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FOREWORD

We update this manual to meet current industry standards, document changes, and keep practitioners notified.
The manual has been edited to establish uniform policies, procedures, and standards for mapping and land
surveying at the Nevada Department of Transportation.

Before beginning a mapping or survey project, please check with the Location Division, Geodesy Section at
(775) 888-7486 for manual addendums or updates. We welcome comments aimed at improving the manual
and ask that you direct those to our Geodesy Section as well.

Technical Survey, Utility Mapping or LiDAR questions should be directed to the Geodesy Section at (775)
888-7486. GIS questions should be referred to the GIS Coordinator at (775) 888-7594. Those with Imagery
questions should call (775) 888-7161.

Finally, there are obvious dangers to surveying and mapping our busy highways. Highway safety is our top
priority at NDOT; please make it your priority as well.

We hope this manual serves your needs and again we welcome any comments.

Steve J. Merrill, P.E., C.P.M.

Location Engineer
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PROCUREMENTS

GENERAL PROGRAM

Current DBE Information: Contact:
Roc A. Stacey
Contract Compliance
(775) 888-7497
rstacey@dot.state.nv.us

Procurements Contact:
Agreement Services
(775) 888-7070, Option 1
agreeservices@dot.state.nv.us

NDOT Location Division Consultant Coordinator Contact:
Gary Nelson, PLS
Chief Geodesist
(775) 888-7486
gnelson@dot.state.nv.us



mailto:agreeservices@dot.state.nv.us
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VENDOR RESPONSIBILITIES

It is the vendor’s responsibility to be familiar with all specifications and guidelines provided by NDOT and
to follow them in performing work for NDOT.

It is the vendor’s responsibility to consult with NDOT to resolve all discrepancies and ambiguities between
these specifications and the task order prior to proceeding with work on a project.

Where these specifications, task orders, and the mapping limits diagram describe portions of work in
general terms, but not in complete detail, it is to be understood that only the best professional practice is to
prevail. Satisfactory materials and equipment are to be used as necessary to complete the work in
accordance with accuracy and content requirements specified therein.

It is the vendor’s responsibility to use materials, software, and equipment and other incidentals necessary to
perform the work that are of uniformly high quality and will be compatible with the quality and accuracy
standards specified for the project.

At the completion of a mapping or GIS project, the vendor shall return to NDOT all materials including
digital image files either on DVD or on our ftp site: ftp.nevadadot.com place the file in incoming and
notify your contact at NDOT. In addition for GIS projects, source code, required documentation and data
as appropriate will be provided to NDOT.

A Nevada Professional Land Surveyor will be responsible for Mapping or Survey projects. A PLS stamped
report will be required of the consultant to indicate that the minimum requirements of surveying and
mapping have been met.

Safety is a first priority at NDOT. Field personnel will at all times wear high-visibility vests and hats. They
will also have proper roadway signage or traffic control set at the work site.


ftp://ftp.nevadadot.com/

REQUEST FOR PROPOSAL INFORMATION

Requests for Proposals (RFPs) are advertised for the purpose of obtaining information that will be used to select
service providers with whom the Nevada Department of Transportation (DEPARTMENT) hopes to negotiate
agreements.

Proposers will submit the DEPARTMENT’s requested number of CD(s), with each CD containing one (1)
typewritten and legible proposal contained within one (1) Portable Document Format (PDF) file. Proposals must be
received no later than 3:00 p.m. on the date selected by the DEPARTMENT. Proposals received after the specified
deadline or submitted to the wrong location will not be considered and will be disposed of in an appropriate manner
suitable to the DEPARTMENT.

Proposals will first be reviewed to determine if minimum qualifications set forth by the DEPARTMENT for the
discipline(s) are met. Any proposals submitted that do not meet the minimum qualification requirements will be
disposed of in an appropriate manner, at the sole discretion of the DEPARTMENT, and without further review.

Any proposal received prior to the date and time specified for receipt of proposals may be withdrawn or modified
by written request of the proposer to the DEPARTMENT. To be considered, however, a written request to
withdraw the proposal or the modified proposal must be received before the time and date specified for receipt of
proposals. Oral interviews may be conducted for each service provider that submits a written proposal. The
DEPARTMENT has the sole discretion as to whether it will or will not conduct oral interviews. In the event that
the DEPARTMENT elects to conduct oral interviews, each proposer in the competitive range will be advised of the
format for such interviews and will be provided with a schedule for such interviews. Competitive range refers to a
list of the most highly rated proposals based on the initial ranking of the proposals; it is based on the initial rating of
each proposal measured against all evaluation criteria set forth in a RFP.

Issuance of a RFP shall in no way constitute a commitment by the DEPARTMENT to execute an agreement. The
DEPARTMENT reserves the right to reject any or all proposals received in response to a RFP, or to cancel a RFP if
it is deemed in the best interest of the DEPARTMENT to do so.

The DEPARTMENT reserves the right to issue supplemental notices to a RFP prior to the closing date. If a service
provider chooses to download procurements from the http://www.nevadadot.com website, it is the service
provider’s responsibility to check for any supplemental notices to procurements from the
http://www.nevadadot.com website. Procurements can be located under the “Doing Business” tab’s “Vendors”
link.

With a RFP, the proposer is furnished a copy of an Agreement draft. To maintain consistency between the
DEPARTMENT and its service providers, only those portions of the Agreement draft which are open for
negotiation shall be blank.

A pre-negotiation audit may be required by the DEPARTMENT’s Internal Audit Division. All DEPARTMENT
audits will be conducted in accordance with the AASHTO Uniform Audit and Accounting Guide 2010, which can
be found at www.transportation.org.

After release of a RFP and through the Notice of Intent to the Notice of Award of the agreement, the proposers
shall only correspond with the DEPARTMENT regarding a RFP through the DEPARTMENT’s designated
representative as per NAC 333.155. The proposers shall not contact the DEPARTMENT’s employees, including
department heads, members of the review committee and/or any official who will participate in the decision to
award the agreement regarding the project, except through the process identified above. Any communications
determined to be improper may result in disqualification, at the sole discretion of the DEPARTMENT.
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Any official information regarding a RFP will be disseminated by the DEPARTMENT. Specific information
necessary for the preparation of proposals will be disclosed to all proposers.

The DEPARTMENT will not be responsible for any oral exchange or any other information or exchange that
occurs outside the official process specified herein.

The DEPARTMENT will respond to questions regarding a RFP, including requests for clarification and requests to
correct errors, submitted in writing by proposers. Only written requests as described above will be considered. No
oral requests will be considered. No requests for additional information or clarification to any other
DEPARTMENT office, consultant, employee or the FHWA will be considered.

Any questions raised by proposers must be submitted in writing to Agreement Services, 1263 South Stewart Street,
Room 101A, Carson City, Nevada, 89712, faxed to (775) 888-7101 or emailed to agreeservices@dot.state.nv.us
and received by 3:00 p.m., on a date selected by the DEPARTMENT. Written responses will be distributed by the
DEPARTMENT on or before a date selected by the DEPARTMENT.

Selection will be based on the factors contained within the evaluation criteria, which will be used by a review
committee to evaluate the proposals. If the committee elects, in its sole discretion, to conduct oral interviews, each
proposer in the competitive range shall be notified of the interview schedule, and will be required to confirm their
willingness to attend the oral interview. The same evaluation criteria will be used for all reviews and oral
interviews. Failure of a proposer to appear at the oral interview, if the committee elects to conduct such interviews,
will be considered non-responsive, and that proposer will be eliminated from any further consideration. The
committee tasked with ranking the proposals will be comprised of DEPARTMENT staff and other members
representing local entities, who shall remain anonymous to protect the integrity of the procurement process.

The committee may use the information submitted in the proposer’s proposal package, the information referencing
a RFP, and the information presented at the interview, if applicable, to arrive at a final ranking. The proposals will
be ranked and an agreement will be negotiated following the selection of a service provider. If an acceptable
agreement cannot be reached with the highest ranked service provider for a RFP, the DEPARTMENT will proceed
to negotiate with the next highest ranked service provider, and so on, until an acceptable agreement is negotiated, or
the DEPARTMENT, in its sole discretion, elects to terminate the solicitation.
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TYPICAL TASK ORDER

The service provider shall provide for the survey and mapping as follows:

A

B.

Overview

The required scope of work is to supply photogrammetric mapping covering a width of (*¥*******) feet
along route (********) a5 shown on the attached sketch map.

Accuracy and scale requirements necessary to assure digital photogrammetric mapping for this project
as defined by NDOT’s “Special Instructions for Survey, Mapping or GIS Consultants” manual, will be
met. The quality of compiled maps will be periodically verified by NDOT with methods described in
the FHA “Survey and Mapping Manual.”

Included in this scope is the necessary survey work consisting of aerial control, construction control,
and cadastral surveying. The accuracy requirements for these surveys have been delivered to you in
the “Special Instructions for Survey and Mapping Consultants” manual or will be delivered to you
upon request.

Reconnaissance

A. Your firm will be expected to perform an initial reconnaissance that will reveal approximately where:

A

O 0

E.

1. Any existing state plane coordinate data may be extended from.
2. The location of photo control panels will be set.

3. Construction control monuments will be set.

4. Locate PLSS monuments found in oil.

Horizontal and Vertical Control

The basic control survey shall provide for all other project surveys and consist of a traverse or a series
of connected traverses. These points shall be monumented, stamped, have a witness post set 1m south
of the monument wherever feasible, and have a written description sufficient for monument retrieval.
GPS points are acceptable if they meet specifications and are visible with other GPS points.

The Construction Control Survey shall provide monumented and stamped control approximately every
450m and at offsets from each PC and PT along the project limits.

The Aerial Control Survey shall provide control as needed for the placement of aerial panels.

The Cadastral Survey shall provide geodetic positions on all found highway reference monuments and
R/W posts. In addition, section corners and property corners as identified and requested by the R/W
division of NDOT shall be tied.

All Surveys shall occur under the direct supervision of a Nevada Professional Land Surveyor.

IV Computations

A.

B.

C.

The coordinates of each point shall be reported in the geodetic coordinate system authorized for the
project by the Geodesy Section of NDOT and will reflect the mean ground to grid factor.

A best-fit alignment retracement shall be generated showing the centerline of the right-of-way and
equations showing the newly generated alignment and the

Mapping shall be completed using authorized NDOT cell libraries and will observe NDOT
color/layer/line type conventions.

VI Deliverables

A

Deliverables shall include the following:

1. Survey:

a. Reconnaissance report
b. Traverse and survey closures with network diagram
c. ASCII final coordinate listing
d. ASCII coordinate/alignment offset report
10



e. ASCII descriptions for all monuments
2. Mapping:
a. Aerotriangulation results
b. MicroStation 3D planimetric file
c. InRoads DTM file
d. Word Metadata File
e. MicroStation 2D PLSS file
3. Imagery:
a. One set of orthophotos of the project
b. One set of original stereo aerial photography files.
c. Original film negatives.
VI Special Concerns

A Points set in the field must be uniquely name stamped.

B. All applicable required permits shall be acquired before fieldwork begins,
i.e. (Right of Entry).

C. All proper safety procedures concerning visibility and signs will be observed in surveying and
mapping data collection.

D. If a specific duty has not been identified within the task order, but is required for the project, the

consultant is expected to complete them in their normal course of work.

GIS OUTLINE FOR PROJECT PROPOSALS

Initial proposals should be submitted electronically in the current NDOT word processing software package to
allow for commentary or editing. Final proposals should be submitted in PDF format. The suggested outline
includes minimum information.

Purpose . Project purpose

Project Narrative . Description of problem and major issues to be resolved

Project Approach. Methodology for resolution of issues in narrative

Tasks and Deliverables . Project Initiation Requirements and Design Development and Testing Delivery

Management Approach . Covers status reporting/communications Forms Work plans Information requests
QA/QC Deliverable Acceptance

Location of Work . Specific locations where work will be done and what phases will be performed at these
locations.

Deliverables . A listing of all deliverables

Assumptions. Limiting factors and hardware, software issues

Resources (Staff). Includes contact information and function

Project Schedule. Includes a graphic of staff assigned, title, and hours Includes plan of actions and milestones.
Project Costs. Hourly rates Cost per phase Travel Sub-contractor work subtotal (if applicable) Cost total
Appendices. Timeline Design or Functional Requirements documents

11



SERVICE PROVIDER TIME/COST EXAMPLE INVOICE

SR28 — FROM SPOONER JUNCTION NORTH 2 MILES

DIRECT COST VOID - SEE REVISED BELOW

Task 1: Research
Professional Land Surveyor
Technician

Task 2: Reconnaissance
Professional Land Surveyor
Party Chief

Instrument Man

Clerical

Task 3: Horizontal and Vertical Control
Professional Land Surveyor

Party Chief

Instrument Man

Technician

Clerical

Task 4: Calculations and Right-of-Way Resolution
Professional Land Surveyor

Technician

Party Chief

Instrument Man

Clerical

Task 5: Right-of-Way Mapping
Professional Land Surveyor
Technician

Task 6: Meetings
Principal Professional Land Surveyor
Professional Land Surveyor
Subtotal

Overhead
Subtotal

Fixed Fee
Subtotal

INDIRECT NON-SALARY COST

GPS Receivers

Mileage

Total Station

Material
Subtotal

8hr. @ $28.61/hr.
16 hr. @ $15.75/hr.
16 hr. @ $25.50/hr.
24 hr. @ $17.75/hr.
24 hr. @ $14.00/hr.
4hr.@ $15.05/hr.
16 hr. @ $25.50/hr.
40 hr. @ $17.75/hr.
40 hr. @ $14.00/hr.
8hr. @ $15.75/hr.
10 hr. @ $15.05/hr.
40hr. @ $28.61/hr.
40 hr. @ $15.75/hr.
10hr. @ $17.75/hr.
10 hr. @ $14.00/hr.
4hr. @ $15.05/hr.
40 hr. @ $23.56/hr.
60 hr. @ $15.75/hr.
4hr. @ $51.92/hr.
8hr. @ $28.61/hr.
$8,141.64 x 1.49

9 % profit

09/01/02
Page 1 of 1

$228.88
252.00

$408.00
426.00
336.00
60.20

$408.00
710.00
560.00
126.00
150.50

$1,144.40
630.00
177.00
140.00
60.20

$942.40
945.00

$207.68
228.88
$8,141.64

12,131.04
20,272.68
1,824.54
$22,097.23

40 hr. @ $25.00/receiver-hr.  $1,000.00

1660 mi. @
32hr.@

$0.45/mi.
$8.25/hr.
$450.00

Direct Labor, Overhead and Fee

Indirect Costs

Total

NOTES: Wages listed are averaged per category and are current through March 1998.

12

747.00

264.00

450.00

$2,461.00

22,097.23

$2,461.00
$24,558.23



BILLING

INVOICES / AUDITS

The billing process is fully described in the Master Agreement or the “On Call” agreement that was signed by your
firm. To reiterate and further clarify, please note the following:

Pre-negotiation Audit. Prior to the negotiation of the first task order issued against an “On Call” agreement,
NDOT will perform, or have performed, an on-site audit of the consultant’s accounting system to assure that it can
handle the segregation of costs necessary for the agreement and that the consultant understands Federal cost
eligibility regulations contained in 48 CFR, chapter 1, part 31. In addition, the consultant’s overhead costs and fixed
profit percentages will be determined for inclusion into agreement negotiations.

Monthly Billings. Location Division requires the use of a standard monthly billing invoice (example page 19). In
addition the standard monthly progress report will be required (see page 20). Send these to the “On Call”
coordinator. NDOT will pay 90% of the amount of an agreement with the last 10% being retained until the work is
accepted and the closeout audit performed. Monthly billings will be reviewed for reasonability, conformity, and
accuracy by the project manager; he then approves an invoice of payment certifying that there are sufficient funds
left in the agreement for payment.

For projects less than 90 days in duration a “lump sum” payment upon completion of project approach may be
used.

For GIS projects, billing at 30%, 60%, and 90% is acceptable. The final 10% payment will not be made until all
deliverables are received.

Final Billings. The final billing will be a typical monthly billing with the statement of “final billing” clearly
marked on the billing invoice.

Close-Out Audits. Upon completion of a task order, NDOT will schedule a closeout audit. They will verify the
supporting documentation for your invoices, as described in the “On Call” agreement. Further questions relating to
either of the audits may be addressed to:

Chief Internal Auditor
Phone (775) 888-7007
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LOCATION CERTIFIED INVOICE

To Remit to

Attn: Chief Geodesist Attn: Ray Bolger

Nevada Department of Transportation Sierra Engineering

1263 S. Stewart St. 1616 Molly Dr.

Carson City, NV 89712 Yerington, NV 89447

Re: Date:

Carson City By-Pass Mapping February 1, 2012
Final Billing

Period:

1-1-12 through 1-31-12
DIRECT LABOR COSTS:

Employee Rate Hours Amount
Woods, Jack T. 51.25 30.0 $1,537.50
McQueen, Ray, S. 27.41 23.0 630.42
Eastwood, Frank, W. 30.29 4.0 109.35
Duvall, Bert, L. 20.15 8.0 260.45
Dunne, Judy, D. 19.50 9.0 110.90
Cusack, Billy, B. 15.37 5.5 289.90
Hamilton, T. R. 10.02 6.0 54.56
Cushing, Charles 5.09 8.0 49.50
Direct Labor: 3,042.58
Overhead at 168% of Total Direct Labor 5,135.87
Total Direct Labor Subtotal: $8,178.45

NON-DIRECT LABOR COSTS:
(see attached billing)

J & S Contractors 100.00

Carson Trucking 250.50

Total Non-Direct Costs Subtotal: $350.50

Fixed Fee at 12% of Total Direct Labor Subtotal: $981.40
Adjustment to costs:

(see attached) Subtotal:  $0.00

Total Amount Due this Invoice Total: $8,859.31

Authorized Signatures

Name Date Signature
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INVOICE NO.

NEVADA DEPARTMENT OF TRANSPORTATION CONSULTANT SERVICES CONSULTANT
MONTHLY INVOICE AND PROGRESS REPORT

BILLING PERIOD: FROM ,20__TO , 20
CONTRACT NO. PROJECT TERMINATION DATE
PROJECT ID NO. AGREEMENT NO.
PROJECT NO. AMOUNT OF AGREEMENT $
PROJECT NAME AMOUNT OF SUBCONTRACTS $
FIRM NAME SUBCONTRACTS PAID TO DATE TOTAL $
REMIT TO ADDRESS TASK ORDER NO.(S)
AMOUNT OF TASK ORDER $

TOTAL AMOUNT INVOICED THIS PERIOD $
BALANCE REMAINING $

PHONE NO. $ INVOICED TO DATE

FAX NO. % OF PROJECT COMPLETED TO DATE
CONTACT PERSON LIQUIDATED DAMAGES START DATE
DBE GOAL FINAL INVOICE: YES NO

% DBE TO DATE

*COST PLUS FIXED FEE AGREEMENTS
COMPLETE PROJECT BREAKDOWN — REVERSE SIDE OF SHEET
TARGET MILESTONE DATES

30% SUBMITTAL 60% SUBMITTAL
90% SUBMITTAL 100% SUBMITTAL
OTHER:

SUMMARY OF WORK PERFORMED THIS INVOICE
(Attach additional sheets if necessary)

SUBMITTED BY:

SIGNATURE OF CONSULTANT Date:
APPROVED:

NDOT PROJECT MANAGER Date:
NDOT CODING:

Org: Appro.: Activity: Object: Job/Project:
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SURVEY

TYPES OF SURVEYS

The NDOT Location Division has identified the following as typical types of surveys that may be released to an
“On Call” consultant. Please note the use of hierarchical survey methods used at NDOT. This method of surveying
prevents the buildup of systematic errors over large regions by imposing restraints and allows the surveyor to
determine the maximum computed uncertainty of a position, with respect to controlling monumentation, and in
terms of local relative positional accuracy. Because the published High Accuracy Reference Network (HARNY)
has negligible systematic errors, it serves as the current reference frame considered to be absolutely accurate at
NDOT. The survey type or types required in a given task order shall be referred to and have a meaning as
described below:

Control Surveys

BASIC CONTROL SURVEY: The basic control survey or control densification, based directly upon fixed HARN
control, provides control for all other project surveys and is a connected series of independent vectors, properly
weighted, constrained, and adjusted least squares network.

