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CHAPTER 1-00 - GENERAL
SECTI ON 1-01 | NTRODUCTI ON
Revi sed 11/01

DEFI NI TI ON OF SURVEYI NG

In general, surveying is perforned to determne the relative
| ocation or positioning of points on or near the earth's
surface. Mre specifically, surveying is the science of

maki ng neasurenents, relative to known or assumed datum s
and standards, and applying the principles of nmathematics to
such neasurenents to determ ne existing or future horizonta
and vertical position, fromarea, magnitude, boundaries, and
extent of |and parcels and topographical features.

Surveyi ng enconpasses the foll ow ng categori es:

1. Ceodetic Surveys - Surveys, which establish control
networks on a mat hemati cal datum so that neasurenents
will reflect the curved (ellipsoidal) shape of the
earth.

2. Land Surveys - Surveys which include retracenent of

exi sting | and ownershi p boundaries or the creation of
new boundari es.

3. Engi neeri ng Surveys - Surveys performed for the
| ocation, design, construction, maintenance and
operation of engineering projects.

4. Construction Surveys - Surveys which establish stakes
in the ground, and other |ike reference points, at
known horizontal and vertical positions to define
| ocation and size of each conponent of the facility to
be constructed, enable inspection of contract itens,
and serve as a basis of paynent for work.

5. Cart ographi c Surveys - Map naking from origi nal
surveys.

| MPORTANCE OF SURVEYI NG

1. The Basi c Engineering Discipline - Surveying is basic
to all civil engineering works. In transportation
engi neering, surveying provides the foundation and
continuity for route |ocation, design, |and
acquisition, and all other prelimnary engi neering.



Surveys al so set a basic "franmework"” of stakes, which
is used by contractors and engineers in building and
i nspecting transportation projects.

2. The Thread of Continuity - Surveying is the single
engi neering function which Iinks all the phases of a
proj ect including conception, planning design, |and
acqui sition, construction and final nonunentation.

3. Basis for Efficiency - To a great degree, the
acceptability and cost-effectiveness of planning, |and
acqui sition, design, and construction are dependent
upon properly perforned surveys.

C. PURPOSE OF MANUAL

1. Primary Qbjectives - The principal purposes of this
MANUAL are to:
a. Secure an opti nmum degree of Statewi de uniformty
i n surveyi ng.
b. Establ i sh and mai ntai n survey standards.
C. | mprove the overall efficiency of the Division's

survey function

d. Provide a single reference source for
Di vi si on-w de surveying policies, procedures, and
information. (The inclusion of regularly used
formulas and tables in the "Appendi x" will enable
the MANUAL user to reduce his library of reference
mat eri al .)

2. Secondary Qbjectives - Secondary ains are to provide:
a. A conprehensive reference for new enpl oyee
orientation.
b. Source material for training.
C. Hel p enpl oyees in other offices gain a better

under st andi ng of surveying and its proper
relationship to other Adm nistration activities.

D. SCOPE OF MANUAL

This MANUAL, in general, covers Division-w de surveying

policies and procedures and appropriate reference material.
It is not a textbook or a contract docunent. Nor is it a

substitute for surveying know edge, experience or judgnent.



Al t hough portions include textbook material, this
does not attenpt to conpletely cover any facet of

For Division of Plats and Surveys enpl oyees, this
policy. As such, it supersedes previously issued

Pr ocedur e Menoranduns, which deal
her ei n.

with the topics

MANUAL
surveyi ng.

MANUAL i s
Policy and
covered



CHAPTER 1-00 - GENERAL
SECTI ON 1- 02 ORGAN ZATI ON
Revi sed 11/01

PLATS AND SURVEYS DI VI SI ON

Wor ki ng under the direction of the Deputy Chief Engineer -
O fice of H ghway Devel opnent, 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
Adm ni stration-w de engi neering surveys, and the CADD

Mappi ng, and Control section is responsible for CADD and
conput er support, processing data collection surveys, and
perform ng Geodetic control surveys. Figure 1-02-A is an
organi zation chart of the Plats and Survey Division.

DUTI ES AND RESPONSI BI LI TI ES

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

a. Devel op and recomrend prograns, policies,
procedures and standards for surveying functions
within the Adm nistration

b. Provi de gui dance and assi stance to the Engi neering
Districts and other Divisions on all matters
related to surveying.

C. Mai ntain |liaison with other public agencies, the
private sector, and professional societies on
surveying activities.

d. Devel op Division survey training prograns.

e. Coordi nate survey requirenents and rel ated
policies with other Adm nistration functions.

f. Research and eval uate new survey equi pnent and
t echni ques.

g. Adm ni ster contracts for consulting services and
mai nt enance of traffic.
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h. Coordi nate the establishnent, maintenance and
application of an effective survey managenent
system

i Provi de program coordi nation and revi ew of Basic
Control Survey projects and |iaison with the
Nat i onal Geodetic Survey.

J - Prepare budget and staffing requirenents for the
survey function and keeping records of survey
cost s.

K. Adm ni ster personnel rules regarding the hiring,
termnation, and pronotion of Division enployees.

l. Revi ew and sign right-of-way plats.

Assi stant Division Chief - CADD, Mpping and Control
Section - Manages and directs the engineering and
adm ni strative operations of the Control, Topographic
Mappi ng and CADD Systens Teans within the Division of
Pl ats and Surveys.

a. Oversees the functions of the Topographi c Mappi ng

Team

b. Oversees and prograns geodetic control survey
proj ects.

C. Devel ops and mai ntai ns CADD data storage and

retrieval systens.
d. Manages and supervi ses the CADD Systens Team

e. Manages, assesses, and nmakes reconmendations to
the Division Chief on acquisition of conputer
har dwar e and software needs of the D vision.

f. Devel ops and nanages the Division's CADD
programm ng and training needs, and CADD support
consul tant contracts.

g. Devel ops policies and procedures for geodetic
control and topographi c mappi ng.

h. Represents the D vision Chief at neetings within
SHA, and with other federal, state and | ocal
agenci es.



Provi de adm nistrative functions and support for
t he Topographi ¢ Mappi ng Team the Geodetic Control
Team and the CADD Systens Team

Assi stant Division Chief - Production - Supervises and
coordi nates the engineering and adm nistrative
operations of the Production Survey Section and has the
responsibility to:

a.

f.

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

Revi ew requests, plan, and schedule field surveys
in cooperation with other D visions. See Figure
1- 02- B.

Oversee all field survey work for planning and
desi gn surveys, netes and bounds surveys and
construction surveys.

Prepare time and cost estimates for field surveys.
Revi ew and approve enpl oyees' expense statenents,
time reports, mleage reports and efficiency
ratings.

Revi ew and approve consul tant invoices.

Area Engineer - First-line supervisors of the survey
crews enployed by the State H ghway Adm nistration and
have the responsibility to:

a.

f.

Solve field survey problens, as well as determ ne
t he nost expeditious and cost effective manner to
performthe survey work.

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

Assenbl e informati on and devel op data necessary to
performfield surveys.

Process, coordi nate, and evaluate consultant field
surveys.

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

Edit manuscripts for photogramretric mappi ng.

1.2.3



REQUESTOR
Discusses Survey
with
A.D.C. Survey Section

!

Divislon Chief

!

AD.C.
Survey
Section

Plots & Survey

I

l

Area Engineer

j

AODOCI
Plats Section

Survey Plate
Craw Group
Book Room
for
Processing
Mappling
Unit

Figure 1-02-B Organization Chart - Survey Section




5. Techni cal Assistant - This position perforns
technical duties in support of the Assistant D vision
Chi efs and has the responsibility to:

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

b. Assist in the assenbling of all avail abl e project
data to be furnished to field personnel.

C. Assist in review and cal cul ati on of geonetric ties
to right-of-way lines and |lines of division from
base |ines of survey.

d. | nvesti gate new survey nethods and equi pnent and
determ ne their practical application and
adaptability to State survey units.

e. Mai nt ai n dat abase files for nonument geodetic
control points established by the D vision of
Pl ats and Surveys and Federal Agenci es.

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

a. Determ ne field nmethods and procedures that
produce not only an econom cal survey but also a
final product that neets the engi neering needs of
that specific project.

b. Monitor his party's deportnment during working
hours to ensure that adverse reflection is not
cast on the Adm ni stration.

C. Assure that all survey equi pnent is properly
mai nt ai ned and that equipnent is used for its
i nt ended pur pose.

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

e. obtain | odging for the crew and to rei nburse party
menbers for neal expenses when on travel status.

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

I nstrunent Man - The Instrunent Man is the secondary
supervi sor on a survey party and has the responsibility
to:



Operat e angul ar, el ectronic distance neasuring,
| eveling and GPS instrunents in field survey
oper at i ons.

Supervi se the survey party in the absence of the
Party Chief.

Mai ntai n and check the survey instrunents to
ensure proper operating condition and accuracy.

Record notes pertaining to the neasurenents taken
by the various survey instrunents and ot her
m scel | aneous notes as the Party Chief may direct.

Assi st the Party Chief in the computation of
survey dat a.

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

Revi ew t he survey notes recorded by the Party
Chief at the conpletion of a project.

Train |l ower level party nenbers in the operation
of surveying instrunents.

Rodnmen - The Rodnmen on a survey crew has the
responsibility to:

a.

Operate supporting el ectronic di stance neasuring
equi pnent such as prisns, tribrachs, and prism
poles during field surveys.

(bt ai n preci se neasurenents by using steel tapes.
Clear lines of sight.

Mai ntai n and cl ean survey equi pnent such as tapes,
rods, sighting equi pnent, hand tools, etc.

Perform ot her duties as directed by the Party
Chi ef and I nstrunent Man.



CHAPTER 1-00 - GENERAL
SECTI ON 1-03 PUBLI C AND | NTERNAL RELATI ONS
Revi sed 11/01

A GENERAL

1

| nportance - Public relations is one of the nore

i mportant duties of the surveyor. This is especially
true for surveyors who "enter" private property. The
wi de 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

al so required.

Basi ¢ Rul es - Commobn sense and conmon courtesy are the
best rules in any formof public relations. Be
prepared, and try to create a good i npression when
nmeeting the public. First inpressions, whether good or
bad, are often lasting. Mintain a pleasant,

busi nessli ke attitude at all tinmes and be inforned
about your job. The inpression you create thereby wll
be a credit to you, your profession, and the Departnent
of Transportation.

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.
Oten it is necessary to | eave an address and tel ephone
nunber with these people. At other tines, the business
card can sinply be a neans of introduction or of
creating goodw I I.

B. RELATI ONS W TH THE PUBLI C

1

All Representatives - Al enployees and consul t ant
personnel are representatives of the Departnent of
Transportation. Al are responsible for devel opi ng and
mai ntai ning public goodwill. The Departnent as a
public service organization is judged by our behavi or
as well as by our work.

Conduct - The outdoor nature of surveying keeps
surveyors in the "public eye" nuch of the tine. Wrk
nmust be acconplished efficiently and with a m ni nrum of
idle tinme. Good-natured kidding anong party nenbers
hel ps norale. But, when around the public, you nust be
prudent in oral and sign conmunications.



C.

Excessi ve ki dding and horseplay can create negative
i npressi ons, which damage the Departnent's image.

Direct Contact - Al direct contact with the public
shoul d be pl easant, courteous, and businesslike. This
i ncl udes answering questions, listening to criticism
(justified or not), and listening to suggesti ons.

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
guestion to his Area Engi neer or an Assistant Division
Chief. Probabilities, conjectures, or statenents,

whi ch m ght be m sunderstood or m sinterpreted, should
be |l eft unsai d.

RELATI ONS W TH PROPERTY OWNERS

1

CGeneral - Dealing with property owners is a nost vital
phase of public relations. The property owner is the
one who will be directly affected by the survey and,

possi bly, by subsequent construction. He wll
naturally take a close interest in any intrusion on his
property, no matter what the purpose.

Good rel ati ons devel oped by consci enti ous surveyor’s
carry over in the owner's attitude toward other State
Hi ghway Adm ni stration enpl oyees.

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 nmake surveys and al so
provi des protection to the property owner by
requiring prior contact. For detailed procedures,
see Maryland State Hi ghway Directive 5652. 1. 1.

Pre-Entry Contacts - To pronote good relations, a
diligent effort to contact the property owner or
tenant will be nmade prior to entering the

property.

1) (bj ectives - The purpose of the contact shal
be to expl ain:

a) That entry is required.

b) The survey activities to be perforned
and their duration.



c) Any effect the surveys m ght have on the
property.

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

a) Depart ment al Representative - The
contact should be nmade either by the
Area Engi neer or by sone ot her person
desi gnated by the D vision.

b) Answering Questions - The contact person
shoul d know the facts and be prepared to
answer questions courteously and
pronptly. If unanswerabl e questions
ari se, the contact person should obtain
the answers and personally relay themto
t he property owner or tenant.

c) Docunmentation - Al verbal contacts
shoul d be recorded.

3) Direct Mail Contact - Contacts may be by nmai
i f personal contact is inpractical. |nclude
in such letters the sanme information as that
whi ch woul d be given during a personal
cont act .

bjection to Entry - Wien a property owner or
tenant objects to entry - DO NOT ENTER

|f a property owner clains actual or anticipated
damage or interference after a survey has begun
i mredi ately | eave the property. The appropriate
Assi stant Division Chief nust be i mediately
notified so that action is taken as detailed in
Directive 5652. 1. 1.

Party Conduct:

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

2) Guard agai nst any cause for conplaint.

3) Tone down oral conmunications in popul ated
ar eas.



Property Care:

1)

2)

3)

4)

5)

6)

Survey Method - Choose the survey nethod,
which will have the | east effect on the |and.

St ake Location - Place stakes and ot her
mar kers where there is little |ikelihood of
creating a hazard.

Property Rehabilitation - As nuch as
possi bl e, |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 tenporarily | eave a hazard created by
your work, protect people and aninals by use
of protective devices, such as cones,

barri cades, and portabl e fencing.

Renoval of Hazards - Renove all tenporary and
hazar dous survey stakes and other potentially
hazardous itenms fromthe work area after

t heir useful ness has ended. The Party Chi ef
is responsible for determning which itens to
remove and when. However, each party nenber
should call to the Party Chief's attention
any possi bl e hazards.

Exanpl es of itens to be renpved are: stakes
across fields which are to be nowed, stakes
in pedestrian areas, back-sights and

foresi ghts, and photogramretry ground control
materials. Farmaninmals tend to be
indiscrimnate in what they eat, particularly
if the itemtastes salty to them This

t endency causes themto eat plastic flagging,
paper targets, and cl ot he pre-marks.

Concern for Children - Consider hazards to
children when setting or |eaving survey
stakes. Articles such as |athes make
excel l ent swords and spears. Sone of the
paint we use is toxic if ingested. Nails and
spi kes can be dangerous in the hands of
chi | dren.

Litter Renoval - DO NOT LITTER  Paper, stake
fragnents, 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.



D.

Law Enf orcenent Agencies - \Wien a survey requires
wor k around sensitive areas or night work, notify
| ocal | aw enforcenment agencies and private
security agents. This enables themto be aware of
the source and reason for the appearance of
"unusual " lights and activity.

| NTERNAL RELATI ONS

1

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

t eam

Party Chiefs can help maintain good party rel ationships
by keeping party nmenbers well informed about i ndividual
and party roles and their duties for each job.

Ofice

a.

Party Chief and ot her supervisors must be kept

i nformed of inportant devel opnents. They shoul d
not be put in the enbarrassing positions of

| earning inportant information from outside

sour ces.

Good rel ations anong office personnel can be
mai nt ai ned t hrough good comuni cations and a cl ear
under st andi ng of responsibility.

Rel ati ons and contacts with other Divisions should
be courteous and businesslike. Wen in doubt
about the requirenents of a survey request, phone
the requester for a clarification.
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| NTRODUCTI ON

Maryl and State H ghway Adm nistration enpl oyees survey in
many di fferent hazardous environnments. Rugged terrains,

hi gh-speed traffic, hand and power tools, and construction
equi pnent are sone of the elenents that typify survey
hazar ds.

Most peopl e have one thing in common with many who have
experienced an accident--they believe it could not happen to
them A neaningful safety programrequires that each

enpl oyee acknow edge that "It can happen to nme." Each nust
al so ask, "What is ny responsibility and what can | do to
keep it from happeni ng?"

SAFETY MANUAL

1. Each field enpl oyee shall have ready access to the
"Saf ety Manual for Field Survey Personnel”

2. No survey operation shall be considered as either so
i nportant or so urgent that the Safety Manual or any
safe practice will be conprom sed.

RESPONSI BI LI TI ES
1. | ndi vi dual s

a. Al'l field personnel shall have a practical working
know edge of the Safety Manual .

b. Each enpl oyee will do everything reasonably
necessary to protect life, safety, and health of
everyone and conply with all occupational safety
and health regul ations that are applicable to his

j ob.

C. Each enpl oyee 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 becone ill on the job, do not
continue to work. Report to your supervisor
and then get aid.



2) Rested and Nourished - Each surveyor nust
report for work prepared to performan alert,
accident-free, full shift of work. For nopst
individuals this dictates 7 to 8 hours of
sl eep and a nourishing breakfast.

3) Free From I nfl uence of Drugs or Al cohol -

a) Drugs - Wienever a physician gives you a
prescription, inquire if the drug m ght
i mpair your safe functioning. If any
i npai rment mght result, ask the doctor
what you can and cannot do while taking
the nedication. Notify your supervisor.

Do not report for work if you are under
t he influence of non-prescribed
narcotics. Al so do not report for work
if you have been taking any drugs,
prescribed or otherw se, which dimnish
your alertness and your ability to react
qui ckly and nmake sound judgnents.

b) Al cohol - Do not report for work if you
are under the influence of intoxicants.
Al so, do not report for work if any
lingering effects fromdrinking
i ntoxi cants (such as a "hangover") would
di m ni sh your alertness and keep you
fromreacting quickly or would inpair
your judgenent.

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 al
surveys. Planning shall include:

1) The safest tinme of day that the survey can be
acconpl i shed.

2) The opti mum nunber of personnel to do the
j ob.

3) The assignnent of trained and qualified
personnel for the nore hazardous | obs.

3. Party Chiefs - Each Party Chief is responsible for the
wor k met hods and safety practices of his party.



The Party Chief is in the best position to see that al
safety rules and procedures are followed and that al
work is performed safely. Do not attenpt to del egate
this responsibility. The Party Chief nust ensure the
use of the one best SAFE nethod for each operation.

a.

3) Request

Saf e Surveying Practices

1)

2)
3)

See that a copy of the Safety Manual is
al ways avail able to nmenbers of your party.

Enforce all elenents of the Safety Manual

Moni t or enpl oyees for drug and al cohol abuse.

Job Pl anni ng

1)

2)

enough

4)

5)

G ve safety first priority in planning each
survey.

As required for each job, devel op additional
safety practices.

personnel for safe surveying: for buddies,
| ookouts, flagman, etc.

| nsof ar as possi bl e, plan around hazards,
especially life-threatening hazards such as
traffic.

Avoi d assigning party nenbers to sol o-type
tasks that isolate themfromother party
personnel. Try to have each nenber working
with a buddy. (This is especially inportant
in high hazard areas, such as al ong roads and
nount ai n areas.)

Per sonal Equi pnment - See that each subordi nate
possesses or has avail abl e required personal
safety equi pnent. You nust see that enpl oyees use

this

equi pnent as required. |If an enpl oyee

refuses to use required equi pnent, do not allow
himto work. Dismss him wthout pay, for the

rest

of the day. Refer the matter to your

supervi sor.

Party Equi pnent - See that equi pnment and supplies
are safe to use.

New Enpl oyees



1)

2)

3)

Show t he enpl oyee where the Safety Manual,
first aid kit, fire extinguisher, safety
flares, etc. is stored.

Adequat ely orient and begin training the new
enpl oyee in required work tasks before
allowing himto work al one at individual

t asks.

Apprai se the driving abilities of each new
enpl oyee before allow ng the enpl oyee to
operate a State vehicle.

NOTE: The appropriate Assistant Division
Chief is to notify the Party Chief if the new
enpl oyee has any driving restrictions.



A

B
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GENERAL

1. Responsibilities - Accidents, injuries, and
work-related ill nesses shall be pronptly and properly
reported.

WORK

a. Party Menbers - Each enpl oyee nust report any
accident to his supervisor.

b. Party Chief - Each supervisor nust see that
reports are correctly prepared and pronptly
submtted. (If any injured enpl oyee cannot
prepare required reports, his supervisor shal
ensure subm ttal on the enployee's behal f.)

Submittal of Originals - Report all required accident
data on the original. A conbination of original

mat eri al and carbon copies of other material, which

t oget her conprises one report, is not acceptable.

Clarity and Conpl eteness - Make an accident report a
full and frank statenment of all facts in the case. Do
not conceal or mnimze essential facts. Consider

t aki ng phot ographs and drawi ng detail ed sketches to
clarify any facts. Make reports as conplete and
preci se as possi bl e.

Routing of Reports - Distribution of accident reports
is sonetines indicated on the various fornms. However
survey personnel shall submt reports directly to the
Division of Plats and Surveys Ofice.

RELATED | NJURI ES AND | LLNESS

Medi cal Treatnent - If injury or work-related ill ness
occurs and nedical attention is needed:

a. Routine Treatnment - Take or send the enployee to
any doctor on the approved physicians list. (A
copy of this list should be posted in each survey
vehi cle.)

b. Enmergency Treatnent - when an injury requires
energency treatnent, use the nearest nedica
facility, regardless of the "list".



C. Enpl oyee Refusal - If the enployee refuses to see
an "approved" doctor in non-energency cases,
advise himthat he will be required to pay his own
medi cal expenses.

d. Information to G ve - The attendi ng physician
shall be inforned that:

1) He will be paid for his services.

2) The injured is an enpl oyee of the Maryl and
State H ghway Adm ni stration.

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

2. | ndustrial Injury Reports

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

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

b. Enpl oyer's First Report of Injury Form No. C1

C. Ear ni ngs Report to the Maryland State Accident
Fund.

MOTOR VEH CLE ACCI DENT

The gl ove 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 m ssing, obtain a replacenment from

t he Division of Mintenance.)

The State is self-insured and the State Treasurer contracts
with a clains adjustnment conpany. Pronpt handling of
accident reports mnimzes the chances that the State wll
be di sadvant aged.

|f you are injured while operating or riding in a State
vehicle, submt personal injury reports in addition to the
vehi cul ar accident forns.
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GENERAL

Vehi cl e operation and care are joint responsibilities of al
survey party nenbers. Sone of these responsibilities are:

1. Use of seat belts by all.

2 Use of defensive driving techniques.

3. bservance of all State and | ocal vehicle regulations.
4

Operation within the physical and nechani cal
[imtations of the vehicle.

5. Preventi on of vehicl e abuse.

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

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

SAFETY

If you drive State vehicles you nust |earn and heed the
vehi cul ar safety instructions in Chapter VIl of the Safety
Manual .

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

M SUSE
M suse of a State owned vehicle includes the follow ng:

1. VWhen driven or used otherwi se than in the conduct of
St at e busi ness.



2. Carrying in the vehicle any persons other than those
directly involved with official State business, except
wi th approval of the enployee's i mredi ate supervi sor
for each trip.

3. The State Hi ghway Adm nistration also regards the
foll owi ng as m suse of state-owned vehi cl es:

a. Nonconpliance with traffic | aws.

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

C. Failure to conply with Adm nistrative procedures.

d. | nproper parking or storage of State vehicles.

e. Failure to take necessary safeguards to protect

St ate equi pment stored in vehicles.

f. The i nproper operations of the vehicle or failure
to provide appropriate service procedures, causing
damage to or premature failure of equi pnent
conponent s.

4. Addi tional Cuidelines - The drivers of State vehicles
are subject to critical public observation. Avoid the
slightest appearance of m suse and be exenplary in al
vehi cl e operati ons.

As a guide, avoid:

a. Par ki ng State vehicles overnight on streets.

b. Par ki ng on private | ots w thout perm ssion.

C. Carryi ng passengers who are not on offici al
busi ness.

d. Exceedi ng posted speed limts.

e. Di spl ayi ng signs, posters, pictures, stickers,

decal s, or nessages, which are not approved by the
Department or required by |aw

f. Dirty and disorderly vehicles.
SECURI TY
As an operator or user of State vehicles, you are

responsi ble for the security of the vehicle and its contents
when parking it overnight.



The foll ow ng security precautions will help:

1
2.

7.
8.

Park off the street whenever possible.

Leave vehicle in "low' or "reverse" in nanua

transm ssions, or "park"™ in automatic transm ssions and
with the hand brake firmy 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 fromthe road.

Renove ignition keys.

Cl ose all w ndows.

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

Conceal attractive and val uable equipnment. (Al such
equi pnent shoul d be stored out-of-sight.)

Lock all doors and conpartnents.

Set burglar alarm system

PURCHASES OF PETROLEUM PRODUCTS, SERVI CES AND PARTS

1

Policy - Perm ssible routine purchases of expendabl e
suppl i es and services and energency parts and services
shal |l be nmade at the | owest possible cost to the State.

a. Preventive Maintenance - Operators of State
vehi cles shall follow the practices prescribed in
Di vision of Maintenance Directives. This wll
m nimze the need for energency purchases from
"out si de" sources.

b. State Sources - \Wen accessible, supplies for
vehi cl es shall be acquired from State stock.

1) Fuel - Bulk-fuel facilities (which are
generally located at District Mintenance
Shops, District Ofices, and nost naintenance
stations) of the State shall be the first
choice for fuels for State vehicles, only.
Purchase fuels from conmmercial vendors only
when State bul k fuel is not reasonably
avai l able. Before leaving on a trip that
m ght consune a tank-full or nore of fuel,
see that the fuel tank of a State vehicle is
filled at a State bul k-fuel facility.



2) G| Changes and Lubrications - Wenever
possi bl e, arrange for routine maintenance to
be perforned at a State facility. This wll
save on the cost of petrol eum products and
filters. In addition, it will enable the
enpl oyee doing the work to inspect for
vehi cl e probl ens or additional preventive
mai nt enance needs.

Qut si de Sour ces

Fue! - Self-service i sl ands of connercial
facilities nust be used whenever avail abl e.

Credit Card Usage - In recent years the State has been
using a nmulti-conpany credit card. This card provides
maxi mum flexibility for State enpl oyees when petrol eum
products and vehicular parts and services nust be
obtained from private vendors. Wen using this credit
card observe the foll ow ng precautions.

a.

Checks for Card Acceptance - Anong the conpanies

t hat honor the card are Exxon, Anbco, Texaco,

Shel | and Chevron. However, an individual station
proprietor m ght not accept the credit card.

Check for acceptance before delivery of products
or service is begun.

Fuel s - Gasoline may be purchased w t hout
restrictions for State vehicles, as long as a
State bul k-fuel facility is not accessible.

Enpl oyee Responsibilities - Each operator of a
State vehicle nust help assure proper credit card
usage through the foll ow ng actions:

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

2) Ensure that the charge ticket shows al
pertinent information such as price per
gal l on, nunber of gallons, total cost and
vehicle |icense nunber.

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

4) Use the credit card only for the particul ar
vehicle that the card is assigned.



Cash Purchases

| f products or services cannot be obtained through the
credit card, the enployee may pay cash. Rei nbursenent
is through a "Enpl oyee Expense Statenent” SHA 30-502-L.

F. PREVENTI VE MAI NTENANCE PROGRAM

1

Gener al

The State's preventive maintenance guidelines are to be
foll owed in servicing and mai ntai ni ng passenger cars,
station wagons, vans, pickups, and all other trucks or
transportation type vehicles equi pped with speedoneter
or odoneter and serviced on a m | eage sequence.

Pur pose

To mnim ze wear and danage, and to avoi d nechani cal
failure attributed to lack of service and mai nt enance
at proper intervals. To increase performance and
production, prolong useful |ife of equipnent, increase
availability, inprove safety of operation, increase

di sposal val ue, inprove public inmage, naintain
favorabl e enpl oyee noral e, and | ower operation
ownership cost in final analysis.

It is the duty of all operators of State-owned

equi pnent and their supervisors to make the equi pnent
avai l able to the proper SHA shop when service is
required. It is the duty of all shop personnel and
their supervisors to perform service operations

pronptly and properly.
Rout i ne Mai nt enance

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

After initial inspection, the regular inspection period
will be every 4,000 mles, or 6 nonths, whichever
occurs first. This inspection wll include a conplete
| ubrication along with other services.

Every 12,000 nmles a "C' maintenance will be perforned
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 conpleted.

Ext eri or Mintenance - Washing, Polishing, Etc.



The vehicles are to be washed whenever needed,
accordi ng to appearance weat her and road conditions.
Flushing with cold water and conpl ete washing is
encour aged, as soon as possible after traveling

hi ghways treated with chem cals during the w nter
nont hs.

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

Al'l rust damage, dents, scratches, etc., are to be
repaired a soon as possible. Until repairs are nade,
vehi cl es whi ch have chi pped paint, nust be waxed nore
frequently to avoid corrosion or spread of rust.
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GENERAL

Good communi cations are essential to efficient and safe
operations. Every enployee nmust strive to nake his
communi cations as effective as possible. Beside the usual
verbal and witten comuni cations, PSD nmay directly or
indirectly use the foll ow ng communi cati ons systens:

Tel ephone
Mobi | e Radi o
FAX Systens
Pager s

PONE

This section deals only with information regarding the use
of the tel ephone and nobile radi o systens. Personnel who
need to use the FAX system shoul d obtain specific
instructions fromthe operators of this system

TELEPHONE

I nstructions for tel ephone usage, | ocal and |ong distance,
are found in the State directory. Be especially aware of
t hese gui del i nes:

1. State tel ephones are for the conduct of State business.
2. When receiving and placing tel ephone calls, always
identify yourself. For exanpl e:
a. Answer a call thus, "Surveys, Charles Streeter
speaki ng";
b. Place a call in this manner, "This is Leroy
Haber sack of the State H ghway Adm nistration, may
| speak to ..."
3. Do not nmake any personal toll calls that will be

charged to the State.
MOBI LE RADI O SYSTEM
1. CGeneral - The Federal Communi cations Comm ssion (FCO

has licensed the Adm nistration to operate a short-wave
radi o system



This prinme system consists of approximtely 70 base
stations and hundreds of nobile units. Mbile units
i ncl ude radi o-equi pped vehicles and portable, "Walkie
Talkie," radios. It is classified as a nobile radio
system In addition, the Adm nistration operates a
statewi de m crowave systemto extend the range of the
prime system

Channel Assignnents - The Engineering Districts are
assi gned a single channel (frequency) froma statew de
group of five channels. The assignnent of channels

t hroughout the State is made so inter-district radio
interference is mnimzed. The channels are assigned
as follows:

Channel Frequency Assi gned To

1 47. 32 Headquarters

2 47. 26 Bri dge Renedi a

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

Al'l shops and nobiles can be switched to Channel 1 for
communi cati ons during energency conditions.

Mobile Unit ldentification Nunbers - A unit
identification nunber will be assigned to each nobile
unit (vehicle and portable radios). Affix this
identification nunber to the unit for reference when
calling and answering (see Operating Procedures in this
topic). Al nobile units assigned to PSD are in the
800 series. Listings are issued to each operator
whenever changes in radi o assi gnnents occur.

Operating Procedures

a. Safety - Radio transm ssions can di scharge
el ectric blasting caps. Never transmt near
bl asting operations without first receiving
cl earance fromthe foreman in charge.



M crophone Techni que - Hold the m crophone an inch
or two fromthe nouth. Do not let the |ips touch
the m crophone; this causes extraneous noi ses.

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

Do not shout into the m crophone. This results
only in distortion and nakes your nessage nore
difficult to understand.

Calling and Answering - In calling and answeri ng,
base stations are identified by their geographi cal
| ocations while nobile units (vehicle and
portable) are identified by their unit

i dentification nunber.

Whet her calling or answering, the identification
of the radio should be given first. For exanpl e,

SOC calls District 4 thus:
"SOC District 4"

District 4 then answers SCC,
"District 4"

Once the initial contact has been nade, 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 transm ssions). The base station
must use the call assigned by the FCCto its
transmtter, as shown on the license. The nobile
unit uses its regular unit identification nunber
such as "806".

Message Handling - Wen transmtting a nessage,

whi ch nust be witten, allow the other operator
time to wite. Speak in natural phrases. Use the
phoneti c al phabet (see paragraph g) for difficult
or unusual words.

On a |l ong nessage pause at thirty-second intervals
and ask if the nmessage has been received thus far.

When a portion of a nessage is mssed, do not ask
for the entire nmessage to be repeated; ask only
for the part you m ssed.



10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8
10-9
10-12
10-13
10-17
10-18
10-19
10- 20
10-21
10- 22
10- 23
10- 24
10- 25
10- 30
10- 33
10- 36
10- 37
10- 39
10-41
10-42
10-43
10- 44

This can be done by using such phrases as "10-9
word after...", 10-9 word before..., and "10-9 al

bet ween. .. and ..

e. Courtesy - Develop the habit of listening before
you transmit. Do not break into another's
transm ssion. Genuine energenci es are excepted

fromthis rule.

Keep all transm ssions as short as possible. This
is required by FCC rules,
because others m ght be waiting to use the
channel. Do not chatter idly or tal k about

personal nmatters.

The use of obscene or

and it is practical

pr of ane | anguage on the

radio is a violation of the Federal Crim nal Code.

f. The 10-Code - Use the 10-Code to conserve time and

communi cate clearly.

The

followwng is a list of

10 codes used by the State H ghway Adm nistration
and the Maryl and State Police:

Unabl e to copy signal
Recei vi ng wel |
Stop transm tting!/Emergency
Acknow edgenent
Rel ay / Rel ay nessage
Busy
Qut of service
In service
Repeat
St andby

Weat her/road conditions
Meet conpl ai nant

Qui ckly

Return to station
Locati on

Call by tel ephone

Di sregard

Arrived at scene

Assi gnnment conpl et ed
Report in person
Unnecessary use of radio
Emer gency

Correct tine
Suspi ci ous vehicle
Urgent use light/siren
Begi nni ng tour of duty
Endi ng tour of duty

| nf or mati on

Perm ssion to | eave

10- 50
10-51
10-52
10-53
10- 54
10- 57
10- 58
10-59
10-61
10- 62
10- 63
10- 64
10- 65
10- 66
10- 67
10-68
10- 69
10-70
10-71
10-72
10-73
10- 74
10-75
10- 76
10-77
10-78
10- 82
10- 84
10- 85

Accident (F, PI, PD)
W ecker needed

Ambul ance needed

Road bl ocked at :

Li vest ock on hi ghway
Hit and run

Direct traffic

Convoy or escort
Personnel in area
Reply to nessage
Prepare to make witten
Message for |ocal del.
Met nessage assi gnnment
Message cancel | ation
Cl ear for network nes.
Di spatch information
Message recei ved

Fire alarm

Advi se nature of fire
Report progress of fire
Snoke report

Negat i ve

In contact with

In route

ETA

Need assi stance
Reserve | odgi ng

| f meeting advise ET
Del ayed due to ..



10-45 Animal carcass at ... 10-86 O ficer/operator on duty
10- 46 Assist notori st 10-87 Pi ckup/distribute checks
10-47 Energency road repair at ... 10-88 Present tel ephone nunber
10-48 Traffic standard repair at...10-92 I nprop. parked vehicle
10-49 Traffic light out at ... 10-97 Check (test) signa
g. The Phonetic Al phabet - The phonetic al phabet is

designed to aid in the spelling of difficult or

unusual words. There are several versions of this

al phabet. The one adopted by the Adm nistration

is:

Adam John Sam

Boy Ki ng Tom

Charl es Li ncol n Uni on

Davi d Mar y Vi ct or

Edwar d Nor a WIliam

Fr ank Ccean Xr ay

Ceor ge Paul Young

Henry Queen Zebr a

| da Rober t

As an exanple, the word "phonetic" would be

spell ed as foll ows:

Paul Henry Ocean Nora Edward Tom I da Charl es

h. Operating Problens - When you have trouble with

your radio, pronptly report the specifics to your
communi cations technician. But, do not
automatically assunme that your radio is at fault
when you are unable to communicate with a desired
station. The other radi o, associated control

equi pnent, or repeater station m ght be defective.
Al so, the operator at the other radio m ght be
tenporarily away fromhis unit; you could be out
of range or in a "dead" spot; or the other radio
m ght be turned off.

Operating Range - The prine system operates on the
VHF band. At these high frequencies, radi o waves
act sonmewhat like [ight waves. They wll not bend
around corners, although they sonetines defl ect
around obstructions. Range is shortened when
obstructions are between the radio units or when
the units are over the horizon from each other.

In netropolitan areas range is usually shortened
because of the shielding effect of buildings.
This sanme effect occurs when inside tunnels or
metal bridges. Therefore, operating range varies
wi th operating conditions.



Opti mum "Poi nting" - Radios do not work equally
well in all directions. There is a "best"
direction for each.

Operational Aids - If you are unable to
communicate with a desired station (unit), it

m ght help to change | ocation or nove to a higher
el evati on.



CHAPTER 1-00 - GENERAL
SECTI ONS 1- 08 WORK HOURS AND TRAVEL
Revi sed 11/01

GENERAL

Field personnel of the Plats and Surveys Division, due to
their Statewi de work responsibilities, frequently find it
necessary to travel long distances fromtheir pernanent
resi dences.

DEFI NI TI ONS

1. Headquarters - The Baltinore Ofice.

2. Resi dence of Record - The permanent residence of an
individual as on file with the Plats and Surveys
Di vi si on.

3. Assi gnnent - The geographic | ocation where an
i ndi vi dual or surveys party is directed to report for
wor K.

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

5. Qut-of-town - The work assignnment is 60 mles or nore
fromthe Party Chief's residence.

WORK HOURS

1. Local

Enpl oyees shall travel on their own tinme to and from
the work site or designated neeting place. This
appl i es whether state or personal vehicles are used.

Unl ess approved by the Division Chief or an Assistant
Division Chief, the work hours are from7:00 AM unti |
4:00 PMwith 1 hour for lunch. |If conditions dictate,
the Party Chief may deviate fromthis schedule ONLY

W TH THE ASSI STANT DIVISION CHEFF'S OR DIVISION CH EF' S
APPROVAL.

2. Qut - of -t own
The work hours for out-of-town shall be the sane as

not ed above except for arrival and departure days as
not ed bel ow.



This policy supersedes all previously issued witten or
unwitten direction. This applies to all Survey Section
Party Chiefs who are required to secure overnight | odging
because of out-of-town status.

I NI TI AL TRAVEL DAY

Travel Di stance from Residence to Arrival Tine on Job

Job Site Site

Up to 150 mles no |l ater than 8:00
a.m

151 mles to 175 mles no | ater than 8: 30
a.m

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

Any m | eage greater than 200 m |l es, per 25 mles

add 30 m nutes

DEPARTURE DAY

Travel Distance fromJob Site to Departure Tine from

Resi dence Job Site

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

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

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

Any m | eage greater than 200 m nutes per 25 mles
m | es, subtract 30

The travel distance and Arrival Tine/Departure Time that the
Party Chief wll use for the Initial and Departure Days w ||
be assi gned when the survey crew receives the project
assignnents. Al other assignnents shall be carried out

bet ween the hours of 7:00 a.m and 4:00 p.m except when a
change is authorized by the D vision Chief or Assistant

Di vi si on Chi ef.

D. LODAE NG

1.8.2



When the job site is 60 mles or nore fromthe Party Chief's
residence, the Party Chief will secure | odging and take neal
al | omances for hinmself and those nmenbers of his crew who
reside 60 or nore mles fromthe job site.

Lodging will only be taken at a notel/hotel that is on the
Plats and Surveys Division's approved roomrate |ist and

al so 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 foll ow ng procedures when
t aki ng | odgi ng:

1) Ascertain if the establishnent is on the approved Pl ats
and Survey Division's approval list and wll direct
bill the State.

2) Show photo I D and copy of "Letter of Authorization" to
desk cl erk.

3) Informthe clerk that roomcharges are the only itens
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 Cal vert Street
Baltimore, MD 21203-0717

5) On a weekly basis forward to the Ofice a conpl eted
"Acconmmodati on Verification”™ formfor conparison to
invoices. See Figure 1-08-B for an exanple of this
form

An enpl oyee may stay at a place other than where the crewis
| odged (for exanple - a relative's hone). When the enpl oyee
exercises this option, he will be allowed $20. 00 per night
for lodging. A signed receipt nmust be obtained fromthe
provi der and given to the party chief.

MVEAL ALLOWANCE
1. Local

The cost of breakfast is reinbursable when an enpl oyee
in travel status has to | eave home on official business
2 or nore hours before the start tinme of the enpl oyee's
shift.
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The cost of dinner is reinbursable when an enpl oyee in
travel status arrives at home 2 or nore hours after the
enpl oyee's normal quitting time. In both cases, the 2
hours are in addition to the normal commuting tine.

I n cases when an enpl oyee neets the conditions for both
br eakfast and di nner rei nbursenent as |isted above and
isintravel status for the entire day, or if the

enpl oyee is required to stay overnight, the enployee's
l unch al so is reinbursabl e.

2. Qut - of -t own

The Party Chief will reinburse hinmself and nenbers of
his crew the cost of neals in accordance with the rate
schedule in effect. On the first day of the work week,
breakfast allowance will not be allowed. On the |ast
day of the workweek, dinner allowance will not be

al l owed unl ess the conditions as indicated under Local
Meal All owances (above) are net.

F. M LEAGE

1

Local - Enpl oyees using personal vehicles when total
round-trip driving distance is less than 120 mles to
the job site, Party Chief's residence or designated
nmeeti ng place whichever is closest will be allowed
mleage at the effective rate. Distances will be
measured by shortest paved route.

Qut-of -town - For enpl oyees using personal vehicles the
maxi mum m | eage allowed will be 120 mles round trip.
Only one round trip will be allowed each week.

Clained mleage is to be entered on the Enpl oyee's
Expense Statenent as if the round trip occurred on the
first day of the workweek.

Toll Fee - Personnel required to use Maryl and Tol
Facilities while commuting or on travel status wll be
reinbursed for toll fares. Itens are to be entered on
Enpl oyee' s Expense Statenent and receipts submtted.

Rei mbur senent - Cains for rei nbursenment nust be nmade
on Form SHA 30-502-L, Enpl oyees Expense Statenent (see
Figure 1-08-A). This formis to be submtted every two
weeks on a schedul e established by the Adm ni stration.
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CHAPTER 1-00 - GENERAL
SECTI ON 1-09 REPORTS AND RECORDS
Revi sed 11/01

A DAI LY REPORT CARD

1

Gener al

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 exanples of conpleted Daily Report Cards.)
Every effort should be made to mail these reports to
the SHA's Baltinore Ofice on a daily basis. FErrors
are nmuch nore probabl e when entries are del ayed for one
or nore days and made from nenory.

