS. This practice was colltinued in a few, instances after 1879 by the U.S. Coast and
Geodetic Survey (USC&GS) for special surveys 'in isolated regjons and by the U,S. Geologi
cal SurVey (USGS) for mapping control in similar locations such as mining districts, where
connections to the national DAWM were not feasible. One such case is a small second-order
network oQserved by the USC&GS for the Intemp.tionalJ30undary Commission (IDC) at
Nogales, AZ in 1892-1893. Most of these inqependent systems~ including the Nogales net,

.were eventually incorporated in NAD andlorNAl?27, . .

• :in 1910, the U.S. Standard Datum waS extended into Arizona for the fIrst tune. The records
may show horizontal control points established in Arizona on the U.s. Standard Datum, NAD.
NAD27 and NAD83. As a case in point, positions for points on the Maricopa-Yavapai county
line are available for NAD, NAD 27 and NAD 83~

• About 1990, the C&GSINGS began observing High Accuracy Reference Networks (HARN)
on a state-by-state basis with points spaced at 15-60 miles, using the Global Positioning
System (GPS). These controlpoints have NAD83 horizontalpositions and arec;onsidered an
.upgrade to the existing reference netvwrk, but independent of i~ The relative accuracy of the
HARN positions is about one pmt in a million, .In addition to horizontal positiori$~ the points
also have vertical coordinates referred to the refe~nce.ellip~oid and identifIed ~ellipsoid

heights. These heights can be reduced to orthomytric heights, the usual1forrn ofelevations, by
applying the geoid height at each point. P()ints in, the statewide existing referepce. system are
adjusted to the fI,AR.N, resulting in two sets ofNAD83 coordinates being available for each
point. While the differences irithe coordinates.are unlikely to be ofsuffIcient size to cause

.problern.s when used for GISILISpurposes, there will.al"Yays be opportunities for c;onfusion to
arise~ For this reason, SOIne sort of positive' identifIcation system should be instituted.

The following National DAWMS have been or are presently used in the contenninous United
States for ~ertical surveys ..

1. Sea Level Datum of 1929 (SLD29) 1929-. fu 1973,SLD29 was renamed to the National
.Geodetic Vertical Datum of 1929 (NGVD29) 1929- .

2. NorthAmepcan Vertical DatuItl of1988(NAVP8~) ,1988-

• Prior to '1929, therewere several adjustm~ntsofthe National leveling netWork as it existed
in 1898, 1903, 1907 (partial) and 1912 (partial). Each ofthese computations can be
considered a separate DATUM, although,the differences in elevation for comnion bench
marks are likely tobequite small.. .

• Tn addition to the USG&GS (C&GSING$),geode~cquality levelingl1as been observed in
Arizona by the USGS and other organizations including the railroads.

2
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GEODETIC CONTROL
Joseph F. Dracup

National Geodetic Survey (ret.)

Prior LO 1985. U10sL hOrizOUlM GEODETIC CONTROL was established primarily at the federal
level bythe USC&GSINGS. and mostly by triangulation methods. Other agencies. federal and
otherwise including the private sector used mostly traverse methods. These methods. along with
rarely used trilateration. are known as the classical methods when employed individually. and as
mixed-mode methods when employed in combination.

Since 1985. the Global Positioning System (OPS). employed in the differential mode (DGPS). has
dominated the horizontal GEODETIC CONTROL scene and will continue to do so in the
foreseeable future. In the differential mode, 2 or more receivers are operated simultaneously
observing the same satellites.

Where higher accuracies for vertical control are required. the classical method for establishing
vertical GEODETIC CONTROL using levels and rods will continue to be employed. However.
for many purposes. the vertical coordinates available from GPS observations, corrected for the
geoid-height components, will be satisfactory. Geoid heights can be estimated presently to about
O.lm (4 in.) in many cases and rarely worse than O.3m (lft.)

Jbe methods described in the discussion onDATUMs for converting local systems to a National
DATUM can be modified when GPS is the modus operandi. especially in those cases where a
single Base Station or ContinuQus Operating Reference St;ltio.n is employed. Regardless of the
procedures developed, the observingscheme should provide sufficient verified information to·
reScale and reorient the original neUo the National DATUM.

.~ . .

G~O:bETIC CONTROL is expressed by positions dermed by latitudes and longitudes and
assoeiated plane coordinate systems referenced generally to a National DA11JM. such as NAD27
oriNW83. and/or elevations above (orbelow) an adopted reference surface. suell as NGVD29 or
NAVD88.

• Plane coordinate systems inclupe the State Plane Coordinate System (SPCS). Universal
Transverse Mercator grid (UTM), Local Mapping Systems based on conformal map
projections and Tangent Plane gridS. used as intended or as modified for scale and
elevation, the latter identified as Project Datum Coordinates.

GEO[)ETIC CONTROL is classified in accordance with the relative accuracy between adjacent
points at the 95% confidence level, khown statjstically as 3 sigma.

• Accuracies are expressed in proportional parts for horizontal surveys and by a simple
formula for leveling. As examples, the accuracy standard for First-order surveys.made
following the classical horizontal methods is 1:100,000 between points; and for First-order
class I lev~ling, L5mm ...JK where K is the distance between bench marks in kilometers.

. .

1
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• The same question is mandatory when requesting data from state and local governments
and private holdings. . .. .. .

. .. '.' .

• Several Federal agencies, including the USGS, Forest Service among others, maintain
..... large data holdings obtained from theirown surveys. most accomplished to geodetic.

standards or Close approximations to theIn...The.oru~question that must always be asked.
when requesting these. data, are their current status with NAD83 or NAVD88.

1
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1.5 mm ~K
2~0 mm ~K
3.0 mm ~K
4.0 mm ~K
6.0 mm ~K

1:100,000
1: 50.000
1: 20.000 .
1: 10.000
1: 5.000

Vertical Surveys
First-order class I
First-order classII
Second-order class I
Second-order class II
Third-order

• Accuracy standards for surveys established by Classical practices follow:

Horizontal Surveys
First-order
Second-order Class I
Secoml-onlel' class II
Third:"order class I
Third-order class II

•

. .

Accuracy standards for horizontal surveys established by OOPS
M 1:100.000,000 .
A 1: 10.000.000
B . 1:·. 1,000.000
Plus First-order to Third-order Class I standards from above.

Specifications for carrying out field operations. for all accuracy standards, are .designed to
produce accuracies better by a factor ofabout 2· than the standard itself...That is,·specifica
tions for FlXst.,.order horizontal surveys will give accuracies orabout 1:200,000 on the
average and First-order class I leveling about 0:8 mm~K.

High-precision photogrammetry surveying· (HPPS) can be used to establish densification networks
to second-order class II (1:20.000) standards within a reasonable timespail and at modest cost.

. .

• In other times. the C&GS issued lists of field geographic positions when the adjusted data
would be-delayed. These computations. while reasonably consistent within themselves,
were based on only two positions from the geodetic mes and no effort was made to
distribute the closures. No SPCS were computed by the C&GS. although it is known
some users did and probably considered their surveys to be computed on NAD27. Data
history should be known prior to using.

- . .'.

.When favorable topography exists. GPS kinen1atic'~urveyingmethods can provide better results
than HPPS for such networks and probably in a shorter time and at less cost, in many instances.

Large amounts of GEODETIC CONIROL datfl arel;1eIdby numerous Federal agencies, state and
loca). governments and the private sector: ByIar. the largest collection, best organized, most up.,.to-
date and the easiest to obtain are the data files of the C&GSINGS. .. .
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Project Datum coordinates are coordinates that have been modified to create a grid at
average project ground level. When SPCS and other mapping grids are so modified, the
modification usually includes averaging out the scale ~duction inherent to such systems as
well. These grids have long been favored by those whose survey work is at ground level.
Unfortunately, they are often placed in the fIles as SPCS values rather than modified
coordinates. In some cases Project Datum coordinates have found their way to other users
who thought they were SPCS values, with the inevitable result.

Caution should always be exercised when using GEODETIC CONfROL data for which
little information about its origin exists. Even data from the best sources should be
examined for obvious mistakes. . '

3



SUrtJeying and Land Information Systems, Vol. 51, No.2, 1991, PI" 75-82. '." '.

Joseph F~ Dracup

Methods for Converting Earlier Datum Plane Coordinates
to North American Datum of 1983

AB$TltJ\.ct~With the completion ofthe North American D~tumof1983 (NAD 8~), one o/the maj~r questions
tttltaillilfg .i!l~ ''V¥'m} ~h(juld Wdom: willi l1li: thou,alld, of points pDsUi6ncd Drily on North American Datum
of1927 (Ni\.P 7.7)aI14earUer datllffl~ via plane cPordinates,ystems?1' In1etroSpef:t; fell!. pre"NAD 27 systems
tiJer¢ co1iv~rie1to thAt datum. The reasons for retqjningthese pre,NAp: ?ZsYS,t~'!Js' ~re;pq?h:l i""11J!l~ycl!s'es,
even today. Eow~er, if the decision is to converpo Jhe,2tateJ"fl!!eC;op{dinqte.$yS,temp! l,9#3. ($PC$. ~3);
recomputation is the best of several methods availaqle; Other effective ptpq:dures, inclll~e.the, 4se,of translation
and rotation equations.for pre-NAD 27 systems and weightedmean differ~ncgs for most spes 27.' .

this gri4i?entirelys~l;isfactoryf()r II1()st ,pJJ.};poses when
. kept wUhin tneaforemellqpned ~ea:re~t#cjjon.Tan

gent plane sy~tem~,ar.E7iq.ef1tjl::arjn<:;RnSri?~to grids
long E7mpl9yed by1fl:tlds'tP,'eYRrs~. wh~r~ the origin.
is depned, 1:>y <lS~HIl1eAi~qpi:din~t~~Qr t1w,points ref
erel1c~A tq qll~q.ral'\.ts;rel~JiYe,JOthe orjgfit with ori
en~~p.9n a~ e:>rn~iil:1?y th~ grigin., .' . .

When converting tang~ntplane cO.9rdjp~tes to any
othergriA~ itj~ iJ:):lpqrtal'\.t, tp reffieIl11:>,~i,' that many
system~ .were· referEmq~4 t()som~eleyajion surface
other than s~~Jevel. Thj~m~t~etmllst1:>edealt with
when converting sUl:h systep,lS tpot~~r,@AS. In par
ticular, one must be aware that NAD 83 is referenced
to the ellipsoid" not t() sea level. 'The difference be
tween the two stirfac~s in NAD 83 amounts to about
100 feet irithecon'tetIriin<:>usUhi.ted States. This dif
ferehce is'stiorractedft6m:sea4evelelevatlons to ob
tain eI1ipsoidalelevatioris~IhSoIrte'instam:es, tangent
plane grids were rotated abotltthe origin; this rota
tion mustbe considered in the conversion process as
well. .. .Plane C9oi:dj~~f~.$ys~ms in Use

intheiJnftedSt~~es,

P'lane coordinate systeIlls' ate probably 'as old as stir-:
veyingJtself. mtheUnitedStates, ltis, generally,rec
ognized thatSimeoIl Bor:de.n set'lip the£itst
comprehensive grid system when he designed a live
zone tangent plane grid for Massachusetts ill the IM()s.
In the interVeningperiod~severa1types of grids ha:v~

been employed•.

NAD27 Systems
With the' advent Of' SPGS,····whi¢h,useCl'· conformal

. m~ppii1gproj¥tl?hSf~tthe~~'sySfems"imuch larger.
aref3,s could be accomrriddated.w'ithih azdhe or band..
c~rrecti.0I1scOt!tld be e'~silymade'.to~cc6unt for the
scaleerrdrsIOroy the·Michigan Lambeit'system was
referencedt~'anelevatidn6the~'thanse~level.How-

··ever;htlIrterous local grids,. kric>Wn: as· prOject datum
Pre-NAD 27 Systems: coordinates;.' were. developed fer speo.al,situations.

Ph.. ·o...r to... th.. i.e .de.. ·.v.·.e.J.o.·.....p.·..m.·.···.•.e.n.·....·.t.·.·.·.O.·.f..·.•,.,st'.c.• •... ·.·,S.. ·.i.h.·..'...1..9.:. 3.·'.3.; Irt.··ost sys- The~·e<'griciswerederive~·'ft0InSi?~gahdreferenced
. b d'" .. .. ' . tblol=~lelevatidnsI Suth'¢oofdina,tesy~t~tnS must be

te..~~.•..w..·.·. ere '. ase..•......•..•.ori. t.an&.en.·t plan..e.··..•..gJ:l..•..' •.o.s..·•.. ·.Th.'es~,. ~y?:" h···· ··d··l a .. l' ., . . . .f . .. ..... .... .. . HI' '0' Q' i,' ' .• hi 20 ·aheupf:o·perXl~·a.lly/'transo'@atil;1t\ procedure.
:bi§~:tle;~~~S~\f\;ee~~~h;;;~Jg~li~tl~~ SuiprisirigWia'few:tnajdtt~Ilgeht*"Ia~¢·$rst€mSwere
scale error introduced to abou;tl:5(),()Ob~EventQAay, setup after :PC~cameintquse~:ri~ta;bl}rtheone used

. byHi'e'ae~el~I\~ ,~~wonaL~¢O'dei:j:~'54r\tey.
__ ,...;...;.,...;...;. ~....,;,.;;;.,;;.,.". .........,..,.;;;.;.;.- -"'~. Later., aboutthe:tlme ofW6rlA war IIj,the Univer-
J~s~ph f.~ D.·rac:.u.p., is., r~tt.~edirom.· the N.Jl:.t..z.·ol1al Gebdetrc sal Trarlsvei'se'Mer~at()t(uTM)gtid Was'>4eveloped
SUnJ.&,iq~~Te he served for39 years; Heiesides at 12934' bytne IDilitaryIStill'leitet> sp·eQia.l'grldSFsuch as the

.D~sirt Gle~'Rri'l!e,SiinCitiWe~t,. AZ 85~75. . .. oblique systeh1;werelised ihtneNdrthe'ast Corridor

Introducuc)n

The neW adjustment of the NorthAmerican Da
tum (NAD 83) resolved· most of. the problems
inherent tp NAD Z7and included almost all of

the points in the national geodetic files. The tbta.l
amount~d to 'more than 250,000 station~ of all orders
of recogni~ed accur~cies. HoweVer~)l large nuiliber
ofpoint~ were c~mneJ;:teA to NAD 27 anA earlier da
tums by' the public and private Sel::tPr fOr which ob,;,.

. servationsdid notappea.r in the~e .file~. Qf course~

these PQints were not incll.;l<;l.edin the NAD 83 fUn
damental aAjustment. F:u.rtherJ:Ilore~·many of these
points are still being used to extend and control sur
veys. It is to this group of points and their possible
conY~r~t()n. Je:> 1:'Jt\QA~3tha.t .this article is directe<;l..
Plan~ coordinateswilibe u~eda.sthemeans for lllak
~~. the tra.n~fotiX\atidhs~.:atthou~hreferehcesto geq
detic practices will be given dnOcd:lsi6h.
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Surveying and Land Information Systems

1. California, zone 7 spes 27, to California, zone
5 SPCS 83

2. Montana, North, Central, and South zones spes
27, to Montana, spes 83

3. Nebraska, North and South zones spes 27, to
Nebraska, spes 83

4. New Jersey, SPCS 27, to New Jersey, spes 83
5. New York, East zone SPCS 27, to New York,

East zone spes 83 ,
6. South Caronna, North and South zones spes

27, to South Carolina, SPCS83

Changes in the eastirig origins for the Michigan
Central and South zones and the Texas North Central
zone also cpmplicate the conversion process. This is
because while the angular change in the particular
convergence is a constant, it does not translate into
a constant linear shift in the Eastings. Method 2 (de
scribed iater) is satisfactory for use in these instances,
too.

Changes in scale-factor parameters for' zones in
Mississippi and Wyoming can be converted to spes
83 by scaling SPCS 27 accordingly. Shifts in the Nor
thing origins for the Louisiana zones, Maine East zone,
Maryland zone, Mississippi zones, New York Long
Island zone, Tennessee zone, and Wyoming zones
for SPCS 83 can be taken into account when equating
SPCS 27 toSPCS 83.