CONSTRUCTION CONTROL SURVEY: This survey, based directly upon previously adjusted and fixed Basic
control, includes reference monuments placed every 1300 feet to 1650 feet along the project length, and being inter-
visible between adjacent monuments, at or near right-of-way limits in secure locations.

AERIAL CONTROL SURVEY: This survey, based directly upon, as a minimum, previously adjusted and fixed
higher order Construction control, provides for the placement of aerial panels.

Cadastral Boundary Surveys

CADASTRAL BOUNDARY SURVEY: This survey, based directly upon and as a minimum, previously adjusted
and fixed Construction control, providing for positions of Highway Reference monuments, R/W monuments,
property monuments, and section corners that would typically, in addition to construction control, be used to
identify properties and boundary locations.

Engineering Surveys

TOPOGRAPHIC SURVEY: This survey, based directly upon and as a minimum, previously adjusted and fixed
Construction control, provides for the location of topographic features, including utilities, surfaces, and other
detail that may be found within or along NDOT right-of-way. Construction survey: this survey, based directly upon
and as a minimum, previously adjusted and fixed Construction control, marks the horizontal location (line) as well
as the vertical location, or elevation (grade) for proposed fixed works.

* HARN: refers to the NAD83/94 adjusted NAD83 datum.

MINIMUM CONTROL AND LAND SURVEY STANDARDS

The Nevada Department of Transportation Location Division has determined that the following minimum standards
must be met by all “On Call” consultants. These standards are given in terms of relative position accuracies and
exceed those minimums as required by NAC 625.666. Further, we have correlated these tables to match NDOT
classifications, thus assuring that everyone understands the minimum accuracies required at 95% probability. These
standards are independent of measurement equipment and technology but do reflect the objectives required by
NDOT. While the classification chart used by NDOT is the FGCS accuracy classification chart, products prepared
for NDOT must only meet NDOT specifications. NDOT does not intend to “Blue Book” tied monuments, therefore
specifications, but not accuracy standards, are significantly different.
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NDOT Minimum Positional Accuracies

Basic Construction Cadastral Aerial
Control Control Control Control
Horizontal \} Vv VI VI
Vertical \ ]l VI VI
NAC 625 State County High Urban Photogrammetric

Notes:

Positional tolerances required use the next highest, or greater, classification of control for their relative frame of
reference.

Basic control points set in concrete and having a greater likely permanence, are commonly referred to as “X” points
or HARN densification points. These typically include establishing basic control points on existing NGS
benchmarks.

Control Extension only occurs from monuments with semi-permanent character.
NDOT Classification Chart at 95%

Classes Range Typical Uses
| | <.003 ft. Precise measurement studies
I | <.007 ft. Precise measurement studies
1] | <.020 ft. Precise measurement studies
v | <.030 ft. Basic Control or HARN densification
Y | <.070 ft. Construction control
Vi | <.152 ft. Aerial control, cadastral corner
Vil | <.330 ft. Utilities location
VIl | <1.64 ft. Features mapping
IX | < 6.65 ft. Resource mapping
X | <16.40 ft. Resource mapping
Xl | <32.81 ft. Resource mapping
Xl | <32.81 ft. Resource mapping

MIMIMUM ENGINEERING SURVEY STANDARDS
Topographic Surveys
NDOT has determined that dependent upon various needs, topographic surveys will be collected with a precision
defined by these levels:
Level 1 Details that can be precisely defined, usually consisting of points. Example: sewer/culverts
inverts, white pavement, and bridge beams.
Positional accuracy:
Horizontal class = IV Vertical class = 11

Level 2 Details that require a location at moderate precision, consisting of points or polylines. Example:
manhole cover, edges of oil, walkway.

Positional accuracy:
Horizontal class = VII Vertical class = VII
Level 3 Natural features not precisely defined, consisting of polylines.
Example: stream banks, rock outcrops, edges of gravel road.
Positional accuracy:
Horizontal class = VIII Vertical class = VIII
17
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Plotting of topographic features requires a positional accuracy dependent upon the final map scale and a plotting
accuracy assumed to be 0.002ft.

Contract Stakeout Survey Positional Tolerances

Horizontal ( +/-) Vertical (+/-)

feet feet
Rough Grade Stakes 0.50 0.16
Sub grade Red Head Stakes 0.16 0.03
Finish Grade Blue Top Stakes 0.16 0.03
Building Offset Stakes 0.03 0.03
Sewer Offset Stakes 0.16 0.03
Waterline Offset Stakes 0.16 0.07
Hydrant Offset Stakes 0.16 0.03
Street Lights 0.16 0.10
Curb Offsets 0.03 0.03
Structural Concrete 0.03 0.03

MINIMUM GPS ACQUISITION SPECIFICATIONS

NDOT has established these rules as to how the minimum positional tolerances (standards) can best be met, in
accordance with Trimble and Leica manufacturers recommendations. As new technology becomes available, it is
expected these specifications may require modification or additions.

GPS Specifications by Survey Type

Specifications Basic | Construction | Cadastral | Aerial Topographic
Minimum number of connections
to h_lgher order_flxed known 3 3 2 5 5
horizontal/vertical control per
network
Minimum number of 2 vectors
independent vectors to individual 2 2 2 1

. 1 scalar

control points
Max number of network traverse
legs without 3 independent 2 4 4 4 N/A
vectors
Dual frequency Y N N N N
Mmlmum'satelllte mask angle 13 13 13 13 13
above horizon
Minimum number of satellites
tracking/GDOP 5/6 5/6 5/6 5/6 5/6
Epoch recording Rate Seconds 15 15/5 15/5/1 15/5/1 15/5/1
Field Data log required Y Y Y Y N
Point descrlptlon with unique vy v v N
name required
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Recqmmen_ded min/max station 6/31 3/35 0/6 0/3 0/3
spacing (miles) max

Survey Method Basic | Construction | Cadastral Aerial Topographic
Static X X X X
Fast Static X X X X
Stop & Go X X X
RTK (post processing) X X X
RTK (calibration) X X
Conventional X X X X
Virtual Reference Station (VRS) X X
NDOT Minimum GPS Occupation Times

Dual Frequency
< 3 Miles > 3 Miles to <9 Miles > 9 Miles to <30 Miles
Static 20 minutes 20 to 50 (2X60 Basic) 50-130* (2X120 Basic)
Fast Static 8 to 10 minutes* 10 to 20 minutes* N/A
Stop & Go 10 epochs minimum N/A
RTK/VRS Reoccupation 20 minutes ~ Reoccupation 40 minutes  Reoccupation 60 minutes
apart** apart** apart**

Single Frequency

< 3 Miles > 3 Miles to <9 Miles > 9 Miles to <30 Miles
Static 20 minutes 20 to 50 minutes* 50 to 75 minutes™
Fast Static 15 minutes* 15 to 20 minutes* N.A.
Stop & Go 10 epochs N.A.

RTK (post Processing)  Reoccupation > 45 minutes apart

N.A.

Observation times and accuracy are functions of GDOP, number of satellites, ionospheric disturbances but mainly
distance. It is highly recommended that baselines be kept to a minimum while also recognizing the NDOT has
minimum monument distances assuring a relative line accuracy (RLA). RLA is the allowed positional tolerance /

distance between stations.
* Indicates a range of time proportional to the vector distance.
** Indicates when T.A.C.s are set to be tied and retied.

Observation times are determined avoiding both the worst “observing window” and optimum “observing window”
while traditionally assuring a fixed ambiguity integer solution. Below are some industry standard occupation times

that are not reflective of NDOT standards, but that are acceptable.
e Static (95%)
e Single Frequency (9 miles max): 20 min + 2 min per mile
e Dual Frequency: 10 min + 2min per mile
o Fast Static (95%)
e Single Frequency: 10 min + 2min per mile
e Dual Frequency: 5 min + 1 min per mile
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NDOT Minimum GPS Network Adjustment Procedures

1. Vector Processing
= Basic control will use Precise ephemeris & others Broadcast
= Process using best independent baselines
= Check loop closures

2. Free - Network Adjustment
= Fix one coordinate for adjustment
= Tribrach error = .0066 ft. and HI error = .0098 ft.
= Evaluate all vectors eliminating those failing
= Process monuments in hierarchical method.

3. Constrained Network Adjustment
= Constrain all control
= Use geoid 03, or latest, for orthometric elevations
= Compare constrained adjustments to free adjustment
= Calculate ground coordinates
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UTILITY SURVEY STANDARDS
GENERAL OVERVIEW

The purpose of this standard is to specify the survey requirements and procedures that are to be used to identify and
locate utilities within NDOT right-of-way. In exchange for the privilege of placing utilities within NDOT right-of-
way, utility owners are obligated to follow these survey standards. This survey standard is in no way intended to
replace federal, state, or local utility standards. All location information is considered to be owned by the utility
company and as such, will not be shared with others without a signed agreement or written consent. The intent of
this standard is to avoid costly delays to NDOT and utility owners projects and to reduce the risk of potential
damage, interruption in service, possible serious injury to workers or the public and or negative impact to the
environment. In addition, by having this information in the planning process, cost savings will be realized by both
the utility owners and NDOT through less relocations. If shared, this information is not a replacement for the “Call
Before You Dig” program. All contractors are still required to use this service.

NDOT also recognizes that the only reliable way to accurately identify and record the location of underground
utilities within NDOT’s right of way is to do so while the utility is exposed and available for direct inspection and
measurement. In situations where the utility is hidden beneath the surface and not exposed, although it might be
possible to detect and predict the position of the utility, there will always be a degree of uncertainty as to its identity
and exact location.

There are two distinct opportunities addressed by this standard for providing reliable and accurate information on
utility records. The first is at the time of construction when the underground utility is exposed and visible during the
installation process. The second is when the utility is exposed during the course of subsequent excavation for
maintenance or modification purposes, daylighting, or as part of a subsurface utility mapping investigation. This
survey standard will be periodically updated as National utility survey standards are developed.

UTILITY OWNER’S RESPONSIBILITY

The owner of the underground utility shall, at the time the utility is constructed, located or at a subsequent time
when it is visible and capable of measurement, measure and record the horizontal and vertical location and
attributes of the underground utility within NDOT’s right of way in accordance with this manual. All data needs to
meet or exceed the standards set forth within this manual when locating said utility and be completed under the
direction of a licensed land surveyor.

MEASURING AND RECORDING OF THE LOCATION OF UNDERGROUND UTILITIES WITHIN
NDOT’S RIGHT OF WAY

Open trench and daylighting.

At the time of construction or at any time that it is subsequently exposed or visible and capable of measurement, the
accurate horizontal and vertical location shall be obtained and recorded:

e for each distinct feature of the underground utility;

e for horizontal or vertical bends or points of deflection; and

e at specific points or intervals in accordance within this manual.

Trenchless technology.

Where part or all of the installation of the underground utility has been achieved by trenchless technology methods
within NDOT’s right of way, rather than open trenching or plowing, and where measurements of the precise
location and depth of the utility cannot be taken of that portion of the utility that is not exposed to visual inspection,
the owner shall, at appropriate intervals along the line of the installation within NDOT’s right of way and wherever
there is a significant deviation in direction, expose the underground utility by means of daylighting and accurately
measure and record its precise location in accordance within this manual.
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Trenchless technology when obscured.

Where the overall spatial accuracy of the entire underground utility within NDOT’s right of way cannot be
obtained, or where it is partially obscured and can no longer be seen or exposed by daylighting, such as when it
passes below a surface structure or body of water, its position should be located by measuring points where the
utility was last observed when it enters and when it exits the obscured area.

Intervals for measurements.

Mapping and as-built record interval distances are dependent on the orientation and type of utilities, the site
location, specific engineering requirements, and requirements to meet the point and/or line segment accuracy levels
specified within this manual. For sections where the utility bends or changes direction, intervals should be close
together; for straight sections, the intervals may be further apart. At a minimum, even in straight sections, distances
between interval measurements should not exceed 150 ft.

CONTENT FORMAT STANDARDS, DELIVERABLES AND PROCEDURES

CAD data submitted must be MicroStation v.8 compatible. Each data file submitted shall follow the NDOT CAD
Standards and Information, in terms of formatting and must follow NDOT Existing Feature Symbology Table.
Database data submitted must be generic such as ascii or csv format. GIS data submitted must be compatible with
ESRI ArcMap v.10. Data collectors must use NDOT Feature Code Library which will automate data collection
with NDOT Feature Codes.

Feature code libraries for various survey equipment are available from NDOT. Please contact Gary Nelson 775-
888-7486. Pictures and details of the features in the libraries is shown in the NDOT Existing Feature Symbology
Table following this section.

SPATIAL REQUIREMENTS TO BE USED FOR LOCATION OF UNDERGROUND UTILITIES WITHIN
NDOT’S RIGHT OF WAY

ABSOLUTE SPATIAL POSITIONING

Horizontal and Vertical datum.

Horizontal location shall be UTM North Zone 11 and shown by reference to North American Datum of 1983
(NADB83) or NAD27, as applicable and vertical location shown by reference to North American Vertical Datum of
1988 (NAVD88) or National Geodetic Vertical Datum (NGVD 29). The datum used shall be noted on all field
notes and referenced in the metadata associated with the mapping or as-built records.

Projection or Coordinate system.

The location of the utilities shall be recorded and maintained such that it can be provided in accordance with a
commonly used reference system (e.g., coordinates of latitude and longitude are most suited to accommodate GIS
& GPS systems). If an owner maintains a GIS or CAD-based mapping system, a common projection or coordinate
system shall be used so that data can be easily shared with others.

As-built drawing coordinates shall correspond to the standard reference datum and identify the projection system of
northing, easting and the elevations employed.

* Note: If coordinates are listed, then it needs to be specified whether it is grid or ground and the appropriate
scale factor listed.
Units of Measure.

US Survey Feet.

General.

Measurements of direction and distance are fundamental to determining as-built positions and establishing locations
from a plan on the ground. Measurements should be taken to confirm positions using generally accepted survey
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practices and should be recorded so that they are clear and easily understood by those who need to interpret them.
Extra measurements should be taken to confirm positions

Note: While two distances at different angles provide a record of a point position, a third provides an important
check on the other two.
Recording measurements.

The utility features identified within NDOT’s Right of Way shall be measured and recorded.

Project control points.

Project control points, when required for absolute referencing to geodetic datum, shall be integrated with
published primary control in accordance with municipal, provincial, or federal standards for control surveys,
as applicable.

Precision.

The precision of all measurements shall be suitable for achieving the accuracies specified in Application of
Spatial Accuracy section.

Angles, distances, and vectors.

The manner used to determine angles, distances, and vectors as reduced to coordinates must be clear and
unambiguous. In field notes, all distances, ties, angles between lines, or direction of lines shall be shown as
measured or calculated.

Kinematic GNSS/GPS coordinates.

Real time coordinates. When recording real time kinematic GNSS/GPS coordinates, reference should be
made to the reference network from which they were derived. (VRS) Virtual Reference Station.

Coordinates derived from site calibration. Where GNSS/GPS coordinates are derived from a site
calibration, the site calibration parameters should be recorded and included. Note when using GPS/VRS
please refer to NDOT Minimum GPS Occupation Times tables for minimum specifications.

RELATIVE SPATIAL POSITIONING

Use of Permanent Structures.

Features that are to be relatively positioned shall be related to permanent structures capable of being referenced to a
geodetic datum and a projection system.

Accuracy of As-Built Records.
When creating as-built records within NDOT’s ROW, the spatial accuracy of the data shall be specified as follows:

Record accuracy level 1 — This accuracy level will apply to all open-trench excavations. The precise horizontal
and vertical location of underground utilities shall be measured and recorded while exposed by a competent
individual. The measurements shall be taken and tied into an absolute reference as described in Absolute Spatial
Positioning section. That reference system shall be stated in the metadata. The position shall be accurate to £ 0.08
ft. in the X, y, and z coordinates, as indicated in Positional Accuracy of As-Built Records.

Record accuracy level 2 — This accuracy level will apply to all plowing-type technologies. The precise horizontal
and vertical location of underground utilities shall be measured and recorded while exposed by a competent
individual. The measurements shall be taken and tied into an absolute reference as described in spatial requirements
section page 21, and that reference system shall be stated in the metadata. The position shall be accurate to + 0.33
ft. in the x, y, and z coordinates, as indicated in Positional Accuracy of As-Built Records.

Record accuracy level 3— This accuracy level will apply to all trenchless technology where daylighting is
practical. The precise horizontal and vertical location of underground utilities shall be measured and recorded
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while exposed by a competent individual. The measurements shall be taken and tied into either a relative feature as
described in relative spatial positioning section or geodetic datum as described in spatial requirements section both
found on page 21, and such features referenced in the metadata. The position shall be accurate to + 1.0 ft. in the x,
y, and z coordinates, as indicated in Positional Accuracy of As-Built Records.

Record accuracy level 4 — This accuracy level will apply to trenchless technology where daylighting is
impractical. The precise horizontal and vertical location of underground utilities shall be measured and recorded
while exposed by a competent individual. The measurements shall be taken and tied into either a relative feature as
described in relative spatial positioning section or geodetic datum as described in spatial requirements section, and
such features referenced in the metadata. The position shall be accurate to + 3.3 ft. in the X, y, and z coordinates, as
indicated in Positional Accuracy of As-Built Records. See Positional Accuracy of As-Built Records and Positional
Accuracy of Supplementary Utility Infrastructure Records tables.

APPLICATION OF SPATIAL ACCURACY

Extent of Spatial Accuracy.

When accuracy levels are provided, the accuracy level can apply to the point or a line segment of the utility
infrastructure as shown on the record.

Note: It is common for the accuracy level of a point to be higher than that of a line segment between points.

Measurements of Spatial Accuracy.

To ensure spatial accuracy to the tolerances specified for various accuracy levels, precise measurements shall be
taken during construction. Specific measurements shall be within the tolerances specified for the accuracy levels
described in Positional Accuracy of As-Built Records. Measurements should be taken as accurately and precisely as
possible using appropriate methodologies as described in this Utility Survey Standards section.

Note: It is the responsibility of the competent individual responsible for producing the records to determine the
frequency of measurements to achieve the stated accuracy level.

Positional Accuracy of As-Built Records

Accurac
y Description Reference
Level

Accurate to within £ 0.08 ft in the x, y, and z
1 coordinates, and referenced to an accepted geodetic Absolute
datum with a 95% confidence level.

Accurate to within = 0.3 ft in the x, y, and z
2 coordinates, and referenced to an accepted geodetic Absolute
datum with a 95% confidence level.

Accurate to within = 1.0 ft in the x, y, and z
coordinates, and referenced to an acceptable geodetic Absolute or relative
datum or topographical and cadastral features with a

95% confidence level.