I nformation to Report

The Daily Report is nostly 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

Engi neering Technician rank. The following letters
shall be used to designate the condition of the crew
menber' s attendance:

- Present

- Vacation

- Sick

- Personal Leave
Mlitary Leave

- Leave Wthout Pay
- Adnministrative

>SZTrn<T

B. PARTY CHI EF' S DI ARY

Each day, the Party Chief shall enter into a diary all the
informati on contained on the Daily Report Card. In
addi tion, he should record details of the foll ow ng:

1

2
3
4.
5

Vehi cl e M| eage

Any Vehi cl e Mai ntenance (i nclude gas usage)
Party Expenses

M scel | aneous Expenses

Checks witten on State Account
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7.
8.

Conversations with property owners, contractors, Area
Engi neers, other SHA enpl oyees, etc. (Be specific and
note proper nanes and titles.)

Per sonnel probl ens.

Any other matters of inportance.

C. PROQIECT CARD

1

Gener al

A Project Card, SHA Form 61.7-5-2, shall be prepared
and acconpany each survey project. (Figure 1-09-Cis
an exanple of a conpleted Project Card.)

Area Engi neer
The Area Engineer in charge of the project wll

initiate and conplete the followng parts of the
Project Card as shown in Figure 1-09-C

1. Road systemthe survey project is to be perforned
on.

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

3. Met hod of survey request, requester's nanme and

Division. (Note: Copy of Requesting Letter is to
acconpany j ob.)

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

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

6. Contract nunber agai nst whose account nonies wll
be char ged.

7. Rout e nunber and term ni of survey project.

8. Begi nning station and ending station of survey

project, if applicable.

9. Character of work, such as topo, cross-sections,
data coll ection, netes and bounds, etc.

10. Special instructions.

11. Type of supplenental material that acconpanied
survey request.
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12. Nunbers of survey books contained in job package. |f none
enter "None."

3. Party Chi ef
After the project has been conpleted, the Party Chief
is to conplete the Project Card. Figure 1-9-C shows
that the Party Chief is to fill in the follow ng
nunber ed spaces:
13. New Book nunbers and their contents.
14. Date when surveys began.
15. Date when surveys were conpl eted.
16. Nunber of days charged to project.
17. Nunber of charged days | ost to weat her.

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



CHAPTER 1- 00 GENERAL
SECTI ON 1-10 EMPLOYEE LEAVE
Revi sed 11/01

GENERAL

Leave is an authorized absence fromwork for a specific tine.
FAI LURE TO OBTAI N AUTHORI ZATI ON FOR AN ABSENCE W LL RESULT
I N DI SCI PLI NARY ACTI ON.

REQUESTI NG LEAVE

Al |eave requests nust be submtted on Form DTS-31 (Request
for Leave) for approval. Witten |eave requests nust be
submtted for all |eave taken (includes Personal, Sick Leave,
etc.), even if the |eave request was verbally approved and
the | eave has been taken. This docunentation is needed for
the file.

Each enpl oyee is responsible for keeping a personal record of
hi s/ her annual, personal, sick, and/or conpensatory |eave
use, and to check those records against the quarterly summary
i ssued by the SHA Payroll Section. The enployee is to check
this record to see if the | eave being requested is avail abl e
before submtting a "Request for Leave" form to the
Supervi sor for approval.

During certain high | eave usage seasons, it is advisable to
submt a | eave request as soon as possible. Every effort wll
be nade to approve requests for |eave; however, nmanpower and
workl oad will be the determning factor and |eave could be
deni ed. It is, therefore, beneficial for the enployee to
make hi s/ her request as early as feasibly possible.

UNSCHEDULED ABSENCES

It is realized that because of illness and ot her energencies,
it is not always possible to schedul e advanced | eave. Wen
this occurs, it is absolutely essential that the enployee
notify their immedi ate supervisor as soon as possible and no
later than 1/2 hour after normal starting time. SUPERVI SORS
W LL DETERM NE WHETHER OR NOT TO GRANT APPROVAL OF LEAVE.

It is absolutely essential that survey personnel notify their
i medi ate supervisor, and one of the Assistant D vision
Chiefs or the Field Coordinator as soon as possible and no
|ater than 8 a.m (work shift begins at 7:30 a.m) on the day
of their absence.



For obvious reasons, field personnel nust nake every effort
to contact their Party Chief prior to his departure for work
on that day. The enployee will state the reason that they
are requesting to be absent and the expected date of their
return.

EMPLOYEES WHO FAIL TO A VE PROWT NOIMICE OR WHO FAIL TO
RECElI VE APPROVAL FOR THEIR ABSENCE ARE TO BE CONSI DERED ON
UNAUTHORI ZED ABSENCE AND ARE SUBJECT TO DI SCI PLI NARY ACTI ON.

LATENESS

It is the duty and responsibility of every enpl oyee to report
to work on time. Enployees who are late for work and are not
on approved |leave will not be excused unless a satisfactory
expl anation is provided to his/her inmedi ate supervisor.

Supervisors have the authority and responsibility for
determning whether or not to excuse |lateness or to grant
| eave. Supervisors also have the authority to request
verification of the reason for | ateness and energency | eave.

If the lateness is excused, the enployee has the option of

charging the tine to vacation or personal leave. |If leave is
not available or if the lateness is not approved by the
supervisor, time wll be charged to |eave w thout pay.
Chronic lateness will result in disciplinary action being
t aken.

ANNUAL LEAVE

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

Full -tinme enployees may carry a maxi num of 50 (400 hours)

| eave days over into the follow ng calendar year. New,
per manent enpl oyees nust work 6 nonths before they may use
Annual Leave, at which tinme 5 days will be avail abl e.

Enpl oyees requesting approval of annual |eave 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. Enployees desiring | eave greater than one day shoul d
request approval fromone of the Assistant Division Chiefs or
the Field Coordinator prior to 12 noon on Wdnesday of the
week preceding the requested | eave.

An enpl oyee requesting |eave nust verify its approval. This
wi Il be done by the enployee informng the Party Chief of the
requested | eave and having the Party Chief recomend approval
by initialing the leave form prior to its submttal to the
of fice.



The Party Chief will then call the office no less than three
(3) working days prior to the requested leave to verify the
| eave has been approved. This will also assure that the
enpl oyee's witten request has been received and approved at
the of fice and appropriate work assi gnnments can be nade.

PERSONAL LEAVE

Al'l permanent enpl oyees are given 6 Personal Leave days which
they may use any tine during that calendar year, wthout
prior witten approval, after proper notification to their
super vi sor. Proper notification is notifying the immediate
supervisor up to 1/2 hour after the normal starting tinme on
t he day on which Personal Leave is to be taken

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

Personal | eave may NOT be carried over into the next cal endar
year. Unused Personal Leave will be forfeited by the enpl oyee
and transferred to the Leave Bank. This |eave may be
transferred to an enployee who has a docunented nedical
disability.

An enpl oyee who neets all the requirenents for Paynment of
Unused Personal Leave for a full calendar year nay be paid
for up to three (3) days of unused personal |eave.

S| CK LEAVE

1. Gener al
Sick Leave is tine off with pay when an enployee is
unable to work because of illness, injury or
disability, or for an appointment with a |icensed

medi cal provider or because of death of an imedi ate
famly nenber (DIF). Death in the Famly |leave is not
counted against the enployee's nunber of sick |eave
occurrences.

Earned sick | eave may be used to acconpany an imedi ate
famly nenber to a nedical appointnment, or to provide
medi cal care and treatnent in the event of illness,
injury, or other disability.

2. Prol onged Il 1 ness



Enpl oyees on a prolonged illness will be expected to
notify their supervisor at |east once every two weeks
of any changes in their current condition and their
anticipated return to work date. A nedical certificate
(see Medical Docunentation) shall be forwarded to the
supervisor not less than once a nonth or as often as
every two weeks, if the circunstances justify.

In case of a prolonged sickness and all sick |eave has
been exhausted, enployee nmay request |eave from the:
Enpl oyee Leave Bank, Enployee Leave Donation Program
Advanced Sick Leave, Extended Sick Leave, and/or
Approved Leave w t hout pay.

Advanced Sick Leave

Advanced Sick Leave nmay be granted at a rate of 15 days
for each year of conpleted service, up to a maxi mum of
60 days in any calendar year. |In the case of approved
Advanced Leave, |eave shall be repaid at a rate of 50%
of sick l|eave earnings. (At the 50% pay back rate for
each day of Ileave earned, only one half wll be
avai l abl e to the enpl oyee for future use.)

ADVANCED SI CK LEAVE REQUESTS MJST BE APPROVED BY THE
DI VISION CH EF AND THE APPRCOPRI ATE PERSONNEL OFFI CER
IT |'S, THEREFORE, NECESSARY THAT THE EMPLOYEE ALLOW
SUFFI CI ENT TI ME TO RECElI VE THESE APPROVALS PRI OR TO THE
REQUESTED LEAVE DATE.

Ext ended sick | eave

An enployee may be allotted extended sick |eave for a
specific illness in an anount equal to the anount of
earned sick | eave the enployee used for that illness or
related condition during the preceding two (2) vyears
prior to the last day of work and any other paid |eave
t he enpl oyee used for that illness or related condition
after the enployee's | ast day of work.

Extended sick |eave may not exceed twelve (12) nonths

for a specific illness. The enpl oyee nust provide
medi cal docunentation that the previous earned sick
| eave used was for the illness or related condition

necessitating the request for extended sick |eave. An
enpl oyee nust have exhausted all other |eave, including
advanced sick |eave. An enpl oyee shall conplete an
Extended Sick Leave Request Form and submt it to the
Appoi nting Authority.



The Departnent Medical Advisor shall determ ne whether
extended sick leave is nedically necessary and the
duration of the extended sick |eave. In making this
determnation, the Departnent Medical Advisor may
require the enployee to submt to a nedica
exam nation. Any enployee that refuses to submt to a
medi cal examnation shall have their request for
ext ended sick | eave deni ed.

Si ck Leave Counseling

Abuse of sick leave wll result in appropriate
di sci plinary action.

A nedical certificate authenticating the period of
illness (even less than one day) nay be required from
an enployee who has been absent for five or nore
occurrences in any twelve nonth period. The Division

Chi ef may i mpl enment t he requi r ement of this
certification wth the approval of the Attendance
Cont r ol Oficer. This One-Day Sick Certificate

requirement nust be for at least a six-(6) nonth
period. The requirenent may be extended in six (6)
nmont h intervals.

Whenever, in the opinion of the Attendance Contro

Oficer, the sick |leave taken by an enployee is of a
guestionabl e nature, or indication of a serious nedica

condition which prevents the enployee from properly
completing his duties, the appointing authority may
refer the enployee to a Wrk Ability Eval uati on.

Enpl oyees who have  four separ at e, undocunent ed
occurrences of sick leave in ANY twelve nonth period
will be referred to their supervisor or representative
to discuss their wusage of sick leave and receive
counseling as appropriate. A witten record of the
di scussion, including the enployee's justification and
concl usi ons agreed upon, would be nmade for the working
files.

Upon the sixth undocunented sick |eave occurrence in
any twelve-nonth period, the supervisor wll again
counsel the enpl oyee. Possi bl e courses of action for
the supervisor include: referring the enployee to EAP

referring enployee to the nedical advisor, and/or
continuing to nonitor the situation.

Any further undocunented occurrences of sick |eave may
subject the enployee to appropriate admnistrative
actions in accordance with the policies and regul ati ons
of the Department, including disciplinary actions as
necessary and appropri ate.



EMPLOYEE LEAVE BANK / LEAVE DONATI ON PROGRAM

Wien an enpl oyee exhausts ALL |eave and has been out 10 or
nore consecutive work days due to illness/injury, hel/she may
receive leave from the Leave Bank as long as they are a
menber, that is, have donated a mninum of 8 hours |eave to
t he bank. Menbership lasts for a two-year period. An
enpl oyee may receive up to 2080 hours.

LEAVE W THOUT PAY

After using all available | eave and an enpl oyee wants to take
off from work, he/she is required to report to work unless
there is an energency. When he/she calls the supervisor
requesting |eave w thout pay, the supervisor nmay deny that
leave if they do not accept the reason for not reporting to
work. A supervisor may request appropriate docunentation to
support granting |eave wthout pay for the energency.
Exanple: Dr.'s slips for sick |leave, car repair slip for car
probl ens, etc. Each case will be eval uated separately.
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TECHNI CAL SUPERVI SOR AND DI VI SI ON PROCUREMENT OFFI CER

The Adm ni stration-w de control of surveying equipnent is
the responsibility of the Technical Supervisor and Division
Procurenent O ficer, Plats and Surveys Division. He is
responsi bl e for the procurenent and nmai nt enance of this
equi prent as well as maintaining an inventory which shows
the |l ocation of each piece of equipnent and the person or
responsibility center to whomit is assigned.

PARTY CHI EF

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

GPS TECHNI CI AN

Each GPS technician is responsible for the GPS receiver,
truck and accessories that they work wth.
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GENERAL

Proper care and respect for all equipnent should be the
hal | mark of every survey party. The Party Chief is
responsible for his party's equi pnent. He shall train al
menbers to properly care for this equi pnent and del egate the
responsibilities for such care. The Party Chief shall also
see that the equipnment is used for its intended purpose.
Party menbers nust understand the absol ute necessity of
usi ng the proper equipnent, in the proper condition, for

gi ven tasks.

TOTAL STATI ON | NSTRUMENTS

The total station instrument is one of the nbst expensive
pi eces of equi pnent used by the survey crew. It should be
treated with the sane care as any precision instrunent.

The nane Total Station is applied to instrunents that
conbi ne an El ectronic D stance-Measuring (EDM instrunent
and a Theodolite. See Chapter 2, Section 5 for a detailed
description of these instrunents.

The Total Station has al nost conpletely replaced the
Engineer's Transit and the optical -readi ng Theodolite.
Thus, Total Stations are the only type of angle neasuring
i nstrument di scussed herein.

| f handl ed carefully, total stations will stay in adjustnent
and produce consistently good results. Sone general
gui delines for the care of Total Stations are:

1. Vehi cul ar Transport

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

b. Protect all instrunents from excessive vibrations.
| f possible, line the inside of the | ock box with
carpet, foamor other cushioning material to
reduce vi bration.

2. Casi ng and Uncasi ng



Bef ore renoving an instrunent, study the way i
pl aced and secured in the case. This will hel
properly re-casing the instrunent.

-Ol—"

Carefully renmove the instrunent. Gip it with
bot h hands, but do not grip where pressures wll
be exerted on tubular or circular |evel vials,
whi ch can be forced out of adjustnent.

Field Transport

a.

Short Distances - Total Station instrunments may be
nmoved short distances while still fastened to the
tripod but ONLY with the instrunent vertical (the
tripod | egs pointed down). DO NOT "SHOULDER' ANY
TOTAL STATION!' That is, do not carry a Tota
Station horizontally while nounted on a tri pod.
Doi ng so nay danage the instrunent beyond repair.

This precaution is necessary because the center
spindle (center spigot or the standing axis) of a
Total Station is hollow and rel atively short.

When carried horizontally while on a tripod, the
instrunment's weight is an excessive |load for the
hol | ow centerpiece to bear. Instrunment danage can
result if this precaution is ignored. Also, the

i nstrunment fastener can break, causing the Total
Station to fall.

Moder at e di stances - Wien noving the instrunent
noder at e di stances, release the tribrach clanp and
carry the instrunent by the carrying handl e.

Long Di stances - For |ong distances or over rough
terrain, place the instrument in its carrying
case. Take a safe route to all set-up sites.

Set ups

a.

When possible, select instrunent stations where
operation is not dangerous to the Instrunent Mn,
the party, or the instrunent. Select stable
ground for the tripod feet. Do not set an

i nstrunment near the front or rear of a vehicle or
equi pnent, which is likely to be noved.

At the site, firmly plant the tripod with its |egs
w despread. Push parallel to the |egs, not
vertically dowward. On snooth surfaces, use sone
type of tripod leg restrainer to keep the |egs
from sliding outward.



5.

Rout i

Al ways have the tripod firmy set over the point
before renoving the instrunent fromits carrying
case. Imrediately secure the instrunent to the
tripod wwth the instrunent fastener. Never |eave
an instrument or its tribrach on the tripod

W t hout securing either to the tripod.

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

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

ne Care

Daily Inspection - before making the first set-up
of the day, visually inspect the instrunment for
cracks, bunps, and dents. Check the nmachi ned
surfaces and the polished faces of the | enses and
mrrors. Try the clanps and notions for snooth
operation (i.e., absence of binding or gritty
sounds) .

Cl eaning - Frequently clean the instrunment
externally. Any accunul ation of dirt and dust can
scratch the machi ned or polished surfaces and
cause friction and sticking in the notions.

1) First, renove all dust with a canel's-hair
brush.

2) Cl ean soiled non-optical parts with a soft
cloth or with a cl ean chanvi s.

3) Clean the external surfaces of lenses with a
fine lens brush. Then, if necessary, use a
| ens tissue. Do not use silicone treated
ti ssues: they can damage coated optics.

Al so do not use liquids. |If required, fog
the I enses or their coatings. DO NOT | oosen
or attenpt to clean the internal surfaces of
any | enses.

Cover an instrunent whenever it is uncased and not
bei ng used.



C.

Dry a wet instrunment as conpletely as possible
before casing. After work uncase the instrunment
in a clean roomand dry it thoroughly. (If the
instrunment is left in the case, an increase in
tenperature can condense noi sture inside the
instrunment.) GCrculating air around the
instrument will speed drying.

NEVER | eave an instrument unattended. If you nust
| eave it, have another party nenber watch it for
you. Protect the instrunent from people, aninmals,
equi pnent, rain, sand, dust, wind, traffic and

ot her hazards.

Never point the instrunent directly at the sun.
Sunlight shining directly into the instrunent can
damage receiving el enents.

Protect Total Stations from excessive heat. Heat
can cause erratic readings and deterioration of
conponents. Do not |eave instrunents in closed
vehi cl es, which are parked in the sunlight.

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

When not in use, keep reflectors in their
cont ai ners.

Keep reflectors clean to ensure maxi mum |i ght
return. Clean with a canel's-hair brush and | ens
tissue.

Adj ustnents - Keep instrunments in good adjustnent.

But ,

only nmake adjustnents when results are poor or

excessive manipulation is required. Test frequently.

a.

Check optical plumrets every three nonths or
before calibration on the EDM range. They can and
do go out of adjustnent from bunps or jars.

Frequently check the condition and adjustnent of
tri pods because they directly affect accuracy.

Only attenpt those adjustnents, which are |isted
in Section 2-05. DO NOT "field strip" (dismantle)
Total Stations.

AUTOVATI C LEVELS ( SELF- LEVELI NG

Automatic levels are the standard | eveling instrunment used
on MD SHA survey parties.



These | evel s are fast, accurate, and easy to naintain.
Proper care is required to ensure continuous service and
required precision. DO NOT disassenble themin the field.
Only attenpt those adjustnents set forth in Section 2-04.

Revi ew the previously stated guidelines for care of total
stations. These guidelines are also generally true for the
proper care of pendulumlevels (except that |evels may be
shoul dered). Additional guidelines are:

1. Do NOT spin automatic |evels; this can adversely affect
t he conpensatory.

2. Protect the level fromdust. Dust or foreign matter
i nside the scope can cause the conpensator's danping
device to hang-up

3. Frequently check the adjustnment of the bull seye bubble.
Adj ust the bulls-eye to the center, not alnost to the
center. Make certain it is adjusted along the |ine of
sight and transversely, as well. Proper adjustnent
reduces the possibility of conpensator hang-up.

4. Do NOT tap the instrunment or the tripod to check for
conpensat or hang-up: check by turning a foot screw back
and forth. |If the conpensator is malfunctioning, send
the instrunent in for servicing. Do not attenpt
conpensator servicing in the field.

TRI PODS

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

1. Maintain a firmsnugness in all netal fittings, but
never tighten themto the point where they will unduly
conpress or injure the wood, strip threads, or tw st
off bolts or screws. (This includes |eg clanps.)

2. Tighten | eg hinges only enough for each leg to just
sustain its own wei ght (when spread out in its normal
wor ki ng position).

3. Keep netal tripod shoes clean and free fromdirt. They
shoul d al so be tight.

4. Keep all tripods well painted or varnished to reduce
noi sture absorption and swelling or drying out and
subsequent shri nki ng.



(A bright yell ow color has been adopted as the standard
color for the Departnment's tripods.)

Repl ace top caps on tripod heads when the tripods are
not in use.

Regul arly 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 autonmatic |l evels are secured to the
tripod by an instrunent fastener screw. This 5/8" x 11
screw fits in and slides along a "shifting-arnt which
is fastened at one point under the tripod head by a

shi fting-arm pi vot-screw.

E. LEVEL RODS

1

Ceneral - Maintain |evel rods as you do other precise
equi pnent. Accurate leveling is as dependent on the
condition of rods as on the condition of |evels.
Reserve an old rod for rough work, such as measuring
mud depths. San Francisco "Frisco", geodetic, and
25-foot fiberglass rods are the types nost often used.
The care requirenents, common to all of them are:

a. Protect fromnnoisture, dirt, dust, and abrasion.

b. Cl ean graduated faces with a danp clothe and w pe
dry.

C. Touch graduated faces only when necessary.

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

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

f. If the rod nust be |aid down, place the rod face
up.

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

h. Refrain fromusing the netal "shoe", or "foot",
for scraping foreign matter off a bench or other
survey points.

i | f possible, |eave a wet rod uncovered and
extended until it dries.



J - When not in use, store rods in protective cases
and in a dry place. Do not store rods where other
equi pnent can hit or abrade them

K. Store the rods either vertically or horizontally
with at |east 3-point support.

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

Frisco Rod - These rods are sturdy, but abuse and | ack
of care will take a toll in lost tine 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 clanmp to a snug

condi tion.
C. Carry an extended rod with a wooden side down to
mnimze "whip". Wen wal king adjacent to traffic

| anes be careful to carry a rod parallel with the
roadway. Do not swing a rod into a traffic |ane.

d. As needed, clean and re-coat the tape face with
cl ear pol yuret hane.

Geodetic Rod - These of rods are precisely nmade and
standardi zed. Extra care is required to retain this
preci si on.

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
wei ght stresses.

d. Avoid laying rod on the ground.

e. If foreign matter has "fouled" a rod, carefully
di sassenbl e and clean. The invar face nust 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
becone cl ogged.



4. 25- Foot Fi berglass Rod - Though these rods are nade of
strong, resilient fiberglass, specific care is
required.

a. Git and sand can "freeze" the | ocking system of
the slip joints. The close fit of these joints
will not tolerate foreign nmatter. Do not lay a
fiber glass rod in sand, dust, or |oose granul ar
mat eri al .

b. "Lower" the sections as the rod is being
col | apsed; do not let them"drop". Dowels through
the bottom of a section keep the section above
fromfalling inside that section. "Dropping"
sections during collapsing can | oosen the dowel s
and jamthe tel escoping. Dropping can al so
shatter the fiberglass around the dowel hol es.

C. Renove the rubber boot each day and shake out any
grit.

d. Store in a carrying case.

e. Wen a slip joint goes bad, pronptly renove the
rod fromservice for repair.

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

TAPES

A reliable, properly standardized tape is vital to a party's
operations. Routine care extends tape life and hel ps
prevent errors and blunders. Sonme 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 danp pl aces.

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

Do not place a tape where it can be stepped on or run
over by a vehicle. Oherwise, it mght kink, bend, or
br eak.

Avoid pulling a tape around poles or other objects: a
hard pull can stretch or break the tape.



5. Do not wind tapes overly tight on their reels. This
tends to exert unwanted stresses. However, "normal"
wi nding of a tape onto a reel does NOT harmthe tape.

M SCELLANEQUS EQUI PMENT AND TOOLS

Each enpl oyee is responsible for keeping his m scell aneous
tools and equi pnent in good condition. To prevent |oss of
smal | equi pnent and tools, avoid |laying themon the ground,
on vehicles or on equi pnent, which m ght be noved. Wen not
in use, carry themin scabbards and pouches on a chai ni ng
bel t.

1. Hand Level s - Keep them clean and in good adj ustnent.
2. Cutting Tool s

a. Mai ntain sharp cutting edges. A dull tool wll
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 tenper.

C. Store in protective cases and in safe positions.
Do not store themin the passenger areas of
vehi cl es.
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 sl edges, which had ragged
edges.

4. Tool Handles - Keep all handles firmy secured in or to
all cutting and driving tools. Crooked or warped
handl es can cause injury as well as ms-hitting and

damage to the tool. Pronptly replace such handl es and
those that are cracked or broken. Only install handles
that are made for each particular type of tool. Wen

installing make certain the handle is symetrical with
the head or the bit of the tool.

EQUI PMENT STORAGE | N VEHI CLES

The care, organi zation, and general housekeeping of a
vehicle, generally, are good indications of the attitude of
the entire party. Keep the cab and passenger conpartnents
free of unnecessary clutter and equi pnment. Store al

equi pnent in designated places in conpartnents.



Any equi prment or nmaterial stored in the passenger
conpartnent should be neatly and firmy secured. A good
rule to followis - "A place for everything and everything
inits place."

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



GENERAL

This section lists the equi pnent tools and materi al
for a basic 4-Man survey party.
when a party perfornms different phases of surveying,

different jobs, or is away froma source of supply.

CHAPTER 2-00 - SURVEY EQUI PMENT
SECTI ON 2-03 SURVEY PARTY EQUI PMENT

Revi sed 11/01

ROUTI NE NEEDS

1. Equi prent

a.

| nstrunment s

- thernoneter

- magnetic | ocator

- conpass

- right angle prism

1 - total station instrument
1 - automatic |evel

3 - optical plumet tribrachs
1 - electronic data coll ector
1 - floppy disk drive

1 - printer

1 - calculator

1 - voltnmeter

1 - barometer

1

1

1

1

EDM refl ectors

3 - standard reflectors

2 - mni "peanut" reflectors
1 - standard refl ector hol der
Range pol es

2 - telescoping prismpoles
6 - standard 8 foot range pol es

Level Rods

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

required
The list may be nodified



Tapes

1 - 200" steel tape

1 - 100" steel tape

2 - 100" fiberglass (cloth) tape
1 - 12' pocket tape, engineers

1 - 6" folding rule, engineers
Radi os

1 - vehicle radio
3 - portable radios

M scel | aneous Equi pnent

- tripod, extension |eg

- plunb bob with sheath

- lock level wth sheath
batteries, portable radio
- canvas pouches

- stake bag

- water cooler

pr. - hip boots

APRPPRPOOIOOCTIOIW
1

Cutting Tool s

2 - axes, single bit

1 - hatchet
5 - brush hooks
2 - files

Di ggi ng Tool s

1 - shovel
1 - pick

Driving Tool s

1 - maul 8/10-1b.
1 - hanmer, engineers

Expendabl e Supplies

a.

M scel | aneous

Pl unb bob points
Pl unb bob cord

Keel
Spray paint
Can pai nt

Plastic flagging - blue, orange,
"wet | ands"

red, yellow, and



b. Survey Points and Markers

1x2x18 Fl at St akes
2x2x(12 & 18) hubs
Wre Flags - Blue, Orange, Red, and Yell ow
Rebars - 5/8"
Rebar Caps

Spi kes, Railroad
Spi kes, Boat

Nai | s, Chai ni ng
Nails, P.K

Nai | s, Masonry
Nai | s, Roofing
Tacks, Stake (cup)
Shi ners

3. Stationary Equi pnent and Supplies

a. Pencil s and Mar ki ng Pens
Pencils, 0.3 mmand .5 mm
Lead Hol ders

Mar kers, felt tip
Col ored pencils
Fi ber tip pens

b. Leads
0.3 &0.5mM- HB, H and 2H
Lead Hol der Leads - HB, H and 2H

C. Erasi ng Supplies

Eraser - Clic or Staedtler
Eraser Refill - dic or Staedtler
Er aser Shi el d

d. M scel | aneous

French Curves
Protractors

Engi neer's Scale - 6"
Triangl es

Tenpl at es

Lead Pointer

Peg Books

Clip Board

St apl er

4. Saf ety Equi pnent
1 - Fire Extinguisher

1 - First Aid Kit
6 - Flares, 30-M nute



12 - Traffic Cones - 28"

8 - flags, vinyl

2 - "Slow Stop" paddles

4 - Sign Holder - Wndmaster or simlar
4 - Sign - "Survey Party", 48" x 48"

1 - Hard Hats, per person

6 - Safety Vests

1 - Coggles, per person

1 - Joves, Steel winserts

Publ i cati ons

1 - "Survey Manual"
1 - "Safety Manual"
1 - "Route Location and Design" - Hickerson
1 - "Directory of Medical Facilities"
For ns
a. At t endance Forns

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

b. Expense Forns
Enpl oyees Expense Statenent, Form SHA 30-502-L
Accommodati on Verification
Checki ng Account Log
C. Vehi cl e Acci dent Forns
Mot or Vehi cl e Accident |nvestigation Guide, Form
71.0-FS-1
Driver's Report of Accident, Form 71.0-74
Aut onobi | e Loss Notice, Form ACORD 2(2/88)
d. Vehi cl e Usage

Operator's Report A, Form DBFP- FM MFOMVS
Equi pment Usage Report, Form SHA 30. 0-590-0

e. | ndustrial Injury Forns

Report of Accident/Incident, Form D PER-033
Enpl oyer's First Report of Injury, Formec-1

f. M scel | aneous Forns
Project Card, Form SHA 61.7-5-2

Equi prent Request, Form SHA 61.7-S-3
EDM Cal i brati on Record



| NTERM TTENT NEEDS

A survey party should have the foll ow ng equi pnent and
supplies avail able as the need ari ses:

1. M scel | aneous | nstrunents and Equi pnent
Al tineter, Surveying
Measuri ng Wee
Preci se Rods, Yard
Brass Di sks
2. Power Tool s

Chai n Saw
Power Post Hol e Di gger

3. Hand Tool s
Nunber and Al phabetical Die Set
Post Hol e Di gger
Tape Repair Kit
4. Saf ety Equi pnent and Supplies
Hearing Protectors
Safety Harnesses or Belts
Saf ety Ropes, Manila or Nylon
5. Soundi ng Equi pnent

Soundi ng Li ne w Wi ght
Fat honet er
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PQLI CY

All survey parties shall be equipped with an automatic

| evel . Use of dunpy levels shall be limted to tines when
wi nd or heavy equi pnment causes oscillation of an automatic
| evel 's conpensator. Additionally, where first or second-
order vertical control is sparse, the use of specialized,
preci se |l evels may be necessary.

AUTOVATI C LEVELS ( SELF- LEVELI NG

The Division's Inventory of automatic |evels includes Topcon
AFT-2, Leitz B-1 and Zeiss NI-2 with mcroneter. The
principle of operation is essentially the same in all makes.

The line of sight is nmaintai ned perpendicular to the
direction of gravity through a systemof prisns called a
conpensator. This conpensator maintains a horizontal |ine
of sight when the instrunment is approximtely |evel ed.

Automatic |l evels have three leveling screws and a circular
bubbl e whose upper inner surface is spherical and has etched
a bull's eye onit. This bull's eye generally defines the

[imts within which the conpensator will maintain a
hori zontal |ine of sight.
1. Adj ustnments - Adjust an instrument only if testing

shows the need. If adjustnent is necessary, it is made
by estimation. Therefore, the test nust be repeated
after each adjustnment until the required tolerance is
met. After all adjustnments are nmade, repeat each tests
to be sure each adjustnent has held through subsequent
adj ust nent s.

Wth the exception of parallax elimnation, which is
performed each tinme an instrunent is used, check the
adj ustments descri bed bel ow at intervals of 90 days.
Check nore often if significant discrepancies appear in
a level circuit. |If the instrument has not been used
for along time or along circuit with few checks is to
be run, test the level before starting. Wen running
three-wire or other high-order levels, check the
adjustnents at the start of each day's run or nore
often, if required.



Adj ust | evel bubbles with the instrunment in the shade.
Most adjustnents are nore valid, and easier, if the
tenperature is constant. Field adjustnment procedures

are detailed below. \When possible, consult the
manufacturer's instructions for specifics. Only the
adjustnents |listed bel ow should be nmade in the field.
O her adjustnents should not be attenpted. Do not
attenpt adjustnents that require dismantling any part
of the instrunent.

a. Par al | ax

When working with any instrunent telescope, an
observer sinmultaneously views two images. One is
t he obj ect focused on by the tel escope, and the
second is the cross hairs image. Both nust cone
to focus on a single plane in order to be seen
clearly. If this condition is not net, parall ax
exi st s.

1) To test - the tel escope should be focused on
sone di stant well-defined object with the
cross hairs appearing sharply focused. Wile
view ng the object, the observer's eye is
shifted slightly horizontally and vertically
to check for any novenent of the cross hair

relative to the object. |If the cross hairs
do not oscillate over the object then
adjustnment is not necessary. |If the cross

hai rs do appear to nove on the object,
paral | ax exists and nust be corrected.

2) To Adjust - to elimnate parallax, turn the
reticle focus slightly until no novenent of
the cross hairs relative to the object is
detected. Re-adjust the tel escope focus and
check for parallax again. Repeat the
procedure as necessary until parallax is
el i m nat ed.

b. Circul ar Bubbl e
1) To Test:
a) Carefully level the instrument, making

sure the "bulls-eye" is exactly
cent er ed.

b) Rotate the tel escope 180= and check the
bubbl e.

2.4.2



2) To Adj ust:

a) If it is not centered, bring the bubble
hal fway to the center by using the
adj usting screws beneath the knurled
ring around the bubbl e.

b) Re-l evel the instrunment, rotate it
180, and repeat the adjustnent, if
necessary, until the bubble remains
cent er ed.

When adjustnent is conplete all

adj usting screws should be snug but not
strained. The bubble should remain
exactly centered in the ring when the
tel escope is turned in any direction.

Hori zontal Cross Hair (Two-Peg Test) - This test
checks the collimation of the line of sight (as
defined by the horizontal cross hair) with true
| evel (as defined by the instrunent's |eveling
appar at us) .

1) To Test:

a) Set two stable points (with a
wel | - defi ned, high point on each) on
| evel ground, 200 feet apart as shown in
Figure 2-04-A. The peggi ng course
shoul d be on stable ground, free from
vi brations caused by traffic or heavy
equi pnent .

b) Set up the instrunent at "A", exactly
m dway between the two-peg points. Read
the same rod on both points. Read to
t he nearest thousandth of a foot. Note
whi ch point has the greatest (I|owest)
r eadi ng.

c) To assure good results, repeat these
readings with the level at a different
hei ght of instrunent (H).

d) Comput e the average difference in
el evation fromthe two sets of readings.
This is the "true" difference between
the pegs: the balanced sights elimnate
any horizontal cross hair error.

2.4.3
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) The | evel
Read t he

is then noved to the point 20 feet outside of point A
rod on point Afirst. |[If point Bis |ower than point

A, add the difference in elevation as deternmined in the first

set-up to

the reading on point A. This should be the reading on

point B 3 .005 ft.

2) To Adj ust:

a) Unscrew the reticle cover. (This is a
circular cap at the eyepiece end of the
tel escope barrel.) A small capstan-head
screw wi || be exposed just above the
eyepiece. This raises and | owers the
cross hair reticle against a spring
| oadi ng. (See note bel ow.)

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

c) Repl ace the cap and check the rod
readi ngs on both points. The difference
i n readi ngs shoul d approximate, within
required tol erance, the "true"
difference in elevation of the points.
If so, this conpletes the adjustnent.

Note: Sone instrunments have two
capst an- head adj usting screws one atop
the reticle and one below. The

t wo- screw adj ustnment requires a
correspondi ng | ooseni ng of one screw and
tightening of the other. The adjustnent
is made in gradual, successive sets of

"l oosen one and tighten the other".

When adjustnent is conpleted both screws
shoul d be snug but unstrai ned.

Accessory Equi pnent - Parallel Plate Mcroneters are
avai l abl e for nost automatic levels. This accessory
consists of a drummcroneter that is |linked to an
optically ground, plano-parallel Iens. The surfaces of
a plano-parallel lens are exactly parallel. Wen the
lens is rotated, it offsets the line of sight exactly
parallel to the true line of sight.

VWhen a rod is read, the mcroneter knob is turned until

the cross hair appears to coincide with the | owest
possi bl e whol e graduati on on the rod.

2.4. 4



This "offset"” reading on the rod plus the direct
reading fromthe mcroneter drum equals the actual rod
reading to thousandths. By use of this accessory the
estimation of thousandths is elim nated.

C. DUWMPY LEVELS

The dunpy | evel was at one tine used extensively on al

engi neering works. Al though automatic |evels have to a
great degree, replaced this sinple instrunent, a few remain
in the Division's inventory.

1. Adj ustnents - Due to its sinple construction, dunpy
| evel s have only two principal adjustnents.

a. Bubbl e Tube

1) To Test - Set up the instrument so the bubble
tube is directly over two opposite |eveling
screws, and carefully enter the bubble.
Rotate the instrunment 90= to place the
bubbl e tube over the remaining pair of
| eveling screws and again center the bubble.

Rotate the instrument 180= to reverse the
tube's position. |If the bubble runs off
center, an adjustnment is necessary.

2) To Adjust - The distance the bubble noves
represents twice the error present. To
correct, bring the bubble back hal fway by
turning the adjusting nuts at one end of the
bubbl e tube. Re-center the bubble using the
two |l evel screws in line with the tube.
Rotate the instrument 90-= and center the
bubbl e using the other pair of leveling
screws. Provided the adjustnment was done
correctly, the bubble will remain centered as
the instrunent is rotated. |[|f the bubble
runs again, repeat the adjustnment until it
stays centered.

b. Horizontal Cross Hair - Adjust the reticle in the
sane nanor as described for automatic | evels.

D. LEVEL RODS

1. San Francisco Rod - This type rod is the standard for
routine differential |eveling.

2.4.5



Rod Construction - This rod consists of three
sliding wooden staffs with replaceable netal scale
faces. The scales are graduated in 100ths of a
foot by unique marking which are designed to
prevent reading errors.

Adj ustnents - The positions of the netal scales on
the two top staffs should be checked with a steel
tape while rod is fully extended and | ocked.

Adj ust the two upper scales by |oosening their
retai ning screws and indexing the tapes at the
exact distance fromthe bottom of the rod.

Advant ages

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

2) Each of the three netal scales is
repl aceabl e.

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

2. | nvar-Tape Rod - This type rod is used for precise
geodetic | eveling.

a.

Rod Construction - This type of rod consists of an
alum numstaff, 3 neters long, which "carries" an
i nvar tape.

The invar tape is precisely graduated in either
hal f-centineters, centineters or special bar
coding. The bottomof the tape is secured to a
har dened 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 nethod of
"suspendi ng" the invar tape in the tape guides
allows the tape to remain at a constant |ength
even when the staff expands or contracts.

Checki ng and Mai ntenance - Precise rods are used
in mtched pairs. Periodically check the rods to
verify that the index difference between them

remai ns constant. Index is checked by conparing
hi gh and | ow readi ngs nade on each rod on the sane
point. |If index has changed, either the tape

gui des are fouled or the rod has been danaged.

Wen a tape is badly damaged, r
I

_ | ace the rod.
Tape replacenents are not avai | e

ep
ab



| f the tape guides are fouled, carefully
di sassenbl e and cl ean the gui des.

3. 25- Foot Fi bergl ass Rod

a.

Rod Construction - This rod consists of five
tubul ar sections, which telescope from5 to 25
feet. It has San Franci sco-type graduations.

Lat er nodel s have spring biased | ocking buttons,
whereas the sections of older nodels were held in
pl ace by slotted twi st-type retainers which were
bonded to the sections.

Advant ages and Uses - The fiber glass rod is very
useful where relatively | ow accuracy is sufficient
and where |arge differences in elevation are
encountered. Wth this rod, twice as nmuch relief
can be covered fromone setup than when using a
Frisco rod. It is a tinme-saver on work where
difference in elevation, rather than distance,
determ nes the frequency of turns. This is
especially true where vegetation is a factor.

Fi ber gl ass has anot her significant advantage: it

i s nonconductive. Wen dry, it may be used around
el ectrical installations with caution.

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 cunbersone
in high winds. Do not use this rod if consistent
accuracy to hundredths of a foot is required.



CHAPTER 2-00 - SURVEY EQUI PMENT
SECTI ON 2- 05 ANGLE AND DI STANCE MEASURI NG | NSTRUVENTS
Revi sed 11/01

GENERAL

Transits and theodolites are instrunents designed to neasure
hori zontal and vertical angles. Angle nmeasuring instrunents
were originally theodolites. As the design and manufacture
of optical instruments progressed, the original very |long

t heodolite tel escope becanme shortened to the point that the
tel escope could be revol ved 360 degrees about its horizontal
axis. This act of turning the tel escope over, called
"transiting"” the tel escope, speeded up alignnment work and
permtted the averagi ng-out of sighting and instrunental
errors. These instrunents becanme known as transiting
theodolites, and, in time, sinply as transits.

Further inprovenents in instrunment design resulted in
three-screw | eveling bases, with optical scales as opposed
to the ol der design, which was characterized by four-screw
| evel i ng bases, together with open-faced, silvered (later
al um num and gl ass) scales read with the aid of attached
vernier scales. To differentiate between the old-style
instrunents and the newer instrunments, surveyors began to
call the new instrunments theodolites.

The vernier transits have been largely replaced with optical
scal e theodolites, optical mcroneter theodolites, and

el ectronic theodolites. Many coll eges and universities,
however, still introduce their students to angle neasurenent
techni ques by using vernier transits; the sinple, open
design permts the students to readily understand the
mechani cs and geonetric principles of these instrunents.

Transits are often graduated to one mnute of arc; sone
transits are graduated to twenty seconds of arc. Optical
scal e theodolites are al so graduated to one mnute of arc,
whereas optical mcronmeter 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
t he design.

El ectronic D stance Measurenent instrunments (EDM) are the
result of advances in electronics technology. Distances are
now neasured by |ight waves including |aser and infrared.
Use of EDM has al nost entirely elimnated the taping of

di stances. The Total Station instrunment is the nane applied



to instrunents that conbine an El ectronic D stance Measuri ng
instrument and a theodolite. These instrunments have

repl aced the "stand al one" theodolites and EDM on all of
the Division's Survey Crews.