Pre-NAD27 Systems
Possibly abo~t ~90 to 200 local coordinate systems of

,various sizeswere connected to'earlier datums. Most
systems were developed fdt cities; counties, water-

Other Grid Systems
The Military Grid System (Sharp 1943) covered the
conterrriinous United States with seven zones, eacH
9 degrees wide in longitude. A polyc6nic projection
was used within each zone. This system was devel-:
oped during World War I and continued in use by
the military during the early years ,of World War II.
Coordfnateswere in' yards. Conversion to, NAD 83
wouldprobably be done best ~a geodeti.c coordin~tes
once the actual datum used 1S detemuned. Dunng
World War Ii, several harbor deferisegrids'were es
tablished on the Lambert conformal projection. In D:\0st
cases, the coordinates were defined in yards. Here,
too, determining which datum was used may be ~if

fkult. In most instances NAD 27 was used for, grtds
in the United States,; The,method suggested for those
SPCS where the fundam.ental parameters were
changed for NAD83, discussed next, should work;
for these systems as well. '

of the United St~tes.UTM coordinates based on NAD
'27 or earlier datums can be transformed to NAD 83
by the same methods described for SPCS. Converting
the Northeast Corridor grid and similar oblique sys-r
tems by approximate methods would require more
treabnent than is discussed here. '

spes 83'
With the NAD adjusbnent of 1983, most states i'e- Synopsis of the Problem
,tained their essential spes parameters, thus making The first' and perhaps the 'most important question
the transformation process somewhat easier. How': that needslo beanswered is, "Should coordinates'
eve:r, most changed to meters as the,defining unit of for 'points 'on earlier datums be converted to NAD
measure. The SPCS associated with NAD 83 posi-, 83?" Cle,arly,numerous considerations enter into this
tions is termed spes 83, while the previously existing' decision. The most obvious is cost, not just for the
system is distinguished by the designation SPCS 27 conversion process, but also for time spent docu
(Stem 1989). The National Geodetic Survey (NGS)has menting these changes ornotatioris in t,he records
so far published SPCS ~3 coordinates in metersonly, and derived documents,; Another is the need for users
although there are indications that this policy maybe to familiarize themselves with a new, system, espe-
modified. Several states retaineq. the U.S~SurveyFoot. cially users ofpre:-SPCS27 grids.' ' ,
when c:onvertingf:r;om met,ers,and about the, same Perhaps, the most important consideration is, "Will
number indicated their preference for ,the Intemi:l- the new system be better than the oneit replaces?"
'tional Foot for such conversions. The U.S. Survey Relative"accuracy of converted points falls into this
Foot was impli~itfor SPCS27. Only one state retained' category as well. However, for cartographic ax:d par
the SPCS'P constant on its eastiitg. origin (but in cel identiQ;cationpurposes, a lesser accuracy 1S usu
meters); and many placed constants on their northin?, ally more acceptable than for control or extension of
origins. The changes in origin constants· and the umt control needs., These are the more basic considera
of m.easurem~nt used in the particulat SPCS 83 must! "tions. Othe~factorsmay carry more weight in some
betakeriinto account when converting from spes 27 instances, of course. A brief discussion of the various
to SPCS 83. " systeIIlS,follo~s.

The followjng states radically changed the basic pa-
rameters for their SPCS 83 (Stem 1989). Conse
q-qently, transformations from SPCS 27 to SPCS ~3
will be complicated if the recomputation method 1S,

not used. A practical solution (Method 2) is suggested
later.
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shifts or equivalent plane coordinate shifts, can ac
complish the task Recomputation is included again
inthe foUowing discUssions, but with a less rigorous
emphasistha!il suggested by NGS. Only two exam
pies are given here, neither being complete in a total
computationa.l sense. Regardless, both should pro
vide sufficient qetails fpr anyone considering the use
of 7ither, method. A,few cPrnments on graphic solu~
nons are found at the en4' of this section.

SUrveljing and~n.cf In!or11'!(ltio1f Systems'
"," . '. . .' ..." .. ,;" '..~ .

ways, and a few large land parcels such as mines,
major engineering projects, and the like. Some were
converted tq NAp, 27; a l11ajority were not. Those
systems that were transformed served mostly carlo':'
graphiC purposes. It can only be assumed that most
of the other systel'Ils continued to be satisfactory for
local survey control andniapping uses. At least one
system proved unsatisf'l.ctory, but the local surveY():r~'

fou~ldwaystow~l'k ar~und tlle.,problems.Qnc ppm(

"'~:«tIl~~i;~~:j~~~4~t~o~;fta:¥e~X~Y!t
sury~y~can be expeftlfcl eY~l1i£ a compJetely new
coti1put~tion is made.FurthermQ:re, in ',fuqse cases
whE!re the conversionislUade via translation and 1'0"
tati9~ fOl1tl¢~s ~r simii¥ app~pxiIn,a.tioris;some less
ening in accuracy is to be expected.

'R¢¢omputation
RecomputatiolJ, sh,qu14 always ,be considered the
method, of first, choice when using the new coordi
nates for St,1fYeY'control' or extension of control. A
rigorous adjustment is best, but any recomputation
m7t1}94}ha.t,distpbutes the closures resulting from
subs'til:.tli1ng theSPCS 83coordinates for the control

NAD 27 Syst~ms ,P9h;llsisJar better than, any empirical solution. This
Surveyors undoubtedly ~onnected thousands of local is~eevenin fu9Se cases where it is necessary to .
surveys toSPCS '27.'0£ this humber, p6ssibly oplyemI'~Qxpr~vi()usl)Tadjusted (balanced) azimuths and
200 or so ate in the Iliajor system category, sucH ~s dista.pclt~ in the.prc:>ce~s,
those estliblishe'd for or by states, counties, and citie~." ~;AceD,1any~R~ftisurveysare based on a single con
Mpst o£the basic points in thesesunreys became part trot p():irt ~~qe~tabli~l:leq1:>Y spur or loop traverses,
ofNA-D83; ho:wever,ofllY, a'hahdful of the large recomputation seems thE! si,tnplest solution. No scale
nUthbetofp"ints sUPl?,lefuentalto:these ,nets, v.r.erf! correction for length changes between NAD 27 and
ihcluded.: It isheretha't'thegieatesftonvetsion effort, NAD 83 come into 'play, only"azimuth changes.
isexpedted tobe f0til1dihthecorriirigyhts. Theba.siC . Moreover, if less than 4 seconds of are, such changes
consideration~eniirriera:ted:e~rlierlipplyhere as well, " can offen beigrtored becau$e the maximum error in-'
although the matter of flirriiliarity'i~n:otthought to troducedin thecoorcllnlites is only about 1:50,000 of
be as big a problem.Unlikefhepre..NAD 27sunreys, the distance betWeen points. Standard rotation £01'
there is.,: a pQs$,ibility that ,the accuracy of points coh..mtilas can he .employed,tocompute the shifts in the
nected<to :NAD 27 rriight be improved if the surveys coordinates rather than a strict recomputation, if

" are act¥allY recomputed rather than converted by, desired. '
ethpirigal thethoq,s.Theseimprovel,l1en,ts.~o"ll:ld result
becau$eJ!leCQPstramts of NAD '4.7 were llirgely re- l?~~~NA6"27$y'He,ri1S
move(tmNA:'Q83t:Iri'instaricesWl\ereoth~r: conver- .Except for a Jew pre-NA-IJ 2Z.10c:al'sys.t~ro$ that use
sidnmethods' are' used, ac¢Ur~cy~stiroa:t!=l$will have onlyg~odf!,ti(rco.or,qinc:l.~~$;tlle',fIl,i;lj9tltyO~systems
tob.emade:6n a case-by"case,ba$i$~ '. were t~gent;p@ne,grlAS. Th~se,:"",illbetraJ:lsformed

, . b_¢~tby;tray.lsl~fii()n an4rotation(f and'R) equations

, '" .. ,' '., '," . ,Co,'.'n"",'.'V.'.·.-.e,;i'...•.~.:."•.~,0...' rt.·..'.'.·..,M.,.'..,..•. e..'...·.~·.Od.s ...,....,... (1)a~A('4.). Thetem:ay be ~. few inst~I)ce$;however,
. . . .' .. whe~the .co~w¢t$ions "'(QuId he better h~pdled via

F'PPJ,"tt>.the a<i~ptioRqfi;Nfti)SQl',J (be:r1n#'st 199Qa, geodetiqcpordiila.tes. Iri.suqh cases, see Dracup et al.
1~99b~,by.th~Fe4~#u :C¢o4e~i:'Q9nttPtc::(jinrrtitiee (1973) for' am~thod tocompute.geQgra,pi.'\Ic coordi-
(fGCC) in 1990 a~ frie natipn~l standard for convert- .
, NAD 27 d ti d' t t NAD 83 (A nates frpm. tangent plane co.ordinate$.For this com-
109, - geQ e c coor tpa es 0 , roer- '. t ti '. 'f· .... . ti I th t th di t b t
ican Cpngress on Surveying and Mapping [A~SM] " puaoJ:l[ l~S,eSseI'l:ajl '. e . sances e a sea
1999), t\JGS,. te¢qpun¢ri.<ieiXtn,t~eJrietlto4s 'Jor. thm,s:. . level (elU~sOJcl fOl7:NAP§p).

11ff~llilft" w::b~~:~~:i~~:~:~ ~~
and' Jox-aan 1987). All have therr rheiits~'Someuse; (Np"Ep):;:: ,:convertedSRCS$$ planecQordinates

.~~fw.!~~J~fi"f~t.£N~~:i .(N,,~ ··~~l~3PIarii".6bTdlli.te. for the
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Changes are computed as follows:

A = _orientation shift consisting ofthe SPCS
convergence at the origin (Co) plus the
rotation angle of the local system' (Ro),
if any( the sum taken negatively (i.e.(
- [Co + RoD, plus the average change
in azimuth (LlA) due to theadjust-'
ment. C is positive for points east of
the central meridian and riegative ,to'
the west. '

= smoothing out quantities that can take
almost any form and( if needed( are
usually applied at the extremities of
the system. The need for these quan-'
tities is generally evident when
checking the equations with known
data. '

= (Y - yo) and eX - Xo) respectively(
where (Yo( Xo) are the local coordi.,: LlL = [(LlN2 + LlE2)l/Z/SF]
nates of the origin and (Y( X) are the
local coordinates of the point. - [(x2 + y2)"ilzEF(1.0000048)]

M = scale change expressed as a factor( LlA = [(Tan-1 LlEl6:N) + Co]
consisting of the average change in
lenp;th(LlL) due to the new adjust- , - [(Tan-1 X/y)- Ra] (4)

ment and the average SPCS 83 scale where (6:L( fiA) are the chang~s in length and azi
factor (SF) for the included area, of th~ mtith; (.6.N( .6.E) are the differences (point minus or
SPCS( multiplied by 1.0000048 to place igin) in the SPCS 83 coordinates; Co is the SPCS 83
the local coordinates on the ellipsoid. convergence at the origin; Ra is the rotation a~gle of
Also( where the local system is not at ,the local system( if any; SF is the average SPCS 83
sea level( the elevation factor (EF).for scale fador for the included area; EF is the elevation
the elevation basis must beiricluded. factor( if any( to reduce the local system to sea level

length; (1.0000048) is the elevation factor to place the
sea level length on the ellipsoid( and (x( y) are as
before (equations [1] and [2]) in the same unit of mea
sure' as (N('E).

For those cases where a geodetic solution is con
sideredbest( results from equations (3) and (4) can
be used to correct the local system distances and azi
mu*s to NAD 83. In tangent plane systems( azi
muths from the qrigin ,and distances recluced to sea
level (ellipsoid for NAD 83) .ar~ considered to be geo
detic values. Resulting geographic position~ (Dracup
et al. 1973) are considered to be on NAD 83. Where
needed; some form o,f smoothirig outcorrections might
be considered. See the previous statement concern-
ing the t<N andKE quantities~ •

Accuracy of Converted Coordinates
The error introd~cedby us.il1ga meall scalefactor and
ignoring the second term (arc-to-chord correction) in
equations (1) and (2) would rarely amount to more
than 1:100(000 of thEil distance between the origin and
a point. The largest errors, ar,e, found in" those in:"
stances where the range of differences on'which 6:L
and AA are based is wide. Several such cases were
noted, in the past ,when developing (T and R) for
mulas for converting 'pre-NAD 27 coordinates to SPCS
27. For'example,thej];jasic nets for Queens and Rich
mond (Stateri Island) counties, New;York( were
warped in fitting them to NAD27~As are$ult( some
converted coordinates for supplementarysu:i'Veys were
in error by as much as 0.4 m; although errors of0.1
mto 0.2 m were the rule. Similar results for similar

"reasons were found' in severai local' Maryland sys
tems and elsewhere. Most of the principal points of
these and many other local nets were included in
NAb 83. The results for' the, converted coordinates
should be improved~perhapsbyasmuchasa factor
ortwo.' ,
, The' hypothetical example shown in Table 1 uses

(rand R) equations. Real data are employed for two
points 'in the Ariiona Central zone. The excellent

(y( x)
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Note that the quantities involving (x( y) must beny
the same unit of measurement as (No( Eo). In theory,
(A) should include the secortd tenn or arc-to-chord
'correction at the origin( but since this correction var';'
:'ies with length and direction ofline(itis best to apply
it to the converted coordinates individu,ally should
the ne.ed arise. These corrections are largest at the
extremities ota zone (N-S for the Lambert system anq

,'E-W on the transverse,Mercator grid); They caIi
'amount to more than 3 seconds of arc (about 1:70;000
,of the, distance), on 10 km lines (Adams and Claire
1935a( 1935b). , " .,

The average change in length (LlL) and azimuth ,
(LlA) due to an adjustment can ,be determined by
taking a representative sample of the data [or each
parameter for points on both datums. Unless one is
faromar with geodetic inverses( the easiest approach
is via plane coordinate differences including the oP-:
gin in each computation (equations [3] and [4]). rn it
large sample( points either very close to the origin or
far aw?yshould( as a general rule( be excluded.lrl
many cases( only those points used as control for the

, scheme to be converted should be involved in 'these
determinations. . . '.



Table 1. Hypothetical example using (T and R) equations.

LOCAL SYSTEMCl,250 ft. elev.)
PEORIA X = +2i535.789~.

Y = -3,378.26~m.

tJ.L = 1.0000050
SF = 0.9999048
EF:=: 0.9999450- Cl,150ft)
M = 0.9998548

'NAD 27 spes

Sutveying and Land Information' Systems

Diff.
+0.009
+0.021

NAD 83
286,117.065
194,873.983

79

Method 1. Step 1: Compute the datum differences
(D.-N, ilE) for the points selected ,as control for the
conversion process as follows:

ilN =. N - NC' where Ne =YQ + No (5)

ilE =E - Ec, whereEc = (X - Xo)Q
+ Eo (6)

(N, E) spes 83; (Nd Ee) ;,:=:SPCS 27 trans
lated to SPCS 83

(X, Y) = SPCS 27; and Xo = SPCS 27 constant
on origin

Q = SFiSF;i, where SFt is the scale factor
on the central meridian for SPCS 83
and SF2 is the SPCS 27 scale factor on
the same meridian~ This quantity only
enters computations for Mississippi
and Wyoming zones.

(No, Eo) = constants on origins for spes 83. No
also includes differences between
spes 27 and spes 83 latitude origins
where necessary, and these will need
to be computed~ .

Note that Y and (X - Xo) must be in same units as
(No, Eo). For Mic4igan North zone;, spes 27 must be
divided by 1.0000382 to reduce the coordinates to sea
level.

Step 2: Compute the distances between each SPCS
27 only point and the control points using spes 27

system, where the local coordinates are simply the
differences between the spes 27 coordinates of the .
origin and the spes 27 coordinates of the other points
(i.e.,.[X ~ Xo] and [Y - Yo]). The standard (T and R)
equatioDs (1) and (2) and the (D.-L) ,and (ilA) equa
tions (3) and (4) are also modified to account for dif
ferences in convergence and scale factors.

Converted HAD 83
Np = 286,117.056
Ep =194,873.962

PEORIA

NAD 83
AM 2 No = 289,500.346

Eo = 192,345.905

-C = +0° 07' 31"28
tJ.A = 02.00

A - '1'0 07 29.20

agr'eement between the converted and kno.wn spes
83 coordinates is due to the fad that the NAD 27
Phoenix net, on whichthe'coordinates are based, Was
changed only slightly by the NAD 83 adjustment.

Earlier, it was mentioned that several methods were
available to transform SPCS 27 to SPCS 83 values.
This section discusses two additional methods. The
first is used for cOlwertii'lg those S.PCS 27 coordinates
where 'the fundamental constants remained essen
tially unchanged for SPCS 83, and the second applies
where the constantscJ)anged significantly.

Method 1 is based on the premise that where four
or more points are common to NAD 27and NAD 83,
well~kij'~wn, weightep.-me~mpractices can be used to
satisfaCtorily convert SPCS 27 points in the same gen-

. eral vicinity to SPCS 83. For best resul~s, the points
common to both datums should be about equally
spaced. There is one condition, however: The points
known only on NAD 27 must have been positioned
from national network points identical to or near the ,
controlpoints. While all tests of the method involved
four or more known points, situations are bound to
arise, especially for traverses, when only two or three
points are known on both datums. In these cases:,
common sense dictates that one use what is available, .
unless this. results in an extremely poor geometric
relationship. Among such poor relationships are those
cases where three or more control points are on line
with the points to be converted, and tho,se where one
or more of the control points are very distant from
the points. In these instances, the use of only the
closest control points should be considered, eyen if
this means using only a single control point for con
version purposes.

Method.2 involves selecting a point common to
both datums as the origin for a modified tangent plane
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Table 2. ,SPCS 47 values transfonned to spes 83 values filrstation HINCKLEY in Minnesota Central zone using
, Methodl. ' ,

== 902, 23 6 . 092
= -18.787

E= 902,217.305
E

P
= 902 i 217~ 3 08

+ 0.003

Surveying and Land Information Systems

m, with a maximum of 0.09 m. Other tests were
also made with equally good results. The NAD
27 network is' minimally constrained.

2~ San Francisco, California: For 16 area points
controlled by four stations with comers spaced
about 27 Ian apart, the average vector length is
about 0.11 m, with a maximum of 0.22 Ih at a
pomt some distance from the area boundary.
The NAD 27 network appears to be somewhat
constrained.

3~ Gainesville, Florida: For seven points in an arc
about 60 Ian in length with two control points
at each end, the average vector length is 0.24 m,
with a maximum of 0.35 m. The NAD 27 net is
moderately constrained.

4. Duluth, Minnesota: For 42 area points con
trolled by four stations at th~ comers spaced
about 85 Ian apart, the Civerage vector length is
0040 m, with a maximum of 0.85 m. Additional
tests with, closer spaced control points showed
a marked improvement in the vector lengths.
Example is from these tests. The original vector
length for HINCKLEY was 0.81 m. In this area,
the NAD 27 network is very distorted.