Accurate to within = 3.3 ft in the x, y, and z
coordinates, and referenced to an acceptable geodetic i

4 . . Absolute or relative
datum or topographical and cadastral features with a

95% confidence level.
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NDOT Existing Feature Symbology Table

LEVEL NAME CO | STYLE | WT | CELL SYMBOLOGY
BARRIER RAIL - SINGLE-SIDED 14 |0 2 | N/A
EXTPO:
BARRIER RAIL - DOUBLE-SIDED 14 E:rrlﬂrﬂ‘nll 2 N/ A
uble-Face
Exwu;
BARRIER RAIL - PORTABLE PRECAST 14 [rarrier 2 N/A
[Fail Portakilg
EXTPO:
CABLE RAIL 4 era | 2] WA
EXTPO
IMPACT ATTENUATOR 14 N/A 2 [Bamier Impagt
Patten uator
GUARD RAIL 14 | it | 2 N/A
BUILDINGS o | 2| wna /
CARPDRTS AND DECKS 5 2 N/A et i
FOOT BRIDGES AND STAIRS 0 2 N/A
FOUNDATIONS AND RUINS 7 3 2 N/A
MOBILE HOMES AND BLEACHERS 0 2 nva
BUILDINGS ANNOTATION N/A 2 |annotatiqn  TEXT
EXTPO:
PROPANE TANK 215] N/A 2 |Fropane
ank
CONCRETE MISCELLANEOUS FLATWORK 0 2 N/A

CONCRETE MISCELLANEOUS FLATWORK N/A 2 lannotatidn  TEXT

ANNOTATION
CURB 0 2 N/A
SIDEWALK 7 0 2 N/A
EXTPO:
CATCH BASIN NA | 2 [ caten O
Basin
- -
DITCH FLAT BOTTOM 3 2 N/A -
e
d"‘
DITCH V-TYPE 5 2 N/A e
-
DITCH ANNOTATION N/ A 2 JAnnotatign TEXT
DRAINAGE CHECK GATE Baio:
0 2 e, LA

. EXTPO

DROP INLET N/A 2 | Fie
Drop In et
EARTHWORK DIKE 6 | o 2 | n
EXTPO:
PIPE B ] Stiuctures 2 M/ A
Hydraulics
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NDOT Existing Feature Symbology Table, continued

LEVEL NAME CO | STYLE WT | CELL SYMBOLOGY
PIPE ANNOTATION 6 N/A 2 |Annotation
EXTFD
RCB BOXES ﬁ!r:vuulms 2 N{r’A
iy d o e
EXTPD:
RIPRAP nva | o2 |eee E
) Riprap
EXTPO:
BERMS, PITS, STOCKPILES AND SWALES 4 | Euntbwark 2 N/A
Faatures
EARTHWORK FEATURES ANMOTATION 4 N/ A 2 |Jannotation
EDGE OF ROADWAY PAVED BITUMINOUS (E.O.) 4 0 2 N/A
EDGE OF ROADWAY PAVED CONCRETE 0 2 N/A
EDGE OF ROADWAY PAVED CONCRETE ANNOTATION N/ A 2 |Annotaticn TEXT
EDGE OF ROADWAY UNPAVED 4 5 2 N/A
PAVED STREET NAMES ANNOTATION 4 N/A 2 |Annotation
EXTFO:
SHIELD INTERSTATE ROUTE 4 N/A 2 [ehieid Inter-
slale Roule
SHIELD STATE ROUTE 4 | na 2 [Enaa
fEtate Route
SHIELD US ROUTE a | na | 2 |
Houte
EXTPD:
SHIELD US ROUTE ALTERNATE 4 N/A 2 | shien Us
Routi Al
UNPAVED STREET NAMES ANNOTATION 4 N/ A 2 lannotatian
CATTLE GUARD / Fance
a2 e | D
FENCE oo |5 | .«-"’“
-
FENCE GATE 1] 2 N/A
EXTRO
H|GHM“5T B 2 N_-'JA 2 ::rrlrl'u‘:“
:ATP{I
HIGHMAST 8 2 N/A 2 | e
]
SINGLE LIGHT 4 N/A 2 | oo
EXTFD
SINGLE LIGHT POLE 4 N/A 2 Littng
EXTFD
DUAL LIGHT POLE N/A P3N TR [, S
E!.T;:l"
ARROW EXIT o | wa | 1 fmme| =
e
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NDOT Existing Feature Symbology Table, continued

LEVEL NAME CO | STYLE WT | CELL SYMBOLOGY
XTPO
ARROW LEFT 0 N/A 1 arking
A rrow Leg
EXTP
ARROW LEFT STRAIGHT 0 N/A 1 ArruwDLe
Straight I‘
[EXTPO l
ARROW LEFT STRAIGHT RIGHT 0 N/A 1 Jlarrow Left
Straight Bight
ARROW MERGE o | wa | 1 |&vow ﬂ
i Merge
ARROW RIGHT 0 N/A 1 EfrTu':vo ﬁ
' Right
EXTPO
ARROW RIGHT STRAIGHT 0 N/A 1 JArrow Right
: Straight
ARROW STRAIGHT 0 N/A 1 Eﬂ:ﬁvﬂ 9
) Straight
EXTPO
ARROW WRONG WAY 0 M/A 1 JArrow
Wrong Way
EXTPO: LA
DOTTED WHITE BIKE LINE 8" 0 JDotted 4 M/A !
Line Bike i i
TPO: R
DOTTED WHITE EXTENSION LINE (1] _tgnsiur 2 MN/A o
n -t
EXTPO: .
DOTTED WHITE LINE 6~ 0 | Dotted 3 N/A . ¥
Line )  t
EXTPO: T
DOTTED WHITE LIME 8° 0 Dotted 4 N/A a* +
Line ) . *
EXTPQ: "
DOTTED WHITE LINE 12" 0 Dotted 5] N/A P
Lina g ! !
SOLID WHITE LINE 1] 0 2 N/A
SOLID WHITE LINE 6" 0 1] 3 N/A /
SOLID WHITE LINE 8" 0 (1] 4 N/A /
SOLID WHITE LINE 12* 0 o] [ N/A /
SOLID WHITE LINE 24~ 0 0 7 | na /
SOLID YELLOW ISLAND DELINEATION L) 0 5 M/ A
SOLID YELLOW LINE 4 0 2 N/A
SOLID YELLOW LINE 8" 4 0 4 N/ A
EXTPO: -~
BROKEMN WHITE LINE 0 E_rr?:en 2 N/A -
1
EXTPO:; -
BROKEN WHITE LINE 8" 0 | Broken| 4 N/A -
Line e
EXTPO:
BROKEN YELLOW LINE 4 E_rohen 2 N/A
1M
EXTPO.
BROKEN YELLOW BIKE LINE 4 |Broken 2 N/A
Line Bikd
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NDOT Existing Feature Symbology Table, continued

LEVEL NAME CO | STYLE WT | CELL SYMBOLOGY

BROKEN YELLOW SOLID YELLOW LINE 4 |orekens | 2 | N/A

DOUBLE SOLID YELLOW 4 0 4 N/ A

NWETF
AIRPLANE 0 N/A 2 :ﬂg\'ilingnt
Airplang

EXTFD

BIKE LANE 0 N/A 1 | Eiement

Bike Lane

EXTPD
BIKE PATH (4] N..-rA 1 pa“;“;'l.ll‘r:mil
Bike Path

XTPD Fyrf

HANDICAPPED PARKING 0 N/A R [
Parking

a5 -

EXTPO ]
PREFERENTIAL LANE 0 N/A 1| Bt et

Lane

1
m

] EKTPD
RAILROAD XING 0 NA L 1 | B
RHE Xing

EXTPD

X-WALK 0 N/A 1 | Fieamant
X-WWalk

EXTPO
YIELD LINE 0 N/A 1 :qad\'rimiénl
Yiekd Line

EXTPO
AHEAD 0 N/A 1 E‘E‘ﬁlﬁ:?
[

EXTPD
BIKE 0 N/A 1 Mg
Bike

NTPO
BUS 0 N/A 1 Maraman
Bus

EKTP‘D
EXIT O] wva | 1] wai
1

E!TPO
LANE 0 N/A 1] ke

Lang

E.KTP‘D
MPH o | wa | 1] Easne

EXTPD

ONLY 0 N/A 1 E,}T,m;n

EXTPO

PED 0 N/A 1 haamen
Fed

e,
SCHooL o | wa | 1] maE
School

EAIES
STOP o | NA 1| Figmen
Stop

B s | [| o= | 2t |#

rE:.J:TF'[:I
XING 0 N/A 1 | Marking |
Xing

|

EITP‘D
YIELD 0 N/A 1 parking |
Yield

—
L —

EXTPD

RAILROAD BRIDGE 6 N/A 2 gﬂgﬁad

EXTPO

RAILROAD CROSSING LIGHT 6 | NA 2 E_:ﬂgf.ﬁﬂ
Light

EXTPO:

RAILROAD DOUBLE 6 Railroad] 2 N/A
Double
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NDOT Existing Feature Symbology Table, continued

LEVEL NAME co |stvie | wr | ceLL | symBoLoGY
EXTPD:
RAILROAD SINGLE 8 | Fore 2 N/A
RAILROAD GATE ARM 6 | na 2 | Hime
EXTROD
RAILROAD SWITCH ARM [ N/ A 2 E.n:\:n:mh
RAILROAD ANNOTATION 6 N/A 2 [annotation TEXT
EXTFOD
ROCK BOULDER va | oo | Q
EXTPO
ROCK MINING N/A 2 o "%
EXTPO:
ROCK OUTLINE Rock 2 | nA fﬂ
wtling
BENCH &' B | na 2 XTPO
BENCH BACK 4' & N/A 2 B Backls
EXTFO
FLAG POLE 15 | na 2 Fiog
) ATPO
MAILBOXES T 1 NA 2 ﬁ.'ﬁnm
EXTPO:
MAJOR SIGN COMMERCIAL 10 | swms 2 N/A
Major
EXTPO:
MAJOR SIGN STATE-OWNED 4 | sem 2 N/A
POST . NA | 2 xipo oP
SATELLITE DISH o | wa | 2 | §life éé,
ATPD
SIGN POST a | ~va |2 | B
/ , XTPO
STREET/STOP SIGN 4 NA | 2 Emiswp
TPOD
WATER STOCK TANK 15 | n/a 2 ﬁg*w
anl
EXTPO:
WATER TANK 15 :‘lII:'lIIIJ.::I,- . 2 N/A
BRIDGE OUTLINE 2 s | 4 | wa
ol
BREAKLINE 2 | iolie | 2 | wa
RANDOM . N/A 3 RiTHom o
EXTERIOR 4 | g 2 N/A
, PO
SPOT ELEVATION 15 | N/A 2 Rl tian
SPOT ELEVATION ANNOTATION 15 | n/a 2 |annotation TEXT
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NDOT Existing Feature Symbology Table, continued

LEVEL NAME CO | STYLE CELL SYMBOLOGY
EXTPO
TRAFFIC SIGNAL 4 N/ A Traffic
Signal
EXTPO
TRAFFIC SIGNAL ARM 4 N/ A Traffic
Signal A&rm
EXTPQ
TRAFFIC SIGNAL ARM WITH LIGHT 4 N/A [Trattic Sig
JArm w, Ligh
MARSH N/A Vet Marsh N
swrus va [ [ O3
EXTPO:
SHRUE LINE Vegetation MN/A
Shrub Line
EXTPO:
TREE CANOPY Veg Tree N/A -’(‘_,,ﬂ",
Canopy
EXTPO
TREE DECIDUOUS N/A Veg. Tras {:}
: Deciduous
EXTPO
TREE NON-DECIDUOUS N/A veg. Tree 2?
Mon-Decid
EXTPO
TREE PALM M/ A veg
Tree Palm
EXTPQ
TREE STUMP M/ A vieg. .I' 3
Tree Stump) J Py
VEGETATION ANNOTATION N/ A Annotation
EXTP{:
WALLS FREE-STANDING Walls Free- M/ A
Standing
EXTPID:
WALLS RETAINING Walls N/A
Retaining
EXTPO:
WALLS SOUND Walls N/A /
Sound
1:"‘"’
INTERMITTENT FLOW 6 N/A e
'l"-‘“
EXTPO:
LAKES, PONDS AND POOLS Water N/ A
Fealures
EXTPD:
RIVERS, CREEKS AND CANALS Waler N/A
Features
WATER FEATURES ANNOTATION N/A Annctation TEXT
EXUTL:
COMMON UTILITY OH 16 | commen N/A
Wtility OH
JEXLTL
COMMON UTILITY GUY GROUND ANCHOR Q N/A commaon G ————————34
G rnd Anchol
EXUTL
COMMON UTILITY GUY POLE ANCHOR Q N/A lCommon Guf ————
Pole Anchor|
EXUTL
COMMON UTILITY MANHOLE 1] MN/A Common @
Manhole
JEXLTL ~
COMMON UTILITY POLE - 0 RAY o | na commen Pek- O
- e
ELECTRIC OH TRANSMISSION .E,’;ﬂ,ﬁ; on N/A o
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NDOT Existing Feature Symbology Table, continued

LEVEL NAME co |stvie | wr | ce.L | symeoLocy
ELECTRIC OH TRANSMISSION TOWER FOOTPRINT Bt 2 N/A
ELECTRIC TRANSFORMER N/ A 2 fLL @
UNKNOWN UTILITY MANHOLE 7 N/A 2 miy

Manbale

EKUTL
UNKNOWN UTILITY PULL BOX 7 N/A 2 L

EXUTE
UNKNOWN UTILITY VALVE 7 N/A 2 "

EELTL =
WATER HYDRANT N/A 2 | e KSh
WATER METER U N e E“
WATER VALVE N/A 2 E?"IL wv
LANDNET SECTION MAJOR v 1 N/A
(FOR PLSS) Hovr /
LANDNET SECTION MAJOR ANNOTATION N/A 1 N/A

(FOR PLSS)

LANDNET TOWNSHIP AND RANGE L 3 NFA
(FOR PLSS) e !

LANDNET TOWNSHIP AND RANGE ANNOTATION

(FOR PLSS) na | o1 | wa
= |

POLITICAL BOUNDARIES o | 4 s v | e
POLITICAL BOUNDARIES ANNOTATION o | wa |l 2| wa e
MODEL BORDER 0 | | 2 | WA

MODEL BORDER ANNOTATION o | va | 2 | wna TExT

STEEL STRUCTURAL 14 (=" | 2 | na

STEEL STRUCTURAL ANNOTATION 14 N/A 2 N/ A

PETROLEUM ANNOTATION 20 | NA | 2 | NA

EXUTL. JERUTL WINDMILL
WINDMILL 0 Commgn 2 e Fala- &)

Ukiliky » Hay

EXLTL: WINDIMILL
WINDMILL ELECTRIC pr— 2 N/A A
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CONVENTIONAL SURVEYS

While we expect to use conventional surveys only in unusual circumstances, they will be with us for a number of
years. Traditional survey equipment may be used to collect all types of surveys, except “Basic Control Surveys.” If
used, traverses and networks must be adjusted using least squares and positional tolerances evaluated verifying they
meet NDOT standards. Further, they may be included into GPS data sets and thus must be properly weighted.
Below are standard NDOT weights used in adjustments.

Angle Weighting (95%)
Instrument/Distance Shot

1sec<328 ft 1sec>328 ft 6sec<328 ft 6sec>328 ft 20sec<328 ft  20sec>328 ft

1 set 5.1 3.1 5.9 4.1 7.7 6.5
2 set 4.6 2.3 5.1 3.0 6.2 4.7
4 set 4.4 1.8 4.7 2.3 5.3 3.4
8 set 4.3 1.5 4.5 1.8 4.8 6.2

Distance Weighting Using Manufacturer’s Specifications

Constant PPM
Trimble 5600 0.0098 feet 3
Trimble S6
Leica System 1200

Centering Errors

Horizontal Centering = 0.0098 feet
Vertical Centering = 0.0197 feet

Precise Elevations

Procedure Used

2" order class 1 0.0197 feet x V0.6214 miles
2" order class 2 0.0263 feet x V0.6214 miles
3" order class 1 0.0394 feet x V/0.6214 miles
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FINAL SURVEY REPORTS

At the end of a project a final survey report will be delivered to the Geodesy Section at NDOT, where they will be
archived. The final reports, paper and digital, may include:

e Network diagram

e Raw data files

e Minimally constrained report (grid or geographic)

e Constrained report (grid or geographic)

e Point ellipse diagram

e Project combination factor

Basic Construction Cadastral* Aerial
Wooden Hub X
Washer Disc X
Rebar Marker X
Feno Monument X X

e Final coordinate list (gnd)

e Point descriptions

e ASCII utilities file (Topo only)

e Supplemental roadway profiles

e Contract control list

e “Best Fit” alignment report

o Drafted project plat showing best-fit alignment, necessary jurats, monument offsets, PLSS offsets, and a
coordinate table. Created PLSS corner perpetuation document.

A general report or narrative shall be written describing the project in general thus documenting any found concerns
or problems with the survey or problems that the survey brought to light. When this report is stamped and delivered
with the surveyor’s seal, the final product can be considered delivered.

INSTRUCTIONS FOR SETTING AND STAMPING OF CONTROL MONUMENTS

Monuments Character

Monuments may include both horizontal station markers and benchmarks. All points shall be placed before the
point is occupied by an instrument, signal, or rod. NDOT requires a specific type of monument to be used on all
projects dependent upon the type of control. Stamping will reflect the monument and name.

*Cadastral monuments will be set in accordance with state and local laws and stamped by the PLS in responsible
charge.

NDOT Naming Convention

After a preliminary project review (reconnaissance) has been completed by the consultant and reviewed by NDOT,
caps shall be provided to the consultant by NDOT. The station name shall be assigned using a unique number as
assigned by NDOT, and the consulting surveyor shall complete field setting and stamping.

EX:  LPN1012, first station point number, section corner

Designation = 1012001L
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= Letters 1, 2, 3&4 designate the Location Project Number (LPN) assighed by NDOT
= Letters 5,6, &7 designate the sequential station number assigned and stamped by consultant
= Letter 8 indicates the point type assigned and stamped by consultant

Point types
(For accuracies, see NDOT Minimum Positional Accuracies p.16)

= Traverse point

= Permanent basic control point

= Construction control point

= Construction control point / no spirit level elevations
= Section corner (PLSS)

= Highway reference monument

= Local street monument

= Property corner

Z= Fixed NGS control (X, Y, & Z)
B= Boundary Control Point
= Railroad or Reset
W= Project Basic Control (See Project Basic Control for requirements.)

CONSTRUCTION CONTROL MONUMENTATION POINTS

Construction control monuments shall be used as reference monuments on all projects. Construction monuments
(reference monuments) shall be constructed and surveyed prior to project design on all projects requiring
preliminary surveying.

1. Monuments will be stamped Nevada Dept. of Transportation Control Monument and designated by the
present Location Division’s point naming convention. A minimum of three (3) Construction Monuments
will be inter-visible and placed in NDOT’s right-of-way in areas most likely not to be disturbed using
conventional survey methods.

2. All monuments will be of a semi-permanent character.

3. Construction Monuments will be established and surveyed to construction control standards set forth in this
manual. For monument character and NDOT naming conventions, see Instructions for Setting and
Stamping of Control Monuments.

4. Spacing between the Construction Monuments will not be greater than 1650 feet nor less than 1300 feet
and will be inter-visible.

5. The distance error between inter-visible “Location” construction control monuments must exceed a ground
relative line accuracy of RLA = 1:20,000 horizontally and .008m times the square root of the distance in
kilometers vertically, or a positional tolerance at the 95% confidence level of <0.070 feet horizontally and
<0.020 feet vertically.