THEGDOLI TES

1

Definition - In this Manual the term"theodolite"
refers to a tribrach-mounted, closed, optical-reading,
angl e-nmeasuring instrunment with an optical plumet.
That is, a theodolite is secured to a tripod by its
separate base, the tribrach; the circles are read

t hrough a m croscope and prismsystem and it can be
pl unbed over a point w thout using a plunb bob. (The
term"transit”" is limted to an instrument that has
open circles and verniers that nmust be read directly
with the naked eye or with the aid of a hand-held
magni fier.)

Tribrachs - Atribrach is the base of an instrunent and
it contains the leveling screws and the 5/8" X 11
femal e thread that accepts the tripod s instrunment
fastener screw.

Vertical Grcle and Tel escope Orientation - Theodolites
used by the Division have vertical circles that are
zenith oriented (tel escope pointed overhead) at zero
degrees. \Wen the tel escope 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 I'l"™ or circle right") the vertical circle is to
the right of the line of sight. 1In this attitude the
vertical circle "reads" 270 degrees when the tel escope
is horizontal. In this MANUAL the terns "direct” and
"reverse" are used.

Basic Types - Two basic types of theodolites are
manuf act ur ed.

a. Repeati ng Theodolites - These instrunments can be
used to nmeasure a horizontal angle by repeating
(or accurul ating) the angle. The horizontal
circle can be turned i ndependently about the
vertical axis or it can be turned with the
al i dade. A neasured angle, either horizontal or
vertical, is read internally at one point on the
circle through the reading m croscope.

Repeating theodolites are generally graduated to
20 seconds or one m nute; however, 10- second and



30-second nodel s are manufactured. Most

one-m nute repeating theodolites marketed in the
United States have horizontal circles, which are
graduat ed cl ockwi se and count ercl ockwi se. O her
repeati ng theodolites, and sone one-m nute
instrunments, are nunbered only in one direction -
clockwise or to the right. Certain nakes of
one-m nute theodolites are available wth either
type of graduati on.

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 instrunents the
hori zontal circle cannot be noved by rotating the
alidade; it is noved by a "circle drive knob".
After initial pointing the horizontal circle
remai ns fixed during a set of observations.
Angl es cannot be accumnul ated or repeat ed.

The horizontal circle is single-nunbered,

cl ockwi se-graduat ed and read through a readi ng

m croscope. A single mcroscope reading is a nmean
of readings on two dianetrically opposite points
on the circle. Thus, errors of circle
eccentricity are elimnated.

Accuracies to Expect - Fromtesting, manufacturer's
techni cal data, and conservative assunptions, probable
accuracies calculated for horizontal angles (neasured
by an experienced Instrument Man under good conditions)
are, for a One-Second Theodolite, a nmaxi mum error of:

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

C. ELECTRONI C DI STANCE MEASURI NG | NSTRUVENTS ( EDM )

1

General - The devel opnent of Electronic D stance
Measuring Instruments (EDM) is the nost noteworthy
recent advancenent in surveying. Linear neasurenents,
in any practical range, can be nade speedily and

preci sely due to the devel opnent of short, nedium and
| ong-range EDM. To realize the many benefits of EDM,
each surveyor should becone famliar with the
application, operation, and mai ntenance of EDM .

Principles of Operation

a. Definitions



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

Ampl i tude - The departure of a wave fromits
average value. Anplitude indicates the
anount of energy contained in a wave. For a
light wave, the anplitude corresponds to the
intensity or brightness of the |ight.

Phase - The position of a wave in relation to
sone standard position. Phase is expressed
as an angle and is usually neasured in

radi ans.

Modul ation - The varying by external neans of
t he anplitude, phase, or frequency of a wave.
Anmpl i tude nodul ation of |ight causes

pul sation in the brightness of the |light.

Phot ocel | or Photo-Di ode - A type of tube or
diode in which light-sensitive plates are
used. Wen light strikes these plates,

el ectrons are dislodged and caused to fl ow.

Sine Wve - A wave form which is simlar in
appearance to the graph of the trigononetric
sine function. The anplitude of the wave is
proportional to the phase angle.

Het erodyne - The m xing of two different
frequencies. This produces beats or
pul sations of a third, |ower frequency.

Frequency - The nunber of conplete wave
oscill ations produced per second.

Phase-Detector - A device which detects and
i ndi cates the phase difference between two
signals, usually a received signal and a
ref erence signal

Carrier Wave - A very high frequency beam
such as a |ight beam which is used to
transmt sone type of nodul ated signal. The
carrier is not neasured, but the nodul ated
signal is.

Resol ver - A device which varies a
phase-detector until sonme specified phase
relationship is obtained. The resolver has a
calibrated readout so the anount of novenent
needed to produce the specified phase

rel ati onship can be determ ned.

Description - Al EDM used by the D vision



operate essentially on the same principles. The
sequence of events that occurs in a neasurement
process is:

1) Si gnal Generation - One "generator" produces
two anplitude nodul ated signals. One signa
is transmtted externally as a beam of |ight
and the other remains internal.

2) Si gnal Transm ssion

a) External Signal - The external signal
(light) is transmtted fromthe
instrunment to a "renote" reflector and
back to the EDM .

b) Internal Signal - The internal signal,
the reference signal, travels a known
path within the EDM It serves as a
zero point for nmeasurenent of the phase
shift (see Item5), below) of the
external |ight.

3) Si gnal Reception and Conversion - The
reflected external signal returns to the
instrunment and is converted into an
el ectrical signal by the photocell.

4) Het er odyni ng - Before phase conparison is
made, both signals, external and reference,
are converted to a |l ower frequency by
heterodyning. The resulting |ower frequency
has the effect of averaging a |arge nunber of
hi gh frequency wavel engths. This reduces the
ef fect of atnospheric disturbances on the
nmeasur enent .

Not e: The angul ar phase shift for the |ower
frequency is the sane as for the higher
frequency.

5) Phase "Shift" Measurenent - The angul ar

di fference between the reference signal's
phase and the returned signal's phase is
called "shift". Shift is a function of the
di stance being neasured. It is neasured by
t he phase-detector and the resolver. This
determ nes the length of the last parti al
wavel ength entering the instrunment. The
nunber of whol e wavel engths required to span
t he remai nder of the distance is determ ned
by nmeasuring at two or nore frequencies and



observing the rel ationship between the
frequencies. In other words, partial
wavel engt hs are determ ned for several
frequenci es.

6) D stance Determ nation - By mathematically
conparing the partial wavel engths of severa
frequenci es, unanbi guous di stances can be
determined. The principle is illustrated by
the exanple in Itemc, below Renenber, it
is the phase "shift" of the external signal
which is neasured. Neither the travel tine
of the light nor the frequency of the Iight
is measured. The |ight beamacts only as a
“carrier" for the nodul ated signal.

Exanpl e - Assune that the same distance is
measured with three tapes of different |engths:
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 partia
tape length is recorded for each tape. (The
partial tape | engths correspond to the partial
wavel engths in electronic neasurenents.) The
partial tape |lengths (remai nders) are:

Tape "A" - - - 1. 00
Tape "B" - - - 2.00
Tape "C' - - - 11.00

Tapes "A" and "C' have a | owest conmon denoni nat or
(LCD) of 900. This neans that tapes "A" and "C'
woul d repeat the above remai nders at only 101",
1,001', 1,901, ...100,901', ...200,801', ... (The
first length is determined by trial and error;
each following length is conputed by adding the
LCD to the preceding length.)

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

From t he possi bl e remai nders cal cul ated for tapes
"A" and "C' and those for tapes "A'" and "B", the
di stance nmeasured nmust be 1,001.00', or

200, 801.00" or ... because these are the only
lengths that will give the matching renmainders
shown.

Wth EDM the second | argest possible length is
normal Iy beyond the range of the instrunment. O,
the differences between the various possibilities



are usually so great that the correct |ength can
be easily selected by estimation.

D. TOTAL STATI ON | NSTRUMENTS

1

Gener al

The nane Total Station is applied to instrunents that
conbi ne and EDM and a theodolite. Because of

di fferent operations that nust be perfornmed on
different types of this configuration there is a need
to define and name three separate types. They are:

a. Manual Total Station - Both di stance neasuring and
angl e neasuring make use of the sane Tel escope
Optics (coaxial). Slope reduction of distances is
done by optically reading the vertical angle (or
Zenith angle) and keying it into an on-board
cal cul ator or any pocket calculator. Horizontal
angles are read optically.

b. Sem - Automatic Total Station - Contains a vertica
angl e sensor for automatic reduction of distances
(wi thout keying in a slope angle). Horizontal
angles are read optically.

C. Automatic Total Station - Both horizontal and
vertical are read electronically for use with
sl ope distances in a data collector or internal
conputer. These are the only types used by Plats
and Surveys Divi sion.

Total Station - Theodolite Part

a. Angl e neasuring - Electronic Theodolites enploy an
i ncrenental nethod of angle neasurenent. These
instrunments have nmulti-layered glass circles that
are graduated into unnunbered gratings. The
nunmber of gratings involved in a nmeasurenent is
determ ned fromwhole circle electronic scanning
by light emtting di odes which are positioned
above and bel ow t he gl ass pl at es.

Circle inperfections are thus conpensated for,
permtting higher precision wwth only one circle
setting. The neasured di stance of activated arc
is then decoded and displ ayed as degrees, m nutes
and seconds.

b. Accuracy - Mst nodels in the Division's inventory
have an accuracy (standard deviation of a
direction, direct and reversed) of 3".



Adj ustnents - Total Stations and theodolites are
hi gh precision instrunments. Unlike high-precision
| aboratory Instrunments, they are used outdoors,
under all types of atnospheric conditions. They
are transported in trucks and vans, over all types
or terrain, and expected to function perfectly
every tinme they are attached to a tri pod.

Fortunately, surveying instrunents have adj ustnent
screws that allow the user to make field

adj ust rents, when necessary. Details of

i nstrunment construction vary with manufacturers,
and with different nodels fromthe sane

manuf acturer, but the desired features are the
same. The following is a list of conditions that
must be ful filled.

1) The vertical axis nmust be perpendicular to
t he bubble axis so as to have the vertica
axis truly vertical when the bubble is
cent ered.

2) The |ine-of -sight nust be perpendicular to
the horizontal axis so that the |ine-of-sight
revolves in a vertical plane rather than
al ong a coni cal surface.

3) The horizontal axis nust be perpendicular to
the vertical axis so that the horizontal axis
is parallel with the bubble axis and the
I i ne-of -si ght passes through a vertical plane
rat her than an inclined one when the
tel escope is rotated about the horizontal
axi s.

4) The vertical cross-hair should be verti cal
and the horizontal cross-hair should be
hori zontal when the instrunent is |evel ed.

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

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

7) The optical plumet axis should be coincident
with the vertical axis and perpendicular to
the pl ate bubbl e axis.

Wth very few exceptions, an out-of-adjustnent
angul ar nmeasuring instrument will give the correct
results if direct and reverse circle readings are



3.

Tot al

taken and the mean val ues used. The probl ens that
survey parties encounter are the result of
si ngl e-face neasurenents.

The one error that is not corrected by direct and
reverse readings is Item1l) in the above list. |If
t he bubbl e axis is not perpendicular to the
vertical axis, the bubble will nove 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

hori zontal pl ane.

The correct observing procedure is to nmount the
instrunment on the tripod, and |level the plate vial
as you normally would. Wth the bubble centered,
rotate the instrunent 180==. |[|f the bubble
remai ns centered, the instrunment is in adjustnent,
with the vertical axis truly vertical

| f the bubble noves off-center, the vertical axis
is not vertical, and the amount the bubbl e noves
is an indication of the amount of inclination. |If
t he nunmber of divisions the bubble noved is
counted, it can be noved back hal f the nunber
using the |l eveling screws, nmaking the verti cal

axis vertical. |If the bubble is kept in this sane
of f-center position when pointing the telescope in
any direction, the vertical axis will remain

vertical and the horizontal circle horizontal.

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

1) Pl ate Level

2) Crcul ar Leve

3) Reticle Adjustnents

4) Coi nci dence of the Di stance Measuring Axis
with the Reticle

5) Opti cal Pl umet

THESE ADJUSTMENTS SHOULD BE MADE BY FOLLOW NG THE
| NSTRUCTI ON MANUAL SUPPLI ED W TH EACH | NSTRUMENT.

Station - EDM Part

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

At nospheric Correction
2.5.9



The velocity of light through air is affected by
the atnospheric tenperature and pressure. |If the
velocity of the EDMs |ight beamis slowed, the

di stance displayed will be I onger than the true
distance. |If it is faster, the displayed distance
will be shorter than the true distance.

The affect on the distance is conputed in Parts
Per MIlion (PPM. One PPMis equal to 1 nm per
kmor .001 ft. per 1000 ft. |If the conputed
correction is +30 PPM the distance will be
affected by 30 mm per kmor .03 ft. per 1000 ft.
If one failed to correct for this, a2 nmle
traverse would be in error by 0.30 ft. due to

at nospheri c conditions al one.

EDM have three nethods for applying the
correction:

1) The correction is obtained froma chart based
on the tenperature and pressure.

2) The tenperature and pressure are keyed into
the EDM and the nachi ne conputes and applies
the correction.

3) The EDM itself measures the tenperature and
pressure and applies the appropriate
correction.

Refer the EDM's manual to determ ne which type it
is.

EDM Preci sion

The statenment of precision for an EDM is a

two- part nunber, such as (5 nm+ 5ppm). The first
nunber, 5 mm (0.016 feet), neans that at any

di stance, the EDM can have a spread, in distance
measured, of as nuch as 5 mmfromthe nean
distance. |If the EDM is calibrated to a Nati onal
Ceodetic Survey (NGS) baseline, this nean distance
will be the true distance.

The second nunber, 5ppm is equivalent to 5 nmm per
kmor .005 ft. per 1000 ft. This is especially

i mportant when using the EDM to neasure | ong

di stances. At 800 neters (2625 feet), 5 ppmis
only 4 mm (0.013 feet). At 1400 neters (4593
feet), 5 ppmis 7 mm (0.023 feet). Therefore, an
EDM used to neasure a distance of 4593 feet could
show a nmeasured di stance that could vary as much



as 5 mMm+ 7 mmor 0.039 feet.
d. EDM test and calibration

To determ ne the accuracy of an EDM, a conparison
of distances neasured to known di stances nust be
made. This can be perforned at calibrated
basel i nes established in the State by the NGS.

Prior to going to a test range, check al
tribrachs and optical plumets to nake sure they
are in good adjustnent. If the EDM or total
station requires a screwdriver or special tool to
make of fset changes, make sure you have this too
avai l abl e. Read the paragraph in the instrunent

i nstruction manual that describes the process of
changi ng of fsets. The prisn(s) that will be used
to calibrate the instrunment should be the sane
prisnms that will be used with this instrunment on a
daily basi s.

The calibration procedures should be as foll ows:

Step 1 - Position the Total Station instrunent
directly over the "150" nonunent of the calibrated
baseline. Carefully level the instrunment.

Step 2 - Position a prismdirectly over the O
met er and 430 neter nonunents.

Step 3 - Deternmine the atnospheric tenperature and pressure and
set the corresponding PPM correction in the EDM.
Switch the EDM to the netric nmeasuring node and

t he readout for horizontal distances.

Step 4 - Measure the distance to the 0 neter
nmonument ten times and conpute the nean

Step 5 - Measure the distance to the 430 neter
nmonunent ten tinmes and conpute the nean.

Step 6 - Add the two nean distances together.
Subtract the published distance fromthis val ue.
The result is twice the offset error.

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

Step 8 - Move 430 nmeter setup to the 1400 neter
nmonunent and nmeasure this distance ten tines.
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Step 9 - Move the instrunment to the 430 neter
nmonunent and measure the distance to the 0 neter
point ten tines.

Step 10 - Measure the distance to the 1400 neter
nmonunent ten tines.

Step 11 - Move the instrunent to the 1400 neter
monunent and neasure the distance to the 0 neter
monunent ten tines.

Eval uate all of the neasurenents taken to see if
they agree with the published distance within the
stated accuracy of the instrunent.
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GENERAL

Surveyor's tapes are available in various |engths of
different materials, and with nunerous nethods of
graduation. This manual deals only with the types comonly
used by the D vision.

STEEL TAPES

The Division uses both standard and netric steel tapes.
Standard tapes are 50 ft., 100 ft. and 200 ft. and are
graduated in feet, tenths and hundredths throughout their
| engt h.

Metric tapes are 30 neters in length and are graduated in
nmeters, decineters, centineters and mllinmeters throughout
their | ength.

NON- METALLI C TAPES
I
coated with a flexible, durable plastic. Markings are
impressed into the fibers and protected by a final coat of
clear plastic. Standard Non-netallic cloth tapes are
graduated to 0.05 foot throughout their length. They are

avai l able in 100-foot |engths w thout cases. Metric tapes
are 30 neters long and graduated in neters and centineters.

Non-netallic cloth tapes are nmade from synthetic fibers,
I
t

Non-netallic cloth tapes are subject to stretching and
shrinking and shoul d never be used for precise neasurenents.
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A HAND- HELD COVPUTERS/ CALCULATORS

1

Gener al

El ectronic calculators are highly adaptable to
fieldwrk. Calculators progranmed for trigononetrica
functions have alnost totally elimnated the need for
field tables. Further, errors fromtable usage are
also elimnated. Sone electronic calculators used by
the Division are progranmable. That is, these

cal cul ators have the capacity to store and run prograns
i nvol vi ng many mat henati cal steps.

Sharp - Mddel EL 5500 11

The Sharp EL 5500 Il has been issued to all Party

Chi efs. The hand-held conputer has an al phanuneric
keyboard, 8 KB RAM 26 nenories, 85 progranmned
scientific functions and a 24-digit Dot Matrix display.

A nodi fied COGO program usi ng Sharp Basi c Language has
been witten and | oaded into these machi nes. The
routines included in this programallow the survey crew
to performmany tasks that heretofore would have been
prohi bitive because of the conplex mathematics

i nvol ved.

Sonme exanples of this are:

a. Wil e perform ng a metes and bounds survey, two
pi pes that are thought to constitute a deed |ine
are |l ocated by angle and di stance froma traverse
station. The two pipes are not intervisible
because of obstructions and the distance between
t hem cannot be checked for conparison to the deed
di stance. Using the Sharp calculator it is
possible to rapidly conpute this distance by:

1) Assune, if need be, coordinates on the
occupi ed station.

2) Locate the first pipe by the "Locate Bearing
Routine" (LBR) using an assumed bearing and
t he measured di st ance.



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 neasured distance.

4) | nverse between the two pipes using the
"I nverse Bearing Routine”" (IBR). |If the
inverted distance is close to the deed
di stance it can be assuned that the correct
pi pes have been | ocated and the survey nmay be
resuned. | f the invades distance is not
close to the deed di stance the inverse
di stance can be used to facilitate further
search for another pipe or corner.

A right-of-way (RFW stakeout is being perfornmed
on a project where the baseline and R W breaks
have coordi nate val ues assigned. It is necessary
to place RFWstakes along a |line where the RW
breaks are separated by a | ong distance that runs
t hrough many obstructions. The |ocation of points
along this line can be cal cul ated by:

1) Store the coordinates of the occupied
basel ine station and the baseline station
sighted on. Store the coordinates of the RR'W
breaks. Note the assigned nunber of these
poi nts.

2) Turn and record angles that fall between the
obstructions and that are on clear |ines of
si ght .

3) Usi ng the recorded angl es and an assuned
di stance of say 500 feet, by the "Locate
Angl e Routine" (LAN) set a series of points.
Not e the assigned nunbers of these points.

4) Assess the "Points Intersect Routine” (PIT).
Use the point nunbers that define the RR'W
line as Line 1. Use the nunber assigned to
the occupied point in conmbination with the
points established in Step 3) to define Line

2. Intersect and note assigned intersection
nunbers.
5) | nver se between the occupied station and the

i ntersection points established in Step 4)
using the "lInverse Bearing Routine" (IBR)
Not e di stances between occupi ed station and
i ntersection points.



6) Use recorded angles from Step 2) and inverse
di stances from Step 5) to set R/ Wstakes.

COMPASSES

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

a. A conpass box wth a circle graduated from zero

degrees to 90= in both directions fromthe north
and south points.

b. A line of sight along the south-north points of
t he conpass box.

C. A magnetic needl e.

Wien the line of sight is pointed in a given direction,
t he conpass needl e gives the magnetic bearing.

2. Type

The pocket conpass is the type issued to Division
crews. This is generally held in the hand and beari ngs
observed. It is used on Metes and Bounds surveys to
trace property lines and on d obal Positioning Systens
(GPS) reconnai ssance surveys where the bearing and

di stance to all obstructions extending 20 degrees above
t he horizon nust be noted. It should also be used to
pl ace an approxi mate bearing on baselines used in
borrow pit surveys.

HAND LEVEL

A basic instrunment used on survey crews is the hand (Locke)
level. It consists of a spirit bubble and sighting
horizontal wire held in a tel escope having zero or 2x
magni fi cation

Low cost hand | evel s generally have a sighting chanber with
no optics and only a horizontal cross hair and mrror to
show t he bubble imge on the wire. Sights are considered

| evel when the bubble is centered on the wire. Low powered
optics are often introduced in the hand | evel to extend the
di stance of operation. Cenerally, unaided sights are used
up to 30 feet and optic assisted sights to 70 feet.

These instrunents are usually used in cross-section and

tapi ng operations. Hand |levels should be tested
periodi cally and adj usted when necessary.
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TRI PODS

St andar di zati on by instrunent manufacturers has created a
need for only two types of surveyor's tripods: European and
Ameri can.

1. European - This tripod has a 5/8" (dianeter) X 11
(threads per inch) instrunent fastener, which secures
the instrunment to the tripod head. The centering range
of the fastener is approximately 1-1/2 inches.

Eur opean tripods have a wide-frame design. 1In this
design the |l eg dowels for each leg are attached to the
tripod head at a spacing of approximtely four inches.
This gives greater stability. The European tripod is
the standard tripod for Division instrunents.

2. Anmerican - The Anmerican tripod has a threaded head for
fastening instruments. The head is 3-1/2 inches in
dianeter with eight threads per inch. Mst of these
tripods are now supplied in the wide-frame style. The
Anerican tripod is used with American-made engi neers
transits and dunpy | evels.

Both types are available with either fixed | egs or
extension | egs. The extension-leg tripod is nuch
preferred. It is easier to store and is nore 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. Mving parts
shoul d operate snoothly and freely.

METAL DETECTORS

El ectronic nmetal detectors have replaced the old dip needle
instrunments that were previously used. The electronic
detectors will sense ferrous nmetal (iron and steel) at

consi derabl e depths. They operate on the

fl uxgat e- magnet onet er principle, which neans they |ocate the
magnetic field found around any ferrous object. The
detection of a magnetic field activates an audi o signal,
which is transmtted through a | oudspeaker or an attached
headset .

El ectronic nmetal detectors are used extensively on netes and
bounds and recover surveys. Better quality electronic
detectors are expensive but economcally practi cal

i nvest ments.



ABNEY LEVEL (CLI NOVETER)

This instrunent is suitable for both direct |eveling and for
measuri ng sl ope angles. For direct |eveling, the index of
the graduated arc is set at zero. Wen it is used as a
clinoneter, 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 sl ope
percentage is then read on the vertical arc. The Abney

| evel can be used to acquire approxi mte heights of
structures and overhead wres. |Its primary use is for
mappi ng the horizon on GPS reconnai ssance surveys.
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CHAPTER 2-00 - SURVEY EQUI PMENT

SECTI ON 2-08 PARAVANT DATA COLLECTOR AND PERI PHERALS

DI SK OPERATI NG SYSTEM ( DOS)

1

General - This section covers sone of hardware that
makes up the systemas well as sonme of the nost
frequently used commands for copying, printing,
listing, deleting and mani pulating files.

Di sk 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 renovabl e random access nenory
(RAM card. Al 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 ol der
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 prograns that make up the operating system of
the paravant. This drive is wite-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 seri al
port and cable. It is used for creating disks for
sending into the office and for storing back-up
copi es of prograns and dat a.

System Files - Although these files are on the C
drive, custom zed versions of themnust be on the A
drive for the paravant to operate properly.

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

b. CONFI G. SYS - This file contains settings for
general operation of the unit. It is an ASCII file



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.

DOS Commands - These conmmands can be issued with drive
letters and switches. A switch alters the way the
command wor ks.

a. DIR - This conmand will display a directory
listing of files. DIRA wll list the files on
the A: drive. DIRRWw I display a wide |isting.

b. COPY - This command copies files fromone 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 fromthe D:. drive.

C. RENAME - This comrand changes the nane of a file.
RENAVE JUNK. FLD SAMPLE. FLD changes t he nanme 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 del etes the JUNK. FLD fil e.

e. TYPE - This conmand di spl ays the contents of an
ASClIl file. TYPE JUNK. FLD will list all of the
data stored in the JUNK. FLD file to the screen.

f. PRINT - This conmand wll cause a file to be
printed out on the printer if attached. PRINT
JUNK. FLD w I | cause the JUNK. FLD file to be
printed out.

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

B. SPECI AL FUNCTI ONS OF THE PARAVANT

1

Di splay screen - Various lighting conditions wll
effect the screen display. The screen display can be
changed by hol di ng down the FUNCT key and pressing the
UP arrow to increase contrast or the DOMN arrow to
decrease contrast. Press the ALT key and the UP or
DOMN arrows to increase or decrease brightness.

Power on/off - Press the FUNCT key and PONER keys



simul taneously to turn the conputer on and off.

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

KEY CHAR KEY CHAR KEY CHAR
A ' I & Q }

B ~ J ( R |

C ! K ) S ;

D @ L B T '

E # M = U <

F $ N [ \Y >

G % @) ]

H A P

4. Rebooting - The collector can be re-booted by entering

an "R' while in DOS or by pressing the reset switch

| ocated in the battery conpartnent next to the battery.
Avoi d rebooting the conputer while in a program as
this may corrupt data files in use by a program

Always exit the programnormally if possible.

The reset switch normally perforns a "soft" reset of
the conputer and boots (starts-up) M5-DOS. This w |
have no effect on the internal nenory, configuration
settings or the real tine clock.

The reboot will restart the Paravant screen. Pr oceed
as nornmal .

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

C. PARAVANT CONFI GURATION - (If unsure, call the office to see
whi ch configuration your Paravant uses.



RHC- 44 3512 RAM card in A drive:

a.

b.

L

Fromthe C. pronpt Key-in CONFIG and press Enter.

Sel ect F2 - Low Power/Event WAit Configuration.

Set up as follows:

Aut omati ¢ Power Down Ti neout - 10
Power Down = > Wait Keyboard - YES
Power Down = > Pol| Keyboard :

Acti vat e: NO Location: DGOS
Enabl e Serial Port - YES

Install Low Power Handler - YES

Low Power Message Interval - 120

Press Escape and save changes.
Select F1 - Menory Mapping

Set up as foll ows:

Program Menory D sk Menory
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
| mportant: Bank 4 nust be left BLANK. The default

setting is 04 for bank 4. To change this setting

you nust enter a -1 at the pronpt. This wll

create a bl ank space for this bank. |If the nmenory
banks are not set correctly, you will get an error

message "Prograni Di sk Menory Conflict".

Be sure to save the changes when you EXIT.

| f you get ERROR reading drive B. - Go to c:\ and

key-in FORMAT B: to fix the problem



2.

RHC- 44 MF3513 RAM card in the A drive

a.

b.

Fromthe C. pronpt Key-in CONFIG and press Enter.

Sel ect F2 - Low Power/Event Wait Configuration

Set up as follows:

Aut omat i ¢ Power Down Ti nmeout - 10
Power Down = > Wait Keyboard - YES
Power Down = > Pol| Keyboard :
Activate: NO Location: DOS
Enabl e Serial Port - YES

Install Low Power Handler - YES

Low Power Message Interval - 120

d. Press Escape and save changes.

e. Sel ect F1 - Menory Mappi ng

f. Set up as follows:

Pr ogr am Menory D sk Menory

Bank 0 - 00 Disk 1 Start

Bank 1 - 01 Disk 1 Stop

Bank 2 - 02

Bank 3 - 03 Disk 2 Start

Bank 4 - Disk 2 Stop
Disk 3 Start
Disk 3 Stop

| nportant: Bank 4 nust be |eft BLANK. The

co
3

04
07

40
41

default setting is 04 for bank 4. To change

this setting you nust enter a -1 at the

pronpt. This will create a bl ank space for
this bank. |If the nenory banks are not set
correctly, you will get an error nessage

"Program Di sk Menory Conflict".

Be sure to save the changes when you EXIT.

I f you get ERROR reading drive B: - G to c:\

and key-in FORVAT B: to fix the problem



3.

RHC-44 with 1MB RAM card in A

a.

b.

Fromthe C. pronpt Key-in CONFIG and press Enter.

Sel ect F2 - Low Power/Event Wait Configuration

Set up as follows:

Aut omat i ¢ Power Down Ti nmeout - 10
Power Down = > Wait Keyboard - YES
Power Down = > Pol| Keyboard :
Activate: NO Location: DOS
Enabl e Serial Port - YES

Install Low Power Handler - YES

Low Power Message Interval - 120

d. Press Escape and save changes.

e. Sel ect F1 - Menory Mappi ng

f. Set up as follows:

Pr ogr am Menory D sk Menory

Bank 0 - 00 Disk 1 Start

Bank 1 - 01 Disk 1 Stop

Bank 2 - 02

Bank 3 - 03 Disk 2 Start

Bank 4 - Di sk 2 Stop
Disk 3 Start
Disk 3 Stop

| nportant: Bank 4 nust be |eft BLANK. The

CO
Cr7

04
07

40
41

default setting is 04 for bank 4. To change

this setting you nust enter a -1 at the

pronpt. This will create a bl ank space for
this bank. |If the nenory banks are not set
correctly, you will get an error nessage

"Program Di sk Menory Conflict".

Be sure to save the changes when you exit.



4.

RHC-44 with 1MB RAM card in A: and 3512 RAM card in B:

a.

b.

Fromthe C. pronpt Key-in CONFIG and press Enter.

Sel ect F2 - Low Power/Event Wait Configuration

Set up as follows:

Aut omat i ¢ Power Down Ti nmeout - 10
Power Down = > Wait Keyboard - YES
Power Down = > Pol| Keyboard :
Activate: NO Location: DOS
Enabl e Serial Port - YES

Install Low Power Handler - YES

Low Power Message Interval - 120

d. Press Escape and save changes.

e. Sel ect F1 - Menory Mappi ng

f. Set up as follows:

Pr ogr am Menory D sk Menory

Bank 0 - 00 Disk 1 Start

Bank 1 - 01 Disk 1 Stop

Bank 2 - 02

Bank 3 - 03 Disk 2 Start

Bank 4 - 04 Di sk 2 Stop
Disk 3 Start
Disk 3 Stop

| mportant: |If the nmenory banks are not set

correctly, you will get an error nessage

"Program Di sk Menory Conflict".

Be sure to save the changes when you exit.

Cr7
80

40
41



5.

RHC-44 with 1 - 2MB RAM card for A: dri ve:

a.

b.

Fromthe C. pronpt Key-in CONFIG and press Enter.

Sel ect F2 - Low Power/Event Wait Configuration

Set up as follows:

Aut omat i ¢ Power Down Ti nmeout - 10
Power Down = > Wait Keyboard - YES
Power Down = > Pol| Keyboard :
Activate: NO Location: DOS
Enabl e Serial Port - YES

Install Low Power Handler - YES

Low Power Message Interval - 120

d. Press Escape and save changes.

e. Sel ect F1 - Menory Mappi ng

f. Set up as follows:

Pr ogr am Menory D sk Menory

Bank 0 - 00 Disk 1 Start

Bank 1 - 01 Disk 1 Stop

Bank 2 - 02

Bank 3 - 03 Disk 2 Start

Bank 4 - Di sk 2 Stop
Disk 3 Start
Disk 3 Stop

| mportant: Bank 4 nust be left BLANK. The

co
CF

04
07

40
41

default setting is 04 for bank 4. To change

this setting, you nmust enter a -1 at the

pronpt. This will create a bl ank space for
this bank. If the nenory banks are not set

correctly, you will get an error nessage
"Progranm Di sk Menory Conflict".

Be sure to save the changes when you exit.

I f you get ERROR reading drive B. - Go to c:\

and key-in FORVAT B: to fix the problem



D. RHC- 44E COMVANDS

1

To obtain a directory listing of the files on a floppy
disk that is installed in a CMI disk drive, type CD R
at the B:> pronpt and press enter.

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

To copy files fromthe Paravant to the CMI di sk drive

type FOUT FI LENAME (where FILENAME is the nane of the
file you wish to copy) at the pronpt you want to copy

from(A: or B:) and press enter.

To copy files fromthe CMI disk drive to the Paravant
type FIN FILENAME at the pronpt that you want to copy
to (A or B:) and press enter.

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

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

a. A nessage "Fast Charging” will appear if the power
is | ow

b. A nmessage "Trickle Charging” wll appear if the
power is close to full.

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

E. DI CONI X 180si PRI NTER

1

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

a. Connect the AC adapter to your printer.

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

The recharging operation takes ten hours to conplete.
During this time, the font indicator lights will flash
i n varying conbi nations during the ten-hour charge
time, indicating the length of tinme remaining for the
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At the end of the recharging operation, all indicators
will stop blinking and the Power indicator light wll
illumnate (steady, not blinking). The batteries are

conpl ete chargi ng operation. Wen 25% of chargi ng has
been conpleted, the Gothic light will blink:

now fully charged.

Once the batteries are fully charged, the printer wll
operate continuously for a mninmumof 50 mnutes in the
print node or 12 hours in the stand-by node.

2. Printing Wiile Recharging - You can send data from your

conputer 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:



a. Press the On-Line button to bring the printer on

I'ine.
b. | nsert paper if necessary.
C. Print.

A short time after the job is finished, the printer
automatically resunes the rechargi ng process fromthe
poi nt 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 wll not
automatically restart when power is restored. Continue
to operate the printer until the batteries are | ow
(Power Indicator flashes) and then begin the recharging
process.

Make sure to use the appropriate charger for the
printer. The charger is |abeled INK JET PRI NTER and
Model # AD187. It is also larger than the Paravant
char ger.

F. THE CMI' DI SK DRI VE

1. CGeneral - The CMI Disk Drive is an exceptionally rugged
portabl e battery-operated fl oppy di sk drive designed
for use with RS-232 conpatible devices. It is
wat er proof, dust proof and vibration resistant.

One special feature of the CMI Disk Drive is its hinged
water-tight front cover. Wile working in a hostile
envi ronment, you can screw on the cover to protect the

di sk drive and the front panel. Under normal operating
conditions, swng the cover under the CMI to prop it up
slightly.

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

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

G RAMCARD BATTERI ES
1. Ceneral - The lithiumbattery used on a RanCard cannot

be recharged; it nmust be replaced. It wll provide
enough power to assure data retention for 8 nonths to 3



years, depending on the nenory capacity of the RanCard.
However, if the Rantard is inserted into your conputer
while it is turned on, the RanCard is powered by the
RHC-44 main battery; this will extend the life of the
[ithiumbattery.

The conputer will periodically scan the RanCard sl ots
to determine if one of themcontains a RanCard with a
| ow battery. You will then have the option either of
continuing to receive the nessage, or of turning the

nmessage of f.

2. Repl acenent - |If you insert the RanCard into the
conputer with the system ON so the main battery
provi des power to the RanCard, it is possible to
replace the lithiumbattery wthout |osing data stored
on the RanCard. However, it is advisable to have a
good backup of your data before attenpting to change
the battery.

If the lithiumbattery is conpletely dead, you w |
have to format the RanCard just as you would a brand
new one and recover any files froma suitable backup
copy. Send the RanCard to the office if it needs to be
formatted.

btain a new battery of the same type as the original
Use the screw driver provided with the RanCard to
| oosen the battery retaining screw approximately 5
mllimeters. Hold the RanCard firmly and pull the
battery holder fromthe card. Renpove the old battery
fromthe 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 SHOOTI NG
1. Par avant Batteries

A Main Battery - The nost frequent problem
encountered wth the Paravant data collector is
| ow 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.

Ni cad batteries often devel op probl enms when they
get about 2 years old under normal use. Return
the battery to the office for replacenent. Wen
possi ble, print and download files with the data
collector while the unit is being charged.



B. | nternal Back-up Battery - If the Paravant | oses
data or its configuration when you swap the nmain
battery, the internal battery voltage nay be | ow

It can only be charged when the Paravant is
pl ugged into the AC charger (the output of the
charger can be checked with the voltneter). |If
the main battery charges but the internal does
not, the Data Col |l ector nust be returned to the
of fice for servicing.

Cabl es - The next nobst frequent problem encountered in
the field is cables. If, during collection, you
receive a "comport error" nessage, either the
instrunment is not set correctly, the wong instrunent
is selected, or there is a | oose connection in the
cabl e connecting the Collector with the total station.
Swap cables and try again. |If you still get the sane
error nmessage, check the battery of the total station.

If this is okay, there may be a problemw th the total
station itself. NEVER USE THE TOTAL STATION IN THE
RAINl  This can damage the electronics resulting in
costly repairs.

Paravant configuration - Sonme problens can be traced to
i mproper configuration or |ost configuration.
Reconfigure the unit if necessary. Be sure to reset
the tine if needed.

Two many files on a disk - The maxi mum nunber of files
(regardl ess of size) that can be stored on a drive is
64.
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CHAPTER 2-00 - SURVEY EQUI PMENT
SECTI ON 2-09 TRI BRACHS, PRI SMS5, AND PRI SM POLES
Revi sed 11/01

TRI BRACHS

1

General - Tribrachs are one of the nost versatile of
all surveying instruments. Wien equi pped with an
optical plumet, they serve as a leveling and
positioning base for theodolites, total station
instrunments, reflector prisns, sight poles, and

t ar get s.

Al t hough versatile, optical plumret tribrachs are the
weakest link in the quest for quality neasurenents.
Optical plumet tribrachs have optical plumets that
are not self-checking, and a bulls-eye bubble that is
designed for rough leveling. |If the optical plumet is
out of adjustnent, the instrument, prism etc. will not
be positioned directly over the mark. The opti cal

pl umret nust be checked on a regul ar basis.

Adj ustnent - The equi prment needed to adjust the optical
plumret 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
adj ust ed) upsi de down on cylinder.

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

Step 3 - Rotate upper tribrach 180 degrees and note
difference on mark. Renove half the difference with
| eveling 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 nust nove 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

conbi nation of screws. Repeat adjustnent on second
conbi nation of screws and so on until the reticle is
centered on the mark.

Step 4 - Repeat Step 3 until reticle stays centered on



2.9.1
the mark as the upper tribrach is rotated 360 degrees.

B. PRI SM5

1

CGeneral - Prisns are used with el ectro-optical EDM
(light, laser, and infrared) to reflect the transmtted
signals. A single reflector is a cube corner prism
that has the characteristic of reflecting light rays
back precisely in the sanme direction as they are
received. This retro-direct capability neans that the
prismcan be somewhat msaligned with respect to the
EDM and still be effective.

Cube corner prisns are fornmed by cutting the corners
off a solid glass cube; the quality of the prismis
determ ned by the flatness of the surfaces and the

perpendi cularity of the 90= surfaces.

In control surveys, tribrach-nmounted prisns can be
detached fromtheir tribrachs and then interchanged
with a theodolite (and EDM) simlarly nounted at the
other end of the line being neasured. This

i nterchangeability of prismand theodolite (also
targets) speeds up the work, as the tribrach nounted on
the tripod is only centered and | evel ed one tine.

Equi prent that can be interchanged and nounted on

al ready set up tribrachs is known as forced-centering
equi pnent .

Prisnms nmounted on adjustable-length prismpoles are
very portable and, as such, are particularly suited for
data coll ection and stakeout surveys.

Prism Ofsets - Prisns can be nmounted in nost hol ders
to provide either O or -30 mmoffsets. To elimnate
confusion and error, all of the Division's prisns
shoul d be nounted in their nounting bracket at "O0O"

of f set.

It should al so be noted that a "0" offset setting
requires nore care in the alignment of the prismto the
EDM . M salignnent in either the horizontal or

vertical direction can cause an error in the distance
nmeasured. For exanple a conbination m salignnent of 30
degrees will result in an error of 5.1 mm (0.017 feet).

C. PRI SM POLES

1

Ceneral - Prismpoles are constructed of al um num



tubing with a 5/8" x 11 nmounting stud on top and have a
2.9.2

circul ar bubble attached. Two types of bubbles are

available. One is okay for data collection wirk. The

other is much nore precise and is to be used with a

bi pod during netes-and-bound work.

Using a collet-type | ocking system the prism pole may
be adjusted in height froml1l.3 mto 2.5 m (54 to 100
inches). The inside tube is graduated in both deci nal
feet and netric. These poles are very portable and, as
such, are particularly suited for stakeout and data

col | ection surveys.

Adj ustnent - The hard use that prismpoles normally
receive require the circular bubble to be periodically
checked. To test the bubble -

a. Screw a point into the top of the prismpole.

b. Pl ace the point of the pole beneath a | ow doorway
or other structure and extend the upper section
until the top point sticks in the wood with the
pol e plunbed by the circul ar bubbl e.

C. Rotate the pole 180=. If the bubble remains
centered, the bubble is in good adjustnent. [If it
is out, nove the bubble 1/4 of the way back to
center with the adjusting screws and repeat steps
b and c.



CHAPTER 3-00 - SURVEY DATUMS AND THE MARYLAND COORDI NATE SYSTEM
SECTI ON 3-01 HORI ZONTAL DATUM
Revi sed 11/01

A SHAPE OF THE EARTH

The earth, though normally thought of as spherical, is
flattened at the poles and assunes the general shape of a
mat hematical figure called an obl ate spheroid. Conputations
cannot be perforned 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

el i psoid.

Thr oughout the world, various reference ellipsoids have been
est abl i shed which cl osely approxi mate the shape of the
earth's surface where they are used. Wth the advent of the
G obal Positioning System a need for a single ellipsoid
arose. This newellipsoidis call the GRS 80 ellipsoid and
is the basis for all NAD83/91 positions. See Figure 3-01-A
for GEOD - Ellipsoid - Surface Rel ati onshi ps.

1. The Ellipsoid

The reference ellipsoid used in North Anerican is the
Ceodetic Reference System Ellipsoid of 1980 (GRS 80)
This earth-mass-centered ellipsoid has a senm ngjor axis
(equatorial radius) of 6,378,137 neters.