On the basis of these tests, andassuming that con
trol is available in aq:eptClble configurations at about
15 Ian spacing, the' accuracy ofUte converted coor~'
dinates usmg Method 1 can be expected to be on the
order of0.1 Iri toO.2m. Eyen in $e' worst case, the
error sh(}u1d,rarelye~ceed1.0 m.

(7)

Nc =216,738.115
~N=- .' 4.906, '., p

·N = 216,733.209p .
N =216,733.050

0.159

~N .1E Distance £

-4.655 --19.325 58,724 2.8998
~5.180 .,..18.534 '. 34,271 8.514:3
-4.927 ' -18.839 51,427 3.78~1

-4.465 -18.889 51,235 3.,8095

~N and ~E in meters.· Distances to HINCKLEY,are in
feet.

Note:' .

Converted SPCS 83
SPCS 83

POMROY
S.ANDSTONE
,CROSBY
~ER6uN

····:HINCKLEY

1. Phoenix, Arizona: For eight points within a
quadrilateral with perimeter sides averaging ,Method 2~ CoordiUates inthe Michigan East, Central,
about 25 kni,the average vector length was 0.04 and West SPCS 27 zones that were eliminated in SPCS

control stations

where P = weight and 52 = distance squared. 5 should
be divided by some number to Iilake 1/S2between 0.5
and 10 in most instances. The same divisor must be
used for all distances in each set of weights. In the
following example, (5) was divided by 100,000.

5tep4: Compute the weighted mean shifts (ANp ,

AEp) accordingly:

Np =(Pl ANI + Pz ANz + P3 AN3•••)/

(PI + Pz + P3•••) (8)

Ep = (PI AEI + Pz AEz + P3 AE3···)/

(PI + Pz + P3 •••) (9)

Step 5: Translate the SPCS 27 values to SPCS 83
(equations [5} and [6J).The converted coordinates (Np,
Ep)ate

coordinates and standard grid computation methods
fordistance (i.e., S = [AX~ + AY2pl2)'.

5tep 3: Compute weights for each line as follows:

Np = Ne + ANp (10)

Ep = Ee + AEp (11)

This method was tested in four locations of the net
wOJ;'k. Brief reports for each location follow. An ex
ample of the application of Method' 1 is shown·iJl
Table 2.
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83 can be converted by this method. However, when
using this procedure in those states in which two 0;1,"

more SPCS 27 zones were consolidated into a single
spes 83 zone. (MOntarta, Nebraska,. and "Sotith Car;.··
olirta)/more c~~siderationmustbegiven.to theatc
to-chord· cotr&fi6ns (see note .<tccoinpartying equa- .
tions [1] and [2]). In some cases~ rapidly changing
scale factors may limit the size of the area to be con
verted. Nu majur Fruull::m~ in melhodology are ex~

pected for the other SPCS suggested for this method.
Mter selecting some point common to both datums

as the origin, the locai SPCS 27 coordinates (y, x) are
translated and rotated by equations (12) and (13):

Np = No + yMCosA - xMSinA + KN (12)

Ep = Eo + xMCosA + yMSinA + KE (13)

(Np, Ep), (No, Eo), (y, x), (KN' K0 are defined for
equations (1) and (2). _

M = (SFIJSF2)(~L)(1.0000048)

where SFI is the average SPCS 83 scale factor for the
included area, SFz is the equivalent SPCS 27 value,
~L is the change in length due to the adjustment
expressed as a factor, and 1.0000048 is as defin~d

previously. An elevation factor (EF = 0.9999618) Will
also be needed to reduce Michigan Central and South
zones (SPCS 27) to sea leveL

A = [-(CI - Cz) + AA]

whereC1 is the SPCS 83 convergence for the origin
and C;iis the SPCS 27 value. ~A is the change in
aximuth due to the adjustment. ~L and ~A are com
puted. C1,S follows:

ilL = [(ilW + ilEZ)1I2/SFl ]

- [(XZ + y2)112 (1.0000048)/SFz.)EF (14)

M = [(Tan-1 ilFlilN) + Cll

- [(Tan- l x/y) + Cz.) (15)

See equations (3), (4), (12), and (13) fOJ: definitions of
notations. EF is the elevation factor when Michigan.
Central and South zones coordinates are involved.
The same. general comments given with the section
on converting pre-NAD 27 systems apply here.

. Graphic Methods
In the early years following the completion of NAD
27, conversions were occasionally made by plotting
lines of equal coordinate change and scaling the da
tum shifts. Such methods are probably useful even
today for some purposes. Speert (1937) and Sharp
(1943) give an example and explanation using geo-·
graphic coordinates. SPCS can be substituted for these
values.

Surveying and Land Information Systems
" '. , ,,': -

Conclusiori
Three majofp,9intsare rnade. Firstr it is riot manda
toryt()<;Cln,v~~ta$~rveysysteDi.to .NAp8~\.Second,
wh~n a ded~~on is m'lq~ to convert a .~ys~¢.m, recom
putation is theb,e~t·~()l~tiOl1,with. th~.'W1qvntof rigor
dependlng on~he particular drcurhstance~. Third,
when an approximate solution is acceptable, any of
several transformation methods will provide more 9r
less the same accUracy in the converted coordinates,
although some may be more appealing in a mathe
matical sense or more adaptable.to computers.
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In the absence of a Data Quality Report, ask questions about undocumented
data before you use it.

• What is the reliability of the provider?

• Is the data relevant to the project at hand?

• What projections, coordinate systems, and datums were used?

• Where did it come from?

• What is the age ofthe data?

• Why was the data compiled?

• How was the data checked?

• What Was the density of observations used for its compilation?

• How accurate are the positional data?

• How precise are the positional data?

• Does the data seem logical and consistent?

• In what software programs was it originally produced?

• In what format is the data kept?

• Who originally performed the wor.k? T.hlreview and checks?
~
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THE HORIZONTAL CONTROL SYSTEM

The basis of the horizontal control system for the City of Scottsdale is the Land Survey performed by
Hunsaker and Associates (H&A) as publishec;l on January 17, 1991. H&A values were achieved through
the use ofthe Global Positioning System (GPS). H&A data in their report included latitude and longitude
values along with respective state plane Goordmate values.

The City's Land Survey Unit converted the H&A state plane coordinate values into a modified
coordinate system for the purpose of establishing a horizontal basis for the City's Geographic
Information System (GIS) . The method used in creating the modified coordinate system is unique but
produced values compatible with the varying surface of the earth. The modified coordinate system will be
hereinafter referred to as the "City Grid".

Station 7192 of the H&A report is the'initial point of the City Grid. Station 7192 was also a primary
control station of the H&A network. The state plane coordinate of this station has the same numerical
valueas the City Grid bearing the same station number. All other state plane values will be different when'
compared to City Grid values. The bearing and distance value det~rmined by inversing between any two .
City Grid coordinates will be equal to actual field measurements on the surface. Station 7192 is a 1919
Government Land Office (GLO) brass cap on a 2 inch iron pipe 0.88 feet above the surface representing
the Northeast corner of Section Nineteen (19), Township Four(4) North, Range Five(5) East of the Gila
and Salt River Meridian, Maricopa County, Arizona, Latitude 33° 40' 01.02932" North, Longitude 1110

52' 26.82154" Westand being also the intersection ofDeer Valley Road and 96th Street.
"-

A scale factor of 0.999801686 (A$F) was determined as the common scale factor. The common scale
factor represents the average of all H&A station scale factors for stations within the city. The common '
scale factor was applied to each state plane coordinate station inversed from the initial point. This method
yielded reasonable accuracy when comparing any station to station dimension for surface values..

The GIS has as its origin the City Grid as established through the above described process. The City Grid
coordinates are a part of this document and are to be used when doing work within the City of Scottsdale
having to do with land measurement and.when data is presented to·the city for its consideration.

Example:
COS ground distance = ASP Grid Distance -;- ASF
5000.992.= 5000.000 +0.999801686

To ASP Distance = COS ground distance xASF
5000.000 = 5000.992 x 0.999801686

ASP refers to Arizona State Plane.
COS refers to City of Scottsdale.
ASF refers to Average Scale Factor for COS.

6
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CITY of TEMPE

All coordinates shown hereon indiCate project datum ground coordinates, projected
from the Arizona Coordinate. System, Central Zone, by a combination scale and sea
level factor of 1.0001572*, and translated by -200,000 in the X direction, and by
600,000 in the Y direction.

Coordinate values hereon are listed in V-X, or Northing-Easting, order.

To convert coordinate values shown hereon to their corresponding Arizona
Coordinate System values, utilize the following formulas.

.XACS =X coordinate value on Ari~ona Coordinate System
·YACS = Y coordinate value on Arizona Coordinate Syst.m
XPD = X project datum coordinates
YPD =Y project datum coordinates·

XACS = (XPD + 200,000) x 0.9998428
YACS = (YPD + 600,000) x 0.9998428 .

Distances shown hereon indicate GROUND LEVEL (1200 feet A.M.S.L.) distances
converted from sea level datum.

* Derivation of Combination Factor.

In the Central Zone of the Arizona State Plane Coordinate System, the grid
distances along the Central Meridian (longitude 111- 55', app·roximately midway

.between Rural and McClintock Roads) are shorter than the actual geodetic and
ground distances.

The approximate Scale Factor to apply along the Central Meridian is 1110,000.

•• •
AVERAGE Scale Factors derived for the City of Tempe were: .

0.9999002 ground to grid
1.0000998 grid to ground

The Sea Level Reduction Factor, assuming a mean radius of the earth of 20,906;000
. . .

feet and an average ground elevation of 1200 feet, is approximately:
(20,906,000/20,906,000 + 1200) = 0.9999426 ground to seal level, the inverse =
1.00000574 sea level to ground

The COMBINED FACTORS therefore become:

(0.9999002 x 0.9999426) = 0.9998428
(1.0000998 x 1.0000574) = 1.0001572

ground to sea level grid
sea level grid to ground
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CITY OF PHOENIX

Quarter Section Corner Compilation

On

Arizona State Plane Coordinate System

With the exception of those qUarter corners and section corners
located by the Photo9rammetry and Happing Division which are
i~dicated for each township; .all remaining corners were
coordinated using the City of Phoenix Quarter Section Survey
-Da ta.

All township boundary traverses be~an and ~nded on corners
'coordinated by th~ photoprammetry and Mappin~ Division from
established control points. The settion and quarter section
"ine traverses beqan and ended on tnwnshiD bo~ndaries and
were run, in most- instances, from East to West using tl)e
counter clockwise anqles. Identical results could not be .
obtained when using clockwise angles or traversina from South
to North. For thi~ reason and b~cause many of th~ angles and
distances indicated on the quarter section maps ~re computed t

caution is advised when using this data even though the
majority of the traverses indicate good closure.

A copy of the City of Phoenix O~after Section Index Map and
Quarter Section Survey Data Maps should be obtained to relate
each point number to the proper corner. In all north townships
the lower left hand corner is designated by the quarter section
number. In the south townshios the UDDer left'hand corner is
desi~nated by the quarter sec~ion num6~r without the leadingO.

Should there be any auestions regarding the compilation of
this data please contact the Photogrammetry and Mappi~g
Division, Geodesy Branch, Arizona Highway Depa~tment. Any
questions regarding the actual corner description and location'
should be referred to the City of Phoenix Quarter Section
Mapping Section. In snme instances more than an~ carrier
is in existance.
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ADJUSTED DATA RA \>1 DATA D1ST.

Boundary 2. 6 ~ 1 :25,488 3.0' 38 11 65,817

S. Mountain Ave. 1 .2 ' '1:17~295 1.2' 7" 20,965

Dobbins Road 1 .5 i 1 : 8,719 1 . 1 ' 25" 13,159

Mi nera.' ,Road, .7', 1 :15,998 .6 ' 7" 10;540

N 6, N 5, N 4, N\AI 3, N 3, N\>1 2, N?, N\</ 1, N 1 and NE 1 were located
by P&M Survey Data.

Boundary was run iridependent of T1SR2E to obtain acceotab1eclosure.
Corners are evidently nnt. common. This resulted in dUplicate point
designation on th~ common boundary.

Boundary was run independent of T1SR3E to obtain ~ccept~b1e closure.
Corners are evidently not c 0 mm 0 n ~ This resulted in du !J li cat e., poi nt
designa.tion on the common boundary.
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I:
DIST. :

10,550 •
,

0".4 '

RAW' DATA

1 : 25,.668. 4'

ADJUSTED DATA

<i"

ADJUSTED DATA RAW DATA DI5T.

1 .4' 1: 20,240 1 .2' 9" 29,068

0.7' 1:14,991 0.8' 5" 10,597

T1SR4E

T1SR2E

:11 SR3 E.

0.9998444
1.oonl!J!JG

NW 1/4 Sec. 6

N 6 located by P&MSurvey Data

Boundary

27th Ave. N-S

Grid Factor:
GrOund Faetur':

\

i

•[I,
~- 1, .

•~



T1NR4E

Grid Factor: 0.999850
Ground ~actoY' ~ 1.00015

West Boundary common to T1NR3E
North Boundary Roosevelt St., Van Buren St. and Broadway Road
are defined by P&M Survey Data also NW 20, NW.32, and S 32.

3

5,295

'5,243

5,250

5,236

5,237

5,252

5,274

D1ST.

21,217

13,223

· 7 ' 34"

· 3 '1 "

· 2 • 8"

· 4 ' 11 11

.1 I 14"

.6' 20 11

.5' 25 11

.3' 3"

RAW DATA

3.5' 38 11

1 . (l I 4"

.2' 1:21,603

. 2" 1: 33 ,970

.2' 1 :24,022

.1' 1:47,244

.5' 1:21,096

.4' 1:13,215

.3 1 1 :19,767

ADJUSTED DATA

. 2 I 1 : 27 , 91 3

1.0' 1 :13,703

1.9 1 1:11 ,261

Harrison St.

Durango St.

Buckeye Road

Elwood St.

Transmission Rd.

Roser Rd.

Southern Ave.

East Boundary to Broadway Rd.

East Bo~ndary to Baseline Rd.

Vineyard Rd.
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T1NR3E

Grid Factor: 0.999850 •Ground Factor: 1.00015 l,
South Boundary defined by P&M Survey Data except S 35
North Boundary defined by P&M Survey Data except N 6, N 4 , NE 1 , NE 36,

•E 36, NE 25, and NE 24 are defined by P&t1 Survey Data.

ADJUSTED DATA RAW DATA DI5T.

l~th Ave. 2.8 I 1 : 10,425 4.0' 171' 29,410 I
I

RooseveJt St. 19th to 7th Ave. .04 ' 1:125,373 . 1 ' 7" 5,331
,

,I
Roosevelt St. and 40th St. . 3 I 1 : 15,190 .4, I 9" 5,249

Remainin~ section of Roosevelt defined by P&M Survey Data I
Roe~er Road and 40th St .5 1 1:11,782 .9 1 39" 5,330 •40th Street .5' 1 : 34 ,388 gil 15,999

IS 35 1 .0' 1 : 5,299 1.0' 13" 5,356

Vi neyard. Road 2.0' 1:15,137 2.8' 12" 31 ,-628 I
Southern Ave 2.3' 1 :13,882 2.8 1 14" 31,622

Roeser Road 2.0' 1 :15,679 2 .3' 8" 31,689 I
i

Broadway Road 1 .9 ' 1:17,022 1 .7 1 lO" 31 ,756

IElwood St 1 . 1 ' 1:29,112 .8' 8" 31,794
I

Lower Buckeye Road 1. 9' 1:16,795 2.2 18" 31 ,832 I
Durango St. 1 . 7 I 1:18,187 1 .7 1 14 II 31 ,817

Buckeye Road 1 . 1 ' 1 :29,773 1 .1 I 3" 3',811 •,Harrison St. ,.9' 1 :33,206 1 .3 ' 16 11 31,874 •Van Buren st 19th to Central .4 1 1 :18,256 .5' 5" 8,016

Van Buren St Central to 16th St. . 1 I 1:86,452 . 1 I 3" 5,338 •Ii
I

r,



T1NR2E

Remaining section of Van Buren St. defined by P&M Survey Data

Grid Factor: 0.999857
Ground Factor: 1.000143

East Boundary common to T1NR3E
North Boundary defined by P&M Survey Dat~
Remaining section of Roosevelt St. defined by P&M Survey Data SE
SW 36, NW 21, W 16, NW 16 are defined by P&M Survey Data

5

5,27:

5,251

5, 16·

5 , 28~

5 ,164

5,264

5,20E

5 ,265

5,252

10,49£

21,23C

21,17 l

21 ,11~

31,57:

21 ,28[

15,745

DI5T.

47,913

36,

.2' 1011

. 1 ' 3"

.1' 311

.3' 1 11

.9 1 13 11

.7' 411

.3' 3 11

.4 1 .3 11

.4 4 11

.2 12 II

RAW DATA

2.0' 6 11

2.0 I 34 11

1.4 10"

2.2 15 11 }

2.4' 24 11

3. l' 41"

1.7' 17 11

1:97,000

1 : 68 ,1 87

1 :34,318.2'

. 1 I

. 1 I

Roosevelt St. 51st to 59th Ave.

Roosevelt St. 59th to 67th Ave.

Roosevelt St. 43rd to 51st Ave.

Van . Buren St ~ .6 ' 1 : 16 , 89 3

ADJUSTED DATA

Harrison St 2.4' 1 :13;022

Lower Buckeye Rd. 1.5' 1 :14,285

Durango St. .3' 1:66,851

Buckeye Rd. 1.0' 1 :19,374

Roeser Rd. 19th to 27th Ave. .3' 1:20,689

Ro~ser Bd. 35th to 43rd Ave..4' 1:15,041

Broadway Rd. 19th to 27th Ave. .1' 1:68,882

Broadway Rd. 35th to 43rd Ave. .4' 1:13,177

Elwood St. 1.3' 1 :16,676

Boundary to L. Buckeye Rd. 1.4' 1:33,139

Boundary Buckeye Rd. to Van Buren 1.2' 1 ;13,047

Vineyard Rd. .4' 1 :12,200

Southern Ave. \.6' 1:'8,134

,
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ADJUSTED DATA P.AW DATA DIST.