6. All Construction Monuments will have horizontal and vertical positions constrained to NAD83/94 HARN
adjusted coordinates and NAVD88 or NGVD29 vertical control or the most recent datum set forth by
Nevada Revised Statutes. Horizontal grid positions should be corrected to ground using Construction
Control Monumentation section as a guide, or contact Geodesy Section directly.
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Project Basic Control

“W?” Points

Project Basic Control monuments (W) have a relative line accuracy is less that HARN or HARN Extension (X) yet
greater than Construction Control (M). This monument is called Project Basic Control and has the designation of
W. These monuments will densify higher order control located within the Deign Mapping project limits, where
HARN and HARN Extension monuments don’t previously exist.

Specifications and Minimum Occupation times are as follows:

SPECIFICATIONS
1. Itis recommended that all monuments be brass caps set firmly in concrete and are subject to minimal
movement. It’s recommended that an NGS or USC&GS Bench Mark with spirit level elevation and no
adjusted Horizontal position be used. If those monuments are not found or used, NDOT FENO’s can be
if set in concrete or epoxied in solid rock.
2. Monuments must be tied to a minimum of 3 higher order fixed known horizontal/vertical control per
network.
Spacing between the monuments will be no greater than (5 miles) and no less than (1 mile).
4. Monuments will have a minimum positional tolerance of .033ft at 95% probability and shall have
relative line accuracy better than 1:250,000 to themselves.
OCCUPATION TIMES
1. Project Basis Control (W) will have occupation times of:
e Two — 60 minute occupations at different time of days, when higher order control is between 6
miles and 16 miles away.
e Two — 120 minute occupations at different times of day, when higher order control is between 16
miles and 30 miles away.
2. Upon release of the upcoming National readjustment, the preferred method of establishing positions for

Project Basic Control may be the use of the OPUS (Online Positioning User Service). At that time we
will re-evaluate these procedures and modify them as necessary.

With the creation of Project Basic Control, | would suggest that we place a minimum distance between HARN
Extension (X) to 7 miles in those area deemed necessary, tighten up the existing network in the weaker areas and
then phase out or close the HARN Extension work.
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The Consultant will generate a Control Schedule for inclusion into each design contract.

1. The Control Schedule will have a listing of Reference Monuments used in establishing the best fit
alignment, its relationship to Public Land Survey Corners, Property Corners or Property Controlling Corner
Monuments, property corners adjacent to the right-of-way corridor, construction control monuments, and
any previously existing alignment reference monumentation. Examples will be provided upon request,
through the Geodesy Section

2. The Stamped Control Schedule shall be sent to the Location Division for review and will be included in the
contract plans.

MONUMENT DESCRIPTIONS

As experienced surveyors know, there is no perfect measurement. Therefore coordinate values used to pinpoint a
monument’s true location is a close approximation at best. The uncertainty of this position at some known
confidence level (95%) is why two boundary surveys never precisely agree with one another. Monument
descriptions, on the other hand, can precisely agree, and so while both coordinates and actual monument
descriptions are evidence of true location, the monuments actual position is best identified by a good description, a
found monument, and a precise coordinate value.

NDOT has developed these description instructions to facilitate description writing and to further perpetuate a
description with its automatic insertion into the Location Information System (LolS) database. Several rules must
be adhered to:

e Limit the total monument description length to 600 characters including spaces.

e Use any word processor (text editor) to export out an ASCII text file (.txt).

e Pipe symbols (| ) must separate the fields.
An NDOT description consists of six fields: point name| point type| northing| easting| ortho elevation| and
description body. These six fields are divided by the pipe symbol ( | ) with a carat symbol (") at the end.

Description Example

Field #1 Point name: “205204”

Field #2 Point type: “H”

Field #3 Northing: “123456.780

Field #4 Easting: “987654.32”

Field #5 Elevation: “1234.56”

Field #6 Monument description at monument: “Station is a found

standard NDOT brass disc in concrete, stamped “205204,” 2.46’
below ground with a witness post set 3’ south.”

To Reach: “To reach station proceed from the intersection of
Pyramid Way and Emerson Road proceed NE’ly along Pyramid
Way 0.60 of a mile and station is 34.45’ left of C/L”

Special Information: “Station is 34.45’ It of “E” 10+00.00PC, and
is the NE S4 T15N R30E. See county recorder File #125-263
BK125.”

Final LolS Import File with Description Example

205204|H|123456.78|987654.32|1234.56|Station is a found standard NDOT brass disc in concrete 2.46° below
ground with a witness post set 3” south. To reach station proceed from the intersection of Pyramid Way and
Emerson Road proceed NE’ly along Pyramid Way 0.60 of a mile and station is 34.45’ left of the C/L. Station is
34.45’ 1t of “E” 10+00.00PC and is the NE S4 T15N R30E. See county recorder file #125-263 BK125.

36



RESOLVING GROUND AND GRID DISTANCES

NDOT survey projects, while on the NAD83/94 state plane datum, must reflect contract distances and R/W
descriptions as though horizontally measured on the ground. The effects of ignoring differences between distances
on the ground and distances on the grid can lead to one thinking incorrectly that the initial survey work was poorly
done, or they may fully recognize the cause but do nothing to resolve it. NDOT resolves ground to grid
discrepancies by applying these rules:

1. AIlI NDOT projects shall have as a Basis of Bearings the Nevada Coordinate System (NAD83-1994) with
the control monuments used to establish the basis clearly indicated. Further, survey adjustments shall be
accomplished and these adjustment data sets are given an appropriate positional tolerance rating based
upon this grid and fixed higher order control monuments used.

2. All plan and R/W ground distance corrections, shall place an adjusted datum parallel with the initial state
plane datum, by using a single combination grid factor and at a near enough ground level for any inherent
distance differences to be lost in normal (acceptable) methods of surveying. A ground coordinate system is
generated by dividing state plane coordinates by the project combination ground-to-grid factor. The normal
error between true ground distances and grid distances has been determined to not exceed 50 ppm
(1:20,000) over the length of a project. If this error is exceeded, then the project shall use multiple
combination grid factors with coordinate equations.

3. R/W plans and contract plans shall reflect a mean combination ground-to-grid factor, be printed upon any
calculation sheets any time ground (modified) state plane coordinates are used, and be noted in the bearing
source statement.

4. R/W calculations, “best-fit” alignment retracements, and areas may be adjusted and calculated on the
project ground (modified) coordinate system.

Combination Grid Factors Already Chosen for Specific Geographic Areas

AREA NAD 83/94 NAD 27

Battle Mountain 0.99969109545 0.9996910955
Boulder City 0.99984402433 0.9998290292
Carson City 0.99980003999 0.9997992943
Elko 0.99964312740 0.9996427280
Ely 0.99963813100 0.9996390000
Lake Tahoe Basin 0.99973706915 0.9997107400
Las Vegas 0.99982303132 0.9998236040
Lovelock/Fallon 0.99973062500 0.9997101703
Minden/Gardnerville 0.99980003999 0.9997992943
Reno 0.99981103571 0.9998140346
Sparks 0.99981103571 0.9998140346
Winnemucca 0.99975605952 0.9997440655
Wendover 0.99988001440 0.9998800144

DATUM STATEMENT SPECIFICATIONS

A bearing source at NDOT is a horizontal angle turned from grid north (a known azimuth) and being within one of
three zones on the Nevada Coordinate System. All projects will thus be referenced to a common known meridian.
It is necessary to document both the horizontal and vertical datum as every survey performed is considered a
corporate resource and each must connect to another survey, the totality of which NDOT is responsible. The
location and design of long transportation corridors leads the surveyor into encountering unique problems that can
usually be solved with a professional application of the principles of the Nevada State Plane Coordinate System,

37



knowledgeable expectations, and documentation of all datums relied upon. Required example datum statements are
shown below and will be shown on drafted projects and at the top of all calculation sheets:

Example: Vertical*

Elevations are based upon NGVD1929, using published control points:
J837 =6259.554’
T4 =6293.846’

and reflect a positional tolerance: +/- 0.015".

Example: Horizontal*

Bearings of this map were derived from Nevada State Plane Coordinates, NAD 27 Datum, West Zone, with a mean
convergence of 0°-51°-19”. Local network control points used for Basis of Bearings are Castle Rock, Folsum Peak,
EDO 001, EDO 021, and 162201. Further data is archived at NDOT under LPN298.

Example: Distance Adjustment Factor*

Coordinates and distances reflect a combination adjustment factor of 0.9997700529. State plane grid coordinates
will reflect a relative positional tolerance not exceeding 0.000164 ft.

Example: Combination*

Coordinates of this map were derived from Nevada State Plane Coordinates (NAD83) East Zone, using a datum
adjustment ground-to-grid factor of 0.9998140349, and whose State Plane Coordinates reflect a relative positional
tolerance not exceeding +/- .000164 ft. Elevations are based upon NVGD1929. Further data is archived at NDOT
under LPN298.

All three of these statement blocks must be used, usually on plats. Combination statements contain all three
elements and typically are on calculation sheets.

PERPETUATION OF SURVEY MONUMENTS

Monuments found during survey and mapping phases of Nevada Department of Transportation (NDOT) projects
are to be perpetuated in accordance with NDOT Policy 3-1-3 and Nevada Revised Statutes (N.R.S.) 329 titled
“Perpetuation of Corners”, and applicable Nevada Administrative Code (N.A.C.) 329. This policy, Nevada Revised
Statute (N.R.S.) and Nevada Administrative Code (N.A.C.) state in a general sense the following.

e Found Public Land Survey System (PLSS) monuments must be perpetuated in place at the original
position. This can be accomplished by setting a minimum of four reference marks outside of the
construction area, surveyed from the PLSS corner with angles and distances taken to the reference marks.
Alternately ties to a minimum of two NDOT Location Division, construction monuments, if the Location
Division, Survey Section, has established them, with adjusted NAD83/94 coordinates will suffice. Copies
of the monument control data sheets may be obtained through the State of Nevada Department of
Transportation (NDOT), Location Division, Geodesy Section, at 1263 South Stewart Street, Room #2009,
Carson City, NV 89712 or by calling (775) 888-7486. A filed perpetuation record shall be made per N.R.S.
329.140, with a copy of the filed perpetuation record sent to the attention of the Chief Surveyor, NDOT,
1263 South Stewart Street, Room #209, Carson City, NV 89712.

e Stamped monuments set by a Nevada Professional Land Surveyor may be perpetuated outside of the travel
area, if found in the oil. A minimum of two reference marks shall be placed outside of the construction
area, with angles and distances taken to the reference marks. Alternately, ties to a minimum of two NDOT
Location Division, construction monuments, if the Location Division, Survey Section, has established
them, with adjusted NAD83/94 coordinates will suffice. Copies of the monument control data sheets may
be obtained through the State of Nevada Department of Transportation (NDOT), Location Division,
Geodesy Section, 1263 South Stewart Street, Room 209, Carson City, NV 89712 or by calling (775) 888-
7486. A filed perpetuation record shall be made per N.R.S. 329.140; with copy of the filed perpetuation
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record shall be sent to the attention of the Chief Surveyor, NDOT, 1263 South Stewart Street, Room #209,
Carson City, NV 89712.

A corner perpetuation record must be filed at the County level per the requirements of NDOT policy #3-1-3
and Nevada Revised Statutes (N.R.S.) 329 “Perpetuation of Corners.” A perpetuation record must be filed
within 90 days of the date of the completed survey per N.R.S. 329.140, with a copy of the filed
perpetuation record sent to the attention of the Chief Surveyor, State of Nevada Department of
Transportation (NDOT), 1263 South Stewart Street, Location Division, Room #209, Carson City, NV

89712.

NDOT TRANSPORTATION POLICY (TP 3-1-3)

Perpetuation of Survey Monuments

PURPOSE: To establish standards and procedures for the perpetuation of survey monuments, ensuring
compliance with Nevada Revised Statues (NRS) 329, 408 and 625.

POLICY: Monuments found during survey, mapping, construction, or maintenance phases of Nevada
Department of Transportation (NDOT) projects are to be perpetuated under the direction of the Chief
Surveyor.

SCOPE: This policy applies to all monuments placed in NDOT rights-of-way and construction zones.
RESPONSIBILITY:

A.

B.

The Location Division is responsible for:

(1) Initiation and revision of this TP.

(2) Administration of the perpetuation of monuments found in NDOT right-of-way.
All Divisions/Districts are responsible for following the procedures in this TP.

DEFINITIONS:

A.

B.
C.

Corner: A geographic point on the surface of the earth which is on and a part of a line and which
controls the location of such line.

Monument: A physical structure that occupies the exact position of a corner.

NDOT Reference Monument: A special monument placed by NDOT which does not occupy the
same geographical position as a corner, whose spatial relationship to a corner, line, or centerline is
recorded at NDOT and which serves to witness the alignment of the roadway center lines, rights-
of-way corridor boundaries, and the location of found monuments.

Property Corner or Property Controlling Corner Monument: A stamped or tagged monument set by
a professional land surveyor used to control the location of the property

Tie Monument: A special monument placed outside the construction zone of the roadway but
within one hundred feet of a found Public Land Survey Corner or Property Corner or Property
Controlling Corner with a measured distance to the found monument established and stamped on
the surface with the letters “TM” and PLS and the license number of the land surveyor that
established the tie monument.

Public Land Survey Corner: Any corner established and monumented in an original survey or
resurvey used as a basis of legal description for issuing a patent for the land to a private person
from the United States Government.

Corner Record: A written record of the spatial relationship of a found monument to reference
monuments or the reconstruction of a Public Land Survey Corner or Property Corner or Property
Controlling Corner as described in NRS 329.

Construction Zone: Any area within established rights-of-way or easements that may be disturbed
during any construction or major maintenance activity, not including emergency projects.
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PROCEDURE:

All visible stamped or tagged survey monuments and Public Land Corners found in NDOT rights-of-way
that may be destroyed by construction or maintenance activities must be perpetuated under the supervision
of a licensed Nevada professional land surveyor. This will be achieved for each found monument by the
following:

A

Prior to the development of all construction or major maintenance contracts

(1) The Design Division shall request the Location Division to verify the presence of any Public
Land Survey Corners within the construction zone.

(2) The Location Division will conduct an in-house record search to determine if there are any
Public Land Survey Corners within the right-of-way. If so, they will be verified in the field.

(3) All found Public Land Corners will be listed in the contract by the Design Division for
perpetuation.

a. They must be perpetuated according to Nevada Revised Statutes Chapter 329 by a
Nevada licensed professional land surveyor then tied to two (2) existing NDOT
reference monuments. Public Land Survey Corners in the construction zone are to be
set in a survey well and referenced by four (4) tie monuments set outside the
construction zone. A copy of the recorded Corner Record for each monument with a
written report identifying the character, location, description, and ties of the new
monument and NDOT Reference Monuments shall be sent by the land surveyor to the
Chief Surveyor, Headquarters Building, Carson City, Nevada 89712.

(4) At the discretion of the Chief Surveyor, any Public Land Survey Corner found in the roadway
will be tied to two (2) NDOT Reference Monuments set by the Location Division. A Corner
Record will be sent by the Chief Surveyor to the appropriate county to be recorded.

(5) Copies of the construction plans will be maintained in NDOT headquarters as well as the
District Offices including Ely, Winnemucca, and Tonopah. The Chief Surveyor will maintain
a record of all perpetuated Public Land Corners in the Geodesy Section.

Prior to staking a construction project

(1) The Resident Engineer, under the direction of the Chief Surveyor, will follow the provisions in
the Construction Manual (Sec.2-102.8) and field verify the presence of all visible monuments.

(2) Any Public Land Survey Corners found and which are not listed in the contract plans for
perpetuation will be added to the contract for perpetuation as defined in the Construction

Survey Manual.

(3) All visible stamped or tagged Property Corner or Property Controlling Corner Monuments that
may be disturbed will be tied by the Resident Engineer. The ties will be to two (2) existing
inter-visible NDOT Reference Monuments or two (2) set inter-visible NDOT Reference
Monuments which will not be disturbed during construction activities. Instruction on
procedures used to tie a Property Corner or Property Controlling Corner Monument or to
construct a Reference Monument will Found Monuments will be noted in the as-built
construction plans and a written report identifying the character, location, description, and ties
of the monument and NDOT Reference Monuments will be sent to the Chief Surveyor,
Location Division, Carson City.

(4) After review and acceptance of the written report, monuments used to reference a Public Land
Survey Corner or Property Corner or Property Controlling Corner shall be approved to be
stamped with the Chief Surveyor’s registration number by memo from the Chief Surveyor to
the Resident Engineer.

(5) The Chief Surveyor will maintain a record of all tied Property Corners or Property Controlling
Corner monuments in the Geodesy Section. Additionally, a Corner Record will be sent by the
Chief Surveyor to the appropriate County to be recorded.
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Prior to District maintenance activities that will cover or destroy monuments

(1) The District Engineer, under the direction of the Chief Surveyor, will follow the provisions in
the Construction Manual and field verify the presence of any monuments.

(2) Any Public Land Survey Corners found will be reported to the Location Division with a
request that the monument be perpetuated prior to maintenance activities.

(3) All visible stamped or tagged Property Corner or Property Controlling Corner Monuments that
may be disturbed will be tied by the District Engineer. The ties will be two (2) existing inter-
visible NDOT Reference Monuments or two (2) set inter-visible NDOT Reference Monuments
which will not be disturbed during maintenance activities. Instruction on procedures used to tie
a Property Corner or Property Controlling Corner or to construct a NDOT Reference
Monument will be available from the Chief Surveyor.

(4) Found and tied monuments will be noted in the latest as-built construction plans and a written
report identifying the character, location, description, and ties of the monument and NDOT
reference monuments will be sent to the Chief Surveyor, Location Division, Carson City.

(5) After review and acceptance of the written report, monuments used to reference a Public Land
Survey Corner or property Controlling Corner shall be approved to be stamped with the Chief
Surveyor’s registration number by memo from the Chief Surveyor to the Resident Engineer.

(6) The Chief Surveyor will maintain a record of all tied Property Corners or Property Controlling

Corner monuments in the Geodesy Section. Additionally, a Corner Record will be sent by the
Chief Surveyor to the appropriate County to be recorded.
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LiDAR

LiDAR or Laser Scanning

Laser scanning or Light Detection And Ranging (LiDAR) systems use lasers to make measurements from a tripod
or other stationary mount, a mobile surface vehicle, or an aircraft.

Stationary Terrestrial LiDAR.

Stationary Terrestrial LIDAR refers to laser scanning applications that are performed from a static vantage point on
the surface of the earth. LIDAR instruments for civil engineering projects typically use “time-0f-flight,” “phase
based,” or “waveform processing” technology to measure distances. The basic concept is similar to that used in
total station instruments; using the speed of light to determine distance. However, there are significant differences
in laser light wavelength, amount and speed of point data collected, field procedures, data processing, error sources,
etc. Laser scanning systems collect a massive amount of raw data called a “point cloud.”

Time-of-flight (also known as "pulse based”) scanners are the most common type of laser scanner for civil
engineering projects because of their longer effective maximum range (typically 400-3000 survey feet) and data
collection rates of 50,000 points per second, or more. A time-of-flight laser scanner combines a pulsed laser
emitting the beam, a mirror deflecting the beam towards the scanned area, and an optical receiver subsystem, which
detects the laser pulse reflected from the object. Since the speed of light is known, the travel time of the laser pulse
can be converted to a precise range measurement.

A phase based laser scanner modulates the emitted laser light into multiple phases and compares the phase shifts of
the returned laser energy. The scanner uses phase-shift algorithms to determine the distance based on the unique
properties of each individual phase. Phase based laser scanners have a shorter maximum effective range (typically
80 — 240 survey feet) than time-of-flight scanners, but have much higher data collection rates than time-of-flight
scanners.