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

2. The Ceoi d

The geoid is the irregular surface of variable radius
that would exist if the earth were covered with water.
The irregularity is caused by |ocal variations in the
direction of gravity. Large dense nmasses, such as
nmount ai ns, exert a gravitational force, which tends to
pull the plunb line (the direction of gravity) toward
t he concentration of mass. Wereas, the ocean is |ess
dense than rock and the plunb line is attracted toward
the land and away fromthe water. The result of these
vari able forces is that the geoid assunes an undul ati ng
surf ace.

Usual Iy, survey data referenced to the geoid is called
"astronom c".
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PCSI TI ON ON THE EARTH

The position of a point can be defined by plane coordi nates,
geographi c pl ace nanes, or other systens. These various
systens are rel ated by spherical coordinates, which are
expressed in terns of latitude and |l ongitude. These are
commonly referred to as the geographic position of a point.

1. Latitude - Latitude is nmeasured in a north-south
direction fromthe plane of the equator.

a. Astronom ¢ Latitude - The angl e between the
direction of gravity, at a given point, and the
pl ane of the equator. Astronomic latitude results
directly fromcelestial observations, which are
not corrected for the deflection of the vertical.

b. Ceodetic Latitude - The angl e between the nor nal
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
fromGPS is geodetic |atitude.

2. Longi tude - Longitude is neasured in an east-west
direction fromthe neridian through the observatory of
Greenwi ch, Engl and.

a. Astronom ¢ Longitude - The angle, nmeasured at the
pol ar axis, between the neridian plan parallel
with the plunb |ine at a given point and the
Greenwi ch neridian plane. Astronom c |ongitude
results directly fromcel estial observations,
whi ch are not corrected for the deflection of the
vertical .

b. Ceodetic Longitude - The angle between the
meri di an plane of the normal to the spheroid at a
gi ven point and the Greenw ch neridian pl ane.
Longi t ude shown on the topographic maps and on
navi gators' charts and that obtained by G°PS is
geodetic | ongi tude.

AZI MJTHS

Azimuth is the horizontal direction of a line neasured to
the right (clockw se) froma reference |line. Azinuths used
by the National Geodetic Survey, the Army, and sone ot her
agencies prior to NAD83 were south oriented. This follows
the customin Europe. However, it is nore convenient to
refer azimuths to the north. This is because the al gebraic
signs of trigononetric functions are correct when

cal cul ating departures and | atitudes. Many organi zations



have adopted this practice.

1
2.

Policy - Azinmuths for work shall be referred to north.

Astronom c - An azinmuth neasured fromthe cel esti al
pole in a plane perpendicular to the direction of
gravity at the point of observation. Astrononic
azinmuths are determned directly from cel esti al
observati ons.

Ceodetic - An azimuth referenced to the pole of the
spheroid in a plane perpendicular to the spheroid at
t he begi nning or ending point of a line. GCeodetic
azi mut hs can be conputed from astronom c azi nut hs by
appl yi ng the Lapl ace correction.

The difference between astronom ¢ and geodetic azi nuths
can be visualized by inmagining the slight adjustnent
necessary in an instrunent to keep it |eveled over a
point if the plunb line is deflected (deflection of the
vertical). This small adjustnment woul d cause a
correspondi ng small change in the neasured angl e.

Gid- Gid azimuth is the angle in the plan projection
between grid north and the straight line fromthe point
of observation to the point observed. Gid azimuth is
the sane as geodetic azimuth only when the point of
observation falls on the central neridian (77= West
Longi tude for Maryl and).

Forward and Back Azinuths - The azinmuth for aline is
usually stated as the azinmuth neasured at its begi nning
point. This is called the forward azi nuth. However,
each line has a correspondi ng back azinuth, which is
the azinmuth neasured at its endi ng point.

Because of convergence of the neridians, the difference
bet ween forward and back geodetic and astronom c

azinmuths is 180= plus the angle of convergence. The
convergence correction for lines up to 15 mles in
| ength can be determ ned by the foll ow ng expression.

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

For grid azinmuths the difference between the forward
and back azinmuths will always be exactly 180=.

3.1.3



NORTH AVERI CAN DATUM OF 1983 (1991 ADJUSTMENT)

The North American Datum of 1983 becane the officially
adopt ed reference system for horizontal control surveys in
the United States, Mexico, and Canada. However, when the

Hi gh Accuracy Reference Network (HARN) was established in
Maryl and, 1t becanme necessary to re-adjust the existing
network to conformto the nore accurate HARN. This work was
conpleted in 1991 - hence NAD 83/91.

1. Oigin and Controls

The North American Datum of 1983/1991 (NAD 83/91) is a
geodeti c datum based on the CGeodetic Reference System
Ellipsoid of 1980 (GRS80). It is the third horizontal
geodeti c datum of continental extent in North Anerican
Datum It replaces both the original North American
Dat um and the North American Datum of 1927 (NAD 27) for
al | purposes.

The idea of perform ng a general adjustnent of the
hori zontal control networks in North America began as
an increasi ng awareness of the inadequacies of the
existing North Anmerica Datum of 1927 (NAD 27). These
i nadequaci es were ascribed to several causes, rooted
both in the sparsity of the data used in the 1927
adjustnment and in the way the network had grown since
t hen.

The network becane i nadequate because it was weak in
relation to the increasing denmands that were pl aced
upon it. The weaknesses becane apparent in several
ways. Surveyors were buying accurate electronic

di stance nmeasuring (EDM equi pnent and finding
unexpl ai nabl e di screpanci es between the existing
control network and the distances neasured by their new
instruments. Mssile ranges and satellite tracking
systens demanded their own independent surveys. The
geodesi sts 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 approxi mate cost of $37 mllion.
The State of Maryland, in cooperation with NGS

est abl i shed the HARN network at a cost of $60, 000.

3.1. 4



Responsi bl e Agency - In the United States the National
Ceodetic Survey (NGS) was responsi ble for maintaining
and expandi ng the network. However in the 1980's, due
to shrinking budgets, state and | ocal agencies now
perform nmuch of this work.

Net wor k mai nt enance i ncl udes 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 perform ng these
activities. D vision surveyors plan these network
extensions, performthe field surveys, and check al
field notes according to NGS standards. NGS conputes
and publishes the positions of the new stations.

3.1.5



CHAPTER 3-00 - SURVEY DATUMS AND THE MARYLAND COORDI NATE SYSTEM
SECTI ON 3-02 VERTI CAL DATUM
Revi sed 11/01

A GENERAL

El evations for engineering projects nust be referenced to a
single vertical datum so various phases of a project, and
contiguous projects, will match. This datum can be based on
sonme particul ar standard, such as sea | evel, an assuned

el evation, or the elevation of a |ocal permanent point or
natural object. Various organizations, private and public,
use datuns that best serve their individual needs. This has
led to many different datumnms, causing confusion.

PQLI CY

The vertical datumfor the State H ghway Adm nistration
shall be the North Anerican Vertical Datum of 1988 (NAVD 88)
as established by the National Geodetic Survey.

C. GRAVI TY

Engi neering | eveling, except baronetric |eveling, depends on
establishing a plane that is perpendicular to the direction
of gravity.

Gravity is the resultant of gravitation and centrifuga
force. Gavitation is an attraction force and is exerted
generally toward the center of mass of the earth.

Centrifugal force results fromthe earth's rotation. It is
exerted away from and perpendicular to the earth's axis of
rotation. Gavitation varies with the concentration of mass
and the distance between the affected bodies. Centrifugal
force increases as the el evation increases and decreases as
the latitude increases. Thus, the resultant, gravity varies
in both direction and nmagnitude.

In nost leveling work for the Division, variations in the
direction of gravity can be ignored since the effect on
leveling is negligible. The corrections which m ght be
necessary for sone control |evel netwrks are di scussed

bel ow.

1. Othonetric Correction - Since the direction of gravity
varies with elevation, level surfaces at different
el evations are not exactly parallel. Thus, elevations

established by differential leveling at altitudes other
than sea level will not be referenced exactly to the



t heoretical sea-level surface (the geoid). The snal
errors thus introduced are corrected by applying the
"orthometric correction”. This correction is applied
only in precise |evel adjustnents, second-order or

hi gher .

Correction for a Large Concentration of Mass -
Cccasionally a large concentration of mass, such as a
near by nountain, will cause a |local deflection in the
direction of gravity. This mght be |arge enough to
necessitate a special correction in precise |evel
networks. This correction is rarely necessary for
transportati on surveyi ng.

NATI ONAL GEODETI C VERTI CAL DATUM OF 1988

The basic vertical datumfor the United States (except
Al aska and Hawaii) is now NAVD 88.

1

Oigin and Controls - Due to inconsistencies in the
previous vertical datum (National Geodetic Vertical
Dat um of 1929 or NGVD 29), NGS decided to performa
general re-adjustnent of all leveling data. This new
datumis referred to as NAVD 88. Elevations for nost
bench marks can be determ ned in both datuns.

Responsi bl e Agency - NGS is responsible for

per petuati ng and extending the datum network. Due to
budget problens, nmuch of this work has been del egated
to state and | ocal agencies. SHA' s Plats and Surveys
Di vi sion should be contacted if any geodetic bench
mar ks are in danger of being destroyed.

LOCAL DATUMS

Prior to the conception of large, interrel ated engineering
proj ects, such as our conpl ex highway system a |arge
network of related bench marks was not needed. Therefore,
many | ocal datums were established. Oten these datuns are
referred to as "assunmed" datuns. These datuns are based on
sonet hi ng ot her than NAVD 88.



CHAPTER 3-00 - SURVEY DATUMS AND STATE PLANE COCORDI NATE SYSTEMS
SECTI ON 3-03 STATE PLANE COORDI NATE SYSTEMS
Revi sed 11/01

A PCLI CY

Surveys perforned by the Maryl and Departnent of
Transportation shall be on the Maryland State Pl ane
Coor di nate System ( MSPCS).

GENERAL

Al'l engineering personnel should have a basi c understandi ng
of the MSPCS. This section provides a brief explanation of
the system Additional study naterials are available in
many ot her publications, such as surveying textbooks and NGS
publ i cati ons.

1. Definition - The MSPCS is a system of plane-rectangul ar
coordi nates that has been established by Mryl and
statutes for defining and stating the positions of
points on the surface of the earth within the State of
Mar yl and.

2. Oigin - The MSPCS, as with all other state coordinate
systens, was devel oped by the National CGeodetic Survey
(NGS). Legislation establishing the system was enacted
in 1957 and anmended in 1987. The statutes are included
in Article 91 "Surveyor and State Survey" of the
Annot at ed Code of Maryl and, under Sections 19, 20, and
21. Surveyors should be famliar with these statutes
because they define the MSPCS and provide for its use.

3. Benefits - The MSPCS fulfills several needs. Anpbng
t hese are:

a. Provi des a neans by whi ch geodetic val ues of
nmonunent ed points can be used for plane surveying.

b. Perm ts plane surveying over |arge areas w t hout
i ntroducing significant error.

C. Est abl i shes a single reference systemfor al
surveys in an area. Thus, it provides a positive
mat hemati cal rel ationship between conti guous
projects regardl ess of el apsed tine between the
proj ects.

d. Est abl i shes a uni form conput ati onal base.



e. Provides a |l asting reference system This nakes
retracenent surveys |ess costly.

f. Provi des a positive mathematical base for |ocating
and descri bing property boundari es.

g. Facilities the establishnent of Geographic
I nformation Systens (G S).

C. DESCRI PTI ON OF THE GRI D

1

Ceonetry - The MSPCS consi sts of one plane rectangul ar
coordi nate system The systemis 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 nmeridian (longitude) which passes approxi mately

t hrough the center of the state. In the MSPCS this
meridian is 77= 00" west longitude and is terned the
"central meridian". The y-axis is a grid line at the
extrene west of the grid and is parallel to the central
meridian. The x-axis is a grid line at the extrene
south of the grid and is perpendicular to the central
meri di an.

The origin of the MSPCS is at the intersection of the
central neridian and the parallel 30= 40" north
latitude. The origin is given the coordinates:
easting = 400,000 neters and northing = 0 neters.

Positions of Points - The position of point on the grid
can be defined by stating two di stances, terned

"coordi nates". One distance, the "y-coordi nate", gives
the distance fromthe x-axis and is commonly referred
to as the "northing". The other distance, the

"x-coordinate", gives the distance fromthe y-axis and
is knowmn as the "easting".

Location of Axis - The y-coordi nates increase from
south to north; x-coordinates fromwest to east. Al
y-coordinates are made positive by setting the x-axis
outside and to the south of the State. Simlarly, al
X-coordi nates are made positive by assigning the val ue
of 400,000 neters as the x-coordi nate of the central
meridian. This places the y-axis outside and to the
west of the State.

D. THE LAMBERT CONFORMAL PRQOJECTI ON

A pl ane-rectangul ar coordinate systemis, by definition, on

3.3.2
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a flat surface. Thus, the geodetic positions nust be
"projected” fromthe curved surface of the spheroid to plane
coordi nate positions.

The NGS used two types of projections when devel opi ng state
coordi nate systens. The "Lanbert conformal conic

proj ection" was devised for zones of limted north-south

di rension and indefinite east-west extent. The "Transverse
Mercator Projection” was devel oped for systens whose zones
have their greatest extent in a north-south direction.

The MSPCS is based on the Lanbert conformal conic projection
of the Geodetic Reference SystemEllipsoid of 1980. This
MANUAL briefly covers only the Lanbert projection

1. Description of Projection - The Lanbert 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 |atitudes
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 elenment and unrolled
into a plane. (See Figure 3-03-C.)

The neridians of spheroid are represented on the
projection by straight lines that neet at a common
point which is the apex of the cone. This point is the
"central point" of the grid. The parallels of |atitude
appear as arcs of concentric circles whose comon
center is the central point. (See Figure 3-03-D.) The
pl ane-rectangul ar grid, as described in the preceding
section, is shown superinposed on the surface of the
unroll ed cone in Figure 3-03-D

2. Scal e

a. Factor - Along the standard parallels, grid
di stances are equal to their correspondi ng
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 correspondi ng geodetic distance.

b. Variance - It is evident frominspection 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 fromunity at the standard parallels to a
m ni mum val ue approxi mately hal fway between them

3.3.3
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It al so can be seen that outside
the standard parallels grid distance is slightly
| onger than geodetic distance. The scale factors
for these portions of the grid are greater than
unity and increase with the distance fromthe
standard parallel. Figure 3-03-D shows the scale
factors for various parallels of latitude in the
MBPCS.

C. Rel ative to Latitude - A noteworthy characteristic
of the Lanmbert projection is that the scale varies
with the latitude. It is constant along true
east-west lines (parallels of |atitude).

d. D screpancy: Gid/ Geodetic - The MSPCS has been
so devised that the discrepancy between a grid
di stance and the correspondi ng geodetic distance
w Il seldom be nore than one part in 10, 000.

E. CONVERSI ON OF GROUND DI STANCES TO GRI D DI STANCES
When using the MSPCS, all neasured di stances nust be
converted to grid distances. The neasured di stances are
first reduced to horizontal distances; then each horizontal

di stance nmust be converted to grid distances by using the
equati on,

Gid Dstance = G ound distance x grid factor

where grid factor = scale factor x elevation factor

Al ternatively, grid distance ® grid factor = ground
di st ance

Both the scale factor and the el evation factor can be

determ ned fromtables or conputer prograns and obt ai ned
fromthe Division office, if the need arises.

3.3.4



CHAPTER 4-00 - ERRORS AND CLASSI FI CATI ONS OF ACCURACY
SECTI ON 4-01 ACCURACY AND PRECI SI ON
Revi sed 11/01

ACCURACY

Accuracy is the degree of conformty with a standard or a
measure of closeness to a true value. Accuracy relates to
the quality of the result obtained when conpared 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 determ ne accuracy can be - An exact
val ue, such as the sumof the three angles of a plane

triangle is 180-=.

A val ue of a conventional unit as defined by a physical
representation thereof, such as the international neter.

A survey or map val ue determ ned by refined nethods and
deened sufficiently near the ideal or true value to be held
constant for the control of dependent operations.

PRECI SI ON

Precision is the degree of refinenent in the perfornmance of
an operation (procedures and instrunentation) or in the
statenent of a result. The termprecise also is applied, by
custom to nethods and equi pnent used in attaining results
of a high order of accuracy, such as precise |evel rods.

Precision is indicated by the nunber of decinmal places to
whi ch a conmputation is carried and a result stated.

However, cal culations are not necessarily nade nore precise
by the use of tables or factors of nore decimal places. The
actual precision is governed by the accuracy of the source
of data and the nunmber of significant figures rather than by
t he nunber of decimal pl aces.

ACCURACY VERSUS PREC! SI ON

The accuracy of a field survey depends directly upon the
preci sion of the survey. Although through luck (for
exanpl e, conpensating errors) surveys wth high-order
accuraci es mght be attained wi thout high-order precision,
such accuraci es are neani ngl ess.

Therefore, all neasurenents and results should be quoted in
terms that are comensurate with the precision used to
attain the results. Simlarly, all surveys nust be

4.1.1



performed with a precision, which ensures that the desired
accuracy is attained. However, surveys perforned to a

preci sion, which excessively exceeds the requirenents, is
costly and should be avoided. In other words, "Do not over-
survey".

SI GNI FI CANT FI GURES

The significant figures of a nunerical value are those
digits, which are known plus one doubtful digit follow ng
the known digits. Zeros, which are used nerely to | ocate
the decimal point, are not significant figures. For
exanpl e, the nunber 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 exanple could be any val ue between 5, 625
and 5,635. The zero is not a significant figure in this
case because it is assuned that it nmerely | ocates the

deci mal point.

O her exanples are --

Nuneri cal Si gni ficant
Val ue Fi gures

49

1, 600*

. 1284

0.21

00. 000213
129. 85

11. 00+

10, 000. 0001
5,280 ft./m.+ infinite

OPROOCITWNIENDN

Cenerally, in such cases the zeros nerely place the deci nal
point. Thus, they are not significant figures. However, if
they indicate a true zero value, they are significant and
shoul d be counted as such. In this exanple, if 1,600
happens to be the height of a tower neasured to the nearest
foot, this nunber woul d have four significant figures.

| f correct recording procedures are being followed, the
zeros are significant because they indicate a true zero
val ue. For exanple, 11.00 could be the distance neasured
bet ween two points as nmeasured with an engi neer's tape.

Al'l values, which are exact by definition, have an infinite
nunber of significant figures.

The general rules of significant figures are as foll ows:

1. Recorded nunerical val ues, neasured and conputed, nust



contain only those digits, which are known plus one
doubtful digit. Zeros, of course, may be used to
indicate the | ocation of the decimal point. (A mnor
exception to this rule is stated in Paragraph 2.)

For exanple, the length of a |line nust be determ ned by
addi ng three neasurenents of different accuracies.

EDM 301. 46 nr = 989.04 ft.
Cl ot he Tape 4.1 ft. = 4.1 ft.
Stadi a Di stance 210. ft. = 210. ft.
Total Distance = 1203. ft.

The netric value of this distance, to the nearest
centineter, 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
exanple 989.0 feet, this would indicate precision that
is considerable further fromthe true precision than
the inflated precision indicated by 989.04 feet.
Surveyors nust be aware of such limtations when
recording field data and conputing and establi shing
resol ved val ues thereof.

Recorded field neasured val ues should never indicate a
precision greater than that used in the actual survey.

For exanpl e, when neasurenents are nade with a cloth
t ape, val ues should be recorded to the nearest 0.1
foot; not 0.01 foot.

Conmput ati ons

a. Mul tiplying or dividing -- The result nust not
have nore significant figures than the termwth
t he | east nunber of significant figures.

Exanple: 12.182 X 11.1 = 135

Exception: If one term has a begi nni ng nuner al
that is close to a double digit nunmber, such as
ei ght or nine, another significant nunber may be
used. For exanple, 9.2x2.11=19.4 not 19.

b. Addi ng or subtracting -- The nunber of significant
figures in the result is determ ned by the
position of the first doubtful digit to the right
of the known digits. That is, the result nust not
contain any significant figures to the right of



the first columm containing a doubtful digit.

Exanpl e: 10. 001
9.2
306. 2954
87.8
413. 3

When cal cul ations invol ve several steps, it is

advi sabl e to use one extra significant figure

t hroughout the internediate steps. However the final
result nust always be rounded off to the appropriate
nunber of significant figures according to "1" and "2"
above.

Zeros should be used only to indicate a true zero val ue
or for locating the decimal place. Extra zeros are to
be avoi ded. (Exception: Wen the nunber is |ess than
one, one zero should be placed to the left of the
decimal point -- 0.21) Extra zeros cause confusion.

For exanple, if a value were recorded as 29.0 when it
really was 29, those that use this value will receive
the m sconception that the precision is three
significant figures.

Conversely, if a value were actually neasured as 85. 00,
do not omt any significant figures. State the value
as 85.00, not 85, so those using this value wll
realize it was determned to the nearest 100th rather
than to the nearest whol e nunber.
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A GENERAL

1. Li keli hood of Error - Statistically speaking, field
observations and the resulting nmeasurenents are NEVER
exact. Any observation can contain various types of
errors.

Oten errors are known and can be elimnated by

appl ying appropriate corrections. But, even after al
known errors are elimnated, a neasurenent will still
be in error by sonme unknown val ue.

Usual ly the greater the precision used in nmaking the
observations, the | ess the nagnitude of the unknown
error. But, a neasurenent is never exact, regardl ess
of the precision of the observations.

2. Responsibility of Field Personnel - Although this
manual contai ns many gui delines and standards, the
ultimate responsibility for providing surveys that

fulfill desired accuracies remains with field

personnel. To nmeet this responsibility the Party Chief

and his assistants nust understand errors, including --

a. The various sources of errors.

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

C. Economi cal procedures, which will elimnate or

mnimze errors and result in surveys of desired
accuraci es.

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
di scussion of the specific errors which occur and the
nmet hods used to mnimze them

B. BLUNDERS

1. Definition - A blunder (also called a mstake) is an
unpredi ctabl e, human mstake. It is not an error,



al though a small blunder may remai n undet ected and have
the sane effect as an error.

Exanpl es of blunders are --

a. Transposition of two nunbers.

b. Negl ecting to Il evel an instrunent.
C. M spl aci ng the deci mal point.

d. M sunderstanding a callout to be "7" when it is
11",

Cause and Prevention - Blunders are caused by
carel essness, m sunderstandi ng, confusion, or poor
judgnment. They are avoided, for the nost part, by
al ertness, comon sense, and good j udgnent.

Bl unders are detected and eli m nated by using proper
procedures, such as:

a. Maki ng i ndependent check observati ons and
nmeasur enent s.

b. Checki ng each recorded and cal cul ated val ue.

C. Checki ng the mat hematical closure of each survey,
using data recorded in Field Survey Book or in the
Data Col Il ector. DO NOT USE PEG BOCK

Al l blunders nust be elimnated prior to correcting and
adjusting a survey for errors.

C. ERRORS

1

Definition of Error - Error is the difference, after
bl unders have been eli m nated, between a neasured or
cal cul ated value of a quantity and the true or
establ i shed val ue of the quantity.

Types of Errors - Errors are of two general types:
systematic and acci dental .

a. Systematic Error
1) Definition - A systematic error is an error,
which will always have the sanme magnitude and
sane al gebraic sign under the sane
condi ti ons.

2) Causes - In nost cases, systematic errors are



3)

4)

5)

caused by physical and natural conditions
that vary in accordance with fixed

mat hemat i cal or physical |aws. However, sone
result fromthe observer's personal observing
habits -- his tendency to react nentally and
physically in the same way under simlar
condi ti ons.

Effect - A systematic error, of a single
kind, is cumul ative. However, several kinds
of systematic errors occurring in any one
measur enent coul d conpensate for each ot her

Exanpl es - Sonme exanpl es of systenmatic errors
are --

a) Thermal contraction and expansi on of a
steel tape.

b) Refracti on.

c) A particular chainman's tendency to
al ways slightly overpull a tape.

d) Failure to apply an atnospheric
correction (PPM correction) while using
an EDM

Detecting and M nim zing - Sonme systenmatic
errors can be difficult to detect.
Therefore, the surveyor nust recogni ze the
conditions (instrument inperfections,

at nospheri c tenperature and pressure,
personal habits, etc.) that cause such
errors. Once the conditions are known, the
effect of these errors can be mnimzed as
fol |l ows:

a) Use procedures that will automatically
elimnate systematic errors. Exanples
of these procedures are:

(1) Balancing foresights and backsi ghts
when | evel i ng.

(2) Turning angles directs and reverse.
(3) Using standardi zed t apes.
b) When systematic errors cannot be

el i m nated by procedures, corrections
are applied to the neasurenents. These



corrections are conputed fromthe fixed
relati ons between the systematic errors
and the conditions of the observations.
A sinple exanpl e woul d be the
tenperature correction applied to a

t aped neasurenent.

Al systematic errors nust be elimnated prior to any
adj ustment of a survey for accidental errors.

b. Acci dental Error

1)

2)

3)

4)

5)

6)

Definition - An accidental error (also called
a randomerror) is an error which does not
follow any fixed relation to the conditions
or circunstances of the observation. For a
singl e nmeasurenent, it is the error renaining
in the neasurenent after elimnating al
possi bl e systematic errors.

Causes - Accidental errors are produced by
irregul ar, conplex causes that are beyond the
control of the observer. Their occurrence,
magni t ude, and al gebrai c sign cannot be

predi cted; each is truly random

Anal yzing - Since accidental errors are
random they obey the | aws of chance.
Therefore, they are anal yzed according to the
mat hematical | aws of probability.

Effect - Theoretically, an accidental error
has an equal chance of being negative or
positive. Thus, errors of this type tend to
be conpensating. However, since the

magni tude is also a matter of chance,
accidental error to a snmall degree remains in
every neasurement.

Exanpl e - An exanpl e of an accidental error
is an Instrunment Man's inability to point a

t heodolite exactly. But, if his personal
habits make himconsistently point off to the
sane side of the sight line, this error
becones a systenmtic error.

Conpensating - Corrections cannot be conputed
for accidental errors as for systematic
errors. Accidental errors nust be
conpensat ed by adj ust nents.



7)

8)

Least Squares Adjustnent - O the many

di fferent nethods used by surveyors, this
nmet hod provides the "nost probabl e" val ues.
Prior to adjustnent, all possible systematic
errors nmust be elimnated because the |east
squares adjustnent (and ot her adjustnent

met hods as well) is applicable only to truly
random acci dental errors.

Adj ust nent Results - The surveyor should
remenber that any adjustnment only provides
what he believes to be the best solution for
the total survey. Even after proper

adj ust nrent, each individual value (such as
the position of a specific point) is in error
by an anount dependi ng on the precision of
the survey. Possibly, an adjustnent could
increase the error for a specific point.

Col l ectively, however, the errors have been
reduced and the total survey is inproved.

3. Sources of Errors - There are three general sources of

errors:

personal, instrunental and natural

a. Personal Errors

1)

2)

3)

Causes - Theses errors are caused by the
physical limtations of the observer and by
hi s personal observing habits. They can be
ei ther systematic or accidental.

Personal Systematic Errors - These errors are
caused by the observer's tendency to react
the same way under the same conditions. For
exanpl e, a Chai nman may neasure slightly |ong
on every measurenent because he al ways stands
in a certain position when taping. Each
observer, whether he believes it, nakes a
personal systematic error of a small degree
on each individual observation.

Fortunately, such errors are mnimzed by
proper procedures.

Personal Accidental Errors - Because of the
human limtations of sight and touch, exactly
correct observations are inpossible. Sone
error remains in a neasurenent even after al
systematic errors are elimnated. For
exanpl e, regardless of the amount of care a
Chai nman uses to mark a taping point, the

di stance will be in error by some anount.



b.

C.

Sonetinmes it will be slightly short, other
times slightly long. The magnitude of these
errors will also vary. Errors caused by the
physical limtations of the observer are
cal | ed personal accidental errors.

| nstrument Errors

1)

2)

3)

Causes - Instrument errors are caused by

i nperfections in the design, construction,
and adj ustnent of instrunments and ot her
equi pnent. Sone such inperfections are:

a) Eccentricity of theodolite circles.
b) A tape which is too short or too |ong.
c) M sadj ust nent of |evel vials (bubbles).

Type - In an individual observation,
instrunmental errors are systematic because
they will be of the sanme magnitude and sign
under the sanme observing conditions.
However, if several observations are nmade of
t he sane val ue (such as observing an angl e at
different positions of the theodolite
circle), the systematic error of each
observation could have the effect of an
accidental error on the resulting
measurenent, the arithmetic nean.

Eli mnating/Mnimzing - Mst instrunental
errors are elimnated by using proper
procedures, such as observing angles direct
and reverse, balancing foresights and
backsi ghts when | eveling, and repeating
nmeasur enent s.

I nstrumental errors that are not elim nated
by procedures nust be mnimzed by

mai ntai ning a regul ar program of periodically
checki ng and adjusting (or calibrating)

i nstrunments and ot her equi pnent. Thus |earn
and follow the checking and adjusting
gui del ines provided in Chapter 2, "Survey
Equi prent .

Natural Errors

1)

Causes - Natural errors (or external errors)
result from natural physical conditions, such
as atnospheric pressure, tenperature,



2)

3)

4)

hum dity, gravity, w nd, and atnospheric
refraction.

Type - Natural errors are systematic. But if
undet ected and thus not elimnated or if
incorrectly determ ned, they can have the
sanme effect as accidental errors.

Correction - natural errors are renoved from
measur enents by determ ning correspondi ng
corrections fromknown rel ati onshi ps bet ween
an error and the natural phenonena. A
famliar exanple is the correction for

at nospheric tenperature and pressure which is
applied to EDM i nstrunent mneasurenents.

Cenerally, the least certain value used in
figuring a correction is the measurenent of
t he natural phenonenon. For exanple, in an
EDM nmeasur enent, atnospheric tenperature is
usual |y nmeasured at each end of the |ine.
But tenperature along the |ine mght not be
constant, especially if the height of the
i ne above the ground varies considerably.
However, sufficient accuracy is usually
obt ai ned by assum ng a constant natural
condition, if proper procedures are used.

Mnimzing - Natural errors can be controlled
to sonme extent by making observations only
when natural conditions are nost favorable
(that is, when they are the nost constant).
Exanpl es of this would be:

a) Preci se taping at night or in cloudy
weat her (the tenperature i s nost
constant at these tines).

b) Measuring angles only at night, in the
early nmorning or in cloudy weather (The
sun has the effect of heating the
earth's surface unevenly).

Sonetinmes the effect of natural errors can be
el imnated by using certain procedures, such
as bal ancing foresights and backsi ghts when

| eveling. This elimnates the effect of
curvature and refraction.
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PQLI CY

Al'l surveys by the D vision of Plats and Surveys shall be
classified according to the standards specified in Paragraph
D.

A survey of a given classification nmust conformto al
standards for that classification.

The standards listed in Paragraph D are m ni mum

requi renents. Generally, closure errors should not exceed
one half the allowed error. Any survey, which barely neets
the m ni num standards, in part or in whole, should be
suspected and checked.

FI ELD PROCEDURES

In addition to conformng to the applicabl e standards,
surveys, which are to be “classified’”, nust use field
procedures that neet or exceed the requirenents for the
specified classification. To sone extent, basic procedural
requirenents are included as part of the standards; for
exanpl e, the m ni mum nunber of angle observations is given
in several instances. However, refer to Chapter 5 for a

di scussion of the procedures to be used for each

cl assification of accuracy.

REASONS FOR STANDARDS AND PROCEDURES SPECI FI CATI ONS

1. Achi eve Desired Accuracy - The primary reason for
detail ed standards and procedural requirenments is to
ensure that a desired accuracy is attained throughout a
survey. This neans that the accuracy is not only
attained at the points of closures, but at all points
in the survey. Furthernore, the closures achieved are
not just accidental but are true indications of the
surveys preci sion.

2. Establish Uniformty Anmong Surveys - Standards and
procedural specifications also will create uniformty
anong surveys of the sane classification. It is
i npossi ble to achieve uniformty when different survey
parties use different procedures and standards to
perform surveys, which are purported to be of the sane
cl assification.



3. M nim ze over-surveying - Standards and procedures can
prevent, or mnimze, over-surveying. Under nost
conditions, the procedures specified herein wll
provi de closing and relative position accuracies well
wi thin the standards specified. Thus, the use of
procedures involving a greater degree of precision
shal | be avoi ded, unless unusual conditions warrant.

4. Provi de Requirenments Beyond Linear Cl osure Standards -
Li near cl osure standards (such as 1:15,000) are often
used. However, l|inear closure standards, by
t hensel ves, are nearly neaningless. At best they are
only indications of precision and m ght 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. Wth |uck and
conpensating errors, required |linear closures mght be
achi eved wi t hout proper precision being used. For
exanple, a closed | oop traverse can have satisfactory
cl osures regardl ess of the magnitude of the systematic
error in the linear measurenents.

CLASSES OF ACCURACI ES 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 exanple, the class of accuracy to
be used for Project Control Surveys is discussed in Chapter
6.

1. Level i ng
a. Second order, class 1

1) A valid check connection (line tie) nust be
made to a m ni num of four published bench
mar ks, two at each end of a leveling line.

2) Maxi mum col | i mation error, single line of
sight, should not exceed 0.05 mmi m (10 arc
seconds). Collinmation error determ nations
are required at the beginning of each day.
Collimati on data nmust be recorded with the
| eveling data and the daily updated val ue
nmust be used during the days |eveling.

3) Level rod bubble verticality nust be
mai ntained to within 10 m nutes of arc.

4) Sections between and to new bench nmarks wl |
be doubl e run



5) The difference between forward and backward
si ght | engths should never exceed 5 neters
per setup and 10 neters per section.

6) The maxi mum sight length fromlevel
instrunment to rod is 60 neters.

7) The m ni num ground cl earance of the |ine of
sight is 0.5 neter.

8) An even nunber of setups is required per
section when using |leveling rods w thout
detail ed calibration.

9) The maxi num secti on m scl osure between the
forward and backward running shall not exceed
6mm ti mes the square-root of the one way
di stance in kiloneters.

10) The maxi mum | oop m scl osure shall not exceed
6 mMmtines the square-root of the distance in
kil ometers.

Third order - The maxi mum section m scl osure shal
note exceed 12 mmtines the square-root of the

distance in kiloneters (0.05 ft. x & mles).

Traverse - Al traverse shall conformto the follow ng
m ni mum speci fications for class A surveys as defined
by The Anmerican Land Title Association:

Nunber of replications: 2D + 2R
Spread from nean not to exceed: 5"
Azimuth closure not to exceed: 10" x & S

Were S is the nunber of stations
wher e angl es were neasured.

Li near m sclosure not to exceed: 1: 15, 000

M ni mum di st ance between stations: 81 m (265 ft.)

A obal Positioning Surveys

a.

B order positional msclosure not
to exceed: 1:1, 000, 000

1st order positional m sclosure not
to exceed: 1: 100, 000

4.3.3



CHAPTER 5- 00 SURVEYI NG PROCEDURES
SECTI ON 5-01 LI NEAR MEASUREMENT
Revi sed 11/01

GENERAL

This section covers three nethods of obtaining Iinear
measurenent: taping, Electronic D stant Measurenent (EDM
and st adi a.

Definitions:

1. An OBSERVATION is a single, unadjusted determ nation of
a linear value. A single "pull" of a tape and a single
readi ng of an EDM are observations. Also, if a value
of a long tangent is determned by a series of pulls or
EDM r eadi ngs the sumof either is an observation.

2. A MEASUREMENT is either a single observation or the
arithnmetic nean of nore than one observation of the
same distance. It is the final value determ ned before
adj ust nent .

TAPI NG

EDM i nstruments have replaced taping in nmuch of the
Division's routine work. However, the neasurenment accuracy

of newer EDMs is 3<(2 mm+ 2ppn) which translates into the
m ni mum di stance required to neet a precision of 1:15,000 is
60 m (200 ft.) Therefore, any distance 30 m (100 ft.) or

| ess should be considered for taping if the accuracy

requi renents of the survey so dictate. Distances to hand
references will be nmeasured 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 elimnated by standardizing the tape
using the tape calibration nonunents set at sone
of EDM calibration stations.

b. | nperfect Alignment - This type of error is
easily controlled and sel dom causes significant
error. Alignnment is nore critical on short pulls
than on long ones. |In many instances too nuch
time is spent in setting a "chaining point"
exactly on line. For exanple, if a chaining point
is set 0.15 m(0.50 ft.) off line at 30 m (100
ft.) it will result in alinear error of only 0.3

5.1.1



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 al i gnnment work.

Tape Not Level - This error is simlar to

i mperfect alignment. That is, the error produced
is the sane for a given anount of either vertical
or horizontal msalignment. Slopes are deceptive
and "eyebal ling" is not adequate for determ ning

| evel . Such carel essness can result in taping
with the tape considerably out-of-level. On
uneven terrain a 0.6 m(2 ft.) inbalance, in a 30
m (100 ft.) pull, can easily result in errors if a
hand | evel is not used. Short distances nust 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
woul d cause an error of 6 nm (0.02) ft. in a 30 m
(100 ft.) pull. In "ordinary" taping that is,

per haps, the nost frequent source of error. This
type of error can be prevented by using a

wel | - adj ust ed hand | evel.

I ncorrect Slope Determnation - A small error

m ght be introduced when turning a vertical angle
to the Head Chainman's taping H. This error
often results because the Head Chai nman cannot

si mul taneously take line, pull tension, and keep
the plunb bob tip just above the chaining point.
Al so, the Instrument Man can have trouble in
"tracking" the tape if it is bobbing. To

el i m nate blunders, the slope distance should be
measured twice, at two different vertical angles
and the results neaned. One angl e should be
measured direct and the other reverse. The
reduced di stances should agree with the accuracy
requi renents for the survey. For exanple, in
third-order taping, two neasurenents of a 30 m
(100 ft.) pull should not differ nore than 5 mm
(0.015 ft.).

Pl umbing Error - These errors stemfrom such
sources as w nd, parallax, unsteadi ness of either
Chai nman, letting the plunb bob cord slip al ong
the tape before reading. Plunbing errors and
errors caused by the inability to read and mark
points exactly are accidental errors. But, only
the error due to plunbing is of real consequence.
Sonme techni ques that can reduce the nmagnitude of
the errors inherent in taping with plunb bobs are:



1) The Chai nman nmust | ook strai ght down the bob
string to avoid parall ax.

2) The Rear Chai nman should initially hold
behi nd the chaining point and allow his plunb
bob to be slowy pulled over the point by the
Head Chai nman. \When the Rear Chai nman
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
pul ling back and forth, to correct tension
and to stay over the point, causes sw ng and
flutter in the tape. This nmakes it difficult
to keep the bobs over the points.

Tenperature - A tape |engthens as the tenperature
rises. It shortens as the tenperature falls. The
coefficient of expansion for steel is 0.0000116
meter per nmeter per degree Cel sius (0.0000065
foot, per foot, per degree Fahrenheit). The
difficulty in making tenperature corrections is
trying to renmenber a forrmula for adding or
subtracting the correction. The surest nethod is
to picture two nonunents which are exactly 30 m
(100 ft.) apart. The signs of corrections are
reckoned by nentally stretching a "Hot" Tape
(Long) and a "Col d* Tape (Short) between these

mar ks. Between the points a "Hot" Tape (Long)
reads |l ess than 30 mand the correction would be
added. A "Cold" Tape (Short) would read nore than
30 m (100.00 ft.) and the correction would be
subtracted. Wen setting or laying out points the
correction signs are the opposite. Wen | aying out
with a Hot Tape the correction is subtracted and
with a Cold Tape the correction is added.

Tape Not Straight - Before measuring, pull the
tape taut and see that is clears all obstructions.

| ncorrect Tension - Steel Tapes are standardi zed
at sone 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
i's supported throughout and 15 kg (20-25 pounds)
when suspended (supported at the two ends). The
tension applied usually varies either above or

bel ow t hese standards and can be consi dered an
accidental error and disregarded in all but
preci se neasurenents. |nexperienced Chai nnen are
likely to apply tension | ower than the standard.



C. ELECTRONI C DI STANCE MEASURI NG

1. OQperating Instructions - Each EDM shoul d have the
manuf acturer's operating manual in its carrying case.
EDM operators should be famliar with the
manuf acturer's manual and follow its instructions for
proper operation of the EDM EDM operators shoul d
al ways:

a. Renove the thernonmeter fromits case, hang it in
the shade, and allow it to react to the outside
t enper at ure.

b. (bserve the tenperature and pressure, conpute the
PPM correction, and input into the EDM

C. El ectronically point the EDMto assure that the
instrunment is operating in the center of its |ight
cone.

d. Allow the EDMto cycle several tines before

recording the distance. WMake sure the instrunment
has settled into a nmeasurenent. This is
especially true for the first neasurenent of the
day and in cold weat her.

e. During hot weat her, shade the EDM whenever
possible. Wwen it is not being used, place the
EDM i n the shade.

Refer to Chapter 2 for EDM adjustnent (calibration) and
care and for technical data on the D vision's EDM.

2. Use of EDMs - EDMs nust be used for all traverse
measurenents over 30 m (100 ft.) in length and may be
used for shorter distances if conditions warrant.

Steel tapes may be used for neasurenents |less than 30 m
(100 ft.)

3. Planning - EDM i nstrunments have made revol utionary
changes in surveying procedures and nethods. Field
surveys progress so rapidly they require intensive
pl anni ng. The surveyor cannot think just in ternms of
the next point - he nust consider the entire survey.

Pl anni ng and reconnai ssance are the keys to efficient
EDM surveys. Regardless of the quality of the survey's
pl anni ng and reconnai ssance, the Party Chief can
organi ze and plan his work to be nore effective. To
nmore efficiently use EDMinstrunents:

a. Prior to beginning the actual work, develop a
"plan of attack"” for the survey.
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Be sure that all planned traverse lines are
i ntervisible.

Be sure all_available i nf ormati on, suph as
conputer printouts, maps, and reconnai ssance notes
are i n hand.

Before |l eaving the office, check for |ocked gates
and other entry problens with the Area Engi neer
who "reconned"” the project.

Be sure that you have all the necessary equi pnent
before proceeding to the field. (Do not |eave the
battery at hone).

Do NOT plunge into the day's work wi thout first
organi zing the day's activities. A few m nutes
spent planning at the beginning of each day w |
save backtracking, duplication of effort, and, in
general , "wheel spinning".

Be sure that all party nenbers understand the job
and their individual duties. G ve conplete and
under st andabl e i nstructi ons.

Measure as many lines froma single setup, as
possi bl e: nove reflectors not the instrunent.

Use two-way radi os. They also serve as safety
equi pnent .

Record data directly into the traverse program
Look ahead. |f subsequent work will be expedited
by setting additional points while on a setup,
such points should be set.

Prior to leaving the project, verify that al

poi nts have been checked, or can be checked by the
record data.