Thomas Rd. .3 1 1 :23,477 .5 1 7" 7,895

83rd Ave. 1 . 0 1 1": 8,216 1 .6 1 8" 7,913

Camelback Rd. 1. 3 I 1 : 5,903 1 . 1 I 12" 7 ,912

Osborn Rd. .4 1 1 :23,7()6 .7 1 10" 10,531

Indian School Rd. .3 1 1:39,289 .5' 28" 10,535

Campbell Ave. 1 . n I 1 : 9,858 1 .3 1 10" 10,536

T2NR1E

hrirl F~rtnr: n.QQQRS1n
Ground Factor: 1.000149

East Boundary common to T2NR2E
N 35, NW 35, W 26," NW 2"3, and N23 defined by P&M Survey Data
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T2NR2E

Grid Factor: 0.9998510
Ground Factor; 1.On014~

South Boundary defined by P&M Survey Data also N 1~NW 22~ and N 21
East Boundary common to T2NR3E except E 25 which was located from
NE 36 and is defined as 2516 in Data Tables.

ADJUSTED DATA RA \~ DATA DIST.

Boundary 67th Ave and Camelback .5 ' 1:62~081 .9 1 16" 28~929

Boundary 43rd Ave and Northern 1 . 2 I 1:25~OOl 2.3' 24" 29~067

Encanto Blvd. .6 1 :50~208 .8 1 5" 31 ~ 509

Thomas Rd. . 9 1:33~209 1 .5' 10" 31~496

Osborn Rd. 1 .3' 1:23~872 2.3' 16 if 31~496

Indian School Rd. .8 ' 1:38~025 1 .5 1 11 11 31 ~498-,

Campbell Ave. .8' 1 :38,966 -1. 0 I 3 11 31 ~ 488

Camelback Rd. 1 .3 t 1:12,038 1 .7 1 13 1
• 15,752

~1issouri Ave. .8 t 1:20~488 .8' 8 11 15,769

Bethany Home Rd. .8 1 1 :19~560 .9 1 4" 15,784

t'~aryl and Ave. .9 1
1:17~516 1 .0 1 9 11 15 ~ 790

Glendale Ave. 1 .0 1 :16,501 1 .0 ' 5 11
15~804

Orangewood Ave. .6 I 1 :27,314 .6 I 1 11 15,781



W 36~ eTR 35, eTR 34, and W 33, E 25, N

T2SR3E

•81
t

•r
~

3'
•r~

OIST ,

31,737 •

15,759 ,

40,135 I,•..:
5,366 .

23,905 ,

26,545 ,

31,837 •

31 ,854 ,

31 ,869 ~

31 ,882 •
r

31 ,862 1.[

31 ,861 ,

31,836 i
i21,135 '

18,425 ,

•r.'r I,

I
~.

W30

E 36 which is not coordinated

0.999847
1.000153

Grid Factor:
Ground Factor:

South Boundary common to T1NR3E
NW 6, NW 3, NW 19, NW 25, NW 36,
are defined by P&M Survey Data
West Boundary common to T2NR2E except
North Boundary common to T3NR3E
East Boundary common to T3NR4E except
and NW 36
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T2NR4E

Grid Factor: 0.999847
Ground FaCtOf~ 1.UUUlb~

West Boundary common to T2NR3E except NW 31 which was defined by P&M
Survey Data and stored in Data Tables as 3715 and W 31 also defined
by P&M Survey Data
South Boundary common to T1NR4E
NW 29,' NW 33,' NW 27, W 22 are defined by P&~'1 Survey Data
NW17 i s· de fin ed by poi nt 3·9 and N 17 b.v poi nt 40

ADJUSTED DATA RAW DATA DIST.
North a'nd East Boundary to

Campbell Ave. 1 .5 1 1:18,185 . 1 .5 I 1" 26,584

Remaining Ea st Boundary 1 .0' 1:18,192 1 .4 1 26 18,573
Oak St. .4 1 1:17,996 1 .0 1 38 u 7,896
Thomas Rd. 1 .3 1 1 : 8,208 .9 ' 15" 10,538
Osborn Rd. 1 . 7 I 1 : 9,100 1 . 4 I 3°" 15,918u.

Indian School Rd. 1.8' 1 : 9,025 .4 1 39" 15,890
Campbell Ave.-56i;h St. .3' 1 :29,766 .5 1 18" 7,952
Campbell Ave.-44th St. .4 1 1 :12,672 .4 ' 27" 5,268

. Camel back Rd . 1 .5 ' 1 :10,639 1 .6 I 311 15,867
Missouri Ave. 1 .3 I 1:11 ,967 1 .5 I 5" 15 ,880



ADJUSTED DATA RAW DATA OIST.
West Boundary to Peoria 1. 9' 1 : fi~963 2 . 1 ' 8" 13~116

West Boundary to Bell 2.4' 1 : 7~646 2.2 ' 10" 18,166
'/ '/, ~:'..." r;- r-Bell Road 1 ..'l..!.. 1 : ,~1-:i-8 1 :4-J --&2!. 10,574

Butler Drive 1.8' 1 : 8~676 2.2' 11 II 15 ,822
Dunlap Ave. 1 .9 i 1:'8>261 2.3' 14" .15~836

Mountain View Road 2.4' 1 : 6>500 2.7' 8 11
15~817

Peoria Ave. 2.0' 1 : 7>981 2.8' 35 11
15~805

Cholla St. 1. 9' 1:11.~127 2.5' 15" 21 >050
Cactus Rd. 1 .3' 1 :16~313 1 .8 I 15" 21 >023
Swe,etwa ter Ave. 1 .5' 1:13,555 3.5' 46 11 20>993
Thun der bird Rd. 2. l' 1 :10,022 5.2 ' 1 ' 4 11 20,961
Acoma Drive 1 .4,' 1:15,216 3.7' 46 11 20>936
Greenway Road 1. l' 1:19,58'0 1 .9 ' 18 11 20,911

J i~ ;" '. "

Paradise Lane .8' 1 :?·l~'O'- 2 . 1 I 28 11
20~884

~~.- "

..

T3NR2E

Grid Factor: 0.999845
Ground ~actor: 1.000155

South Boundary common to T2NR2E
East Boundary common to T3NR3E
N 28~ NW 28~ W 21> NW 4~ N 4~ NW 2~ NW 1 are defined by P?!n Survey Data
N 1 located from NW 1
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T3NR3E

Grid Factor: 0.99983~

Ground Factor: 1.000164

South Boundary common to T2NR3E
West Boundary common to T3NR2E
~1 33, NW 6, NW 5, NE 1, NE 25, and SE 25 a:re defined by P&M Survey, Data
E 3 is defined bypoipt 143; N 19 by point 313; NW 20 by point 31Z:
N 20 by point 311; NW~2n by point 1290; W 20 by point 1280; N~{30 by
point 1260; NW 29 by point 1210 and W eTR 29 by point 281

31,54621 11. 7 '

2 . 1 I 44 il ' 15 , .7 38

5.3 1 l' 61' 26,530

1.8' 20" 26,425
,

1 . 6 I 26 Ii 31 , 6 71

1 .6' la'li 31 ,679

4.6' 13 11 31,684

3 . 1 1 15II 'J1 , 655

4.6' 37 11 31,588

2.6' 29" 31,577

2.3 1 32" 31,561

1: 9,466

1 :10,331

1: 8,641

1: 9,470

1 :12,580

1: 8,709

1 :14,280

1:16,306

1·~ ~i /: .....;
l:~

J /I J. ...:- ')
1 :' ~6{;-

1 :45,315

1 :75,515

1:32,145

ADJUSTED DA T/I. RAW DATA DIST.

3.7 1 1 : 8,653 4 .8' l6" 31,675

.8 1 1 :13,360 1 .5 1 291' 10,402
,: ~ .. "

j .-

· 3 1 1 :5-3';'533 ~·:..9..1 -If-L3-4-.!! 18,470L:--
1 .4' 1 :15,456 3.6' 47 11 21 ,086

.7 1

.4 '

3. 1 1

2.8'

3.3'

1 .5 1

2.5'

3.n l

2.2'

1 .9 1

Boundary 19th Ave.

Boundary Bell-19th Ave. to 7th St

Boundary Bell-7th St. to 40th St.

Boundary 40th·St. to Peoria

Boundary 40th St.-
Peoria to 16th St.

Butler Drive

Mountain View Road

Dunlap Ave ..

Peoria Ave. (Shea)

Cholla St.

Cactus Road

Acoma Drive

Sweetwater Ave .

Greenway Rd. 1 . n I

. lParadise Lane 19th Ave to 24th St ~
, I

Paradise Lane 40th St to 24th St ~!

. Thunderbird Road

I
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T3NR4E

Grid Factor: 0.999836
Ground Factor: 1.000164

West Boundary common to T3NR3E exceptW 19 which was located from NW 30
and defined by point 3073 in Data Tables
N 6, N 3, NE 3, E 3, E 15, SE 15, S 15, NH 29, N 3n were deflned by
P&N Survey Data

,ADJUSTED DATA, RA~l DATA DIST .
Boundary Bell Rd. . 8' , 1 : 19 ,888 1 . 1 I 24" 15,941
Boundary Scottsdale Rd. to

Sweetwater . 4 I. 1:27,976 .4 ' 3" 10,573
Boundary 68th St. to Shea Blvd. 1 .6' 1:17,688 1 .6' 4" 29,029

,
ViewBoundary' ~~t . to 40th St. 5.5' 1 : 2,418 4.6 1 1 ' 8" 13,347

Dunlap Ave. 4.8' 1 : 1 ,141 4.8' 1" 5,447
Mt. View 2 . 6 ' 1 : 2,100 2.6 1 15 il 5,434
Shea Blvd. 1. n' 1 :10,704 1 . () 1 6 11 10,520
Cho 11 a St. 2.(l1 1 : 6,770 1.8' 8" 13,334
Cactus Rd. 1 .4' 1 : 9,467 1.3 8 11 13,357
Sweetwater Ave. 1 .5' 1:14,159 1 .3' 12" 21,314
Thunderbird Rd. 1 .5 1 1:14,432 1 .3 1 7 II 21,349

A"coma Rd. 1 .4' 1 :15,26() 1 .5 ' 2" 21,375
Greenway Rd. 1 . 1" 1 :20,()41 1 .6,1 12" 13,638
Paradise Lane 1 .4 1 1:15,565 1. 6 I. 7 11 21,500
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Figure 1: Greiner NAD27 Survey
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The Greiner Surveys

Greiner, underthe direction of Mr. Robert J. Pecha, PRLS, had previously
performed a conventional field survey (date unknown) of the 149 PLSS
corners north of and including Pecos Road:

In 1995, the City of Chandler contracted with Greiner Engineering
(Greiner) to perform a field survey of its Municipal Survey Grid, Le., the
Public Land Survey System (PLSS) sections and quarter-section corners
within the City's corporate limits.

This survey was referenced to the North American Datum of 1927
(NAD27), the geodetic datum in use at the time. fvHfJtJ-'? .

o

In 1995, a subsequent survey using Global Positioning System (GPS)
technology was peiformed on the 129 PLSS corners south of Pecos Road.

"
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Figure 2: 1995 Grein~r GPS Survey
, ,

This survey was referenced to the North American Datum of 1983
(NAD83), a closer approximation:ofthe earth's shape over the North. .. . .

American continent than was obtainable in 1927,

The standardized survey coordinate system used in,Maricopa County is
the Arizona Coordinate System, Central Zone (ACSCZ), referenced to the
NAD83 datum. Prier to enabling legislation enacted in the mid-1980s,
the ACSCZ"!Vas referenced to the NAD27 datum. Accordingly, to pro
duce a composite survey of Chandler's entire Municipal Survey Grid,
Greiner mathematically reprojected the NAD2T coordinates north of Pe~
cos Road to be on'the same coordinate system as the 1995 NAD83 sur
vey points south ofPecos Road. This composite survey will be ,henceforth
referred to as the Greiner Ground NAD83 SurveYithe 'Ground' adjective
to be more fUlly explained later inthis document. '"
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Figure 3: Greiner Ground NAD83 Survey
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It should be pointed out that additional survey points beyondjust the
PLSS corners were included in Greiner'sGPS survey of 1995: horizontal
control points, vertical benchmark points, and combined horizon
tal/vertical reference points.

City GIS Survey Control from Salt River
Project,

During the last several years, the City has initiated work on a citywide
Geograph!c Information System (GIS), based on data obtained from the
Salt River Project (SRP), SRP's data was; and is, referenced to the NAD27
datum. Apreliminary comparison between the original Greiner NAD27
su.rvey north of Pecos Road and the corresponding SRP NAD27 survey
points 'indicated that the Greiner coordinate values were offset, on aver-·
age, 168.04 feet in anortheasterly direction; as shown on the following
page..

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



z'

Analysis of the City of Chandler's Municipal Survey Grid Page 4

,
--,,
•· [,

i

I,
*•t,
I

*r•,
I

i

•
~

'. :'E':';" .

Figure 4: Average Discrepancy Between
SRP NAD27 and Greiner NAD 27 Points

$ Greiner Ground NADZ7
Z SRPNADZ7

j\/NADZ7 Section Lines

Average discrepancy: 168.04'

" '\

:,~. "'.

A comparison was then made tocorresponding'\:ity6rTempe survey
points along that City's coincident boundary with .Chandler. The six com
pared points (on NAD27 datum),were within one'to two inches of the
SRP NAD27 coordinate values Thi~ lent independent accuracy confirma
tion of the SRP points, but further, Clouding the accuracy/reliability of the
Greiner NAD 27$urv~y points, as well as the resultS 'of the 1995 Greiner
NAD83 survey:,,' ' .

, The next section of this report discusses the further analysis that was
made on the Greiner Ground NAD83 Survey to reconcile its apparent dis-

crepancy with the SRP'survey dat~ points.
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Figure 5: Spatial Distribution of Discrepancies,
SRP NAD83 to Greiner Ground NAD 83 Survey
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At this point, a comparison was made finding the nearestSRP NAD83
point to its corresponding Greiner Groul1d NAD83 survey point. The av
erage discrepancy was 168.04 feet, with a standard deviation of 2.93
feet (i.e., two-thirds of all points fell within ±2.93 feet of the 168.04-foot
discrepancy mean). What was especially telling, though, was the spatial'

distribution of the discrepancies:

The SRP NAD27 ACSCZ (Arizona Coordinate System Central Zone) data
for the City of Chandler area was reprojected to the ACSCZ referenced to
the NAD83 datUm for comparison with the Greiner Ground NAD83 Sur
vey. This process was performed in ESRl's ARCIINFO GIS software, using
double precision numerical processing techniques. The Arc Macro Lan
guage (AML) program that performed this,conversion is listed in Appen
dix B. The reprojected SRP coordinates will be referred to as SRP NAD83.

Comparison of SRP and Greiner Coordi

nates
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The general indication was that' as the Greiner Ground NAD83 survey yO
ordinate values increased in siz~ (Le., Ii;!rger x and yvalues), th~differeDce
.between the correspondino SRR I\IAnR1 t.QQrdin@tesipcreaBodL)D vvoIl~.,:·
This error as a function ofcoordinate size suggested that the Greiner
Ground NAD83 survey coordinates were linearly scaled.

This assumption was initially prop()sed byIVir. Gregg Tuttle, PRlS, the Su
pervisor of Surveys at SRp'sLandDepartment. Het;and>his staff postulated
that the Greiner Ground NAD83 survey coor.dina;~e~ had been all multi
plied by a common factor to make them more closely match the at
ground surveyed distances, a cornmonpractice in local project surveying.
The followingdiagram illustrate$the difference between ACSSZ coordi
nate values, which are projected: to a sea-level grid, and their radially
projected eqUivalent lengths at project ground level:

Because of the earth's basicaIly-spherical shape, ground distances
"shrink" when radiaIly "de-projected" down to the NAD83 reference
elevation of sea level. This shrinkage amount actually depends on two
factors: ~,

• the average elevation of thegr;ound-lev~1project (Le., the" aver
age elevation" for the City ofChandler) .'.

• the" grid distortion" whichcql11es a'~Ol,Jtasa result of flattening
curved lines on the earth's ~urface to the flat NAD83 grid

".'0·-;'
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Figure 7: Spatial Distribution of DIscrepancies,
SRP NAD83 to True Greiner NAD 83 Survey

When all the Greiner Ground NAD83 survey coordinate values were re
duced by the ground to grid factor of 0.9998472125, the resulting com
parison to corresponding SRP NAD83 points averaged 0.747 feet, with a

.standard deviation of 0.884 feet. The following diagram illustrates this
difference distribution: '

The simple fact is that the Greiner Ground NAD83 survey coordi
nate values arejust that: they were linearly scaled up from their
computed true NAD83 values by a grid to ground factor of
(1/0.9998472125=1.00015281) that, when multiplied by numbers in
the six-digit range as ACSCZ NAD83 coordinates are, resulted in
numeric values that were 168± feet too large when compared to
the corresponding SRP NAD83 point.
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Given an averag.~, elevation of11 OO'± forthe Chandler area, and a grid
distortion value of 1 part in 10000, the shrinkage factor (technically re
ferred to as the ground to grid facton is approximately 0.99984739. A
5,280' line surveyed at ground level will \\ shrink" to a 5,279.19' line at
the ACSCZ sea-level rp.fRrp.nce grid. This valup. is in fact very closo to tho
ground to grid factor of 0.9998472125 quoted in Greiner's \\ Survey Base
for South Chandler Executive Summary" document supplied as part of
their project deliverables;
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Somewhat troubling is the fact that the standard deviation is larger than
the arithmetic mean: this indicates that there are some basic inconsisten
cies in the data set, most likely represented by the difference values in the
?726 - 4..506 foot range. Thes~ points me grossly in error, occurrillY
mostly in the old NAD27 survey.area along Ray Road between 56 th Street
and McClintock Drive: Once the'se \\ outlier" points are removed from the
matrix, a somewhat more respectable mean of 0.583 feet with a stan
dard deviation of 0.485 feet is obtained. Further implications of these er
rors are more fUlly discussed in the following Conclu?ions section.

