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CHAPTER 1-00 - GENERAL

SECTION 1-01 INTRODUCTION

Revised 11/01

A. DEFINITION OF SURVEYING

In general, surveying is performed to determine the relative
location or positioning of points on or near the earth's
surface.  More specifically, surveying is the science of
making measurements, relative to known or assumed datum’s
and standards, and applying the principles of mathematics to
such measurements to determine existing or future horizontal
and vertical position, from area, magnitude, boundaries, and
extent of land parcels and topographical features.

Surveying encompasses the following categories:

1. Geodetic Surveys - Surveys, which establish control
networks on a mathematical datum so that measurements
will reflect the curved (ellipsoidal) shape of the
earth.

    2. Land Surveys - Surveys which include retracement of
existing land ownership boundaries or the creation of
new boundaries.

3. Engineering Surveys - Surveys performed for the
location, design, construction, maintenance and
operation of engineering projects.

4. Construction Surveys - Surveys which establish stakes
in the ground, and other like reference points, at
known horizontal and vertical positions to define
location and size of each component of the facility to
be constructed, enable inspection of contract items,
and serve as a basis of payment for work.

5. Cartographic Surveys - Map making from original
surveys.

B. IMPORTANCE OF SURVEYING

1. The Basic Engineering Discipline - Surveying is basic
to all civil engineering works.  In transportation
engineering, surveying provides the foundation and
continuity for route location, design, land
acquisition, and all other preliminary engineering. 
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Surveys also set a basic "framework" of stakes, which
is used by contractors and engineers in building and
inspecting transportation projects.

2. The Thread of Continuity - Surveying is the single
engineering function which links all the phases of a
project including conception, planning design, land
acquisition, construction and final monumentation.

3. Basis for Efficiency - To a great degree, the
acceptability and cost-effectiveness of planning, land
acquisition, design, and construction are dependent
upon properly performed surveys.

C. PURPOSE OF MANUAL

1. Primary Objectives - The principal purposes of this
MANUAL are to:

a. Secure an optimum degree of Statewide uniformity
in surveying.

b. Establish and maintain survey standards.

c. Improve the overall efficiency of the Division's
survey function.

d. Provide a single reference source for
Division-wide surveying policies, procedures, and
information.  (The inclusion of regularly used
formulas and tables in the "Appendix" will enable
the MANUAL user to reduce his library of reference
material.)

2. Secondary Objectives - Secondary aims are to provide:

a. A comprehensive reference for new employee
orientation.

b. Source material for training.

c. Help employees in other offices gain a better
understanding of surveying and its proper
relationship to other Administration activities.

D. SCOPE OF MANUAL

This MANUAL, in general, covers Division-wide surveying
policies and procedures and appropriate reference material.
 It is not a textbook or a contract document.  Nor is it a
substitute for surveying knowledge, experience or judgment. 
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Although portions include textbook material, this MANUAL
does not attempt to completely cover any facet of surveying.

For Division of Plats and Surveys employees, this MANUAL is
policy.  As such, it supersedes previously issued Policy and
Procedure Memorandums, which deal with the topics covered
herein.
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CHAPTER 1-00 - GENERAL

SECTION 1-02 ORGANIZATION

Revised 11/01

A. PLATS AND SURVEYS DIVISION

Working under the direction of the Deputy Chief Engineer -
Office of Highway Development, the Division of Plats and
Surveys is organized into three distinct sections.  

Basically, the Plat Section is responsible for the creation
of right-of-way plats, the Survey Section is responsible for
Administration-wide engineering surveys, and the CADD,
Mapping, and Control section is responsible for CADD and
computer support, processing data collection surveys, and
performing Geodetic control surveys.  Figure 1-02-A is an
organization chart of the Plats and Survey Division.

B. DUTIES AND RESPONSIBILITIES

1. Chief, Division of Plats and Surveys - the Chief, Plats
and Surveys Division has the

          Responsibility to:

a. Develop and recommend programs, policies,
procedures and standards for surveying functions
within the Administration.

b. Provide guidance and assistance to the Engineering
Districts and other Divisions on all matters
related to surveying.

c. Maintain liaison with other public agencies, the
private sector, and professional societies on
surveying activities.

d. Develop Division survey training programs.

e. Coordinate survey requirements and related
policies with other Administration functions.

f. Research and evaluate new survey equipment and
techniques.

g. Administer contracts for consulting services and
maintenance of traffic.
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h. Coordinate the establishment, maintenance and
application of an effective survey management
system.

i. Provide program coordination and review of Basic
Control Survey projects and liaison with the
National Geodetic Survey.

j. Prepare budget and staffing requirements for the
survey function and keeping records of survey
costs.

k. Administer personnel rules regarding the hiring,
               termination, and promotion of Division employees.

l. Review and sign right-of-way plats.

2. Assistant Division Chief - CADD, Mapping and Control
Section - Manages and directs the engineering and
administrative operations of the Control, Topographic
Mapping and CADD Systems Teams within the Division of
Plats and Surveys.

a. Oversees the functions of the Topographic Mapping
Team.

b. Oversees and programs geodetic control survey
projects.

c. Develops and maintains CADD data storage and
retrieval systems.

d. Manages and supervises the CADD Systems Team.

e. Manages, assesses, and makes recommendations to
the Division Chief on acquisition of computer
hardware and software needs of the Division.

f. Develops and manages the Division's CADD
programming and training needs, and CADD support
consultant contracts.

g. Develops policies and procedures for geodetic
control and topographic mapping.

h. Represents the Division Chief at meetings within
SHA, and with other federal, state and local
agencies.
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i. Provide administrative functions and support for
the Topographic Mapping Team, the Geodetic Control
Team and the CADD Systems Team.

3. Assistant Division Chief - Production - Supervises and
coordinates the engineering and administrative
operations of the Production Survey Section and has the
responsibility to:

a. Assure that a dynamic, effective training and the
Surveys Section pursues safety program.

b. Review requests, plan, and schedule field surveys
in cooperation with other Divisions.  See Figure
1-02-B.

c. Oversee all field survey work for planning and
design surveys, metes and bounds surveys and
construction surveys.

d. Prepare time and cost estimates for field surveys.

e. Review and approve employees' expense statements,
time reports, mileage reports and efficiency
ratings.

f. Review and approve consultant invoices.

4. Area Engineer - First-line supervisors of the survey
crews employed by the State Highway Administration and
have the responsibility to:

a. Solve field survey problems, as well as determine
the most expeditious and cost effective manner to
perform the survey work.

b. Meet with other Divisions and agencies to study
the scope, details and important aspects of
requested field surveys.

c. Assemble information and develop data necessary to
perform field surveys.

d. Process, coordinate, and evaluate consultant field
surveys.

e. Notify property owners of the Administration's
intent to enter upon their property to perform
field surveys.

f.  Edit manuscripts for photogrammetric mapping.
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5. Technical Assistant - This position performs
technical duties in support of the Assistant Division
Chiefs and has the responsibility to:

a. Assist in the review of survey requests submitted
by various Divisions, agencies, and districts.

b. Assist in the assembling of all available project
data to be furnished to field personnel.

c. Assist in review and calculation of geometric ties
to right-of-way lines and lines of division from
base lines of survey.

d. Investigate new survey methods and equipment and
determine their practical application and
adaptability to State survey units.

e. Maintain database files for monument geodetic
control points established by the Division of
Plats and Surveys and Federal Agencies.

6. Party Chief - This position supervises and directs a
survey party conducting field surveys and has the
responsibility to:

a. Determine field methods and procedures that
produce not only an economical survey but also a
final product that meets the engineering needs of
that specific project.

b. Monitor his party's deportment during working
hours to ensure that adverse reflection is not
cast on the Administration.

c. Assure that all survey equipment is properly
maintained and that equipment is used for its
intended purpose.

d. Ensure that safety is given top priority in the
planning and execution of all surveys.

e. Obtain lodging for the crew and to reimburse party
members for meal expenses when on travel status.

f. Train party personnel in all phases of surveying
as practiced by the Division.

7. Instrument Man - The Instrument Man is the secondary
supervisor on a survey party and has the responsibility
to:
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a. Operate angular, electronic distance measuring,
leveling and GPS instruments in field survey
operations.

b. Supervise the survey party in the absence of the
Party Chief.

c. Maintain and check the survey instruments to
ensure proper operating condition and accuracy.

d. Record notes pertaining to the measurements taken
by the various survey instruments and other
miscellaneous notes as the Party Chief may direct.

e. Assist the Party Chief in the computation of
survey data.

f. Assist the Party Chief in the review of project
data prior to the beginning of field surveys.

g. Review the survey notes recorded by the Party
Chief at the completion of a project.

h. Train lower level party members in the operation
of surveying instruments.

8. Rodmen - The Rodmen on a survey crew has the
responsibility to:

a. Operate supporting electronic distance measuring
equipment such as prisms, tribrachs, and prism
poles during field surveys.

b. Obtain precise measurements by using steel tapes.

c. Clear lines of sight.

d. Maintain and clean survey equipment such as tapes,
rods, sighting equipment, hand tools, etc.

e. Perform other duties as directed by the Party
Chief and Instrument Man.
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CHAPTER 1-00 - GENERAL

SECTION 1-03  PUBLIC AND INTERNAL RELATIONS

Revised 11/01

A. GENERAL

1. Importance - Public relations is one of the more
important duties of the surveyor.  This is especially
true for surveyors who "enter" private property.  The
wide variety of situations encountered by the surveyor
requires a constant awareness of the rights and needs
of others.  The ability to adjust to these needs is
also required.

2. Basic Rules - Common sense and common courtesy are the
best rules in any form of public relations.  Be
prepared, and try to create a good impression when
meeting the public.  First impressions, whether good or
bad, are often lasting.  Maintain a pleasant,
businesslike attitude at all times and be informed
about your job.  The impression you create thereby will
be a credit to you, your profession, and the Department
of Transportation.

3. Use of Business Cards - To help in creating good
relations with others, Party Chiefs shall use business
cards.  A Party Chief contacts many individuals: 
property owners, other surveyors, park rangers, etc. 
Often it is necessary to leave an address and telephone
number with these people.  At other times, the business
card can simply be a means of introduction or of
creating goodwill.

B. RELATIONS WITH THE PUBLIC

1. All Representatives - All employees and consultant
personnel are representatives of the Department of
Transportation.  All are responsible for developing and
maintaining public goodwill.  The Department as a
public service organization is judged by our behavior
as well as by our work.

2. Conduct - The outdoor nature of surveying keeps
surveyors in the "public eye" much of the time.  Work
must be accomplished efficiently and with a minimum of
idle time.  Good-natured kidding among party members
helps morale.  But, when around the public, you must be
prudent in oral and sign communications.
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Excessive kidding and horseplay can create negative
impressions, which damage the Department's image.

3. Direct Contact - All direct contact with the public
should be pleasant, courteous, and businesslike.  This
includes answering questions, listening to criticism
(justified or not), and listening to suggestions.

4. Answering Questions - In the field, refer questions
concerning the work to the Party Chief.  He should
answer each question for which he knows the facts.  If
any doubt exists, he should refer the person asking the
question to his Area Engineer or an Assistant Division
Chief.  Probabilities, conjectures, or statements,
which might be misunderstood or misinterpreted, should
be left unsaid.

C. RELATIONS WITH PROPERTY OWNERS

1. General - Dealing with property owners is a most vital
phase of public relations.  The property owner is the
one who will be directly affected by the survey and,
possibly, by subsequent construction.  He will
naturally take a close interest in any intrusion on his
property, no matter what the purpose.

Good relations developed by conscientious surveyor’s
carry over in the owner's attitude toward other State
Highway Administration employees.

2. Entry on Private Property

a. Right of Entry - Real Property Article 21,
Sub-Section 12-111, gives the State the right to
enter private property to make surveys and also
provides protection to the property owner by
requiring prior contact.  For detailed procedures,
 see Maryland State Highway Directive 5652.1.1.

b. Pre-Entry Contacts - To promote good relations, a
diligent effort to contact the property owner or
tenant will be made prior to entering the
property.

1) Objectives - The purpose of the contact shall
be to explain:

a) That entry is required.

b) The survey activities to be performed
and their duration.
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c) Any effect the surveys might have on the
property.

2) Direct Personal Contact - If possible,
acquire verbal approval for entry at the time
of the contact.

a) Departmental Representative - The
contact should be made either by the
Area Engineer or by some other person
designated by the Division.

b) Answering Questions - The contact person
should know the facts and be prepared to
answer questions courteously and
promptly.  If unanswerable questions
arise, the contact person should obtain
the answers and personally relay them to
the property owner or tenant.

c) Documentation - All verbal contacts
should be recorded.

3) Direct Mail Contact - Contacts may be by mail
if personal contact is impractical.  Include
in such letters the same information as that
which would be given during a personal
contact.

c. Objection to Entry - When a property owner or
tenant objects to entry - DO NOT ENTER!

If a property owner claims actual or anticipated
damage or interference after a survey has begun,
immediately leave the property.  The appropriate
Assistant Division Chief must be immediately
notified so that action is taken as detailed in
Directive 5652.1.1.

d. Party Conduct:

1) Conduct operations in a manner that will not
create ill feelings with property owners or
tenants.

2) Guard against any cause for complaint.

3) Tone down oral communications in populated
areas.
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e. Property Care:

1) Survey Method - Choose the survey method,
which will have the least effect on the land.

2) Stake Location - Place stakes and other
markers where there is little likelihood of
creating a hazard.

3) Property Rehabilitation - As much as
possible, leave the property in the condition
that existed prior to the survey.  Repair any
damage, fill any holes, and restore the
property to its original condition.  If you
must temporarily leave a hazard created by
your work, protect people and animals by use
of protective devices, such as cones,
barricades, and portable fencing.

4) Removal of Hazards - Remove all temporary and
hazardous survey stakes and other potentially
hazardous items from the work area after
their usefulness has ended.  The Party Chief
is responsible for determining which items to
remove and when.  However, each party member
should call to the Party Chief's attention
any possible hazards.

Examples of items to be removed are:  stakes
across fields which are to be mowed, stakes
in pedestrian areas, back-sights and
foresights, and photogrammetry ground control
materials.  Farm animals tend to be
indiscriminate in what they eat, particularly
if the item tastes salty to them.  This
tendency causes them to eat plastic flagging,
paper targets, and clothe pre-marks.

5) Concern for Children - Consider hazards to
children when setting or leaving survey
stakes.  Articles such as lathes make
excellent swords and spears.  Some of the
paint we use is toxic if ingested.  Nails and
spikes can be dangerous in the hands of
children.

6) Litter Removal - DO NOT LITTER.  Paper, stake
fragments, and other trash shall be placed in
litter cans in State or consultant vehicles.
 Litter shall not be left on private or on
public property.



1.3.4



f. Law Enforcement Agencies - When a survey requires
work around sensitive areas or night work, notify
local law enforcement agencies and private
security agents.  This enables them to be aware of
the source and reason for the appearance of
"unusual" lights and activity.

D. INTERNAL RELATIONS

1. Survey Party - Proper relationships within a survey
party are necessary if individuals are to function as a
team.

Party Chiefs can help maintain good party relationships
by keeping party members well informed about individual
and party roles and their duties for each job.

2. Office

a. Party Chief and other supervisors must be kept
informed of important developments.  They should
not be put in the embarrassing positions of
learning important information from outside
sources.

b. Good relations among office personnel can be
maintained through good communications and a clear
understanding of responsibility.

c. Relations and contacts with other Divisions should
be courteous and businesslike.  When in doubt
about the requirements of a survey request, phone
the requester for a clarification.
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CHAPTER 1-00 - GENERAL

SECTION 1-04  SAFETY

Revised 11/01

A. INTRODUCTION

Maryland State Highway Administration employees survey in
many different hazardous environments.  Rugged terrains,
high-speed traffic, hand and power tools, and construction
equipment are some of the elements that typify survey
hazards.

Most people have one thing in common with many who have
experienced an accident--they believe it could not happen to
them.  A meaningful safety program requires that each
employee acknowledge that "It can happen to me."  Each must
also ask, "What is my responsibility and what can I do to
keep it from happening?"

B. SAFETY MANUAL

1. Each field employee shall have ready access to the
"Safety Manual for Field Survey Personnel"

2. No survey operation shall be considered as either so
important or so urgent that the Safety Manual or any
safe practice will be compromised.

C. RESPONSIBILITIES

1. Individuals

a. All field personnel shall have a practical working
knowledge of the Safety Manual.

b. Each employee will do everything reasonably
necessary to protect life, safety, and health of
everyone and comply with all occupational safety
and health regulations that are applicable to his
job.

c. Each employee shall report to work each day in an
alert, agile and capable condition.  You should
be:

1) Healthy - If you are ill, do not report to
work.  If you become ill on the job, do not
continue to work.  Report to your supervisor
and then get aid.
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2) Rested and Nourished - Each surveyor must
report for work prepared to perform an alert,
accident-free, full shift of work.  For most
individuals this dictates 7 to 8 hours of
sleep and a nourishing breakfast.

3) Free From Influence of Drugs or Alcohol -

a) Drugs - Whenever a physician gives you a
prescription, inquire if the drug might
impair your safe functioning.  If any
impairment might result, ask the doctor
what you can and cannot do while taking
the medication.  Notify your supervisor.

Do not report for work if you are under
the influence of non-prescribed
narcotics.  Also do not report for work
if you have been taking any drugs,
prescribed or otherwise, which diminish
your alertness and your ability to react
quickly and make sound judgments.

b) Alcohol - Do not report for work if you
are under the influence of intoxicants.
 Also, do not report for work if any
lingering effects from drinking
intoxicants (such as a "hangover") would
diminish your alertness and keep you
from reacting quickly or would impair
your judgement.

2. Area Engineers - The Area Engineers are responsible
for:

a. Monitoring safety conditions and performance of
survey crews working on their projects.

b. Reviewing with the Party Chief the planning of all
surveys.  Planning shall include:

1) The safest time of day that the survey can be
accomplished.

2) The optimum number of personnel to do the
job.

3) The assignment of trained and qualified
personnel for the more hazardous jobs.

3. Party Chiefs - Each Party Chief is responsible for the
work methods and safety practices of his party.
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The Party Chief is in the best position to see that all
safety rules and procedures are followed and that all
work is performed safely.  Do not attempt to delegate
this responsibility.  The Party Chief must ensure the
use of the one best SAFE method for each operation.

a. Safe Surveying Practices

1) See that a copy of the Safety Manual is
always available to members of your party.

2) Enforce all elements of the Safety Manual.

               3)   Monitor employees for drug and alcohol abuse.

b. Job Planning

1) Give safety first priority in planning each
survey.

2) As required for each job, develop additional
safety practices.

3) Request enough personnel for safe surveying:  for buddies,
lookouts, flagman, etc.

4) Insofar as possible, plan around hazards,
especially life-threatening hazards such as
traffic.

5) Avoid assigning party members to solo-type
tasks that isolate them from other party
personnel.  Try to have each member working
with a buddy.  (This is especially important
in high hazard areas, such as along roads and
mountain areas.)

c. Personal Equipment - See that each subordinate
possesses or has available required personal
safety equipment.  You must see that employees use
this equipment as required.  If an employee
refuses to use required equipment, do not allow
him to work.  Dismiss him, without pay, for the
rest of the day.  Refer the matter to your
supervisor.

d. Party Equipment - See that equipment and supplies
are safe to use.

e. New Employees
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1) Show the employee where the Safety Manual,
first aid kit, fire extinguisher, safety
flares, etc. is stored.

2) Adequately orient and begin training the new
employee in required work tasks before
allowing him to work alone at individual
tasks.

3) Appraise the driving abilities of each new
employee before allowing the employee to
operate a State vehicle.

NOTE:  The appropriate Assistant Division
Chief is to notify the Party Chief if the new
employee has any driving restrictions.
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CHAPTER 1-00 - GENERAL

SECTION 1-05  ACCIDENT/INJURY REPORTS

Revised 11/01

A. GENERAL

1. Responsibilities - Accidents, injuries, and
work-related illnesses shall be promptly and properly
reported.

a. Party Members - Each employee must report any
accident to his supervisor.

b. Party Chief - Each supervisor must see that
reports are correctly prepared and promptly
submitted.  (If any injured employee cannot
prepare required reports, his supervisor shall
ensure submittal on the employee's behalf.)

2. Submittal of Originals - Report all required accident
data on the original.  A combination of original
material and carbon copies of other material, which
together comprises one report, is not acceptable.

3. Clarity and Completeness - Make an accident report a
full and frank statement of all facts in the case.  Do
not conceal or minimize essential facts.  Consider
taking photographs and drawing detailed sketches to
clarify any facts.  Make reports as complete and
precise as possible.

4. Routing of Reports - Distribution of accident reports
is sometimes indicated on the various forms. However,
survey personnel shall submit reports directly to the
Division of Plats and Surveys Office.

B. WORK RELATED INJURIES AND ILLNESS

1. Medical Treatment - If injury or work-related illness
occurs and medical attention is needed:

a. Routine Treatment - Take or send the employee to
any doctor on the approved physicians list. (A
copy of this list should be posted in each survey
vehicle.)

b. Emergency Treatment - when an injury requires
emergency treatment, use the nearest medical
facility, regardless of the "list".
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c. Employee Refusal - If the employee refuses to see
an "approved" doctor in non-emergency cases,
advise him that he will be required to pay his own
medical expenses.

d. Information to Give - The attending physician
shall be informed that:

1) He will be paid for his services.

2) The injured is an employee of the Maryland
State Highway Administration.

3) Bills are to be sent to the Maryland State
Accident Fund.

2. Industrial Injury Reports

Three different forms are used in reporting personal
injuries.  The three forms to use are:

a. Department of Transportation Form D.PER-033(1-82),
Report of Accident/Incident.

b. Employer's First Report of Injury Form No. C-1.

c. Earnings Report to the Maryland State Accident
Fund.

C. MOTOR VEHICLE ACCIDENT

The glove box of each state-owned vehicle contains a
"Vehicle Accident Kit".  This has instructions on accident
reporting and accident report form "ACORD 2(5/86)."  (If the
Kit or its contents are missing, obtain a replacement from
the Division of Maintenance.)

The State is self-insured and the State Treasurer contracts
with a claims adjustment company.  Prompt handling of
accident reports minimizes the chances that the State will
be disadvantaged.

If you are injured while operating or riding in a State
vehicle, submit personal injury reports in addition to the
vehicular accident forms.
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CHAPTER 1-00 - GENERAL

SECTION 1-06  VEHICLES

Revised 11/01

A. GENERAL

Vehicle operation and care are joint responsibilities of all
survey party members.  Some of these responsibilities are:

1. Use of seat belts by all.

2. Use of defensive driving techniques.

3. Observance of all State and local vehicle regulations.

4. Operation within the physical and mechanical
limitations of the vehicle.

5. Prevention of vehicle abuse.

In addition to the above, the Party Chief is responsible for
appointing capable and qualified drivers and training party
members in safe vehicle operation.

Promptly report all accidents, work damage, and traffic
citations to your Party Chief.  The Party Chief will then
forward the information to his supervisor.

B. SAFETY

If you drive State vehicles you must learn and heed the
vehicular safety instructions in Chapter VII of the Safety
Manual.

A survey truck driver has added responsibilities and has a
harder job than the driver of sedans or pickups.  He must
control a larger vehicle under conditions of all-around
visibility.

C. MISUSE

Misuse of a State owned vehicle includes the following:

1. When driven or used otherwise than in the conduct of
State business.
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2. Carrying in the vehicle any persons other than those
directly involved with official State business, except
with approval of the employee's immediate supervisor
for each trip.

3. The State Highway Administration also regards the
following as misuse of state-owned vehicles:

a. Noncompliance with traffic laws.

b. Unsafe driving practices, including failure to use
seat belts.

c. Failure to comply with Administrative procedures.

d. Improper parking or storage of State vehicles.

e. Failure to take necessary safeguards to protect
State equipment stored in vehicles.

f. The improper operations of the vehicle or failure
to provide appropriate service procedures, causing
damage to or premature failure of equipment
components.

4. Additional Guidelines - The drivers of State vehicles
are subject to critical public observation.  Avoid the
slightest appearance of misuse and be exemplary in all
vehicle operations.

