New Jersey DOT Survey Manual

Table of Contents |
PREFACE i
PUIPOSE.....ceeee e "
Content and FOIMAL...........oooiiiiiiiiiiieeee et 1
PIEPAIALION ...ttt bbb v
REVISIONS ...ttt S v
ACKNOWIEAGMENT ... b B \/
Survey Reference DOCUMENTS ..........oiiiiiieieieiesie et in b VI
Chapter1  INTRODUCTION 1-1
1.1 Purposes of Manual............ccoiiiiiiiiiii s 1-2
1.2 IMPOItanCe OF SUIVEYS ......c.oiuiiiiiiieieieiiest e abbe bttt 1-2
1.3 Definition Of SUINVEYING ......coviiiieiee sl tsiisi e 1-3
1.4 OrganizZatiON.........coveiveruerueriereieiesueesseime e i bt st b eseesne st e neesbe bt sseese e e e 1-5
1.5 PUBlIC REIAHIONS ...t 1-7
1.8 SAFELY .o i e 1-14
1.7  COMMUNICALIONS .....ouvenviees i ettt 1-15
Chapter2 CONTROL-SURVEYS AND STATE

PLANE COORDINATE SYSTEMS 2-1
2.1 Survey Datums and Coordinate SYStEMS .........cccorirerrririeniene s 2-2
2.2 New Jersey State Plane Coordinate SyStem..........cocvvviieieneneneneneseseeees 2-11
2.3 GROUBLIC COMIIOL oottt 2-19
2.4 | MONUMEBATATION ... ..ttt bbbt 2-21
Chapter 3 ~ SURVEYING MEASUREMENTS 3-1
3L GBNEIAL ... 3-3
3.2 ACCUIaCY and PreCISION ........ccuiiiiiiiieiieie ettt 3-3
3.3 Errors and Classification Of ACCUIACY ........cccoeiiririeriieieienie e 3-4
3.4 Observation VS. MEaSUIEMENT. .........ciueiirierieriesie st 3-9
3.5 Linear MEaSUIEIMENT ......ccueiviiiiiiiiiitieieie ettt bbbt 3-9
3.6 ANQUIAr MEASUIEIMENT.......cviiiiiiiiiiiieieie ettt 3-12
3.7 Vertical MEaSUIBMENT .......cc.eiiiiiiiieieie e 3-21
NJDOT Survey Manual, Preface |

January 2000



Chapter4  GPS SURVEYS 4-1

O R - o1 - | OSSR 4-3
4.2 INtroduCtioN 10 GPS ..o e 4-3
4.3 SOUICES OF EITOIS. .ottt 4-7
A4 GPS SUINVEYS ...ttt ettt a ettt et e sbe et e et e e nn e e naeeanees 4-12
4.5 GPS Specifications for Photogrammetric Control...........cccceevvveviiiciiieseenenn, 4-21
4.6 GPS Specifications for TopographiC SUIVEYS...........cceoveierererenineneseseeeens 4-25
Chapter5 SURVEYING EQUIPMENT 5-1
5.1 GENEIAL.....eiiiiiei e a e e nes 5-3
5.2 Care and Maintenance of Surveying Equipment and ToOlS.........cumu . ot 5-3
5.3 Angular Measurement INStrUMENTS .........cccooeriiiriniensbaeene s et e 5-8
5.4 Distance Measurement INStrUMENTS ........ccovvrererinbn ittt 5-9
5.5 Accessories for Angular and Distance Measurement Instruments.................... 5-11
5.6 Leveling INStrUMENTS.......coiiiiiiiiiieieeee e b ii s 5-15
5.7  MiSCellane0oUS ACCESSOIIES ......cuerueiuieiieeeienieniesessmrnse e abanee e sbanee s sieeneeneenees 5-18
Chapter6 SURVEY PROCEDURES 6-1
6.1  NOLEKEEPING ... B Rkt akb ettt bbbt 6-3
6.2 Preliminary SUMVEYS .......ccoiiiiie sl sadh ettt 6-8
6.3 CONSLIUCTION SUMVEYS ...t e sat ittt 6-15
Chapter7 PHOTOGRAMMETRIC SURVEYS 7-1
0 T 1T 1= - | SRS 7-2
7.2 Components of PROTOGrammMEtry .........ccooeieiiriiinesieiee e 7-4
7.3 ACCUIACY NG ETOIS. .. ottt bbb 7-11
7.4 The PhotogrammetriCPrOCEAUIE .........ccovviiiiiiiiiiirieceeee s 7-12
7.5 OFNOPNOTO c.itie bt e bbb 7-16
APPENDICES