Analysis of the! City ofChandler's MunicipafSurvey Grid Page 8
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3 Conclusion!' A Recom
.mendations

Somehow over the years, the Greiner Ground NAD83 survey coordinates
Were erroneol../sly confUsed vyith "trU~" f\JAD83 coordinates and became
accepted as such. The reason for this is fairlyopvious: the coordinate
range for the· Greiner Ground NAD83 surv~y coordinates was in the same
range as true NAD83 coordinates (i.e.; 700,boO in the x axis, 800,000 in
the y axis for" the Chandler afei;l). Recornme,ndation 1 offers a method to
distinguish such ground-level datum coordinates.

Mr. Pecha of Greiner supplied Mappin9 Automation with the originally
derived NAD83 coordinates for the Chandler Municipal Survey Grid pro
Ject, and he stated that the same file W~$ originally supplied to the City
back in 1995. It has probably merely n fallen petween the cracks" , and
the more "·user-friendly" Greiner Ground NAD83 survey coordinates data
file was used instead. .

,"' ..

1. The fundamental reason for the misidentification of the at-ground
Greiner coordinates as NA083 vall1eswas that they were numeri
cally in the same range as true NAD83 coordinates for the Chan
dler area. The at-ground coordinates should be clearly dis
tinguished from standardized coordinate. systems such as
State Plane by offsetting them large amounts in the x and y
axes. A suggested algorithm:

Xgroul1d = Xnad83 * 1.00015281 - 600000
Yground = Ynad83 * 1.00015281 - 300000

The '1.00015281' is the grid to ground factor, or 1/0.9998472125
as stipulated by the Greiner survey report. The 600000x,300000y
offset would produce ground coordinates in the 100000x,
500000y range-not easily confused with any other standardized
coordin~te systems in this area.

A'lqIysis of the City ofChandler's Municipal Survey Grid Page 9



[)istribution of these data files in the future should be accompa
nied by either a detailed \\ readme" file on the distribution media,
or a complete Federal GEiogr?phic Data Committee (FGDC) meta-
data file. . .

2. The Notes wording on the existing hardcopy maps, although
technically correct, should be clarified to read:·

\~ All bearings and distances shown on this ma·p are calculated on
an at~ground survey plane approximately 1,118 feet above mean
sea level. This survey plane is referenced to the Arizona Coordi
nate System; Central Zone, NAD83 datum, by a combined grid to
ground factor of1/0.99984721 25. "

3.. Additional analysisshould be made of the survey points shown in
Figure 7 that have large discrepancies. There is the possibility that
the ·SRP points may not reference the same monuments that the
GreIner survey did, for example, or are of lesser survey accuracy
than the Greiner points. Since the field survey is fairly old, there is
the possibility that some of the points were destroyed and re-

.monum~nted~ .

4. An overall survey database should be developed for integration
with the City's GIS, and include (for example) coordinate values

. both at NAD83 sea level and at-ground. Included with this data
base should be a more intUitive numbering system for survey
points. One possibility is to use a six digit number that would iden
tify PLSS corners down to the quarter-quarter section level as
shown on the follOWing page.

Analysis Of the City of Chandier's Municipal Survey Grid Page 10 .



The example section is '1425': Township 1 South, Range 4 East,
section 25. The southeast corner of this section is in matrix posi
tion 44 (row 4, column 4), and the composite number for this
corneris therefore '142544', However, this same corner could be
referenced within neighboring sections as well:

Analysis of the City of Chandler's Municipal Survey Grid Page 11
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.... ·142544

. . •... 143604
. . 153040

•.. ' '. 153100

04030201

• '153040' when it is referenced relative to section 15,
T1 SR5E (the southwest corner of that section)

• '143604' when it is referenced relative to section 36,
Tl SR4E (the northeast corner of that section)

e '153100' when it is referenced relative to section 31,
T1 SR5E (the northwest corner of that section)
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Appendix A:
Originaliy-supplied Datafiles Used For Analysis

Four files were provided by City staff for Mapping Automation's use in
this analysis:

The AutoCAD drawing fil~s were converted to Drawing exchange File
(DXF) format using AutoCAD Map 2 softvvare. All remaining data conver
sion was performed by ESRI ARC/INFO software, version 7.1.2, using the
'build-data' Arc Macro Language script listed in Appendix B.

Analysis .of the City of Chandler's Municipal Survey Grid Page 12
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Private eye-man meets plain truth.

I clawed my way out of a deep sleep, a sleep She broke the'silence: ','I have a problem."
filled with dreams of renegade units of dis- "Don't we alI," I smirked. But when she
tance: meters, U.S. survey feet, international rolled her eyes, I remembered my resolution
feet, varas, chains, smokes ... they had all and asked," What s~ems to be the problem,
joined forces to attack me and my fragile forces Toots ... I meari, Ms. Engineer?"
for truth. The good thing about the She sighed and plopped down into the
dreams-if you could call it only decent chair in the' office, an
good-was that it was a relief Office Warehouse 31628 Deluxe
to wake up." Yeah, sure ... to Plastic wjArrris. I could see she
wake up "to a bleary-eyed was genuinely troubled.
hangover caused by way too. "We got our survey:ors to tie
many diet Dr. Peppers-and into a monument, and our
sure, I admit it-more than . coordinates are 2 lJ2 feet differ-
one Snickers bar. (Way more' ent from the parish's values~"

than one.) I hadn't slipped all the I thought, "Oh boy, this is
way to the hard stuff: the KitKat Bar gonna be too easy." I asked, "Do
followed by the Reese's, Peanut Butter yair happen to know whether your sur-
Cup, but temptation was never far away.. .in: vey-or was usmg NAD83 (93) HARN Datum?" .
the flie cabinet behind the Jukebox, if yo~ "Oh, of course!" she ans~ered. "Our sur- "
must know. veyors use nothing but the latest and greatest."

I blinked until the stenciled letters on the "And were your coordinate values slightly
. outside of my office door were' readable: less than the parish published values?" .

"Deifitsrriy... " Wait a second, those letters,' "Why.,. yes! How did you know?"
are mixed up. What it really says is Discrep- "To ans'wer that will require a check made
andes, Inc. De~ili~hly Difficult Distance Dif- oilt to me for $28.50 per day expenses, plus
ference Dilern,mas De-mystified, I tried to ' my usual 'fee of $12,000."

. come up wfth an attention span and to think of She almost knocked over the plastic bowl
a word to substitute for "Inc." that started with containing RoyBoy, my Siamese fighting fish,
';D" as I listened to the rain pounding on the as she shoved the check my way, "Here, take
composite asphalt shingie roof. I wondered if it! Now what's the answer?"
my detective agency was about. to be washed . "You and your surveyor are in the twocbit, I
away. Nobody told me being a private eye-man mean tw'o-foot world o'f HARN versus non-
was so tough. Or that I would have to sleep in HARN; Probably because of timing, the parish'
the offlce...but that seems to be the way all us positioned its monument based upon the
private eyes do it. How else would you start NAD83 values es.tablished before the High
your stories? But I digress... AccUracy Reference Network (HARN) was cre-

. Right about then was when she walked in ated. In this geographical area; that difference
the door. Her gaze couid melt ice cream. Actu- results in around 2 112 feet, with the more
ally, I gu~ss ice cream would pr~tty much II}elt . recent (HARN) values being the smaller, State
anyway, sooner or later. But this lady had the' . Plane Coordinate-wise.."
look .of a professional; in fact, she might as She almost smiled as she got up to leave.
well have carried a sign saying, ''I'm an engi- "Thanks, private eye-man," she said. I feebly

"neer. n It was obvious that I was in the pres- waved ~ goodbye as she walked out.
ence of not only an engineer but probably I flicked the last of the fish food into Roy-
even a civil engineer! More importantly~ I Boy's bowl while I made a mental note to get a
think this might even be... a clien't! I resolved fresh can next trip to Safeway or Walgreen's,
to behave myself. yciur-I mean my-neighborhood markets.

.,.:"



I pulled the shade down for my afternoon nap, :.

fe~Ii~g.a twinge of guilt that these ·dients'.p'toble!ris ."

w~re so ea~ily solved by simply looking.atth:e

My dreams began to turn toa whole nation ~f

suiVeY9rs who had a solid handl!i! on the
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I said, "You're right. The difference lS negligible ...
except when dealing with the massive values of State
Plane Coordinates!"

You could have heard a pin drop. No wait, I think that's
Sprint with the pin-dropping thing, and we were· on AT&T.
!l.UyVVdY, lie VVllS L/uid. 1 wt:lll lhluugll 1111~ llldlli wlLJ~

him...the U.S. survey foot is officially 39.37 divided by 12
feet per meter, while the international foot is 2.54 em per
inch.' We proved that the difference in the two can make
roughly 20 feet of difference in. the co'ordin~tes by theti~~
you multiply them by several million.

I pulled the shade down for my afternoon nap, feeling a
twir:ge of guilt that these clients' problems were so easily
solved by simply looking at the magnitude of the discrep
ancies. I wondered if my ride down Easy Street .would
someday find me in a cul-de-sac if these folks ever figured
it out and could do their own Distance Discrepancy Detect
ing (DOD) ..

Let's see, in one short morning in private eye-land I had
solved a discrepancy due to epoch differences between

NAD83 (86) and NAD83 (9x) , a discrepancy between grid
coordinates and scaled "surface coordinates," and the differ
ence between the U.S. survey foot and the international foot.

I mentally checked off the other common discrepancies,
and fo.und only one left: NAD83 versus NAD27. Most folks
can figure that one out pretty quick. To put it on the list of
magnitude = identificatio'n: around ,100 feet.

As I sl.ipped back into sleep, my 'dreams began to turn to a g.
whole nation of surveyors· who had a solid. handle on the ~

::E
numerical conversion problems that can creep into the sur-
veyor's work. A nation of surveyors who want to get it right,
yet keep it plain. I have a sinking feeling that they are wising
up. I began to envy RoyBoy in his isolated, watery world.

Maybe it's tiThe for that Reese's/Reese's cocktail after all. .~ ..
Maybe even make it a double. @ 0.

,magnitude. of the discrepancies~

l1umerical conversion problems that can creep'

into the surveyor's wo~k.

. : :..~:., .

I had barely popped the top on a Pepsi One (by the way,
if you'd like your product featured in our column... oh,
never mind) when my Nokia digital phone started chirping.
I answered, "Discrepancies, Inc. What's your problem?"
The frantic babbling on the other end of the line could only
lwUill Ulll: lllillg. ~UI[liLl:: lHlj u, llllC;lll Ptll..lUl~ yllIJlUrU~!

(Believe me, I've heard enough bawling and whining about
SAFS to recognize the symptoms right off.)' When the caUer
finally got coherent enough.to continue, I was able to figure
out that this firm had done an engineering design project
tied to a Huge. State Transportation Entity project. Upon
project completion,. they shipped a
copy of their drawing file to the· City
Prettymuch Geographic Information
System.' And, of course the coordinates
of the HSTE project were a long way
from' fitting properly into the CPGIS (I
don't have to keep explaining these
initials, po I?) They didn't fit by a long
shot, as in 1,300 feet! A classic case of
Surface Adjustment Factor Syndrome .,
(which I once heard an elderly surveyor refer to as the 900
pound gorilla of problems. Wonder whatever. happened to
that old codger?).

Long story short, all I had to do was explain to the
afflicted patient that the application of a surface adjustment
factor not only nudges the points apart a tiny bit as was
intended, but also plops them unceremoniously several him
dred feet from their rightful State Plane location.. After help
ing him figUre what the factor was, and advising hjin h?w to
"fix" the problem in a simple spread-
sheet, there was nothing left to do but
collect my exorbitant fee-plus the
$28.50 per day expenses, of course.

I was about to' get my sea· legs and
begin my usual late-morning debate'
with myself: Wendy's 'or Burger King?
That's when the compliter beeped with
an E~mail. Yep, another distance dis-
crepancy. This engineer had received a
mapping file and loaded it into his computer -a Dail Power
Grabber running MicroSolvitKwik v.83.4. But when he tried
to overlay his alignment file onto the mapping, he was off by
around 20 feet! I put in a phone call to him right away.

I tried to soothe his hysteria by repeating a surveying
mantra... "turn right, read left, turn right, read left." But he
didn't seem to get it-probably too young. So I went right to
th~ nasty truth: Was there ever a metric component to this
project? .He calmed down, sniffled and replied, "Why, yes. As
a matter of fact, our design was originally done in meters.
We just converted it to feet the other day."

"Umm, hmm. And do you happen to know whether you
used U.S. survey feet or international feet?" I asked.

"All I know is, the difference in the two is negligible. Why
do you ask?"
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Why Use UTM Coordinates

The UTM coordinate system offers thefollowing benefits:

A square grid

UTM Provides a constant distance relationship anywhere on the map. In angular
coordinate systems like latitude and longitude, the distance covered by a.degree of
longitude differs as you.move to\V;ar<isthepolesjand only equals the distance covered by
a degree of latitude at the equator. Since land navigation is done iria very small part of
the world at anyone time using largescale maps. The DIM 'system allows the coordinate
numbering system to be tied directly to a distance measuring system.

No negative numbers or East-West designators

Grid values increase from left to right andbottom to top: ".

This is just like the X Y Cartesian coordinate systei;n you learnedliigh school math class.
Simple Cartesian coordinate mathematics canbe used. No spherical trigonometry is
required!

Coordinates are decimal ba.Sed

Ones, tens, hundreds and so on. No more minutes and seconds to convert.

. ,.':.:

Coordinates are measured in metric units

All UTM coordinates are measured in meters; Most-of the world haS already adopted the
metric system. N()w you won't need to remember how many feetare in a mile. And
what's that in yards?' .

(from URt: http://wwW.maptools.com/UsingUTM/whyUTM.html) .

.:~i .
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A Quick Guide to Using UTM Coordinates

........

Standing at the roadju.nctionmarked:withthe star on the topographic map pictured
above, a GPS unit set to.displayposition in UTM coordinates, would report a location of:

10 S 0559741
4282182

The lOS represents the zone you are iri.Thezone is necessary to maJ,ce the coordinates
unique over the entire glope.

The top set ofnumbers, 0559741, represent a measurement ofEast-West position,
within the zone, in meters. It's called an easting. .

The bottom set ofnUmbers, 4282182, represent a measurement of~oith-Southposition,-
within the zone, in meters. It's called a northing. .
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559 and 560000 mE.

Zone 10 S 559741 mE. 4282182 roN.

(from URL: http://www.maptools.com/Using UTM/guickUTM.htlm)

..' : .

The zone information and the digits representing l;OOO,OOOm, and 100,00Om are dropped.
The 1m, 10m and 100m digits are used only to the extent ofaccuracy desired. .

Shorthand forUTM Coordinates

Most land navigation activities focus on a very small portion ofthe globe at anyone time.
Typically the area of interest to an outdoorsman is less than 20 miTes on a·side. This focus
on a small area allows us to abbreviate UTMcoordinates.

Look along the hottom edge of the map at the lahels for the vertical grid lines.

1080559741
4282182

AGPS unit might read

Page 3 of7

The label, 560000 mE., reads "five hundred and sixty thousand. meters East." The label,
559, is an abbreviation for, 559000 mE. The two grid lines are 1000 meters apart. The
horizontal grid lines are labeled in a similar manner.

The map has Universal Transvers.~M.e.fsator(UTM}grid lines spaced every kilometer or
1000 meters. The vertical grid lines determine East-West position and the horizontal grid
lines determine North-South position.

Using'anotation similar to the one fotInd ona USGS topographic map, this would be
written as:

An abbreviated format for the same coordinates 'would look like:

,[ ---~;-·;;I··D~s~ribes. a 1000m by
! . ! 1000m sg,uare. .

i __ =~;~~;b:: 10~~1~
I 59?~_~~_~_~'I:;~~es._a ~Om b~~Om~_J

597411 Describes a 1m by 1m I
821821 square. I
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The 100m abbreviated format, 597821, and the 10m abbreviated format, 5974 8218,are
the most commonly used.

Notice that the easting is reported first, followed by the northing. Remember the phrase
"read right up" to help you remember to read the easting from left to right, followedhy
the northing from the bottom up.

Also notice that when'you abbreviate coordinates you should not do any rounding.
9559651 becomes 596 not 597. This ensures that your position is stin within the reported
square. As accuracy decreases, the square gets bigger.