As a guide, avoid:

a. Parking State vehicles overnight on streets.

b. Parking on private lots without permission.

c. Carrying passengers who are not on official
business.

d. Exceeding posted speed limits.

e. Displaying signs, posters, pictures, stickers,
decals, or messages, which are not approved by the
Department or required by law.

f. Dirty and disorderly vehicles.

D. SECURITY

As an operator or user of State vehicles, you are
responsible for the security of the vehicle and its contents
when parking it overnight.
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The following security precautions will help:

1. Park off the street whenever possible.

2. Leave vehicle in "low" or "reverse" in manual
transmissions, or "park" in automatic transmissions and
with the hand brake firmly set.  If parked on a grade,
turn the front wheels into the curb.  If the road does
not have a curb, turn the front wheels so the vehicle
will roll away from the road.

3. Remove ignition keys.

4. Close all windows.

5. Lock total station instrument, level, and radios in
metal security box.

6. Conceal attractive and valuable equipment.  (All such
equipment should be stored out-of-sight.)

7. Lock all doors and compartments.

8. Set burglar alarm system.

E. PURCHASES OF PETROLEUM PRODUCTS, SERVICES AND PARTS

1. Policy - Permissible routine purchases of expendable
supplies and services and emergency parts and services
shall be made at the lowest possible cost to the State.

a. Preventive Maintenance - Operators of State
vehicles shall follow the practices prescribed in
Division of Maintenance Directives.  This will
minimize the need for emergency purchases from
"outside" sources.

b. State Sources - When accessible, supplies for
vehicles shall be acquired from State stock.

1) Fuel - Bulk-fuel facilities (which are
generally located at District Maintenance
Shops, District Offices, and most maintenance
stations) of the State shall be the first
choice for fuels for State vehicles, only. 
Purchase fuels from commercial vendors only
when State bulk fuel is not reasonably
available.  Before leaving on a trip that
might consume a tank-full or more of fuel,
see that the fuel tank of a State vehicle is
filled at a State bulk-fuel facility.
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2) Oil Changes and Lubrications - Whenever
possible, arrange for routine maintenance to
be performed at a State facility.  This will
save on the cost of petroleum products and
filters.  In addition, it will enable the
employee doing the work to inspect for
vehicle problems or additional preventive
maintenance needs.

c. Outside Sources

Fuel - Self-service islands of commercial
facilities must be used whenever available.

2. Credit Card Usage - In recent years the State has been
using a multi-company credit card.  This card provides
maximum flexibility for State employees when petroleum
products and vehicular parts and services must be
obtained from private vendors.  When using this credit
card observe the following precautions.

a. Checks for Card Acceptance - Among the companies
that honor the card are Exxon, Amoco, Texaco,
Shell and Chevron.  However, an individual station
proprietor might not accept the credit card. 
Check for acceptance before delivery of products
or service is begun.

b. Fuels - Gasoline may be purchased without
restrictions for State vehicles, as long as a
State bulk-fuel facility is not accessible.

c. Employee Responsibilities - Each operator of a
State vehicle must help assure proper credit card
usage through the following actions:

1) Determine if the vendor accepts the credit
card before delivery of supplies and/or
services begins.

2) Ensure that the charge ticket shows all
pertinent information such as price per
gallon, number of gallons, total cost and
vehicle license number.

3) Protect the card by returning the card, after
each usage, to the proper storage place in
the vehicle.

4) Use the credit card only for the particular
vehicle that the card is assigned.
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3. Cash Purchases

If products or services cannot be obtained through the
credit card, the employee may pay cash.  Reimbursement
is through a "Employee Expense Statement" SHA 30-502-L.

F. PREVENTIVE MAINTENANCE PROGRAM

1. General

The State's preventive maintenance guidelines are to be
followed in servicing and maintaining passenger cars,
station wagons, vans, pickups, and all other trucks or
transportation type vehicles equipped with speedometer
or odometer and serviced on a mileage sequence.

2. Purpose

To minimize wear and damage, and to avoid mechanical
failure attributed to lack of service and maintenance
at proper intervals.  To increase performance and
production, prolong useful life of equipment, increase
availability, improve safety of operation, increase
disposal value, improve public image, maintain
favorable employee morale, and lower operation
ownership cost in final analysis.

It is the duty of all operators of State-owned
equipment and their supervisors to make the equipment
available to the proper SHA shop when service is
required.  It is the duty of all shop personnel and
their supervisors to perform service operations
promptly and properly.

3. Routine Maintenance

The first or initial oil change, oil filter change and
inspection on a new vehicle shall be performed at 1,000
miles or 60 days, whichever occurs first.

After initial inspection, the regular inspection period
will be every 4,000 miles, or 6 months, whichever
occurs first.  This inspection will include a complete
lubrication along with other services.

Every 12,000 miles a "C" maintenance will be performed
on the vehicle.  The extent of this service requires
that the vehicle is taken to the Southern Avenue garage
or Hanover Traffic Shop and a "spare" vehicle be used
until the service is completed.

4. Exterior Maintenance - Washing, Polishing, Etc.
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The vehicles are to be washed whenever needed,
according to appearance weather and road conditions. 
Flushing with cold water and complete washing is
encouraged, as soon as possible after traveling
highways treated with chemicals during the winter
months.

A new vehicle is not to be polished and/or waxed for at
least six months; thereafter, it shall be polished and
waxed at least once each year (check the manufacturer's
manual - some paint finishes never require polishing).

All rust damage, dents, scratches, etc., are to be
repaired a soon as possible.  Until repairs are made,
vehicles which have chipped paint, must be waxed more
frequently to avoid corrosion or spread of rust.
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CHAPTER 1-00 - GENERAL

SECTION 1-07  COMMUNICATIONS

Revised 11/01

A. GENERAL

Good communications are essential to efficient and safe
operations.  Every employee must strive to make his
communications as effective as possible.  Beside the usual
verbal and written communications, PSD may directly or
indirectly use the following communications systems:

1. Telephone
2. Mobile Radio
3. FAX Systems
4. Pagers

This section deals only with information regarding the use
of the telephone and mobile radio systems.  Personnel who
need to use the FAX system should obtain specific
instructions from the operators of this system.

B. TELEPHONE

Instructions for telephone usage, local and long distance,
are found in the State directory.  Be especially aware of
these guidelines:

1. State telephones are for the conduct of State business.

2. When receiving and placing telephone calls, always
identify yourself.  For example:

a. Answer a call thus, "Surveys, Charles Streeter
speaking";

b. Place a call in this manner, "This is Leroy
Habersack of the State Highway Administration, may
I speak to ..."

3. Do not make any personal toll calls that will be
charged to the State.

C.   MOBILE RADIO SYSTEM

1. General - The Federal Communications Commission (FCC)
has licensed the Administration to operate a short-wave
radio system.
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This prime system consists of approximately 70 base
stations and hundreds of mobile units.  Mobile units
include radio-equipped vehicles and portable, "Walkie
Talkie," radios.  It is classified as a mobile radio
system.  In addition, the Administration operates a
statewide microwave system to extend the range of the
prime system.

2. Channel Assignments - The Engineering Districts are
assigned a single channel (frequency) from a statewide
group of five channels.  The assignment of channels
throughout the State is made so inter-district radio
interference is minimized.  The channels are assigned
as follows:

Channel Frequency Assigned To

1 47.32 Headquarters

2 47.26 Bridge Remedial
Traffic

3 47.40 District 1

4 47.14 District 2

5 47.20 District 3

6 47.10 District 6

7 47.12 District 7

8 47.02 District 5

All shops and mobiles can be switched to Channel 1 for
communications during emergency conditions.

3. Mobile Unit Identification Numbers - A unit
identification number will be assigned to each mobile
unit (vehicle and portable radios).  Affix this
identification number to the unit for reference when
calling and answering (see Operating Procedures in this
topic).  All mobile units assigned to PSD are in the
800 series.  Listings are issued to each operator
whenever changes in radio assignments occur.

4. Operating Procedures

a. Safety - Radio transmissions can discharge
electric blasting caps.  Never transmit near
blasting operations without first receiving
clearance from the foreman in charge.
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b. Microphone Technique - Hold the microphone an inch
or two from the mouth.  Do not let the lips touch
the microphone; this causes extraneous noises.

Strive to make each word and syllable distinctly
understood.  The listener's full attention can
then be focused on the meaning of what you say. 
Choose words that have a clear, definite meaning
and speak at a moderate rate.  Use the "10-Code"
(see paragraph f) to minimize words.

Do not shout into the microphone.  This results
only in distortion and makes your message more
difficult to understand.

c. Calling and Answering - In calling and answering,
base stations are identified by their geographical
locations while mobile units (vehicle and
portable) are identified by their unit
identification number.

Whether calling or answering, the identification
of the radio should be given first.  For example,

SOC calls District 4 thus:
               "SOC District 4"

District 4 then answers SOC,
"District 4"

Once the initial contact has been made, further
identification is not necessary until sign-off,
the FCC requires that each station (unit) identify
itself at the end of each contact (at the end of
each series of transmissions).  The base station
must use the call assigned by the FCC to its
transmitter, as shown on the license.  The mobile
unit uses its regular unit identification number
such as "806".

d. Message Handling - When transmitting a message,
which must be written, allow the other operator
time to write.  Speak in natural phrases.  Use the
phonetic alphabet (see paragraph g) for difficult
or unusual words.

On a long message pause at thirty-second intervals
and ask if the message has been received thus far.

When a portion of a message is missed, do not ask
for the entire message to be repeated; ask only
for the part you missed.
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This can be done by using such phrases as "10-9
word after...", 10-9 word before..., and "10-9 all
between...and ...".

e. Courtesy - Develop the habit of listening before
you transmit.  Do not break into another's
transmission.  Genuine emergencies are excepted
from this rule.

Keep all transmissions as short as possible.  This
is required by FCC rules, and it is practical
because others might be waiting to use the
channel.  Do not chatter idly or talk about
personal matters.

The use of obscene or profane language on the
radio is a violation of the Federal Criminal Code.

f. The 10-Code - Use the 10-Code to conserve time and
communicate clearly.  The following is a list of
10 codes used by the State Highway Administration
and the Maryland State Police:

10-1 Unable to copy signal 10-50 Accident (F, PI, PD)
10-2 Receiving well 10-51 Wrecker needed
10-3 Stop transmitting!/Emergency  10-52 Ambulance needed
10-4 Acknowledgement 10-53 Road blocked at ...
10-5 Relay / Relay message 10-54 Livestock on highway
10-6 Busy 10-57 Hit and run
10-7 Out of service 10-58 Direct traffic
10-8 In service 10-59 Convoy or escort
10-9 Repeat 10-61 Personnel in area
10-12 Standby 10-62 Reply to message
10-13 Weather/road conditions 10-63 Prepare to make written
10-17 Meet complainant 10-64 Message for local del.
10-18 Quickly 10-65 Met message assignment
10-19 Return to station 10-66 Message cancellation
10-20 Location 10-67 Clear for network mes.
10-21 Call by telephone 10-68 Dispatch information
10-22 Disregard 10-69 Message received
10-23 Arrived at scene 10-70 Fire alarm
10-24 Assignment completed 10-71 Advise nature of fire
10-25 Report in person 10-72 Report progress of fire
10-30 Unnecessary use of radio 10-73 Smoke report
10-33 Emergency 10-74 Negative
10-36 Correct time 10-75 In contact with
10-37 Suspicious vehicle 10-76 In route
10-39 Urgent use light/siren 10-77 ETA
10-41 Beginning tour of duty 10-78 Need assistance
10-42 Ending tour of duty 10-82 Reserve lodging
10-43 Information 10-84 If meeting advise ET
10-44 Permission to leave 10-85 Delayed due to ...
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10-45 Animal carcass at ... 10-86 Officer/operator on duty
10-46 Assist motorist 10-87 Pickup/distribute checks
10-47 Emergency road repair at ... 10-88 Present telephone number
10-48 Traffic standard repair at...10-92 Improp. parked vehicle
10-49 Traffic light out at ... 10-97 Check (test) signal

g. The Phonetic Alphabet - The phonetic alphabet is
designed to aid in the spelling of difficult or
unusual words.  There are several versions of this
alphabet.  The one adopted by the Administration
is:

Adam John Sam
               Boy King Tom
               Charles Lincoln Union
               David Mary Victor
               Edward Nora William
               Frank Ocean Xray
               George Paul Young
               Henry Queen Zebra
               Ida Robert

As an example, the word "phonetic" would be
spelled as follows:

Paul Henry Ocean Nora Edward Tom Ida Charles

h. Operating Problems - When you have trouble with
your radio, promptly report the specifics to your
communications technician.  But, do not
automatically assume that your radio is at fault
when you are unable to communicate with a desired
station.  The other radio, associated control
equipment, or repeater station might be defective.
 Also, the operator at the other radio might be
temporarily away from his unit; you could be out
of range or in a "dead" spot; or the other radio
might be turned off.

i. Operating Range - The prime system operates on the
VHF band.  At these high frequencies, radio waves
act somewhat like light waves.  They will not bend
around corners, although they sometimes deflect
around obstructions.  Range is shortened when
obstructions are between the radio units or when
the units are over the horizon from each other.

In metropolitan areas range is usually shortened
because of the shielding effect of buildings. 
This same effect occurs when inside tunnels or
metal bridges.  Therefore, operating range varies
with operating conditions.
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j. Optimum "Pointing" - Radios do not work equally
well in all directions.  There is a "best"
direction for each.

k. Operational Aids - If you are unable to
communicate with a desired station (unit), it
might help to change location or move to a higher
elevation.



1.7.6



CHAPTER 1-00 - GENERAL

SECTIONS 1-08 WORK HOURS AND TRAVEL

Revised 11/01

A. GENERAL

Field personnel of the Plats and Surveys Division, due to
their Statewide work responsibilities, frequently find it
necessary to travel long distances from their permanent
residences.

B. DEFINITIONS

1. Headquarters - The Baltimore Office.

2. Residence of Record - The permanent residence of an
individual as on file with the Plats and Surveys
Division.

3. Assignment - The geographic location where an
individual or surveys party is directed to report for
work.

4. Local - The work assignment is less than 60 miles from
the Party Chief's residence.

5. Out-of-town - The work assignment is 60 miles or more
from the Party Chief's residence.

C.   WORK HOURS

1. Local

Employees shall travel on their own time to and from
the work site or designated meeting place.  This
applies whether state or personal vehicles are used.

Unless approved by the Division Chief or an Assistant
Division Chief, the work hours are from 7:00 AM until
4:00 PM with 1 hour for lunch.  If conditions dictate,
the Party Chief may deviate from this schedule ONLY
WITH THE ASSISTANT DIVISION CHIEF'S OR DIVISION CHIEF'S
APPROVAL.

2. Out-of-town

The work hours for out-of-town shall be the same as
noted above except for arrival and departure days as
noted below.
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This policy supersedes all previously issued written or
unwritten direction.  This applies to all Survey Section
Party Chiefs who are required to secure overnight lodging
because of out-of-town status.  

INITIAL TRAVEL DAY

Travel Distance from Residence to
Job Site

Arrival Time on Job
Site

Up to 150 miles no later than 8:00
a.m.

151 miles to 175 miles no later than 8:30
a.m.

176 miles to 200 miles no later than 9:00
a.m.

Any mileage greater than 200 miles,
add 30 minutes

per 25 miles

DEPARTURE DAY

Travel Distance from Job Site to
Residence

Departure Time from
Job Site

Up to 150 miles no earlier than 3:00
p.m.

151 miles to 175 miles no earlier than 2:30
p.m.

176 miles to 200 miles no earlier than 2:00
p.m.

    Any mileage greater than 200
miles, subtract 30

minutes per 25 miles

The travel distance and Arrival Time/Departure Time that the
Party Chief will use for the Initial and Departure Days will
be assigned when the survey crew receives the project
assignments.  All other assignments shall be carried out
between the hours of 7:00 a.m. and 4:00 p.m. except when a
change is authorized by the Division Chief or Assistant
Division Chief.

D. LODGING
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When the job site is 60 miles or more from the Party Chief's
residence, the Party Chief will secure lodging and take meal
allowances for himself and those members of his crew who
reside 60 or more miles from the job site. 

Lodging will only be taken at a motel/hotel that is on the
Plats and Surveys Division's approved room rate list and
also has agreed to bill the State directly for room charges.
 The Party Chief will pay the individuals their expense
money and will file one expense account for the survey crew
as an entity.

The Party Chief will follow the following procedures when
taking lodging:

1) Ascertain if the establishment is on the approved Plats
and Survey Division's approval list and will direct
bill the State.

2) Show photo ID and copy of "Letter of Authorization" to
desk clerk.

3) Inform the clerk that room charges are the only items
that are to be shown on invoices and that the crew
prior to checking out will pay all other charges.

4) Direct the clerk to send invoice to:

Chief, Plats and Surveys Division
707 North Calvert Street
Baltimore, MD  21203-0717

5) On a weekly basis forward to the Office a completed
"Accommodation Verification" form for comparison to
invoices.  See Figure 1-08-B for an example of this
form.

An employee may stay at a place other than where the crew is
lodged (for example - a relative's home).  When the employee
exercises this option, he will be allowed $20.00 per night
for lodging.  A signed receipt must be obtained from the
provider and given to the party chief.

E. MEAL ALLOWANCE

1. Local

The cost of breakfast is reimbursable when an employee
in travel status has to leave home on official business
2 or more hours before the start time of the employee's
shift.
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The cost of dinner is reimbursable when an employee in
travel status arrives at home 2 or more hours after the
employee's normal quitting time.  In both cases, the 2
hours are in addition to the normal commuting time.

In cases when an employee meets the conditions for both
breakfast and dinner reimbursement as listed above and
is in travel status for the entire day, or if the
employee is required to stay overnight, the employee's
lunch also is reimbursable.

2. Out-of-town
The Party Chief will reimburse himself and members of
his crew the cost of meals in accordance with the rate
schedule in effect.  On the first day of the work week,
breakfast allowance will not be allowed.  On the last
day of the workweek, dinner allowance will not be
allowed unless the conditions as indicated under Local
Meal Allowances (above) are met.

F.   MILEAGE
1. Local - Employees using personal vehicles when total

round-trip driving distance is less than 120 miles to
the job site, Party Chief's residence or designated
meeting place whichever is closest will be allowed
mileage at the effective rate.  Distances will be
measured by shortest paved route.

2. Out-of-town - For employees using personal vehicles the
maximum mileage allowed will be 120 miles round trip. 
Only one round trip will be allowed each week.

Claimed mileage is to be entered on the Employee's
Expense Statement as if the round trip occurred on the
first day of the workweek.

3. Toll Fee - Personnel required to use Maryland Toll
Facilities while commuting or on travel status will be
reimbursed for toll fares.  Items are to be entered on
Employee's Expense Statement and receipts submitted.

4. Reimbursement - Claims for reimbursement must be made
on Form SHA 30-502-L, Employees Expense Statement (see
Figure 1-08-A).  This form is to be submitted every two
weeks on a schedule established by the Administration.
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CHAPTER 1-00 - GENERAL

SECTION 1-09  REPORTS AND RECORDS

Revised 11/01

A. DAILY REPORT CARD

1. General

Daily, each Party Chief shall record his party's
operations on SHA Form 61-1-144.  (Figures 1-09-A and
1-09-B are examples of completed Daily Report Cards.) 
Every effort should be made to mail these reports to
the SHA's Baltimore Office on a daily basis.  Errors
are much more probable when entries are delayed for one
or more days and made from memory.

2. Information to Report

The Daily Report is mostly self-explanatory as to the
information to be reported.  The "Party" portion of the
card shall contain a listing of the party's assigned
personnel, their attendance status, and their
Engineering Technician rank.  The following letters
shall be used to designate the condition of the crew
member's attendance:

P - Present
V - Vacation
S - Sick
L - Personal Leave
M - Military Leave
W - Leave Without Pay
A - Administrative

B. PARTY CHIEF'S DIARY

Each day, the Party Chief shall enter into a diary all the
information contained on the Daily Report Card.  In
addition, he should record details of the following:

1. Vehicle Mileage

     2.   Any Vehicle Maintenance (include gas usage)

3. Party Expenses

4. Miscellaneous Expenses

5. Checks written on State Account
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6.   Conversations with property owners, contractors, Area
Engineers, other SHA employees, etc. (Be specific and
note proper names and titles.)

7. Personnel problems.

8. Any other matters of importance.

C. PROJECT CARD

1. General

A Project Card, SHA Form 61.7-5-2, shall be prepared
and accompany each survey project.  (Figure 1-09-C is
an example of a completed Project Card.)

2. Area Engineer

The Area Engineer in charge of the project will
initiate and complete the following parts of the
Project Card as shown in Figure 1-09-C:

1. Road system the survey project is to be performed
on.

2. Area Engineer's initials and date(s) project was
set up.

3. Method of survey request, requester's name and
Division.  (Note:  Copy of Requesting Letter is to
accompany job.)

4. Party Chief's name the project is assigned to.

5. Contract number that is to be entered on index
page of survey books.

6. Contract number against whose account monies will
be charged.

7. Route number and termini of survey project.

8. Beginning station and ending station of survey
project, if applicable.  

9. Character of work, such as topo, cross-sections,
data collection, metes and bounds, etc.

10. Special instructions.

11. Type of supplemental material that accompanied
survey request.
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12. Numbers of survey books contained in job package.  If none
enter "None."

3. Party Chief

After the project has been completed, the Party Chief
is to complete the Project Card.  Figure 1-9-C shows
that the Party Chief is to fill in the following
numbered spaces:

13. New Book numbers and their contents.

14. Date when surveys began.

15. Date when surveys were completed.

16. Number of days charged to project.

17. Number of charged days lost to weather.

18. Any remarks about project that cannot prudently be
entered into survey books.



1.9.3



CHAPTER 1-00 GENERAL

SECTION 1-10 EMPLOYEE LEAVE

Revised 11/01

A. GENERAL

Leave is an authorized absence from work for a specific time.
 FAILURE TO OBTAIN AUTHORIZATION FOR AN ABSENCE WILL RESULT
IN DISCIPLINARY ACTION.

B. REQUESTING LEAVE

All leave requests must be submitted on Form DTS-31 (Request
for Leave) for approval.  Written leave requests must be
submitted for all leave taken (includes Personal, Sick Leave,
etc.), even if the leave request was verbally approved and
the leave has been taken.  This documentation is needed for
the file.

Each employee is responsible for keeping a personal record of
his/her annual, personal, sick, and/or compensatory leave
use, and to check those records against the quarterly summary
issued by the SHA Payroll Section.  The employee is to check
this record to see if the leave being requested is available
before submitting a "Request for Leave" form to the
Supervisor for approval.

During certain high leave usage seasons, it is advisable to
submit a leave request as soon as possible. Every effort will
be made to approve requests for leave; however, manpower and
workload will be the determining factor and leave could be
denied.  It is, therefore, beneficial for the employee to
make his/her request as early as feasibly possible.

C. UNSCHEDULED ABSENCES

It is realized that because of illness and other emergencies,
it is not always possible to schedule advanced leave.  When
this occurs, it is absolutely essential that the employee
notify their immediate supervisor as soon as possible and no
later than 1/2 hour after normal starting time.  SUPERVISORS
WILL DETERMINE WHETHER OR NOT TO GRANT APPROVAL OF LEAVE.

It is absolutely essential that survey personnel notify their
immediate supervisor, and one of the Assistant Division
Chiefs or the Field Coordinator as soon as possible and no
later than 8 a.m. (work shift begins at 7:30 a.m.) on the day
of their absence.
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For obvious reasons, field personnel must make every effort
to contact their Party Chief prior to his departure for work
on that day.  The employee will state the reason that they
are requesting to be absent and the expected date of their
return.

EMPLOYEES WHO FAIL TO GIVE PROMPT NOTICE OR WHO FAIL TO
RECEIVE APPROVAL FOR THEIR ABSENCE ARE TO BE CONSIDERED ON
UNAUTHORIZED ABSENCE AND ARE SUBJECT TO DISCIPLINARY ACTION. 

D. LATENESS

It is the duty and responsibility of every employee to report
to work on time.  Employees who are late for work and are not
on approved leave will not be excused unless a satisfactory
explanation is provided to his/her immediate supervisor.

Supervisors have the authority and responsibility for
determining whether or not to excuse lateness or to grant
leave.  Supervisors also have the authority to request
verification of the reason for lateness and emergency leave.