Waveform processing, or echo digitization laser scanners use pulsed time-of-flight technology and internal real-
time waveform processing capabilities to identify multiple returns or reflections of the same signal pulse resulting
in multiple object detection. Waveform processing laser scanners have a maximum effective range similar to that of
time-of-flight scanners. With a pulse rate of 300,000 pulses per second, and an echo detection capability of 15
returns per pulse, actual data collection rates can exceed 1.5 million points per second. Waveform processing
scanners have trouble discriminating between returns of the same laser pulse from objects that are closely spaced.
The discrimination limit is a function of laser emitter and receiver operating parameters. Returns from objects
closer together than the laser scanner’s multiple object discrimination limit will create false points in the data.

The raw data product of a laser scan survey is a point cloud. When the scanning control points are georeferenced to
a known coordinate system, the entire point cloud can be oriented to the same coordinate system. All points within
the point cloud have X, Y, and Z coordinate and laser return Intensity values (XYZI format). The points may be in
an XYZIRGB (X, Y, Z coordinate, return Intensity, and Red, Green, Blue color values) format if image overlay
data is available. The positional error of any point in a point cloud is equal to the accumulation of the errors of the
scanning control and errors in the individual point measurements.

Just as with reflectorless total stations, laser scan measurements that are perpendicular to a surface will produce
better accuracies than those with a large angle of incidence to the surface. The larger the angle, the more the beam
can elongate, producing errors in the distance returned. Waveform system elongation errors have been documented
and can be corrected.

Data points will also become more widely spaced as distance from the scanner increases and less laser energy is
returned. At a certain distance the error will exceed standards and beyond that no data will be returned.
Atmospheric factors such as heat radiation, rain, dust, and fog will also limit scanner effective range.

While terrestrial laser scanning may result in less field time to complete complex projects, data extraction and
production of usable Computer Aided Design and Drafting (CADD)/ Digital Terrain Model (DTM) format products
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currently takes considerable office time. The field to office processing time ratio increases with point density,
complexity of the object(s) being scanned, and deliverable detail. Resources for data extraction (computers,
programs, and trained personnel) can be a limitation.

LiDAR Applications.

Two types of specification groups have been described to differentiate between surveys with varying accuracy,
control, and range requirements. “Large Scale” surveys are hard surface or topographic surveys with data collected
at engineering level accuracy. “Resource Grade” or “Small Scale” surveys are topographic surveys with data
collected at lower level accuracy.

Large Scale - Hard surface or topographic survey uses:

e Project Management and Roadway Design original ground
e Structures and bridge clearance surveys

e Engineering topographic surveys

e Detailed Archaeological Surveys

o Architectural and Historical Preservation Surveys

o Deformation and Monitoring Surveys

e  As-built surveys

Small Scale - Resource Grade lower-accuracy survey uses:

e Hydrologic surveys

e Corridor study and planning surveys

e Asset inventory and management surveys

e Environmental Surveys

o Earthwork Surveys such as stockpiles, borrow pits, and landslides

LiDAR Project Selection
The following are factors to consider when planning use of LIDAR on a particular NDOT project:

o Safety

e Project deliverables desired

e Project time constraints

e Site or structure complexity or detail required

e Length/size of project

e Traffic volumes and best available observation times

e Forecast weather and atmospheric conditions at planned observation time
o LiDAR system

e Auvailability

e Accuracy required

e Technology best suited to the project and desired final products

LiDAR Equipment and Use.

All of the equipment used to collect LIiDAR data, to control the data, and to collect the quality control validation
(check) points should be able to collect the data at the accuracy standards required for the project. This
determination will be from the stated specifications for the equipment by the manufacturer. LiDAR accessories
include tripods, targets, tribrachs, target poles, and a laptop computer. In some situations, additional power
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requirements may necessitate the use of portable generators. All survey equipment must be properly maintained and
regularly checked for accuracy and proper function.

Eye Safety.

Follow OSHA Regulation 1926.54 and manufacturers’ recommendations when using any laser equipment. Never
stare into the laser beam or view laser beams through magnifying optics, such as telescopes or binoculars. LIDAR
equipment operators should never direct the laser toward personnel operating instruments with magnifying optics
such as total stations or levels. Additionally, the eye safety of the traveling public and other people should be
considered at all times and the equipment operated in a manner to ensure the eye safety of all.

Useful Range of Scanner.

Since a laser scanner is capable of scanning features over long distances, and since the accuracy of the scan data
diminishes beyond a certain distance, care should be taken to ensure that the final dataset does not include any
portion of point cloud data whose accuracy is compromised by measurements outside the useful range of the
scanner. In general, terrestrial scans should be placed no further than 175 feet apart. The useful range will be
determined by factors such as the range and accuracy specifications of the individual scanner as well as the
accuracy requirements of the final survey products. Methods for accomplishing this might include the
implementation of range and/or intensity filtering during data collection or culling any out-of-useful range data
during post processing. Surface properties including color, albedo or surface reflectivity, and surface texture can
limit scanner effective range.

Scanner Targets.

Total station targets reduce pointing error when placed at long distances. Laser scanning targets, however, are
designed for a specific distance. Most laser scanners do not have telescopes to orient the instrument to a backsight.
Cylindrical, spherical, and planar targets must be scanned with a sufficient density to model their centers, with
planar targets tending to yield better results. The size of the target, laser spot size, and distance from the scanner
determine how precisely the center can be modeled. If the distance from the scanner to the target exceeds the
manufacturer’s recommended distance, the error can increase dramatically. Vendor-specific targets, which are
tuned for the laser scanner frequency, are recommended. Follow the manufacturer’s recommended distance for
placement of targets. For example: Leica Twin-Target poles are designed to be used 50m from the scanner. They
should be placed no more than 250 feet from the scanner.

LIDAR Specifications and Procedures.

The radial survey method is used for all stationary LIDAR general order surveys. Individual general order scanned
data points are not available for least-squares adjustment.

LIDAR collected survey data points are checked by various means including comparing the scan to the quality
control validation points, reviewing the DTM, reviewing data terrain lines in profile, and redundant measurements.
Redundant measurements with a LiDAR system can only be accomplished by multiple scans, either from the same
set-up, or from a subsequent set-up that offers overlapping coverage. Stationary Terrestrial LIDAR Scanning
Specifications lists the specifications required to achieve LIDAR general order accuracy.

Planning.

Before the LIDAR project commences, the project area shall be reconnoitered to determine the best time to collect
data to minimize excessive “artifacts” from traffic or other factors, and to identify obstructions that may cause data
voids or shadows. Check weather forecast for fog, rain, snow, smoke, or blowing dust. Tall tripod set-ups may be
used to help reduce artifacts and obstructions from traffic and pedestrians. Areas in the project that will be difficult
to scan should be identified and a plan developed to minimize the effect on the final data, through additional set-ups
or alternate methods of data collection. Safety should always be taken into consideration when selecting setup
locations.

44


http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&amp;p_id=10627

Site conditions should be considered to determine expected scanning distance limitations and required scan density
to adequately model the subject area. Pavement analysis scans to identify issues such as surface irregularities and
drainage problems require a scan point density of 0.10” or less, at a distance of 125’ from the scanner. Some
scanners can maintain a constant desired point density throughout their effective range. Pavement analysis scans
also require shorter maximum scanning distances and closer spacing of scanner control and validation points than
other Large Scale applications.

Project Control Establishment and Target Placement.

When performing Type A LiDAR surveys, the LIDAR control (scanner occupation and targeted control stations)
points that will be used to control the point-cloud adjustment and validation points that will be used check the
point-cloud adjustment of the LiDAR data shall be surveyed to third order or better horizontal and vertical accuracy
standards. Best results are typically seen when the targeted control stations are evenly spaced horizontally
throughout the scan. Variation in target elevations is also desirable. Targets should be placed at the recommended
optimal distance from the scanner and scanned at high-density as recommended by the LiDAR manufacturer.
Maximum scanner range and accuracy capabilities may limit effective scan coverage.

Pavement analysis scans to identify issues such as surface irregularities and drainage problems require shorter
maximum scanning distances and closer spacing of scanner control and validation points than other Large Scale
applications. Target requirements vary. All Large Scale, hard surface topographic LIDAR surveys require control
and validation point surveyed local positional accuracies of Hz < 0.03” & Z <0.02’. Resource Grade scans,
earthwork and other lower-accuracy topographic surveys require control and validation point surveyed local
positional accuracies of Hz & Z <0.10” (See Stationary Terrestrial LIDAR Scanning Specifications). All LIDAR
control and validation points shall be on the same project seed file coordinate system datum, ground to grid factor
and ellipsoid.

Equipment Set-up and Calibration.

When occupying a known control point, ensure the instrument is over the point, measure and record the height of
instrument (HI) and height of targets (HT) at the beginning of each set- up. It is advisable to check instrument
height, plummet position, and target heights at the completion of each set-up. Scanners that do not have the ability
to occupy points require additional targets incorporating good strength of figure to control each scan and establish
scanner position by resection. Fixed height targets are required for Large Scale applications, and recommended for
Resource Grade applications. Ensure automatic LIDAR system calibration routines are functioning per the
manufacturer’s specifications.

Redundancy.

LIDAR data collection shall be conducted in such a manner as to ensure redundancy of the data through
overlapping scans. The data should be collected so that there is a 5% to 15% overlap (percentage of scan distance)
from one scan to the next adjacent scan.

Monitoring LIDAR Operation.

Monitoring LIDAR operation during the scan session is an important step in the scanning process. The system
operator should note if and when the LIiDAR system encountered difficulty and be prepared to take appropriate
action to ensure data quality.

Quality Management Plan - QA/QC.

Engineering survey data points collected using LIiDAR are checked by various means including comparing scan
points to validation points, reviewing the digital terrain model, reviewing data terrain lines in plan and profile, and
redundant measurements. Redundant measurements with LIDAR can only be accomplished by scanner set-ups that
offer overlapping coverage. Plan and profile views of overlapping registered point clouds should indicate precise
alignment and data thickness of less than 0.03 ft at scan seams. Elevation comparison may be performed using
profile, Digital Elevation Model (DEM) differences determined from point grid or Triangulated Irregular Network
(TIN) data.
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A Positional Accuracy Test (PAT) is required for all Large Scale projects. We accept a methodology that compares
sample mapped points with independent measurements of their location to derive a statistical assessment that is
valid for 95% of the points. A template of this spreadsheet can be procured from our ftp site:
ftp://ftp.dot.state.nv.us/LocationManual/2012_Accessories/Blank_File_Resources/

LiDAR Quality Management Plan (QMP) shall include descriptions of the proposed quality control (QC) and
quality assurance (QA) plan. The QMP shall address the requirements set forth in this document and any other
project specific QA/QC measures (See the LIDAR checklist in Appendix 15B).

The QA/QC report shall list the results of the LIDAR including but not limited to the following
documentation:

e Control survey reports

e LiDAR system statistical reports

e Scan seam comparison of elevation data from overlapping scans

e Statistical comparison of point cloud data and control points

e Statistical comparison of adjusted point cloud data and redundant validation points

e Best practices include:

e Register data to established control network and check least square residuals to ensure standard deviation is
within project requirements prior to leaving scan position

e Collect all data and imagery with traceability and redundant ties to the control network
e Prepare scan diagrams documenting scanner and target heights and depicting control geometry.

LiDAR Deliverables and Documentation.

The desired deliverables from a scanning project should be identified in the planning stage. The ultimate value of
the LIDAR collected data is multiplied when it is “mined” for data for various uses and customers beyond its initial
intended use.

Documentation of surveys is an essential part of surveying work. The documentation of a scanning project must
show a clear data lineage from the published primary control to the final deliverables.

LiDAR Deliverables.

Typical deliverables for NDOT projects include: plan (DGN), surface (DTM), metadata (Word document), and a
point cloud (POD format). Considerable office time is required to extract data from a point cloud to a CADD/DTM
usable format. The ratio of field time to office time will vary greatly with the complexity of the scanned roadway
and features. Resources for data extraction (computers, programs, and trained personnel) must be available.

Deliverables specific to LIDAR surveys may include, but are not limited to:

o XYZIRGB files in ASCII, LAS, or E57 format

e Registered point clouds

e Digital photo mosaic files

e Survey narrative report and QA/QC files

e Geospatial metadata files conforming to the current NDOT standard:

LiDAR Documentation.

The data path of the entire LIDAR project lineage must be defined, documented, assessable, and allow for
identifying adjustment or modification. 3D data without a documented lineage is susceptible to imbedded mistakes,
and is difficult to adjust or modify to reflect changes in control. An additional concern is that a poorly documented
data lineage may not be legally supportable.
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The survey narrative report, completed by the person in responsible charge of the survey (typically the Party Chief),
shall contain the following general information, the specific information required by each survey method, and any
appropriate supplemental information, including geospatial metadata files conforming to the current NDOT
standard.

e Project name & identification: County, Route, Project Beginning Milepost beginning and Project Ending
Milepost, LPN, Project E.A. and/or PCEMS.

e Survey date, limits, and purpose

e Datum, ellipsoid, and units

e Control found, held, and set for the survey

e Personnel, equipment, and surveying methods used

e Field notes including scan diagrams, control geometry, instrument and target heights, atmospheric
conditions, etc.

e Problems encountered

e Any other pertinent information

o Dated signature and seal of the Party Chief or other person in responsible charge
Documentation specific to stationary LiDAR surveys includes, but is not limited to:

Control Lineage or Pedigree

e Primary and Project control held or established
e Traverse points

e Scanner occupied and targeted control points

e Validation points

e Adjustment report for control

Registration Reports

e Results of target and cloud to cloud registration
o QA/QC reports
e Results of finished products to validation points
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Stationary Terrestrial LIDAR Scanning Specifications

Operation/Specification

LiDAR Scan Application

situations (See Note 1) require that it be turned OFF.

Large Scale Resource Grade
Initial calibration of instrument at startup and during operation.
Excessive vibration may render the scanner inoperable (See Each set-up
Note 1).
Level compensator should be turned ON unless unusual
Each set-up

Minimum number of targeted control points required.

2 for each set-up (See Note 2)

LiDAR control and validation point surveyed positional local
accuracy.

H < 0.03 foot V Hand V
< 0.02 foot <0.10 foot

Strength of figure: a is the angle between each pair of adjacent
control targets measured from the scanner position.

Recommended Recommended 40° < a <
60° <o <120° [140°

Target placed at optimal distance to produce desired results

Each set-up

Control targets scanned at high density (See Note 3)

Required

Measure instrument height (when occupying control) and target
heights

Yes

Fixed height targets (when occupying control)

Required Recommended

Check position of instrument and targets over occupied control
points

Begin and end of each set-up

Be aware of equipment limitations when used in rain, fog,
snow, smoke or blowing dust, or on wet pavement.

Each set-up

Distance to object scanned not to exceed best practices for laser
scanner and conditions - Equipment dependant

Manufacturer’s specification

Distance to object scanned not to exceed scanner capabilities to
achieve required accuracy and point density.

Each set-up

Observation point density

ficient density to model object. (See
Note 4)

Overlapping adjacent scans (percentage of scan distance)

5% to 15%

Maximum measurement distance to meet vertical accuracy
standard for horizontal (pavement) surface measurements

175 feet (See

Note 5) NIA
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Stationary Terrestrial Laser Scanning Specifications - Continued

LIDAR Scan Application
Operation/Specification
Large Scale IResource Grade

Minimum measurement distance Manufacturer’s specification
Registration of multiple scans in post-processing Required
Post-processing software registration error report Required
Registration errors not to exceed in any horizontal dimension  |0.03 foot 0.15 foot
Registration errors not to exceed in vertical dimension 0.02 foot 0.10 foot
Independent control validation points (confidence Minimum of | Minimum of two (2)
measurements) to confirm registration three (3) per per scan

scan

Notes:

1. Unusual situations could include bridge set-up with heavy truck traffic or high winds which cause
excessive instrument vibration.

2. A minimum of two (2) targeted control points, are scanned at high density for stationary laser scanners set-
up in a level orientation, using a dual-axis compensator, occupying, backsighting, and foresighting control
points with known X, Y, and Z coordinate values. When using a scanner that does not meet these criteria,
or the compensator is off, a minimum of three (3) targeted control points are required for each set-up. When
known control is not occupied, backsighted, and foresighted, a minimum of four (4) targeted control points
are required for each set-up.

3. Scan targets at high-density setting as recommended by the manufacturer or use manufacturer’s auto target
acquisition feature if available.

4. Pavement Analysis scan point density 0.10” at 125°.

Maximum pavement measurement distance for Pavement Analysis Scans is 150 feet.

6. Fixed height control targets are required for Type A and recommended for Type B LIDAR applications
when targets occupy control points.

o

Mobile LiDAR Scanning.

Mobile terrestrial laser scanning (Mobile LiDAR System) is an emerging technology that uses laser scanner
technology in combination with Global Navigation Satellite Systems (GNSS) and other sensors to produce accurate
and precise geospatial data from a moving vehicle. Mobile LiDAR System platforms may include Sport Utility
Vehicles, Pick-up Trucks, Hi-Rail vehicles, boats, and other types of vehicles. Safety and efficiency of data
collection are compelling reasons to use mobile laser scanning. The potential to acquire a great deal of data in a
short time is enormous, especially in areas that are not conducive to traditional methods of data collection. Data
collection on 20 miles of highway per day is achievable by most systems. Imaging sensor capabilities may include
hi-definition video or digital photography.

The Mobile LiDAR System collects laser measurement data continuously throughout each Mobile LIiDAR System
run. The position and orientation of the scanner(s) are determined using a combination of data from GNSS, an
inertial measurement unit (IMU), and possibly other sensors, such as precise odometers. An IMU uses a computer,
motion sensors (accelerometers) and rotation sensors (gyroscopes) to continuously calculate and record the
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position, orientation, and velocity (direction and speed) of a moving object without the need for external references.
IMUs are used on vehicles such as ships, aircraft, submarines, guided missiles, spacecraft, and Mobile LiDAR
Systems. Within the Mobile LiDAR System the IMU is used to calculate change of XYZ position and orientation
(roll, pitch and yaw) of the sensor array between GNSS observations, and during periods of reduced or no GNSS
reception. By combining the laser range, scan angle, scanner position and orientation of the platform from GNSS
and IMU data, highly accurate XYZ coordinates of the point scanned by each laser pulse can be calculated.

The laser pulse repetition rate in combination with the scanning mirror’s deflection pattern determines the data
collection rate. Surface point density is a function of the data collection rate and the vehicle speed. In the most
advanced commercially available Mobile LiDAR Systems, the data measurement rate is typically 50,000 to
300,000 measurements per second per scanner, which allows the user to collect highly accurate data of a required
ground point density within a very short period of time. The scanner(s) position is determined by post-processed
kinematic GNSS procedures using data collected by GNSS antenna(s) mounted on the vehicle and GNSS base
stations occupying project control (or continuously operating GNSS stations) throughout the project area. The
GNSS solutions are combined with the IMU data to produce precise geospatial locations and orientations of the
scanner(s) throughout the scanning process. The point cloud generated by the laser scanner(s) is registered to these
scanner positions and orientations, and may be combined with digital imagery sensor data in proprietary software.
The point cloud and imagery information provides a very detailed data set.

GNSS has vertical accuracy limitations and will not meet NDOT Engineering Survey standards for pavement
elevation surveys. Additional control points (local transformation points) within the Mobile LIDAR System scan
area are required to calibrate the point cloud data by adjusting point cloud elevations. The point cloud is adjusted by
a local transformation to well defined points throughout the project area to produce the final geospatial values. The
final scan values are then compared to independently measured validation points.

Various vendors are currently deploying Mobile LiDAR System technology. The configuration of the scanner(s)
and sensors varies greatly from vendor to vendor. Various mobile systems have different levels of positional
accuracy due to error sources in the sensors and the GNSS environment.