Cl ose the survey, if possible.

Errors - Wth EDM i nstrunent and support equi prment
properly adjusted and calibrated, errors and bl unders
to watch for are:

a.

| ncorrect tenperature-baronetric pressure (ppm
are entered into the instrunent.

M sal i gnment of the retroprismto the EDM
M salignment in either the horizontal or verti cal



5.

direction, can cause an error in the distance
measur ed.

Recordi ng the distance incorrectly. It is a good
practice to have the recorder call back the
r eadi ng.

Failure to properly level the instrunment and/or
t he pi ece of equi pnment holding the prism

Ref |l ections from Extraneous Objects

1) Nat ural and Man- Made Cbstructions - Under
nost circunstances, an EDM neasurenent wil |
be within the accuracy specified for that
instrument. This is true even if the line of
si ght passes through trees, fences, or other
such obstructions. However, such objects can
sonetinmes reflect or interrupt the light rays
and cause erroneous neasurenents. Usually
this occurs only if the object is relatively
close to the instrunent.

Be especially careful of plastic reflectors,
such as those used on gui de marker posts. |If
one of these is in the path of or behind the
prism it can and often does cause erroneous
measurenents. Wen the line of sight can not
be cl eared, the recorder should note the
conditions of the neasurenent. Then, if poor
closures result, these distances can be

i sol ated and checked.

2) Extra Prisnms Set Qut - When maki ng EDM
measur enents, only one set of reflectors
shoul d be facing the instrunent al ong the
line of sight. |If an extra set of reflectors
faces the instrument, it mght reflect |ight
rays to the instrunent and cause error. This
can occur when various di stances are being
nmeasured along a straight line of fairly
uni form grade when nore than one reflector is
bei ng used. Wen doi ng such work, reflector
tenders should al ways keep their reflectors
turned away fromthe instrument except during
t he actual neasurenent to their point.

Setting Up

a.

Tripods - The wei ght of EDM equi pnment puts an
added strain on tripods and instrunent stands.
Thus, the tripods used to support EDM i nstrunents



nmust be sturdy and in good condition.

b. Tri brach Checks - Plunbing errors cannot be
el i m nated by neasuring procedures. Therefore,
tribrachs nust be checked for adjustnent (bubble
and optical plumet) frequently. This includes
not only the tribrach used for the EDM i nstrunent,
but al so those used with the reflectors. |If a
tribrach is accidentally bunped, dropped, or
knocked over, it nmust be checked before any
addi ti onal neasurenents are made.

C. Stability - The setup for an EDM i nstrunent shoul d
be very stable. Not only are EDMinstrunents
heavy but they also offer |arger areas of w nd
resistance. |In addition, the electrical cords
pl ace added forces on the setup.

6. Nunber of Measurenents - Under nost circunstances, the
di stance between two points shall be determ ned only
along one line and only in one direction. In other
wor ds, reciprocal nmeasurenents usually are not
necessary.

STADI A

Stadia is a tachonetric form of distance neasurenent that
relies on a fixed-angle intercept. This procedure utilizes
two suppl enmentary horizontal (stadia) hairs placed at equal
di stances above and bel ow the central horizontal cross-hair.
Usually they are short lines to differentiate themfrom
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 fromthe instrunent (telescope |evel)
the difference between the upper and | ower stadia hair
readings (rod interval) would be exactly 0.3 m(1.00 ft.)

It can be seen that distances can be determ ned sinply by
sighting a rod with the telescope |evel and determ ning the

rod interval. The horizontal distance D fromthe instrunment
center to the rod equals 100 tinmes the stadia intercept S
D=100 S It is not always possible to keep the tel escope

hori zontal; nmore commonly, the line of sight is inclined.
When this occurs the distance cal culated by nmultiplying the
stadia intercept by 100 is greater than the true hori zontal
di stance. The horizontal distance may be found by using the
formula HD = 100 x S x Cos VA, where the vertical angle (VA
is neasured fromthe horizontal. The "topo"” routine in the
Shar p progranmmabl e cal cul ator can be used to rapidly
determ ne horizontal distances, should the need ever arise.



CHAPTER 5- 00 - SURVEYI NG PROCEDURES
SECTI ON 5-02 ANGLES AND ANGULAR NMEASURENMENT
Revi sed 11/01

GENERAL

Three di nensions or conbi nations thereof nust be neasured to
| ocate an object with reference to a known position;
specifically, horizontal |ength, difference in height

(el evation) and angul ar direction. This chapter discusses

t he design and uses of surveyors' theodolites and total
stations to neasure horizontal and vertical angl es.

1

Angul ar Definition - An angle is defined as the
difference in direction between two convergent |ines.

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. Mst theodolites and
total stations neasure the vertical angle between
straight up (the observers' zenith) and the object
sighted. This is called a "zenith angle"” or "zenith
di st ance".

Units of Angul ar Measurenent - The "sexagesi mal systent
uses angul ar notation in increnments of 60 by dividing
the circle into 360 degrees; degrees into 60 m nutes;
and mnutes into 60 seconds. Therefore, a conplete
circle contains 360=, 21600' or 1296000". This
angul ar systemis enpl oyed al nost excl usively by
surveyors, engineers, and navigators in the United
States, as well as in other parts of the world.

Hori zontal Angles - Three types of horizontal angles,
shown in Figure 5-02-B are defined as follows:

a. “Interior angles" are nmeasured clockw se or
count ercl ockwi se between two adjacent lines of a
cl osed pol ygonal figure.

b. "Deflection angles", right or left, are neasured
froman 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 fromthe back
line in a clockw se or right-hand direction to the
5.2.1
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"ahead" |i ne.

Zenith angles - Zenith angles are usually neasured in
pairs. The first reading, taken with the scope in
direct position (sonetines referred to as "circle left”
as the vertical circle is to the left of the tel escope)
and the second reading taken with the tel escope
inverted (sonetine referred to as "circle right").

Terms used - The followng terns are defined
specifically for angul ar neasurenent; their meani ngs
m ght differ slightly in other contexts.

a. A PO NTI NG consi sts of a single sighting and
circle reading on a single object.

b. An OBSERVATION i s a single, unadjusted
determ nation of the size of an angle. For
exanpl e, an observation is nade by pointing both
sides of a horizontal angle. Thus a single
angul ar val ue, an observation, is derived by
subtracting the value of a pointing on a reference
object fromthe value of a pointing on an observed
obj ect .

C. A MEASUREMENT is the final determ nation of the
magni tude of an angle before adjustnment. M ni mum
angul ar neasurenent is the nean of at |east 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
measuri ng horizontal angles and "directions".

(This termw || be used herein instead of the term
"backsight".) Usually the azinmuth or bearing to
the ROis known and the RO is chosen before
observations are started.

e. A DIRECTION is the value of a clockw se angle
bet ween an RO and any ot her survey point. GCrcle
readi ngs of each RO observation are reduced to
zero degrees and the directions to the other
survey points are conmputed fromthis zero point.

f. The direct tel escope node will be called sinply
DI RECT, or D, and the reverse or inverted node
will be called REVERSE, or R, in the follow ng
di scussi ons.

g. The term POSITION is used in two different but
closely rel ated ways when referring to direction
i nstruments:
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1) SETTING A PCSITION is the act of setting a
specified horizontal circle reading while the
tel escope is pointed toward an RO

2) TURNING A POSITION is the act of making one
di rect and one reverse observation on each
survey point to which a direction is
requi red. The horizontal circle remins
stationary for a given position, but is reset
for each new position. Notes for angles
turned with a direction theodolite are
usual |y grouped by position. A set of
observations with a direction theodolite is a
SET OF POSI TIONS. For exanple, in a project
control traverse a direction is conputed as
the nean of a set of four positions.

h. A REPETITION is a single observation (of a series
of observations) of a horizontal angle, nmade with
transit or repeating theodolite. A repetition may
be made with the instrunment tel escope in either
direct or reverse node. A SET OF REPETITIONS is a
series of observations of the sane angle, where
each observation is accunul ated on the horizontal
circle of the instrunent. Half a set is neasured
in the direct node (D) and the other half in the
reverse node. (R)

i | NDI RECT MEASUREMENT - By "trilateration"” the
angles of a triangle are conputed from
measurenents, usually by EDM of the three sides.

J - DI RECT MEASUREMENT - Direct neasurenent of angles

and line directions by theodolite, conpass, or
transit is famliar to all surveyors. But, many
surveyors are not conpletely famliar with
specific procedures which will achieve specified
results. This section covers procedures and
precauti ons whi ch produce increased reliability in
observations and desired accuraci es.

PROCEDURE

1

Tripod set-up - Most surveyors are efficient with their
own style of instrunment set-up. Any efficient, safe
nmet hod t hat produces a steady tripod is acceptabl e.
Refer to the topic "Errors, Corrections, and
Precautions” in this section for specific precautions
to be observed when setting up an instrunment.

The "English nmethod" is easy to use, dependable, and
fast. Inexperienced Instrument Men and those who set



up instrunents infrequently, usually find this nuch
faster than "conventional"™ methods. Sone proficient

| nstrunent Men al so have inproved their efficiency by
adopting this nethod. Procedures for using the
"English nmethod" are:

a. Set one tripod | eg about two feet beyond the setup
poi nt .

b. Grasp the other two | egs and, while | ooking
t hrough the optical plumet, position these |egs
so the ground point is visible through the plumet
eyepi ece. (The plumret eyepi ece should be on the
sane side of the instrunent as the |nstrunent
Man. )

C. Push the tripod shoes firmy into the ground.

d. Wi |l e | ooki ng through the plumret eyepi ece, adjust
the leveling screws until the optical plunmet
cross hairs are centered on the setup point.

e. Approxi mately | evel the circular bubble by
adjusting the legs of the tripod. Adjust one |eg
so the bubble is placed in a position which wll
make a |ine 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. Performfinal leveling and centering with the
pl ate bubble and the |l eveling screws. Centering
is acconplished by shifting the instrunent on the
tripod head. Wen centering, do not rotate the

instrument on the tripod head. [If the head is not
|l evel, rotation will nove the instrunent out of
| evel .

Hori zontal Angle Measurenent (Single) - Single
measurenents for angles should only be used for stadia
and data collection. Traversing, netes and bounds or
ot her surveys of higher precision require multiple
nmeasur enents of an angl e.

a. The instrunent is set up and centered over a
point, carefully leveled, and the tel escope
checked for parall ax.

b. The tel escope is pointed at the backsight and the
vertical cross hair centered on the target.

C. The instrunment will read O degrees, 00 mn 00 sec
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d. The upper horizontal clanp is | oosened and the
instrunment is then rotated about its vertical axis
and pointed to the foresight. The upper clanp 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.

Hori zontal Angles Measurenent (Multiple) - The

DI RECTI ON METHOD is the fastest, nost accurate, and
nost efficient method for meking nultiple neasurenents
of angles. The procedure is as follows:

a. Sight the reference object with the tel escope

direct and set a reading of approximtely 0= 00
10" in the instrunent.

b. Si ght the reference object precisely and record
the circl e reading.

C. Turni ng cl ockwi se, nmake a pointing to each object
to be observed.

d. After the last foresight is observed, invert the
t el escope and observe each object in reverse
order, ending with the reference object. This
conpl etes one position.

e. If two positions are to be used, keep the
tel escope 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 fromthe nean by nore than 5". [If so,
repeat the nmeasurenents to the appropriate
obj ect s.

Measuring Zenith Angl es

a. Rel ation to Vertical Angle - A zenith angle is
measured fromdirectly overhead to the point
observed. (A vertical angle is neasured between
t he horizon and the point observed.) A zenith



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
angl e greater than 90=or less than 270= is

called an "angl e of depression". It is equal to a
m nus vertical angle.

Division Instrunments

Al instruments regularly used by the Division
read zero zenith angle when pointed directly
overhead. That is, they directly neasure zenith
angles. All instrunents read 90= fromthe zenith
when the tel escope is horizontal, in the direct
node. Wen the tel escope is reversed, the

hori zontal wll read 270=

| mport ance

The increased use of Total Stations to perform
trigononetric vertical neasurenent and verti cal
traversing has created a greater need for accurate
zeni th angl e observati ons.

Pr ocedur es

The key sequence used to neasure zenith angl es

di ffer, depending on the nodel and manufacturer of
the Total Station instrument. |Instructions
contained in the operator's manual shoul d be
fol | owed when neasuring zenith angl es.

However, the follow ng should be consi dered

1) Whien the line-of-sight is horizontal and the
instrument is out of adjustnent, or not
carefully leveled, a reading other than 90=
or 270= may occur. This is called the index
error. Wth nodern instrunents, the index
error shows up as collimation error
(cross-hairs not in the center of the scope).

Manuf acturers use the expression "automatic

vertical index". This means the vertica
circle is vertical, even when the standing
axis is not truly vertical. 1t does not nean

the instrunent is automatically adjusted for
collimation error.

2) If the total station has a vertica
collimation error, the vertical circle
reading in a single face will be in error by
t he amount the horizontal cross hair is away

5.2.6



fromthe center of the tel escope. Residual
instrunmental errors and index errors are

el imnated by observing in both faces, i.e.
taking both a direct (D) and a reverse (R)
readi ng on the object.

The reverse reading is used as a check on the
di rect reading, and when the two readings are
averaged, it provides a neans of conpensating
for index error. This can be inportant when
using the Total Station for trigononetric

| eveling - an index error of 10 seconds of
arc and a neasured di stance of 200 m (656. 17
ft.) would result in an elevation error of 10
nm (0.033 ft.).

ERRORS, CORRECTI ON AND PRECAUTI ONS

Through caution and good observation procedures, the expense
of isolating and correcting errors can be mnim zed.

Factors which m ght influence the occurrence of errors can
be roughly divided into three classes: instrunental,
personal, and natural.

1. | nstrunent Factors
a. Adj ustnent - Check all adjustnents of an
instrunment at regular intervals, as specified in
Chapter 2.
b. Level Bubbles and Optical Plummet - Nornma

measuri ng procedures do not conpensate for

mal adj ust nent of either the plate bubble(s) or the
optical plumet. These conponents mnmust be checked
nore frequently than others.

C. Replicating the Angle - Check all angles neasured
(or laid off) by replicating the angle, no matter
what the purpose of the survey. This neans one
conplete position (1D and 1R) with a direction
theodolite. (One exception can be vertical angles
when setting out points with EDM equi pnent.) This
procedure conpensates for |ack of adjustnent of
al nost all conmponents of the instrument; it should
be standard practice.

d. Paral l ax - This occurs when the focal point of the
eyepi ece does not coincide with the plane of the
cross hairs. The condition varies for each
observer because the focal |ength depends in part
on the shape of the observer's eyeball.



2. Per sona

a.

1)

2)

3)

When to Check - Parallax should be checked by
each Instrunment Man when he begins to operate
a new i nstrunent or one which has been
operated by soneone el se.

How to Check - Focus the tel escope on sone
wel | -defined object a |ong distance fromthe
instrunment. Wth the eye about one inch from
t he eyepiece, slowy nove the head back and
forth while watching the relationship of the
object to the cross hairs. |[|f the object
appears to nove, parallax exists.

To Elimnate - Rotate the knurl ed eyepi ece
ring (either clockw se or counterclockw se)
until apparent object novenment is no | onger
present. It mght then be necessary to
refocus the telescope to clearly see the
cross hairs.

Factors

Setting Up the |Instrunent

1)

2)
3)

4)

5)

6)
7)

8)

Be sure the tripod is in good condition and
all hardware is snugly fitted.

Push the tripod shoes firmy into the ground.

Place the legs in a position that wll
require a mni mum of wal ki ng around the
set up.

I f the ground is nuddy, drive |ong, 2"x4"
wedges in the ground to support the tripod.
In addition, use duckboards to support the
| nstrunment Man.

On warm asphalt pavenent set the tripod feet
on stakes which have been nailed to the
pavenment. This will prevent settlenment of
the instrunent.

Set the instrunent exactly over the point.
Check the optical plumet after the
instrument is set up and just before noving
to another point. |[If the instrunent has
noved, check the angle just measured.

Carefully level the instrunment.



b.

Setting Sights

1)

2)

3)

4)

When tribrach nounted targets are used, take
t he sane precautions as when setting up an

i nstrunent. Wth this equipnent, "l eap
froggi ng" (clipping out and exchangi ng the
instrument and targets while | eaving the
tripods and tribrachs in place) can speed-up
traversing operations and will greatly
decrease the effects of plunbing errors in
traverse closures. Leap-frogging is
especially helpful with short traverse |egs.

ALVWAYS check each sight before picking it up
to see that it has not noved.

ALWAYS use fixed sights when traversing.

d) Be sure that the line of sight is clear
of all obstructions be at least 0.3 m (1
ft.).

Avoi d traverse angl e neasurenents under poor
conditions, such as when refraction is
excessive. On very sunny days, ground |evel
si ghts are not advi sabl e.

Poi nti ng

1)

2)

Tangent Screw Use - When sighting an object,
al ways make the last turn of the tangent
screw, clockwi se. This clockw se novenent

i ncreases the tension on a small spring which
i s | oaded agai nst the tangent screw. A fina
turn countercl ockw se rel eases tension and
the spring can tenporarily hang up in the
heads. A "backlash" error results if the
spring noves after final pointing is made.

Cross Hair Use

Consi stency - Sight each object with the sane
part of the cross hair, preferably near the
center of the field of view This practice
Wil mnimze small residual adjustnent
errors. This procedure is a "nust" for
traverse work.

Techni que - Experinments have proved that the
human eye can estinmate the center of a w de
obj ect nore accurately than it can line up
two objects. For this reason, different

poi nting techni ques should be used. The



t echni que depends on the type of sight and
t he apparent size of the sight in the
t el escope.

Narrow Si ghts - When pointing on narrow
sights, such as the center of a red and white
target or a distant range pole, straddle the
sight with the double cross hairs.

Wde Sights - Wen pointing on w de sights,
such as a lath or a range pole at close
range, split the sight with the single cross
hai r.

Measuring Angles - Measure angles as rapidly as
confortably possible. Take the first pointing on
each object, rather than fidgeting with the
tangent screw trying to inprove the pointing. Too
much pointing tinme increases the probability of
error through instrunment settlenment or atnospheric
changes. Such error could cancel any gai ns made
by taki ng excessive care. But, speed should not
be cultivated at the expense of good results.
Accuracy is nore inportant than speed.

Readi ng the Instrunent and Call-Quts - Carefully
read and call out each reading to the recorder.
Call out the entire reading each tinme so any | arge
bl unders will be caught. [|f recording problens
ari se, have the recorder repeat each reading to
the Instrunent Man after it is recorded.

3. Nat ural Factors

a.

Differential Tenperatures - Bright sunlight
striking certain parts of an instrunment m ght
cause differential expansion of the netal
conponents of the instrument, resulting in snal
errors. Efforts should be nade to shade the

i nstrument when perform ng precise surveys.

Refraction - Refraction is the bending of |ight
rays and is usually caused by one of two
condi ti ons.

The first is caused by observing a |line of sight
too close to an internedi ate object such as a
tree, utility pole, building, road surface, or
enbanknment. In this case the line of sight is
"bent" toward the object. This can be elimnated
by insuring a 0.3 m(1 ft.) mninum cl earance
between the line of sight and all obstructions and
at least a 0.6 m (2 ft.) m ninmum cl earance above

t he ground.
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The second type of refraction is also known as
"heat waves" and is caused by observing a |line of
sight on a sunny day. The sun heats the surface
of the earth and the surface heats the air close
to the surface. This uneven heating of the air
causes the |light waves to bend and can nmake a
range pole look like a snake! To elimnate this
probl em make angul ar nmeasurenents before 9:00 am
or under cloudy conditions.

Phase - If a sight is not evenly |lighted on both
sides, the Instrument Man wll tend to point
toward the lighted side. This phenonenon is

call ed phase. It can be reduced by using a target
with a flat surface pointed directly toward the

i nstrunent.



CHAPTER 5- 00 - SURVEYI NG PROCEDURES
SECTI ON 5- 03 VERTI CAL MEASURENMENTS
Revi sed 11/01

A GENERAL

Refer to Chapter 2 for vertical neasuring equipnment and its
care.

1. Pur poses

Vertical nmeasurenents are nade for two purposes. The
first is to determ ne the elevations of points with
respect to a particular datum The second is to
determne a linear, vertical distance. This second
purpose is seen nost often in the nmeasurenent of
vertical dinensions.

2. Met hods

Vertical nmeasurenments are made directly or indirectly.
Direct neans "The Direct Reading of El evations or

Vertical Distances." Values are not mathematically
mani pul ated. An exanple of direct el evation
determnation is the reading of a altineter. |Indirect

vertical neasurenent requires cal cul ati ons be nade from
measurenents to determ ne el evations and vertica
di stances. This MANUAL wi |l discuss this nmethod only.

B. | NDI RECT VERTI CAL MEASUREMENT
1. Descri ption

Wth this nmethod, cal cul ations are made from
nmeasurenents to determ ne el evati ons and vertica

di stances. Direct elevations and vertical distances
are not read out on dials, gauges, or tapes.

Leveling is the procedure nost used for indirect
vertical neasurenment. Herein, the term"leveling" is
reserved for vertical neasurenent which requires
readi ngs through a | evel ed tel escope.

Trigononetric procedures are also used for indirect
vertical nmeasurenent. In trigononetric procedures,

sl ope neasurenents and zenith angles are resolved into
vertical distances.

2. Differential Leveling



Description - Several techniques are used.
Basically, elevations are derived fromreadi ngs
made on a vertical, graduated rod. First, the rod
is read on a point of known elevations. This
"plus" reading is added to the known el evation to
give the elevation of the instrunment (the H).
Then, on points where el evations are required,
"mnus" rods are read. these are subtracted from
the H to give the required elevations. Thus, the
conputed differences, "differentials," between
pl us and m nus readings are used to determ ne

el evati ons.

Rod readi ngs are made through the horizontal

tel escope of an automatic |level. The line of
sight of an automatic |evel telescope is |eveled
by activating a prisnifpendul um conpensator. The
pendulumis automatically activated and controll ed
by gravity after the instrunent is approximately

| evel ed. Approximate level is attained by using
the foot screws and a circular spirit |evel.

Equi pment - An engineer's |evel, usually pendul um
type, leveling rod(s), and accessories as required
are used in differential |eveling.

Single-Wre Leveling - This is the fastest and
nost wi dely used technique for routine |eveling
(third-order accuracy or less). It fornms the
basis for all differential techniques. Procedural
gui del i nes are:

1) | nstrunent Set ups

a) In uneven terrain use a hand level to
pick a setup site fromwhich the plus
rod can be read. Also, use it to guide
in setting turning points.

b) Do not waste tinme by deeply inbeddi ng
tripod feet. Settlenent is usually
insignificant. Al so, do not waste tine
in precisely centering the bulls-eye
bubbl e. However, sloppy initial
| eveling can cause errors. Avoid setups
on hot bitum nous pavenment or in spongy
or nuddy soil.

c) Set up 75 m (250 ft.) or less fromthe
bench mark (BM or turning point when
reading to the nearest mllinmeter (0.01
ft.).



2)

d)

f)

9)

h)

i)

Tur ni

b)

Set up away from sources of vibration
Al so, mnimze novenent around the
| evel .

When setting up to turn into a BM
bal ance t he backsi ght and foresight
di stances. (Al so see Paragraph 2)a)
bel ow. )

Bef ore readi ng any rod shots, nake
certain the instrunent is actually
| evel ed.

Periodically test the |level to be
certain the pendul um conpensator is
wor king. Point on a "natural" sight
with the tel escope over a foot screw,
and turn that screw back and forth. If
the cross hair dips and returns to its
original position, the conpensator is
operating properly.

Make certain the tripod is free of
excessive play.

Periodically test the level for
adjustnent. (See Chapter 2)

Bef ore "breaki ng" a setup, check the
bubbl e to make sure the setup has not
been di st urbed.

ng Poi nts and Bench Marks

Set turning points (TPs) so backsi ght
and foresight distances wll be equal
(bal anced). This conpensates for

i nstrunment mal adj ust nrent and for
curvature and refraction.

Est abl i sh bench marks (BMs) as good in
physi cal quality as the technical
quality of the leveling procedure. Set
themin a protected, stable |ocation.
Do not use spikes in utility poles or
wooden st akes except as tenporary BMs
(TBMB). In general, do not mark the

el evati ons on "permanent"” control BMs.

I n uneven terrain the Instrunent Mn
shoul d nonitor TP placenent with either
his hand | evel or the instrunent, so the



FIGURE 5-03-A LEVELING IN STEEP TERRAIN



3)

d)

f)

9)

h)

i)

rod will be readabl e.

When leveling in steep terrain, place
"turns” and instrunment setups so they
foll ow parallel paths - not along the
sanme path. This gives equal backsi ght
and foresight distances. See Figure
5-03- A

Make each turn stable and with a
definite high point. |If a TP does not
have a prom nent point, mark with keel
(or paint) the exact place where the rod
is set.

Unl ess necessary, do not set renovable
TPs, such as axe heads. Leave TPs for
checks and for TBMs.

When possible, find and mark existing
solid features as TPs.

Mark and identify such "permanent” TPs
wi th keel, flagging, or paint. But, do
not deface pavenent, natural features,
structures, etc. wth excessive

pai nting.

Turn into a different BMthan the
starting BM

Rod Readi ngs

a)

Focus the eyepiece to elimnate parall ax
before any readi ngs are made. Parall ax

shoul d be tested before operating a new
i nstrunment or one that has been used by

soneone else. (See "Errors,

Corrections, and Precautions” in Section
5-02.)

When possi ble, point out the readi ngs on
all TPs to the Instrunment Man.

Do not deliberate over readings. Read
and call themout in a noderate rhythm

Turn through inportant points rather
than take "side-shots."” (Bench marks
shoul d never be side-shots.)

Plunb rods by using a rod bubble or, in



4)

5)

cal m weat her or for routine work, by
bal ancing by "fingertip feel."

(f) Avoid low, ground-skimm ng shots where
refraction m ght beconme pronounced.
Al so, avoid sighting close to
obstructions which mght affect the |ine
of sight.

Equi prent - Single-wire levels are run with
an engineer's level and a |level rod.
Normal Iy, an automatic |evel shall be used.

Many types and | engths of rods are avail abl e
for routine single-wire levels. Because of
the variety, a rod is often avail able which
seens to be tailor-made for a job. Suggested
rods are:

a) Moderate Relief - 3.6 m(12-ft.) Frisco.

b) Marked Relief - 7.5 m(25-ft.)
fi bergl ass.

c) Restricted Vertical C earances -
Col | apsed Frisco, fiberglass, folding
rul e or pocket tape.

d) Control (geodetic) levels - Invar-type
single section calibrated netric rods.

Any rod used should be clean, "tight," and
have properly indexed scales. Periodically
check slip-joint rods for index.

Field Notes - Sanple notes for a short
single-wire run are shown in Figure 5-03-B.
See Chapter 7 for a general discussion of
not ekeepi ng.

a) Turns - Record the first plus rod on the
sane line as the elevation of the
begi nni ng bench mark and record the
resulting H 1. at the center of page.
This should be the second |ine of the
four line grid squares. Record the
m nus rod on the second |ine of the next
grid square, approximately 1/2 the
di stance fromthe centerline of the page
to the right edge of the grid. Enter
the resulting elevation to the right of
the m nus rod and near the right edge of
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the grid. Enter the next plus rod on
the sane line and so on.

b) Side Shots - Record each side shot on a
separate |ine.

c) Shot Descriptions - Record bench marks
that are not recovered. Fully describe
and reference BMs used. Wen using NGS
BMs DO NOT describe as "See File." Use
full description. Enter descriptive
notes of solid, left-in-place TPs so
they can be used for TBMs or for
checking the run. Identify or describe
side shots for note users benefit.

Reci procal Leveling - This technique is used when
it becones necessary to determne the relative

el evations of two widely separated intervisible
poi nts between which | evels cannot be run in an
ordi nary manner. For exanple, it may be desired
to transfer levels fromone side to the other of a
wi de river. The technique was devised to
conpensat e for unbal anced backsi ghts and

foresi ghts between consecutive turns. The
procedure for making a reciprocal |evel crossing
is (see Figures 5-03-C and 5-03-D)

1) El i m nate Accumnul ated | nbal ance - Accumul at ed
backsi ght and foresi ght distance inbal ance
nmust be elim nated before reaching a
reci procal leveling site.

2) Set BMs - Set a firmBM or turning point, on
each side of the obstacle. Each BM nust be
visible fromthe opposite side. Set the BMs,
i f possible, at approximtely the sane
el evation so | ow rod readi ngs are not
required. This will enable reading the
di stant rods high enough to mnim ze
refraction.

3) Test Adjustnment - Test the level and, if
required, adjust to mninmumcollimation
error. (See Chapter 2.)

4) First Setup - Set up the instrunent about 6 m
(20 ft.) fromone of the BMs.

5) Rod Readi ngs - Wthout deliberation, read a
pl unbed rod on each BM and record the
readings. A rod target mght be required for
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PLUS ROD SHOT

FIGURE 5-03-C RECIPROCAL LEVELING SCHEMATIC
(see Fig. 5-03-D)
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the reading on the far rod. |If targets
annot be used for |long shots, make repeated
readings. Use the arithmetic nmean of the
repeat ed readi ngs.

6) Second Setup - Move the instrunment to the
ot her side of the obstruction and repeat
paragraphs 3), 4) and 5). Keep the short
sights of each setup approxi mtely equal

7) Cal cul ations - Independently cal culate the
differences in elevation of the two BMs for
each setup, then average.

Use the | onger sight as the backsight for one
of the conmputations and as the foresight for
the other. This causes the plus-rod reading
to be on the sane bench mark for both setups.
Systenmatic errors in the neasurenents wl|l
have opposite signs for the two sets. Thus,
the errors will tend to cancel when the
differences in elevation are averaged. This
procedure mnimzes the effects of
refraction, curvature, and residual errors in
i nstrument adj ust nent.

8) El apsed Time - Mnor variations in
at nospheric conditions will cause very smal

errors. They will be negligible if the shots
are taken with little el apsed tine between
the two setups. |If crossing the obstacle

requires considerable tinme, use two

i nstrunments and nake sinul t aneous
observations. Then exchange the instrunent
positions and agai n nake sinul taneous

readi ngs. The average of these neasurenents
shoul d be al nost error free.

Doubl e - TP Leveling (Doubl e-Rodded) - This
techni que uses two, parallel, independent

foresi ght and backsight TPs for each H. It is
usually used for third-order |eveling. Each pair
of TPs is set, if possible, at an appreciable
difference in elevation (preferably one-half foot
or nore). They are also set a few feet apart so
the level will have to be rotated slightly between
the two rod readings. This provides a check on
the instrunment setup. From each setup
single-wire plus shots are read on both backsi ght
TPs; mnus shots are read on both foresight TPs.
Readi ngs are estimated to the nearest

hal f - hundredth of a foot. Notes are kept



separately for each Iine of |evels.

The adjusted elevations fromthe two |lines of TPs
are aver aged.

1)

2)

Advant ages

a)

b)

d)

Two lines of levels are run while
traversing the line only once.

The H of each setup is determ ned from
each of the two lines of TPs. This
gives a check at each H . Blunders can
be isolated at each setup; not just at
exi sting bench marks.

|f the Instrunent Man forgets to | eve
the instrunent, the H's will not check.

Because of the self-checking process,
doubl e- TP | evel i ng can be advant ageous
for blunder detection. In brushy areas,
parts of the rod are often hidden. In
steep terrain, very close shots m ght be
required. Even-foot blunders often
occur in such areas, and isolation of

bl unders can be difficult. Double-TP
leveling is also useful in any terrain
when very | ong di stances separate
controlling bench marks.

Di sadvant ages

a)

b)

Both lines of levels are run in the sane
direction and at the sane tinme of day.
This does not follow precise |eveling

t echni ques which tend to cancel natural,
systematic errors.

Setting two TPs can be tine consum ng.
In | oose soil, setting the second stable
TP m ght waste nuch tinme. This often

di srupts the "rhythnt of |eveling.

To keep backsights and foresights
bal anced, TP distances nust be cloth
taped or read by stadia. (Stadia

di stances are routinely produced in
three-wire | eveling techniques.)
Consi stent pacing on even terrain is
adequat e.



g.

d) Because the two His at a setup site
contain accunul ated error, a tolerance
check cannot be applied as in doubl e-H
leveling or in three-wire |eveling.

Doubl e-HI Leveling - This technique is simlar to
doubl e-TP |l eveling and is used for the sane
reasons. A double line of levels is run through a
single line of TPs. At each setup site two Hi's
are established, at approximately one-half foot
difference. Fromeach H the rod is read, to the
nearest hal f-hundredth of a foot, on a single
backsi ght TP and on the single foresight TP.

1) Advant ages - The benefits of doubl e-Hi
| eveling are essentially the sane as those of
doubl e-TPs. Differences are:

a) Two, separate, checking elevations are
established on each TP. Unlike the
check of "parallel™ H's, this check
remai ns after each setup is broken

b) Wth automatic levels, two H's can
usual |y be established quicker than two,
stabl e TPs.

c) For both setups the difference in
el evation of the two TPs is figures by
t he notekeeper. |If the difference is
nmore than 1 mm (0.002 ft.) a third setup
is made to give a pair of readings that
neets tolerance. By this the accuracy
of rod readings is known at each setup.

2) D sadvant ages - See di sadvantages listed in
e.2)a) and e.2)c) above.

Si ngl e-Wre Conputations and Adjustnents

1) Conmputations - Normally single wire notes are
reduced to His and TP el evations as the
survey progresses. To check the el evations
of BMs that are turned through, differences
in elevation, DEs, may al so be cal cul at ed.

To find the unadjusted DE between any two
BMs:

a) Add the plus rod readi ngs between the
bench marks for a positive sum



b) Add the m nus rod readi ngs between the
bench marks for a m nus sum

c) Al gebraically add the two suns. The
result is the uncorrected DE, plus or
m nus, between the two points.

d) Apply the DE, according to its sign, to
t he begi nning BM el evation. The
resulting el evation should agree,
exactly, with the elevation which was
reduced as the survey progressed.

2) Adj ustnents - Normally, |level runs are not
adjusted in the field. The closing error is
obt ai ned by observing the difference in
el evation (DE) between the field run and the
publ i shed el evation of the bench mark. |If
the closing error is within acceptable
tol erance for the type survey (see Chapter
4), no further operations are necessary. |If
the closing error is not wthin the
prescri bed tol erance, the level run or
part(s) of the level run nust be repeated to
find the error.

Non- Reci procal Trigononetric Leveling

a. Description - This procedure determ nes el evations
by trigononetric neans. Vertical differences in
el evations are conputed from sl ope di stances and
zenith (or vertical) angle nmeasurenents.

Wth nodern total stations, difference in

el evation is calculated automatically; all the
operator has to do is push the correct button on
the instrunent to display this val ue.

b. When Used - Trigononmetric Leveling is often the
nmost practical (and econom cal) nethod for
establishing elevations inrolling to steep
terrain. It is useful for many types of surveys.

Sonme of these are:

1) Control for aerial photography.

2) Est abl i shing | ow order bench marks on either
project control traverses or on Suppl enental
Traverses (see Chapter 6).

3) As an alternative to reciprocal |eveling,
when the points are wi dely separated
vertically.



Accuracy Attainable - The accuracy which can be
realized fromtrigononetric leveling is sufficient
for much of our work. Factors which determne
accuracy are:

1) Zenith Angle - The effect of the zenith angle
error will depend on the size of the angle
and t he sl ope distance.

2) H's - The major cause of error in
trigononetric vertical nmeasurenent is that of
i naccurate H determnation, at both the
Total Station and the target. The net error
that results fromthe two H neasurenents
produces a direct error in the difference in
el evati on.

Measure H's wwth a precision that is
conpatible with zenith angl e precision.

3) Earth Curvature and Refraction - The nmain
source of error, over long distances, is
earth curvature and refraction. To nmaintain
an accuracy of 3 nm (0.01 ft.) difference in
el evation, distance should be limted to 200
m (700 ft.).

Procedures - The trigononetric |eveling procedures
are witten for the Topcon GIS-3B Total Station
instrunment. Procedures may differ for other

i nstruments.

1) How Conput ed:

a) When coming off a known el evation (bench
mar k) the el evation of the setup point
is determ ned by the foll ow ng equati on:

Gd Elev.@Inst.= BMElev.+ PH+ ED - |IH

Were PH is the height of the prism
(nmeasured) above the BM IHis the

hei ght of the instrunent (measured above
the ground point), and ED (El evation
Difference) is the vertical distance

di spl ayed on the total station. When
the BMis above the horizon (vertical
angle less than 90=) the ED is

negati ve, when bel ow the horizon the ED
is positive.

5.3.11



2)

NOTE: | gnore the "+" or "-" signs that

b)

are di splayed on the instrunment when
com ng of f a bench mark.

When the ground point elevation at the
instrunment is known, the ground point

el evation at the prismis determ ned by
t he equati on:

Gd Elev. @Prism= Gd Elev. @Inst. +
ED + IH - PH

Here the "+" or "-" signs as displayed
on the instrunment are valid and used in
t he conputation

Field Procedures - The procedures detail ed
here are for precise trigononetric |evels.
When | ess accuracy will suffice, these
procedures may be rel axed.

a)

b)

d)

Turning Points - Usually each setup
point will be a bench mark. Therefore,
on nost projects select all TP sites
before traversing begins.

Control Check - If feasible, nake the
first course between two controlling

bench marks. This serves as an early
check on the survey techniques.

Equi prrent - The Total Station and
tribrachs should be in adjustnent.

Setups - Carefully set up each
instrunment or sight. Determine the H's
of setups to 1 mm (0.01 ft.) accuracy
and record H's when neasured. Excessive
closure errors often result from

i naccurate measurenents of H's. Each
nmeasur enent nmust be to the horizontal
axis of the total station and prism

El evation D fferences - Measure each ED
in both the Direct (D) and reverse (R
positions. If a difference is found,
mean the readings. Normally, EDs will
be neasured in one direction only.
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f) will not be adjusted in the field. |If
Adj ustnents - Nornmally trigononetric
| evel s an adjustnent is required, the
closing error is distributed
proportionally according to the sl ope
di stance of each course.

4. Reci procal Trigononetric Leveling

a. Description - This type of l|leveling involves
taki ng zenith observations fromboth ends of a
traverse line.

b. Use - This type of leveling can be performed when
taking traverse neasurenents and, if done
carefully, can provide reasonably accurate
el evation differences over |ong distances.
bserving zeniths fromboth ends of the Iine has
the effect of canceling the affects of curvature
and refraction. It is inportant that observations
fromeach end of a |line be taken within 1 hour of
each other so that the anmount of refraction wll
be the sane.

C. The foll owm ng data required when taking reciprocal
trigononetric | eveling observations:

1) | nstrunent station nanme
2) Qobserver's nane
3) | nstrunent serial nunber
4) Target station nane
5) Ti me of observation
6) Hei ght of instrunment above mark
7) Hei ght of target above mark
8) Crcle readings
9) Sl ope di stance between stations
d. Comput ations - Refer to section 6-01(C) for

instructions for recording and conputing el evation
di fferences using the TRAVERSE program



Pr obl ens encount er ed

1)

2)

3)
4)

Li nes "grazing" roadways or objects causing
refraction probl ens.

hservations taken under different
condi ti ons.

M st akes readi ng zenith angl es.

M st akes readi ng i nstrunment and target
hei ght s.



CHAPTER 5- 00 SURVEYI NG PROCEDURES
SECTI ON 5- 04 CONTROL MONUMENT SETTI NG
Revi sed 11/01

GENERAL

The purpose of setting control nmonunents and marks is to
establ i sh permanent points on which to base current and
future surveys. Marks are set by The National Geodetic
Survey (NGS or USC&GS), The National Ccean Service (NOS),
The US Ceol ogi cal Survey (USGS), The State Hi ghway

Adm ni stration (SHA), The Departnent of CGeneral Services
(DGS), The Departnment of Natural Resources (DNR or MSFC)
and ot her Federal, State, County, and City governnents.

Control marks are used for a variety of purposes such as

hori zontal control, vertical control, tidal control, etc. A
single mark can provide several different types of control
and should be set with this in mnd.

RECONNAI SSANCE
1. Site | ocation

A mark is useless if it is destroyed or lost. Wth
this in mnd, it is inportant to |locate new marks in
areas where they will be protected from danage caused
by road construction, farm ng operation, ditching,
bui l di ng construction, utility construction, erosion,
etc.

Mar ks shoul d be | ocated on property accessible to the
publi c where possible. Road Right-of-Wy, parks,
punpi ng stations, court houses, churches, schools,
hospitals, ceneteries, governnent buildings and
government installations are good | ocati ons.

When necessary, marks can be | ocated on private
property with the perm ssion of the property owner. It
is best to locate the mark about 2 to 3 neters (5 to 10
feet) fromthe corner of the property. This |ocation
is usually out of the way of the property owner as well
as out of the area of road and utility construction.

Mar ks must have a rel atively open view of the sky in

order to be used for d obal Positioning Surveys (GPS).

Typically, this would be about 20« to 90= above the

hori zon. Sone obstructions such as utility poles, etc.

are perm ssible. The nonunent nust be at |east 2
5.4.1



MARK

nmeters fromany utility poles and 5 neters froma chain

Iink fence.

Mar k Spaci ng

a) Vertical Control - Bench marks shoul d be set
between 1 kmand 1.5 km (3/4 to 1 mle) apart,
dependi ng upon the intended use, the cost of
material, and the |ikelihood of destruction.

b) Horizontal Control - As required but no closer
than 1 km (0.6 m) apart for main stations.
Azi muth marks nust be at least 400 m(1/4 m.)
di stant fromthe main station.

c) Tidal Control - 5 marks, 60 to 200 neters (200 -
660 ft.) apart for a particular tidal station.

Uility lines - Mss Uility nust be called at |east 48
hours prior to setting a nonunent or rod mark to mark
the |l ocation of any underground utilities.

SETTI NG

Stability

The mark MUST be stable in all three di nensions. The
nmost stable marks are:

a) Sl eeved stainless steel rods driven to refusal.

b) Di sks set in massive structures with deep
foundati ons such as bridges and over passes.

c) Di sks set in rock outcrops.

Moderately stable settings:

a) Poured in place concrete nmonunents, at least 0.2 m
(8 in.) in dianeter at the top, 0.3 m(1 ft) in
di aneter at the bottomand 0.9 m (3 ft) deep.

b) Marks set in drill holes of buildings.

Least stable settings:

a) Pre-cast concrete posts.

b) Drai nage inlets.

c) Smal | headwal | s.



d)

e)

Concrete slabs or pads, pavenents, etc.