If the lateness is excused, the employee has the option of
charging the time to vacation or personal leave.  If leave is
not available  or if the lateness is not approved by the
supervisor, time will be charged to leave without pay. 
Chronic lateness will result in disciplinary action being
taken.

. ANNUAL LEAVE

Annual Leave is earned per 26 payroll periods, excluding
overtime, at a rate depending on years of service.  

Full-time employees may carry a maximum of 50 (400 hours)
leave days over into the following calendar year.  New,
permanent employees must work 6 months before they may use
Annual Leave, at which time 5 days will be available.

Employees requesting approval of annual leave for up to one
day should notify one of the Assistant Division Chiefs or the
Field Coordinator, prior to 12 noon of the previous work
shift.  Employees desiring leave greater than one day should
request approval from one of the Assistant Division Chiefs or
the Field Coordinator prior to 12 noon on Wednesday of the
week preceding the requested leave.

An employee requesting leave must verify its approval.  This
will be done by the employee informing the Party Chief of the
requested leave and having the Party Chief recommend approval
by initialing the leave form prior to its submittal to the
office.
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The Party Chief will then call the office no less than three
(3) working days prior to the requested leave to verify the
leave has been approved.  This will also assure that the
employee's written request has been received and approved at
the office and appropriate work assignments can be made.

F. PERSONAL LEAVE

All permanent employees are given 6 Personal Leave days which
they may use any time during that calendar year, without
prior written approval, after proper notification to their
supervisor.  Proper notification is notifying the immediate
supervisor up to 1/2 hour after the normal starting time on
the day on which Personal Leave is to be taken.

For Survey Party Staff, proper notification is calling your
Party Chief prior to his departure from his residence, or if
the Party Chief can not be reached, contact one of the
Assistant Division Chiefs or the Field Coordinator no later
than 8 a.m.

Personal leave may NOT be carried over into the next calendar
year. Unused Personal Leave will be forfeited by the employee
and transferred to the Leave Bank.  This leave may be
transferred to an employee who has a documented medical
disability.

An employee who meets all the requirements for Payment of
Unused Personal Leave for a full calendar year may be paid
for up to three (3) days of unused personal leave.

G. SICK LEAVE

1. General

Sick Leave is time off with pay when an employee is
unable to work because of illness, injury or
disability, or for an appointment with a licensed
medical provider or because of death of an immediate
family member (DIF).  Death in the Family leave is not
counted against the employee's number of sick leave
occurrences.

Earned sick leave may be used to accompany an immediate
family member to a medical appointment, or to provide
medical care and treatment in the event of illness,
injury, or other disability.

2. Prolonged Illness
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Employees on a prolonged illness will be expected to
notify their supervisor at least once every two weeks
of any changes in their current condition and their
anticipated return to work date.  A medical certificate
(see Medical Documentation) shall be forwarded to the
supervisor not less than once a month or as often as
every two weeks, if the circumstances justify.

In case of a prolonged sickness and all sick leave has
been exhausted, employee may request leave from the: 
Employee Leave Bank, Employee Leave Donation Program,
Advanced Sick Leave, Extended Sick Leave, and/or
Approved Leave without pay.  

3. Advanced Sick Leave

Advanced Sick Leave may be granted at a rate of 15 days
for each year of completed service, up to a maximum of
60 days in any calendar year.  In the case of approved
Advanced Leave, leave shall be repaid at a rate of 50%
of sick leave earnings.  (At the 50% pay back rate for
each day of leave earned, only one half will be
available to the employee for future use.)

ADVANCED SICK LEAVE REQUESTS MUST BE APPROVED BY THE
DIVISION CHIEF AND THE APPROPRIATE PERSONNEL OFFICER. 
IT IS, THEREFORE, NECESSARY THAT THE EMPLOYEE ALLOW
SUFFICIENT TIME TO RECEIVE THESE APPROVALS PRIOR TO THE
REQUESTED LEAVE DATE.

4. Extended sick leave

An employee may be allotted extended sick leave for a
specific illness in an amount equal to the amount of
earned sick leave the employee used for that illness or
related condition during the preceding two (2) years
prior to the last day of work and any other paid leave
the employee used for that illness or related condition
after the employee's last day of work.

Extended sick leave may not exceed twelve (12) months
for a specific illness.  The employee must provide
medical documentation that the previous earned sick
leave used was for the illness or related condition
necessitating the request for extended sick leave.  An
employee must have exhausted all other leave, including
advanced sick leave.  An employee shall complete an
Extended Sick Leave Request Form and submit it to the
Appointing Authority.
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The Department Medical Advisor shall determine whether
extended sick leave is medically necessary and the
duration of the extended sick leave.  In making this
determination, the Department Medical Advisor may
require the employee to submit to a medical
examination.  Any employee that refuses to submit to a
medical examination shall have their request for
extended sick leave denied.

5. Sick Leave Counseling

Abuse of sick leave will result in appropriate
disciplinary action.

A medical certificate authenticating the period of
illness (even less than one day) may be required from
an employee who has been absent for five or more
occurrences in any twelve month period.  The Division
Chief may implement the requirement of this
certification with the approval of the Attendance
Control Officer.  This One-Day Sick Certificate
requirement must be for at least a six-(6) month
period. The requirement may be extended in six (6)
month intervals.

Whenever, in the opinion of the Attendance Control
Officer, the sick leave taken by an employee is of a
questionable nature, or indication of a serious medical
condition which prevents the employee from properly
completing his duties, the appointing authority may
refer the employee to a Work Ability Evaluation.
Employees who have four separate, undocumented
occurrences of sick leave in ANY twelve month period
will be referred to their supervisor or representative
to discuss their usage of sick leave and receive
counseling as appropriate.  A written record of the
discussion, including the employee's justification and
conclusions agreed upon, would be made for the working
files. 
Upon the sixth undocumented sick leave occurrence in
any twelve-month period, the supervisor will again
counsel the employee.  Possible courses of action for
the supervisor include: referring the employee to EAP,
referring employee to the medical advisor, and/or
continuing to monitor the situation. 
Any further undocumented occurrences of sick leave may
subject the employee to appropriate administrative
actions in accordance with the policies and regulations
of the Department, including disciplinary actions as
necessary and appropriate.
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H. EMPLOYEE LEAVE BANK / LEAVE DONATION PROGRAM

When an employee exhausts ALL leave and has been out 10 or
more consecutive work days due to illness/injury, he/she may
receive leave from the Leave Bank as long as they are a
member, that is, have donated a minimum of 8 hours leave to
the bank.  Membership lasts for a two-year period.  An
employee may receive up to 2080 hours.

I. LEAVE WITHOUT PAY

After using all available leave and an employee wants to take
off from work, he/she is required to report to work unless
there is an emergency.  When he/she calls the supervisor
requesting leave without pay, the supervisor may deny that
leave if they do not accept the reason for not reporting to
work.  A supervisor may request appropriate documentation to
support granting leave without pay for the emergency. 
Example:  Dr.'s slips for sick leave, car repair slip for car
problems, etc.  Each case will be evaluated separately.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-01 CONTROL

Revised 11/01

A. TECHNICAL SUPERVISOR AND DIVISION PROCUREMENT OFFICER

The Administration-wide control of surveying equipment is
the responsibility of the Technical Supervisor and Division
Procurement Officer, Plats and Surveys Division.  He is
responsible for the procurement and maintenance of this
equipment as well as maintaining an inventory which shows
the location of each piece of equipment and the person or
responsibility center to whom it is assigned.

B. PARTY CHIEF

When equipment is assigned to a survey party, the Party
Chief is the responsible agent.

C. GPS TECHNICIAN

Each GPS technician is responsible for the GPS receiver,
truck and accessories that they work with.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-02 CARE OF EQUIPMENT

Revised 11/01

A. GENERAL

Proper care and respect for all equipment should be the
hallmark of every survey party.  The Party Chief is
responsible for his party's equipment.  He shall train all
members to properly care for this equipment and delegate the
responsibilities for such care.  The Party Chief shall also
see that the equipment is used for its intended purpose. 
Party members must understand the absolute necessity of
using the proper equipment, in the proper condition, for
given tasks.

B. TOTAL STATION INSTRUMENTS

The total station instrument is one of the most expensive
pieces of equipment used by the survey crew.  It should be
treated with the same care as any precision instrument.

The name Total Station is applied to instruments that
combine an Electronic Distance-Measuring (EDM) instrument
and a Theodolite.  See Chapter 2, Section 5 for a detailed
description of these instruments.

The Total Station has almost completely replaced the
Engineer's Transit and the optical-reading Theodolite. 
Thus, Total Stations are the only type of angle measuring
instrument discussed herein.

If handled carefully, total stations will stay in adjustment
and produce consistently good results.  Some general
guidelines for the care of Total Stations are:

1. Vehicular Transport

a. Transport and store Total Stations in their
carrying case in positions that are consistent
with their carrying case design.

b. Protect all instruments from excessive vibrations.
 If possible, line the inside of the lock box with
carpet, foam or other cushioning material to
reduce vibration.

2. Casing and Uncasing
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a. Before removing an instrument, study the way it is
placed and secured in the case.  This will help in
properly re-casing the instrument.

b. Carefully remove the instrument.  Grip it with
both hands, but do not grip where pressures will
be exerted on tubular or circular level vials,
which can be forced out of adjustment.

3. Field Transport

a. Short Distances - Total Station instruments may be
moved short distances while still fastened to the
tripod but ONLY with the instrument vertical (the
tripod legs pointed down).  DO NOT "SHOULDER" ANY
TOTAL STATION!  That is, do not carry a Total
Station horizontally while mounted on a tripod. 
Doing so may damage the instrument beyond repair.

This precaution is necessary because the center
spindle (center spigot or the standing axis) of a
Total Station is hollow and relatively short. 
When carried horizontally while on a tripod, the
instrument's weight is an excessive load for the
hollow centerpiece to bear.  Instrument damage can
result if this precaution is ignored.  Also, the
instrument fastener can break, causing the Total
Station to fall.

b. Moderate distances - When moving the instrument
moderate distances, release the tribrach clamp and
carry the instrument by the carrying handle.

c. Long Distances - For long distances or over rough
terrain, place the instrument in its carrying
case.  Take a safe route to all set-up sites.

4. Setups

a. When possible, select instrument stations where
operation is not dangerous to the Instrument Man,
the party, or the instrument.  Select stable
ground for the tripod feet.  Do not set an
instrument near the front or rear of a vehicle or
equipment, which is likely to be moved.

b. At the site, firmly plant the tripod with its legs
widespread.  Push parallel to the legs, not
vertically downward.  On smooth surfaces, use some
type of tripod leg restrainer to keep the legs
from sliding outward.



2.2.2



c. Always have the tripod firmly set over the point
before removing the instrument from its carrying
case.  Immediately secure the instrument to the
tripod with the instrument fastener.  Never leave
an instrument or its tribrach on the tripod
without securing either to the tripod.

Moderate pressure on the instrument fastener screw
is sufficient.  Excessive tightening causes undue
pressure on the foot screws and on the tribrach
spring plate.  This can warp the instrument
fastener's shifting arm.

d. Make sure the tribrach screw or clamp is tight or
in the "lock position".  This precaution is
especially important when traversing and using
tribrachs for "forced-centering" of sights and the
Total Station.

5. Routine Care

a. Daily Inspection - before making the first set-up
of the day, visually inspect the instrument for
cracks, bumps, and dents.  Check the machined
surfaces and the polished faces of the lenses and
mirrors.  Try the clamps and motions for smooth
operation (i.e., absence of binding or gritty

               sounds).

b. Cleaning - Frequently clean the instrument
externally.  Any accumulation of dirt and dust can
scratch the machined or polished surfaces and
cause friction and sticking in the motions.

1) First, remove all dust with a camel's-hair
brush.

2) Clean soiled non-optical parts with a soft
cloth or with a clean chamois.

3) Clean the external surfaces of lenses with a
fine lens brush.  Then, if necessary, use a
lens tissue.  Do not use silicone treated
tissues:  they can damage coated optics. 
Also do not use liquids.  If required, fog
the lenses or their coatings.  DO NOT loosen
or attempt to clean the internal surfaces of
any lenses.

c. Cover an instrument whenever it is uncased and not
being used.
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d. Dry a wet instrument as completely as possible
before casing.  After work uncase the instrument
in a clean room and dry it thoroughly.  (If the
instrument is left in the case, an increase in
temperature can condense moisture inside the
instrument.)  Circulating air around the
instrument will speed drying.

e. NEVER leave an instrument unattended.  If you must
leave it, have another party member watch it for
you.  Protect the instrument from people, animals,
equipment, rain, sand, dust, wind, traffic and
other hazards.

f. Never point the instrument directly at the sun. 
Sunlight shining directly into the instrument can
damage receiving elements.

g. Protect Total Stations from excessive heat.  Heat
can cause erratic readings and deterioration of
components.  Do not leave instruments in closed
vehicles, which are parked in the sunlight.

h. Keep batteries well charged.  Low batteries can
cause erratic readings.

i. When not in use, keep reflectors in their
containers.

j. Keep reflectors clean to ensure maximum light
return.  Clean with a camel's-hair brush and lens
tissue.

6. Adjustments - Keep instruments in good adjustment. 
But, only make adjustments when results are poor or
excessive manipulation is required.  Test frequently.

a. Check optical plummets every three months or
before calibration on the EDM range.  They can and
do go out of adjustment from bumps or jars.

b. Frequently check the condition and adjustment of
tripods because they directly affect accuracy.

c. Only attempt those adjustments, which are listed
in Section 2-05.  DO NOT "field strip" (dismantle)
Total Stations.

C. AUTOMATIC LEVELS (SELF-LEVELING)

Automatic levels are the standard leveling instrument used
on MD SHA survey parties.
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These levels are fast, accurate, and easy to maintain. 
Proper care is required to ensure continuous service and
required precision.  DO NOT disassemble them in the field. 
Only attempt those adjustments set forth in Section 2-04.

Review the previously stated guidelines for care of total
stations.  These guidelines are also generally true for the
proper care of pendulum levels (except that levels may be
shouldered).  Additional guidelines are:

1. Do NOT spin automatic levels; this can adversely affect
the compensatory.

2. Protect the level from dust.  Dust or foreign matter
inside the scope can cause the compensator's damping
device to hang-up.

3. Frequently check the adjustment of the bullseye bubble.
 Adjust the bulls-eye to the center, not almost to the
center.  Make certain it is adjusted along the line of
sight and transversely, as well.  Proper adjustment
reduces the possibility of compensator hang-up.

4. Do NOT tap the instrument or the tripod to check for
compensator hang-up: check by turning a foot screw back
and forth.  If the compensator is malfunctioning, send
the instrument in for servicing.  Do not attempt
compensator servicing in the field.

D. TRIPODS

A stable tripod is required for precision in measuring
angles.  Therefore, a tripod should not have any loose
joints or parts, which might cause instability.  Some
suggestions for proper tripod care are:

1. Maintain a firm snugness in all metal fittings, but
never tighten them to the point where they will unduly
compress or injure the wood, strip threads, or twist
off bolts or screws.  (This includes leg clamps.)

2. Tighten leg hinges only enough for each leg to just
sustain its own weight (when spread out in its normal
working position).

3. Keep metal tripod shoes clean and free from dirt.  They
should also be tight.

4. Keep all tripods well painted or varnished to reduce
moisture absorption and swelling or drying out and
subsequent shrinking.
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(A bright yellow color has been adopted as the standard
color for the Department's tripods.)

5. Replace top caps on tripod heads when the tripods are
not in use.

6. Regularly check the shifting-arm pivot-screw for
tightness.  The degree of tightness does not affect the
free pivoting of the shifting arm.

Total stations and automatic levels are secured to the
tripod by an instrument fastener screw.  This 5/8" x 11
screw fits in and slides along a "shifting-arm" which
is fastened at one point under the tripod head by a
shifting-arm pivot-screw.

E. LEVEL RODS

1. General - Maintain level rods as you do other precise
equipment.  Accurate leveling is as dependent on the
condition of rods as on the condition of levels. 
Reserve an old rod for rough work, such as measuring
mud depths.  San Francisco "Frisco", geodetic, and
25-foot fiberglass rods are the types most often used.
 The care requirements, common to all of them, are:

a. Protect from moisture, dirt, dust, and abrasion.

b. Clean graduated faces with a damp clothe and wipe
dry.

c. Touch graduated faces only when necessary.

d. Avoid laying a rod on matter or material where
soiling might result.

e. Do not set a rod where it might fall or be knocked
over.

f. If the rod must be laid down, place the rod face
up.

g. Do not abuse a rod by throwing, dropping, or
dragging it or by using it as a vaulting pole.

h. Refrain from using the metal "shoe", or "foot",
for scraping foreign matter off a bench or other
survey points.

i. If possible, leave a wet rod uncovered and
extended until it dries.
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j. When not in use, store rods in protective cases
and in a dry place.  Do not store rods where other
equipment can hit or abrade them.

k. Store the rods either vertically or horizontally
with at least 3-point support.

l. Periodically check all screws and hardware for
snugness and for operation.

2. Frisco Rod - These rods are sturdy, but abuse and lack
of care will take a toll in lost time and accuracy. 
Protective practices for a Frisco include:

a. When the rod is being extended fully, gradually
ease the two sections apart until the stops are
engaged, not until they "collide".

b. Only tighten the knurled knob clamp to a snug
condition.

c. Carry an extended rod with a wooden side down to
minimize "whip".  When walking adjacent to traffic
lanes be careful to carry a rod parallel with the
roadway.  Do not swing a rod into a traffic lane.

d. As needed, clean and re-coat the tape face with
clear polyurethane.

3. Geodetic Rod - These of rods are precisely made and
standardized.  Extra care is required to retain this
precision.

a. Store, by "matched" pairs, in a dust-tight,
water-tight box with full rod support on all sides
and at the ends.

b. Do not use in rain or dust.

c. Carry parallel with the ground.  Also, alternately
carry it "face-up" and "face-down" to equalize
weight stresses.

d. Avoid laying rod on the ground.

e. If foreign matter has "fouled" a rod, carefully
disassemble and clean.  The invar face must slide
freely in the recessed guides as the outer part
expands or contracts.

f. If a rod is refinished, be sure the guides do not
become clogged.
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4. 25-Foot Fiberglass Rod - Though these rods are made of
strong, resilient fiberglass, specific care is
required.

a. Grit and sand can "freeze" the locking system of
the slip joints.  The close fit of these joints
will not tolerate foreign matter.  Do not lay a
fiber glass rod in sand, dust, or loose granular
material.

b. "Lower" the sections as the rod is being
collapsed; do not let them "drop".  Dowels through
the bottom of a section keep the section above
from falling inside that section.  "Dropping"
sections during collapsing can loosen the dowels
and jam the telescoping.  Dropping can also
shatter the fiberglass around the dowel holes.

c. Remove the rubber boot each day and shake out any
grit.

d. Store in a carrying case.

e. When a slip joint goes bad, promptly remove the
rod from service for repair.

f. Lubricate the rod with oil-free silicone spray or
with talcum.

F. TAPES

A reliable, properly standardized tape is vital to a party's
operations.  Routine care extends tape life and helps
prevent errors and blunders.  Some guidelines to follow are:

1. After the day's work, clean and dry tapes, which are
soiled.  In wet weather lightly oil, then dry before
storing.  Avoid storing in damp places.

2. Clean rusty tapes with a damp cloth or and cleaning
solvent.  Use soap and water when a tape is dirty or
muddy.  To prevent rust after cleaning, lightly oil the
tape, then dry.

3. Do not place a tape where it can be stepped on or run
over by a vehicle.  Otherwise, it might kink, bend, or
break.

4. Avoid pulling a tape around poles or other objects: a
hard pull can stretch or break the tape.
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5. Do not wind tapes overly tight on their reels.  This
tends to exert unwanted stresses.  However, "normal"
winding of a tape onto a reel does NOT harm the tape.

G. MISCELLANEOUS EQUIPMENT AND TOOLS

Each employee is responsible for keeping his miscellaneous
tools and equipment in good condition.  To prevent loss of
small equipment and tools, avoid laying them on the ground,
on vehicles or on equipment, which might be moved.  When not
in use, carry them in scabbards and pouches on a chaining
belt.

1. Hand Levels - Keep them clean and in good adjustment.

2. Cutting Tools

a. Maintain sharp cutting edges.  A dull tool will
often deflect, instead of biting into the wood,
and cause injury.

b. Sharpen with a 12-inch flat or curved bastard
file, which has a guarded handle.  Avoid "bluing"
or burning the edges when sharpening: this
destroys the temper.

c. Store in protective cases and in safe positions. 
Do not store them in the passenger areas of
vehicles.

3. Driving Tools - Replace or repair a driving tool, which
is burred or fractured on any part of the driving or
striking face.  Many surveyors have been injured by
"shrapnel" from gads and sledges, which had ragged
edges.

4. Tool Handles - Keep all handles firmly secured in or to
all cutting and driving tools.  Crooked or warped
handles can cause injury as well as mis-hitting and
damage to the tool.  Promptly replace such handles and
those that are cracked or broken.  Only install handles
that are made for each particular type of tool.  When
installing make certain the handle is symmetrical with
the head or the bit of the tool.

H. EQUIPMENT STORAGE IN VEHICLES

The care, organization, and general housekeeping of a
vehicle, generally, are good indications of the attitude of
the entire party.  Keep the cab and passenger compartments
free of unnecessary clutter and equipment.  Store all
equipment in designated places in compartments.



2.2.9



Any equipment or material stored in the passenger
compartment should be neatly and firmly secured.  A good
rule to follow is - "A place for everything and everything
in its place."

Loose equipment and tools and general clutter are safety
hazards.  The Occupational Safety and Health Act requires
that survey vehicles, "be kept clean and orderly and in a
sanitary condition".



2.2.10



CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-03  SURVEY PARTY EQUIPMENT

Revised 11/01

A.   GENERAL

This section lists the equipment tools and material required
for a basic 4-Man survey party.  The list may be modified
when a party performs different phases of surveying,
different jobs, or is away from a source of supply.

B.   ROUTINE NEEDS

1. Equipment

a. Instruments

1 - total station instrument
1 - automatic level
3 - optical plummet tribrachs
1 - electronic data collector
1 - floppy disk drive
1 - printer
1 - calculator
1 - voltmeter
1 - barometer
1 - thermometer
1 - magnetic locator
1 - compass
1 - right angle prism

b. EDM reflectors

3 - standard reflectors
2 - mini "peanut" reflectors
1 - standard reflector holder

c. Range poles

2 - telescoping prism poles
6 - standard 8 foot range poles

d. Level Rods

1 - San Francisco (Frisco) rod
1 - fiberglass, 25-ft.