MOBILE LiDAR SYSTEM APPLICATIONS

Large Scale - Hard surface and topographic surveys:

e Engineering topographic surveys

e  As-built surveys

e Structures and bridge clearance surveys
o Deformation surveys

e Forensic surveys

Resource Grade - Earthwork and low-accuracy topographic surveys:

e Corridor study and planning surveys

e Asset inventory and management surveys

e Environmental Surveys

e Sight distance analysis surveys

e Earthwork Surveys such as stockpiles, borrow pits, and landslides
e Urban mapping and modeling

Note: The value of the Mobile LIDAR System collected data is multiplied when it is “mined” for data for various
uses and customers beyond its initial intended use.
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Mobile LiDAR System Project Selection

The following are factors to consider when determining if Mobile LIDAR System is appropriate for a particular
NDQOT project:

o Safety

e Project deliverables desired

e Project time constraints

e GNSS data collection environment

e Length/size of project

e Mobile LiDAR System availability

e Traffic volumes and available observation times

Mobile LiDAR System Equipment and Use.

All of the equipment used to collect Mobile LiDAR System data, to control the data, and to collect the quality
control validation points should be able to collect the data at the accuracy standards described below. This
determination will be from the stated specifications for the equipment by the manufacturers.

Eye Safety.

Follow OSHA Regulation 1926.54, ASTM standard E2641-09, and manufacturers’ recommendations when using
any laser equipment. Never stare into the laser beam or view laser beams through magnifying optics, such as
telescopes or binoculars. Additionally, the eye safety of the traveling public and other people should be considered
at all times and the equipment operated in a way to ensure the eye safety of all.

Useful Range of Scanner.

Since a laser scanner is capable of scanning features over long distances, and the accuracy of the scan data
diminishes beyond a certain distance, care should be taken to ensure that the final dataset does not include any
portion of point cloud data whose accuracy is compromised by measurements outside the useful range of the
scanner. The useful range will be determined by factors such as the range and accuracy specifications of the
individual scanner as well as the accuracy requirements of the individual project. Methods for accomplishing this
might include the implementation of range and/or intensity filtering during data collection or culling any out-of-
useful range data during post-processing.

Local Transformation and Validation Points.

Local transformation points serve as control for transformation of the point clouds. Validation points allow for
QA/QC checks of the adjusted scan data. Local transformation and validation points may be targeted control points,
recognizable features, or coordinate positions within the scans. When used, targets should be located as close to the
Mobile LiDAR System vehicle path possible without compromising safety. The Mobile LiDAR System vehicle
operator(s) should adjust the vehicle speed at the target area so that the target(s) will be scanned at sufficient
density to ensure good target recognition.

Mobile LiDAR System Specifications and Procedures.

Mobile LIDAR System GNSS equipment must correspond with the requirements stated in Chapter 6, “GNSS
Surveys” of the CSM. Mobile LIDAR System kinematic post-processing must comply with these specifications or
applicable NDOT Third-Order (Horizontal) GNSS Survey Specifications; whichever is more restrictive. Mobile
LiDAR System kinematic GNSS/IMU data must be post-processed in forward and reverse directions (from
beginning-to-end and end-to-beginning). Mobile LiDAR System Specifications Table lists the specifications
required to achieve general order Mobile LIDAR System accuracy.
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Mission Planning.

Before the Mobile LiDAR System project commences a mission planning session should be conducted to assure
that there are enough satellites available during the data collection and that the PDOP meets the requirements.
During the data collection there shall be a minimum of five (5) satellites in view for the GNSS Control Stations and
the GNSS unit in the Mobile LiDAR System system. Additionally, the maximum PDOP value during acquisition
shall be five (5). The project area shall be reconnoitered to determine the best time to collect the data to minimize
excessive “artifacts” in the data collection from surrounding traffic or other factors, and to identify obstructions that
may cause GNSS signal loss. Identify areas in the project that have poor satellite visibility and develop a plan to
minimize the effect on the data, such as a densified network of transformation points and validation points.

GNSS Project Control.

The GNSS Control Stations that will be used to control the post-processed kinematic adjustment of the Mobile
LiDAR System data shall be placed at a maximum of 10-mile intervals to ensure that under normal circumstances,
no processed baseline exceeds five (5) miles in length. Short baselines contribute to the best possible positional
accuracy outcome. Dual redundant GNSS base stations are highly recommended to guard against the possibility of
wasted effort and useless data from base station failure due to equipment, accident or human error in station setup.
Dual base stations also allow redundant post-processing and 10-mile baseline post-processing in case of a base
station failure. Locate one base station near the beginning of the project and another one near the end of the project.
The horizontal accuracy standard of the GNSS Control Stations shall be second order or better and the vertical
accuracy standard shall be third order or better.

Equipment Calibration.

Before and after collecting the Mobile LiDAR System data all of the equipment in the Mobile LiDAR System shall
be calibrated to the manufacturer’s specifications. Sensor alignment (bore sighting) procedures shall be performed
prior to scanning if the system has been disassembled for transport.

Some Mobile LIiDAR Systems may require a safe location with relatively open sky to perform calibration routines
before and/or after scanning passes. This may be as simple as parking for several minutes to collect static data for

sensor alignment, bore sighting by performing multiple scans of a structure or building from different orientations,
or it may require a larger area such as a parking lot to perform a series of figure “8” maneuvers.

Redundancy.

Mobile LIiDAR System data collection shall be conducted in such a manner as to ensure redundancy of the data.
The data should be collected so that there is an overlap, which means that either more than one pass in the same
direction on the NDOT project, overlapping passes in opposite directions, or both shall be collected. Overlap
dimensions: minimum of 20% sidelap.

Monitoring Equipment During Data Collection.

Monitoring various component operations during the scan session is an important step in the QA/QC process. The
system operator should be aware and note when the system encountered the most difficulty and be prepared to take
appropriate action in adverse circumstances.

The Mobile LiDAR System equipment shall be monitored throughout the data collection to track the following as
well as any other factors that need monitoring:
e Degraded or lost GNSS reception.

o Distance traveled during, or time duration of degraded or lost GNSS reception (resulting in uncorrected
IMU drift).

e Proper functioning of the laser scanner.
e Vehicle Speed appropriate for desired point density.
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Local Transformation and Validation Requirements.

In order to increase the accuracy of the collected and adjusted geospatial data, a local transformation of the point
clouds shall be conducted. Different types of local transformations may be employed. The most common is a
simple elevation adjustment of the vertical values between established local transformation points and the
corresponding values from the point clouds. Local transformation points shall be located at the beginning, end, and
evenly spaced throughout the project to ensure that the project is “bracketed.”

Validation points are used to check the geospatial data adjustment to the local transformation points. Validation
Points shall be located at the beginning, end, and evenly spaced throughout the project.

For Large Scale Mobile LIDAR System surveys, bracket the scanned area on both sides of the roadway with local
transformation points at a maximum of 1500-foot roadway centerline stationing intervals. Validation points should
be on both sides of the scanned roadway, at centerline stationing intervals not exceeding 500 feet. Large Scale
Mobile LIiDAR System surveys require local transformation points and validation points to have surveyed local
positional accuracies of Hz < 0.03 foot & Z < 0.02 foot or better. The preferred method of establishing Type A
Mobile LIiDAR System local transformation point elevations is differential leveling to NDOT Third Order or better
specifications.

For Resource Grade Mobile LiDAR System surveys, bracket the scanned area on both sides of the roadway with
local transformation points at a maximum of 2400-foot roadway centerline stationing intervals. Validation points
should be on both sides of the scanned roadway, at centerline stationing intervals not exceeding 800 feet. Resource
Grade Mobile LiDAR System surveys require local transformation and validation points to have surveyed local
positional accuracies of Hz & Z < 0.10 foot or better.

Quality Management Plan - QA/QC.

Engineering survey data points collected using Mobile LIDAR System are checked by various means including
comparing scan points to validation points, reviewing the digital terrain model, reviewing data terrain lines in
profile, and comparing redundant measurements. Redundant measurements with Mobile LiDAR System can only
be accomplished by multiple scan runs or passes that offer overlapping coverage.

The Mobile LiDAR System data provider shall provide a Quality Management plan (QMP) that includes
descriptions of the proposed quality control and quality assurance plan. The QMP shall address the requirements set
forth in this document as well as other project specific Quality Assurance/Quality Control (QA/QC) measures (see
the Mobile LiDAR System checklist).

The QA/QC report shall list the results of the Mobile LIDAR System including but not limited to the following
documentation:

o Mobile LiDAR System reports

e PDOP values during the survey

e Separation of forward and reverse solutions (difference between forward and reverse post-processed roll,
pitch, yaw and XYZ positions solution). Forward and reverse refers to time: processing from beginning-to-
end and end-to-beginning.

e Areas of the project that the data collected exceeded the maximum elapsed time or distance traveled of
uncorrected IMU drift due to degraded, lost, or obstructed GNSS signal reception.

e Comparison of elevation data from overlapping (sidelap) runs

e Comparison of points at the area of overlap (endlap) if more than one GNSS base is used.
e Statistical comparison of point cloud data and finished products to validation points

e Statistical comparison of adjusted point cloud data and redundant validation points

National Standard for Spatial Data Accuracy (NSSDA).
Final Mobile LIiDAR System geospatial data accuracy reporting shall conform to the NSSDA requirements:

http://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3
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Mobile LiDAR System Deliverables and Documentation.

Different projects and customers require different types of deliverables. One of the inherent features and
fundamental advantages of laser scan data is that it is acquired, processed and delivered in digital format allowing
the user to generate laser scan-derived end products for a very wide range of applications and customers beyond the
original intent.

Documentation of surveys is an essential part of surveying work. The documentation of a scanning project must
show a clear data lineage from the published primary control to the final deliverables.

Mobile LiDAR System Deliverables.

The deliverables from a Mobile LiDAR System project should be specified in the contract, task order, or work
request with the provider. If a point cloud is the final deliverable, considerable office time will be required to
extract data in a CADD/DTM usable format. The ratio of field time to office time will vary greatly with the
complexity of the scanned roadway. Resources for data extraction (computers, programs, and trained personnel)
must be available. If the mobile scan provider is delivering a finished CADD/DTM file, NDOT office time will be
reduced to QA of the final product.

The simplest form of the processed Mobile LiDAR System data is a “point cloud”, which can be saved in the
following formats: *.e57, *.pod, *.las.

Point cloud data can be imported into various software packages. Further data manipulation, infusing other types of
data and the use of analytical tools with the imported point cloud create a variety of value-added products.

In addition, a geospatial metadata file specifying the units and datum of the XYZ coordinates in ASCII point cloud
files should be provided. The georeferenced image files (in common image format such as jpg, tiff, png, etc) should
also be deliverable if they are available.

Deliverables specific to Mobile LIDAR System surveys may include, but are not limited to:
e Registered point clouds (XYZI or XYZIRGB files) in ASCII, CSV, ASTM E57 3D Imaging Data
Exchange Format (E2761), XML, LAS, or other specified format
e Raw data files
e Current NDOT Roadway Design and Drafting Software files
e Digital video or photo mosaic files
e Survey narrative report and QA/QC files
e Geospatial metadata files conforming to the current NDOT standard:

NDOT FTP site.

Mobile LiDAR System Documentation.

The documentation of Mobile LIiDAR System projects must show clear data lineage from the published primary
control to the final deliverables. The data path of the entire process must be defined, documented, assessable, and
allow for identifying adjustment or modification. 3D data without a documented lineage is susceptible to imbedded
mistakes, and difficult to adjust or modify to reflect changes in control. An additional concern is that a poorly
documented data lineage would not be legally supportable.

The survey narrative report, completed by the person in responsible charge of the survey (typically the Party Chief),
shall contain the following general information, the specific information required by each survey method, and any
appropriate supplemental information, including geospatial metadata files conforming to the current NDOT
standard.

e Project name & identification: County, Route, Beginning and Ending Milepostings, E.A. or Project
Identification, etc.

e Survey date, limits, and purpose
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e Datum, epoch, and units

e Control found, held, and set for the survey

e Personnel, equipment, and surveying methods used

e Problems encountered

e Any other pertinent information such as GNSS observation logs

o Dated signature and seal of the Party Chief or other person in responsible charge

Documentation specific to mobile terrestrial laser scanning surveys includes, but is not limited to:

Control Lineage or Pedigree

e  Primary control held or established

e Project control held or established

e Local transformation points

e Validation points

e Adjustment report for control and validation points

o Base station observation logs (occupation data, obstruction diagram, atmospheric conditions, etc.)

Control for Scanner Registration and QC

e Local transformation points

e Validation points

e GNSS Accuracy Report

o  GNSS satellite visibility and PDOP reports
e IMU Accuracy Report

e Trajectory reports

Registration Reports

e Results of target and cloud to cloud registration
e QAJ/QC reports as described in Section 15.11-7
e Results of finished products to validation points
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Mobile LiDAR System Specifications

Mobile LiDAR System Scan Application

Operation/Specification Large Scale Resource Grade
Mobile LiDAR System equipment must be capable of collecting data at .
. . . Required
the intended accuracy and precision for the project.
Initial calibration of Mobile LiDAR System (per manufacturers specs) As Required
Dual-frequency GNSS recording data at 1 Hz or faster Required
Minimum IMU positioning data sampling rate capability 100 Hz

Maximum IMU Gyro Rate Bias

1 degree per hour

Maximum IMU Angular Random Walk (ARW)

0.125 degree per vhour

Maximum IMU Gyro Rate Scale Factor

150 ppm

Minimum IMU uncorrected positioning capability due to lost or
degraded GNSS signal

GNSS outage of 60 seconds or 0.6
miles distance travelled

Maximum duration or distance travelled with degraded or lost
GNSS signal resulting in uncorrected IMU positioning

GNSS outage of 60 seconds or 0.6
miles distance travelled

Maximum uncorrected IMU X-Y positioning drift error for 60 second
duration or 0.6 mile distance of GNSS outage

0.33 foot (0.100m)

Maximum uncorrected IMU Z positioning drift error for 60 second
duration or 0.6 mile distance of GNSS outage

0.23 foot (0.070m)

Maximum uncorrected IMU roll and pitch error/variation for 60
second duration or 0.6 mile distance of GNSS outage

0.020_degrees RMS

Maximum uncorrected IMU true heading error/variation for 60
second duration or 0.6 mile distance of GNSS outage

0.020 degrees RMS

Project control should be the constraint for GNSS positioning Yes

Minimum order of accuracy for GNSS base station horizontal (H) Horizontal — an

and vertical (V) project control Vertical — 3rd

Mobile LiDAR System Local Transformation Point and Validation Point | H <0.03 foot V < HandV
surveyed positional accuracy requirements. 0.02 foot <0.10 foot
GNSS base stations located at each end of project Recommended

Maximum post-processed baseline length

Five (5) miles

Maximum PDOP during Mobile LiDAR System data acquisition

Five (5)
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Mobile Terrestrial Laser Scanning Specifications - Continued

Mobile LIDAR System Scan Application

Operation/Specification

Large Scale Resource Grade
Minimum number of common healthy satellites in view for GNSS base Five (5)
stations and mobile scanner (See Notes 1 and 4)
Minimum overlapping coverage between adjacent runs 20% sidelap
Monitor Mobile LiDAR System operation for GNSS reception Throughout each pass

Monitor Mobile LiDAR System operation for IMU operation and distance [Throughout each pass
and duration of any uncorrected drift

Monitor Mobile LIDAR System laser scanner operation for proper Throughout each pass

function

Monitor Mobile LIDAR System vehicle speed Throughout each pass

Minimum orbit ephemeris for kinematic post-processing Broadcast

Observations — sufficient point density to model objects (See Note 1) Each pass

Vehicle speed — limit to maintain required point density Each pass

Filter data to exclude measurements exceeding scanner range Each pass

Local transformation point maximum stationing spacing throughout the | 1500 foot 2400 foot intervals
project on each side of scanned roadway intervals

\Validation point maximum stationing spacing throughout the project on | 500 foot 800 foot intervals
each side of scanned roadway for QC purposes as safety conditions intervals

permit. (See Note 3)

Notes:
1.

Avreas in the project that have poor satellite visibility should be identified and a plan to minimize the effect
on the data developed.

The project area shall be reconnoitered to determine the best time to collect the data to minimize excessive
“artifacts” in the data collection from surrounding traffic or other factors.

If safety conditions permit, additional validation points should be added in challenging GNSS
environments such as mid sections of tunnels and urban canyons.

GNSS coverage of less than five (5) satellites in view must not exceed the uncorrected position time or
distance travelled capabilities of the Mobile LiDAR System IMU.
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TERRESTRIAL LiDAR CHECKLIST
Materials needed BEFORE scanning:

=

© XN WD

-
©

Who is the Project Manager?

Purpose of project mapping

Map units

Project coordinate system

Scanner calibration data

Proposed scanner control plan

Proposed scanner occupation plan

Proposed safety plan

Proposed validation points

Proposed schedule for delivery of products to the client

Materials needed AFTER scanning and BEFORE registration and data mining:

1.

ok~ wn

Scanner registration control accuracy reports should contain the following: Scanner occupation points
Targeted control points Ground validation points

Statistical comparison of point cloud data and control points

Statistical comparison of adjusted point cloud data and redundant validation points

The Control Report should contain the following:

e Table showing the difference in elevation (dZ) between control points and LIDAR measured
points

e Average, Minimum and Maximum dZ
e Average magnitude, RMS and standard deviation

Materials needed AFTER registration and data mining has been completed:

1.

o ok W

Classified point cloud (LAS, ASCII, or other specified format files)
Georeferenced digital photographs

MicroStation CADD plan and InRoads DTM surface files

3D printing technology physical scale models of the subject if required
Survey narrative report and QA/QC files

Positional Accuracy Test, and metadata files
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MOBILE LiDAR SYSTEM CHECKLIST
Materials needed BEFORE the mission:

Who is the Project Manager?

Purpose of project mapping

Map units

Project coordinate system

Scanner calibration data

Proposed driving plan

Proposed safety plan

GNSS satellite visibility and PDOP forecasts

Suitable driving speed to obtain required point density
Proposed base station locations

Proposed local transformation point locations
Proposed schedule for delivery of Items B and C to the client

Materials needed AFTER the mission and BEFORE vectoring:

1.

The GNSS Accuracy Report should contain the following: Forward/Reverse or Combined Separation
plot

o  Number of Satellites Bar plot PDOP, HDOP, VDOP plots

o L1 Satellite Lock/Elevation plot Estimated Position Accuracy plot

e The IMU Accuracy Report should contain the following: IMU Position RMS plot
e GNSS/IMU Position Differences plot

The Control Report should contain the following:

e Table showing the dZ between validation points and Mobile LiDAR System measured points
Average, Minimum and Maximum dZ

e Average magnitude, RMS and standard deviation

Materials needed AFTER vectoring has been completed:

1.

ok~ 0N

Classified point cloud (LAS, ASCII, or other specified format files)
Georeferenced digital photographs/videos

MicroStation CADD plan and InRoads DTM surface files

Survey narrative report and QA/QC files

Positional Accuracy Test and metadata files
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IMAGERY

AERIAL PHOTOGRAPHY STANDARDS

Aerial Camera

This section refers to aerial survey cameras of nominal focal length of 153 mm with format dimensions of 230 x
230 mm only. A metric quality survey camera shall be used, fitted with a lens that is designed to give an absolute
radial distortion not exceeding 15 micrometers within 100 mm of the principal point. The film shall be held in the
intended image plane during exposure to maintain sharp focus and hold image distortion to less than that, which
will produce 12 microns of y-parallax after relative orientation anywhere in the model. The camera shall be
mounted vertically in the aircraft in a mount designed to isolate the camera from vibration of the aircraft. Angular
vibration of the camera shall be reduced to such a level so as to have no significant detrimental effect on resolution.