A New Jersey Statutory and Administrative Laws on SUrveying ..........cccceeeeeene. A-1
B NJDOT Feature Code List for Electronic Data Collection..............cc.cceovvnnneee. B-1
C  Miscellaneous CheCK LISES.........cccuiiiverieiieiieiesieseesie e sieesee e see e sea e e C-1
D MEetrifiCation ISSUES........ccieieiieiieie ettt ne e ee e nne s D-1
E  Surveying and Transportation INTERNET RESOUICES ..........ccevvrververuesennenns E-1
F Surveying Terms and GIOSSArY .........ccocuieiiiiieneiiseseeiee e F-1
NJDOT Survey Manual, Preface I

January 2000



Preface

Purpose

Many State Departments of Transportation have developed a survey manual. The purpose
of the manual is to provide uniform guidelines for implementing survey decisions, and to
assure quality and continuity in collection of survey data. The use of the survey manual is
to assure appropriate execution of projects in conformity with the operational needs of the
Department of Transportation, and to assure compliance with State and Federal criteria.
The objective of this manual is not to serve as a general purpose text on the practice of
surveying but rather as a guide to fit the special needs of the New Jersey Department of
Transportation. Basic education and training in surveying require appropriate schooling,
seminars and field exercises with appropriate textbook and learning. kits: At the end of
this manual there is a suggested reference list, including some helpful Web sites.

This manual deals with technical surveying issues.-Other issues such as professional
conduct and safety procedures should be in accordance withiappropriate Federal and State
manuals. For example, all the procedures at. NJDOT with respect to safety, traffic
protection, operation of tools and equipment, vehicle operation and usage, and first aid
must be in accordance with the latest edition of NJDOT “safety manual”. To avoid
duplications and potential conflicts with existing.regulations, this survey manual does not
include these procedures.

Content and Format

Survey manuals of other State Department of Transportations follow one of two general
conceptual models. Some manuals provide detailed instructions for surveyors, while
others take the‘form of a‘more general reference guide used by DOT employees and
Consultants, who are not necessarily surveyors. The purpose of the first approach is to
produce a prescriptive manual to train people in surveying. The danger in such a detailed
manual is that it could become easily outdated due to rapid technological developments.
Such a manual-may require frequent maintenance and revisions to keep it current. The
second approach is more technology independent and used to educate its readers about
surveying. This education provides proper understanding of surveying and improves the
communication among various DOT employees. This manual follows the latter approach.
The model used in developing this manual was the Ohio DOT (ODOT) survey manual.
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The criteria included in this manual have been developed along the lines of various
State’s survey manuals, as well as in conformance with applicable Department directives,
policies and procedures. The manual assures uniform guidelines for implementing survey
decisions, assure quality and continuity in collection of survey data and execution of
project support of operations in New Jersey, and assures compliance with Federal criteria.
Consideration must also be given to submission standards adopted by city, county, or
other local governments when submitting documentation under their jurisdiction.

The manual consists of seven chapters and an appendix. The first chapter deals with
general terms and definitions of surveying and surveying related terms. Chapter two
describes the various survey systems. Survey systems are, to some extent, technology free
concepts that serve as a foundation for different types of surveys. Chapter three deals with
survey measurements and the errors associated with them. Chapter four is a continuation
of chapter three and focuses on Global Positioning Systems (GPS). GPS is somewhat a
different surveying technique served better with its own chapter. ‘Chapter five discusses
surveying equipment, its characteristics, and proper usage. Chapter six-discusses location
surveys and some field procedures. Photogrammetry is discussed in the last chapter.
Photogrammetry is another surveying technique that is somewhat different compared with
the traditional surveying. The special chapter serves as a means for emphasizing the
applicability and the recommended utilization of photogrammetry as an integral part of
the surveying tool box.

Preparation

The NJDOT Survey Manual was developed through the cooperation and effort of
numerous staff members and the surveying program of the New Jersey Institute of
Technology. Errors or omissions should be reported to the Bureau of Civil Engineering,
Office of Survey Services, New Jersey Department of Transportation, PO Box 600,
Trenton, New Jersey 08625.

Revisions

Updating the manual will be a continuous process and revisions will be issued
periodically.-Some of the revisions will become necessary as a result of changes in
specifications and methodology, while others result from user feedback. All manual
users are encouraged to suggest modifications and improvements to this manual, in
writing, to the Bureau of Civil Engineering, Office of Survey Services, at the New Jersey
Department of Transportation.

Submit Manual orders to the Bureau of Civil Engineering, Office of Survey Services,
New Jersey Department of Transportation, or check the Department’s web site to
download the latest version.
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