2.3.1



e. Tapes

1 - 200' steel tape
1 - 100' steel tape
2 - 100' fiberglass (cloth) tape
1 - 12' pocket tape, engineers
1 - 6' folding rule, engineers

f. Radios

1 - vehicle radio
3 - portable radios

g. Miscellaneous Equipment

3 - tripod, extension leg
5 - plumb bob with sheath
5 - lock level with sheath
6 - batteries, portable radio
5 - canvas pouches
1 - stake bag
1 - water cooler
4 pr. - hip boots

h. Cutting Tools

2 - axes, single bit
1 - hatchet
5 - brush hooks
2 - files

i. Digging Tools

1 - shovel
1 - pick

j. Driving Tools

1 - maul 8/10-lb.
1 - hammer, engineers

2. Expendable Supplies

a. Miscellaneous

Plumb bob points
Plumb bob cord
Keel
Spray paint
Can paint
Plastic flagging - blue, orange, red, yellow, and
"wetlands"
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b. Survey Points and Markers

1x2x18 Flat Stakes
2x2x(12 & 18) hubs
Wire Flags - Blue, Orange, Red, and Yellow
Rebars - 5/8"
Rebar Caps
Spikes, Railroad
Spikes, Boat
Nails, Chaining
Nails, P.K.
Nails, Masonry
Nails, Roofing
Tacks, Stake (cup)
Shiners

3. Stationary Equipment and Supplies

a. Pencils and Marking Pens
Pencils, 0.3 mm and .5 mm
Lead Holders
Markers, felt tip
Colored pencils
Fiber tip pens

b. Leads
0.3 & 0.5 mm - HB, H, and 2H
Lead Holder Leads - HB, H, and 2H

c. Erasing Supplies

Eraser - Clic or Staedtler
Eraser Refill - Clic or Staedtler
Eraser Shield

d. Miscellaneous

French Curves
Protractors
Engineer's Scale - 6"
Triangles
Templates
Lead Pointer
Peg Books
Clip Board
Stapler

4. Safety Equipment

1 - Fire Extinguisher
1 - First Aid Kit
6 - Flares, 30-Minute
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12 - Traffic Cones - 28"
8 - flags, vinyl
2 - "Slow-Stop" paddles
4 - Sign Holder - Windmaster or similar
4 - Sign - "Survey Party", 48" x 48"
1 - Hard Hats, per person
6 - Safety Vests
1 - Goggles, per person
1 - Gloves, Steel w/inserts

5. Publications

1 - "Survey Manual"
1 - "Safety Manual"
1 - "Route Location and Design" - Hickerson
1 - "Directory of Medical Facilities"

6. Forms

a. Attendance Forms

Employee Leave Request, Form SHA-22.0.1
Daily Report Card, Form SHA 61-1-144

b. Expense Forms

Employees Expense Statement, Form SHA 30-502-L
Accommodation Verification
Checking Account Log

c. Vehicle Accident Forms

Motor Vehicle Accident Investigation Guide, Form
71.0-FS-1
Driver's Report of Accident, Form 71.0-74
Automobile Loss Notice, Form ACORD 2(2/88)

d. Vehicle Usage

Operator's Report A, Form DBFP-FM-MFOMS
Equipment Usage Report, Form SHA 30.0-590-0

e. Industrial Injury Forms

Report of Accident/Incident, Form D-PER-033
Employer's First Report of Injury, Form c-1

          f.   Miscellaneous Forms

Project Card, Form SHA 61.7-5-2
Equipment Request, Form SHA 61.7-S-3
EDM Calibration Record



2.3.4



C.   INTERMITTENT NEEDS

A survey party should have the following equipment and
supplies available as the need arises:

1. Miscellaneous Instruments and Equipment

Altimeter, Surveying
Measuring Wheel
Precise Rods, Yard
Brass Disks

2. Power Tools

Chain Saw
Power Post Hole Digger

3. Hand Tools

Number and Alphabetical Die Set
Post Hole Digger
Tape Repair Kit

4. Safety Equipment and Supplies

Hearing Protectors
Safety Harnesses or Belts
Safety Ropes, Manila or Nylon

5. Sounding Equipment

Sounding Line w/Weight
Fathometer
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-04  LEVELING INSTRUMENTS AND RODS

Revised 11/01

A. POLICY

All survey parties shall be equipped with an automatic
level. Use of dumpy levels shall be limited to times when
wind or heavy equipment causes oscillation of an automatic
level's compensator.  Additionally, where first or second-
order vertical control is sparse, the use of specialized,
precise levels may be necessary.

B. AUTOMATIC LEVELS (SELF-LEVELING)

The Division's Inventory of automatic levels includes Topcon
AFT-2, Leitz B-1 and Zeiss NI-2 with micrometer.  The
principle of operation is essentially the same in all makes.
 
The line of sight is maintained perpendicular to the
direction of gravity through a system of prisms called a
compensator.  This compensator maintains a horizontal line
of sight when the instrument is approximately leveled.

Automatic levels have three leveling screws and a circular
bubble whose upper inner surface is spherical and has etched
a bull's eye on it.  This bull's eye generally defines the
limits within which the compensator will maintain a
horizontal line of sight.

1. Adjustments - Adjust an instrument only if testing
shows the need. If adjustment is necessary, it is made
by estimation.  Therefore, the test must be repeated
after each adjustment until the required tolerance is
met.  After all adjustments are made, repeat each tests
to be sure each adjustment has held through subsequent
adjustments.

With the exception of parallax elimination, which is
performed each time an instrument is used, check the
adjustments described below at intervals of 90 days. 
Check more often if significant discrepancies appear in
a level circuit.  If the instrument has not been used
for a long time or a long circuit with few checks is to
be run, test the level before starting.  When running
three-wire or other high-order levels, check the
adjustments at the start of each day's run or more
often, if required.
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Adjust level bubbles with the instrument in the shade.
 Most adjustments are more valid, and easier, if the
temperature is constant.  Field adjustment procedures
are detailed below.  When possible, consult the
manufacturer's instructions for specifics.  Only the
adjustments listed below should be made in the field. 
Other adjustments should not be attempted.  Do not
attempt adjustments that require dismantling any part
of the instrument.

a. Parallax

When working with any instrument telescope, an
observer simultaneously views two images.  One is
the object focused on by the telescope, and the
second is the cross hairs image.  Both must come
to focus on a single plane in order to be seen
clearly.  If this condition is not met, parallax
exists.

1) To test - the telescope should be focused on
some distant well-defined object with the
cross hairs appearing sharply focused.  While
viewing the object, the observer's eye is
shifted slightly horizontally and vertically
to check for any movement of the cross hair
relative to the object.  If the cross hairs
do not oscillate over the object then
adjustment is not necessary.  If the cross
hairs do appear to move on the object,
parallax exists and must be corrected.

2) To Adjust - to eliminate parallax, turn the
reticle focus slightly until no movement of
the cross hairs relative to the object is
detected.  Re-adjust the telescope focus and
check for parallax again.  Repeat the
procedure as necessary until parallax is
eliminated.

b. Circular Bubble

1) To Test:

a) Carefully level the instrument, making
sure the "bulls-eye" is exactly
centered.

b) Rotate the telescope 180� and check the
bubble.
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2) To Adjust:

a) If it is not centered, bring the bubble
halfway to the center by using the
adjusting screws beneath the knurled
ring around the bubble.

b) Re-level the instrument, rotate it
180�, and repeat the adjustment, if
necessary, until the bubble remains
centered.

When adjustment is complete all
adjusting screws should be snug but not
strained.  The bubble should remain
exactly centered in the ring when the
telescope is turned in any direction.

c. Horizontal Cross Hair (Two-Peg Test) - This test
checks the collimation of the line of sight (as
defined by the horizontal cross hair) with true
level (as defined by the instrument's leveling
apparatus).

1) To Test:

a) Set two stable points (with a
well-defined, high point on each) on
level ground, 200 feet apart as shown in
Figure 2-04-A.  The pegging course
should be on stable ground, free from
vibrations caused by traffic or heavy
equipment.

b) Set up the instrument at "A", exactly
midway between the two-peg points.  Read
the same rod on both points.  Read to
the nearest thousandth of a foot.  Note
which point has the greatest (lowest)
reading.

c) To assure good results, repeat these
readings with the level at a different
height of instrument (HI).

d) Compute the average difference in
elevation from the two sets of readings.
 This is the "true" difference between
the pegs:  the balanced sights eliminate
any horizontal cross hair error.
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)The level is then moved to the point 20 feet outside of point A.
 Read the rod on point A first.  If point B is lower than point
A, add the difference in elevation as determined in the first
set-up to the reading on point A.  This should be the reading on
point B � .005 ft.

2) To Adjust:

a) Unscrew the reticle cover.  (This is a
circular cap at the eyepiece end of the
telescope barrel.)  A small capstan-head
screw will be exposed just above the
eyepiece.  This raises and lowers the
cross hair reticle against a spring
loading.  (See note below.)

b) Adjust the horizontal cross hair to the
corrected reading on the far rod.

c) Replace the cap and check the rod
readings on both points.  The difference
in readings should approximate, within
required tolerance, the "true"
difference in elevation of the points. 
If so, this completes the adjustment.

Note:  Some instruments have two
capstan-head adjusting screws one atop
the reticle and one below.  The
two-screw adjustment requires a
corresponding loosening of one screw and
tightening of the other.  The adjustment
is made in gradual, successive sets of
"loosen one and tighten the other". 
When adjustment is completed both screws
should be snug but unstrained.

2. Accessory Equipment - Parallel Plate Micrometers are
available for most automatic levels.  This accessory
consists of a drum micrometer that is linked to an
optically ground, plano-parallel lens.  The surfaces of
a plano-parallel lens are exactly parallel.  When the
lens is rotated, it offsets the line of sight exactly
parallel to the true line of sight.

When a rod is read, the micrometer knob is turned until
the cross hair appears to coincide with the lowest
possible whole graduation on the rod.
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This "offset" reading on the rod plus the direct
reading from the micrometer drum equals the actual rod
reading to thousandths.  By use of this accessory the
estimation of thousandths is eliminated.

C. DUMPY LEVELS

The dumpy level was at one time used extensively on all
engineering works.  Although automatic levels have to a
great degree, replaced this simple instrument, a few remain
in the Division's inventory.

1. Adjustments - Due to its simple construction, dumpy
levels have only two principal adjustments.

a. Bubble Tube

1) To Test - Set up the instrument so the bubble
tube is directly over two opposite leveling
screws, and carefully enter the bubble. 
Rotate the instrument 90� to place the
bubble tube over the remaining pair of
leveling screws and again center the bubble.
 Rotate the instrument 180� to reverse the
tube's position.  If the bubble runs off
center, an adjustment is necessary.

2) To Adjust - The distance the bubble moves
represents twice the error present.  To
correct, bring the bubble back halfway by
turning the adjusting nuts at one end of the
bubble tube.  Re-center the bubble using the
two level screws in line with the tube. 
Rotate the instrument 90� and center the
bubble using the other pair of leveling
screws.  Provided the adjustment was done
correctly, the bubble will remain centered as
the instrument is rotated.  If the bubble
runs again, repeat the adjustment until it
stays centered.

b. Horizontal Cross Hair - Adjust the reticle in the
same manor as described for automatic levels.

D. LEVEL RODS

1. San Francisco Rod - This type rod is the standard for
routine differential leveling.
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a. Rod Construction - This rod consists of three
sliding wooden staffs with replaceable metal scale
faces.  The scales are graduated in 100ths of a
foot by unique marking which are designed to
prevent reading errors.

b. Adjustments - The positions of the metal scales on
the two top staffs should be checked with a steel
tape while rod is fully extended and locked. 
Adjust the two upper scales by loosening their
retaining screws and indexing the tapes at the
exact distance from the bottom of the rod.

c. Advantages

1) The rod is sturdy and will take considerable
abuse.

2) Each of the three metal scales is
replaceable.

3) The notes kept for leveling with this type of
rod provide a record, which can be checked in
the office.

2. Invar-Tape Rod - This type rod is used for precise
geodetic leveling.

a. Rod Construction - This type of rod consists of an
aluminum staff, 3 meters long, which "carries" an
invar tape.

The invar tape is precisely graduated in either
half-centimeters, centimeters or special bar
coding.  The bottom of the tape is secured to a
hardened steel shoe at the base of the rod.  The
upper end of the tape is held at an established
tension by a strong spring.  This method of
"suspending" the invar tape in the tape guides
allows the tape to remain at a constant length
even when the staff expands or contracts.

b. Checking and Maintenance - Precise rods are used
in matched pairs.  Periodically check the rods to
verify that the index difference between them
remains constant.  Index is checked by comparing
high and low readings made on each rod on the same
point.  If index has changed, either the tape
guides are fouled or the rod has been damaged.

When a tape is badly damaged, replace the rod. 
Tape replacements are not available.
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If the tape guides are fouled, carefully
disassemble and clean the guides.

3. 25-Foot Fiberglass Rod

a. Rod Construction - This rod consists of five
tubular sections, which telescope from 5 to 25
feet.  It has San Francisco-type graduations. 
Later models have spring biased locking buttons,
whereas the sections of older models were held in
place by slotted twist-type retainers which were
bonded to the sections.

b. Advantages and Uses - The fiber glass rod is very
useful where relatively low accuracy is sufficient
and where large differences in elevation are
encountered.  With this rod, twice as much relief
can be covered from one setup than when using a
Frisco rod.  It is a time-saver on work where
difference in elevation, rather than distance,
determines the frequency of turns.  This is
especially true where vegetation is a factor. 
Fiberglass has another significant advantage: it
is nonconductive.  When dry, it may be used around
electrical installations with caution.

c. Precautions - Be alert for slippage of the
sections when the rod is extended, especially with
a well-worn rod.  Maneuvering the fully extended
rod is awkward, and it is particularly cumbersome
in high winds.  Do not use this rod if consistent
accuracy to hundredths of a foot is required.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-05 ANGLE AND DISTANCE MEASURING INSTRUMENTS

Revised 11/01

A. GENERAL

Transits and theodolites are instruments designed to measure
horizontal and vertical angles.  Angle measuring instruments
were originally theodolites.  As the design and manufacture
of optical instruments progressed, the original very long
theodolite telescope became shortened to the point that the
telescope could be revolved 360 degrees about its horizontal
axis.  This act of turning the telescope over, called
"transiting" the telescope, speeded up alignment work and
permitted the averaging-out of sighting and instrumental
errors.  These instruments became known as transiting
theodolites, and, in time, simply as transits.

Further improvements in instrument design resulted in
three-screw leveling bases, with optical scales as opposed
to the older design, which was characterized by four-screw
leveling bases, together with open-faced, silvered (later
aluminum and glass) scales read with the aid of attached
vernier scales.  To differentiate between the old-style
instruments and the newer instruments, surveyors began to
call the new instruments theodolites.

The vernier transits have been largely replaced with optical
scale theodolites, optical micrometer theodolites, and
electronic theodolites.  Many colleges and universities,
however, still introduce their students to angle measurement
techniques by using vernier transits; the simple, open
design permits the students to readily understand the
mechanics and geometric principles of these instruments.

Transits are often graduated to one minute of arc; some
transits are graduated to twenty seconds of arc.  Optical
scale theodolites are also graduated to one minute of arc,
whereas optical micrometer theodolites can be graduated to
20, 10, 6, 1 and .2 seconds of arc.  Electronic theodolites
may read to one second of arc, but the actual precision can
be from 10 seconds to a fraction of a second, depending on
the design.

Electronic Distance Measurement instruments (EDMI) are the
result of advances in electronics technology.  Distances are
now measured by light waves including laser and infrared. 
Use of EDMI has almost entirely eliminated the taping of
distances.  The Total Station instrument is the name applied
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to instruments that combine an Electronic Distance Measuring
instrument and a theodolite.  These instruments have
replaced the "stand alone" theodolites and EDMI on all of
the Division's Survey Crews.

B. THEODOLITES

1. Definition - In this Manual the term "theodolite"
refers to a tribrach-mounted, closed, optical-reading,
angle-measuring instrument with an optical plummet. 
That is, a theodolite is secured to a tripod by its
separate base, the tribrach; the circles are read
through a microscope and prism system; and it can be
plumbed over a point without using a plumb bob.  (The
term "transit" is limited to an instrument that has
open circles and verniers that must be read directly
with the naked eye or with the aid of a hand-held
magnifier.)

2. Tribrachs - A tribrach is the base of an instrument and
it contains the leveling screws and the 5/8" X 11
female thread that accepts the tripod's instrument
fastener screw.

3. Vertical Circle and Telescope Orientation - Theodolites
used by the Division have vertical circles that are
zenith oriented (telescope pointed overhead) at zero
degrees.  When the telescope is horizontal and the
vertical circle is to the left of the line of sight,
the vertical circle "reads" 90 degrees.  This attitude
of the theodolite is called "circle left", "face I" or
the "direct" position.  In the "reverse" position
("face II" or circle right") the vertical circle is to
the right of the line of sight.  In this attitude the
vertical circle "reads" 270 degrees when the telescope
is horizontal.  In this MANUAL the terms "direct" and
"reverse" are used.

4. Basic Types - Two basic types of theodolites are
manufactured.

a. Repeating Theodolites - These instruments can be
used to measure a horizontal angle by repeating
(or accumulating) the angle.  The horizontal
circle can be turned independently about the
vertical axis or it can be turned with the
alidade.  A measured angle, either horizontal or
vertical, is read internally at one point on the
circle through the reading microscope.

Repeating theodolites are generally graduated to
20 seconds or one minute; however, 10- second and
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30-second models are manufactured.  Most
one-minute repeating theodolites marketed in the
United States have horizontal circles, which are
graduated clockwise and counterclockwise.  Other
repeating theodolites, and some one-minute
instruments, are numbered only in one direction -
clockwise or to the right.  Certain makes of
one-minute theodolites are available with either
type of graduation.

Repeating theodolites are used primarily on design
surveys and on construction staking.  They are not
to be used for precise control surveys.

b. Direction Theodolites - In these instruments the
horizontal circle cannot be moved by rotating the
alidade; it is moved by a "circle drive knob". 
After initial pointing the horizontal circle
remains fixed during a set of observations. 
Angles cannot be accumulated or repeated.

The horizontal circle is single-numbered,
clockwise-graduated and read through a reading
microscope.  A single microscope reading is a mean
of readings on two diametrically opposite points
on the circle.  Thus, errors of circle
eccentricity are eliminated.

5. Accuracies to Expect - From testing, manufacturer's
technical data, and conservative assumptions, probable
accuracies calculated for horizontal angles (measured
by an experienced Instrument Man under good conditions)
are, for a One-Second Theodolite, a maximum error of:

a) One Position (1D, 1R) - 4 seconds
b) Two Positions - 3 seconds
c) Four Positions - 2 seconds

C. ELECTRONIC DISTANCE MEASURING INSTRUMENTS (EDMI)

1. General - The development of Electronic Distance
Measuring Instruments (EDMI) is the most noteworthy
recent advancement in surveying.  Linear measurements,
in any practical range, can be made speedily and
precisely due to the development of short, medium, and
long-range EDMI.  To realize the many benefits of EDMI,
each surveyor should become familiar with the
application, operation, and maintenance of EDMI.

2. Principles of Operation

a. Definitions
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1) Amplitude - The departure of a wave from its
average value.  Amplitude indicates the
amount of energy contained in a wave.  For a
light wave, the amplitude corresponds to the
intensity or brightness of the light.

2) Phase - The position of a wave in relation to
some standard position.  Phase is expressed
as an angle and is usually measured in
radians.

3) Modulation - The varying by external means of
the amplitude, phase, or frequency of a wave.
 Amplitude modulation of light causes
pulsation in the brightness of the light.

4) Photocell or Photo-Diode - A type of tube or
diode in which light-sensitive plates are
used.  When light strikes these plates,
electrons are dislodged and caused to flow.

5) Sine Wave - A wave form, which is similar in
appearance to the graph of the trigonometric
sine function.  The amplitude of the wave is
proportional to the phase angle.

6) Heterodyne - The mixing of two different
frequencies.  This produces beats or
pulsations of a third, lower frequency.

7) Frequency - The number of complete wave
oscillations produced per second.

8) Phase-Detector - A device which detects and
indicates the phase difference between two
signals, usually a received signal and a
reference signal.

9) Carrier Wave - A very high frequency beam,
such as a light beam, which is used to
transmit some type of modulated signal.  The
carrier is not measured, but the modulated
signal is.

10) Resolver - A device which varies a
phase-detector until some specified phase
relationship is obtained.  The resolver has a
calibrated readout so the amount of movement
needed to produce the specified phase
relationship can be determined.

b. Description - All EDMI used by the Division
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operate essentially on the same principles.  The
sequence of events that occurs in a measurement
process is:

1) Signal Generation - One "generator" produces
two amplitude modulated signals.  One signal
is transmitted externally as a beam of light
and the other remains internal.

2) Signal Transmission

a) External Signal - The external signal
(light) is transmitted from the
instrument to a "remote" reflector and
back to the EDMI.

b) Internal Signal - The internal signal,
the reference signal, travels a known
path within the EDM.  It serves as a
zero point for measurement of the phase
shift (see Item 5), below) of the
external light.

3) Signal Reception and Conversion - The
reflected external signal returns to the
instrument and is converted into an
electrical signal by the photocell.

4) Heterodyning - Before phase comparison is
made, both signals, external and reference,
are converted to a lower frequency by
heterodyning.  The resulting lower frequency
has the effect of averaging a large number of
high frequency wavelengths.  This reduces the
effect of atmospheric disturbances on the
measurement.

Note: The angular phase shift for the lower
frequency is the same as for the higher
frequency.

5) Phase "Shift" Measurement - The angular
difference between the reference signal's
phase and the returned signal's phase is
called "shift".  Shift is a function of the
distance being measured.  It is measured by
the phase-detector and the resolver.  This
determines the length of the last partial
wavelength entering the instrument.  The
number of whole wavelengths required to span
the remainder of the distance is determined
by measuring at two or more frequencies and
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observing the relationship between the
frequencies.  In other words, partial
wavelengths are determined for several
frequencies.

6) Distance Determination - By mathematically
comparing the partial wavelengths of several
frequencies, unambiguous distances can be
determined.  The principle is illustrated by
the example in Item c, below.  Remember, it
is the phase "shift" of the external signal
which is measured.  Neither the travel time
of the light nor the frequency of the light
is measured.  The light beam acts only as a
"carrier" for the modulated signal.

c. Example - Assume that the same distance is
measured with three tapes of different lengths: 
tape "A" - 100.00 feet, tape "B" - 99.00 feet, and
tape "C" - 90.00 feet.  (The tapes correspond to
the frequencies in an EDM.)  Only the last partial
tape length is recorded for each tape.  (The
partial tape lengths correspond to the partial
wavelengths in electronic measurements.)  The
partial tape lengths (remainders) are:

Tape "A" - - -   1.00'
Tape "B" - - -   2.00'
Tape "C" - - -  11.00'

Tapes "A" and "C" have a lowest common denominator
(LCD) of 900.  This means that tapes "A" and "C"
would repeat the above remainders at only 101',
1,001', 1,901', ...100,901', ...200,801', ... (The
first length is determined by trial and error;
each following length is computed by adding the
LCD to the preceding length.)

Tapes "A" and "B" have a LCD of 99,900.  The
listed remainders for tapes "A" and "B" would
occur at 1,001', 100,901' 200,801'....

From the possible remainders calculated for tapes
"A" and "C" and those for tapes "A" and "B", the
distance measured must be 1,001.00', or
200,801.00' or ... because these are the only
lengths that will give the matching remainders
shown.

With EDMI the second largest possible length is
normally beyond the range of the instrument.  Or,
the differences between the various possibilities
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are usually so great that the correct length can
be easily selected by estimation.

D. TOTAL STATION INSTRUMENTS

1. General

The name Total Station is applied to instruments that
combine and EDMI and a theodolite.  Because of
different operations that must be performed on
different types of this configuration there is a need
to define and name three separate types.  They are:

a. Manual Total Station - Both distance measuring and
angle measuring make use of the same Telescope
Optics (coaxial).  Slope reduction of distances is
done by optically reading the vertical angle (or
Zenith angle) and keying it into an on-board
calculator or any pocket calculator.  Horizontal
angles are read optically.

b. Semi-Automatic Total Station - Contains a vertical
angle sensor for automatic reduction of distances
(without keying in a slope angle).  Horizontal
angles are read optically.

c. Automatic Total Station - Both horizontal and
vertical are read electronically for use with
slope distances in a data collector or internal
computer.  These are the only types used by Plats
and Surveys Division.

2. Total Station - Theodolite Part

a. Angle measuring - Electronic Theodolites employ an
incremental method of angle measurement.  These
instruments have multi-layered glass circles that
are graduated into unnumbered gratings.  The
number of gratings involved in a measurement is
determined from whole circle electronic scanning
by light emitting diodes which are positioned
above and below the glass plates.

Circle imperfections are thus compensated for,
permitting higher precision with only one circle
setting.  The measured distance of activated arc
is then decoded and displayed as degrees, minutes
and seconds.

b. Accuracy - Most models in the Division's inventory
have an accuracy (standard deviation of a
direction, direct and reversed) of 3".
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c. Adjustments - Total Stations and theodolites are
high precision instruments.  Unlike high-precision
laboratory Instruments, they are used outdoors,
under all types of atmospheric conditions.  They
are transported in trucks and vans, over all types
or terrain, and expected to function perfectly
every time they are attached to a tripod.

Fortunately, surveying instruments have adjustment
screws that allow the user to make field
adjustments, when necessary.  Details of
instrument construction vary with manufacturers,
and with different models from the same
manufacturer, but the desired features are the
same.  The following is a list of conditions that
must be fulfilled.