(from URL: http://www.maptools.com/UsingUTM/abbreviatedUTM.html)

-; .:..~: . '

More details abo'ut the UTM 'coordinate system

The Universal Transverse Mercator projection and grid system wasatlopted by the U.S.
Army in 1947 for designating reCtangular coordinates on large scalemilitaty maps. UTM
is currently used by the United States and NATO armed foices. With the advent of '
inexpensive GPS receivers, many other map users'are ad9ptingthe UTM grid system for
coordinates thatare simpler,to use than latitude andlongitude~

The UTM system divides the earth into 60 zones each 6 degrees oflongitude wide. These
zones defme the reference point for UTM grid cooidinates within the zone. UTM zones
extend from a latitude of80° S to 84° N. In the polar regions the Universal Polar' '
Stereographic (UPS) grid system is used.

lJTh1 zones ,are numbered 1,through 60, starting lltthe international date. line; longitude
180°, and proceeding east. Zone 1 extends from 180° Wto 174° W arid is centered 01)

177° W. '

Each zone is divided into horizontal bands spanning 8 degrees oflatitude. These bands
are lettered, south to north,begiriningat,80° S withtheletterCand ending with thele.tter,"
X at 84° N. The letters I and 0 are skipped to avoid confusion with the numbers one and
zero. The band lettered X spans 12° oflatitude. '. '

A square grid is superimposed on each zone. It's aligned so that vertical grid lines are
parallel to the center of the zone, called thecentralnieridimt ;, ' . ' ,

UTM grid coordinates are expressed as a distance in meters to the east; referred to as the
"easting", and a distance in meters to the north, referred to as the "northing". .
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Eastings

UTMeasting coordinates are referenced to the center line of the zoneJrnown as the
central meridian: The centralmeridian is assigned an easting value of500;000 meters
East. Since this 500,00Om valueis arbitrarily assigned,eastingsaie sbmetimesreferred to
as "falseeastings" '

An easting ofzero will never occur, since a 6°wide zone is nevermore than 674;000
meters wide: '. . '

Minimum and maximum easting values are:

160,000 mE and 834,000 mE at the equator

465,000 mE and 515,O()O,inE at 84° N
.::"

Northings

UTM northing coordinates are measured relative to theequator. For1oc~tionsnorth of the:
equator the equator is assigned the northing vill.ue otO'meters North. To avoid negative ..
numbers, locations south ofthe equator are made With the equator assigned a value of .
10,000,000 tnetersNorth. .. , . , ." . .

Some UTM northingvaIues are valid both north and s~uth ofthe equator.:rn ord¢r to.'
avoid confusion the' full coordinate needs to specify ifthe location is north or south of the
equator. Usually this is done by including the letter for the latitude band.
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If this is your first exposure to the UTM coordinate system you may find the layout of
zones to be confusing. In most land navigation situations the area of interest is much
smaller than a zone. The notion of a zone falls aWl;lyandwe are left with a simple
rectangular coordinate system to use with our large scale maps.

Frequently, in land navigation, th~.zone infontl:ationand the digits representing
1,OOO,ooOm, and 100,OOOm are dropped. The 1m, '~Omand 100m digits are used only to
the extent ofaccuracy desired. Note that it's the Snialletdigits that are dropped in the
notation used by the USGS on the edges of their niaps~ For example 4282000 mN.
becomes 82. . .

Because pilots and sailors navigat~ over much greater distan~es they still favor the
latitude longitude coordinate system.

(from URL: http://www.maptools.com/UsingUTMIUTMqetails.html)

Map Datums

A datum describes the model that was used to match the location offeatures on the
ground to coordinates and locations OIt the, map. Maps all start with some form of survey.
Early maps and surveys were carriedout by teams pfsurveyofs on the ground using ..
transited and distance measuring "ch~"..SuryeYQrsstart with a handful·of locations in
"mown" positions and use them to locate other features. These methods did not span
continents well. Frequently they also did not cross political bord~rs either. The "known
points" and their positions are the infonnation thatthe map datum is based. As space,
based surveying came into use, a standardized datum based on the center of the earthwas
de~eloped. '

: . : . . '. ~ .

Every map that shows a geographic coordinate system such as UTM or Latitude and
Longitude with any precision will also list the da,tulll used on the map.

The Global Positioning System uses an earth centered datum called'the World Geodetic
System 1984 or WGS 84. WGS 84 was adopted as a world standard from a datum called
the North American Datum of 1983 or NAD 83. For ,all practical purposes there is no
difference between WGS 84 and NAD 83. '

Most USGS topographic maps arebase4~rian earlier datum called the North American
Datum of 1927 or NAD 27JSqme,GPS,units subdivide.tmsdat1lm into se.veraLdatums
spread over the continent. In the Continental United States use NAD27 CONUS.)

In the Continental United States the4ifference between ,WGS 84 andNAD 27 can be as
. ~ .:" '.: - ..-.. -. ';.,' '. : j . . - . . . . .;. ;'-. ' . . . . .." .

much as 200 meters.' _,
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You should always set your GPS unit's datum to match the datum ofthe map you are. .
usmg.

On a USGS topographic map the datum information is in the fine print at the bottom left
of the map. The cianim will always pe NAn 27. There may be information on how many
meters to shift a position to convert it to NAD 83. Thinkofthisasthe error that will be
introduced ifyou leave your GPS unit&~t to WGS 84. A dashed cross in the SW and NE
corners of the map gives a visual indicat~on ofthe difference between the two datums.

Control by·USGS·and~OSINOAA

~wmaerial~raPhSbY'multi_~
Aeriai~staken 1953. RaId chedc1.

. .... ~:Mapdatum
p~~19!1Nol1h~~

1o.~grfdbasedon~~eystem.zone 2
1~UnlwnafTl'ansverSe Meatorgrid tick:$.
;zone. tO~ shown inblue' ' ..
1b~.-on the~NorlhA~Datum 1_

. ~1h$~1tM315~nMhand .
- $9~Mstas $hown by"'~comertit:k$

If you have sow,ehow set yourGPS to use th~BorneoDatum of 1818, it's hard to sayhow
far off you posItion may be. L~t's just sat th~t this "datum thing" is something you rie~cf to .

• .., N. .
pay attentIOn to.' / .tF·

;~r"

If you are coorcliI1atwg with ai~craft, thei~lllik((lyhave their datum set to WGS 84, as
most aviation chartsn,ow use WGS 84. $hould you worry about the difference in datw:n..s?
Typically a pilot Will not have any difijtulty locating you on the ground ifyou can get'
them within several hUIidred m~ters ofyour location. Ifyou are engaged in.a mission that,·

, requires more precision, then your datums should match.

(from URL: http://www.maptools.com/UsingUTMlmapdatum.html)
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N.G. Terry, Jt.

From GPs. World.
April 1996, pp. 32, Advanstiit CommittdcatiOns,

Eugene,'OR. ...' .

How to ReaJJ'
....', . " , '.' . " .'the Umversal Transverse Mercator (UTM) Gri.d

, :. " ~ ,' .

. . ~ .- ') .". , " :' :. :.: ""'. ,.,:'

1,600-mete~Universal Transverse Mercator grid, zone 13
1927 North American Datum

Reading UTM Coordinates. In our example, weWilllocat~Cll1isol~teq f~~~, :,~,9tiUi""
hole. ThinlcoflJTM grid coordinates' as the drill 'hole's(gebSpatial)3ddress~First. Cl1eck~ .'
the bottom left comer ofyour map for the map's datum and for its grid. The default
datum for most GPS receivers is the Wor~d Geodetic StstePJ:0fl?~4 C)Y(iS. 84).Ac' .... " .'
mismatch between d~1:1lm~t?nY6ut'inapand'GPSreceiVer~ah cause ei:rdrs ofseveral
hundred meters. On the USGS 7.5 minute, 1980 edition Si~rraM;~der~ ~"l:~~~~m~p
sheet (Figw;~l')dAeD,Q;te rea,ds~¢this:'>" .." ""', .'. ·;t.,· ..' "" " .. :/ - ': .

. -
ThetJniversal Transverse Mercator (UTM) grid is most appropriate'for scalesof .
1:250,000 and larger. On large-scale maps such as U.S. Geological Surrey (USGS) .
1:24,000, 7.5mmp,t~ quadrangles, the simple numbers, ofthetJTM ~rid ma~pplQttiJ;lg'. .
preCise, IQc,~tiq~se~sier than withthecomplexde~ees)Iilin.tlte~,anq.seq6hdsof.lCitItiide .
and 10ngitp,q~'.Eo;r ~xample, you nright readily USe the l1TM grid while hiking to report
the locall()n of an emergency by cellular phone to 9-1-1 ortorecordthelocatippof~ .
favotiteqartlP~ite or trailP~~d. The'UTM gridhastrel1len~01lsv~ue'f(W'e~ergej}9Y' .
service orgairiz~ti()ns. In Figure1; an example ofindiisttial use is shoWn. ,'"

. Page 1 of4
http://www.nsp.gov/prwi/readutm.htm

The UTM grid is ofparticular interest to anyone using a GPS rec,~iverbeciiuserp.ost

models offer UTM as a coordinate system option. UTM C99fd.-41~te~ '*iwRly me'~Bre in
meters east and north from two perpendicular reference biisellnes. Alf1:J.SGS 1:250,000
and I: 100,000 topographic maps carry a full UTM grid. allth~se Il1~gs,grid,l~es~e

.:llrmfe;:=~~=::~~~a~~~I~~~r~~~
To plot c99tdjp.ate V~P,es, n~ad right, then up.Abbreviated60ordin'atescahb~;ti~~,4J9r, .'
loc.allY4~p#ed ar~~{n9t larger:thanlOO kilometers xIOOkilometeis):·'.A1Jbr'~Vl~t¢4. ... '.
coordi~Me~~yiilw:~ysgiYenasan evenp.tiIllberofdigiis(~smFigUiel,b491) sO YQP" .
know where to separate easting and northing coordinates. This allows you to· abbrevIate
to the degree ofprecision you require, as will be shown later. A MI UTM coordip.ate
value defines a worldwide umquepostion ("map addi"ess"). ' ,
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04~1 accur~t~~~ 1,000 meters
042915 accurate to 100 meters, a little more than an

While most USGS topographic maps use the 1927 North American Datum (NAD 27),
maps are being slowly revised toNAD 83. In this example, set your GPS receiver for
NAD 27. When building a waypointorwriting a grid coordinate, the first part is the grid

, -

zone. In this case, we see in the note it is Zone 13.

To find a complete UTM coordinate, read right to ,the grid intersection before your place
ofinterest. In this case, it's line 704, also knoWn by its principle digits as line 04. Then
count grid lines up to the intersection (for example, 3391 or 91). The abbreviated
coordinate 0491 (think 04/91) gives the location to within 1,000 meters. Measuring right
in meters from line 04, we frnd the drill hole is another 250 meters. The complete easting
component is 704250E. -

Measuring up in meters from grid line 91, the, drillhole is another 520 meters. The
-complete northing component is 3391520N. The complete grid coordinate for the drill
hole is Zone 13 704250E 3391520Nor abbreviated ~ 04259152 (think: 0425/9152)~

. ,
This coordinate etefines ,a location of the drill hole to within 10 meters, or about the size

,of a modest home. The abbreviated coordinates can be seen embedded in the full
coordinates:

04259152 = 0425 9152 , ,
Zone 13 704250E 3391520N

In the field, an expedieritgridxead~rcan be I\lade bytearing off a corner ofthe map and
marking both edges out from the comerm. lOO-meter increments. Use the map's bar scale
as aguide.Plastic grid readers ,are available from USGS and commerciat vendors. With
these you can easily measure coordinates to 1Om~ters, or near the precision oftp.e USGS
7.5-minilte map. One o.fthe great features ofUTM coordinates is the ability to provide a .
more precise location by sImply adding a p~rofdigits to abbreviated coordinates. For'
example: . -

4'digits
6 digits
acre
8 digits 04259152 accurate to 10 meters, approximately the size
of a house.
10 digits 0425091520 accurate to 1 meter.

Another Exampie. Hilltop 3705Js locat~d;atgrid0577591395 or Zone 13 705775E
3391395N. ' , "

Hilltop 3774 is 16catedat grid 94309021 or Zone 13 704300E 339021ON.

Make an expedient grid readerusmg the metric bar scale in Figure 1 and answer the
following: What is the grid for hilltop 3726? (The answer is at the end of this sidebar.) .

Page 2 of4
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The Big Pictlire. (See Figure 3.) Let's see how our previous example fits into the world
as a whole. Our example was referenced to Zone 13. The world is divided into 60 zones
o:flatitude, each 6° wide, that extend from 84° N to 800 S. These zones begin at 1800

longitude and are numbered cons~cutivelyeastward. The contenninous United States is
covered by 10 UTM grid zones (see Fi€mre 4). In ~h~ lJorthem hemisphere each zone's
northing coordinate begin at the equator as 0,000,000 and ,are numbered north in meters.
Thus our drill hole is located 3,391,520 meters northofthe equator. For the southern
hemisphere, the equator is labeled 10,000,000; The easting coordil1ates are measured
from an artificial reference line drawn parallel and 500,000 meters to thewest of the
zone's central meridian. (Thus eacl,.l centralme:ridian is numbered 500,000.) In the case of
Zone 13, the central meridian is 105° W, .

Answer: Hilltop 3726 is at grid 05589068 or Zone 13 705580E 3390680N.

Figure 2'·

.f. 3,391.520 m.

Figure 3

Page 3 of4
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Universal Transverse r\llercator (UTI\~)

Fig. 1 ~ UTM ZONE NUME:1ERING

Zone 6° wide
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continued on p;19

User aoplication notes:

As stated above, UTM was
started during WW II and at that
time the basis of all UTMcoordi
nates was the Clarke 1866 spheroid
(NAD'27). Until recently 1995+,
everything published; maps and
geodetic control data; etc. was on
that basis and in most cases there
is no reference to the spheroid.

Now, there are at least 3 UTM .
coordinate datums~often again with
no reference:

a) Where mandated by statutory
action, the published tables for
Clarke 1866 (NAD'27) values are
still applicable.

b) The "original" UTM coordinates,
based on Clarke 1866 with
lat/long values in NAD'27 are no
longer supported by NGS. . .

c) The."new" coordinates,· based on·
GRS'80 with lat/long values in
NAD'83 dated 1983+, are still
supported by NGS.

d) The "new" UTM coordinates,
based on GRS'80 withlatllong
values in HARN, dated 1993+ or
later. For HARN stations, NGS
is now pubiishing.these values
as the primary data base.

Fig. 2 - TYPICAL UTM ZONE

E

pin.g, but it must be questioned
whether UTM meets the modern
GPS-surveying specifications.

As originally conceived and still
implemented today, UTM divides
the globe into zones 6° wide (3?
wide zones are contemplated), for a
total of 60 zones. Starting at the
International Date Line Meridian,
the zones are consecutively num~

bered to the east (Fig. 1 and Fig. 3)
and each zone runs from 84° north
to 80° south latitude (Fig.2). Both
polar caps are covered by an unre
lated Polar Stereographic projec
tion. As shown in Fig.2, the central
meridian of each zone has a fixed
value of 500,OOOm Easting (Xl .
coordinate.' For points north of the .

equator, the equator
has a0 m Northing (Y)
coordinate and for
points south of the'·
equator, the equator
has a 10,000,000 m
Northing (Y) coordinate,
thus the resulting coor
dinates are al~ays pos
itive (first quadrant val~
ues). As with other pro
jections, UTM coordi
nates are plane coordi~

. nates near sea level or
the geoid and have to
be corrected for ground
elevations, I.e. scale
factor and elevation.
By definition, the scale
factor at the central
meridian is 0.9996

(0.9999 for 3° zone). For amore
"local flavor", Fig. 4 i~ included to
show the UiMzones applicable for
Colorado. The actual geodetic,
Iatltong, coordinates. (HARN'92) of
the 4.comer·monuments are
shown; thus the majority of Col~ .
orado.is covered by UTM Zone 13,
and only the western counties are

. in UTM Zone 12. .
Now to the modern problem:

with the advent of NAD'83 and
HARN where .does UTM stand?

Following below are some
thoughts on applications, to be'fol
'Iowed by the computer equations
for forward and inverse calcula- .
tions.

The UTM system was started in
the US during WWII (1942+) ,in an
effort to provide aworld wide map
ping base. Other than theellipsolid
parameters, UTM is identical to the
Gauss~Kruger projection used in
Canada, Great Britain and many','
parts of Europe, etc. With tile gIQb~ ...
al nature of the surveying cdmmuni~"

ty, this presentation is an attempt to ,.
place UTM into the computer era of
the late 1990's', and to increase the
understanding of the concepts and_
calculations. This write~up will b~
presented in3 parts: part ~1, the.
overview; part -2,' conversion frolT) '.'
NAD'27 to NAD'83 to HARN and .
finally part -3, the equations to cal-:
ct.ilat~. UTM coordinates. ..,.

Conceptually, UTM is the san,e
as the Transverse Mercator Projec
tion used for State Plane Coordi~

nates (Wyoming, etc.), with the
exception that the zones cover the
entire "earth", rather than portions
of a state. As· a free standing pro
jectionsystem UTM is excellent. but
it suffers from the logical difficulty
that there is no all encompassing
ellipsoid which fits the entire carth.
GRS'80, WGR'84, or any other
ellipsoid fits well in sorrie areas and ".
poorly represents otherareas of the
world; this is in direct conflict with' .
the modem trend of better and bet~ ..•.
ter fits to the ground. Based cothe
preceding, UTM is unquestionably
the system of choice for GIS/Map~

SIDE SHOTS • 18
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Surveying -applications

The user should be warned that dIstances
calculated from UTM coordinates are in the
mapping plane; NAD'27 requires the scale fac
tor, radius of-curvature and elevation, NAD'83

.and HARN require the 3 factors plus the geoid
elevation (geoid height) in order to ,obtain true
ground distances.