Rebars, stakes, etc.

Procedure for Sl eeved Stainless Steel Marks

a)

b)

c)

d)

f)

9)

h)
i)

i)
k)

Dig a hole 0.3 m (12 ft.) in diameter and (0.9 m
(3 ft.) deep at the desired |ocation.

Assenbl e two sections of rod and a driving head
t oget her and position the rod vertically in the
center of the hole.

Using a rock drill, drive the rod down until
al nost flush with the surface.

Renove the driving head and add anot her section of
rod and the driving head on top.

Repeat steps c¢) and d) until very little novenent
is attained while driving. The mark can then be
consi dered at "refusal"

Attenpt to twist the mark in a cl ockw se
direction. |If the mark turns easily and does not
spring back, it is not properly anchored in the
soil. This is typical if the mark reaches refusa
after a short distance (less than 8 neters). |If
this is the case, fill in the hole and pick

anot her | ocation or set a concrete mark here.

Cut the rod off about 50 nm (2 inches) below the
surface of the ground. Using a portable grinder,
grind the top until it is rounded or bullet-
shaped.

Cent er - punch the rod on the top.

Push the grease-filled sleeve over the mark until
the top of the rod sticks out above the sl eeve
about 25 mm (1 inch).

Fill the hole 2/3 full with coarse sand.

Set the logo cap and pvc casing over the mark and
level with the ground. Be sure there is about 25
mm cl earance between the cap and the top of the
rod. Place additional sand inside the casing if
necessary until the sand is about 25 mm bel ow t he
top of the grease-filled sleeve.

Pl ace concrete around the outside of the PVC



casing until flush with the ground and finish the
t op.

Procedure for concrete marks

a) Dig a hole about 0.25 m (10 inches) in dianeter
and (0.9 m (3 ft.) deep. Make the bottom of the
hol e larger in dianeter than the top. Renove al
| oose material fromthe bottomof the hole.

b) Fill the hole with concrete until flush or
slightly bel ow grade, rodding the concrete to
remove entrapped air.

c) Finish the top with a small trowel and set the
stanped disk in the top. Be sure that concrete
covers the edge slightly to prevent vandalism

Procedure for drilled nmarks

a) Using a rock drill or hand drill, drill a smal
hole in the top of the concrete or rock, slightly
| arger than the stemof the disk. War safety
goggles while drilling and chi ppi ng.

| e around the hole the dianeter of the
ow the disk to be counter-sunk. Renove
fromthe hole and recess.

b) Chip acirc
disk to all
any debris

c) Fill the hole with clean water. Mx a ratio of
50% cenent and 50% sand mx in the hole. Fill the
underside of the disk with nortar

d) Pl ace the shank into the drilled hole and press
the mark firmy into place. Tap the disk gently
to renove any entrapped air. Wrk the excess
nortar around the disk to cover the outer edge.
This prevents vandal i sm

MARK DESCRI PTI ONS

General - Marks nust be well described to aid in future
recovery. This should be done using the description program
on a laptop PC, but can be hand recorded for |ater input.

1

Ceneral location - Measure the distance fromthe
nearest intersection with the truck odonmeter to the
nearest 0.01 mle and carefully plot the mark on a nap.
Scal e the distances and directions to the nearest
towns. Scale the approximate |atitude and | ongitude.



To Reach - Wite a brief narrative of how one may reach
the mark froma major intersection or post office.

Al ways give the distance and direction of travel along
each street or road taken.

Property ownership.

Near by references - Make at |east four neasurenents
(direction and di stance) to nearby PERVMANENT obj ects.
The center of the object is assuned unl ess ot herw se
stated. DO NOT use nuil boxes, small signs, small trees
or bushes, nobile homes, and the like. Some exanples
of permanent objects are:

utility poles bui | di ng corners | arge trees
pi pe cul verts r oadways fences

headwal | s | ar ge signs railroads

edges of woods di t ches retaining walls
bri dges el ectric Trans. inlets

cur bs headst ones

Rel ati ve hei ght above or bel ow the road surface.

Physi cal description of the nmonunment including the
hei ght above or bel ow t he ground.

Mark type and stanpi ng.
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CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6- 01 TRAVERSES
Revi sed 11/01

GENERAL
This section covers traverse for all type of surveys.
1. Applications

Project contro

Data Col |l ection contro
Topogr aphy control
Cross-section contro
Construction staking

Met es and bounds surveys

Teooow

2. Definition - A traverse is a series of survey points
whose relative positions are determned by neasured

di st ances and di rections bet ween each set

consecutive points. The neasured distances are usually
referred to as "courses" or "legs". The survey points

are called "traverse stations", P.1.s (points

i ntersection), or angle points. Normally, some type of
mark is left in the ground or roadway to indicate each

survey point.
3. Types - There are two basic types of traverses:

a. d osed

1) Cl osed-Figure - A traverse which begins and

cl oses on the same point.

2) Closed-Line - A traverse which closes on a
known station of accuracy equal to of higher

than that of the begi nning station.

b. pen-end - A traverse that ends on a station of

unknown position.
4, Purposes - Traverses are primarily run for three

reasons:

a. Establish intermedi ate control points.

b. Extend the scope of control points.

C. I nclude ground points of i nt erest (property
corners, topography points, etc.) in a closed

survey to preclude blunders in the positioning of



such points.

Advantages - Four principle advantages result from

traverse surveys:

a. Flexibility - Since a rigid, geonetrical formis
not required, obstacles and problem areas can be
avoi ded.

b. Bl under detection - Blunders in positioning

subordi nate survey points can be detected if the
points are included as stations in a closed
traverse

C. Econony - Traversing requires a mninm of
reconnai ssance in the planning phase (conpared
with triangulation or trilateration).

d. Linearity - The linear nature of traverse conforns
to that of transportation corridors.

D sadvant ages

a. Sways easily. Frequent checks for azimuth
requi r ed.

b. Less checks to | ocate m stakes in data.

C. Subj ect to conpensating errors in angle and |ength
neasur ement s.

d. Clear lines of sight required.

e. Subject to refraction problens during certain

times of the day under sunny conditions.

B. TRAVERSE SPECI FI CATI ONS

1.

Application - As GPS now provides primary horizontal
control for all projects, the necessity for |long
traverses to bring in control from distant NGS
nonunent ati on has been elim nated. Traverse is now

primarily used to densify project control between GPS
poi nt s.

Specifications - Al traverse observations will conform

to the specifications for Cass A Surveys. These are
as foll ows:
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a. Traverse point spacing - The mnimm distance
bet ween traverse points is 81 neters (266 Ft.)

b. Angl e observations - A mninmum of 2 direct and 2
rever sed. Each set nmust be within 5 seconds from
the nean of all sets.

C. Azimuth closure - The maximum closure is 10
seconds tines the square-root of the nunber of
angl es.

d. Linear closure - After azimuth adjustnent the

m ni mum cl osure is 1:15, 000.

Equi prent - Al equipnment nust be in good adjustnent
prior to beginning any traverse work. Tribrachs shoul d
be checked every 3 nonths or less. Total stations nust
be taken to a calibration range every 6 nonths for

cal i bration. Check tripods daily for |oose |egs or
shoes.

Exi sting control - Check all existing control points to
make sure that they have not been disturbed. Al ways

measur e di stances between existing controls if possible
to see if they match published data.

Traverse | ayout

a) Choose angle points carefully to nmaximze the
di stance between them and to avoid "grazing shots”
(lines of sight that pass within 0.3 m (1 Ft.) of
the surface or other objects). Try to select
points where traffic wll not interfere wth
observati ons.

b) Set poi nts-on-1ine (P.OQL'Ss) at suf ficient
intervals for the type of work to be perforned.
Spaci ng should normally range from81l m to 300 m
(266 Ft. to 1000 Ft.).

C) Spurs - The layout of spurs should be limted to
poi nts that can be neasured directly fromthe main
traverse |ine. If this is not possible, try to
make a connection to another spur to forma closed
| oop. Be sure to observe all angles and
di st ances.

Point nunbering - [If existing control points have

al ready been nunbered, do not re-nunber them |Instead,

start with the next unused point nunber and nunber the
traverse points in a northerly or easterly direction
The range for traverse point nunbers is 1-300.
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Ref erence points - Reference traverse points to nearby
objects using nails and caps in trees or telephone
pol es, cross-cuts in concrete curbs, i nlets, or
foundations, corners of buildings, etc. Do not set
points in roadways for wuse as reference points.
Ref erence points should form an approxinmate 90 degree
angle to the control point if possible.

Notes - Sketch the traverse in a standard plats and
survey field book as shown in figure 6-01-A  Show all
angl es clockwi se fromthe main backsight. |If there are

POL's, show the distances between points and the
overal | distances between break points.

C TRAVERSE PROGRAM

1

General - The traverse (TRAV) program was devel oped to
facilitate the checking and saving of traverse data in
the field with the PARAVANT data collector. TRAV may
be used on any dos conputer with a display screen of 16

lines by 40 characters or larger. This program uses a
"one touch" system whereby data can be entered with a
single key press. The data collected electronically

via cable if desired.

Configuration - The program utilizes a BBK PAR file for
necessary parameters for conputations and an | NST. PAR
file for instrunments. Both parameter files nust reside

on the default drive. The paraneter files may be
edited to wirk wth any Ilanbert conformal conic
projection zone and group of instrunents. The sane

paraneter files nust be used with the TRATOBBK program
to create a standard NGS BLUEBOOK data file from any
traverse file. In addition, the .TRA file created can
be used as input to the PCCOB program for traverse
adj ust nent .

Loadi ng the program on t he PARAVANT
a. Pl ace the floppy disk in the portable disk drive.

b. From the B:> pronpt, type COPY D. TRAV.EXE A and
press the ENTER key. This will copy the program
to the rancard.

C. Type COPY D:. BBK. PAR and press the ENTER key. This
will copy the paraneter file to the B: drive.

General Qperation - Wien wusing the PARAVANT data
coll ector, TRAV should be run on the B: drive, but the
program itself should reside only on the A drive to
save space.
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The data will be stored in a ".TRA" file on the B:
drive and backed up on the A- drive in a ".TBK" file if
t he operator chooses (STRONGLY RECOVMENDED) .

Whenever the letters "RECORD? --> Y" appear, press
ENTER to store the record in the file or N to discard

it. Only one traverse file should be made for each
j ob. Wien the job is conplete, print the job out and
make pencil corrections as necessary to the printout
before turning in. Make two disks of the file, the
sane as in data collection work.

Aborting and re-starting - To abort npbst routines,
simply press ENTER when pronpted for a point nunber
wi t hout entering the nunber. If entering data in the
ANGLE routine, enter A to abort the routine. If the

paravant is shut down while in the program t he CAPS
LOCK key may need to be pressed after re-starting.

Start-up

a. Turn the paravant on by pressing the FUNCTION and
PONER keys simultaneously. If the ETSC program
comes up, use QUT to exit to the B:> pronpt.
Check to see if sufficient space exists on the A
and B: drives to store data. | f necessary, copy
old .FLD files to a floppy disk and delete them
fromt he PARAVANT.

b. Type in the word TRAV at the B:> pronpt. If the
BBK. PAR file is not found, a nessage indicating
this will be displayed.

C. The first screen will ask the user if he wants to
back-up the data on the A drive (Y is the
default). Press ENTER

d. Next, a list of TRA files on the default drive
wi Il be displayed.

e. Enter the filenane w thout the extension. The
file should be naned by the book and page nunber
of the start of the new work. Ex: 24331p8

f. If the file does not exist, the user will be asked
if he wants to create it. Press ENTER for yes.

g. If this is a new file, the user will be asked to
enter the job informtion.

h. Key in the route nunber and |ocation of the work.
Exanpl e: US RT 50 ANNAPOLI'S TO WASHI NGTON .
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7.

RECORD? --> Y will be displayed. Press ENTER to
record or Nto repeat the procedure.

The user will be pronpted for the party chief's
nanme. Enter the data and record it if correct.

The wuser wll be pronpted for the neasurenent
units he intends to use. Choose the appropriate
response. Note: THE CORRECT RESPONSE MJST BE

ENTERED AS | T CANNOT BE CHANGED

The MAIN MENU wi Il appear. The left colum of the
menu is for data input selections. The user wl|
be able to create data records wutilizing the
routines from this colum of the nenu. Simply
press the appropriate letter to start the routine.
The right <colum is for performng various
functions.

Not e: Shoul d the machine |ose power or be shut
down while in the program the CAPS LOCK key nust
be pressed to enter capital letters. The user nay
exit the program any time from the MAIN MENU by
pressing the E key or the ESC key.

Entering Data

a.

Weat her - Press Wto begin the routine and answer
the pronpts to create and store the weather
record. If the user fails to create a weather
record for the current day before attenpting to
store observed data, he wll be pronpted to create
one.

Text - Text records may be placed anywhere in the

file, but should be entered when the point is set
and before observations to that point are taken.

1) Press T to create a text record for a point.
The highest point nunber wll be displayed
along with its description.

2) Key in a point nunber. Note - point nunbers
can range from 1 to 300 for traverse points

that are not property corners. Use point
range 301 to 999 for property corners. Point
nunbers need not be consecutive. Press
ENTER

3) Key in the description for the point in the
box provi ded. If the description is |ong,
press ENTER before reaching the end of the
box and a pronpt for additional text will be
di spl ayed. Enter additional text if needed.

6.1.6
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made for the fixed control points on the job.
1) Press Cto begin the routine.

2) Enter point nunber, northing, easting, and/or
el evation when pronpted. |If the elevation of
the point is not known, enter an approxinmate
el evation for the point, rounded off to the
nearest ten feet. The elevation will be used
later in the program to reduce distances to
grid val ues.

3) After the elevation is entered, "ENTER TYPE -

-> " wll be displayed. Press B if it is a
nonunented bench nark. Press L if you
determned the elevation of the point by
differential |eveling. Press R if it is a
trig elevation. Press P if the elevation is
est i mat ed.
Instrument data - Instrunent records nmnust be
created for each instrunment used on the project.
An i nstrunment can be a total stati on,

theodolite, EDM, steel tape, etc. Data is copied
from the INST.PAR file. DO NOT create multiple
instrunment records for the sane instrunent. The
correct instrunent nust be entered to enable
el ectronic collection fromthe total station

1) Press | to create the Instrunment record.
2) Enter the three-digit job-specific instrunent

nunber (JSIN). If the JSIN is not known
press ENTER and enter the serial nunber.

3) If the instrunent is in the INST.PAR file,
all of the data available for the instrunent
will be displayed. |If the correct instrunent

was sel ected, Press ENTER to record the data.
Instrument records nust be created prior to
using the instrunment for an observation.
Angles - Angles are recorded using the nethod of
di recti ons. This nmethod is one of the sinplest
and easiest to use, once the operator is famliar
wi th the procedure.

1) Press A to begin the horizontal angle routine.
If this is a new day and a weather record has

not been created, the wuser wll be asked to
create a weat her record.
6.1.7
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3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Enter the instrunent nunber used.
Enter the occupi ed point nunber.

Enter the nunber of objects to be sighted,
including the backsight (a maxinmm of 5 may
be sighted).

Ent er the backsi ght poi nt nunber, and
foresight point nunber(s) when pronpted. | f
text for the points have been stored, it wll
be displayed next to the point nunber.

CONTINUE? --> Y" will be displayed. Press
ENTER to continue or N to abort the routine.

A listing of points to sight will appear to
help guide you in entering the data. Si ght
on the backsight with the telescope direct
and enter the clockwise angle reading,
separating the degrees, mnutes, and seconds
with a space or dash. If the collector is
connected to the total station, press ENTER
to collect the data electronically.

Enter A to abort the routine. Enter B to
back up to the previous entry. Enter the
values to the foresights in |ike manner.

After entering the value to the |ast
foresight, "--- REVERSE TELESCOPE ---" wl|

appear. Flop the scope and sight each of the
sights in REVERSE order. After sighting the
backsi ght, the reduced values for the set
will be conmputed and displ ayed. The spread
bet ween direct and reversed neasurenents wl |
al so be displayed. H gher spreads are
allowed to objects less than 30 neters (100)
feet fromthe instrunent.

RECORD? -->Y wll appear. If all is well,
press ENTER to record the values shown, or N
to discard them

TAKE ANOTHER SET? --> Y wll appear. Press
ENTER to neasure another set of directions to
t he sane objects.

After the second set and with all subsequent
sets, the nean of all sets will be displayed.

6.1.8
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take a third set. Usually the third set wll
agree with one of the first two. If the
spread between sets is large and difficulty
is encountered, refraction problens may exi st
which CANNOT BE CORRECTED FOR If this
occurs, conme back and neasure the angles in
t he norni ng under better conditions.

If the message "ERROR - REOBSERVE TH'S
DIRECTION' is displayed, a |large spread
between the direct and reversed angles for a
sight was entered. Note - the data for the
direction in error will not be stored.

13) After the last set of angles is nmeasured and
TAKE ANOTHER SET? --> Y appears, press N to
end t he procedure.

Zeniths - Zenith angles nust be nmeasured to reduce
t he sl ope distances to horizontal, and nmay be used
to conpute trig elevations for traverse points.

1) Press Z to start the routine.
2) Enter the observer's initials.
3) Enter the instrunent nunber.

4) Enter the occupi ed point nunber or accept the
def aul t.

5) Enter the mnmeasured height of the instrunent
above the occupied point if elevations wl]l
be conputed fromthe observati ons.

6) Enter the sighted point nunber or accept the
defaul t.

7) Enter the height of the target or prism above
the control point for elevation conputations.

8) ZEN 1? w |l be displayed. Enter the reading
in degrees, mnutes, and seconds separated by
spaces or dashes. You may enter either the
direct or reverse reading at this tine. | f
the collector in connected to the tota
station, press ENTER to collect the data
el ectronically.

9) --- INVERT TELESCOPE --- and ZEN 2? wll be
di spl ayed.
6.1.9
Flop the scope and enter the reading. Press



ENTER for data coll ection.

10) The nean reading and RECORD --> Y wll be
di spl ayed. Press ENTER to record the data.

11) TAKE ANOTHER SET TO THE SAME TARCGET? -->'Y
will be displayed. Press ENTER to repeat the
nmeasurenment or N to stop.

Distances - EDM and taped distances can be

recorded using this routine.

1) From the main nenu, Press D to begin the
routine.

2) EDM DI STANCE? --> Y will be displayed.
Press ENTER for EDM di stance or N for a taped
di st ance.

3) Enter the observers initials.

4) Enter the instrunent used.

5) Enter the occupi ed point nunber.

6) Enter the Foresight point nunber.

7) Entering di stances

a) EDM DI STANCE - If a zenith angle has
been entered between the points, that
data will be displ ayed. CHANGE
| NSTRUVENT, HEIGHTS? --> N will be
di spl ayed. Press ENTER if the data
shown is correct. O herw se, Enter "Y"

and key in the correct val ues.

Enter the slope distance in nmeters. (If
you are using a PENTAX Press ENTER and
enter the slope distance in feet.) | f
the instrument s connected to the
collector, press ENTER again to collect

the data electronically. | f t he
di stance is over 150 nmeters (500 ft.)
t he I nstrunent wil | r epeat t he
measurenent 2 nore tinmes and di splay the
nmean.

b) TAPED DI STANCE - The maxinum taped

di stance allowed is 30 neters (100 ft.)
Enter the horizontal distance in nmeters
if avail able otherwi se press ENTER and
6.1.10
enter the horizontal distance in feet.



The horizontal distance in neters wll

be di spl ayed.
8) Enter the horizontal distance in feet. The
conmput ed hori zont al di stance wi || be
di spl ayed. If the spread between these

distances is too great, the machine wl]l
beep, alerting the operator. Press ENTER to

collect the data electronically. If the
di stance is over 150 neters (500 ft.) the
instrunent will neasure the distance 2 nore

times and di splay the nean.
9) RECORD --> Y" will be displayed. Press ENTER
to record the data or Nto discard it.
h. NOTES - Notes may be placed anywhere in the file.
1) Press N to begin the procedure.

2) Enter the notes you w sh to nake.

Functions - A nunber of functions are available to
check the recorded data. No conputed data using the
functions will be recorded, except for trig elevations

if the operator desires.

a. Data from a .DAT file - If the wuser has
coordinates froma .DAT file, he can store themin
the .TRA file.

1) Press Gto begin the routine.
2) Key in the nane of the .DAT file.

3) Coordi nates and descriptions will be witten
to the .TRAfile with C and T records.

b. Viewfile
1) Press V to view the contents of the file at
any time. 14 lines of data will be displayed
as well as a top of file and bottom of file
mar ker as appropri ate.

2) Use the arrow keys to page up, down, left, or
right. Any other key will exit the routine.

C. Li st data

6.1.11



1) Press L to list specific data recorded in the
file. Alisting nmenu will appear.

2) Press the letter of the type of data you wi sh
to see.

Conpute data - Press Mto bring up the conputation
nmenu.

1) Angles - Press A to conpute the mean angl es
between the traverse points. Enter the
backsi ght poi nt nunber. Enter the occupied
poi nt  nunber. Enter the foresight point
nunber. The nmean angl e, nunber of

rejections, and standard error for the angle
will be displayed. THERE MJST BE AT LEAST
TWO GOOD OBSERVATIONS FOR ALL ANGLES IN THE
TRAVERSE. If two observations were nade and
both are rejected, take a third and reconpute
the angle. The third will probably agree
wth one of the first two and cause only one

of them to be rejected. This is okay.
Nobody neasures perfect angles all the tine.

2. El evations - Press L to conpute elevation
differences between points. Enter the
occupi ed point nunber. Enter the foresight
poi nt nunber. If zenith observations have
been made from both ends of the line and

di stance observations from at |east one end,
the elevation difference and coefficient of
refraction will be conputed and displayed

| f the occupied point elevation is known and
the coefficient of refraction is wthin
tolerance, the elevation for the foresight

will be displayed and can be stored if
desired.
3. Traverse conputation - Press T to conpute the

PRELI M NARY coordinates of traverse points
and the closing azimuths and coordi nates of

t he end control poi nt s. Ent er t he
appropriate point nunbers for the fixed
control . Data wll be taken from the

coordinate records to conpute the scale and
combined factors (includes sea |evel and
geoid reduction) for the traverse. The
operator is given a chance to enter a
different factor if desired. Enter the point
nunbers for internediate point nunbers along
the traverse when pronpted. DO NOT enter any
POL's as these wll not be used to conpute
the traverse closure

6.1.12



e. End program - Press E or ESC to end the program
and return to the DOS pronpt character

Error nessages

ANGLE DATA NOT' FOUND - The program was |ooking for
angle data to perform a conputation, and that data was
not stored in the . TRA file.

ANGLE DCES NOI CHECK - The index error of the
i nstrunent exceeds one mnute - readjust instrument if
necessary before conti nuing.

ANGLE QUT OF RANCGE - The zenith angle entered is too
steep. Check entry.

BBK. PAR FILE NOT FOUND - The BBK. PAR file nust be
copied to the default drive.

COMMUNI CATION ERROR - A problem exists between the
collector and the total station. Try changi ng cabl es
or installing a fresh battery on the total station.

DI STANCE DOES NOT CHECK - The difference between the
nmeasured horizontal distance in feet does not check the
di stance conputed from the slope neter distance and
zenith angle by 0.02 feet or nore.

DI STANCE QUT OF RANGE - The maxi mum di stance that may
be entered is 20,000 ft or 6100 neters.

DI STANCE RECORD NOT' FOUND - A distance observation for
the line in question nust be perforned prior to
conmputing el evations or traverse closure.

ELEV DOES NOT CHECK - CHECK TARGET HEIGHTS - The
computed coefficient of refraction for a forward and
back zenith exceeded the allowable limt. Check the
target heights or repeat the zenith observations as
necessary.

ERROR - DRIVE(S) FULL - Check both the default drive
and the A: drive to see if there is any space left on
the drive for data. The data that caused the error
will not be saved!

ERROR I N BBK. PAR - The format of the BBK. PAR file is in
error. Recopy the original BBK PAR file from diskette.

ERROR IN .DAT FILE - The format of the .DAT file nust
be PO NT NORTH NG EASTI NG ELEVATI ON DESCRI PTI ON. Poi nt
nunbers nust not exceed 999.

6.1.13



ERROR | N ENTERI NG FI LE NAME - Fil enames nust conformto
DOS specifications.

ERROR - RECBSERVE TH'S D RECTION - The direct
nmeasurenent of the angle did not check the reversed
measurenent within 15 seconds.

FILE DOES NOT EXIST - The file nane entered does not
exi st on the default drive.

FORWVARD AND BACK ZENITHS NOT FOUND - A zenith
observation nust be made from both ends of the line for
an el evation conputation to be nade.

| NST. PAR FILE NOT FOUND - The INST.PAR file nust be
copied to the default drive.

| NVALI D DATE - Check to see if the systemtine and date
are set correctly in the PARAVANT. See Section 2-08
for configuration.

CHECK SYSTEM TIME - Check to see if the systemtine and
date are set correctly in the PARAVANT. See Section 2-
08 for configuration.

NO ZENITH ANGLE FOUND - A zenith observation nust be
made before performng a distance observation wth
EDM .

PLEASE CREATE AN [|INSTRUMENT RECORD FIRST - An
instrunent record nust be created before using that
i nstrunent.

PLEASE CREATE A WEATHER RECORD FI RST - A weat her record
must be created each day before performng any
observati ons.

PO NT ... UNDEFI NED, ABCRT? - The point nunber entered
has not been used in the observation required.

PROGRAM ABORTED - An error has caused the program to
end.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-02 TOPOGRAPHY SURVEYS
Revi sed 11/01

GENERAL

Topogr aphi ¢ surveys are performed in order to determne the
position of natural and man-nmade features (e.g., buildings,
utilities, trees, roads and streans). After |ocation, these
features can then be drawn to scale on a plan or map. It is
very inportant that all topography likely to have an effect
on the proposed hi ghway construction or inprovenent be
accurately located. It is not the intent of this manual to
limt the type of topography to be taken; however, the
foll ow ng section outlines sonme of the nore inportant itens.

It should be noted, that data collection surveys, utilizing
a total station instrunent and a electronic field book, have
al nost conpletely replaced the nethods of feature |ocation
described in this section.

PRECI SI ON

Consi dering plotting requirenents only, survey detail need
only to be located to the nearest foot if the plan scale is
one inch = 50 feet. However, in addition to providing
plotting data, topographic surveys al so provide the designer
with field dinmensions that nmust be considered for rel ated
construction design.

In this regard, the foll ow ng points should be consi dered:

1. Sonme detail can be precisely defined and | ocated (e.g.,
edges of concrete roads, buildings, bridge piers,
railroad tracks, etc). |If using the right angl e-offset

met hod, these features would be | ocated to the nearest
hal f-foot-plus and the nearest tenth-distance.

2. Sone detail cannot be precisely |ocated or defined.
These features include stream banks, wooded ar eas,
edges of gravel roads, centerline of ditches, etc.
Using the plus and of fset nethod, these features would
be |l ocated to the nearest foot-plus and the nearest
hal f foot-distance.

METHODS



The net hods used by the Division to | ocate topographic
features include:

1

Ri ght Angle-Ofset - Using this nmethod, plan detail is
| ocated by neasuring the distance perpendicularly from
a established baseline to the object (the offset) and,
in addition, measuring along the baseline to the point
of perpendicularity (the plus).

A sketch is entered in the field book as the | ocation

of topographic features proceeds. |If the terrain is
snooth, a steel tape is laid on the ground between
station marks. This will permt the note taker to nove

al ong the tape noting and booking the plus and di stance
to the | ocated object. The right angle plus for each

| ocation tie is established by using a right-angle
prismand the offset nmeasured with a cloth tape. The
sketch shoul d show the plus on the dinension |ine of

t he baseline and the of fset distance as cl ose as
possible to the sketched tie point. See Figure 6-02-A
for sanple notes.

O'ten, because of traffic or other reasons, it is not
practical to use the nethod describe in the preceding
paragraph. In such cases, the total station instrunent
can be used to establish both the plus and offset to
the object to be located. This may be acconplished by
usi ng the coordi nate nmeasuring function of the

i nstrument and:

a. Setting the instrunment over a known point on the
basel i ne and noting the station.

b. Set zero on another conveni ent baseline point
usi ng | ower notion.

C. Sight the target prismusing upper notion and key
the coordinate button. The first measurenent
obtained is the northing coordinate, which when
added to or subtracted fromthe station at which
the instrunent is set will give the plus. Key the
button again and the easting coordinate is
di splay, which will be the offset distance.

St adi a

Topography | ocated by the stadia nmethod relies on the
recording of a horizontal angle neasured froma
basel i ne and a di stance nmeasurenent using the stadia
cross hairs of the instrunent. Wen used, stadia topo
is showmmn with a sketch showi ng the objects |ocated and
t he neasured angl es and distances applied to a |ine.
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D

SCOPE AND TOPOGRAPHI C FEATURES

1

Scope

Al'l topography shall be located for at |east tw ce the
proposed right-of-way w dth. However, design and
terrain requirenents may di ctate broader topography
coverage. |In general, all topography which may in any
way affect the design and construction of the hi ghway
and the acquisition of the necessary right-of-way shal
be | ocat ed.

Features that shall be |ocated include, but are not
limted to the foll ow ng.

a. Al'l buildings and structures, including
description, type, use and whether with or w thout
basenents.

b. Poles and utility structures, including

under ground pi pe, water and gas |ines, manhol es,
wat er neters and conduits, giving ownership and
identification nunbers; wells, springs, ditches
(showi ng direction of flow), hedges, walls,
fences, curbs, trees (show ng species and trunk
di aneters), pipes and culverts (including size,
type and direction of flow), edges of existing
pavenent, and any and all other objects of any
nature that may affect final design

Nat ure of |and use, whether pasture, cultivated, woods,
etc. (if woods, specify whether hard, soft, or m xed).

Location of State, county, city and town boundaries, by
angl es and di stances (to hundredths).

Property corners | ocated by angles and di stances (to
hundredths) to the baseline with the nanmes of the
owner s i ndi cat ed.

Apparent property |ines and ot her boundaries shall also
be | ocat ed.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-03 CROSS SECTI ON SURVEYS
Revi sed 11/01

GENERAL

Cross-sections are enployed for conputing vol unes on
construction projects. Gound profiles are secured at right
angles to the centerline at specified intervals. A design
tenpl ate (outlines of planned enmbanknment or excavation) can
be superinposed on the plot of each cross section to get
area of excavation or enbanknment. These are called end
areas and are used in the conputation of vol unes.

CONTROLS AND ACCURACY

1. The survey is to be referenced to a m nimum of two
geodeti c bench marks unl ess ot herw se directed.

2. Proj ect bench marks shall be established at 300 m (1000
ft.) intervals. |[If permanent structures, such as stone
or concrete foundations, are avail able, squares
approximating the size of the base of the standard
| eveling rod shall be cut. Oherw se, bench marks
consisting of 13 mmx 165 mm (2" x 6-2") gal vani zed
boat spi kes shall be driven approximately 75 mm (3")
into trees 0.3 mto 0.5 m (12" to 18") above ground
I evel or in poles at ground level. Bench nmarks shal
be set outside the proposed construction limts
whenever possi bl e.

3. Bench marks shall al ways be incorporated into the |evel
line, and bench mark el evati ons shall never be
establi shed from"side shots". All elevations shall be

established by differential leveling. Gve clear and
conci se description and | ocation of all bench marks
(plus and distance |location fromtraverse or
centerline).

4. Check levels shall be run throughout the lIength of the
proj ect before taking cross sections.

5. The m ni num vertical accuracy of these surveys shall be
3rd Oder; i.e., 12 mx & km(0.05 x & M)

REQUI RENENTS

1. Cross sections shall be taken at all stations where a

centerline stake has been set. The maxi num di st ance
6.3.1



bet ween consecutive rods is not to exceed 10 neters (33
ft.). Elevations shall be taken at all breaks in
terrain.

Normal |y, the width of centerline cross sections shal
be twi ce the proposed right of way w dth.

Cross sections under 60 m (200 ft.) width shall be
taken at right angles to traverse lines and centerline
tangents and radial to centerline curves. These can be
established by use of a standard right angle mrror.
Cross sections with widths greater than 60 m (200 ft.)
must have nore accurate horizontal control. This is to
be achi eved by setting offset lines or by turning right
angle and/or radials with a survey transit. Vertical
accuracy on wi de cross sections shall be verified by
hand | evel checks on elevation differential at the end
of cross section between the previous station. These
checks should not vary nore than 0.1 m (0.3 ft.) froma
true cross section between succeeding stations. Cross
sections are to be obtained with a standard | evel (or
its equivalent), cloth tapes, level rod and hand | evel s
unl ess ot herw se directed.

Rod readi ngs of elevations on cross sections shall be
taken to 1 mm (0.01 ft.) on hubs, rebars, stake points,
nails, and top of rail on railroads. Readings to
should be to 1 cm (0.1 ft.) for all other elevations.
Both top of stake and ground el evations shall be shown
for centerline stations.

Cross sections on spur lines shall be taken as
indicated by field conditions and design requirenents.

Entrances al ong the route of survey shall be profiled
for a distance of twice the |limts of sections. For
all buildings within or inmediately adjacent to the
proposed right of way line, first floor elevations
shall be shown.

The crown of existing roads shall be defined by taking
rods at the centerline, road and shoul der edge, and
bottomof ditch. It is inportant that the distance
shown to the edge of road in the cross section notes
coincide with the distance as shown in the topography
not es.

El evations on all utilities shall be obtained where
possi bl e, including overhead wires and ot her cl earance,
and inverts of inlets, storm and sewer |ines.

Where the centerline/baseline survey crosses roads,



railroads, rivers and streans, a profile shall be
taken. On proposed dual |ane roads, a profile shal

al so be taken along the profile grade |ine of each | ane
parallel to the centerline survey.

10. \Were drainage may be a problem elevations as well as
bri dge and box culvert inverts shall be shown. Culvert
size and type and wat erway openi ngs of structures shal
be obt ai ned.

11. Soundi ngs and water elevations as well as bridge and
box culvert inverts shall be shown. Culvert size and
type and waterway openi ngs of structures shall be
obt ai ned.

12. Judgenent is to be exercised in clearing for obtaining
cross sections. Care is to be used to preserve shrubs,
plants and trees in or adjacent to |lawn areas. Trees
0.3 m(12") in dianeter or greater, are not to be
felled.

NOTES ( CONVENTI ONAL)

The cross section survey book shall show all cross sections,
el evations, and profile data obtained. 1In order to provide
aterrain edit check in connection with the reduction of
survey notes by electronic data processing, an El evation

D fference, designated ED, shall be noted under stations
listing. This Elevation Difference, expressed in even
neters (feet), represents the maxi num el evation difference
bet ween consecutive rod readings and is the rod differenti al
which, if exceeded, would definitely represent an erroneous
reading. A quick glance at the conpleted notes for each
station listing should be sufficient to estimate this

di fference.

See Figure 6-03-A series for exanples of note taking.
NOTES ( SECTI ON PROGRAM

1. CGeneral - The section program was devel oped to all ow
the recordi ng of conventional cross-section data on the
Paravant data collector. The data is recorded in a
standard ASCI1 format which may be edited on any text
editor.

2. Loadi ng the section programon the paravant - Place the
floppy disk in the portable disk drive. Fromthe dos
pronpt, type COPY D:. SECT. EXE A: and press the ENTER
key. This wll copy the programto the rancard. The
pat h conmand has al ready been set to find the program
fromany drive, so the programcan be run fromthe A,
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B:, or D0 drives if desired (the B: drive is
recommended) .

Start up - Start the section programby typing the word
SECT and pressing ENTER. The followi ng screen will be
di spl ayed:

6444444444444444444444444444444444444447

STATE H GHWAY ADM NI STRATI ON
PLATS AND SURVEYS DI VI SI ON

CRCSS- SECTI ON PROGRAM
Version 1.15

Witten By:
Mal col m R Archer - Shee

))))))))))))))))))))))I))IIIIIIIIN)))))
BACK UP DATA TO DRI VE A? Y

O444444444444444444444444444444444444448

o=} o1 o oo g1 orar o1 Ol
X001 ar o1 oo ol

Press ENTER to create a back-up file on the A drive.

A directory listing of .XCT files on the B: drive
wi |l be displayed along with a pronpt for the fil enanme
to be used:

6444444444444444444444444444444444444447)
5 FI LENAME - -> . XCT 5
5 5
O444444444444444444444444444444444444448

Key-in the filename using the follow ng nam ng
conventi on:

( X) ( Re. ) ( Date)

Ex.- If you are working on Ml. Rte. 410 on March 4th
you woul d use X4100304 as your filenane. |If thisis a
new day's work, the programw || display:

6444444444444444444444444444444444444447)
5 FI LENAME --> X4100304. XCT 5
5 FILE DOES NOT' EXI ST - CREATE? Y 5
O444444444444444444444444444444444444448

Press ENTER to create the new file.

For new files, the programw ||l pronpt for the
fol |l owi ng header information:

CONTRACT NUMBER - - >



LEVEL RUN BOOK NUMBER - - >

MDY US RT NUMBER - - >

TERM NI -->

PARTY CHI EF -->

Fill in wth the appropriate data and press Enter.

THE MAI N MENU

This is the nmain nenu screen:
64444444444444444444444444444447
5 ADD TO CRCSS- SECTI ON FI LE 5
5 LI ST STATI ONS COVPLETED 5
5 NOTE 5
5 VI EW CROSS- SECTI ON FI LE 5
5 5
9 8

END PROGRAM
444444444444444444444444444444

Choose one of the above and press Enter.

ADD TO CROSS- SECTI ON FI LE
The first pronpt will be:
6444444444444444444444444444444444444447
5 NEW BASELI NE? N 5
9444444444444444444444444444444444444448

Enter Y at the begi nning and whenever you change to a

different baseline. |[If you are continuing on the sane
baseline, just press Enter. |If you entered Y for Yes,
you will have to fill in the follow ng information:

DESCRI PTI ON OF AREA OR SPUR TO SECTION -->
Ex. - MAINLINE STA 1+00 TO 12+50

STATION -->

Ex. - Enter 100 or 1+00 for station one.
ELEVATI ON OF | NSTRUVENT? -->

Note: Enter the TRUE el evation of the |evel.

6.3.5



NOTE -->

Add any note if desired that relates to the entire
section.

Ex. Bl -SECTED ANGLE FOR DRI VEWAY ( SKEW .

The next pronpt will be for the direction of the cross-
section. The four choices are:

B or C- Baseline/Centerline - Automatically inserts
0.00 for offset distance.

L - Left - Shots to the left of the baseline.
R - Right - Shots to the right of the baseline.

Qor E- Qit - Ends the section and returns you to the
Mai n Menu.

Use the default direction or key in the desired
direction. |If the direction is B the distance wll
default to 0.00. Oherwise key in the distance. Next
key in the feature code if desired.

HELPFUL HI NTS

a. Always go fromthe baseline out to the limt of
the section in order. DO NOT REPEAT THE BASELI NE
SHOT.

b. To continue to the next section, select ADD TO

CROSS- SECTI ON FI LE

C. | f you need to get an oddball plus |like a drop
inlet, enter it like a new station. Enter R or L,
Rod Readi ng, and Feature Code and then Q If you
m ss entering a distance or rod, you will be
pronmpted VO D? Key-in Y and then press ENTER
You may now correct the m stake.

d. | f you wish to void the shot, enter VOD for the
feature nane and the shot will not be witten to
the file.

| MPORTANT NOTE: If you read a PLUS rod, you nust enter
either a mnus (-) or a plus (+) sign when recording
the rod reading! The shot will then be added to the

el evation of the instrunent to get the elevation of the
poi nt in question.

The ot her pronpts in the Main Menu are self-
expl anat ory.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-04 DATA COLLECTI ON SURVEYS
Revi sed 11/01

GENERAL

Data collection surveys are perforned using an electronic
total station in conjunction with an electronic field data
collector. The data collector is a DOS based ruggedi zed hand
hel d conputer capable of storing data received directly from
the total station.

Al t hough data collection systens can be used in any type of
survey, they are particularly well suited for topographic
surveys. A survey party can capture the X Y,Z (northing,
easting, elevation) positions of a far greater nunber of
points (300 to 600 per day) than could be taken by using
conventional techniques. The great mjority of the
division's topographic surveys are now performed with the
data col |l ector.

The systenmis software permts the surveyor to identify each
topographic feature by a feature code, figure nunber (for
linear or curved features) and point nunber that wll be
plotted by CADD in the resultant 3D design file. Valid
feature codes have been established by SHA. These codes are
avail able to each survey party on weather resistant "flip"
cards and are not detailed in this manual.

For configuration, DOS commands and operation of the Paravant
Data Collector itself, see Chapter 2-08 PARAVANT DATA
COLLECTOR.

SETUP PROCEDURES

1. Setup all traverse lines, baselines or centerlines.
These nmust be tied to the Maryland State Gid System
unl ess instructed otherw se. (See Chapter 6, Section

6-01 for instruction on traversing and wusing the
TRAVERSE pr ogr am

2. Determne elevations for all control points to be
utilized for data <collection surveys using the
procedures for differential |eveling. (See Chapter 5,
Section 5-03)

3. Each traverse point is to be nunbered with a nunber in
the range of 1-300. Do NOT re-nunber existing CADD
poi nt s. Wen entering these points in the ETSC

program only enter the nunber.



C.

ETSC PROGRAM
1. Start-up

To start
pronpt .

the ETSC program key-in ETSC at the B:>

Ex. B:> ETSC

This will

O 01 O o oo oror 0 a1 U1 oY
N~
'_bv
N~
'_bv

IS
N
IS
(C2RVANN G G ING R E G

N~

)

;

5

5

5
Copyright (C MapVision Systens 5
64444444444444444444444444444447 5
5

5

5

5

5

8

bring up the Main ETSC nmenu shown bel ow

))
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N~
'_bv
N~
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'_bv
N~
'_bv
N~
'_bv
N~

ETSC Ver si on

Fi | e Managenent 5

Sel ect | nstrunent 5

Li nk Radi o Modens 5

Create New Job File 5

Use Existing Job File 5
14444

Qui t
5

X% X 3k 3k ok o X X X 3k % X X% X +

94444444444444444444444444444448
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Not e: You should use the
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Selecting the instrunment - In order for
operate correctly with the total
i nstrunment nust be sel ected.

station,

a. To select the instrunment that wll be used

conjunction with the Data Collector,

arrow to highlight "Select Instrunent” on the Miin
menu and press ENTER

b. Anot her screen wll then appear show ng
various instrunents that the Paravant Collector
supports. Sel ect the appropriate nake
instrument and press ENTER Dependi ng upon
i nstrunent selected, you nmay have to make anot her
sel ection to speci fy a certain nodel
instrunent. Wen the selection has been made,

Collector will return to the Main menu.
"Select Instrunent”
nor ni ng when you start a new file,
i nstrunents or reboot the Collector.
6.4.2

the programto
the correct

use the Down

command each
when you change
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To Start a New Job

a.