1) The vertical axis must be perpendicular to
the bubble axis so as to have the vertical
axis truly vertical when the bubble is
centered.

2) The line-of-sight must be perpendicular to
the horizontal axis so that the line-of-sight
revolves in a vertical plane rather than
along a conical surface.

3) The horizontal axis must be perpendicular to
the vertical axis so that the horizontal axis
is parallel with the bubble axis and the
line-of-sight passes through a vertical plane
rather than an inclined one when the
telescope is rotated about the horizontal
axis.

4) The vertical cross-hair should be vertical
and the horizontal cross-hair should be
horizontal when the instrument is leveled.

5) The vertical axis, horizontal axis, and
line-of-sight should intersect at one point.

6) The vertical axis should pass through the
center of the horizontal circle.

7) The optical plummet axis should be coincident
with the vertical axis and perpendicular to
the plate bubble axis.

With very few exceptions, an out-of-adjustment
angular measuring instrument will give the correct
results if direct and reverse circle readings are
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taken and the mean values used.  The problems that
survey parties encounter are the result of
single-face measurements.

The one error that is not corrected by direct and
reverse readings is Item 1) in the above list.  If
the bubble axis is not perpendicular to the
vertical axis, the bubble will move when the
instrument is pointed in different directions. 
Re-centering the bubble does not bring the
vertical axis into the vertical plane; the result
is the horizontal circle is not rotating in a
horizontal plane.

The correct observing procedure is to mount the
instrument on the tripod, and level the plate vial
as you normally would.  With the bubble centered,
rotate the instrument 180�.  If the bubble
remains centered, the instrument is in adjustment,
with the vertical axis truly vertical.

If the bubble moves off-center, the vertical axis
is not vertical, and the amount the bubble moves
is an indication of the amount of inclination.  If
the number of divisions the bubble moved is
counted, it can be moved back half the number
using the leveling screws, making the vertical
axis vertical.  If the bubble is kept in this same
off-center position when pointing the telescope in
any direction, the vertical axis will remain
vertical and the horizontal circle horizontal.

In summary, Field adjustments to the angle
measuring function of a Total Station instrument
are usually confined to:

1) Plate Level
2) Circular Level
3) Reticle Adjustments
4) Coincidence of the Distance Measuring Axis

with the Reticle
5) Optical Plummet

THESE ADJUSTMENTS SHOULD BE MADE BY FOLLOWING THE
INSTRUCTION MANUAL SUPPLIED WITH EACH INSTRUMENT.

3. Total Station - EDMI Part

a. Principles of Operation - See previous C.2. of
this section.

b. Atmospheric Correction
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The velocity of light through air is affected by
the atmospheric temperature and pressure.  If the
velocity of the EDM's light beam is slowed, the
distance displayed will be longer than the true
distance.  If it is faster, the displayed distance
will be shorter than the true distance.

The affect on the distance is computed in Parts
Per Million (PPM).  One PPM is equal to 1 mm per
km or .001 ft. per 1000 ft.  If the computed
correction is +30 PPM, the distance will be
affected by 30 mm per km or .03 ft. per 1000 ft.
If one failed to correct for this, a 2 mile
traverse would be in error by 0.30 ft. due to
atmospheric conditions alone.

EDMI have three methods for applying the
correction:

1) The correction is obtained from a chart based
on the temperature and pressure.

2) The temperature and pressure are keyed into
the EDMI and the machine computes and applies
the correction.

3) The EDMI itself measures the temperature and
pressure and applies the appropriate
correction.

Refer the EDMI's manual to determine which type it
is.

c. EDMI Precision

The statement of precision for an EDMI is a
two-part number, such as (5 mm + 5ppm).  The first
number, 5 mm (0.016 feet), means that at any
distance, the EDMI can have a spread, in distance
measured, of as much as 5 mm from the mean
distance.  If the EDMI is calibrated to a National
Geodetic Survey (NGS) baseline, this mean distance
will be the true distance.

The second number, 5ppm, is equivalent to 5 mm per
km or .005 ft. per 1000 ft.  This is especially
important when using the EDM to measure long
distances.  At 800 meters (2625 feet), 5 ppm is
only 4 mm (0.013 feet).  At 1400 meters (4593
feet), 5 ppm is 7 mm (0.023 feet).  Therefore, an
EDMI used to measure a distance of 4593 feet could
show a measured distance that could vary as much
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as 5 mm + 7 mm or 0.039 feet.

d. EDMI test and calibration

To determine the accuracy of an EDMI, a comparison
of distances measured to known distances must be
made.  This can be performed at calibrated
baselines established in the State by the NGS.

Prior to going to a test range, check all
tribrachs and optical plummets to make sure they
are in good adjustment.  If the EDMI or total
station requires a screwdriver or special tool to
make offset changes, make sure you have this tool
available.  Read the paragraph in the instrument
instruction manual that describes the process of
changing offsets.  The prism(s) that will be used
to calibrate the instrument should be the same
prisms that will be used with this instrument on a
daily basis.

The calibration procedures should be as follows:

Step 1 - Position the Total Station instrument
directly over the "150" monument of the calibrated
baseline.  Carefully level the instrument.

Step 2 - Position a prism directly over the 0
meter and 430 meter monuments.

Step 3 - Determine the atmospheric temperature and pressure and
set the corresponding PPM correction in the EDMI.
 Switch the EDMI to the metric measuring mode and
the readout for horizontal distances.

Step 4 - Measure the distance to the 0 meter
monument ten times and compute the mean.

Step 5 - Measure the distance to the 430 meter
monument ten times and compute the mean.

Step 6 - Add the two mean distances together. 
Subtract the published distance from this value. 
The result is twice the offset error.

Step 7 - If necessary, change the instrument
constant and repeat steps 1 through 6 to check.

Step 8 - Move 430 meter setup to the 1400 meter
monument and measure this distance ten times.
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Step 9 - Move the instrument to the 430 meter
monument and measure the distance to the 0 meter
point ten times.

Step 10 - Measure the distance to the 1400 meter
monument ten times.

Step 11 - Move the instrument to the 1400 meter
monument and measure the distance to the 0 meter
monument ten times.

Evaluate all of the measurements taken to see if
they agree with the published distance within the
stated accuracy of the instrument.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-06 TAPES

Revised 11/01

A. GENERAL

Surveyor's tapes are available in various lengths of
different materials, and with numerous methods of
graduation.  This manual deals only with the types commonly
used by the Division.

B. STEEL TAPES

The Division uses both standard and metric steel tapes. 
Standard tapes are 50 ft., 100 ft. and 200 ft. and are
graduated in feet, tenths and hundredths throughout their
length.

Metric tapes are 30 meters in length and are graduated in
meters, decimeters, centimeters and millimeters throughout
their length.

C. NON-METALLIC TAPES

Non-metallic cloth tapes are made from synthetic fibers,
coated with a flexible, durable plastic.  Markings are
impressed into the fibers and protected by a final coat of
clear plastic.  Standard Non-metallic cloth tapes are
graduated to 0.05 foot throughout their length.  They are
available in 100-foot lengths without cases.  Metric tapes
are 30 meters long and graduated in meters and centimeters.

Non-metallic cloth tapes are subject to stretching and
shrinking and should never be used for precise measurements.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-07 OTHER SURVEY EQUIPMENT

Revised 11/01

A. HAND-HELD COMPUTERS/CALCULATORS

1. General

Electronic calculators are highly adaptable to
fieldwork.  Calculators programmed for trigonometrical
functions have almost totally eliminated the need for
field tables.  Further, errors from table usage are
also eliminated.  Some electronic calculators used by
the Division are programmable.  That is, these
calculators have the capacity to store and run programs
involving many mathematical steps.

     2.   Sharp - Model EL 5500 III

The Sharp EL 5500 III has been issued to all Party
Chiefs.  The hand-held computer has an alphanumeric
keyboard, 8 KB RAM, 26 memories, 85 programmed
scientific functions and a 24-digit Dot Matrix display.

A modified COGO program using Sharp Basic Language has
been written and loaded into these machines.  The
routines included in this program allow the survey crew
to perform many tasks that heretofore would have been
prohibitive because of the complex mathematics
involved.

          Some examples of this are:

a. While performing a metes and bounds survey, two
pipes that are thought to constitute a deed line
are located by angle and distance from a traverse
station.  The two pipes are not intervisible
because of obstructions and the distance between
them cannot be checked for comparison to the deed
distance.  Using the Sharp calculator it is
possible to rapidly compute this distance by:

1) Assume, if need be, coordinates on the
occupied station.

2) Locate the first pipe by the "Locate Bearing
Routine" (LBR) using an assumed bearing and
the measured distance.
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3) Locate the second pipe by the "Locate Angle
Routine" (LAN).  Use the angle difference
between the first pipe and the second pipe
and the measured distance.

4) Inverse between the two pipes using the
"Inverse Bearing Routine" (IBR).  If the
inverted distance is close to the deed
distance it can be assumed that the correct
pipes have been located and the survey may be
resumed.  If the invades distance is not
close to the deed distance the inverse
distance can be used to facilitate further
search for another pipe or corner.

b. A right-of-way (R/W) stakeout is being performed
on a project where the baseline and R/W breaks
have coordinate values assigned.  It is necessary
to place R/W stakes along a line where the R/W
breaks are separated by a long distance that runs
through many obstructions.  The location of points
along this line can be calculated by:

1) Store the coordinates of the occupied
baseline station and the baseline station
sighted on.  Store the coordinates of the R/W
breaks.  Note the assigned number of these
points.

2) Turn and record angles that fall between the
obstructions and that are on clear lines of
sight.

3) Using the recorded angles and an assumed
distance of say 500 feet, by the "Locate
Angle Routine" (LAN) set a series of points.
 Note the assigned numbers of these points.

4) Assess the "Points Intersect Routine" (PIT).
 Use the point numbers that define the R/W
line as Line 1.  Use the number assigned to
the occupied point in combination with the
points established in Step 3) to define Line
2.  Intersect and note assigned intersection
numbers.

5) Inverse between the occupied station and the
intersection points established in Step 4)
using the "Inverse Bearing Routine" (IBR). 
Note distances between occupied station and
intersection points.
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6) Use recorded angles from Step 2) and inverse
distances from Step 5) to set R/W stakes.

B.   COMPASSES

1. Features - The essential features of compasses used by
surveyors are:

a. A compass box with a circle graduated from zero
degrees to 90� in both directions from the north
and south points.

b. A line of sight along the south-north points of
the compass box.

c. A magnetic needle.

When the line of sight is pointed in a given direction,
the compass needle gives the magnetic bearing.

2. Type

The pocket compass is the type issued to Division
crews.  This is generally held in the hand and bearings
observed.  It is used on Metes and Bounds surveys to
trace property lines and on Global Positioning Systems
(GPS) reconnaissance surveys where the bearing and
distance to all obstructions extending 20 degrees above
the horizon must be noted.  It should also be used to
place an approximate bearing on baselines used in
borrow-pit surveys.

C.   HAND LEVEL

A basic instrument used on survey crews is the hand (Locke)
level.  It consists of a spirit bubble and sighting
horizontal wire held in a telescope having zero or 2x
magnification.

Low-cost hand levels generally have a sighting chamber with
no optics and only a horizontal cross hair and mirror to
show the bubble image on the wire.  Sights are considered
level when the bubble is centered on the wire.  Low-powered
optics are often introduced in the hand level to extend the
distance of operation.  Generally, unaided sights are used
up to 30 feet and optic assisted sights to 70 feet.

These instruments are usually used in cross-section and
taping operations.  Hand levels should be tested
periodically and adjusted when necessary.

2.7.3



D. TRIPODS

Standardization by instrument manufacturers has created a
need for only two types of surveyor's tripods:  European and
American.

1. European - This tripod has a 5/8" (diameter) X 11
(threads per inch) instrument fastener, which secures
the instrument to the tripod head.  The centering range
of the fastener is approximately 1-1/2 inches. 
European tripods have a wide-frame design.  In this
design the leg dowels for each leg are attached to the
tripod head at a spacing of approximately four inches.
 This gives greater stability.  The European tripod is
the standard tripod for Division instruments.

2. American - The American tripod has a threaded head for
fastening instruments.  The head is 3-1/2 inches in
diameter with eight threads per inch.  Most of these
tripods are now supplied in the wide-frame style.  The
American tripod is used with American-made engineers
transits and dumpy levels.

Both types are available with either fixed legs or
extension legs. The extension-leg tripod is much
preferred.  It is easier to store and is more flexible
and easier to use.

The stability of a tripod can be maintained by
periodically checking the fittings for excessive "play"
and keeping all screws and bolts snug.  Moving parts
should operate smoothly and freely.

E.   METAL DETECTORS

Electronic metal detectors have replaced the old dip needle
instruments that were previously used.  The electronic
detectors will sense ferrous metal (iron and steel) at
considerable depths.  They operate on the
fluxgate-magnetometer principle, which means they locate the
magnetic field found around any ferrous object.  The
detection of a magnetic field activates an audio signal,
which is transmitted through a loudspeaker or an attached
headset.

Electronic metal detectors are used extensively on metes and
bounds and recover surveys.  Better quality electronic
detectors are expensive but economically practical
investments.
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F. ABNEY LEVEL (CLINOMETER)

This instrument is suitable for both direct leveling and for
measuring slope angles.  For direct leveling, the index of
the graduated arc is set at zero.  When it is used as a
clinometer, the level tube is rotated about the axis of the
vertical arc until the cross wire bisects the bubble as the
object is sighted.  Either the slope angle or the slope
percentage is then read on the vertical arc.  The Abney
level can be used to acquire approximate heights of
structures and overhead wires.  Its primary use is for
mapping the horizon on GPS reconnaissance surveys.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-08  PARAVANT DATA COLLECTOR AND PERIPHERALS

A. DISK OPERATING SYSTEM (DOS)

1. General - This section covers some of hardware that
makes up the system as well as some of the most
frequently used commands for copying, printing,
listing, deleting and manipulating files.

2. Disk Drives - The paravant has 4 disk drives when the
portable disk drive is connected.  These are lettered
A: through D:.

a. The A: drive refers to the 1 Megabyte external
drive, which is a removable random access memory
(RAM) card.  All executable programs (.EXE) files,
batch (.BAT) files, parameter (.PAR) files, back-
up (.BAK, .TBK, .XBK) files, and text (.TXT) files
must reside on this drive.

b. The B: drive is the normal working drive and
refers to either an internal drive on the older
units or to the 512 RAM drive on the newer units.
 This drive normally contains the field (.FLD)
files, the traverse (.TRA) files, the cross-
section (.XCT) files, as well as copies of the
.TXT and .PAR files.

c. The C: drive is an internal drive, which contains
the programs that make up the operating system of
the paravant.  This drive is write-protected so
that it cannot be altered.

d. The D: drive is the portable disk drive.  This
drive is connecting to the unit via a RS232 serial
port and cable.  It is used for creating disks for
sending into the office and for storing back-up
copies of programs and data.

3. System Files - Although these files are on the C:
drive, customized versions of them must be on the A:
drive for the paravant to operate properly.

a. COMMAND.COM - This file contains instructions for
performing various functions.  It is a "binary"
file and cannot be printed or viewed.

b. CONFIG.SYS - This file contains settings for
general operation of the unit. It is an ASCII file
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and can be viewed and printed.

c. AUTOEXEC.BAT - This file is a batch file that runs
automatically whenever the unit is re-booted.  It
is an ASCII file.

4. DOS Commands - These commands can be issued with drive
letters and switches.  A switch alters the way the
command works.

a. DIR - This command will display a directory
listing of files.  DIR A: will list the files on
the A: drive.  DIR/W will display a wide listing.

b. COPY - This command copies files from one place to
another.  COPY JUNK.FLD D: will copy the JUNK.FLD
file to the portable disk drive.  COPY D:JUNK.FLD
copies the JUNK.FLD file from the D: drive.

c. RENAME - This command changes the name of a file.
 RENAME JUNK.FLD SAMPLE.FLD changes the name of
the JUNK.FLD file to SAMPLE.FLD.

d. DEL - This command deletes a file.  Once the file
is deleted, it cannot be brought back!  DEL
JUNK.FLD deletes the JUNK.FLD file.

e. TYPE - This command displays the contents of an
ASCII file.  TYPE JUNK.FLD will list all of the
data stored in the JUNK.FLD file to the screen.

f. PRINT - This command will cause a file to be
printed out on the printer if attached.  PRINT
JUNK.FLD will cause the JUNK.FLD file to be
printed out.

g. PATH - This command tells the paravant where to
look for programs if they don't exist on the
current drive.  The AUTOEXEC.BAT file has a PATH
command set to A:\;B:\;C:\

B. SPECIAL FUNCTIONS OF THE PARAVANT

1. Display screen - Various lighting conditions will
effect the screen display.  The screen display can be
changed by holding down the FUNCT key and pressing the
UP arrow to increase contrast or the DOWN arrow to
decrease contrast.  Press the ALT key and the UP or
DOWN arrows to increase or decrease brightness.

2. Power on/off - Press the FUNCT key and POWER keys
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simultaneously to turn the computer on and off.

3. Extra characters - Press the FUNCT key and the
appropriate letter key to enter special characters not
marked on the keyboard: 

KEY CHAR KEY CHAR KEY CHAR

A ' I & Q }
B ~ J ( R |
C ! K ) S ;
D @ L _ T "
E # M = U <
F $ N [ V >
G % O ]
H ^ P {

4. Rebooting - The collector can be re-booted by entering
an "R" while in DOS or by pressing the reset switch
located in the battery compartment next to the battery.
 Avoid rebooting the computer while in a program as
this may corrupt data files in use by a program. 
Always exit the program normally if possible.

The reset switch normally performs a "soft" reset of
the computer and boots (starts-up) MS-DOS.  This will
have no effect on the internal memory, configuration
settings or the real time clock.

     The reboot will restart the Paravant screen.  Proceed
as normal.

NOTE: If you rebooted during the ETSC program, be
aware, you will have to re-enter the next point and
figure numbers because the default will display Pt.#
301 and Fig. # 1.

C. PARAVANT CONFIGURATION - (If unsure, call the office to see
which configuration your Paravant uses.



2.8.3



1. RHC-44 3512 RAM card in A: drive:

a. From the C: prompt Key-in CONFIG and press Enter.

b. Select F2 - Low Power/Event Wait Configuration.

c. Set up as follows:

Automatic Power Down Timeout   -   10
Power Down = > Wait Keyboard   -   YES
Power Down = > Poll Keyboard : 
Activate: NO Location:  DOS
Enable Serial Port - YES
Install Low Power Handler - YES
Low Power Message Interval - 120

d. Press Escape and save changes.
e. Select F1 - Memory Mapping

f. Set up as follows:

Program Memory Disk Memory

Bank 0 - 00 Disk 1 Start 80
Bank 1 - 01 Disk 1 Stop  83
Bank 2 - 02
Bank 3 - 03 Disk 2 Start 04
Bank 4 - Disk 2 Stop  07

Disk 3 Start 40
Disk 3 Stop  41

Important: Bank 4 must be left BLANK.  The default
setting is 04 for bank 4.  To change this setting
you must enter a -1 at the prompt.  This will
create a blank space for this bank.  If the memory
banks are not set correctly, you will get an error
message "Program/Disk Memory Conflict".

Be sure to save the changes when you EXIT.

If you get ERROR reading drive B: - Go to c:\ and
key-in  FORMAT B: to fix the problem.
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2. RHC-44 MF3513 RAM card in the A: drive

a. From the C: prompt Key-in CONFIG and press Enter.

b. Select F2 - Low Power/Event Wait Configuration

c. Set up as follows:

Automatic Power Down Timeout   -   10
Power Down = > Wait Keyboard   -   YES
Power Down = > Poll Keyboard : 
Activate:   NO          Location:  DOS
Enable Serial Port -    YES
Install Low Power Handler - YES
Low Power Message Interval - 120

d. Press Escape and save changes.

e. Select F1 - Memory Mapping

f. Set up as follows:

Program Memory Disk Memory

Bank 0 - 00 Disk 1 Start C0
Bank 1 - 01 Disk 1 Stop  C3
Bank 2 - 02
Bank 3 - 03 Disk 2 Start 04
Bank 4 - Disk 2 Stop  07

Disk 3 Start 40
Disk 3 Stop  41

Important: Bank 4 must be left BLANK.  The
default setting is 04 for bank 4.  To change
this setting you must enter a -1 at the
prompt.  This will create a blank space for
this bank.  If the memory banks are not set
correctly, you will get an error message
"Program/Disk Memory Conflict".

Be sure to save the changes when you EXIT.

If you get ERROR reading drive B: - Go to c:\
and key-in  FORMAT B: to fix the problem.
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3. RHC-44 with 1MB RAM card in A:

a. From the C: prompt Key-in CONFIG and press Enter.

b. Select F2 - Low Power/Event Wait Configuration

c. Set up as follows:

Automatic Power Down Timeout   -   10
Power Down = > Wait Keyboard   -   YES
Power Down = > Poll Keyboard : 
Activate:   NO          Location:  DOS
Enable Serial Port -    YES
Install Low Power Handler - YES
Low Power Message Interval - 120

d. Press Escape and save changes.

e. Select F1 - Memory Mapping

f. Set up as follows:

Program Memory Disk Memory

Bank 0 - 00 Disk 1 Start C0
Bank 1 - 01 Disk 1 Stop  C7
Bank 2 - 02
Bank 3 - 03 Disk 2 Start 04
Bank 4 - Disk 2 Stop  07

Disk 3 Start 40
Disk 3 Stop  41

Important: Bank 4 must be left BLANK.  The
default setting is 04 for bank 4.  To change
this setting you must enter a -1 at the
prompt.  This will create a blank space for
this bank.  If the memory banks are not set
correctly, you will get an error message
"Program/Disk Memory Conflict".

Be sure to save the changes when you exit.
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4. RHC-44 with 1MB RAM card in A: and 3512 RAM card in B:

a. From the C: prompt Key-in CONFIG and press Enter.

b. Select F2 - Low Power/Event Wait Configuration

c. Set up as follows:

Automatic Power Down Timeout   -   10
Power Down = > Wait Keyboard   -   YES
Power Down = > Poll Keyboard : 
Activate:   NO          Location:  DOS
Enable Serial Port -    YES
Install Low Power Handler - YES
Low Power Message Interval - 120

d. Press Escape and save changes.

e. Select F1 - Memory Mapping

f. Set up as follows:

Program Memory Disk Memory

Bank 0 - 00 Disk 1 Start C0
Bank 1 - 01 Disk 1 Stop  C7
Bank 2 - 02
Bank 3 - 03 Disk 2 Start 80
Bank 4 - 04 Disk 2 Stop  83

Disk 3 Start 40
Disk 3 Stop  41

Important: If the memory banks are not set
correctly, you will get an error message
"Program/Disk Memory Conflict".

Be sure to save the changes when you exit.
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5. RHC-44 with 1 - 2MB RAM card for A: drive:

a. From the C: prompt Key-in CONFIG and press Enter.

b. Select F2 - Low Power/Event Wait Configuration

c. Set up as follows:

Automatic Power Down Timeout   -   10
Power Down = > Wait Keyboard   -   YES
Power Down = > Poll Keyboard : 
Activate:   NO          Location:  DOS
Enable Serial Port -    YES
Install Low Power Handler - YES
Low Power Message Interval - 120

d. Press Escape and save changes.

e. Select F1 - Memory Mapping

f. Set up as follows:

Program Memory Disk Memory

Bank 0 - 00 Disk 1 Start C0
Bank 1 - 01 Disk 1 Stop  CF
Bank 2 - 02
Bank 3 - 03 Disk 2 Start 04
Bank 4 -    Disk 2 Stop  07

Disk 3 Start 40
Disk 3 Stop  41

Important: Bank 4 must be left BLANK.  The
default setting is 04 for bank 4.  To change
this setting, you must enter a -1 at the
prompt.  This will create a blank space for
this bank.  If the memory banks are not set
correctly, you will get an error message
"Program/Disk Memory Conflict".

Be sure to save the changes when you exit.

If you get ERROR reading drive B: - Go to c:\
and key-in  FORMAT B: to fix the problem.
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D. RHC-44E COMMANDS

1. To obtain a directory listing of the files on a floppy
disk that is installed in a CMT disk drive, type CDIR
at the B:> prompt and press enter.