For mapping, abutting. zones are ideal; sur-·
veying jobs however, may have to be extended
from one zone to the next, for example a feder
ally.financed power line, etc. Despite an exten-

. sive literature search, there appearto be no .
published guidelines how far a UTM zone can
be mathematically extended laterally (E-W) .
beyond the given 6° 96undary. Historically the
US State Plane' transverse Mercator zones '.
were limited toa 158 miles (254 km) width, =3°
, with zone oveflaps modified oy political bound
aries, in order of 10. Germany uses 3° 20' wide
zones, with a 20m overlap between zones.
Without qualifYing the value, a maximum 5fn 
mathematical extension (=Smiles) of the zone
beyond the 6° limit should be possible without
introducing major errors. Otherwise, if every
thing else fails, inverse (calculate the lat/long)
of a point at the end of a zone and then recal
culate the UTM coordinates of the same point
for the next zone. The result admitteQly, is a

.survey with 2 different UTM coordinates.

Author: Gabriel (Gabby) M. Neunzert, L.S.
Professor Emeritus, Division OfEngineering,

, CSM, (303)279:'1700

CMN'"

Fig. 4 -'COLORADO UTMZONES,

ZONElZ

......;- ...

Fig. 3 - NORTH AMERICAN UTM ZONES

Universal Transverse Mercator (continued)

Maos.etc.

Most "old' USGS maps show the
1,DOOm UTM grId, based on the
NAD'27 datum.

"Newer" USGS maps stIlI show
the 1,DOOm UTM grid, based on the
NAD'27 datum but in the lower left
comer of the map is the notation that

. . coordinates have to be shifted by a
.certain amount to get to the NAD'83
datum. The shift Is referenced to the
center oUhe map and given hi full
meters, implying mapping accuracy

· only but not surveying accuracy.

. The "newesf' USGS map, start
ing In 1997+; now showthe NAD'83
UTMcoordinates! .

· Caution-check the lower left cor-
ner of the map for the UTM datum.

Due to th~change in ellipsoid
parameters, grid north, Le. the map
ping angle, Is not th~ same for

· NAD'27 and NAD'83 (HARN).



Author: Gabriel (Gabby) M. Neunzert, loS. Professor Emeritus,
Divisional Engineering, CSM; (303) 279~1700

Even though apparently minor
in magnitude, the lat/long values'
changed mostly in the decimalpor
tion of seconds or arc and the
equatorial radius olthe ellipsoid
changed by 69 m on'ly to E> $78 137
m; the change in coordinates is dra
matic. Thus from NAD'27 to NAD'83
- depending upon the location of a
point within a zone, the shift in UTM
coordinates is in tne, range of 1O~
300 m (30-1,000 ft). See Fig. 5 and
Fig. 6An inspection of the UTMcal~

culations, presented in Part 3, will
show that the, ellipsoid parameters
have amajor effect.

HARN'92

Once again the data base of
the 1980's was READJUSTED n()n~

linearly, but with considerablysman~
er shifts than before; the GRS'80 '

, (WGS'84, etc.) ellipsoidwas ,i

retained. Frorn NAD'83 to HARN -,
again, depending'upon the location
of a control stationwithin a zone, "
the shift in coordinates is in the
rangeof1 ±m' (3 ±ft). ' ,

':,:'

Shift inEa~ting (X}coordina.tes (m)
NAD'27 UTM Easting+ shift =NAD'83-UTM EastingFig. 5

NAD'83 Data base

Next, two major changes were
made during the 1975..,1980 period:
first the data base was adjusted
and second the ellipsoid was rede
fined.

The NAD'83 data base repre
sents the mathematically derivecl'
values from the ADJUSTMENT of
about 250,000 control stations in
North America. The key word is
ADJUSTMENT, Le. implying that
depending upon'the magnitude and
direction of the adjustment vector,
new geodetic (lat/long) values for
each station were calculated -and in
turn new coordinates were p'uh
Iished; see example beloW. ,',

Based in part on information
from the Triangulatiol1 Network, the
mathematical shape,of North Ameri
ca was redefined asGRS'80 '
(WGS'84, WGS'95 etc.) ,ellipsoid.

North America, from the'post colonial
days to about 1970. The mathemati
cal model is the Clarke 1866 ellipsoid.

Universal Transverse Mercator (UTM) , Part 2

Conversion from NAD'27
to' NAD'83 to HARN

, This second part of the conver
sion between UTM data bases has
to start with a disclaimer:

Dispite some commercially
available computer programs, ,
there is NO DIRECT conversion,
i.e. there is NO CONSTANT MUL
TIPLIER, between the data bases
because the pUblished latllong
values of the control points have
been adjusted (changednon-lin
early) and there are 2 different
ellipsoids involved.' ,

Before dwelling on the princi
ples;'there are indeed some facts:

Facts:

1.The physical location of the con
trol points has n6t.changed over

, the years, or if soyerY, very little.
, ,

2. The physical distance between con
trol points has not changed over the
"years, .or if so ve,ry, very little.

3. The physical angle subtended
" between cont'rolpointshas not

changed overthe years, or if so'
very, very little.

4; In summary, even for surveyors, geo
desists andGPS enthusiasts, the
earth has changed very little over the
years and yes, some of the changes
can now by physically rneasureq. '

5. Once a data base has been,
established for a project, it can be
added to either by conventional
techniques or by GPS methods;
the type of ellipsoid or projections
does not matter, as long as every
body uses the same numbers,

'and in tum states the data base!

Enter mathematics! Even' though
writtliln for UTM, thft\ di'icI.lsii6n fol.
Iqwin'gbelow can, ,almost ve~a:tjni
be 'applied to State Plane Qo-ordi~". '
nates (both Lambert and Mercator)'.

NAD'27 Data base"

The NAD'27 data base repre-'
sents the aggregated control station

, effort, covering the major part of

SIDE SHOTS • 14



.Universal Tr~n~verseMercator (continued)

Users who need to work down
to the mm range. Working with
GPS, or for that matter just working
as a surveyor, requires the accurate
and duplicatable generation of num
bers down into the mm range. For
this group ofusers, the only work
able method for coordinate transfor
mation is to use the least square .
method to calculate the most proba
blelatitudeand separately the most
probably longitude shift vectors of
at least 3 nearby «5km) control
statjons~ Now the equations togeth
er with the shift vectors, will work to
calculate the correct coordinates.

Selected.·References: .

DMA, 1989; The universal grids; .
UTM and Universal Polar
S~ereosc:opic, DMATM 8358.2,
Defense Mapping Agency
(DMA) now National Imagery
.andMapping Agency (NlrvJA)

Doyle, FrederickJ. 1997; Map con
.version and the' UTM grid, PE &
RS, VoL 63, No~4, April·1997.

NIMA, 1997; World .Geodetic Sys
tem 1984, its definition andrela
tionships with local geodetic
systems, NIMA No. .
DfylATR83502WGS84, NSN
7643-01-402-0347

Snyder,John P., 1987; Map projec
tions-a working manual,
U.S.G.S. Professional paper

'., 1395. .

Welch, R. <& Homsey, A. 1997;
Datum shift for UTMCoordi
nates, PE & RS, Vol. 63, ·No. 4,
Apri(1997~

Errata:.

In the first article on UTM (p. 16,
May 1999 Side Shots) the sentence in
the last paragraph, containing the fol
lowing phrases: -

"GellT)any uses ... with a 20 m ..
overlap. between zones", should read:.
"Germany uses ... with a 20 minutes .of
arc overlap'between zones'

"A maximum 5 m mathematical
extension (z 5 miles)", should read: "A

.maximum 5 minutes of arC' mathemati
cal extension (;:::: 5 miles)" .

84·90"10Z'
108·

Shift in Northing(Y) coordinates (m)
NAO'27'PTIvfEastingiishift =NAP'83 UTMEasting

Example

A numerical example of 3 hori
zontal 15t order control stations in
the Denver area may illustrate the
concepts shown above. The 3 sta
tions roughly form a triangle: Soul- .
der to Mdrrison 32,938.16 m, Morri
son to state Capitol 21,581.34 m
and State Capitol to Boulder
36,143.48 m. Station Morrison is
roughly due southoi Boulder and
Station State Capitol is the east
most station. .

The meter threshold

It has been repeatedly empha
sized that there is no constant con
ver!?ion factor to convert from one .
databas~toanother.lt also logical
ly does NOT make sense to start
with NAD;27UTM coordinates,
inverse to get thelatJlong_aridthen
recalculate the NAD'83 coordinates
with the "new" ellipsoid; because
the geodetic values (I~tllong)are
NOT the same for both datums.
What is a user to do?

There is about a one meter
threshold,and on the risk that a
large portion of the user community
will be offended, there is a division
between users who 'can accept or
have unknowingly accepted an
error of 1,m or larger vs. the users
who need to work down to the mm
range.

Users who can accept anarror
otone meter or larger. The answer
is simple, buy or in some cases
even obtain for free, any of thecom~

mercial computer pro
Station '. ·Shift from NAD'27 to. NAD'83 Shift from NAD'83 to HARN'92 grams for conversion;
Boulder '213.705m,N 12~23'34:W O.181m, N33°20'2rW . my bet is that most are
Morrison 2.13.265 m, N12°30'02". W. 0118 N10°44'20'"w' based. on the illogical

. m, ". assumption that the
,-S_ta_te_C...;.ap_ito_'_2_13...,..1_22_m..;.,_N...,.12_·2_B'...,.39"_W...,....,.·:__O._30_4_m,:.-N_5_5°_44_'O_4"_E----l·. : geodetiq values. .' .

'.. '....., (IaVlong) are a constant
and as ac6risequence can NOT ".
give correct UTMcqordinates beiow
the one meter .threshold, even' .
though dedmals out to the mm are
shown. The proof isisiniple:,.,jt your>
program requires the il1put oUhree
known shift vectors,it is OK; 6ther~
wise the answers are to the nearest
meter or '1.orse.Also, programs
which e.ither ask for or generate a
single qonversioil factor should be
viewed'with great cautionI Again,
see Fig. 5' and Fig. 6.
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(F-6) B = e.2cos2+ 0.003 959 503

(F-7)M= a[(1,~~ _~ _,~::)¢_(3:2+ 33e; +~;:)Sin2¢+(~;; +~~;:)sin4¢-G~;~)sin6;] ,

, =4425115.9m

(F-8) X Coordinate of station . '

'X = ko~.N[A+(1- T+B)~3 +(S-18T+T2+72B-58e'2}~:J + 500,000 m 474.790.126 m

(F-9)Y Coordinate of station

.y= ko{M+RNtan{~2 +(5-T+9B+4B2)~:+(61_S8T+T2+600B-330e'2)~~}}4,423r387.S99m

(F-10) Scale Faetor

k = ko[1 + (1 + 8,2 COS
2
;)x2] 0.999 607 82

'2k2
0 R2N

Author: Gabriel (Gabby) M. Neunzert, L.S. Professor Emeritus,
Division of Engineering, CSM, (303) 279-1700
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Part 3

0.003 959 S03

-0°11'22.5"

105°00'00.

0.702106 936

-0.003 948 66 rad

6386,961.5 m

,-0.005151 613 rad

Numerical Example

+ = 39°57'36,91689" N
f-.=105°17'42.59642" W

a = 6,378,137 m
e2=0.006 694 380 023
ko = '0.9996 .

0.006 739497

given are exa9t, but the user has to be reminded that the
pUblished Lat. & Long. values of a given control point are
not the same in NAD'27, NAD'83 or HARN; thus the
equations can NOT be used as a direct conversion. '

Even though the equations appear to be intimidat~

ing, the steps are set up to permit a cascading entry into
a spreadsheet such as Excel or Mathcad, etc. As stated

Equatorial radius '
Eccentricity squared
By definition for 6° Zone

(F-13) Mapping angle '

" ...• [. A·2 cos
2

; (1+ 317~) A" cos';(201)).
.6a. = i..'Slnt1+ .+ ..', . . 3 is ' ..

(F-11) A' =Ao - A (in rad)

Preliminary variables:

(F-1) e.2=~
(1_e2

)

(F-2) RN = .' ~.
, (1- e2sin2¢)112

(F-3) Longitude for central meridian of projection zone

A.o=60[Im(A -~o800)_1] +183°

(F-4) A = (Ao -A)COS + (A in rad)

(F-5) T =tan2+

Known: + = Latitude,
,A=Longitude

Constants - GRS'80 ellipsoid:

Forward calculations - from Lat. & Long. to UTM

UniYersalTr~nsv,erse Mercator (UTM)

Part 3 is the concluding segment of UTM coordinates
and it presents the forward and inverse calculations. As
shown in the references, the majority of the equations
were adapted and modified from John P. Snyder's
U.S.G.S. Professional P'iiper 1395; the only new material
are the addition of the scale factor (eqliations F-10 to F
12), the mapping angle (equation F-13) and a numerical
example based on GRS'80 (WGS'84). The equations

I SIDE SHOTS· 14
i:



SlOE SHoTs • 15

0.OQ3 959459

0.702125644

39°57'36.91689"

105°17'42;59642"

0.00167922

4425 157.662 m

0;694 965 529

,0,006 739 497

6361 772.4$3 m

""E!~8El961;661 m'

Forthe non-programming individuals, I can furnish
a copy of my program, written iii Excel'97, at the usual
"you ruin it afyour owririsk basis"! Just call me:H-303~
279-1700, e-mail: gnel;lnzer@r:nines.edu, ordrop me a
line at: 15260 W. 48th Ave, Golden, CO 80403.

. . .. .

(R-6) D= e·2cos2.p1

(R-7) E =tan2.p,

(R-8) N= ' a
(1_e2 sln2 ~}112

(R-11) Latitude of station

_ ,(N tan; )[F 2 (S+3E+10D-4D
2

_ge'2,) F4
].p-.p," __,

, "R224

+[(61+ 90E+ 2980+ 4~1::2 _252e,2_S[)2)F6]
, ' , 720'

(R-12) Longitude ofstation "

" ,":, [, (1 +2E +0'f3 (5 -20+ 281;- 302 +8,e'2-l-24E2)F5
] 1

A=A..+ F " + ._-
, ,6 1~ ~~

(R-4) I! = C
J

1
_e2 _ 3e4 _ 5e6~

\. 4 64 256)

InverSecalcuiatioris - from UTM to Lat. & Long~

(R-S) 'Footpoint' latitude, or the latitude at the central meridian which has the same y coordinate
as the station. '

.l,,- + (3e, 27e1
3
). 2"+ (21e,2

556/). 4',11.+ (151e/) . <>,,+('1097e,.4)". 8;,''Y' - J! ---- Sin.. ----- Sin.. -- Sin",.. -- sm ..2' 32 ,16 32 . : 96 ' 512

=0.697 444 573

Universal Tran's"erse~Mercator (c6ntinuecf)

2
(R-1) e,2 =_e_ same as equation F-1 above

0-e~ ,
{ 2)'1>

(R-2)e, = 1-1-e
, 1+{1_e2Y2

. y
(R-3) c=-

k.

previously, the constants which mustbe entered arE? for
NAD'27 (Clarke 1966, a =6,378,20604 m, e2

:::; 0.006768
658 002) and NAD'83 are the same for HARM (GRS'80,
a =6,378,173 m, e2 =0.000 694380023). By definition
the scale factor at the central meridian (ko) is 0.9996. for
a 6° wide zone; Should the 3° wide zone be implement
ed, ko will have to be changed to 0.9999 and equation
F-3 will have to be modified as well.

]
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Rgure 1. (a) Meridiana! cross-section showing geometiic'b~sis for S~;ifts in geodetic and UTM coor:di-
. .nates .resulting from changes in datum and ellipsoid panirfueter$,'(b)!Schematic relationship of ellipsoid

qnd geoid to terrain suJiace. . ' ,,'

.,.. :~

: ""'~" ."

NAD eI3 enipsoid origin·
'at ",,"Ier of mass

·H-h N

a)

Solid surfa"" of EBl1h

Origin of UTh1 Northing
coordinales for NAO' 27 (

. --
Origin of UTh1 Northing/L__~~~~~ .J.,;__""'~~~"
coordinates for NAD 53 e...--. NAD 53 eqUator a ; ( ,

Origins Of~alitUde ~~lSare not lit~
elflpSoid origin except at equator .
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Geospatial Sciences Publications

L

2. DoD World Geodetic System 1984 - Its Definition and
Rel'atic)llships 'vvithLocal Geodetic Systems - TR 8350.2

3. Datums,Ellipsoids, Grids imd Grid Reference Systems - TM
8358.i' TML) .

o Datums, Ellipsoids and Grid Reference Systems - TM

8358.l
• Chapters 1 - 5 (6,418 KB)
• Chapters 6 -7 (7,747 KB)
• Chapters 8-11 (6,824 KB)

• Appendix A - C (286 KB)
4. . The Universal Grids: Universal Transverse Mercator (UTM)

and Universal Polar Stereographic (UPS) - TM8358.2 (2,883 KB)
5. GEOTRANS v2.2.2 (GEOgraphic TRANSlator)

o Revised version 2.2.2 posted May 16, 2002
o SUIilInarv ofFixes from 2.0.1 to 2.2.1
o Register - cli9k,hereifyou wish to be contacted with

updates .asthey occUr. .
6. WGS 84 CoordinateNalidation and Improvement for the NIMA

and Air Force GPStracking Stations (NSWCDDrrR-96/201)
7.. Horizontal Datums
8. Vertical Datums
9. All You Ever Wanted to Know and Couldn't Find Out About

Precise Positioning...an Plain EngJjW
10. Publications of Ilistoric Interest
11. Ordering instructions for Geospatial Sciences Division

publications .

Welcome to the NIMA Geospatial Sciences Division publications
listing. Many ofthe documents are available iriAdobe's portable
documentfonnat (PDF). rh,e Adobe Acrobat viewer software is

available free...