From the main nmenu, wuse the down arrow to
hi ghlight "Create New Job File" and press ENTER
You will be pronpted for a raw data file nane.

Nam ng Work Fil es
Wrk files should be nanmed in accordance with the
fol |l owi ng nam ng conventi on.

Topogr aphy T 1118

123456738

First character should be a "T" to designate that
file for topography. Second, third and fourth
characters should be used to describe the route
nunber, maintenance shop or type of project that
you are working on. Fifth, sixth, seventh and
ei ght characters should be used to describe the
date of your work.

Bridge Survey B 1118

123456738

Wen locating a bridge deck or any elevated
surface a "B" should be used to designate that
file as a Bridge file. The followi ng characters
shoul d use the sane criteria described above.

Key-in the appropriate filenane and press enter.
Ex. T7950822

You will then be pronpted for a Back-Up Raw Data
filename. The default (what is showi ng) should be
correct, SO just press Enter. This wll
automatically back-up your work on drive A (the
RantCar d) . Every shot and conmmand wl| be
automatically backed-up as they are entered, in
the event that a problem occurs on the B: drive.

However, you still need to make 2 back-up copies

on the 3-g" floppy disks.

Wen you are working on the sanme Data Collection
job as another Survey Party, contact the other
Party Chief to nake sure that you are not
duplicating fil enamnes.

Ex. You are sent to help Bob Price collect data

on 1-795 (the Northwest Expressway) on
Novenber 18t h. You may change the second,
third and

6.4.3



fourth spaces in the filenane but the current
date nust remain correct.

T7951118 - Bob Price is using this fil enane.

TNWK1118 - This wuld be an alternate
filename that coul d be used.

After entering t he filenamne, t he conmand
collection nmenu wi Il be displ ayed.

64444444444444444444444444444447

5 5
5 Conmand 5
5 Measur enent 5
5 Not e 5
5 Review Fil e 5
5 Li st conmands 5
5 Qit 5
5 5
Q4444444444444 444444444444444448

C. Enter the Job Location

1) At the Command Menu, select "Conmand" and
press Enter.

2) Enter "1" for command nunber.

3) Enter "1" for job nunber.

4) Enter "2" for job/crew nunber.

5) Enter route nunber for highway.
Ex. MD355

d. Enter the user-id and date.
1) Sel ect "Command” and enter "20".
2) Press ENTER when pronpted for the tine.
3) Enter your initials for user nane.
4) Enter the current weather.
5) Enter the current date.
Ex. 08/22/91
6.4.4



You will then return to the Command Menu. Now
proceed to Set-Up Information section of this
manual .

To append to an existing job

From the Main Menu, use the Down arrow to highlight
"Use Existing Job File" and press ENTER Enter a Raw
Data File name or press ENTER to use the default. This
will bring you to the Command Menu. Now proceed to the
Set-Up Information section of this manual .

Set-up Information (C7) - Several codes nmust be used to
store information for each instrunent set-up. The
first is for the occupied point.

a. Sel ect "Command", enter "7".

b. Enter the occupi ed point nunber, the height of the
i nstrunment, ant the nmeasurenent node (01)

C. Press ENTER for instrunment |.D.
Rod hei ght information (C5)
a. General - Be sure to neasure the prism heights

with a chain or folding rule as graduations on
prismpoles nmay be in error.

b. Sel ect "Command", enter "5".
C. Enter the foresight and backsight target prism
hei ght s.

Backsi ght information (Cl12)

a. Sel ect "command”, enter"12".

b. Enter the backsi ght point nunber.
Taki ng a backsi ght

a. Turn on the total station, sight the backsight
prism and set zero.

b. Sel ect " Measurenent".

C. Select "Collect Angles and Distance". "Wai ting
For Data..." wll appear on the screen

d. After the shot has been recorded, you may enter a

description if desired. A description can contain
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up to 29 characters.

The Feature Code List - Wiile collecting topo with the
Data Collector, you are required to enter Feature
Codes. These are abbreviations wused to define a
specific feature or type of shot. The original program
has been enhanced so that it is possible to review all
the Feature Codes that are used. This works as
fol | ows:

Assunme you are using a Code 14 (Linear Feature Code).
Key-in 14 and press Enter. The next pronpt is for the
Feat ure Code. If you know the correct Feature Code,
just key it in. Renmenber to use CAPI TAL LETTERS.

If you do not know the proper code to use, Enter an
"X'. This will bring up on the right side of the screen
the Feature Code |ist. Down arrow to select the
appropriate code and press Enter. The program will
automatically store your choice and go to the next
pronpt. You may use the conbination of the Shift and 3
keys to Page Down the list or the conbination of the
Shift and 9 keys to Page Up in the list.

The office processing requires that only CAPITAL
letters be used for Feature Codes. The ETSC program
will automatically set the CAPS LOCK "on" when it
initiated. However, if you "tinme out" or use the FUNC
and POMER keys to tenporarily shutdown the collector
(for lunch), YOQU MJST TURN THE CAPS LOCK ON AFTER
RESTARTI NG

Collecting Single Point Topography (C13) - Fire

hydrants, utility poles, nailboxes, spot grades, phone

booths, Ilight poles, water valves, water neters,

manhol es, etc. are single point features.

a. Sel ect " Command", enter "13"

b. Enter the feature code and the starting point
nunber.

C. Sel ect " Measurenent".

f. Select "Collect Angles and Distance". "Wai ting
For Data..." wll appear on the screen.

g. After the shot has been recorded, you may enter a

description if desired. A description can contain
up to 29 characters.

You may col |l ect as many point shots as needed by
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pressing ENTER at the Measurenent Conmand. To
change to a different topographical code, you nust
sel ect "Command" and enter a new comand code.
Col I ecting Linear Topography (Cl4) - This code is used
to locate straight line strings. Exanpl es of these
woul d be edge of paved road, top of ditch, bottom of
ditch, headwalls, etc.
a. Sel ect "Command", enter "14".

b. Enter the feature code, figure nunber, and
starting point nunber.

C. Sel ect "Measurenent” and shoot the points that
make up the line string.

Shooting an Arc in Linear Topography (Cl5) - One may
insert an arc in a line string at any tine. Thi s
should be Iimted to curves wth radii of less than 60
nmeters (200 ft.). This cannot be done while collecting
single point features (Cl13) or «curvilinear features
(C16).

a. Shoot the P.C. of the arc.

b. Sel ect "Command", enter "15".

d. Shoot the md point of the arc.

e. Shoot the P.T.

f. Continue collecting the line string.

It is possible to collect a perfectly round object such
as a swinmmng pool wusing the Cl4 and Cl5 codes.
Proceed as foll ows:

a. Enter Cl4, feature code, figure nunber and
starting point nunber.

b. Shoot the first point.

C. Enter C15.

d. Take a shot 1/4 of the way around the object.
e. Take a shot 1/2 of the way around the object.
f. Enter C15.

g. Take a shot 3/4 of the way around the object.
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h. Enter Cl7 and recover the starting point.

Col l ecting Curvilinear Topography (Cl6) - This code is
used to locate curved line strings wth radii of 60
nmeters (200 ft.) or nore. Exanpl es of these would be
edge of paved road, edge of paved shoul der, etc.

a. Sel ect "Command", enter "16".

b. Enter the feature code, figure nunber and starting
poi nt nunber.

C. Sel ect "Measurenent” and shoot the points that
make up the curve string.

Recovery Shot (Cl7) - Once a point has been shot, the
point can be wused again in either a |linear or
curvilinear feature. This is wuseful for connecting
different line strings together, such as connecting the
bottom of a ditch to a pipe invert shot that was
al ready collected, or "closing" a closed figure such as
a building or headwal I.

a. Sel ect "conmmand", enter "17"
b. Enter the nunber of the point to recover

C. Exanpl e 1:

50 600 603
@) X X
\ * *
\ FIGQURE 10 = * FI GURE 11
\ * *
\ * 601 * 602
\ X X
\ \ \
\ \  ROADWAY \
\ \ \
\ \ \ 654
\ 651 X X
\ * *
\ * *
\ FIG12 =* *Fl G 13
@ * *
51 652  « 653 =
X X

Assunme you have previously occupied Pt. 50 and
| ocated Pts. 600 through 603. You are now
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occupying Pt. 51 and you want to l|ocate the road
and connect the figures together
1) Sel ect "Command", enter "14".

2) Enter "EPR' feature, "12" for the figure
nunber, "651" for the starting point nunber.

3) Sel ect "Conmand", enter "17".
4) Enter "601" for point to recover

5) Sel ect "Measurenent” and record shots 651 and
652.

6) Repeat the procedure for figure 13.

Exanmpl e 2:
502 521
X))))))) )X
* *
* * Figure
* * 10
\ TRAV. * *
\ LINE * *
\ * *
\ * *
\ * *
\ * *
\ Figure 9 = *
\ *501 *500
\ 14 X))))))) )X
@)

Assune you have previously occupied Pt. 14 and
| ocated Points 500, 501 and 502 using the Ilinear
feature command (Code 14).

Now, you are occupying Point 15 and want to
|ocate the last building corner and connect the
back I'ine between 521 and 500.

1) Sel ect "Conmand", enter "14"

2) Enter "BLDG' feature, Figure "10", Starting
Poi nt "521"

3) Sel ect "Command, enter "17".
Enter "502" for point to recover.
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4) Sel ect "Measurenent” and Record shot 521.

5) Sel ect "Command, enter "17". Enter "500" for
point to recover.
O fset neasurenents (C6) - Use the offset comand to
add to distance, perpendicular offset left or right, or
to add or subtract to the prism height for the desired
shot . This conmmand nust NOT be issued until you are
ready to take the Measurenent.

a. Sel ect " Command", enter "6".
b. Enter the additive distance or press ENTER for O.

C. Enter the left/right offset distance or press
ENTER for 0. Note - a negative value is used when
the object to be located is to the left of the
line of sight fromthe instrunent to the pole.

d. Enter the target height offset or press ENTER for
0. Note - a negative value reduces the height of
target, adding to the elevation of the shot.

This code affects the next shot only. Therefore, if you

have to offset several shots in a row, you nust |eave

the Coll ect Angles and Di stance pronpt and re-enter the

Code 6 command each ti ne.

Start dual feature (C32) - Use this collection code to
collect tw features at the same tine. The two
features do not have to start and end at the sane
poi nt s. This code nmay be wused any tine while

collecting linear (Cl4) and curvilinear (Cl6) features.
(see exanpl e bel ow)

a. Sel ect "Command", enter 32.

b. Enter the second feature nane.

C. Enter the figure nunber.

d. Take the shots that nmake up the dual features.

17. End dual feature (C33) - Use this code to stop
collecting the second feature started

under the C32 code. This code is not needed if both

features end in the same pl ace.

a. Sel ect "Conmand”, enter 33. Collection of the
second feature stops. Continue collecting the
first feature. In the following exanple, the

rodman was collecting a ditch in an open area and

6.4.10
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came upon a snall wooded section. After
collecting both the top of ditch and woods for
three shots, the woods ended and he continued
collecting the top of ditch.

Example: Cl14 TD 5 551
M 23. 2334 89. 5530 236. 995
M 25. 2110 89. 5600 285. 000
C32 WOOD 6
M 26. 4432 89. 5930 334. 395
M 28. 1023 89. 5244 385. 330
M 30. 5643 90. 0003 434. 955

C33
M 31. 0434 90. 0122 486. 675
Cl3 SG 557
Parallel figure (C34) - This conmand can be used to

parallel a feature already collected. No point nunbers
are nmade for the offset figure, and the end of the
paral l el ed figure cannot be recovered in the field.

a. Sel ect "Command", enter 34.

b. Key in the new feature nane.

C. Key in the old figure nunber to be paralleled.
d. Key in the horizontal offset.

e. Key in the vertical offset.

Exampl e: Cl4 BC 22 423
M 10. 5233 90. 0231 305. 440
M 11. 2345 90. 0157 354.123
M 12. 3144 90. 0155 403. 564
C15
M 14. 3121 90. 0148 410. 655
C34 TC 22 -0.67 0.67
C34 SDW 22 -5.00 0.77

Collecting directional linestrings - Currently two
features are directional: WOOD and TRB. For the WOOD
feature, |ocate the edge of the woods with the woods to
the right of the direction of collection. For the TRB
feature, locate the face of the traffic barrier wth
the posts to the right of the direction of collection.

If these features are collected in the opposite
direction, use a C35 code at the end of the feature to
reverse them during processing.

Spin text (C36) - The text that will be placed into the
design file can be spun from north to be parallel to
t he
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roadway using this code. It should be entered to the
near est degree clockw se from north.

Locate point (C37) - This code can be used to locate a
point from 2 previously shot points in the sane figure
or feature. It is well suited for collecting building
corners. To use:

a. Shoot the first and second building corners in the
usual manner . This shots should be taken
carefully as the rest of the building wll be
based on these shots. DO NOT use a short section
of wall.

b. Enter C37.

C. Enter the clockwi se angle backsighting the first
shot and turning at the second shot.

d. Enter the horizontal distance to the third corner
on the building.

e. Enter the elevation difference between the second
shot and the third shot.

f. Continue around the building in |ike manner and
recover to the first shot to close the figure.

The data should | ook sonmething Iike this:

Cl4 BLDG 1 1001

M 23. 4430 89. 5850 123. 450
M 25. 3644 89. 5945 132. 360
C37 90 28.0 -0.2

CG37 90 26.0 0.0

Cl7 1001

Adding notes to the field file - The program provides
two nmethods for entering notes into the file.

a. Shot description - Each neasurenent provides the
user an opportunity to add a description or note
for the point shot. A maxinmum of 29 characters is
al | owed. The wuser should not precede the note
with asterisks as the program wll add them
automatically. Note the follow ng exanples:

G+E 123456 /| C+P 69
24 | NCH TW N MAPLE
2.7 CONC. CURB + GUTTER



21.

22.

23.

24.

b. Ceneral note - The user can enter a note (up to 80
characters) by using the note feature from the
mai N menu. This nmethod is best suited for
describing a series of shots. Exanples:

ALL TREES ARE 6 | NCH CEDARS
VO D PREVI QUS FI GURE
VO D PREVI QUS SHOT

8- 1 NCH CONCRETE CURB AND GUTTER

Reviewing the File - Sel ect "Review File".
"Positioning to End of File" wll briefly appear and
the last 14 lines of the work file wll appear on the

screen. Use the Up arrow to scroll through the file to
view previously entered data. Press ENTER or ESC when
finished and you will return to the Collection Menu.

Note: You will not be able to change any data in your
work file. However, you may insert a note at any tine
to bring an error in the file to the attention of the
of fi ce processors.

Li sting Commands - One can review the comand codes and
the associated data fields with this comand.

Quitting the collection nenu - Select Quit. This will
return one to the nmai n nenu.

File Mnagenent - From the nmain nenu, select "File
Managenent™ to bring up the File Managenent Menu.

6444444444444444444444444444447)

5 5
5 List Files 5
5 Delete File 5
5 Copy File 5
5 Serial Print ASCII File 5
5 Parallel Print ASCII File 5
5 View ASCII File 5
5 Transfer Files 5
5 5
5 5
9 8

Qui t
4444444444444 4444444444444444

a. Listing Files - From the File Managenent nmenu
select "List Files". Select the drive you wish to
list.
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Enter the file name search string:

A\* * - To see a listing of the A drive.
B:\*.* - To see a listing of the B: drive.
C\*.* - To see a listing of the C drive.
Do\*.* - To see a listing of the Do drive. Note -

—+

he disk drive nust be hooked up and a floppy
nserted beforehand.

b. Del eting files

1) Select "Delete File"
2) Enter the search string as shown above.
3) Select the file to be del et ed.
NOTE: |F YOU DELETE A FILE IT IS GONE FOREVER
Avoid deleting files before the job has been
processed in the office.

C. Copying Files
1) Sel ect "Copy File"
2) Enter the search string.

3) Select the file to be copi ed.

4) Enter the drive to send it to.

d. Printing
1) Select "Serial Print ASCII File"
2) Enter the search string.
3) Select the file to be printed.

d. Quitting the ETSC program - Select Qit from the
mai n  nmenu. This wll return one to the B:>

pronpt .
SHUTTI NG DOMN THE CCOLLECTOR

Wiile the Paravant RHC44 can be stopped while in a program
it is advisable to exit the programto the B:> pronpt before
shutting the collector down for periods |onger than 20
M nut es.

Press the FUNCT and POMNER keys at the same tinme. To start up



again, press the FUNCT and POMNER keys again. It may be
necessary to press the CAPS key to get capitol letters.

TIPS FOR COLLECTI NG VARl QUS FEATURES

1

When | ocating manholes, shoot the top of the nanhole
while in the manhol e feature. Shoot the pipe inverts
separately as line strings. For ~circular concrete
(RCP) and circular net al pi pes (CWP), use the
appropriate feature. Ex: 24INCWP is a 24 inch Grcular
Met al Pi pe.

Locate all headwalls by shooting around the perineter
of the headwall at grade. Then obtain one (1) shot on
the top of the headwall using the THDW feature code.

| f the headwal | has wingwalls that slope, get a shot on
the top of the headwall in the center and get shots on
the top of the wingwalls where they end, again using
the THDW. feature code.

Locating directional linestring features

The WOOD and TRB features are directional and should be
collected with the object to the right of the direction
of collection. If you want to collect it in reverse
order, collect the linestring and enter a C35 code at
the end to reverse the order of shots when processed.

When you are locating a figure and change from a "Code
14" (linear figure) to a "Code 16" (curvilinear figure)
or vice-versa, you nust increnment the figure nunber

If you want the line work to connect between the two
figures use the recover shot command " Code 17"

"Target"” prism holders should be used for all shots
taken with the tel escopic range poles allowing for nore
precise centering of the prism Make sure that the
prismis tilted, if need be, to keep it perpendicul ar
to the line of sight of the theodolite. Failure to
tilt the prismw |l result in elevation errors!

Use Code 13 and feature code CKSHOT to "reshoot" the
backsi ght . Wien each checkshot is taken and before
each set-up is broken, the slope distance, vertical
angle and horizontal angle nust be recorded on the
recovery sheets. This information will be reduced using
the TOPO program in the Sharp calculator, allowng the
Party Chief to determine if the prism may have sli pped,
if the |lower tangent screw on the theodolite has been

noved, or if there have been any other sighting
errors. If this information is not recorded from the
i nstrunent displ ay, it may be obtained from the Data

Col | ector.
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Al tribrachs nust be checked periodically and al
instruments nust be checked at NGS ranges at | east
every 6 nonths. El evati on checks should be included
with the normal distance calibration. Forms for
recording these observations nmay be obtained from the
of fice.

Wen working on projects that require surveying a
bridge, all elevated surface bridge shots nust be
gathered and stored in a separate file. El evat ed
surface shots nean shots on the inside of the
bri dge/ roadway j oi nts.

At the end of each day's collecting, your work file
nmust be printed. See procedures on how to do this.
Scan the file for errors and make hand-witten notes of
any errors that need correcting before processing.

Wrk files nust be backed up daily. Make 2 copies of
the file on the 3 1/2" floppy disks. One copy wll be
returned to the office when the job is conpleted. The
other copy is to be kept by the Party Chief. See
procedures on how to do this.

Do not use a feature code unless it appears on the
list. If you cannot find a code to describe a
particul ar feature, use the MSC feature code
acconpanied with a Note.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6- 05 SURVEYI NG FOR RI GHTS- OF- WAY
Revi sed 11/01
GENERAL
The Division perforns |and surveys that are an integral part
of land acquisition for operating Rights-of-Wy for
transportation facilities. These surveys allow

1. Retracenent of property |lines (Metes and Bounds
Sur veys)

2 Appr ai sal of property to be acquired

3 Deed preparation

4. Negoti ati on or Condemmati on actions

5 Ri ght - of - Wy st aki ng and nonunent ati on

METES AND BOUNDS SURVEYS

Met es and bounds surveys are required by |law to be perforned

on properties that will, in whole or in part, be acquired

for public transportation facilities.

1. Scope
Survey of all properties in their entirety, unless
ot herwi se directed, shall be nmade for the correct
preparation of nmetes and bounds plats for all such
properties. These surveys shall be tied to centerline,
baseline of right of way, or control traverse |ines.

2. Speci fications

Al Metes and Bounds surveys shall conformto American
Land Title (ALTA) specification for class "A" surveys.

3. Monunment Recovery
a. Usi ng the nosai ¢ and deed information as gui des,
THOROUGHLY search for all property corners on the
affected properties. |If one deed calls for a

stone and the adjacent deed calls for a pipe at
t he sane corner, search for both points. EVERY
EFFORT MUST BE MADE TO RECOVER ALL EXI STI NG
MONUMENTATI ON.

6.5.1



b. Exam ne nmonunents carefully to determine if they
have been di sturbed or danaged.

C. I f no nonunment is found for a corner, |locate
exi sting evidence such as fence |ines, hedge rows,
wal |'s, etc. using the ETSC program

d. Evi dence presented by property owner should be
| ocat ed even though deed nmay state ot herw se and
name of identifier recorded. The property owner
usually is your best source of information.

Poi nt nunberi ng

Poi nt numbers from 1-300 shall be used for all traverse
points that are not property markers. Point nunbers
from 301-999 are to be used for property nonunmentation
only. Point nunmbers from 1001 + shall be used for data
collection only. DO NOT DUPLI CATE PO NT NUVBERS used
by other traverses or nonunents on the sanme job! Point
nunberi ng need not be sequenti al.

Traversi ng

a. Unl ess ot herw se directed, use the TRAVERSE
program for all traversing, side shots and general
notes. Do not set rebars or reference traverse
poi nts of nmetes and bounds traverses. Draw any
traverse lines run and points set on the npsaic
which is to be sent to the office for processing.

b. When possible, |ocate corners from existing
control traverse points. POL's may be set to
acconplish this task. Avoid getting a "fly froma
fly" point to | ocate nonunentati on.

C. | f necessary, traverse around the property or
properties and | ocate all recovered nonunentation
or evidence of possession. Wen feasible, utilize
t he exi sting nmonunentation as traverse points.

d. Measure angles to nonunentation at the sane tinme
that angles to traverse points are observed. This
is easily acconplished using the "direction
met hod" .

e. Di stance neasurenents to nonunents are to be
conducted the sane way as neasurenents to main
traverse points.

f. Prism poles with bipods should be utilized to
assure accurate results.



Topogr aphy

Any topography required shall be collected using
standard data coll ection procedures with the ETSC
program Start with point nunber 1001 unl ess ot herw se
di rect ed.

Not ekeepi ng

a.

Sketch traverse and property lines on the nopsaic.
Al'l other information such as angles, distances,
coordi nates, nonunent descriptions, etc. shall be
noted in the .TRA file using the TRAVERSE program
(Use the Text routine and the Note routine if

necessary.)

Not e the size, shape, material, position and

condi tion of each found nonunent (1/2" lron pipe,
rebar, concrete nonunent, |eaning, chipped, bent,
projecting, flush, buried, etc.). |If the nonunent
is leaning, note the direction and anount.

Enter text in the follow ng order: WHAT, WHERE
DETAI LS. Exanple: Conc. Mon., NWCor. P. 235,
Flush. or PIPE, SE Cor. P. 331, 1-1/2 D A PRQOJ.
1.5 FT. LEANI NG SLI GHTLY SW LSC #447

Uility conmpanies often disturb property nonunents
during utility construction. Indicate if any
utility lines or poles are near the nonunent. Do
not locate utilities unless directed.

Not e the conpany nanme and |icense nunber stanped
on the monunent if any.

|f the nmonunent was not found, wite "NF' on the
nmosai c.

C. Rl GHT- OF- WAY, BPR AND CONDEMNATI ON STAKEQUTS

1

After

Gener al

nmet es and bounds surveys have been perfornmed and

right-of-way plats generated, the Division' s next step
in the | and acquisition process is the RIW St akeout.
R/'W St akeouts are required on all "Takes" and are used
by the Ofice of Real Estate for appraisal. Use the

TSC st akeout program when feasi bl e.

St aki ng



Unl ess specified otherwise in the survey request, use

the foll owm ng guidelines:

a. All PCs PT's and breaks in right of way |ines,
| i nes of division, and easenent |ines shall be

staked with hubs and tacks or PK nails as
appropri ate.

b. Guard stakes or wire flags shall denote the

station and offset of each point. For PKnails in
pavenent, the station and of fset shall be painted.

C. Al lines shall be delineated by staking with fl at

stakes at 50 ft. intervals in urban areas and

approximately 100 ft. intervals in rural areas.

d. Al'l stakes shall be flagged or wire flags set with

the foll owm ng col or coding:

1) Red shall be used for right-of-way and
exi sting right-of-way points.

2) Bl ue shall be used on |ines of division.
3) Yel | ow shall be used for easenent |ines.

St akes can be flagged with nore than one col or
appropri ate.

Not ekeepi ng
a. Show t he base |ine of right-of-way, all existing
and proposed right-of-way lines, lines of division

and easenent |lines as shown on the plat.

b. For each right-of-way point set, note the station,

of fset and type of point set.
C. Not e the plat nunber(s) used.

d. Not e the contract nunber, route nunber, plats

used, staking limts, party chief nanme and date in

t he i ndex.

See Figure 6-05-B series for sanpl e notes.
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CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-06 GLOBAL PGOsSI TI ONI NG SYSTEM (GPS) SURVEYS
Revi sed 11/01
CENERAL

The G obal Positioning Systemis based on a constellation of
satellites call ed NAVSTAR. NAVSTAR was devel oped by the
Department of Defense for mlitary navigational purposes.
Now fully operational, there are 18 satellites (plus 3
spares) in orbit at an altitude of 10,900 mles. This
nunber ensures that four or five of themare within range of
any ground station. This coverage ensures that precise
(0.01 m Y, X and Z coordinates can be determ ned for the
ground station after a short observation period.

BASI C PRI NCI PLES OF GPS

The basic principles behind GPS can be broken down into five
conceptual pieces.

1. General - Position is calculated fromdi stance
measurenents to satellites. Mathematically, five
measurenents are needed to determ ne exact position.

2. Measuring the Distance froma Satellite - The di stance
to a satellite is determ ned by neasuring how |l ong a
radi o signal takes to reach a receiver fromthat
satellite. Assune that both the satellite and the
recei ver are generating the sanme pseudo-random code at
exactly the sane tine. W know how long it took for
the satellite's signal to get to us by conparing how
|ate its pseudo-random code is, conpared to the
recei ver code.

3. Getting Perfect Timng - Accurate timng is the key to
nmeasuring distances to satellites. Satellites are
accurate because they have atom c cl ocks on board.
Recei ver clock errors can be cancel ed by making
measurenents to a fourth satellite.

4. Knowi ng Wiere a Satellite is in Space - To calculate
position one not only needs distance, but one al so
needs to know where the satellites are in space. GPS
Satellites are so high up their orbits are very
predictable. Mnor variations in orbits are neasured
constantly by the Departnment of Defense and that data
is transmtted fromthe satellites thensel ves.

6.6.1



| onospheric and At nospheric Delays - The earth's ionosphere
and at nosphere cause delays in the GPS signal that can
translate into errors in position. Sonme of these errors can
be elimnated with mathemati cs and nodeling. Oher sources
of error are satellite clocks, receivers, and nmultipath
reception. Sonme configurations of satellites in the sky can
magni fy the other errors in the system

FI ELD PROCEDURES

1. Reconnai ssance for a GPS Survey - Reconnai ssance i s one
of the nost inportant parts of a GPS survey. For the
actual collection of GPS data, the observing station
must have a clear view of the sky when satellites are
passi ng over the job site.

Steps involved in a typical GPS reconnai ssance incl ude:

a. Mark the general area where GPS control points are
to be located on nmaps or aerial photographs.

b. Visit the job site and select the best |ocation
for the control point.

C. Using a "Station Visibility Dhagram" | ocate and
record all obstructions exceedi ng 20 degrees above
the horizon, as well as any radio frequency (RF)
sources. ldeal tools for this are a conpass and
an Abney | evel.

d. Using the station visibility diagrans and a
skypl ot of visible satellites at the tinme the GPS
survey is to take place, the proper observing
session can be planned for each station.

2. Operation of GPS Equi pnment - The Division has 2 Trinble
Model 4000 SST - Dual Frequency receivers, 1 Trinble
Model 4000 ST receiver and 1 Trinble Mdel 4000 SSE -
Singl e Frequency receiver. The basic operating
procedures for this equipnent is as foll ows:

a. Equi prrent Checklist - Use of the follow ng
checklist will assure that you will not | ose a
session due to forgetting equi prent.

Saf ety Equi pnent (signs, cones, etc.)

Recei ver

Ant enna

Ant enna cabl e

Battery

Battery to receiver cables

Backup battery or a cigarette |ighter adapter



Tri pod

Tribrach

Clutch (tribrach adapter)

Measuri ng tape

Station info (tie sheets, maps)
Penci| and paper (station |og sheets)
2-way radi os

Survey schedul e

Fl aggi ng/ pai nt/ pk nai | s/ hammer

RS- 232 cabl e

Lapt op conput er

O fice support nodul e

Al C transformer plug for office support nodul e
Extra fl oppy disks

Dongl e (software key)

Conpass

Tribrach - Tribrachs are the weakest link in the
guest for quality measurenents. |If either The
Bull's Eye Level or optical plumet is out of

adj ustnment the receiver will not be positioned
over the station. The bubble and the optical

pl umret nust be checked on a regul ar basis. See
Section 2-05 for adjustnent procedures for the
optical plumet.

Tripod Setup - GPS signals can be affected by the
obj ects around an antenna. People wal king around
the tripod can affect or block these signals.
Therefore, a tall set up is recommended. Al so,
make sure your setup is stable.

Tribrach Leveling - Set up the tripod over the
station and nount the tribrach. Use the |eveling
screws to position the optical plunmet crosshairs
on the station point. Level the tribrach bubble
by adjusting the tripod | egs. Fine tune the |evel
bubble with the leveling screws. Check the

pl umret, the crosshairs should be very close to
the mark. |If an adjustment still needs to be
made, | oosen the tribrach and carefully slide it
into the correct position. Then recheck the |evel
bubbl e.

Measuring the Antenna Hei ght - ALWAYS neasure the
antenna height and record it on a station | og.

Wt hout the antenna height a GPS survey cannot
produce an accurate vector. Measure the antenna
hei ght twi ce, before and after each session. You
need to keep track of the uncorrected (raw)
antenna height. When the height is witten in the
station log, the field crew should specify the



uncorrected value and label it clearly. Al ways
record the type of antenna is being used for each
receiver.

Measuring the Antenna Hei ght of a Thinble 4000 SST
- On the Bottomof the receiver, built into the

pl astic base, is a tape neasure. Pull the tape
down to the mark. Read the centineter (cm scale
of the tape neasure at the very bottom edge of the
recei ver base. Convert the centinmeter reading to
nmeters. To convert centineters to neters nove the
decimal point two places to the left. Wite this
nunber down in your field notes and | abel it "RAW
ANTENNA HEI GHT I N METERS, SLOPE ST."

The display will indicate which type of units to

i nput for the antenna height. On the right side
of the display will be a nenu itemthat says
"UNITS'. Push this button until the units

di spl ayed change to "METERS". |Input the value you
just neasured as nmeters. You should be entering a
val ue between 1.000 neters and 2.000 neters.

After you input the value, press the "UNITS"
button until the units displayed are inches.
Reneasure the height using the pull out tape on
the bottom of the receiver. Read the tape again
at the bottom edge of the receiver in inches.
Wite the inches reading down in your field notes
and | abel it "RAW ANTENNA HEI GHT CHECK | N | NCHES,
SLOPE ST.". Conpare the inches value that the
recei ver cal cul ated, which should be displayed on
the screen, to the value you neasured. |If the

di fference between the two is nore than a tenth of
an inch, re-start the measuring process. |If the
nunbers are cl ose, accept the value and conti nue.

Measuring the Antenna Height of a Trinble 4000 SST
- CGet out the neasuring rod and screw together the
links. In your field notes draw a picture of the
top of the antenna. Include the north arrow in
the drawng. Go to the North side of the antenna.
Put the pointed end of the rod onto the center of
the mark. Choose the notch closest to North that
you can neasure without the tripod | egs getting in
the way. Look and see what the notch nunber is
that you are about to neasure. Wite this nunber
down on your drawing in the sanme place it is on
the antenna. Measure to the top edge and outside
corner of the notch you picked. Wite this nunber
down in your field notes. Next to the antenna
hei ght write "RAW SLOPE ANTENNA HEI GHT NOTCH



# ", In the blanks you would insert the notch
nunber you used.

Cl ockwi se fromyour first measurenment go exactly a
third of the way around the antenna ground pl ane.
Again | ook to see what notch you will be using
and record it on your drawing. Measure the
antenna height and record it just |ike before. o
cl ockwi se a third again around the ground pl ane
and neasure the antenna height. You should end up
with three raw neasurenents, these neasurenents
should agree within 1cm |[|f they don't agree,
restart the nmeasurenent process. |If they stil
don't agree try re-leveling the tribrach

Once the nmeasurenents agree, add them up and
divide by three. This will give you an average
measurenent. In your field notes next to the
average value wite "AVERAGED RAW ANTENNA HEI GHT,
SLOPE GECDETIC'. Then input this value into the
receiver and hit the ACCEPT nenu sel ection.
Renmenber, the rod scaled is in centineters and the
recei ver expects nmeters. To convert to nmeters
nmove the decimal two places to the left. The

val ues you should be entering will between

1.500 nmeters and 2.500 neters.

Vehi cl es Near the Antenna - Park the truck at

| east 50 feet fromthe antenna or downhill from
it. Signals can be affected by flat surfaces
close to the antenna.

Receiver Start Up - You should turn the receiver
on about 5 m nutes before your planned start tine.
The receiver needs tine to warmup its oscillator
and collecting a few mnutes of data early is not
detrinental. However, avoid turning the receiver
on too early, unless you are sure that there is
enough receiver nenory and battery power to handle
that extra tinme. Record your start time in the
station | og.

Starting a Receiver After the Schedul ed Startup
Time - Getting to a point |late may nmake a session
wort hl ess. The |loss of too nmuch sinmultaneous data
coul d be so degrading that a solution may not be
found. |If the session is shortened by nore than
ten percent, |engthen the observation tine. A
recei ver operator should tell their supervisor
when they first start collecting data. The
supervi sor can then extend the stop tine as
necessary. However, if several sessions are back



to back, any tine changes will affect the sessions
t hereafter.

Field Notes and Station Log Sheets - You shoul d
keep a | og of each session at each station. The
recei ver should be checked every 15 mnutes with
comments witten in the station log. Things to
record in the log include, start and stop tines,
visible satellites, obstructions, transmtters,

el evation angles, etc. Anything that could affect
a radio signal should be witten dowmn. The field
crew should copy letter for letter the disk
stanping onto the log. This helps prevent m x ups
|ater, like which one did you really occupy, the
station or the azinmuth mark.

Power Failures During a Session - A power failure
beconmes catastrophic if the battery goes dead and
the field crew doesn't check the receiver for an
hour. The only way to correct a problemis to
reali ze you have one. Check the receiver on a
regul ar basis (every 15 mnutes). Keep the
batteries out of the sun and carry a spare one.

| f you do have a power failure don't panic. Get
t he power back on to the receiver as soon as
possible. Try another battery or connect to an
A/ C power source (if available) using the office
support nmodule. |If the receiver was stopped for
nore than ten percent of the session, extend the
observation tine. Record the tines of a power
outage in the station |l og. Wwen a power failure
has occurred, a second file is opened once power
is restored. Thus, you will end up with two data
files for one session. Wen you downl oad these
files fromthe receiver to your conputer, the data
coll ected before the power failure has the usual
file name extension of .DAT. However, the data
collected after the failure will have the file
extension .DOL. You will need to join these two
files using DOS commands. See the Trinvec-Pl us
manual chapter 2, pages 5 and 6.

Adver se Weat her Conditions Affecting a Session -
Use conmon sense. Normal weather activity does
not adversely affect the GPS signals or equipnent.
However, snow or ice piling up on top of the

antenna m ght start to block the signals. Cold
weat her will reduce the capacity of the battery,
so nake sure you have a back up ready. Take
precautions if you are observing in a flash flood
zone and it is raining heavily. Lightning can be
dangerous if the antenna is the highest conductor



around. Take down the setup if you feel there is
a chance the weather will damage you or your
equi pnment .

The tripod may settle during the survey due to

| ocal conditions. Be aware of this possibility
and neasure the antenna height at the begi nning
and end of each session, (you should be neasuring
t he antenna hei ght before and after each session
anyway) .

Tripod Settlenment During a Session - Measure the
antenna hei ght before and after the session.
record both of these heights. The station
coordi nat es depend upon an accurate antenna
height. If the tripod has settled, it will throw
the vector off. |If you determne that the tripod
has settled you have several choices. First, you
coul d average the before and after antenna hei ght
measures. Second, if you think the station
settled early on in the observation, use only the
end antenna height. |[If you believe the station
settled late in the session use the beginning
antenna height. O, if the difference is too
great, throw that data out, and nake anot her
observation of that vector.

Human Di sturbances to the Tripod - There are two
types of accidental tripod bunps. The first, you
hit the tripod just enough to throw out the |evel
bubble. For this, re-level the tribrach and nake
sure the cross hairs are still on the point.
Reneasure the antenna height, note the tinme of
bunp and new antenna height on a station |og
sheet. Always immediately notify the person in
charge of the session so that they can nmake a
decision to accept the bunp or start the session
over. The second type of bunp is when the

nei ghbor hood ki ds cone out to play and knock the
tripod over. Stop the survey conpletely. Cal
the other field operators and restart the session
from scratch

Recei ver Shutdown - Stop the survey early if you
positive enough sinultaneous data was collected at
all stations. This is where two-way

comuni cations conme in handy. You can adjust the
session tines in the field. The field crew should
be advised to stick with the schedule unless a
supervi sor radios them otherwi se. Record the stop
time on the station |og.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-07 PHOTOGRAMVETRY SURVEYS
Revi sed 11/01

GENERAL

When a corridor study necessitates the gathering of a |arge
anmount of information, photogrammetric surveys offer many
advantages. This is due to the fact that once photography
has been secured and controlled, additional information
covering a w de band can be obtained at very little
addi ti onal expense and very rapidly. Photo flights are nmade
in winter or early Spring to avoid foliage cover.

FI ELD PROCEDURES

Field control surveys can either precede or follow
acqui sition of aerial photography. Generally, the
procedures are as foll ows:

1. Pre-Flight Contro

a. Hori zontal - See Section 6-01 for traverse
speci fications.

b. Vertical - Vertical control can consist of
differential or trigononetric leveling or a
conmbi nati on of both and shoul d neet 3rd-order
st andar ds.

2. Pre-Flight Targeting

On a corridor study survey where photogramretry is to
be used, targets or flags are placed along the traverse
at approximately 150 m (500-ft.) intervals, depending
on the scal e of photography. A hole should be cut in
the center of the target and the target placed
symmetrically about the point to be marked, and |evel
with the ground.

On the traverse it is not necessary to place the
targets on exactly 150 m (500-ft.) intervals. However,
it is inportant that many of the targets to be placed
in open areas so they will have a better chance of
bei ng visible on the photography. This neans that it
is permssible to nove a target 50-100 m (200 or 300
ft.) along centerline to a station that is in an open
ar ea.



Were the centerline runs for long intervals in the
woods, flags with | egs should be placed in the | east
densely wooded areas to increase the possibility that
they will appear on the photography. It should be kept
in mnd that the standard endl ap used in

phot ogramretric mapping is 60% sidelap 40%

The best targets are nmade in the shape of a cross with
the point to be marked placed in the center of the
cross. The legs of the cross should be straight and
pl aced on either |evel ground or ground having a
regul ar slope. The target shoul d have good contrast
with its background.

The standard printed cloth target 1 mx 1 m (40 in. x
40 in.) is good agai nst any background, and may be used
in open areas for 1:5000 (1"=350") and | arge scale

phot ography. \Wen these targets are used in the woods,
four cloth legs 150 mMmm (6 in.) wide and 1.5 m (5 ft.)
or | onger are added.

Targets painted on the pavenent or sidewal k should be a
cross with an overall length of 1.2 m(4 ft.) and a
width of 100 mm (4 in.) for aerial photography scal es
1: 5000 (1"=350") or larger. Wite paint on new asphalt
or black paint on new concrete nmake excellent targets.

Post - Fl i ght Control

a. CGeneral - Oten on photogranmetric surveys, timng
and ot her consideration do not allow for the
pl aci ng of targets before the photography is
secured. This necessitates the using of natural
i mages instead of targets for all picture points.

Nat ural i nages are never as good as targets from

t he standpoint of precision and identification;
however, they do usually have nore permanence than
a targeted point. Good natural image points for
both horizontal and vertical control are the
corner of a concrete drop inlets, intersection of
si dewal ks, and traffic marking, provided the
traffic marking has not been changed between the
time of the photography and the tine of the
control survey.

Corners of buil dings wthout overhang, fence
corners, and utility poles usually nmake fair
picture points. It is often necessary to use
trees, the intersection of paths and roads, and
even rock outcrops as picture points. The exact
position of a vertical picture point in a level



area is not critical; and for this reason,
vertical picture points should be located in
relatively flat areas and never on a steep sl ope,
such as an enbanknent.

Picture Points - The survey party will be given a
set of photos on which picture points have been
sel ected by the Photogrammetry Section. |If the
presel ected picture point cannot be used, then the
Party Chief selects another point in the sane

ar ea.

1) Hori zontal Control - Wen natural inages are
used for horizontal control, the point is
tied into the traverse by a distance and
angle to the point froma station. A sketch
showi ng how the angle was turned is nade on
t he back of the even nunbered photos on which
t he picture point appears.

These points are assigned a nunber and letter
preceded by the letter "H', based on the
traverse station fromwhich they are turned.
The nunber of the point, station, the

di stance to the picture point, the angle and
t he point sighted on should be recorded on
both the photo and in the survey book
contai ni ng the baseline.

2) Vertical Control - Vertical control picture
points are circled on the front of the odd
nunbered photos. The el evati on and poi nt
nunbers are witten in the field book and on
the front of the photo, along with a brief
description of the point such as base of
pole, n. corner of walk, flag, etc.