2. To obtain a directory listing of the files on the
Paravant, type PDIR at the prompt that you want to read
(A: or B:) and press enter.

3. To copy files from the Paravant to the CMT disk drive
type FOUT FILENAME  (where FILENAME is the name of the
file you wish to copy) at the prompt you want to copy
from (A: or B:) and press enter.

4. To copy files from the CMT disk drive to the Paravant
type FIN FILENAME at the prompt that you want to copy
to (A: or B:) and press enter.

5. To print files type PFILE FILENAME at the prompt that
you want to print from (A: or B:) and press enter.

6. When you hook up the Paravant to be charged, you will
not hear a beep as you did with the previous model.  If
you turn on the Paravant RHC-44E while in the charging
mode, 1 of 3 things will happen:

a. A message "Fast Charging" will appear if the power
is low.

b. A message "Trickle Charging" will appear if the
power is close to full.

c. A normal screen will appear if power is full.

E. DICONIX 180si PRINTER

1. Charging - The 180si printer is capable of recharging
its own batteries; all five batteries must be recharged
at the same time.  The Power indicator will begin to
flash when battery power is low.  Generally, you can
print two or more pages before all power is depleted.

a. Connect the AC adapter to your printer.

  b. Turn on the printer while holding down the Font
(Recharge) button.

     The recharging operation takes ten hours to complete.
During this time, the font indicator lights will flash
in varying combinations during the ten-hour charge
time, indicating the length of time remaining for the
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complete charging operation.  When 25% of charging has
been completed, the Gothic light will blink:

    +)))))))))))))))))))))))))))))))))))))))))))))))))))))))))),
    *$ Power     +))))))))),+)))))))),+)))))))),               *
    *" Add Paper *" On Line**LF/FF   **Font    * $ Prestige 10 *
    *            *         **        **" Draft * # Prestige 12 *
    *            .)))))))))-.))))))))-.))))))))- $ Helva       *
    * !"####!    $$$$$$$$$$ $$$$$$$$$ $$$$$$$$$  * Gothic      *
    .))))))))))))))))))))))))))))))))))))))))))))))))))))))))))-

When 50% of charging has been completed, the Gothic and
Helva lights will blink:

    +)))))))))))))))))))))))))))))))))))))))))))))))))))))))))),
    *$ Power     +))))))))),+)))))))),+)))))))),               *
    *" Add Paper *" On Line**LF/FF   **Font    * $ Prestige 10 *
    *            *         **        **" Draft * # Prestige 12 *
    *            .)))))))))-.))))))))-.))))))))- * Helva       *
    * !"####!    $$$$$$$$$$ $$$$$$$$$ $$$$$$$$$  * Gothic      *
    .))))))))))))))))))))))))))))))))))))))))))))))))))))))))))-

When 75% of charging has been completed, the Gothic,
Helva and Prestige 12 lights will blink:

    +)))))))))))))))))))))))))))))))))))))))))))))))))))))))))),
    *$ Power     +))))))))),+)))))))),+)))))))),               *
    *" Add Paper *" On Line**LF/FF   **Font    * $ Prestige 10 *
    *            *         **        **" Draft * * Prestige 12 *
    *            .)))))))))-.))))))))-.))))))))- * Helva       *
    * !"####!    $$$$$$$$$$ $$$$$$$$$ $$$$$$$$$  * Gothic      *
    .))))))))))))))))))))))))))))))))))))))))))))))))))))))))))-

When 100% of charging has been completed, the Gothic,
Helva, Prestige 12 and Prestige 10 lights will blink:

    +)))))))))))))))))))))))))))))))))))))))))))))))))))))))))),
    *$ Power     +))))))))),+)))))))),+)))))))),               *
    *" Add Paper *" On Line**LF/FF   **Font    * * Prestige 10 *
    *            *         **        **" Draft * * Prestige 12 *
    *            .)))))))))-.))))))))-.))))))))- * Helva       *
    * !"####!    $$$$$$$$$$ $$$$$$$$$ $$$$$$$$$  * Gothic      *
    .))))))))))))))))))))))))))))))))))))))))))))))))))))))))))-

At the end of the recharging operation, all indicators
will stop blinking and the Power indicator light will
illuminate (steady, not blinking).  The batteries are
now fully charged.

Once the batteries are fully charged, the printer will
operate continuously for a minimum of 50 minutes in the
print mode or 12 hours in the stand-by mode.

2. Printing While Recharging - You can send data from your
computer to the printer during the recharge operation.
 When the 180si printer receives this data, it stops
the recharging process and prints.  If you need to
print while the battery is charging:
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     a. Press the On-Line button to bring the printer on
line.

     b. Insert paper if necessary.

     c. Print.

A short time after the job is finished, the printer
automatically resumes the recharging process from the
point where you left off, provided AC power to the
printer has not been interrupted.

3. Power interruptions - If the AC power is interrupted
during recharging, the recharging operation will not
automatically restart when power is restored.  Continue
to operate the printer until the batteries are low
(Power Indicator flashes) and then begin the recharging
process. 
Make sure to use the appropriate charger for the
printer.  The charger is labeled INK JET PRINTER and
Model # AD187.  It is also larger than the Paravant
charger.

F. THE CMT DISK DRIVE

1. General - The CMT Disk Drive is an exceptionally rugged
portable battery-operated floppy disk drive designed
for use with RS-232 compatible devices.  It is
waterproof, dust proof and vibration resistant.

One special feature of the CMT Disk Drive is its hinged
water-tight front cover.  While working in a hostile
environment, you can screw on the cover to protect the
disk drive and the front panel.  Under normal operating
conditions, swing the cover under the CMT to prop it up
slightly.

2. Recharging the CMT Disk Drive - The CMT Disk Drive has
built-in rechargeable batteries.  Before using it for
the first time, fully recharge your CMT by connecting
it to a plugged-in Paravant charger for 10 hours.

You may keep the recharger plugged into a wall outlet
while operating the CMT.  However, if the batteries are
very low, the unit will not operate properly, even if
it is connected to the wall outlet.

G. RAMCARD BATTERIES

1. General - The lithium battery used on a RamCard cannot
be recharged; it must be replaced.  It will provide
enough power to assure data retention for 8 months to 3
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years, depending on the memory capacity of the RamCard.
However, if the Ramcard is inserted into your computer
while it is turned on, the RamCard is powered by the
RHC-44 main battery; this will extend the life of the
lithium battery.

     The computer will periodically scan the RamCard slots
to determine if one of them contains a RamCard with a
low battery.  You will then have the option either of
continuing to receive the message, or of turning the
message off.

     2. Replacement - If you insert the RamCard into the
computer with the system ON so the main battery
provides power to the RamCard, it is possible to
replace the lithium battery without losing data stored
on the RamCard.  However, it is advisable to have a
good backup of your data before attempting to change
the battery.

If the lithium battery is completely dead, you will
have to format the RamCard just as you would a brand
new one and recover any files from a suitable backup
copy.  Send the RamCard to the office if it needs to be
formatted.

Obtain a new battery of the same type as the original.
 Use the screw driver provided with the RamCard to
loosen the battery retaining screw approximately 5
millimeters.  Hold the RamCard firmly and pull the
battery holder from the card.  Remove the old battery
from the battery holder and insert the new battery in
its place.  Place the battery holder back into the card
and tighten the retaining screw.

H. TROUBLE SHOOTING

1. Paravant Batteries

A. Main Battery - The most frequent problem
encountered with the Paravant data collector is
low main battery voltage.  If you suspect the
battery is to blame, check the voltage of the main
battery.  A fully charged battery will register
about 6.4 volts DC.  If the battery is below 5.5
volts, the Paravant will not operate properly.

Nicad batteries often develop problems when they
get about 2 years old under normal use.  Return
the battery to the office for replacement.  When
possible, print and download files with the data
collector while the unit is being charged.
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B. Internal Back-up Battery - If the Paravant loses
data or its configuration when you swap the main
battery, the internal battery voltage may be low.
 It can only be charged when the Paravant is
plugged into the AC charger (the output of the
charger can be checked with the voltmeter).  If
the main battery charges but the internal does
not, the Data Collector must be returned to the
office for servicing.

2. Cables - The next most frequent problem encountered in
the field is cables.  If, during collection, you
receive a "com port error" message,  either the
instrument is not set correctly, the wrong instrument
is selected, or there is a loose connection in the
cable connecting the Collector with the total station.
 Swap cables and try again.  If you still get the same
error message, check the battery of the total station.
 If this is okay, there may be a problem with the total
station itself.  NEVER USE THE TOTAL STATION IN THE
RAIN!  This can damage the electronics resulting in
costly repairs.

3. Paravant configuration - Some problems can be traced to
improper configuration or lost configuration. 
Reconfigure the unit if necessary.  Be sure to reset
the time if needed.

4. Two many files on a disk - The maximum number of files
(regardless of size) that can be stored on a drive is
64.
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CHAPTER 2-00 - SURVEY EQUIPMENT

SECTION 2-09 TRIBRACHS, PRISMS, AND PRISM POLES

Revised 11/01

A. TRIBRACHS

1. General - Tribrachs are one of the most versatile of
all surveying instruments.  When equipped with an
optical plummet, they serve as a leveling and
positioning base for theodolites, total station
instruments, reflector prisms, sight poles, and
targets.

Although versatile, optical plummet tribrachs are the
weakest link in the quest for quality measurements. 
Optical plummet tribrachs have optical plummets that
are not self-checking, and a bulls-eye bubble that is
designed for rough leveling.  If the optical plummet is
out of adjustment, the instrument, prism, etc. will not
be positioned directly over the mark.  The optical
plummet must be checked on a regular basis.

2. Adjustment - The equipment needed to adjust the optical
plummet on a tribrach are one tripod, two tribrachs and
one tribrach adjusting cylinder.  The adjusting
procedures are:

Step 1 -  Set up tribrach on tripod.  Place cylinder on
tribrach and then position tribrach (the one to be
adjusted) upside down on cylinder.

Step 2 -  Look through optical plummet of the upside
down tribrach and place a mark that is in view on a
ceiling.  Adjust leveling screws on bottom tribrach to
center optical plummet reticle on this mark.

Step 3 -  Rotate upper tribrach 180 degrees and note
difference on mark.  Remove half the difference with
leveling screws on lower tribrach.  The remaining
difference is to be adjusted by the reticle adjusting
screws.  Loosen the adjusting screw that is opposite
the direction the reticle must move to be on the mark.
 Then tighten the opposite screw until the reticle is
on the mark or as close as it can be using this
combination of screws.  Repeat adjustment on second
combination of screws and so on until the reticle is
centered on the mark.

Step 4 - Repeat Step 3 until reticle stays centered on
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B.   PRISMS

1. General - Prisms are used with electro-optical EDMI
(light, laser, and infrared) to reflect the transmitted
signals.  A single reflector is a cube corner prism
that has the characteristic of reflecting light rays
back precisely in the same direction as they are
received.  This retro-direct capability means that the
prism can be somewhat misaligned with respect to the
EDMI and still be effective.

Cube corner prisms are formed by cutting the corners
off a solid glass cube; the quality of the prism is
determined by the flatness of the surfaces and the
perpendicularity of the 90� surfaces.

In control surveys, tribrach-mounted prisms can be
detached from their tribrachs and then interchanged
with a theodolite (and EDMI) similarly mounted at the
other end of the line being measured.  This
interchangeability of prism and theodolite (also
targets) speeds up the work, as the tribrach mounted on
the tripod is only centered and leveled one time.
Equipment that can be interchanged and mounted on
already set up tribrachs is known as forced-centering
equipment.

Prisms mounted on adjustable-length prism poles are
very portable and, as such, are particularly suited for
data collection and stakeout surveys.

2. Prism Offsets - Prisms can be mounted in most holders
to provide either 0 or -30 mm offsets.  To eliminate
confusion and error, all of the Division's prisms
should be mounted in their mounting bracket at "0"
offset.

It should also be noted that a "0" offset setting
requires more care in the alignment of the prism to the
EDMI.  Misalignment in either the horizontal or
vertical direction can cause an error in the distance
measured.  For example a combination misalignment of 30
degrees will result in an error of 5.1 mm (0.017 feet).

C. PRISM POLES

1. General - Prism poles are constructed of aluminum
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circular bubble attached.  Two types of bubbles are
available.  One is okay for data collection work.  The
other is much more precise and is to be used with a
bipod during metes-and-bound work.

Using a collet-type locking system, the prism pole may
be adjusted in height from 1.3 m to 2.5 m (54 to 100
inches).  The inside tube is graduated in both decimal
feet and metric.  These poles are very portable and, as
such, are particularly suited for stakeout and data
collection surveys.

2. Adjustment - The hard use that prism poles normally
receive require the circular bubble to be periodically
checked.  To test the bubble -

a. Screw a point into the top of the prism pole.

b. Place the point of the pole beneath a low doorway
or other structure and extend the upper section
until the top point sticks in the wood with the
pole plumbed by the circular bubble.

c. Rotate the pole 180�.  If the bubble remains
centered, the bubble is in good adjustment.  If it
is out, move the bubble 1/4 of the way back to
center with the adjusting screws and repeat steps
b and c.
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CHAPTER 3-00 - SURVEY DATUMS AND THE MARYLAND COORDINATE SYSTEM

SECTION 3-01  HORIZONTAL DATUM

Revised 11/01

A. SHAPE OF THE EARTH

The earth, though normally thought of as spherical, is
flattened at the poles and assumes the general shape of a
mathematical figure called an oblate spheroid.  Computations
cannot be performed on the earth's true surface due to the
difficulty in deriving equations, which would fit the
surface variations.  Thus, calculations relating various
positions are made on a mathematical surface called an
ellipsoid.  

Throughout the world, various reference ellipsoids have been
established which closely approximate the shape of the
earth's surface where they are used.  With the advent of the
Global Positioning System, a need for a single ellipsoid
arose.  This new ellipsoid is call the GRS 80 ellipsoid and
is the basis for all NAD83/91 positions.  See Figure 3-01-A
for GEOID - Ellipsoid - Surface Relationships.

1. The Ellipsoid

The reference ellipsoid used in North American is the
Geodetic Reference System Ellipsoid of 1980 (GRS 80) 
This earth-mass-centered ellipsoid has a semimajor axis
(equatorial radius) of 6,378,137 meters.

In general, survey data referenced to the ellipsoid are
"geodetic" values.

2. The Geoid

The geoid is the irregular surface of variable radius
that would exist if the earth were covered with water.
The irregularity is caused by local variations in the
direction of gravity.  Large dense masses, such as
mountains, exert a gravitational force, which tends to
pull the plumb line (the direction of gravity) toward
the concentration of mass.  Whereas, the ocean is less
dense than rock and the plumb line is attracted toward
the land and away from the water.  The result of these
variable forces is that the geoid assumes an undulating
surface.

          Usually, survey data referenced to the geoid is called
          "astronomic".
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B. POSITION ON THE EARTH

The position of a point can be defined by plane coordinates,
geographic place names, or other systems.  These various
systems are related by spherical coordinates, which are
expressed in terms of latitude and longitude.  These are
commonly referred to as the geographic position of a point.

1. Latitude - Latitude is measured in a north-south
direction from the plane of the equator.

a. Astronomic Latitude - The angle between the
direction of gravity, at a given point, and the
plane of the equator.  Astronomic latitude results
directly from celestial observations, which are
not corrected for the deflection of the vertical.

b. Geodetic Latitude - The angle between the normal
to the spheroid, at a given point, and the plane
of the equator.  Latitude shown on topographic
maps and on navigators' charts and that obtained
from GPS is geodetic latitude.

2. Longitude - Longitude is measured in an east-west
direction from the meridian through the observatory of
Greenwich, England.

a. Astronomic Longitude - The angle, measured at the
polar axis, between the meridian plan parallel
with the plumb line at a given point and the
Greenwich meridian plane.  Astronomic longitude
results directly from celestial observations,
which are not corrected for the deflection of the
vertical.

b. Geodetic Longitude - The angle between the
meridian plane of the normal to the spheroid at a
given point and the Greenwich meridian plane. 
Longitude shown on the topographic maps and on
navigators' charts and that obtained by GPS is
geodetic longitude.

C. AZIMUTHS

Azimuth is the horizontal direction of a line measured to
the right (clockwise) from a reference line.  Azimuths used
by the National Geodetic Survey, the Army, and some other
agencies prior to NAD83 were south oriented.  This follows
the custom in Europe.  However, it is more convenient to
refer azimuths to the north.  This is because the algebraic
signs of trigonometric functions are correct when
calculating departures and latitudes.  Many organizations
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have adopted this practice.

1. Policy - Azimuths for work shall be referred to north. 

2. Astronomic - An azimuth measured from the celestial
pole in a plane perpendicular to the direction of
gravity at the point of observation.  Astronomic
azimuths are determined directly from celestial
observations.

3. Geodetic - An azimuth referenced to the pole of the
spheroid in a plane perpendicular to the spheroid at
the beginning or ending point of a line.  Geodetic
azimuths can be computed from astronomic azimuths by
applying the Laplace correction.

The difference between astronomic and geodetic azimuths
can be visualized by imagining the slight adjustment
necessary in an instrument to keep it leveled over a
point if the plumb line is deflected (deflection of the
vertical).  This small adjustment would cause a
corresponding small change in the measured angle.

4. Grid - Grid azimuth is the angle in the plan projection
between grid north and the straight line from the point
of observation to the point observed.  Grid azimuth is
the same as geodetic azimuth only when the point of
observation falls on the central meridian (77� West
Longitude for Maryland).

5. Forward and Back Azimuths - The azimuth for a line is
usually stated as the azimuth measured at its beginning
point.  This is called the forward azimuth.  However,
each line has a corresponding back azimuth, which is
the azimuth measured at its ending point.

Because of convergence of the meridians, the difference
between forward and back geodetic and astronomic
azimuths is 180� plus the angle of convergence.  The
convergence correction for lines up to 15 miles in
length can be determined by the following expression.

Convergence (seconds) = difference in longitude in
seconds of arc of the two end points, times the sine of
the mean latitude of the two end points.

For grid azimuths the difference between the forward
and back azimuths will always be exactly 180�.
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D. NORTH AMERICAN DATUM OF 1983 (1991 ADJUSTMENT)

The North American Datum of 1983 became the officially
adopted reference system for horizontal control surveys in
the United States, Mexico, and Canada.  However, when the
High Accuracy Reference Network (HARN) was established in
Maryland, It became necessary to re-adjust the existing
network to conform to the more accurate HARN.  This work was
completed in 1991 - hence NAD 83/91. 

1. Origin and Controls

The North American Datum of 1983/1991 (NAD 83/91) is a
geodetic datum based on the Geodetic Reference System
Ellipsoid of 1980 (GRS80).  It is the third horizontal
geodetic datum of continental extent in North American
Datum.  It replaces both the original North American
Datum and the North American Datum of 1927 (NAD 27) for
all purposes.

The idea of performing a general adjustment of the
horizontal control networks in North America began as
an increasing awareness of the inadequacies of the
existing North America Datum of 1927 (NAD 27).  These
inadequacies were ascribed to several causes, rooted
both in the sparsity of the data used in the 1927
adjustment and in the way the network had grown since
then.

The network became inadequate because it was weak in
relation to the increasing demands that were placed
upon it.  The weaknesses became apparent in several
ways.  Surveyors were buying accurate electronic
distance measuring (EDM) equipment and finding
unexplainable discrepancies between the existing
control network and the distances measured by their new
instruments.  Missile ranges and satellite tracking
systems demanded their own independent surveys.  The
geodesists of the National Geodetic Survey experienced
increasing difficulty in fitting new urban surveys into
the existing NAD 27 system.

The NAD 83 project began on July 1, 1974 and ended on
July 31, 1986 at an approximate cost of $37 million. 
The State of Maryland, in cooperation with NGS,
established the HARN network at a cost of $60,000.
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2. Responsible Agency - In the United States the National
Geodetic Survey (NGS) was responsible for maintaining
and expanding the network.  However in the 1980's, due
to shrinking budgets, state and local agencies now
perform much of this work.

Network maintenance includes perpetuating stations,
resetting destroyed station marks, and establishing new
stations.  The Division of Plats and Surveys is engaged
in a cooperative effort with NGS in performing these
activities.  Division surveyors plan these network
extensions, perform the field surveys, and check all
field notes according to NGS standards.  NGS computes
and publishes the positions of the new stations.
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CHAPTER 3-00 - SURVEY DATUMS AND THE MARYLAND COORDINATE SYSTEM

SECTION 3-02 VERTICAL DATUM

Revised 11/01

A. GENERAL

Elevations for engineering projects must be referenced to a
single vertical datum so various phases of a project, and
contiguous projects, will match.  This datum can be based on
some particular standard, such as sea level, an assumed
elevation, or the elevation of a local permanent point or
natural object.  Various organizations, private and public,
use datums that best serve their individual needs.  This has
led to many different datums, causing confusion.

B. POLICY

The vertical datum for the State Highway Administration
shall be the North American Vertical Datum of 1988 (NAVD 88)
as established by the National Geodetic Survey.

C. GRAVITY

Engineering leveling, except barometric leveling, depends on
establishing a plane that is perpendicular to the direction
of gravity.

Gravity is the resultant of gravitation and centrifugal
force.  Gravitation is an attraction force and is exerted
generally toward the center of mass of the earth. 
Centrifugal force results from the earth's rotation.  It is
exerted away from and perpendicular to the earth's axis of
rotation.  Gravitation varies with the concentration of mass
and the distance between the affected bodies.  Centrifugal
force increases as the elevation increases and decreases as
the latitude increases.  Thus, the resultant, gravity varies
in both direction and magnitude.

In most leveling work for the Division, variations in the
direction of gravity can be ignored since the effect on
leveling is negligible.  The corrections which might be
necessary for some control level networks are discussed
below.

1. Orthometric Correction - Since the direction of gravity
varies with elevation, level surfaces at different
elevations are not exactly parallel.  Thus, elevations
established by differential leveling at altitudes other
than sea level will not be referenced exactly to the
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theoretical sea-level surface (the geoid).  The small
errors thus introduced are corrected by applying the
"orthometric correction".  This correction is applied
only in precise level adjustments, second-order or
higher.

2. Correction for a Large Concentration of Mass -
Occasionally a large concentration of mass, such as a
nearby mountain, will cause a local deflection in the
direction of gravity.  This might be large enough to
necessitate a special correction in precise level
networks.  This correction is rarely necessary for
transportation surveying.

D. NATIONAL GEODETIC VERTICAL DATUM OF 1988

The basic vertical datum for the United States (except
Alaska and Hawaii) is now NAVD 88.

1. Origin and Controls - Due to inconsistencies in the
previous vertical datum (National Geodetic Vertical
Datum of 1929 or NGVD 29), NGS decided to perform a
general re-adjustment of all leveling data.  This new
datum is referred to as NAVD 88.  Elevations for most
bench marks can be determined in both datums.

2. Responsible Agency - NGS is responsible for
perpetuating and extending the datum network.  Due to
budget problems, much of this work has been delegated
to state and local agencies.  SHA's Plats and Surveys
Division should be contacted if any geodetic bench
marks are in danger of being destroyed.

E. LOCAL DATUMS

Prior to the conception of large, interrelated engineering
projects, such as our complex highway system, a large
network of related bench marks was not needed.  Therefore,
many local datums were established.  Often these datums are
referred to as "assumed" datums.  These datums are based on
something other than NAVD 88.
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CHAPTER 3-00 - SURVEY DATUMS AND STATE PLANE COORDINATE SYSTEMS

SECTION 3-03  STATE PLANE COORDINATE SYSTEMS

Revised 11/01

A. POLICY

Surveys performed by the Maryland Department of
Transportation shall be on the Maryland State Plane
Coordinate System (MSPCS).

B. GENERAL

All engineering personnel should have a basic understanding
of the MSPCS.  This section provides a brief explanation of
the system.  Additional study materials are available in
many other publications, such as surveying textbooks and NGS
publications.

1. Definition - The MSPCS is a system of plane-rectangular
coordinates that has been established by Maryland
statutes for defining and stating the positions of
points on the surface of the earth within the State of
Maryland.