Camera Calibration

The camera lens unit shall have been calibrated, tested, and certified by the camera manufacturer or by a calibration
center, recognized internationally or approved by the camera manufacturer. The certificate shall show that the
camera has been calibrated within three years of completion of the photography and the calibration report must
accompany the project mapping files.

Aerial Film Header Strip Information

The header information will have the following information in this order:
First Line Flight Number *, NDOT, Date, Time (24 Hour Clock set at Local Time), Lat/Lon,
Second Line Shutter Speed, F-Stop, Photo Scale, Mapping, Consultants” Name.

When multiple rolls of film are used on the same project the frame counter must NOT be reset for each roll; all
frame numbering must run consecutively as single roll.

* Prior to aerial photo flight call Imagery Services, Lucy Adams at (775) 888-7161 for a Flight Number to be
assigned to the aerial photo project.

Flying Conditions and Photographic Coverage

Aerial photography shall be secured based on the intended use of the photographs as stated in the specification. In
general, photography shall not be secured when the ground is obscured by haze, snow, smoke, dust, floodwaters, or
environmental factors that may obscure ground detail. Clouds and/or shadows of clouds shall not appear in the
project area. The solar altitude shall be defined by the application but in general it should not be less than 30
degrees when aerial negatives are exposed.

Photographic Mission

Forward overlap in the line of flight shall average not less than 57% or more than 62% at the mean elevation of the
terrain, unless otherwise specified. Individual forward overlaps shall not be less than 55% or more than 68%
excepting the situation where in a forward overlap in areas of low elevation must exceed 68% to attain the
minimum 55% forward overlap in adjacent areas of higher elevation. Wherever there is a change in direction
between two flight lines (other than between adjacent parallel flight lines) junction areas between the adjoining
flight lines shall be covered stereoscopically by both lines. Side Overlap between adjacent parallel flight lines shall
be 30% +/- 10% at the mean elevation of the terrain. In addition, any point on the flight line as flown shall not
deviate from the flight plan location by a distance greater than 10% of the width of coverage of the photograph.
Departures from flight heights required to produce the desired photo scale shall not exceed -2% or +5% unless
changed by Air Route Traffic Control Centers. Changes in the course of the aircraft between successive
overlapping photographs within a flight line shall not exceed 3 degrees. While exposing aerial photography, the
camera shall be compensated for crab of the aircraft, with a resultant error not exceeding 3 degrees. The tilt within a
single frame shall not exceed 4 degrees nor shall the difference in tilt between two consecutive overlapping frames
within a flight line exceed 4 degrees. The average tilt for all negatives of the same nominal scale shall not exceed 1
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degree. The combined effect of aircraft course corrections, crab and tilt shall result in an apparent crab not greater
than 5 degrees on successive photographs. Apparent crab is defined as the angle between a line joining fiducial
marks in the direction of flight and the line between the indicated principal point and the conjugate image of the
indicated principal point of the adjacent photograph within the same line of flight.

Airborne Global Positioning System (ABGPS):

ABGPS may be requested to minimize ground survey control points required for aerotriangulation and rectification
of aerial photography. The following specifications must be met for ABGPS:

e The contractor shall use ABGPS techniques that provide high accuracy camera station coordinates. All
instruments shall collect data at a sampling rate of 0.5 seconds or less with the aircraft receiver logging
photograph exposure times as external events.

o The ABGPS receiver shall be required to utilize dual frequency. Satellite lock must be maintained
throughout the flight. Ground base stations and aircraft receivers must be using the same satellite
configuration. Accuracy of the antennae camera offset must be validated.

e NDOT will provide ground station receivers that will be active during the entire flight mission, in the most
appropriate locations within the project area. The receivers will be capable of tracking both C/A and P-code
with dual frequency (L1 and L2) and have multi channel capability. This process will require direct
coordination between the NDOT survey crew and the contractor’s flight crew.

e The Contractor shall post-process the airborne GPS data relative to simultaneous observations collected at
fixed land-based reference stations. Geodetic positions corresponding to the photo centers at the instant of
exposure shall be calculated and (later) combined with ground control point values in an analytical
aerotriangulation solution. The contractor shall provide a complete report including the time stamp as well
as the corrected geodetic positions of the photo centers in the appropriate state plane zone based on the
project.

Aerial Film

The type of film to be used shall be unexpired and have a dimensional stable polyester base. Color and
panchromatic emulsions shall be sensitive to the entire visible spectrum with an extended red sensitivity. Color
infrared and black and white infrared emulsions shall be sensitive to the visible and near infrared spectrum from
400 to 900 nanometers. Extreme care shall be exercised to insure proper exposure to minimize vignetting due to
differential exposure. This differential shall not exceed that which would result from a basic 1/3 stop difference in
exposure.

The conditions of the film stock to be used shall be such that when the unexposed film is processed:

e It shall be free of stains, discoloration, or brittleness that can be attributed to aging or improper storage: and

e The base-plus-fog density for all negative films and the minimum-density for all color reversal films shall
conform to the manufacturers predicted density levels.

Suggested Aerial Films

e AgfaPan 80 Black and White Film
e Agfa X100 Color Negative Film
e Kodak 2460 Color Negative Film

IMAGE SCANNING STANDARDS

Scanning Instrumentation

A photogrammetric grade-scanning device will be used to create uncompressed TIFF tiled images. It should be
located and operated in a thermostatically controlled, dust free environment with a stable power source.
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Scanning Requirements

When the aerial film is scanned, the scanner must not physically come in contact with the film while the film is in
motion. The introduction of scratches to the aerial film by the scanner will be unacceptable and cause for the
rejection of the scans as well as possible penalties at the discretion of NDOT. Unless otherwise specified, all digital
aerial imagery will be produced from negative or color transparency film rolls and not film diapositives.

Scanning shall be carried out only from first generation transparent originals or aerial film.

In order to maintain consistently high quality image scans certain procedures shall be carried out during the
scanning process. The following instructions are based on normal scenes and do not apply directly to scenes with
skewed tonal representations (i.e. Images with predominant snow, sand, water, or shadow areas). The minimum and
maximum densities of the images shall be captured without clipping and without leaving unused bins on the ends of
the histogram. The output pixel values shall be proportional to the density of the media being scanned.

Scanner Calibration

Any scanner to be used for the scanning of aerial imagery must be calibrated at least annually and provide a
calibration report signed by the manufacturer's technician. The report must show that the scanner maintains a
geometric accuracy of not more than five (5) microns RMSE at the scanner's plate scale, and be capable of
resolving 256 levels of gray or of each color band. A minimum of 20 well distributed points shall be read on a
calibrated glass grid plate with an accuracy of one micron or better during the geometric accuracy test. It is not
acceptable to post process the scan data to achieve this requirement. The calibration report shall show the
manufacturer's name, model number, serial number, date of the calibration, individual readings of grid points,
rectangularity, and calculated RMSE value for the instrument.

Scan Resolutions

Image scans produced to support digital orthoimagery must be scanned at a finer resolution than the intended
orthoimage resolution. Resampling original image scans to a finer resolution is not permitted.

Unless otherwise specified, the scan resolution — or ground sample distance (GSD) used in the production of digital
aerial imagery will conform to the standard identified in the following table.

Photo Scale | Scan Resolution | GSD

1: 3,000 12.5 pm or less 0.037m=.12
1: 7,200 12.5 pm or less 0.090 m = .30’
1:12,000 12.5 um or less 0.150 m = .49’

Radiometric Accuracies

The scanner must be capable of scanning from the original negative or color transparency. The conversion from the
original image to digital pixels shall be carried out proportionally to the density of the original. Representation of
the tones proportionally to the transmissivity of the original will not be accepted. When a standard photographic
step wedge is scanned, the resulting tones shall be within 10 pixel units from their calculated position based on the
steps density. NDOT reserves the right to request sample scans of a calibrated step wedge in order to verify
compliance. The calculated pixel value will be calculated as follows.

(Density — D min) * 255 = Pixel Value + 10 pixel units
(D max— D min)
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For example if a step wedge is scanned with a range of 0.15 to 1.30 density values representing logE (exposure),
the following pixel values will result (£ 10 pixel intensity units)

Density  Pixel Value
0.15 255 (bright)
0.30 233
0.45 200
0.60 166
0.75 133
0.90 100
1.05 66
120 33
1.30 0 (dark)

Images of "normal” scenes will typically display a Gaussian distribution of pixel values with the mean centered on
pixel value 127. There should be no unusual spikes of data, or gaps in individual pixel bins.

Density Ranges

Scanners must be capable of scanning original imagery with a density range (Dmax - Dmin) of at least 1.3 without
resulting in missing pixel bins or gaps. Post processing to merge bins is not acceptable unless resolution is reduced
by a factor of at least 40% at the same time (ie. Scan at 11 microns and resample to 15 microns). If originals are
provided with a density range greater than 1.3 or greater than the instrument's effective density capability (if greater
than 1.3), NDOT shall be informed and a proposal offered for the solution of the problem. A final solution shall be
reached in consultation with NDOT.

Digital Image File Naming Convention
Image scans will be named with NDOT flight number, under bar, frame #’s, as shown in the examples below:

2785 _00L.tif

DELIVERABLE PRODUCTS

Aerial Film.

The exposed/processed aerial film should be delivered in accordance with the stipulations of delivery schedule and
delivery address. All flight maps and flight logs used for the acquisition should accompany the aerial film as an aid
for the quality control inspection. Each processed roll or partial roll of aerial film shall be kept in roll form, on the
spool, and in the plastic container supplied by the film manufacturer. Rejected exposures shall not be removed from
any roll. The aerial film shall be delivered to the owner in accordance with the contractual stipulations of delivery
schedule and delivery address.

Digital Image Files.

The selected project images shall be scanned at 15 microns or less as uncompressed tif tiled files to be used in the
Photogrammetric mapping process. The images shall be delivered to NDOT imaged on a portable hard drive
supplied by NDOT or on CD-R or DVD-R diskette if requested.
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English

NDOT Map Type Large Intermediate Small Small
Film Scale 17=250 17=600’ 17=1000" 17=1200"
Flying Height 1500° 3600’ 6000’ 7200’
Scan Resolution 12.5 micron 12.5 micron <15 micron <15 micron
Scanned Ground

Pixel Resolution 12’ 30’ .59’ 1
Ground Pixel

Resolution Of

Orthophoto 25’ .50 I’ 1’
Metric

NDOT Map Type Large Intermediate Small Small
Film Scale 1: 3000 1: 7200 1: 12,000 1: 14,400
Flying Height 450m 1100m 1830m 2200m
Scan Resolution 12.5 micron 12.5 micron <15 micron <15 micron
Scanned Ground

Pixel Resolution .04m .09m .18m .22m
Ground Pixel

Resolution Of

Orthophoto .08m .15m .33m .33m

Micron to D.P.1.

25,400/Microns=D.P.I.
Example: 25,400/15 micron = 1693 D.P.I.

Ground Pixel Size

Photo Scale Ratio /D.P.1./12 = Ground Pixel in Feet
Example: 12000 Photo Scale/1693 D.P.1./12 = .59 feet
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PHOTOGRAMMETRIC MAPPING

The Task Order provides specific details for each project and is used in conjunction with this document. Task Order
specifications have precedence when a difference or a conflict occurs.

Aerotriangulation.

Aerotriangulation must be performed with a minimum of six image pass points per model to adequately compute a
simultaneous block adjustment with a final RMSE not to exceed bridging specifications for required mapping.
Resulting aerotriangulation report shall be delivered to NDOT within 2 days of completion for review. This report
will include RMSE of ground control, pass and tie points and airborne GPS data.

Softcopy aerotriangulation methods will be acceptable and will be held to the same specifications.
Production Methods.

Digital files need to be delivered on DVD or portable hard drive. If the vendor does not have MicroStation in-
house, then the vendor may arrange for translation into MicroStation. Included in this section is a description of
NDOT’s 2012_Accessories, which is provided online at ftp://ftp.nevadadot.com/LocationManual/ Please download
this information for specific details. NDOT settings within Bentley MicroStation VV8i may be downloaded on our
web site: CADD Standards

File Requirements.

A diagram and/or description of required file limits for each stereo model pair or project will be provided to the
vendor. Stereo compilation of large-scale engineering mapping shall show all required planimetric features that are
visible, identifiable, or interpretable from the aerial photography. NDOT standard feature symbology is included on
the NDOT web site:

http://www.nevadadot.com/About NDOT/NDOT Divisions/Engineering/Design/CADD Standards and Informati
on.aspx

Files shall be named using a Location Project Number (LPN) prefix with the appropriate extension. e.g.: .dgn .dtm
.doc. Please refer to the “Task Order” for a Location Project Number.

It is the vendor’s responsibility to archive data sets for a minimum of ninety days following NDOT’s final
acceptance of project.

Seed File.

A unique seed file is developed in NDOT geodesy section for each project. The project must be compiled using
this specific seed file. Coordinate values for all features are based on the grid system indicated by the survey
control data within the seed file.

Unless otherwise specified in the Task Order, typical working units for the design files shall be as shown in the
Design File Settings screen from MicroStation V8i next page:
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Design File Settings

- . -
Category Modify Waorking Unit Settings
Active Angle Linear Units
oK
Active Scale Format: (MU =
;:;gle Readout Master Unit: [Survey Feet - Label: | sft Cancel
Civil Formatting Sub Unit: |Survey Terths - Label: |stn
b | Color Accuracy [0.123456 -]
Data Acquisition Custom
ll Element Attributes
g?izce Advanced Settings
lsometric Resolution: 1000 per Distance Survey Foot
Locks Working Area:  1.70591E+009 Miles Il
Snaps Solids Area:  813.442 Miles
Stream Solids Accuracy:  4.29457E-005 Survey Fe - ]
Views Edit I
Working Units
Focus tem Description
Select category to view.

CADD Planimetric File.

The project CADD mapping file consists of a collection of features that are visible, identifiable, or interpretable
from the aerial photography. This data will contain elements that delineate both terrain and culture features.
Surface terrain data are to be included in the planimetric file and consist of 3D data which are drawn along specific
ground surface features in the form of lines along terrain changes and discreet points only. Surface topo data limits
must exceed the planimetric file border by 10 feet.

Collection of elements such as arcs, curve string, patterns or shared cells are unacceptable. Cell placement shall be
at the proper scale and direction of the feature being collected. In addition, model borders and exterior borders
must be submitted as closed shapes.

Areas of special attention: any paved or unpaved street names and names of water bodies must be identified and
labeled.

All text shall be oriented parallel with the flight line or feature being labeled. Additionally, the text shall be placed

on the same level, color and vertical placement as the feature. Text (NDOT font 10) should have a weight of zero.

Text height and width standards are as follows: English tx = 5. The view rotation for all stereo models in the same
strip shall be set to the same flight line angle as the first model in the strip. Text shall be placed as close as possible
to the feature being labeled.

Shared cell definitions are stored only once in the design file; any change made to one shared cell is reflected in all
instances of that shared cell. Shared cells are unacceptable; only cells from the NDOT standard cell library are
acceptable. Dashed lines will be used to portray the hidden intermediate and index contours when the ground is
obscured by vegetation or cultural features to the degree that standard accuracies are not obtainable. If a situation
arises that needs clarification please contact the consultant coordinator identified on the Task Order.

Triangulated Surface File.

Each .dtm file will encompass the entire project area. The .dtm file will be provided in a Bentley InRoads format
(*.dtm). The .dtm files are a topological triangle network file that contains all the input terrain data and the resultant
network generated by the software. The data includes information about each triangle and its neighboring triangles,
the vertical scale, Z base, multiplier and other information.

Surface data included in the design file should include only line strings and points. Arcs, cells, or curve string are
not acceptable for the raw surface data. Surface files shall not be generated from contour data.
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Orthophoto Image Files.

Orthophotos of the area mapped shall be delivered as untiled Geotiff version 6.0 with their accompanying world
files (.tfw). Orthophotos shall not exceed 250 MB in size. Please refer to Task Order for any special requirements.
Survey Files.

Survey control essential to mapping the project area will be included in deliverables. This includes not only
cadastral and construction control but also pipe surveys, utility surveys and any other surveys that pertain to
mapping projects.

Metadata.

A metadata file (.doc) is required for every Location project using the NDOT template file to delineate projection,
coordinate system, units, and other pertinent information about the project. A template is included in the
2012_Accessories folder.

PLSS File.

A Public Land Survey System (PLSS) file (dgn) that depicts township, range and section lines with their associated
numbers is also required for every project using the PLSS template data found in the 2012_Accessories folder.
The PLSS file must extend to one full township surrounding the project area and include the disclaimer note in a
large-font, with a conspicuous display.

Cursory Review

NDOT cartography section requires a cursory model review to make sure that vendors correctly set up their projects
with NDOT standards. Cursory review of submitted work will include:

e Data conforms to criteria described previously in this manual and in the contract agreement.

e Proper feature representation using corresponding levels, colors, weight and linestyles.

e Required view rotation angle (flight lines), global origin and working units.

e A comparison of the field survey profile data and photogrammetrically collected EO’s and centerlines.

e Adequate density of data (English = 250 ft., metric = 76m).

Vendor is notified of problems and corrections are required for conformity with NDOT design mapping standards.
Significant problems will be communicated within five working days of delivery date and vendor shall deliver
revised files within five working days. NDOT will review the revised files and notify vendor to proceed if
required corrections were properly accomplished.

If significant problems still remain, the vendor will be notified of the problems, the project will be withdrawn, the
contract cancelled, and no payment made. The vendor will return any project materials originally supplied by
NDOT.

Project Deliverable Review

Orthophotos, with pixel size .13ft., when specified will be delivered in strips (not to exceed a 500MB file size) at
the same time as the associated .dgn file.

All stereomodel softcopy orientation files shall be delivered to NDOT at the completion of the job. File format of
orientation files shall be PAT-B.ori. If SocetSet softcopy software is used, files required will be: *.sup, *.prj, and all
files from the project data directory. If Leica LPS software is used, then file required is .blk file. A copy of the
Positional Accuracy Report including point identification must be included with delivery.

Detailed list is itemized in the Task Order.
e \Wet stamped attesting that the mapping or survey requirements have been met

e Survey raw data
e Construction control
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e Cadastral survey

e Aerial control survey

e Topographic survey

e Reconnaissance report

e Traverse and survey report

e ASCII final coordinate report

e ASCII coordinate/alignment offset reports

e ASCII description for all monumentation

o Digital photograph (.jpeg) of monuments tied in the field

e Digital Stereo Photos

o Digital images of scanned frames (DVD)

e Aerotriangulation reports (per project)

e MicroStation 3-D dgn file including plan and surface data

o Field collected profiles ASCII file and MicroStation 3-D .dgn
e InRoads DTM file (one per project)

e Orthophoto georeferenced in tif format, including world file (file size not to exceed 500MB.)

e Public Land Survey System (PLSS) section net encompassing project area plus one full township out
surrounding the project

e Project metadata in NDOT Location Division format

CONTENTS OF THE 2012 ACCESSORIES
Blank_File_Resources folder:

o NDOTmetadata.doc Word template file.

e NevadaDOTDTMSeed.dtm seed file for InRoads surface triangulation.

e PLSS_v8template for PLSS design file.

o verticalPAT.xls spreadsheet to use for checking map accuracy.
Sample_Mapping_Files folder:

LPN1217 alignment and mapping project.
Settings_Resource_Files

Link to place on NDOT web site where the most recent CADD Standards and settings files are kept.