GEOSPATIAL
SCIENCES
DIVISION

Point of Contact:
gandg@nima.mil

PHYSICAL
GEODESY
o WGS 84 Earth
Gravity Model
o Arctic Gravity
Proje.ct
o Grids and
Projections

GEODETIC
SURVEYING
o Survey Operations

GEOSPATIAL
SCIENCES
DIVISION

SATELLITE
GEODESY
o GPSData
o Control Data

NIMAHOME

Contact Us

Phone numbers:
Com. (314) 263

4071
DSN 693-4071

OTH.ER
INFORMATION
o Publications
o Metadata
o Datum .
Transformation
o Scientific
,Applications
o DoD World
Magnetic
Model 2000
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FACTOIDS
About

'ARIZONA
UTM Grid Coordinates

As compared to theAZ SPGCS

UTM Zones are six (06') degrees (longitude) in width,
STATE PLANE Zones are typical three (03') degrees or (much)less,
In Arizona on AVERAGE for the Central Zone is about 01'47' 3D" and about
02' 35' at the widest part.

UTM Zone # 12 is from 114'Wto 10S'W (NAD-27 &S3)
UTM Zone Band "S" is from 32'N to 40'N (NAD-27 & 83)
UTMZone# 12 Central Meridian::: iii' 00' DO" W (NAD-27 & 83)

At. State Plane Zone C.M.s
W.Z.::: 113' 45' 00" W (NAD-27 & 83)
C.Z,::: iii' 55' 00" W (NAD-27 & 83)
E.Z. = 110' 10' 00" W(NAD-27 & 83)

UTM Northing origin point is 000000.000 Meters at the Equator (O'N) (NAD-27 & 83)
At.-sPGCS orighl is 000000.00 Feet at 31'N (NAD-27)
AZ-SPGCS origin is 000000.000 Meters at 31' N (NAD~83)

UTM Zone 12 is approximately 413 Miles (+/-) wide (in Central AZ),
,AZSPGCS Central Zone is from 'about' 125-miles, to 'about' 170~miles,wide.

UTM: Central Meridian false Easting =500,000 METERS
STATE PLANE (AZ) Central Meridian false Easting :: 500,000 FEET

500,000-METERS = 310.6-MILES
500,000-FEET = 094.7.~MILES

UTM: "CENTRAL Scale Factor" (at the Central'Meridian) is 0,9996
That equates to a scale ratio of 1:2,500

STATE PLANE: Central scale factor (AZ E & C) is 0.9999
That equates to a scale ratio of 1:10,000

UTM NAD-2'7 is based ~n' the CLARKE Spheroid of 1866'
,AZSPGCS NAD-2J is based on the CLARKE Spheroidof1866

UTM NAD-83 is based on the WGS-80 Ellipsoid .
AZ SPGCS NAD-83 is based on the WGS-80Ellipsoid

NAD-27 Clarke Spheroid 'Equatorial "a" 6,378,206 M Polar "b" 6,356,584 M
NAD-83 WGS-80 Ellipsoid Equatorial "a" 6,378,137 M Polar "b" 6,356,753 M
GPS WGS-84 Ellipsoid Equatorial "a" 6,378,137 fill Polar "b"6,356,754 M

With AZISPGS (NAD -27 & -83) Scale Factor and Geodetic Azimuth corrections are
somewhat simple, ,'., '
With UTM (NAD-27 & -83) both the Scale Factor & Geodetic Azimuth corrections are
rather complex. (Use computer programs.)

NAD~83, in the conterminous U,S, the GEOID is ALWAYS BELOW the ELLIPSOID; with
values, ranging from -5 Meters, to -53 Meters~

Page 1 ofl
By GMT 7/8/2002,



·WATCH OUT FOR: THE LAW OF UNINTEl'lDED CONSEOUENCES

,I

," '.~

.~ \.

I· ;;,

,,: :'::" "

r· .'
,1'

rne Three (3) P01ENTI..<\L .TRUTHS IN SURVEYING: "" ,." .
1. THAT WHICH WAS INTENDED TO;BE SURVEYlp); (agreements, plats, maps, deeds, etc.)·
2. THATWHlcHWASA"eTUALLYSURVEYED; (physical;evidenc~ ....:i '-"

3. THAT.- wHICH WAS CLAIMED TO HAYEBEEN So/RVEYED; (plats,descTfpttoni;map~~eports), .

In theory; there is ne diierence'b~tweentheory andpractice; In practice, there. il. . i·

Familiarity is amagician ~hat is cruel to beauty but kind to ugliness.

.,' ,;..-.

~ake it easy on yourself, r~aIi~e that: it's not SUDDoseto beeasv!

-The Dopeler Effect: The tendency ofstupid ideas to seems:narter when they come atyOli' rapidly,

The chief cause of failure and UIihappiness is trading wh.atw~ want most for w~atwanfil.t theni;9inentl

,,

RiFM cRead the Freakin' Manual) Don~tyou jU$hate it when Life doesn't follow the m~uaI?. . .. . . .

WHAT A..~ BOUNDARIES - IS A MATTER OF LAW.
WHERE THEY ARE - IS' A ~TTER OF FACT.
Justice Wheeler, in: Bolton Y. Lann 06 TEX 96)

There are NO FACTS; only Interpreta,tiens. F. Nietzche

,,
Th~e.T•..;LES) and thesli DETAILS,
So malJ.Y th~y seem.
But the detaUs we remember..•
may save the "tails" we esteem!

THERE IS AN EASYANSWER TO YOUR PROBLEMS,
THAT IS NEAT. PLAUSIB~E, AND WRONGi' .

The pastei:ists ortlym our inerniJT'ies. th~ fUture only in 'our plans, The present is cnironlyreaiitY~
Robert Prisg
'. ,

.' .~

. ~?ratius: "EST MODUS INRE~U$" ("There is measure it:l (all}thit}gs", Horace, the ;R.o~a:ri. I:~~~)
, .' :..

An accountant is some who knows the cost of everything li.Iid the value ofnothing. , .
A statistician is someone'who isgopd n~b~rs,but lacks the,personaIity to ~e an accQuntant.'
A mathem¢ci@ i~ a blind man in a darkroo~ looking for ajbla,ck catwhicfl'isn't there.~.Atopologist is a
m~ wp-o qeesn't know the difference between a coffee cup ~d -a doughn?t



'"

50% of energy extracti~n '(oil, liatutargas~ coal) costs ar~informatiOJi based.

beam the"Big'Pii~tUre"- where 'a:r~y6ur'.~oti1pete~Cycenters of tacit value.
Look at the information/knowledgechain of flow.,

"-:'.'
.... ;i,

~. . .";.~.'.

",. ':~'"i'

'..~ ,

fh~ a~erage :Ratio ofAssets ~ssociated:Wi:tJ1 ,Intellectual Capital ,;,ersus Physical
,Assets'inthe USA is estimated tbbe betW~eii3:iand4:i., ", ' ". . ":"""'" , - -.',: " ..- , ","

. ·i·;,(,. .~.

, T~a~sf~~sOfIG:owl~d~~ (V~~sus1hfot~~fi9~i:,aJ;,e v~ry;dif~cu(tbe~~u';e th~ pti:f~
, ", ,'" '0" "",,,' ,"" '~':<" 'L,'·," "c ' ' ,.

knowlf'dgelv~rsilsinforma,pon}is imlietJ,flcd fnpeople. .

Knowledge (perse) can NOT really bemeastiredl
. ..' .... '\ . ~~.:: :,"f' ",:.' ::<":':fJ:~ .

.. "., " ." .. ,'. ;. :, '" ': :":.f:. ,':- ~~:"\";';~'~ •.~ 0;+~' ., . -. , "
As anexa~ple;S'araL~~ i~,§~lling;ot( all)Jjff.np.~ac.turjng a:Q.d only keepingits
knowlE~dgebase, branding il:iJ.d marketing. rI~partments.

Employees may become drowning'victims'with info:l:-Ination overflow/overload in
that phenomenon known as the KNOWLEDGE EXPLOSION.
The ne~d to have KNOWLEDGE MANAGERS - the gatekeeper who selects and
edits for everyone else in the group - the point of focus of knowledge flow and
transfer.

REFLECT ON WHAT IS LEARNED -WITHOUT REFLECTION THERE IS NO
REAL LEARNING! (AH-HA!)

": . :). ~'" .::, :.. ". .'. : .. ," '~"':~ .' .
Beware of KNOWLEDGE HORDING.., the non-sharing of knowledge, especi~lIy if
it red~ces chances and opportuuities,tomakenewlfirtJiers; sOIlietirtles knowI'edge is
not sh'ared nit is seen tohelp'ac&-workerwnoJs ~om:pimJ:gfor th'e ~ame .
;idvancement opportltilityl Undets#~d"the'~~~ceptof o~taining knowledge for its
own sake, -versus- knOWledge thatTIfs the corp~rate strategies and goals.

. ;-.' ....

.LeaQl,'to Bro;adca~t .sT1CCES~;~,~~~n:';~~ also ~;ard'pt:oP~eWh~ s'J~ce~s,utiy COP;¥:~:'
versus just awardiIig ~he new (~n~aJiv~~gen,eJ;ating\idea;p'eopie.. .
Ask"who,fu.a~es tiif~tyce fii~c#o~,imore!mo,st) efficiently?" ,.... . , '. . ,
'Peoplele~n mor~;~rQ,ugh Sl'OiuES:thaiany other methudfnthe s.:{iiflng Qft3.cH:,

"kiiowledge -: itSO,CIALIZES the knoWledge. ;It',~.In~~~e~ttx~-~:. SOCIAL '" ;is;'

CAPITAL, that we needfor~h~creati9~'·'in(tfbtIl1=iltion"o{KIiowledge. . .' "
.,. ~ -.. ~.' ...

'. . . \ '. . ..-'. ..: :.... ' .~ ~ ~ :-- :": ~" :

In.,tell~du=il' ¢ap~taii~ tPatj~ta~l~ble ql1antity versus the'Physi~a(,;,.t~mgiblea$se~~'·.
The 3 categories are Human, StructUral, and Cilstoiner;based(g6oti'wilI.) .,' ',:
Human - individual-AN:D- Team :K;np}'V~e,dg,~. .' • ,;, , " ,,' ;
.Siructurifl-"thoSe '~at~~as,~s'i)II~s,'iiiiUlu,~ls,.proc.edure,s,"audguidelines-, - whichahf

,'ftanSferiibie.' . . "" <" ';;,;i;";"';< ' .. .

'Cdsi~'mer' C~pual- tho~e v~llles shared wland:betWe,encustoiners. '..' ,
'.;'. '." . ;.
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Hell If We Know What, IfAnything, These Mean:

You mean drill into the ground to try andfind oil? You're crazY. 
Drilling experts to Edwjn Drake, 1859

Pasteur's theory ofger11iS is ridiculousfiction. -'7

Pierre Pachet, Physiology Prof. at Toulouse, 1872

This 'telephone' has too many shortcomings... The device is inherently ofno value. 
Western Union, 1876

Heavier-thali-airflying machines are impossible. 
Lord Kelvin, Royal Society Pres., 1895

Stocks have reached whatlooks like a permanently hig/:t plateau. .~

Irving Fisher, Prof. of Econotnics, Yale Univ., '29

I'm just glad it'll be Clark Gablefa/ling on hisface antI notme. ~.
Gary Cooper rejecting lead in 'Gone With The Wind'

1 think there's a world marketjor maybejive computers. 
Thomas Watson, ffiM chairman, '53 .

We don't like their sound, andguitar music is on the way out. - .
Decca Records rejecting the Beatles, '62

There is no reason anyone would waitt a computer in their home. -
Ken Olson, Pres. & founder of DEC, '77 . .

640K ought to be enough for anybody. -
Bill Gates, '81 .. . .



, r.'

You build a deck and you use your 'network adjustment software to square it up...

You use the PPM factor when doing your checkbook... (lppfTl for ea\=hdo.llar"used}..,
• ' " _u' - :'., .•

When comparing receivers with your neighbor, he showsyou a Kenwood and you
show him your Trimble. .,' .

',., '

. ,,'.

:\

You might be a GPS surveyor if...
Posted By Trimble Man on 5/21/2002 at 7:16 PM

Before taking the family camping you look at the K-index...

The only point you need is an iron pin under the "ONLy" tree in a field .•

Your car has GPS but you run out of gas anywe:tY.•
'i . ".; '-

You have more batteries' than cables in your office....

You go golfing and rate your score atl sigma (instead of 2) ... ·

Your neighbor asks about flag poles and you go into a long discussion on fixed height
poles....

People at the NGS know you by fitstname...

Your eight year old knows how to run an RTK system.

You meet friends at the local watering hole and remark on how the PDOP's were
pretty good today..

You think 'geocachilig' is a great way to spend a day off.

You ask a girl for her lat/long instead of address.:

You go out at night and lay by the pool and knowwhere eachsatellite is by
. -- , , . : .. ,

memory...

Your wife's eyes glaze over when she hears you talking about 'multipath'.

You refer to attractive members of the opposite sex as haVing good "GDOP."

You have a waypoint stored for the grocery store, th~banl< a~d the office..

You follow the waypoint route even though it means cutting a feh2eor two and
driving through Farmer Browns prized garden...

You've almost been in ,atraffic accideDtwhile psing your hand~:~ld,inth~car;··';"

You know what 'AFP' means (and so does y,ouf wife).,
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http://www.btr.state.az.us/AZ/BTR

http://www.ncees.org/ NCEES (examinations)

·http://www.ca.blm.gov/webmanual/id2.htm BlM - the "Manual"

BlM-- AZ Cadastral offices

the 'other' messaging board

PO~(formerlyRPlS) messaging

BlM - the "Casebook"

WesterilFederation of Professional Surveyors

GREAT surveyingwebsites:
(wI an AZ bias)

http://www.dot.co.pima.az.us/gis/maps/controllindex.htm. Pima County GIS

http://www.dot.co.pima.az.us/gis/maps/controllindex.htm
Pima County DOT - City of Tucson DOT Geodetic Control Points

http://www.mcdot.maricopa.gov/ Maricopa County DOT (* ~hich will have a
link to the M/C Geodetic Data andC,adastral~,urvey * within.a few weeks.)

http://www.land.state.az.us/agic/agichome:html AZ Geographic Info Council

http://www.gci.;.net.com/-users/S/sowEms/ APlS - Saguaro Chapter

http://www.azpls.org/ APlS

http://www.igc.topica.com/lists/AZS.URVEY AZSU~VEY

http://azwww.az.blm.gov/plats/cadhome.html

(w/o the AZ bias)

http://www.wfps.otg/ '
, '

http://www.survmap.org/acsmintro.h'trnl ' ACSM (NSPS & others)

,http://www.or.bhn.gov/NllS/casebookl

http://www.i-boards.com/bnp/pob/

http://www.forumboard.net/1635/

_http://www.acea.org/ Ariz6n~ Consulting Engineers Association (ACEA)

http://www.srpnet.com/Salt River Project (SRP)
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Famous Last Words:

** I'll get a world record for this..
**It's fireproof.

** He's probably just hibernating. ,
** What does this button do?
** I'm making a citizen's arrest.

** So, you're a cannibal.
** It's probably just a rash.

** Are you sure the power is off?
** Yeah, I made the deciding vote on the jury, so what of it?

** The odds of that happening have to be a million to one!
** Pull the pin and countto what?

** Which wire was I supposed to cut?
** I wonder where the mother bear is.

** I've seen this done on TV.
** These are the good idild ofmlishrooms.

** I'll hold it and you light the fuse.
**Let it downslowly.

** Rat poison only kills rats.
** Just take whatever you want, this isa ghost town.

** It's strong eJ1ou:gh fof both of us.
** This doesn't taste right

.1

** I can make this light before it changes.
** Nice doggie.

** I can do thatwitb. my eyes closed.
** I've done this' before. '

** Well, we've made it this far.
** That's odd.

** You wouldn't hit a guy with glasses on, would you?
- ** Don't be so superstitious.

** Now watch this.
** What duck?



I've learned that you cannot make someone love you.
All you cando is stalk them and hope they panic and give'in.

I've learned that no matter how much I care,
SOllIe people are Just idiots.

I've learned that it takes years to build up trust,
and only suspicion,not proof, to destroy it.

I've learned that you can get by on charm for about fifteen minutes.
After that, you'd better have a great body.

I've learned that you shouldn'fcompareyourseIf to others.-
they are more screwed npthan you think..··. ..

.:", ;"

I've learned that you can keep pukil.lg JOl.lg after you think you're
finished

I've learned that we are responsible for wh~t we do,' ..
unless we are celebrities.

I've learned that sometimes the people you expect to kickyou when
you're down will be the ones who do.

I've learned. that we don't Itaveto ditch'bad friends,
because their dysfunction makes us fee! ~ett~r ~1>9."lt ()p.rselves.

. ,,:;. ,... ,.... -". """, ,,'. , ."

I've learned that no matter how you try to protect your children,
they will eventually get arrestedand,end'up in.thelocalpaper~ .'

I've learned that the people you care most aboutin life are taken from
you too soon and all the less important onesjus~neyergo away.

I've learned to say "Forget 'em if they ~an't tak;ea joke"in, 6 languages.
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I-IOLMANS
CAD' TECHNOLOGY & SURVEYING SOLUTIONS

1320 S. Priest Drive, Suite 101
Tempe, AZ 85281
(480) 967-0032
(800) 545-1062
fax (480) 967-8726

Attention Students:

The course instructors are not employees ofHolman' s, Inc. While Holman's believes the
instructors to be well-qualified to teach their respective courses, Holman's has not reviewed nor
approved nor is responsible for the content of the courses. By registering and paying for the
course(s), the registrant acknowledges and agrees that Holman's is not warranting the sufficiency
of the courses for any particular purposes and is not liable for any loss or damage of any kind
arising out of or related to the courses.