2. Origin - The MSPCS, as with all other state coordinate
systems, was developed by the National Geodetic Survey
(NGS).  Legislation establishing the system was enacted
in 1957 and amended in 1987.  The statutes are included
in Article 91 "Surveyor and State Survey" of the
Annotated Code of Maryland, under Sections 19, 20, and
21.  Surveyors should be familiar with these statutes
because they define the MSPCS and provide for its use.

3. Benefits - The MSPCS fulfills several needs.  Among
these are:

a. Provides a means by which geodetic values of
monumented points can be used for plane surveying.

b. Permits plane surveying over large areas without
introducing significant error.

c. Establishes a single reference system for all
surveys in an area.  Thus, it provides a positive
mathematical relationship between contiguous
projects regardless of elapsed time between the
projects.

d. Establishes a uniform computational base.
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e. Provides a lasting reference system.  This makes
retracement surveys less costly.

f. Provides a positive mathematical base for locating
and describing property boundaries.

g. Facilities the establishment of Geographic
Information Systems (GIS).

C. DESCRIPTION OF THE GRID

1. Geometry - The MSPCS consists of one plane rectangular
coordinate system.  The system is represented by two
sets of parallel straight lines which intersect at
right angles.  (See Figure 3-03-A).  The network thus
formed is termed a grid.

One set of these grid lines is parallel to the plane of
the meridian (longitude) which passes approximately
through the center of the state.  In the MSPCS this
meridian is 77� 00' west longitude and is termed the
"central meridian".  The y-axis is a grid line at the
extreme west of the grid and is parallel to the central
meridian.  The x-axis is a grid line at the extreme
south of the grid and is perpendicular to the central
meridian.

The origin of the MSPCS is at the intersection of the
central meridian and the parallel 30� 40' north
latitude.  The origin is given the coordinates: 
easting = 400,000 meters and northing = 0 meters.

2. Positions of Points - The position of point on the grid
can be defined by stating two distances, termed
"coordinates".  One distance, the "y-coordinate", gives
the distance from the x-axis and is commonly referred
to as the "northing".  The other distance, the
"x-coordinate", gives the distance from the y-axis and
is known as the "easting".

3. Location of Axis - The y-coordinates increase from
south to north; x-coordinates from west to east.  All
y-coordinates are made positive by setting the x-axis
outside and to the south of the State.  Similarly, all
x-coordinates are made positive by assigning the value
of 400,000 meters as the x-coordinate of the central
meridian.  This places the y-axis outside and to the
west of the State.

D. THE LAMBERT CONFORMAL PROJECTION

A plane-rectangular coordinate system is, by definition, on
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a flat surface.  Thus, the geodetic positions must be
"projected" from the curved surface of the spheroid to plane
coordinate positions.

The NGS used two types of projections when developing state
coordinate systems.  The "Lambert conformal conic
projection" was devised for zones of limited north-south
dimension and indefinite east-west extent.  The "Transverse
Mercator Projection" was developed for systems whose zones
have their greatest extent in a north-south direction.

The MSPCS is based on the Lambert conformal conic projection
of the Geodetic Reference System Ellipsoid of 1980.  This
MANUAL briefly covers only the Lambert projection.

1. Description of Projection - The Lambert projection can
be pictorially illustrated by a cone which intersects
the spheroid along two parallels of latitude as shown
in Figure 3-03-B.  In the MSPCS these parallels are at
north latitudes 38� 18' and 39� 27'.  These latitudes
are known as the "standard parallels" for the
projection.  Positions of points and lines on the
spheroid are projected onto the surface of the cone. 
Then, the cone is split along an element and unrolled
into a plane.  (See Figure 3-03-C.)

The meridians of spheroid are represented on the
projection by straight lines that meet at a common
point which is the apex of the cone. This point is the
"central point" of the grid.  The parallels of latitude
appear as arcs of concentric circles whose common
center is the central point.  (See Figure 3-03-D.)  The
plane-rectangular grid, as described in the preceding
section, is shown superimposed on the surface of the
unrolled cone in Figure 3-03-D.

2. Scale

a. Factor - Along the standard parallels, grid
distances are equal to their corresponding
geodetic distances.  Therefore, the scale,
expressed as a ratio, along the standard parallels
is equal to unity. (It is also said to be "scale
exact".)  It is defined as the grid distance
divided by its corresponding geodetic distance.

b. Variance - It is evident from inspection of
Figures 3-03-E and 3-03-F that between the
standard parallels, grid distance is slightly
shorter than geodetic distance.  The scale factor
varies from unity at the standard parallels to a
minimum value approximately halfway between them.
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It also can be seen that outside
the standard parallels grid distance is slightly
longer than geodetic distance.  The scale factors
for these portions of the grid are greater than
unity and increase with the distance from the
standard parallel.  Figure 3-03-D shows the scale
factors for various parallels of latitude in the
MSPCS.

c. Relative to Latitude - A noteworthy characteristic
of the Lambert projection is that the scale varies
with the latitude.  It is constant along true
east-west lines (parallels of latitude).

d. Discrepancy:  Grid/Geodetic - The MSPCS has been
so devised that the discrepancy between a grid
distance and the corresponding geodetic distance
will seldom be more than one part in 10,000.

E. CONVERSION OF GROUND DISTANCES TO GRID DISTANCES

When using the MSPCS, all measured distances must be
converted to grid distances.  The measured distances are
first reduced to horizontal distances; then each horizontal
distance must be converted to grid distances by using the
equation,

Grid Distance = Ground distance x grid factor

where grid factor = scale factor x elevation factor

Alternatively, grid distance � grid factor = ground
distance

Both the scale factor and the elevation factor can be
determined from tables or computer programs and obtained
from the Division office, if the need arises.
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CHAPTER 4-00 - ERRORS AND CLASSIFICATIONS OF ACCURACY

SECTION 4-01  ACCURACY AND PRECISION

Revised 11/01

A. ACCURACY

Accuracy is the degree of conformity with a standard or a
measure of closeness to a true value.  Accuracy relates to
the quality of the result obtained when compared to a
standard.  It is distinguished from precision, which relates
to the quality of the operation used to attain the result. 
The standard used to determine accuracy can be - An exact
value, such as the sum of the three angles of a plane
triangle is 180�.

A value of a conventional unit as defined by a physical
representation thereof, such as the international meter.

A survey or map value determined by refined methods and
deemed sufficiently near the ideal or true value to be held
constant for the control of dependent operations.

B. PRECISION

Precision is the degree of refinement in the performance of
an operation (procedures and instrumentation) or in the
statement of a result.  The term precise also is applied, by
custom, to methods and equipment used in attaining results
of a high order of accuracy, such as precise level rods.

Precision is indicated by the number of decimal places to
which a computation is carried and a result stated. 
However, calculations are not necessarily made more precise
by the use of tables or factors of more decimal places.  The
actual precision is governed by the accuracy of the source
of data and the number of significant figures rather than by
the number of decimal places.

C. ACCURACY VERSUS PRECISION

The accuracy of a field survey depends directly upon the
precision of the survey.  Although through luck (for
example, compensating errors) surveys with high-order
accuracies might be attained without high-order precision,
such accuracies are meaningless.

Therefore, all measurements and results should be quoted in
terms that are commensurate with the precision used to
attain the results.  Similarly, all surveys must be
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performed with a precision, which ensures that the desired
accuracy is attained.  However, surveys performed to a
precision, which excessively exceeds the requirements, is
costly and should be avoided.  In other words, "Do not over-
survey".

D. SIGNIFICANT FIGURES

The significant figures of a numerical value are those
digits, which are known plus one doubtful digit following
the known digits.  Zeros, which are used merely to locate
the decimal point, are not significant figures.  For
example, the number 5,630 have three significant figures -
digits 5, 6, and 3.  Digits 5 and 6 are known and digit 3 is
the one doubtful digit.  Digit 3 is doubtful because the
exact value of the example could be any value between 5,625
and 5,635.  The zero is not a significant figure in this
case because it is assumed that it merely locates the
decimal point.

Other examples are --

Numerical Significant
Value Figures

49 2
1,600* 2
.1284 4
0.21 2
00.000213 3
129.85 5
11.00+ 4
10,000.0001 9
5,280 ft./mi.+ infinite

   * Generally, in such cases the zeros merely place the decimal
point.  Thus, they are not significant figures.  However, if
they indicate a true zero value, they are significant and
should be counted as such.  In this example, if 1,600
happens to be the height of a tower measured to the nearest
foot, this number would have four significant figures.

   + If correct recording procedures are being followed, the
zeros are significant because they indicate a true zero
value.  For example, 11.00 could be the distance measured
between two points as measured with an engineer's tape.

   + All values, which are exact by definition, have an infinite
number of significant figures.

The general rules of significant figures are as follows:

1. Recorded numerical values, measured and computed, must
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contain only those digits, which are known plus one
doubtful digit.  Zeros, of course, may be used to
indicate the location of the decimal point.  (A minor
exception to this rule is stated in Paragraph 2.)

For example, the length of a line must be determined by
adding three measurements of different accuracies.

EDM 301.46 m*   =    989.04 ft.

Clothe Tape   4.1 ft.   =      4.1 ft.

Stadia Distance 210.  ft.   =    210.  ft.

Total Distance   =   1203.  ft.

   * The metric value of this distance, to the nearest
centimeter, is accurate to the nearest 0.03 foot. 
Thus, the conversion to 989.04 feet indicates
precision, which is inflated.  However, if such
conversions were reduced by one significant figure, for
example 989.0 feet, this would indicate precision that
is considerable further from the true precision than
the inflated precision indicated by 989.04 feet. 
Surveyors must be aware of such limitations when
recording field data and computing and establishing
resolved values thereof.

2. Recorded field measured values should never indicate a
precision greater than that used in the actual survey.
 For example, when measurements are made with a cloth
tape, values should be recorded to the nearest 0.1
foot; not 0.01 foot.

3. Computations

a. Multiplying or dividing -- The result must not
have more significant figures than the term with
the least number of significant figures.

Example:  12.182 X 11.1 = 135

Exception: If one term has a beginning numeral
that is close to a double digit number, such as
eight or nine, another significant number may be
used.  For example, 9.2x2.11=19.4 not 19.

b. Adding or subtracting -- The number of significant
figures in the result is determined by the
position of the first doubtful digit to the right
of the known digits.  That is, the result must not
contain any significant figures to the right of
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the first column containing a doubtful digit.

Example: 10.001
 9.2

    306.2954
87.8

    413.3

c. When calculations involve several steps, it is
advisable to use one extra significant figure
throughout the intermediate steps.  However the final
result must always be rounded off to the appropriate
number of significant figures according to "1" and "2"
above.

4. Zeros should be used only to indicate a true zero value
or for locating the decimal place.  Extra zeros are to
be avoided.  (Exception: When the number is less than
one, one zero should be placed to the left of the
decimal point -- 0.21)  Extra zeros cause confusion. 
For example, if a value were recorded as 29.0 when it
really was 29, those that use this value will receive
the misconception that the precision is three
significant figures.

Conversely, if a value were actually measured as 85.00,
do not omit any significant figures.  State the value
as 85.00, not 85, so those using this value will
realize it was determined to the nearest 100th rather
than to the nearest whole number.
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CHAPTER 4-00 - ERRORS AND CLASSIFICATIONS OF ACCURACY

SECTION 4-02  ERRORS - DEFINITION, TYPES AND SOURCES

Revised 11/01

A. GENERAL

1. Likelihood of Error - Statistically speaking, field
observations and the resulting measurements are NEVER
exact.  Any observation can contain various types of
errors.

Often errors are known and can be eliminated by
applying appropriate corrections.  But, even after all
known errors are eliminated, a measurement will still
be in error by some unknown value.

Usually the greater the precision used in making the
observations, the less the magnitude of the unknown
error.  But, a measurement is never exact, regardless
of the precision of the observations.

2. Responsibility of Field Personnel - Although this
manual contains many guidelines and standards, the
ultimate responsibility for providing surveys that
fulfill desired accuracies remains with field
personnel.  To meet this responsibility the Party Chief
and his assistants must understand errors, including --

a. The various sources of errors.

b. The effect of possible errors upon each
observation, each measurement, and the entire
survey.

c. Economical procedures, which will eliminate or
minimize errors and result in surveys of desired
accuracies.

3. Scope - The sections covering errors in this chapter
are primarily concerned with definitions and the theory
of errors.  Refer to the various procedural chapters,
such as Chapter 5, "Surveying Procedures", for a
discussion of the specific errors which occur and the
methods used to minimize them.

B. BLUNDERS

1. Definition - A blunder (also called a mistake) is an
unpredictable, human mistake.  It is not an error,
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although a small blunder may remain undetected and have
the same effect as an error.

Examples of blunders are --

a. Transposition of two numbers.

b. Neglecting to level an instrument.

c. Misplacing the decimal point.

d. Misunderstanding a callout to be "7" when it is
"11".

2. Cause and Prevention - Blunders are caused by
carelessness, misunderstanding, confusion, or poor
judgment.  They are avoided, for the most part, by
alertness, common sense, and good judgment.

Blunders are detected and eliminated by using proper
procedures, such as:

a. Making independent check observations and
measurements.

b. Checking each recorded and calculated value.

c. Checking the mathematical closure of each survey,
using data recorded in Field Survey Book or in the
Data Collector.  DO NOT USE PEG BOOK.

All blunders must be eliminated prior to correcting and
adjusting a survey for errors.

C. ERRORS

1. Definition of Error - Error is the difference, after
blunders have been eliminated, between a measured or
calculated value of a quantity and the true or
established value of the quantity.

2. Types of Errors - Errors are of two general types: 
systematic and accidental.

a. Systematic Error

1) Definition - A systematic error is an error,
which will always have the same magnitude and
same algebraic sign under the same
conditions.

2) Causes - In most cases, systematic errors are
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caused by physical and natural conditions
that vary in accordance with fixed
mathematical or physical laws.  However, some
result from the observer's personal observing
habits -- his tendency to react mentally and
physically in the same way under similar
conditions.

3) Effect - A systematic error, of a single
kind, is cumulative.  However, several kinds
of systematic errors occurring in any one
measurement could compensate for each other.

4) Examples - Some examples of systematic errors
are --

a) Thermal contraction and expansion of a
steel tape.

b) Refraction.

c) A particular chainman's tendency to
always slightly overpull a tape.

d) Failure to apply an atmospheric
correction (PPM correction) while using
an EDM.

5) Detecting and Minimizing - Some systematic
errors can be difficult to detect. 
Therefore, the surveyor must recognize the
conditions (instrument imperfections,
atmospheric temperature and pressure,
personal habits, etc.) that cause such
errors.  Once the conditions are known, the
effect of these errors can be minimized as
follows:

a) Use procedures that will automatically
eliminate systematic errors.  Examples
of these procedures are:

(1) Balancing foresights and backsights
when leveling.

(2) Turning angles directs and reverse.

(3) Using standardized tapes.

b) When systematic errors cannot be
eliminated by procedures, corrections
are applied to the measurements.  These
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corrections are computed from the fixed
relations between the systematic errors
and the conditions of the observations.
 A simple example would be the
temperature correction applied to a
taped measurement.

All systematic errors must be eliminated prior to any
adjustment of a survey for accidental errors.

b. Accidental Error

1) Definition - An accidental error (also called
a random error) is an error which does not
follow any fixed relation to the conditions
or circumstances of the observation.  For a
single measurement, it is the error remaining
in the measurement after eliminating all
possible systematic errors.

2) Causes - Accidental errors are produced by
irregular, complex causes that are beyond the
control of the observer.  Their occurrence,
magnitude, and algebraic sign cannot be
predicted; each is truly random.

3) Analyzing - Since accidental errors are
random, they obey the laws of chance. 
Therefore, they are analyzed according to the
mathematical laws of probability.

4) Effect -  Theoretically, an accidental error
has an equal chance of being negative or
positive.  Thus, errors of this type tend to
be compensating.  However, since the
magnitude is also a matter of chance,
accidental error to a small degree remains in
every measurement.

5) Example - An example of an accidental error
is an Instrument Man's inability to point a
theodolite exactly.  But, if his personal
habits make him consistently point off to the
same side of the sight line, this error
becomes a systematic error.

6) Compensating - Corrections cannot be computed
for accidental errors as for systematic
errors.  Accidental errors must be
compensated by adjustments.
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7) Least Squares Adjustment - Of the many
different methods used by surveyors, this
method provides the "most probable" values. 
Prior to adjustment, all possible systematic
errors must be eliminated because the least
squares adjustment (and other adjustment
methods as well) is applicable only to truly
random accidental errors.

8) Adjustment Results - The surveyor should
remember that any adjustment only provides
what he believes to be the best solution for
the total survey.  Even after proper
adjustment, each individual value (such as
the position of a specific point) is in error
by an amount depending on the precision of
the survey.  Possibly, an adjustment could
increase the error for a specific point. 
Collectively, however, the errors have been
reduced and the total survey is improved.

3. Sources of Errors - There are three general sources of
errors:  personal, instrumental and natural.

a. Personal Errors

1) Causes - Theses errors are caused by the
physical limitations of the observer and by
his personal observing habits.  They can be
either systematic or accidental.

2) Personal Systematic Errors - These errors are
caused by the observer's tendency to react
the same way under the same conditions.  For
example, a Chainman may measure slightly long
on every measurement because he always stands
in a certain position when taping.  Each
observer, whether he believes it, makes a
personal systematic error of a small degree
on each individual observation.

Fortunately, such errors are minimized by
proper procedures.

3) Personal Accidental Errors - Because of the
human limitations of sight and touch, exactly
correct observations are impossible.  Some
error remains in a measurement even after all
systematic errors are eliminated.  For
example, regardless of the amount of care a
Chainman uses to mark a taping point, the
distance will be in error by some amount. 
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Sometimes it will be slightly short, other
times slightly long.  The magnitude of these
errors will also vary.  Errors caused by the
physical limitations of the observer are
called personal accidental errors.

b. Instrument Errors

1) Causes - Instrument errors are caused by
imperfections in the design, construction,
and adjustment of instruments and other
equipment.  Some such imperfections are:

a) Eccentricity of theodolite circles.

b) A tape which is too short or too long.

c) Misadjustment of level vials (bubbles).

2) Type - In an individual observation,
instrumental errors are systematic because
they will be of the same magnitude and sign
under the same observing conditions. 
However, if several observations are made of
the same value (such as observing an angle at
different positions of the theodolite
circle), the systematic error of each
observation could have the effect of an
accidental error on the resulting
measurement, the arithmetic mean.

3) Eliminating/Minimizing - Most instrumental
errors are eliminated by using proper
procedures, such as observing angles direct
and reverse, balancing foresights and
backsights when leveling, and repeating
measurements.

Instrumental errors that are not eliminated
by procedures must be minimized by
maintaining a regular program of periodically
checking and adjusting (or calibrating)
instruments and other equipment.  Thus learn
and follow the checking and adjusting
guidelines provided in Chapter 2, "Survey
Equipment".

c. Natural Errors

1) Causes - Natural errors (or external errors)
result from natural physical conditions, such
as atmospheric pressure, temperature,
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humidity, gravity, wind, and atmospheric
refraction.

2) Type - Natural errors are systematic.  But if
undetected and thus not eliminated or if
incorrectly determined, they can have the
same effect as accidental errors.

3) Correction - natural errors are removed from
measurements by determining corresponding
corrections from known relationships between
an error and the natural phenomena.  A
familiar example is the correction for
atmospheric temperature and pressure which is
applied to EDM instrument measurements.

Generally, the least certain value used in
figuring a correction is the measurement of
the natural phenomenon.  For example, in an
EDM measurement, atmospheric temperature is
usually measured at each end of the line. 
But temperature along the line might not be
constant, especially if the height of the
line above the ground varies considerably. 
However, sufficient accuracy is usually
obtained by assuming a constant natural
condition, if proper procedures are used.

4) Minimizing - Natural errors can be controlled
to some extent by making observations only
when natural conditions are most favorable
(that is, when they are the most constant). 
Examples of this would be:

a) Precise taping at night or in cloudy
weather (the temperature is most
constant at these times).

b) Measuring angles only at night, in the
early morning or in cloudy weather (The
sun has the effect of heating the
earth's surface unevenly).

Sometimes the effect of natural errors can be
eliminated by using certain procedures, such
as balancing foresights and backsights when
leveling.  This eliminates the effect of
curvature and refraction.
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           CHAPTER 4-00 - ERRORS AND CLASSIFICATIONS OF ACCURACY

                 SECTION 4-03  CLASSIFICATION OF ACCURACY

Revised 11/01

A. POLICY

All surveys by the Division of Plats and Surveys shall be
classified according to the standards specified in Paragraph
D.

A survey of a given classification must conform to all
standards for that classification.

The standards listed in Paragraph D are minimum
requirements.  Generally, closure errors should not exceed
one half the allowed error.  Any survey, which barely meets
the minimum standards, in part or in whole, should be
suspected and checked.

B. FIELD PROCEDURES

In addition to conforming to the applicable standards,
surveys, which are to be “classified”, must use field
procedures that meet or exceed the requirements for the
specified classification.  To some extent, basic procedural
requirements are included as part of the standards; for
example, the minimum number of angle observations is given
in several instances.  However, refer to Chapter 5 for a
discussion of the procedures to be used for each
classification of accuracy.

C. REASONS FOR STANDARDS AND PROCEDURES SPECIFICATIONS

1. Achieve Desired Accuracy - The primary reason for
detailed standards and procedural requirements is to
ensure that a desired accuracy is attained throughout a
survey.  This means that the accuracy is not only
attained at the points of closures, but at all points
in the survey.  Furthermore, the closures achieved are
not just accidental but are true indications of the
surveys precision.

2. Establish Uniformity Among Surveys - Standards and
procedural specifications also will create uniformity
among surveys of the same classification.  It is
impossible to achieve uniformity when different survey
parties use different procedures and standards to
perform surveys, which are purported to be of the same

          classification.
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3. Minimize over-surveying - Standards and procedures can
prevent, or minimize, over-surveying.  Under most
conditions, the procedures specified herein will
provide closing and relative position accuracies well
within the standards specified.  Thus, the use of
procedures involving a greater degree of precision
shall be avoided, unless unusual conditions warrant.

4. Provide Requirements Beyond Linear Closure Standards -
Linear closure standards (such as 1:15,000) are often
used.  However, linear closure standards, by
themselves, are nearly meaningless.  At best they are
only indications of precision and might have little if
any relationship to accuracy.  Unless all standards
have been fulfilled and the proper procedures used, the
accuracy of a survey is questionable.  With luck and
compensating errors, required linear closures might be
achieved without proper precision being used.  For
example, a closed loop traverse can have satisfactory
closures regardless of the magnitude of the systematic
error in the linear measurements.

D. CLASSES OF ACCURACIES TO BE USED

The class of accuracy to be used for a specific type of
survey is stated in the chapter of this MANUAL where that
survey is discussed.  For example, the class of accuracy to
be used for Project Control Surveys is discussed in Chapter
6.  

1. Leveling

a. Second order, class 1

1) A valid check connection (line tie) must be
made to a minimum of four published bench
marks, two at each end of a leveling line.

2) Maximum collimation error, single line of
sight, should not exceed 0.05 mm/m (10 arc
seconds).  Collimation error determinations 
are required at the beginning of each day. 
Collimation data must be recorded with the
leveling data and the daily updated value
must be used during the days leveling.

3) Level rod bubble verticality must be
maintained to within 10 minutes of arc.

4) Sections between and to new bench marks will
be double run.
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5) The difference between forward and backward
sight lengths should never exceed 5 meters
per setup and 10 meters per section.

6) The maximum sight length from level
instrument to rod is 60 meters.

7) The minimum ground clearance of the line of
sight is 0.5 meter.

8) An even number of setups is required per
section when using leveling rods without
detailed calibration.

9) The maximum section misclosure between the
forward and backward running shall not exceed
6mm times the square-root of the one way
distance in kilometers.

10) The maximum loop misclosure shall not exceed
6 mm times the square-root of the distance in
kilometers.

b. Third order - The maximum section misclosure shall
note exceed 12 mm times the square-root of the
distance in kilometers (0.05 ft. x � miles).

2. Traverse - All traverse shall conform to the following
minimum specifications for class A surveys as defined
by The American Land Title Association:

Number of replications: 2D + 2R

Spread from mean not to exceed: 5"

Azimuth closure not to exceed: 10" x � S
Where S is the number of stations
where angles were measured.