ACCURACY REQUIREMENTS AND TESTING

NDOT produces three types of maps: survey grade (large scale), intermediate scale and resource grade (small
scale.) A survey grade topographic map produced using photogrammetric methods is performed under the direct
supervision of Land Surveyors while resource grade mapping (i.e. 30” Atlas) is not. Survey grade maps are made
from raw data that is collected and verified at engineering grade accuracy level. Resource grade digital data and
resulting general use maps are secondary data collections that are compiled from existing photography, plans or
maps. Absolute accuracy is not the highest priority for resource grade mapping.

The primary map testing technique used at NDOT for both types of maps is the NSSDA (National Standard for
Spatial Data Accuracy) method. The NSSDA method for reporting accuracy of digital geospatial data is not
constrained by scale and was developed to replace older map accuracy standards such as NMAS (National Map
Accuracy Standards) and ASPRS (American Society of Photogrammetry and Remote Sensing) standards.
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Primary documents used to establish NDOT standards are:

e  FGDC “Geospatial Positioning Accuracy Standards” part 3.
e “Positional Accuracy Handbook” published by Minnesota Land Management Information Center

Generally we:

e Use a methodology that compares sample mapped points with independent measurements of their location
to derive a statistical assessment that is valid for 95% of the points.

o Decide whether to test for horizontal or vertical accuracy or both.

o Independently collect a minimum of 20 representative, well-defined, random and identifiable ground
survey points through our survey crew (map checks) and compare them with our mapped features or terrain
model.

e Record the measurement values into the positional accuracy spread sheet.

e Calculate the sum of all error radius measurements, then calculate the average, and then take the square
root to yield the root mean square (RMS) error.

e Multiply the RMS error by 1.7308 for horizontal error and 1.96 for vertical error.

e Prepare a accuracy statement assuring the data or map user to expect location errors no worse than “XX
feet” 95% of the time, regardless of the scale at which the map is displayed.

This well defined statistic and testing methodology tests only the positional accuracy of spatial data. There are other
components of data quality such as attribute accuracy, logical consistency, completeness and lineage, which may be
of more critical importance. The NSSDA testing standard does not define a “pass-fail” accuracy value but has
allowed this agency to define its own minimum standards. NDOT accuracy standards were developed using
traditional technical methods and then correlated to NSSDA. Please note that different features may require
different minimum accuracies. This is easily accomplished in a digital dataset while a traditional map may be rated
at no better than its worst map layers accuracy

The mathematical surface must be completed before any analysis of a photogrammetric .mTc can begin. Analysis
of mapping terrain model data is the relationship between the final .dtm surface and survey points collected by a
qualified surveyor in the field.

The vendor shall prepare a checkpoint file using NDOT Location Division's standardized spreadsheet
(verticalPAT.xls, included in the 2012_Accessories/Blank_File_Resources.) We require a minimum of 20 points
for statistical comparison of elevation values taken from the compiled surface and checkpoint file. For mapping
projects, please refer to pages 56 through 58 for designated accuracies at a given map scale.

Vertical accuracy standards vary depending on mapping scale requirements. For example in large scale (1:500)
mapping, Vertical NMAS Feet 95% SPOTS accuracies may not exceed elevations higher or lower than .30 feet on
transportation surfaces. If vertical surface results exceed this limitation, we will require a recompilation of the
check file. Another analysis must be performed and the same criteria are applied. If the results are high or low
again, the subject model will be checked by field methods to determine the cause of the problem. If the results
show differences between the surfaces occurring only along the road, then the entire roadway (EO, centerline,
shoulders) must be recompiled, including but not limited to the areas where bad points are detected. The same
procedure must be followed if problems are occurring off the road surface. The quality of the entire project will be
questioned if check errors exceed our standard.
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MAPPING CRITERIA

Map Scale Elevation Features Typical Applications

.58 ft topo .30 ft hard 101t Determination of pay quantities, site
1:500 (Large Scale) surface ' development, roadbed modifications.

.70 ft topo .34 ft hard

1:600 (Large Scale) | surface VAL (Same as 1:500.)

1:1000 (Intermediate | 1.16 ft topo .58 ft hard Overlays, easements, grading,

2.0 ft

Scale) surface excavation, drainage.

1:1200 (Intermediate | 1.40 ft topo .70 ft hard 25 ft (Same as 1:1000.)

Scale) surface

1:1700 2.0 ft (.6m) topo 1.0 ft 3.5 ft Planning, natural resources, R/W
(Small Scale) (.3m) hard surface (1.0m) condemnation.

1:2000

2.0 ft (.6m) topo 1.0 ft 351t (Same as 1:1700.)
(Small Scale) (.3m) hard surface (1.0m)

NDOT consultants will be notified which classification of mapping is required and are expected to meet or exceed
the control factors in producing their product.

For those requesting mapping the following suggestions may be used for assistance.
Three questions are used to determine which map to request:

e What is the required target mapping scale? NDOT uses 1:500, 1:600, 1:1000, 1:1200, 1:1700 and 1:2000
specific scale mapping for their design projects.

e What is the vertical relief accuracy required? Expected accuracies are in the previous chart under the
heading “Elevation”.

e What is the horizontal or planimetric accuracy required? Expected accuracies are in the previous chart
under the heading “Features”. Survey or mapping projects invariably involve problems peculiar only to that
project, and the solution to those problems may not necessarily conform to the procedures outlined in this
manual. If you find this to be the case, please contact us for specific recommendations.

ACCURACY STANDARDS
Common NDOT Large Scale Digital Photogrammetry

English Control Factors 1:600 or 1"= 50ft.
Note: The maximum flying height for all NDOT Large Scale mapping shall not exceed 1800 ft. above terrain.

Maximum Minimum Minimum
Flying Height Camera Contour Interval Photo Scale
1800 ft. 6” 0.90ft. 17=300 ft.
Aerotriangulation Grid/ Elevations Features
(RMSE) Survey Control (95%0) (95%)
Horizontal =.20 ft. max = .43 ft. All at True Value Spots/dtm = .34 ft. Horizontal =1.2 ft.
Vertical =.20 ft. max = .43 ft. Topo = .70 ft.

The maximum image point residual for any point shall not exceed 25 microns.
Contours: Display Interval = 2ft
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Note: concerning surface elevation accuracies along solid line contours, 95% shall be wihin 2/3 of the maximum
contour display interval. Final Orthophoto Ground Pixel Resolution = 0.25 ft.

Metric Control Factors 1:500

Maximum Minimum Minimum
Flying Height Camera Contour Interval Photo Scale
550 m 153 mm 27m 1:3600
Aerotriangulation Grid/ Elevations Features
(RMSE) Survey Control (95%) (95%)
Horizontal =.06 m. max = .13 m All at True Value Spots/dtm = .09m. Horizontal =.31m
Vertical =.06m. max =.13m. Topo =.18m.

The maximum image point residual for any point shall not exceed 25 microns.

Contours: Display Interval =.5m

Note: concerning surface elevation accuracies along solid line contours, 95% shall be within 2/3 of the maximum
contour display interval.

Final Orthophoto Ground Pixel Resolution = 0.07m.

Consultants performing work for NDOT are required to provide survey checkpoints. The data must be large
enough (> 20) to assure compliance of the Elevation and Feature standards listed above. Check points are restricted
to well-defined points (spots and features) distributed throughout the project. If the finished map elevation surface
is to be checked without using well-defined points, the Elevation Topo standard is held. Calculations are based on
an analytical plotter with a “C” factor of 1980 and capable of 7X enlargement.

Common NDOT Intermediate Scale Digital Photogrammetry

English Control Factors 1:1200 or 1"= 100ft.
Note: The maximum flying height for all NDOT Large Scale mapping shall not exceed 1800 ft. above terrain.

Maximum Minimum Minimum
Flying Height Camera Contour Interval Photo Scale
3600 ft. 6” 1.77 ft. 17=600 ft.
Aerotriangulation Grid/ Elevations Features
(RMSE) Survey Control (95%) (95%)
Horizontal =.36 ft. max = .87 ft. All at True Value Spots/dtm = .70 ft. Horizontal =2.5 ft.
Vertical =.40 ft. max = .87 ft. Topo =1.40 ft.

The maximum image point residual for any point shall not exceed 25 microns.
Contours: Display Interval = 2.0 ft

Note: concerning surface elevation accuracies along solid line contours, 95% shall be within 2/3 of the maximum
contour display interval. Final Orthophoto Ground Pixel Resolution = 0.5 ft.

Metric Control Factors 1:1000

Maximum Minimum Minimum
Flying Height Camera Contour Interval Photo Scale
1100 m 153 mm .56 m 1:7200
Aerotriangulation Grid/ Elevations Features
(RMSE) Survey Control (95%) (95%0)
Horizontal =.11 m. max =.26 m All at True Value Spots/dtm = .18m. Horizontal =.62m
Vertical =.12m. max = .26m. Topo =.36m.
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The maximum image point residual for any point shall not exceed 25 microns.
Contours: Display Interval =1.0 m

Note: concerning surface elevation accuracies along solid line contours, 95% shall be within 2/3 of the maximum
contour display interval.
Final Orthophoto Ground Pixel Resolution = 0.15 m.

Consultants performing work for NDOT are required to provide survey checkpoints. The data must be large
enough (> 20) to assure compliance of the Elevation and Feature standards listed above. Check points are restricted
to well-defined points (spots and features) distributed throughout the project. If the finished map elevation surface
is to be checked without using well-defined points, the Elevation Topo standard is held. Calculations are based on
an analytical plotter with a “C” factor of 1980 and capable of 7X enlargement.

Common NDOT Small Scale Digital Photogrammetry

English Control Factors 1:1700 or 1"= 142 ft.
Note: The maximum flying height for all NDOT Large Scale mapping shall not exceed 1800 ft. above terrain.

Maximum Minimum Minimum
Flying Height Camera Contour Interval Photo Scale
6000 ft. 6” 3.0ft. 17=1000 ft.
Aerotriangulation Grid/ Elevations Features
(RMSE) Survey Control (95%) (95%)
Horizontal =.60 ft. max = 1.8 ft. All at True Value Spots/dtm = 1.0 ft. Horizontal =3.5 ft.
Vertical =.67 ft. max = 2.0 ft. Topo = 2.0 ft.

The maximum image point residual for any point shall not exceed 25 microns.
Contours: Display Interval = 5.0 ft.

Note: concerning surface elevation accuracies along solid line contours, 95% shall be within 2/3 of the maximum
contour display interval. Final Orthophoto Ground Pixel Resolution = 1.0 ft.

Metric Control Factors 1:1700

Maximum Minimum Minimum
Flying Height Camera Contour Interval Photo Scale
1830 m 153 mm 92m 1:12000
Aerotriangulation Grid/ Elevations Features
(RMSE) Survey Control (95%) (95%)
Horizontal =.18 m. max = .55 m All at True Value Spots/dtm = 0.3m Horizontal =1.0 m
Vertical =.20 m. max = .60 m. Topo = .36 m.

The maximum image point residual for any point shall not exceed 25 microns.

Contours: Display Interval =2.0 m

Note: concerning surface elevation accuracies along solid line contours, 95% shall be within 2/3 of the maximum
contour display interval.

Final Orthophoto Ground Pixel Resolution = 0.30 m.

Consultants performing work for NDOT are required to provide survey checkpoints. The data must be large
enough (> 20) to assure compliance of the Elevation and Feature standards listed above. Check points are restricted
to well-defined points (spots and features) distributed throughout the project. If the finished map elevation surface
is to be checked without using well-defined points, the Elevation Topo standard is held. Calculations are based on
an analytical plotter with a “C” factor of 1980 and capable of 7X enlargement.
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NDOT MAP CHECKS

Based upon National Standard for Spatial Data Accuracy

Planimetric Horizontal & Vertical Accuracies

Engineering Standards based on NSSDA; GIS Standards based on NMAS

g g% : L_T‘ég g%é_gg f_*cgE —E §<§ E<°\oma<°\?
e | £2 £ S g8 _pr2Sec | 22 |82 |29 ¢afEEa®e
E8 |8 s (8 E298[ 28|28 |22 (g2 [g2drgdgeLer
360 30.0 0.62 0.30 0.10 | 0.21 1.00 0.31 0.73 0.20 0.40
500 41.7 0.89 0.42 0.15 | 0.30 1.39 0.45 1.02 0.29 0.58
600 50.0 1.06 0.50 0.18 | 0.35 1.67 0.53 1.22 0.34 0.69
1000 83.3 1.77 0.83 0.29 | 0.59 2.78 0.89 2.04 0.58 1.16
1200 100.0 2.12 1.0 0.35 | 0.71 3.33 1.06 2.45 0.69 1.38
1700 141.7 3.00 1.42 0.50 | 1.00 4.72 1.50 3.47 0.98 1.96
2000 166.7 3.54 1.67 0.59 | 1.18 5.56 1.77 4.08 1.15 2.31
2400 200.0 4.24 2.0 0.70 | 1.41 6.67 2.12 4.90 1.38 2.77
3600 300.0 6.36 3.0 1.06 | 2.12 10.00 3.18 7.34 2.07 4.15
4000 333.3 7.07 3.33 1.17 | 2.35 11.11 3.54 8.16 2.30 4.61
4800 400.0 8.48 4.0 1.41 | 2.82 13.33 4.24 9.79 2.76 5.53
5000 416.7 8.84 4.17 1.47 | 2.94 13.89 4.42 10.20 2.88 5.77
6000 500.0 10.60 5.0 1.76 | 3.53 16.67 5.30 12.24 3.45 6.92
7200 600.0 12.72 6.0 211 | 4.24 20.00 6.36 14.69 4.14 8.30
10000 833.3 17.68 8.33 2.93 | 5.89 27.78 8.84 20.40 5.75 11.54
12000 1000.0 21.22 10.0 3.52 | 7.07 33.33 10.61 24.48 6.90 13.85
20000 1666.7 35.37 16.67 5.87 | 11.78 55.56 17.69 40.80 11.51 23.09
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24000 2000.0 40.00
50000 4166.7 83.33
63360 5280.0 105.60
100000 8333.3 166.67
250000 20833.3 416.67
500000 41666.7 833.33
Notes:
1. Maximum contour Interval is determined using a "C" factor = 1980, a maximum 7X enlargement ratio and
a camera with a 6" lens.
2. ASPRS classification is for a class 1 RMSE map. Class 2 and 3 are multiples of RMSE.
3. NDOT standards are ASPRS-based, converted to NSSDA Standards and are in bold.
4. 20 well defined points with a higher accurate position are the minimum number needed for testing as
described by the Positional Accuracy Handbook at www.mnplan.state.mn.us/press/accurate.html
5. NMAS are shown for reference and include both large and small-scale specifications.
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GIS

Vendor Information Sheet

9/13/13

Ryan Aglietti, NDOT GIS Manager

1263 S. Stewart St., Carson City, NV 89712
775.888.7594

This document details NDOT’s GIS infrastructure and deliverable requirements. Any vendor deliverable which
contains geospatial data, or information describing assets on the ground, must be submitted in a format which is
directly (i.e.—without further manipulation by NDOT staff) compatible with the technologies listed below. KML is
not an acceptable format for delivery of GIS data.

Geospatial data includes, but is not limited to: GPS data; information related in any way to inventory, condition,
content, or status of assets located in the field, including but not limited to: roads, sites, facilities, signs, signals,
devices, or any other NDOT asset not explicitly listed herein.

Deliverables must be directly consumable by COTS Esri products currently in use at NDOT, or be written in a
manner consistent with NDOT's GIS development standards. Spatial data must be provided with metadata
indicating coordinate system, datum and unit of measure. Linear Referencing event data (data stored in a table with
route identifier, and begin and end mile marker values) must be dynamically segmentable, which requires that each
tabular record contain the appropriate Route Master ID. Please contact NDOT GIS in order to obtain a dataset that
lists common route names with Route Master ID.

Products and development standards currently in use at NDOT include:

o ArcGIS Desktop, version 10.2

e SQL Server 2008

e SDE, version 10.2

e ArcGIS Server, version 10.2

e Web mapping applications: ArcGIS JavaScript API 3.6 (consuming ArcGIS Server map services)
o Desktop applications and ArcGIS Desktop Add-Ins/Extensions: VB.NET 2010, Python 2.7

e iOS Mobile

e Please direct any questions regarding these requirements to NDOT GIS.
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APPENDIX

Acronyms
3D Three Dimension
3D Two Dimension
ABGPS AirBorne Global Positioning System
ARW Angular Random Walk
ASCE American Society for Civil Engineers
ASCII American Standard Code for Information Interchange
ASPRS American Society for Photogrammetry and Remote Sensing
ASTM American Society for Testing and Materials
C/A Coarse/Acquisition
CAD Computer-Aided Drafting
CADD Computer-Aided Drafting and Design
CD Compact Disc
CD-R Compact Disc Reader
CFR Code of Federal Regulations
COTS Commercial Off The Shelf (format)
Ccsv Character Separated Values
DBE Disadvantaged Business Enterprise
DEM Digital Elevation Model
DGN Design file (format)
Dmax maximum Density
Dmin minimum Density
DOC Document (format)
DPI Dots Per Inch
DTM Digital Terrain Model
DVD Digital optical Disk storage
DVD-r Digital optical Disk Reader
dz difference in elevation
EA NDOT-designated project identity number
EO Edge of Oil (edge of asphalt pavement)
FGCS Federal Geodetic Control Subcommittee
FGDC Federal Geographic Data Committee
FHWA Federal HighWay Administration
FT feet
FTP File Transfer Protocol
GDOP Geometric Dilution Of Precision
GIS Geographic Information System
GNSS Global Navigation Satellite System
GPR Ground Penetrating Radar
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GPS Global Positioning System

GSD Ground Sample Distance

HARN High Accuracy Reference Network
HDOP Horizontal Dilution of Precision

HI Height of Instrument

HR HouR

HT Height of Target

Hz Hertz (formerly cycles per second)
IMU Inertial Measurement Unit

kHz KiloHertz (1000 hertz)

KM KiloMeter

LiDAR Light Detection And Ranging

LPN Location Project Number

M Meter

MM MilliMeter

MAX maximum

NAC Nevada Administrative Code

NAD North American Datum

NAVD North American Vertical Datum
NDOT Nevada Department of Transportation
NGS National Geodetic Survey

NGVD National Geodetic Vertical Datum
NMAS National Map Accuracy Standards
NO Number

NRS Nevada Revised Statutes

NSSDA National Standard for Spatial Data Accuracy
OSHA Occupational Safety and Health Administration
PAT Positional Accuracy Test

PC Point of Curvature

PCEMS NDOT-designated identity number
PDOP Position Dilution Of Precision

PDF Portable Document Format

PE Professional Engineer

PLS Professional Land Surveyor

PLSS Public Land Survey System

PPM Parts Per Million

PT Point of Tangency

QA Quality Assurance

QA/QC Quality Assurance/Quality Control
QC Quality Control

QL-A "Quality Level A: "'locating"" subsurface utility"
QL-B "Quality Level B: ""designating™" activity to locate subsurface utility"
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QL-C Quality Level C: surveying visible utility facilities and correlating with
existing utility records

QL-D Quality Level D: existing utility records

QMP Quality Management Plan

RLA Relative line Accuracy

RMS Root Mean Square

RMSE Root Mean Square Error

ROW Right of Way

RTK Real Time Kinematic

R/W Right of Way

SDE Shared Data Environment (format)

SEC Second

SQL Structured Query Language (format)

SR State Route

TIF Tagged Image File (format)

TIN Triangulated Irregular Network

™ Tie Monument

TOPO topographic

TP Transportation Policy

MM micrometer

us United States

USsT Ultra Sonic Testing

\ Version

VDOP Vertical Dilution of Precision

XYZ "northing, easting, elevation"

XYZIRGB "X, Y, Z coordinate, return Intensity, and Red, Green Blue color values"
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