Linear misclosure not to exceed: 1:15,000

Minimum distance between stations: 81 m (265 ft.)

3. Global Positioning Surveys

a. B order positional misclosure not
to exceed: 1:1,000,000

b. 1st order positional misclosure not
to exceed: 1:100,000
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CHAPTER 5-00 SURVEYING PROCEDURES

SECTION 5-01  LINEAR MEASUREMENT

Revised 11/01

A. GENERAL
This section covers three methods of obtaining linear
measurement: taping, Electronic Distant Measurement (EDM)
and stadia.

Definitions:

1. An OBSERVATION is a single, unadjusted determination of
a linear value.  A single "pull" of a tape and a single
reading of an EDM are observations.  Also, if a value
of a long tangent is determined by a series of pulls or
EDM readings the sum of either is an observation.

2. A MEASUREMENT is either a single observation or the
arithmetic mean of more than one observation of the
same distance.  It is the final value determined before
adjustment.

B. TAPING

EDM instruments have replaced taping in much of the
Division's routine work.  However, the measurement accuracy
of newer EDMs is �(2 mm + 2ppm) which translates into the
minimum distance required to meet a precision of 1:15,000 is
60 m (200 ft.)  Therefore, any distance 30 m (100 ft.) or
less should be considered for taping if the accuracy
requirements of the survey so dictate.  Distances to hand
references will be measured by a tape and not by holding a
"0" offset reflector against the reference nail.

1. Errors

a. Tape not standard length - this type of systematic
error can be eliminated by standardizing the tape
using the tape calibration monuments set at some
of EDM calibration stations.

b. Imperfect  Alignment - This type of error is
easily controlled and seldom causes significant
error.  Alignment is more critical on short pulls
than on long ones.  In many instances too much
time is spent in setting a "chaining point"
exactly on line.  For example, if a chaining point
is set 0.15 m (0.50 ft.) off line at 30 m (100
ft.) it will result in a linear error of only 0.3
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mm (0.0013 ft.).  However, a chaining point should
be set "right on" line if the point is to be used
as a starting point or a check-in point for
subsequent alignment work.

c. Tape Not Level - This error is similar to
imperfect alignment.  That is, the error produced
is the same for a given amount of either vertical
or horizontal misalignment.  Slopes are deceptive
and "eyeballing" is not adequate for determining
level.  Such carelessness can result in taping
with the tape considerably out-of-level.  On
uneven terrain a 0.6 m (2 ft.) imbalance, in a 30
m (100 ft.) pull, can easily result in errors if a
hand level is not used.  Short distances must be
measured with the tape level:  0.15 m (0.50 ft.)
out-of-level in 7.5 m (25 ft.) is equal to 0.6 m
(2.0 ft.) out-of-level in 30 m (100 ft.)  This
would cause an error of 6 mm (0.02) ft. in a 30 m
(100 ft.) pull.  In "ordinary" taping that is,
perhaps, the most frequent source of error.  This
type of error can be prevented by using a
well-adjusted hand level.

d. Incorrect Slope Determination - A small error
might be introduced when turning a vertical angle
to the Head Chainman's taping HI.  This error
often results because the Head Chainman cannot
simultaneously take line, pull tension, and keep
the plumb bob tip just above the chaining point. 
Also, the Instrument Man can have trouble in
"tracking" the tape if it is bobbing.  To
eliminate blunders, the slope distance should be
measured twice, at two different vertical angles
and the results meaned.  One angle should be
measured direct and the other reverse.  The
reduced distances should agree with the accuracy
requirements for the survey.  For example, in
third-order taping, two measurements of a 30 m
(100 ft.) pull should not differ more than 5 mm
(0.015 ft.).

e. Plumbing Error - These errors stem from such
sources as wind, parallax, unsteadiness of either
Chainman, letting the plumb bob cord slip along
the tape before reading.  Plumbing errors and
errors caused by the inability to read and mark
points exactly are accidental errors.  But, only
the error due to plumbing is of real consequence.
 Some techniques that can reduce the magnitude of
the errors inherent in taping with plumb bobs are:
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1) The Chainman must look straight down the bob
string to avoid parallax.

2) The Rear Chainman should initially hold
behind the chaining point and allow his plumb
bob to be slowly pulled over the point by the
Head Chainman.  When the Rear Chainman
initially holds exactly over the point, he
can be pulled beyond the chaining the
chaining point.  He then pulls back, thus
increasing the tension in the tape.  The
pulling back and forth, to correct tension
and to stay over the point, causes swing and
flutter in the tape.  This makes it difficult

                    to keep the bobs over the points.

f. Temperature - A tape lengthens as the temperature
rises.  It shortens as the temperature falls.  The
coefficient of expansion for steel is 0.0000116
meter per meter per degree Celsius (0.0000065
foot, per foot, per degree Fahrenheit).  The
difficulty in making temperature corrections  is
trying to remember a formula for adding or
subtracting the correction.  The surest method is
to picture two monuments which are exactly 30 m
(100 ft.) apart.  The signs of corrections are
reckoned by mentally stretching a "Hot" Tape
(Long) and a "Cold" Tape (Short) between these
marks.  Between the points a "Hot" Tape (Long)
reads less than 30 m and the correction would be
added.  A "Cold" Tape (Short) would read more than
30 m (100.00 ft.) and the correction would be
subtracted.  When setting or laying out points the
correction signs are the opposite. When laying out
with a Hot Tape the correction is subtracted and
with a Cold Tape the correction is added.  

g. Tape Not Straight - Before measuring, pull the
tape taut and see that is clears all obstructions.

h. Incorrect Tension - Steel Tapes are standardized
at some specific tension, and being elastic,
change length due to the variations in the tension
applied.  For 30 m (100 ft.) tapes the standard
tension would be 5 kg (10 pounds) when the chain
is supported throughout and 15 kg (20-25 pounds)
when suspended (supported at the two ends).  The
tension applied usually varies either above or
below these standards and can be considered an
accidental error and disregarded in all but
precise measurements.  Inexperienced Chainmen are
likely to apply tension lower than the standard.
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C.   ELECTRONIC DISTANCE MEASURING

1. Operating Instructions - Each EDM should have the
manufacturer's operating manual in its carrying case. 
EDM operators should be familiar with the
manufacturer's manual and follow its instructions for
proper operation of the EDM.  EDM operators should
always:

a. Remove the thermometer from its case, hang it in
the shade, and allow it to react to the outside
temperature.

b. Observe the temperature and pressure, compute the
PPM correction, and input into the EDM.

c. Electronically point the EDM to assure that the
instrument is operating in the center of its light
cone.

d. Allow the EDM to cycle several times before
recording the distance.  Make sure the instrument
has settled into a measurement.  This is
especially true for the first measurement of the
day and in cold weather.

e. During hot weather, shade the EDM whenever
possible.  When it is not being used, place the
EDM in the shade.

Refer to Chapter 2 for EDM adjustment (calibration) and
care and for technical data on the Division's EDMs.

2. Use of EDMs - EDMs must be used for all traverse
measurements over 30 m (100 ft.) in length and may be
used for shorter distances if conditions warrant. 
Steel tapes may be used for measurements less than 30 m
(100 ft.) 

3. Planning - EDM instruments have made revolutionary
changes in surveying procedures and methods.  Field
surveys progress so rapidly they require intensive
planning.  The surveyor cannot think just in terms of
the next point - he must consider the entire survey. 
Planning and reconnaissance are the keys to efficient
EDM surveys.  Regardless of the quality of the survey's
planning and reconnaissance, the Party Chief can
organize and plan his work to be more effective.  To
more efficiently use EDM instruments:

a. Prior to beginning the actual work, develop a
"plan of attack" for the survey.
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b. Be sure that all planned traverse lines are
intervisible.

c. Be sure all available information, such as
computer printouts, maps, and reconnaissance notes
are in hand.

d. Before leaving the office, check for locked gates
and other entry problems with the Area Engineer
who "reconned" the project.

e. Be sure that you have all the necessary equipment
before proceeding to the field.  (Do not leave the
battery at home).

f. Do NOT plunge into the day's work without first
organizing the day's activities.  A few minutes
spent planning at the beginning of each day will
save backtracking, duplication of effort, and, in
general, "wheel spinning".

g. Be sure that all party members understand the job
and their individual duties.  Give complete and
understandable instructions.

h. Measure as many lines from a single setup, as
possible: move reflectors not the instrument.

i. Use two-way radios.  They also serve as safety
equipment.

j. Record data directly into the traverse program.

k. Look ahead.  If subsequent work will be expedited
by setting additional points while on a setup,
such points should be set.

l. Prior to leaving the project, verify that all
points have been checked, or can be checked by the
record data.

m. Close the survey, if possible.

4. Errors - With EDM instrument and support equipment
properly adjusted and calibrated, errors and blunders
to watch for are:

a. Incorrect temperature-barometric pressure (ppm)
are entered into the instrument.

b. Misalignment of the retroprism to the EDM. 
Misalignment in either the horizontal or vertical
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direction, can cause an error in the distance
measured.

c. Recording the distance incorrectly.  It is a good
practice to have the recorder call back the
reading.

d. Failure to properly level the instrument and/or
the piece of equipment holding the prism.

e. Reflections from Extraneous Objects

1) Natural and Man-Made Obstructions - Under
most circumstances, an EDM measurement will
be within the accuracy specified for that
instrument.  This is true even if the line of
sight passes through trees, fences, or other
such obstructions.  However, such objects can
sometimes reflect or interrupt the light rays
and cause erroneous measurements.  Usually
this occurs only if the object is relatively
close to the instrument.

Be especially careful of plastic reflectors,
such as those used on guide marker posts.  If
one of these is in the path of or behind the
prism, it can and often does cause erroneous
measurements.  When the line of sight can not
be cleared, the recorder should note the
conditions of the measurement.  Then, if poor
closures result, these distances can be
isolated and checked.

2) Extra Prisms Set Out - When making EDM
measurements, only one set of reflectors
should be facing the instrument along the
line of sight.  If an extra set of reflectors
faces the instrument, it might reflect light
rays to the instrument and cause error.  This
can occur when various distances are being
measured along a straight line of fairly
uniform grade when more than one reflector is
being used.  When doing such work, reflector
tenders should always keep their reflectors
turned away from the instrument except during
the actual measurement to their point.

     5.   Setting Up

a. Tripods - The weight of EDM equipment puts an
added strain on tripods and instrument stands. 
Thus, the tripods used to support EDM instruments
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must be sturdy and in good condition.

b. Tribrach Checks - Plumbing errors cannot be
eliminated by measuring procedures.  Therefore,
tribrachs must be checked for adjustment (bubble
and optical plummet) frequently.  This includes
not only the tribrach used for the EDM instrument,
but also those used with the reflectors.  If a
tribrach is accidentally bumped, dropped, or
knocked over, it must be checked before any
additional measurements are made.

c. Stability - The setup for an EDM instrument should
be very stable.  Not only are EDM instruments
heavy but they also offer larger areas of wind
resistance.  In addition, the electrical cords
place added forces on the setup.

6. Number of Measurements - Under most circumstances, the
distance between two points shall be determined only
along one line and only in one direction.  In other
words, reciprocal measurements usually are not
necessary.

D. STADIA

Stadia is a tachometric form of distance measurement that
relies on a fixed-angle intercept.  This procedure utilizes
two supplementary horizontal (stadia) hairs placed at equal
distances above and below the central horizontal cross-hair.
 Usually they are short lines to  differentiate them from
the longer main horizontal cross hair.  The stadia hairs are
positioned in the reticle so that, if a level rod were held
30 m (100 ft.) away from the instrument (telescope level)
the difference between the upper and lower stadia hair
readings (rod interval) would be exactly 0.3 m (1.00 ft.)

It can be seen that distances can be determined simply by
sighting a rod with the telescope level and determining the
rod interval.  The horizontal distance D from the instrument
center to the rod equals 100 times the stadia intercept S. 
D = 100 S.  It is not always possible to keep the telescope
horizontal; more commonly, the line of sight is inclined. 
When this occurs the distance calculated by multiplying the
stadia intercept by 100 is greater than the true horizontal
distance.  The horizontal distance may be found by using the
formula HD = 100 x S x Cos VA, where the vertical angle (VA)
is measured from the horizontal.  The "topo" routine in the
Sharp programmable calculator can be used to rapidly
determine horizontal distances, should the need ever arise.
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CHAPTER 5-00 - SURVEYING PROCEDURES

SECTION 5-02 ANGLES AND ANGULAR MEASUREMENT

Revised 11/01

A.   GENERAL

Three dimensions or combinations thereof must be measured to
locate an object with reference to a known position;
specifically, horizontal length, difference in height
(elevation) and angular direction.  This chapter discusses
the design and uses of surveyors' theodolites and total
stations to measure horizontal and vertical angles.

1. Angular Definition - An angle is defined as the
difference in direction between two convergent lines.

A horizontal angle is formed by the directions to two
objects in a horizontal plane.

A vertical angle is formed by the directions to two
objects in a vertical plane.  Most theodolites and
total stations measure the vertical angle between
straight up (the observers' zenith) and the object
sighted.  This is called a "zenith angle" or "zenith
distance".

2. Units of Angular Measurement - The "sexagesimal system"
uses angular notation in increments of 60 by dividing
the circle into 360 degrees; degrees into 60 minutes;
and minutes into 60 seconds.  Therefore, a complete
circle contains 360�, 21600' or 1296000".  This
angular system is employed almost exclusively by
surveyors, engineers, and navigators in the United
States, as well as in other parts of the world.

3. Horizontal Angles - Three types of horizontal angles,
shown in Figure 5-02-B are defined as follows:

a. "Interior angles" are measured clockwise or
counterclockwise between two adjacent lines of a
closed polygonal figure.

b. "Deflection angles", right or left, are measured
from an extension of the preceding course and the
"ahead" line.  It must be noted whether the
deflection angle is right (R) or left (L).

c. "Angles to the right" are turned from the back
line in a clockwise or right-hand direction to the
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"ahead" line.

4. Zenith angles - Zenith angles are usually measured in
pairs.  The first reading, taken with the scope in
direct position (sometimes referred to as "circle left"
as the vertical circle is to the left of the telescope)
and the second reading taken with the telescope
inverted (sometime referred to as "circle right").

5. Terms used - The following terms are defined
specifically for angular measurement; their meanings
might differ slightly in other contexts.

a. A POINTING consists of a single sighting and
circle reading on a single object.

b. An OBSERVATION is a single, unadjusted
determination of the size of an angle.  For
example, an observation is made by pointing both
sides of a horizontal angle.  Thus a single
angular value, an observation, is derived by
subtracting the value of a pointing on a reference
object from the value of a pointing on an observed
object.

c. A MEASUREMENT is the final determination of the
magnitude of an angle before adjustment.  Minimum
angular measurement is the mean of at least two
observations, one direct and one reverse.

d. A REFERENCE OBJECT (RO) is a survey point which is
used as an initial sight for orientation when
measuring horizontal angles and "directions". 
(This term will be used herein instead of the term
"backsight".)  Usually the azimuth or bearing to
the RO is known and the RO is chosen before
observations are started.

e. A DIRECTION is the value of a clockwise angle
between an RO and any other survey point.  Circle
readings of each RO observation are reduced to
zero degrees and the directions to the other
survey points are computed from this zero point.

f. The direct telescope mode will be called simply
DIRECT, or D, and the reverse or inverted mode
will be called REVERSE, or R, in the following
discussions.

g. The term POSITION is used in two different but
closely related ways when referring to direction
instruments:
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1) SETTING A POSITION is the act of setting a
specified horizontal circle reading while the
telescope is pointed toward an RO.

2) TURNING A POSITION is the act of making one
direct and one reverse observation on each
survey point to which a direction is
required.  The horizontal circle remains
stationary for a given position, but is reset
for each new position.  Notes for angles
turned with a direction theodolite are
usually grouped by position.  A set of
observations with a direction theodolite is a
SET OF POSITIONS.  For example, in a project
control traverse a direction is computed as
the mean of a set of four positions.

h. A REPETITION is a single observation (of a series
of observations) of a horizontal angle, made with
transit or repeating theodolite.  A repetition may
be made with the instrument telescope in either
direct or reverse mode.  A SET OF REPETITIONS is a
series of observations of the same angle, where
each observation is accumulated on the horizontal
circle of the instrument.  Half a set is measured
in the direct mode (D) and the other half in the
reverse mode. (R).

i. INDIRECT MEASUREMENT - By "trilateration" the
angles of a triangle are computed from
measurements, usually by EDM, of the three sides.

j. DIRECT MEASUREMENT - Direct measurement of angles
and line directions by theodolite, compass, or
transit is familiar to all surveyors.  But, many
surveyors are not completely familiar with
specific procedures which will achieve specified
results.  This section covers procedures and
precautions which produce increased reliability in
observations and desired accuracies.

B. PROCEDURE

1. Tripod set-up - Most surveyors are efficient with their
own style of instrument set-up.  Any efficient, safe
method that produces a steady tripod is acceptable. 
Refer to the topic "Errors, Corrections, and
Precautions" in this section for specific precautions
to be observed when setting up an instrument.

The "English method" is easy to use, dependable, and
fast.  Inexperienced Instrument Men and those who set
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up instruments infrequently, usually find this much
faster than "conventional" methods.  Some proficient
Instrument Men also have improved their efficiency by
adopting this method.  Procedures for using the
"English method" are:

a. Set one tripod leg about two feet beyond the setup
point.

b. Grasp the other two legs and, while looking
through the optical plummet, position these legs
so the ground point is visible through the plummet
eyepiece.  (The plummet eyepiece should be on the
same side of the instrument as the Instrument
Man.)

c. Push the tripod shoes firmly into the ground.

d. While looking through the plummet eyepiece, adjust
the leveling screws until the optical plummet
cross hairs are centered on the setup point.

e. Approximately level the circular bubble by
adjusting the legs of the tripod.  Adjust one leg
so the bubble is placed in a position which will
make a line drawn through the bubble and the
center of the circular vial parallel with any
other leg.  Adjust the leg which is parallel, up
or down, to center the bubble (approximately).

f. Perform final leveling and centering with the
plate bubble and the leveling screws.  Centering
is accomplished by shifting the instrument on the
tripod head.  When centering, do not rotate the
instrument on the tripod head.  If the head is not
level, rotation will move the instrument out of
level.

2. Horizontal Angle Measurement (Single) - Single
measurements for angles should only be used for stadia
and data collection.  Traversing, metes and bounds or
other surveys of higher precision require multiple
measurements of an angle.

a. The instrument is set up and centered over a
point, carefully leveled, and the telescope
checked for parallax.

b. The telescope is pointed at the backsight and the
vertical cross hair centered on the target.

c. The instrument will read 0 degrees, 00 min 00 sec
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d. The upper horizontal clamp is loosened and the
instrument is then rotated about its vertical axis
and pointed to the foresight.  The upper clamp is
tightened and the cross hair is precisely centered
on the target using the upper tangent screw.

e. The horizontal angle that is displayed is noted
and recorded.

3. Horizontal Angles Measurement (Multiple) - The
DIRECTION METHOD is the fastest, most accurate, and
most efficient method for making multiple measurements
of angles.  The procedure is as follows:

a. Sight the reference object with the telescope
direct and set a reading of approximately 0� 00'
10" in the instrument.

b. Sight the reference object precisely and record
the circle reading.

c. Turning clockwise, make a pointing to each object
to be observed.

d. After the last foresight is observed, invert the
telescope and observe each object in reverse
order, ending with the reference object.  This
completes one position.

e. If two positions are to be used, keep the
telescope inverted and advance the circle setting
to approximately 270� 30' 30".

f. Repeat steps b. through d.

g. Reduce the readings to arrive at the directions
for each position.  Mean the two positions to
arrive at the final value for that set of
directions.  Check to see if any of the positions
differ from the mean by more than 5".  If so,
repeat the measurements to the appropriate
objects.

4. Measuring Zenith Angles

a. Relation to Vertical Angle - A zenith angle is
measured from directly overhead to the point
observed.  (A vertical angle is measured between
the horizon and the point observed.)  A zenith
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angle less than 90� or greater than 270�
(reverse zenith) is called an "angle of elevation"
and is equal to a plus vertical angle.  A zenith
angle greater than 90�or less than 270� is
called an "angle of depression".  It is equal to a
minus vertical angle.

b. Division Instruments
All instruments regularly used by the Division
read zero zenith angle when pointed directly
overhead.  That is, they directly measure zenith
angles.  All instruments read 90� from the zenith
when the telescope is horizontal, in the direct
mode.  When the telescope is reversed, the
horizontal will read 270�

c. Importance

The increased use of Total Stations to perform
trigonometric vertical measurement and vertical
traversing has created a greater need for accurate
zenith angle observations.

d. Procedures

The key sequence used to measure zenith angles
differ, depending on the model and manufacturer of
the Total Station instrument.  Instructions
contained in the operator's manual should be
followed when measuring zenith angles.

               However, the following should be considered

1) When the line-of-sight is horizontal and the
instrument is out of adjustment, or not
carefully leveled, a reading other than 90�
or 270� may occur.  This is called the index
error.  With modern instruments, the index
error shows up as collimation error
(cross-hairs not in the center of the scope).
 Manufacturers use the expression "automatic
vertical index".  This means the vertical
circle is vertical, even when the standing
axis is not truly vertical.  It does not mean
the instrument is automatically adjusted for

collimation error.

2) If the total station has a vertical
collimation error, the vertical circle
reading in a single face will be in error by
the amount the horizontal cross hair is away 
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from the center of the telescope.  Residual
instrumental errors and index errors are
eliminated by observing in both faces, i.e.
taking both a direct (D) and a reverse (R)
reading on the object.

The reverse reading is used as a check on the
direct reading, and when the two readings are
averaged, it provides a means of compensating
for index error.  This can be important when
using the Total Station for trigonometric
leveling - an index error of 10 seconds of
arc and a measured distance of 200 m (656.17
ft.) would result in an elevation error of 10
mm (0.033 ft.).

C. ERRORS, CORRECTION AND PRECAUTIONS

Through caution and good observation procedures, the expense
of isolating and correcting errors can be minimized. 
Factors which might influence the occurrence of errors can
be roughly divided into three classes: instrumental,
personal, and natural.

1. Instrument Factors

a. Adjustment - Check all adjustments of an
instrument at regular intervals, as specified in
Chapter 2.

b. Level Bubbles and Optical Plummet - Normal
measuring procedures do not compensate for
maladjustment of either the plate bubble(s) or the
optical plummet.  These components must be checked
more frequently than others.

c. Replicating the Angle - Check all angles measured
(or laid off) by replicating the angle, no matter
what the purpose of the survey.  This means one
complete position (1D and 1R) with a direction
theodolite.  (One exception can be vertical angles
when setting out points with EDM equipment.)  This
procedure compensates for lack of adjustment of
almost all components of the instrument; it should
be standard practice.

d. Parallax - This occurs when the focal point of the
eyepiece does not coincide with the plane of the
cross hairs.  The condition varies for each
observer because the focal length depends in part
on the shape of the observer's eyeball.
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1) When to Check - Parallax should be checked by
each Instrument Man when he begins to operate
a new instrument or one which has been
operated by someone else.

2) How to Check - Focus the telescope on some
well-defined object a long distance from the
instrument.  With the eye about one inch from
the eyepiece,  slowly move the head back and
forth while watching the relationship of the
object to the cross hairs.  If the object
appears to move, parallax exists.

3) To Eliminate - Rotate the knurled eyepiece
ring (either clockwise or counterclockwise)
until apparent object movement is no longer
present.  It might then be necessary to
refocus the telescope to clearly see the
cross hairs.

2. Personal Factors

a. Setting Up the Instrument

1) Be sure the tripod is in good condition and
all hardware is snugly fitted.

2) Push the tripod shoes firmly into the ground.

3) Place the legs in a position that will
require a minimum of walking around the
setup.

4) If the ground is muddy, drive long, 2"x4"
wedges in the ground to support the tripod. 
In addition, use duckboards to support the
Instrument Man.

5) On warm asphalt pavement set the tripod feet
on stakes which have been nailed to the
pavement.  This will prevent settlement of
the instrument.

6) Set the instrument exactly over the point.

7) Check the optical plummet after the
instrument is set up and just before moving
to another point.  If the instrument has
moved, check the angle just measured.

8) Carefully level the instrument.
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