Vertical photo picture point nunbers are
preceded by the letter "V' and the photos.
An L for the left side of the photo, and R
for the right and a C for the center. A
nunber of V/75L-3 would nean that the picture
poi nt was on photo 75 and was the third
vertical control point obtained on the left
si de of the photo.

6.7.3



Editing

When photogrammetry is to be used for road design

pur poses, maps are usually produced with a scal e of

1: 500 (netric) or 1 inch = 50 feet (english). These
maps show planinetric features, but not the necessary
narrative descriptions of these features.

To edit these maps, Area Engi neers shall take copies of
the photogrametry into the field and identify the
plotted features by naking notes directly onto the
maps. At the sane tine, he wll also note any features
that were not plotted. |If the nunber of m ssing
features is great, subsequent conventional field
surveys may be required. Sonme of the features that
w Il need descriptions noted are:

Pi pes (construction, size, direction)

Uility Poles (ownership, nunber); Light Poles
Manhol es (use, pipe sizes, direction)
Bui | di ngs (construction, use, overhangs)

Road and Entrance Surface (type)

Culverts (type, size, pipe size, direction)
Drop Inlets (type, pipe size, direction)
Signs (type, ownership - with |license nunber)
Curbs (type, size); Fences (type, height)
Land Use (cultivated, |lawn, etc.)

Speci nen Trees (type, size)

Vel ls

Splicing Pedestals (ownership, nunber)



CHAPTER 6. 00 - TYPES OF SURVEYS
SECTI ON 6-08 CENTERLI NE STAKEQUTS
Revi sed 11/01

GENERAL

Centerline stakeouts are nornmally perforned after a control
traverse has been established in the field. Usually, the
proposed enterline of the inprovenment serves as a guide to
t he desi gn engi neer for use during the prelimnary
investigation (P.1.)

PROCEDURES

1

Cont r ol

Cenerally, the requester of the survey furni shes a set
of plans and a list of coordinate values for the
proposed centerline control points. The coordinate
val ues for the traverse line are usually shown in the
traverse book. Wite the centerline values for the
centerline in the new centerline book.

Computing ties

Ties may be conputed by the area engineer in the
office, or by the party chief, depending upon the size
and conplexity of the job. In general these guidelines
shoul d be fol |l owed:

a. Ceneral - Ties to the centerline should be
conputed fromall MAIN traverse points. Tie |lines
can be extended later to reference both the
centerline and traverse lines during the
construction stake-out phase.

b. Tangents - Conpute tie lines that are tangent to
the new centerline to be established.

C. Curves greater than 150 m (500 ft.) - Al tie
lines should be radial to the new centerline to be
established. This is easily done by intersecting
a line fromthe traverse point to the radi us point
and the curve itself for POCs. For the PC and PT,
conpute a tie that intersects the traverse line
tangent to the centerline.

d. On curves which are less than 150 m (500 ft.) in
I ength, direct, non-radial ties may be conputed



to the PC, PI, and PT fromthe nearest traverse

poi nt .

e. Spurs - Direct ties may be conmputed for short spur
I i nes.

Gid factor

Al'l val ues shown on the plans are grid values and al
conput ed di stances conputed fromgrid coordi nates are
grid distances. For stake-out purposes, a grid factor
must be conputed for the project. Use the GRI D program
on the Paravant to conpute this factor or use the
factor noted in the control traverse book.

St aki ng

During staking, divide the conputed distance by the
grid factor to obtain the horizontal distance. Use the
hori zontal distance to establish the new centerline
points. Establish the points with the tel escope in
direct position first. Reverse the scope and check
each new point set.

Al t hough centerline controls are set precisely, using
the total station instrunment, it is not necessary to
use precise chaining to set stakes/nails between
controls. Distances to internedi ate stakes/nails can
be rough chained and then checked, with the EDM every
150 nmeters (500 ft.) and adjustnents nade.

Control Points

Re-bars, P.K. nails, or cross-cuts shall be used to
establish all centerline control points such as P.O.T.,
p.OST, PC, PT., PCC, PRC, T.S., S.C, CS
and S. T. Sufficient controls shall be established to
ensure that consecutive control points are

i nt ervi sabl e.

Ref er ences

| f available, swing (hand) references are usually
sufficient for centerline stakeouts. |If the survey is
tied to the NGS, control points can al ways be reset by
coordi nates. Excessive tinme should not be taken to
reference the centerline.

6.8.2



Centerline Survey Notes

The centerline survey book notes shall show the
conplete centerline and how it was set up. Coordinate
val ues of all centerline controls and the referenced
traverse are to be noted. All curve data, curve

defl ections, bearings, grid distances, and references
shall be shown. Oientation notes, both narrative and
by sketch, should be entered in the book to facilitate
future recovering of the survey.

See Figure 6-08-A series for sanple notes.

6.8.3



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-09 CONSTRUCTI ON STAKE- QUTS
Revi sed 11/01

GENERAL

Construction stake-outs establish basic |ine and grade for
proj ect construction and are perfornmed just prior to actual
construction. It is the State's policy to provide the

m ni mum essential control to acconplish establishnment of
construction |ines and grades. The baseline of construction
may or may not be the same as a previously established
centerline.

PROCEDURES

Cenerally, the procedures listed in Section 6-08 "Centerline
St ake-outs,"” are valid for construction stake-outs.
Exceptions are:

1. Bench Mar ks

Bench marks are to be established at approxi mately 300
m (1,000 ft.) intervals and outside the limts of
construction.

2. Ref er enci ng

a. Al'l baseline of construction controls are to be
referenced with rebars, spikes, cross-cuts in
concrete or other permanent markers. DO NOT use
hubs. PKs may be used when driving a gal vani zed
spi ke is not practical. |If the point lands in a
cultivated field, recess the rebar at |east 350 mMm
(14 in.) below the surface of the ground.

b. Set RPs clear of all construction. Generally, the
nearest point should be 6 m (20 ft.) outside the
grading limts. Avoid placing Rps at deep cuts or
fills. Were possible, locate Rps at cut-to-fil
("daylight") points. Place one reference point on
each side of the baseline where possible instead
of both on the sanme side. Wen you nust place two
Rps on the sane side, space themat |east tw ce
t he distance apart as the nearest one is to the
basel i ne.

C. When Rps nust be set outside the right-of-way,
gai n approval of the property owner or tenant



before doing so. Use the Area Engineer, if need
be, to acconplish this.

d. On curves, set reference points at a nmaxi mum of
150 m (500 ft.) apart. On tangents, this nay be
increased to 300 m (1000 ft.), provided the points
are still intervisible.

Construction Stake-out Notes

Fol | ow procedures for Centerline Stake-out.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-10 BORI NG STAKE- QUTS
Revi sed 11/01

GENERAL

Boring stake-outs are perfornmed for the Geotechnical

Expl orations Division. The |ocation of the boring are
mar ked by this Division on plans using scaled Iine pluses
and of fset distances.

PROCEDURES

1

Location - Cenerally, the location of boring points are
referenced to a previously established baseline. As
boring | ocations are only approxi mate | ocations, boring
stakes need not be set exactly. Use of a cloth tape
and a pentaprismcan neet the required accuracy of
poi nt | ocation. A conputed angle and di stance from any
poi nt on the baseline can al so be used.

Mar ki ng of Boring Stakes - The field marker should show
t he boring nunber and the ground el evation at the
stake. The elevation is shown to the nearest tenth of
a foot.

Notes - The boring | ocation shall be shown in the
basel i ne survey book at the proper station. The

| ocation of the boring is shown by drawi ng a target
synbol at the appropriate spot, either left or right of
t he baseline, and the plus, offset distance, and ground
el evation noted. See Figure 6-10-A for exanple of
field notes.



GENERAL

CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-11 HYDRAULI C SURVEYS
Revi sed 11/01

For purposes of this MANUAL, hydraulic surveys include
hydr ogr aphi ¢ mappi ng (soundi ngs), floodplain studies, and
wet | ands | ocati on.

PROCEDURES

1. Soundi ngs

a.

Ceneral - The surveyor nust be aware that the
accuraci es of soundings are not conparable to | and
surveys. \Wile the surveyor on | and can see the
features, the surveyor perform ng soundi ngs
cannot, except in shallow, clear waters.

Usi ng EDM and Wi ght ed Li ne

1) Hori zontal Control - The sounding line is
usually controlled by stations set on both
shorelines. The instrunent is positioned
over one station and keeps the soundi ng
vessel on line as well as neasuring the
hori zontal distance to a prismon the boat.

2) Vertical Control - The depth of the point
bel ow t he wat er surface or soundi ng nmust be
related to NAVD 88. On ponds or |akes this
woul d nerely nmean the el evation of the water
surface is obtained through normal |eveling.

Al'l soundi ng neasurenents woul d then be
subtracted fromthe surface elevation to
acqui re soundi ng el evati ons.

On rivers and bodies of water that have

el evation changes and tidal variations, a
tide gauge is required to obtain the
necessary information during the sounding
period. A sinple graduated pole, such as an
old level rod, is erected with its zero mark
bel ow t he | owest expected water level. An
observer remains with the tide gauge and
either inforns the note taker when surface
el evation changes of 30 mm (0.1 ft.) occur or
record the time and gauge readi ngs at



specified intervals.

3) Recordi ng Sounding Data - The note taker
normally remains with the EDM and notes the
hori zontal distance to the sounding |ocation.

The sounder, using a graduated, weighted
line, measures the depth of the water and
radios it back to the note taker.

Usi ng Echo Sounder - When a | arge nunber of

soundi ngs are required, the Division has enlisted
the aid of the Departnent of Natural Resources.
They supply a boat that is equipped with an
echo-sounder along with an operator. The boat is
| ocated initially, by an EDM di stance and kept on
line by an instrunment set on the sounding |ine.
The echo sounder provides depth neasurenents by
timng the interval between transm ssion and
reception of an acoustic pul se.

2. Fl oodpl ai n St udi es

a.

Ceneral - Requests for floodplain surveys are
usually fromthe Ofice of Bridge Devel opnent.
Lines to be profiled are shown on a base map.
These profile line are normally perpendicular to
the stream and are confined by either a horizontal
di stance or an elevation that the profile is to be
run to. The profile lines can be a straight line
or have angl e breaks on them

Pr ocedur es

1) Hori zontal Control - A traverse is run to the
extent of the floodplain study. This
traverse is tied to an existing
centerline/traverse line if one exists.

2) Vertical Control - Floodplain surveys are
based on NAVD 88 and | evel s nust be brought
into the area if no bench marks are
avai |l abl e.

3) Gound Profiles - Profiles of the ground on
t he designated |lines can be taken by
differential or trigononetric nethods. There
are no constraints to the distance between
ground shots, but all abrupt ground changes
shoul d be shown.

4) Not e Taking - Sanple notes for a Floodplain
Study are shown in Figure 6-11-A series.



3.

Wet | and Locati on

a.

CGeneral - Federal regulations require that
wet | ands destroyed by road construction be
replaced in another area. To neasure the area of
wet | ands di spl aced by road construction, the
outline of effected wetlands nust be | ocated and
referenced to a baseline.

Pr ocedur es

1) Del i neation - The extent of the wetlands to
be | ocated are defined in the field by
personnel fromthe Division of Project
Devel opnent. These personnel visit project
sites and determ ne where wetl ands are
|ocated. The limts of the wetlands are
usual |y marked by the use of a unique plastic
ri bbon which is tied to vegetation in the
ar ea.

2) Location - As the marked limts of wetlands
is at best approxinate, great care in
| ocating the ribbons is not necessary. Right
angl e pluses and distances using a cloth tape
of angles and di stances neasured froma
basel ine station are sufficient.

3) Not e Taking - The location of wetlands are
sketched into the book as normal topography
woul d be.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-12 TRAFFI C SI GNALI ZATI ON SURVEYS
Revi sed 11/01

GENERAL

Traffic signalization surveys are requested by the Division
of Traffic when traffic signals are to be installed at a
road i ntersection or where the configuration of an existing
signal systemis to be changed.

FI ELD PROCEDURES

1

Traverse - A traverse running 90 m (300 ft.) in al
directions fromthe center of the intersection is
requi red unl ess electronic data collection wll be
used. Existing survey lines are to be used, if
avai |l abl e and can be easily recovered. |If not, new
I ines are established.

Topography - Normal topography is to be taken to the
back of sidewal ks or to the limts of right-of-way,

whi chever is appropriate. |In addition to the features
usually located, the follow ng information nust be
obt ai ned and recorded.

a. Al painted traffic controls, such as stop bars,
pai nted islands, acceleration and decel eration
| anes, etc., shall be | ocated.

b. D stance between ground and all overhead wires in
t opoed area.

C. Direction of all wres.

d. Al'l nunbers that appear on utility poles.

e. Street lights and supporting arns. Al so distance
above ground.

f. Signs and their nessages.

g. Any feature that could have an effect on the

installation of a traffic signal system

Notes - See Figure 6-12-A series for exanples.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-13 BORROW PI'T SURVEYS
Revi sed 11/01

GENERAL

Hi ghway construction often necessitates the relocation of
earthen material. Were nmaterial is to be renoved, it is
called a "cut" section. Were it is deposited, it is called
a "fill" section. When nore material is required than can
be sal vaged from cut sections, material nust be obtained
fromother locations - "borrow' pits. As contractors wll

be paid by the quantity of dirt renoved fromthe borrow pit,

it

is inmportant to obtain accurate prelimnary and final

cross-sections of the borrow pit.

PRELI M NARY CROSS- SECTI ONS

1

Check with the construction project engi neer and/or
contractor to determne where the pit limts wll be.
It is inmportant that no material be renoved fromthis
area except that to be used on the project. All
topsoil is normally stripped off the surface of the pit
and piled out of the area of excavation.

Oientation - A detailed narrative description of the
| ocation of the borrow pit shall be entered into the
survey book. This description should show the route
froma maj or highway, the property owners nane,

di stance fromthe centerline of the nearest road or

| ane, the nunber of the pit, and any other information
that would help define the | ocation of the pit.

Basel i nes - Before any excavation takes pl ace,
basel i nes nmust be established. [If the terrainis flat,
one baseline should be sufficient. |If not, two
basel i nes may be needed. Wen two baselines are run
they are tied together perpendicularly. Skewed |ines
are not acceptabl e.

The baselines may be |ocated in the mddle of the pit
or along one side as required. A magnetic bearing of

t he baseline(s) shall be recorded. Baselines are to be
staked at 10 nmeter (25 foot) intervals.

Vertical Control - If no bench marks exist in the

i medi ate area of the pit, assuned el evations may be
used. A m nimum of three bench marks nust be
established near the pit site.

6.13.1



Cross-Sections - Oiginal cross-sections are taken on a
10-nmeter (25-foot) grid. That is, every 10 neter (25
feet) along the baseline and a rod reading every 10
meters (25 feet) along the cross-section line.
Cross-sections are taken at |least 20 neters (50 feet)
(2 rods) beyond the pit Ilimts. Rods should also be
taken at any ground breaks.

Ref erences - Tinme should be taken to carefully

ref erence baselines as heavy equi pnent wll be
operating in the borrow pit area and nmay destroy the
baseline in whole or in part.

Field Notes - Besides the orientation data requirenents
descri bed above, it should be noted whether the
cross-sections were taken before or after topsoi

and/ or root mat was stri pped.

Sanple field notes are shown in Figure 6-13-A series.

C. FI NAL CROSS- SECTI ONS

1

The borrow pit should be snmooth and effectively drai ned
prior to cross-sectioning.

Re- st ake the baseline, if necessary. Sonetines it may
be necessary to set offset lines to facilitate cross-
sect i oni ng.

Take final cross-sections of the pit in the same manor

as the prelimnaries with one inportant difference.

Get a distance at the end of each cross-section to "old
ground". The rod reading for "old ground" can then be

interpolated fromthe prelimnary cross-section data.



GENERAL

CHAPTER 6-00 - TYPES OF SURVEYS

SECTI ON 6-14 ELECTRI FI CATI ON SURVEYS

Revi sed 11/01

Electrification surveys are requested by the Ofice of
Bri dge Devel opnment when bridges are to be constructed or
repl aced over AMIRAK facilities. A general sketch of
requi red survey neasurenents acconpani es the request.

SURVEY REQUI REMENTS

The required nmeasurenents nmay vary from project to project,
but generally contain the foll ow ng:

1. Survey Measurenents

a.

Di stance neasured along the centerline of track
fromits intersection with the centerline of the
bri dge or highway of each catenary structure in
each direction of the bridge for a distance of
three such full span structures. These
measurenents are required al ong each of the
outside main tracks owing to the skew of the

bri dge and possi bl e skewi ng of the catenary
structures.

D stance between centerline of adjacent tracks and
bet ween centerlines of outside tracks and adjacent
catenary structure colum or bridge abutnent at
the follow ng | ocations:

1) At each fascia of each bridge.

2) At each catenary structure in each direction
of the bridge to and including the third ful
span structure.

El evati on of | owest portion of bridge structure
over each track at each fascia of each bridge.

El evati on of both rails of each track at the sane
| ocations as item 2 above.

Location of any structures near the bridge which
m ght conflict wth foundations for new catenary
structures, i.e., manhol es, ground signals, etc.

Location of switch and frog point and offsets of



si detrack.

g. El evations at top of concrete footing for catenary
supports.
2. Wre Measurenents:

D stance fromtop of rail to both nmessenger and contact
wires on each track at the follow ng | ocations:

a. At each fascia of each bridge (including point of
attachnment to bridge).

b. At approxi mately m dspan between bridge
attachnments points.

C. At each catenary structure extending to and
including the third full span structure in each
direction fromthe bridge.

See Figures 6-14-A and 6-14-B for catenary
configuration.

SAFETY REQUI REMENTS

Under no circunstances is a D vision enployee permtted to
wor k on AMITRAK property wi thout receiving the prescribed
safety training course conducted by AMIRAK

After conpletion of the safety course, D vision enployees
wi Il receive a nunbered sticker. This sticker is to be
applied to the enployee's hard hat and worn when perform ng
el ectrification surveys.



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6-15 GEOCDETI C LEVELI NG SURVEYS
Revi sed 11/01

GENERAL

The electronic digital level is a new technol ogy instrunent
usi ng i mage processing and bar code rods to performthe task
of leveling. This technology relieves the observer from
actually reading nunbers fromthe |evel rod or staff.

To take a neasurenment, all the observer does is |evel the
instrunment, point it at a bar code rod, focus, and press

t he neasure button. The level does the rest, resulting in
an elevation and a distance to the rod.

Al t hough the neasurenents can be collected directly to an
on-board recording nodule, the Plats and Surveys Division
currently uses a Paravant hand held data coll ector and the
Nat i onal Geodetic Surveys VERREC program Pl ease refer to
Section 4-03 for specifications for geodetic |eveling.

GECDETI C LEVELI NG DEFI NI TI ONS

Backward running - Leveling in the reverse direction the
line of levels will be conputed.

Col l'i mati on check - The process of determ ning the
di fference between the |ine of sight and

truly level Iine.
Forward running - Leveling in the direction the line of
levels will be conput ed.
| mbal ance - The backsi ght di stance m nus the foresight
di st ance.

Rod constant - For rods with 2 scales, the difference
bet ween the 2 scal es.

Section - A leveling run between 2 bench marks.

Tie - Checking the el evation difference between two
publ i shed bench marks within the tol erance
specified by the order and class of |eveling being
per f or med.

Turning pin - A steel pin driven in the ground to support a
| evel rod.



Turning plate - A steel plate and pin used to support a
| evel rod on hard surfaces.

Vertical refraction - The bendi ng of light rays
vertically caused by differences in
air densities.

W LD 2002 BAR- CODE LEVEL COLLI MATI ON TEST AND ADJUSTMENT

The collimation error is the angular difference between the
line of sight and a truly level line. It is usually
expressed in mllimeters per nmeter. For second order class
| leveling, this value cannot exceed 0.050 mmMm It can

al so be expressed in seconds of arc - 0.050 M mis the sane
as 10 arc seconds.

The NA2002/ 3003 corrects automatically for the collimtion
error when electronically neasuring the staff reading. As
is common place with electronic theodolites, the collimation
error can be determned and stored in the digital |evel.
THI S PROCEDURE MUST BE PREFORVED AT THE BEG NNI NG OF EACH
DAY OF LEVELI NG

1. Level instrunment and turn on by pressing the OV OFF key
in the |ower left hand corner.

2. Store data in rec-nodule: Press the SET key (which is
al so the #5 key). Using the UP and DOWN arrows (keys
#3 and +/-) page to SET RECORD, Then press RUN (which
is also the YES key), page to RECORD MODULE and press
RUN again. You will now notice ALL in the upper left
corner of the screen. THE I NSTRUMENT MJUST BE IN TH S
MODE AT ALL TI MES WHEN RUNNI NG PRECI SE LEVELS.

3. Set the instrunent to record in neters: Press the SET
key, then page to CONFI G and press the RUN YES key.
Page to UNIT and press the RUN YES key, the screen w |
show ft or m(for feet or nmeters). Page to mand press
t he RUN YES key.

4. Press the SET key, then page to SET MEASURE and press
RUN. The instrunment is now aski ng how many
measurenents to take per shot. ALWAYS TAKE 5
MEASUREMENTS PER SHOT WHEN RUNNI NG PRECI SE LEVELS.
Press the #5 key and then the RUN key.

5. Set two stable points 45 neters apart. Designate one
point A and the other B

6. Make two marks on line between A and B, a mark 1/3 the
total distance fromA (1lst position) and a mark 1/3 the
total distance fromB (2nd position).



7. Set the instrunent over the 1st position and | evel.
Press the PROGRAM key (which is also the #6 key), then
page to CHECK and ADJUST and press the RUN key. The
screen will now show MEAS A1 B X A. The instrunent is

now ready to take a neasurenent on point A press
t he RED neasurenent button.

8. The instrunent is now asking for a neasurenent on point
B. Point the instrunent at the rod on point B and
press the RED neasurenent button.

9. The instrunent is now ready to be noved to the 2nd
position, press the RUN key and nove to the second
posi tion.

10. Repeat steps 7 and 8, first neasuring point B then
poi nt A

11. The instrunent is now asking if you want to conpute the
collimation, press RUN YES key then store the val ue
di spl ayed by pressing the RUN YES key agai n.

12. The instrunment is now asking if you want to ADJUST
RETI CLE, press the CE/NO key and return to PROGRAM

ENTERI NG PRQJECT DATA | NTO THE VERREC PROGRAM

The VERREC program was devel oped by The National Geodetic
Survey to record geodetic |leveling data. The program was
designed for a MSDOS data collector with a small display
screen. This is why it displays information in the upper

| eft corner of the Paravant's display screen.

THE PROGRAM DOES NOT MAKE A BACK- UP COPY WHI LE RUNNI NG
Therefor, one shoul d nake back-up copies of data each day.

| f the Paravant has 2 rancard drives, run the programin the
B: drive, otherwise run the programin the A drive.

1. Key-in VERREC into the data coll ector and press ENTER
The following is a list of pronpts you will see.
Not e: YOU MUST HAVE THE CAPS LOCK ON FOR THE PROGRAM TO
OPERATE CORRECTLY. If you power down the collector
while in the program be sure to hit the CAPS key after
power - up.

2. You wi Il be requested to enter a fil enane:

Filenanre :

Use the date for the filenane in the form YYMVDD wher e
YY is the Year, MMis the Month, and DD is the day of
t he nont h. Ex.: 951105.



3. Enter the appropriate equi pnment information:

| nst.
Code: 243
S/IN. 91767
St adi a
Code: H
Factor: 200
Rod 1
Code: 396
S/IN. 26078
Const.: 0.000
Rod 2
Code: 396
S/IN. 26075
Const.: 0.000
Rod Units: CM
Probe Hts.
Tripod Top: 1.30

Tripod Bot.: 0.0
Truck Top:
Truck Md.:
Truck Bot.:
Tenp Code : F
Tine Zone : Q

Survey
Odr/das: 21

Ti me :

Dat e

bs. 1

Tripd Hgt 1:

Tripd Hgt 2:
bs. 2

Tripd Hgt
Tripd Hgt 2:
bs. 3

Tripd Hgt
Tripd Hgt
Qos. 4

Tripd Hgt
Tripd Hgt

N

NN

(The instrunent code)
(The instrument serial nunber)

(Hal f stadia)
(Stadia factor)

(Level rod code)
(Rod 1 serial nunber)
(Rod 1 constant)

(Level rod code)

(Rod 2 serial nunber)
(Rod 2 constant)
(Centinmeters)

(The height in mof the
t her nonet er)

(Fahrenhei t)
(Q daylight save tinme, R-Eastern
std. tinme)

(Second order, class 1)

(Enter the timne)

(Enter the date)

(Enter the initials of the
observer)

(Enter the height of the tripod for
hi nf her)

(Enter a second tripod height if
used)

(Enter another observer if
necessary)

(Tripod height of second observer)

F1: Save F5: Abort: (Press F1 to save data)

E. BEG NNI NG A SECTI ON

1. VERREC mai n menu screen:



SELECT ACTIVITY
Change Equi pnent F1
Begi n Section F2

C- Shot F3
Revi ew Sections F4
End Leveling F5
2. Select F2 and key in the appropriate information:
Begi nning I nformation
Qbs.: (Enter the observers initials)
Rec.: __ (Enter the recorders initials)
SSN. (Enter the survey point nunber)
Desig.: (Enter the bench mark designation)
Tenp.: (Enter the tenp. * 10 - ex. 81 = 810)
Wnd: _ (Enter O for calm 1 for noderate, 2 for
strong)
Sun: _ (Enter O for cloudy, 1 for partly, 2 for
cl ear)
Tinme: (Enter the correct tine)
Rod on
Mark: 1 (Press ENTER)
Save Changes Y (Enter YY)
Setup #: 1

| mbal ance: 0. 00

3.

D stance: 0.00 (Press ENTER)

Program the bar-code | evel to properly nunber each set-
up and nunber the bench marks:

a. Press t he PROGRAM key

b. Page to P START LEV BF, then press RUN

C. The screen will show START L sure?, press RUN

d. The screen will show Pt NO and a nunber with the
cursor blinking

e. Enter the SSN nunber of the bench mark and press
RUN

f. The screen will show INCREM 1 and the cursor
bl i nki ng, press RUN

g. The screen will show G HT a nunber and the cursor
bl i nki ng

h. Enter a ground hei ght of 0.0000 and press RUN

F. SECTI ON RUNNI NG

1

Take a back sight on the backsight and enter the rod
readi ng * 100, 000 (nove the decimal 5 places to the
right) into VERREC. Ex.: If the rod reading is

0. 82720, enter 082720

To read the stadia, page down and enter the distance *
100 (rmove the decimal 2 places to the right) into



Save

VERREC. Ex.: If the distance is 1.89 enter 0189, if it
is 21.34 enter 2134

Backsi ght
El evati on: (Enter the rod reading * 100, 000)
D stance : (Enter the stadia distance * 100)
For esi ght
El evati on: (Enter the rod reading * 100, 000)
Di stance : (Enter the stadia distance * 100)
Tenmp. Top (Ht ENTER)
Skip Temp. Y (Ht ENTER)

ENDI NG A SECTI ON

After the final rod reading on the closing bench mark is
entered, type Eto end leveling. NOTE CAP LOCKS MJST BE
ON, If you go to the next Setup and VERREC i s asking for the
next rod reading you will not be able to enter E. You nust
first enter F1 to go back to the last Setup, then enter E

VERREC wi I | now show End Section? N, type Y and press enter.

Endi ng I nformation

SSN (Enter the survey Point Nunber)
Desig.: (Enter the bench mark designation)
Tenp: (Enter the tenperature in degrees
Fahrenheit * 10. Ex.: 810 for 81
degr ees
Wnd: _ (Enter the wi nd code)
Sun: (Enter sun code)
Tinme: (Enter the tine)

Changes? Yort: Type Y and press Enter

AT TH'S PO NT YOU HAVE THE OPTI ON OF BEG NNI NG ANOTHER
SECTI ON OR ENDI NG YOUR LEVELI NG



CHAPTER 6-00 - TYPES OF SURVEYS
SECTI ON 6- 16 RE- ESTABLI SHVENT OF OLD BASE LI NES
Revi sed 11/01

GENERAL

Over the last 20 years surveying instrunments have greatly

i nproved, both in precision and ease of use. In the 1960's

nost neasurenments were taken with 20 second transits and 100
ft steel tapes. Traverse closures were in the range of

1: 5000 - 1:10,000. Today angles and di stances are neasured

electronically with total stations. Typical closures range

from 1: 25,000 - 1:60, 000.

Thi s trenendous increase in neasurenent precision has
brought to light unique problens in the establishnent of
base |ines that were done years ago. This section provides
policy and direction for this procedure.

RECOVERY OF EXI STI NG CONTROL AND REFERENCE PO NTS

The party chief will receive copies of old plans, plats, and
survey books for the baseline in question. He should review
all material carefully to famliarize hinmself with the
geonetry. The field work shall progress as foll ows:

1. Search for ALL ORIG NAL reference and control points

shown in the old survey book. It is inportant to
recover as many ORI G NAL points as possible, especially
P.C's, P.1.'s, Externals, and P.T.'s. It will usually

be necessary to go beyond the limts of the new survey
totie in old base |ine points.

2. | f control or reference points are paved over, and it
is appropriate to do so, chop holes in the pavenent to
| ocate the original points. Be careful not to destroy
the control point by renoving to many | ayers of
pavenent at one tine.

3. | f unable to locate sufficient control or reference
points, identify any significant topo that was | ocated
during the old survey such as house corners, telephone
pol es, structures, etc.

4. Note in the OLD survey book whether the control points
or references were found or not and the date of
recovery.

5. Reset base line control points fromthe references as



shown in the old survey book. |If necessary, controls
may be set at a convenient offset to facilitate
traversing. DO NOT reset control points by neasuring
fromother control points at this tine!

6. Identify the stationing to the FOOT ONLY at this tine.

TRAVERSE

1. I f the recovered/reset control points are spaced
adequately for the new survey, no new points need to be
set.

2. | f the spacing is inadequate for new work, set POL's

bet ween adj acent found points as necessary. DO NOT
attenpt to establish themat old stations or even

stati ons.
3. Connect all control points by traverse to GPS control
as if it was a random traverse |ine. | f obstructions

such as trees, bridge piers, poles, or sign posts
prevent sighting between points, establish additional
points to traverse around them

4. Put all NEWwork in the new field book. Note the book
nunber and page of the old field book where the control
poi nt was found. Show the NEW neasured angl es and
di stances between all recovered control and reference
points. DO NOT show old distances or old angles in the
new fiel d book.

5. Note in the old field book the new field book nunber
and a brief explanation of the new work.

6. Send all data to the office for analysis and
adjustnment. Data collection may be taken fromthe
traverse points at this tine if requested.

SET- UP OF BASE LI NE

Wen the data has been anal yzed and adjusted in the office,

sonme revision will likely be made to the original geonetry.
Frequently the tangent alignnments (not curve tangent

di stances) and the degree of curve will be held and al

stations and curve data re-conputed. Back and Ahead

equalities may occur at P.C.'s, P.T.'"s. or other points

al ong the base line. New station values for the old control

points may al so occur.

6.16. 2



Set the baseline up as directed by the office.

Show t he new station values in the new field book with
a note to the side indicating the old field book and
page, and the old station value for the point.

Set new references for all control points that do not
have original references. Show all references in the
NEW field book. If anything is in doubt, call the
office for clear direction!

6.16.3



CHAPTER 7-00 - NOTEKEEPI NG
SECTION 7-01 PURPOSE AND | MPORTANCE
Revi sed 11/01

PURPOSE

Survey field notes are prepared in nunerous forns and by
vari ous nethods to serve as an interpretable, filed record
of a survey party's every step in the prosecution of a
survey. Inplied in the purpose are:

1. A showi ng of the basis of the survey, new |lines, and
new poi nts establi shed.

2. A usage by the survey party to nonitor its progress and
t he conpl et eness of the survey.

3. The usage by others to:

a. Check the accuracy of the survey.
b. Adj ust the survey and derive best val ues.
C. Extract data for other surveys, design, traffic,
right-of-way, construction, and other uses.
d. Retrace the footsteps of the survey party.
| MPORTANCE

A survey is never conpleted until field notes are submtted
for checking and filing. Field notes are not an accessory
to the survey - they are an integral part of the survey!

Field notes often perpetuate a survey when stakes have
rotted and nonunents are obliterated. Field survey notes
are introduced occasionally as court evidence.

DEFI NI TI ON

Field survey notes are conpl ete graphic, tabular, or witten
(or conbinations thereof) survey records which depict each
step of the survey on a suitable formand in a proper
format. They show the follow ng to enabl e know edgeabl e
persons to interpret and use the survey and its results and
retrace the footsteps of the surveyor:

1. Survey | ocati on.
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Pertinent record information and attendant references.
Oiginal "raw' values (w thout any mathenmati cal
mani pul ati ons and wi thout any corrections for errors)
of distance, angle, and el evation.

Measurenents of pertinent atnospheric conditions.
Monunent s used and set.

Equi prrent used and its standardi zation factor(s).
Party personnel and their duties.

Dat e(s) .

Expl anat ory notes about any condition(s) which m ght
af fect the accuracy of result of the survey.



CHAPTER 7-00 - NOTEKEEPI NG
SECTI ON 7-02 ELEMENTS OF NOTES
Revi sed 11/01

NOTEBOCKS

The Division has adopted for standard use, nunbered survey
books, neasuring 6-1/4 inches by 8-1/2 inches. The pages
are grid paper, with the grid having every fourth |line being
wi der and darker. This book, the standard peg books, and
the electronic data collector are used al nbst exclusively to
record field notes.

FORVAT

1. | ndex Page - The index page is the orientation, title,
and summary for a set of field notes. The index page
shoul d, at the mnimum contain the foll ow ng:

Book Number (at top of page)
Contract Nunber

Nane of County

Rout e nunber or road nanme of project
Project extremties (from- to)

Type of work

Location of work (between extremties)
Stations of work (from- to)

Pages of work (from- to)

Li st of books used on project

Date job finished (nmonth, day, year)
Party personnel

TFRTIFQ@eeno

The index page is to be conpleted inits entirety for
each survey. Never note "Sanme As Above." See Figure
7-02-A for a sanpl e index page.

2. When starting a new field book, pages 1-7 nust be
reserved for the book index. Start actual field notes
on page 8.

3. Orientation Data and Cross References - The Party Chief
shoul d make entries into his notes that are primarily
for the orientation of the note user. Sone of these
ar e:

a. North Arrow

b. Direction Arrows (to next town, city or major
hi ghway)

C. Pl ani metric Features



d. Descriptive Notes
e. Dat unms Used

The Party Chief should al so nake cross-references to
the origin of any point used in his survey. The word
"found” is always used in describing recovered points,
but a reference to the origin of the point nust always
be made.
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CHAPTER 7. 00 - NOTEKEEPI NG
SECTI ON 7-03 QUALITY OF NOTES
Revi sed 11/01

GENERAL

Do not sacrifice the quality of field notes for expedi ency.
Poor quality notes are not justified because the party is

short a man or because the project is a rush job.

The desired qualities in notekeeping overlap and intertw ne.

They arise fromthe purpose of notekeeping - "to serve as
an interpretable record of a survey party's every step in
the prosecution of a survey.”" To realize this purpose

certain qualities nmust be "built" into each nodul e, each
page, and each set of field notes.

ACCURACY

Accurate field notes list the exact field data that is
measured and gathered. This inplies a proper placenent of
each entry and correlation with all other entries. Accuracy
is the prime requisite in notekeeping.

To assure accuracy:

1. Consistently follow the policy of recording "original”
field data.

2. Record raw val ues.

3. Provide for distinctly hearing each call-out fromthe

| nstrunent Man, Rodnman, or Chai nman. Two-way portabl e
radi os provide great help.

4. Repeat each call-out for verification.
5. Orient the note page to the "ground.” Such orientation
aids in correct positioning of data on the page. It

hel ps el i m nate such notekeepi ng blunders as recording
a rod reading on the wong side of the station |ine or
showi ng an angle in the wong quadrant of an

i ntersection.

6. Have a second person check the notes while the notes
are still "warnmi and the survey party is still at the
job site.

Even though the not ekeeper succeeds in accurately recording



all data, neasurenents, and observations, this is not his
sole responsibility. The alert notekeeper, wth record,

cal cul ated, and recorded data in his hands, is usually in
the best position to detect blunders. Be alert at all tines
and do not blindly accept each call-out. To assure survey
accuracy be especially alert to obvious inconsistencies.

NEATNESS

Neatness in field notes shows the professional attitude of
t he surveyor. the production of neat field notes requires
diligent effort.

Neat notes are obtai ned through:

1. Proper storage and handli ng.
a. Provi de a dust proof storage area for forns.
b. During work breaks, protect unfinished notes from
soiling by protecting them
C. Use a clip board to prevent "dog-earing."
2. Cl eanl i ness
a. Use a | ead of a hardness which will produce
| egi bl e and reproduci ble lettering which will not

snmear. Etching the paper with very hard leads is
not desired: reproduction is difficult.

b. M nim ze contact of hand and forearmw th note
paper. This is quite inportant in sumrer nonths.
A long sleeved shirt or a "sweat-pad” of cloth
flagging wth hel p.

CLARI TY

To possess clarity, notes nust be easily understood and be
free fromanbiguity, confusion, uncertainty, and doubt.
Clarity is attained through:

1. Legibility

2. Entries in the proper place or near a related part of a
sket ch.

3. Orientation data
a. Line |l abels ("To" arrows).
b. Pl ani netric features.

C. North arrow.



6.

Good del i neati on

St andard abbrevi ations. Use those shown in the
" Appendi x. "

St andard synbol s.

Bl own- up sket ches.

Drawi ng sketches to an approxi mate scal e.
Clustering or tabulating rel ated dat a.

PaocoT o

Expl anatory notes to clarify apparent inconsistencies
as differences between "record" and "neasured" or a
sketch which is out of proportion.

Ref erences and cross-references.

E. COVMPLETENESS AND | NTERPRETABI LI TY

1

Conpl et eness

Complete field notes are those which have been field
checked, and contain all applicable elenents, built in
sel f-checks, and required qualities. The recorder's

i nput nust be adequate for satisfying notes users - not
j ust enough to satisfy hinmself.

a. Sel f-Checking - This is data that enabl es the user
to determine that the survey has been properly
performed and closed. To ensure this feature:

1) Show raw val ues and use only ori gi nal
entries.

2) Enter data that is the basis for cal cul ations

a) Coordi nates for inversed di stances and
beari ngs.

b) Azi mut hs or bearings for calcul ated
angl es.

3) Wite accurate, detailed descriptions of al
record points, especially points of origin
and cl osing points.

4) Cite references for all record points used.

5) Revi ew the notes to assure an adequate
cl osure.

b. Field Checked - Review the notes and the survey
for possible om ssions or errors. (A set of
conpl ete notes does not necessarily guarantee a



conpl eted survey.) To aid in the review

1) | f possible, have sonmeone other than the
recorder review the notes. H s unfamliarity
with the notes will help to test their
qualities as well as their content.

2) First, review and survey request to be sure
all the request is conpl et ed.

3) Mentally review the survey with notes
i n- hand.

4) | f feasible, physically review the survey in
the field with notes in-hand.

2. Interpretability

Interpretability results when all the above qualities
are included. |If a know edgeabl e user can take

conpl eted notes and retrace the order and the progress
of the party's efforts; if the user can understand the
information intended to be perpetuated; if correct

meani ngs, W thout anbiguity, are comrunicated; if valid
val ues can be cal cul ated and adjusted - the notes are

i nterpretable.

LETTERI NG

Legible lettering is the basic for any method of
not ekeeping. Select a single-stroke style that is natural
and practice until proficient.

Slant - Plain slanted letters are nore easily and nore
quickly fornmed than vertical letters. A bonus from sl ant
lettering is that irregularities in the individual
characters are not readily apparent.

Cccasionally, certain data needs enphasis. [In such cases,
letter vertically to provide the contract that wll
spotlight a particular entry.

Rei nhardt - This single-stroke lettering has proved through
years of use to provide the optimumin legibility, speed,
and ease of formng. It is sinple: void of serifs or
curlicues. Use this style as a foundation for your

i ndi vi dual style.

Lettering ability can be developed - it is not just a
natural trait. The aspiring notekeeper and the poor

| etterer can becone proficient by |earning the makeup of
letters and by practicing. Figure 7-03-A shows Rei nhardt



| etters and nunbers.

Avoid the use of |ower case letters. The Division's
standard i s upper case Reinhardt lettering.

7.3.5



REINHARDT LETTERING

ABCDEFGHIJKLMMNO
PORS T UVWXYZ

/) 2 3456 7890

FIGURE 7-03—-A



GLOSSARY OF LAND SURVEYING TERMS
Abstract - A summary of facts.
Abstract of title - A condensed history of the title to land.

Accessory to corner - A physical object that is adjacent to a corner. An accessory is
usually considered part of the monument.

Acclivity - An upward slope of ground.
Accretion - The gradual accumulation of land by natural causes.

Acknowledgment - A declaration by a person before an official (usually a notary public)
that he executed a legal document.

Acquiescence - Implied consent to a transaction, to the accrual of a right, or to any act by
one's silence (or without express assent).

Adjudication - The giving or pronouncing a judgment or decree in a cause.

Adverse possession - A method of acquiring property by holding it for a period of time
under certain conditions.

Affidavit - A written declaration under oath before an authorized official (usually a
notary public.)

Alienation - The transfer of property and/or possessions from one person to another.
Aliquot - A portion contained in something else a whole number of times.

Alluvium - Sand or soil deposited by streams.

Appellant - The party which takes an appeal from one court or jurisdiction to another.

Appurtenance - A right, privilege, or improvement belonging to and passing with a piece
of property when it is conveyed.

Assigns - Those to whom property is transferred.
Avulsion - A sudden and perceptible change of shoreline by violent action of water.

Bayou - An outlet from a swamp or lagoon to the sea

Al



Bed of stream - The depression between the banks of a water course worn by the regular
and usual flow of the water.

Bequest - A gift by will of personal property.

Bounty lands - Portions of the public domain given or donated as a bounty for services
rendered.

Chain of title - A chronological list of documents which comprise the record history of
title of real property.

Civil law - That part of the law pertaining to civil rights, as

distinguished from criminal law. Civil law and Roman law have the same meaning. In
contradistinction to English common law, civil law in enacted by legislative bodies.
Clear title - Good title. One free from encumbrances.

Cloud on title - A claim or encumbrance on a title to land that may or may not be valid.

Color of title - Any written instrument which appears to convey title, even though it does
not.

Common law - Principles and rules of action determined by court decisions which have
been accepted by generation after generation, and which are distinguished from laws
enacted by legislative bodies.

Consideration - Something of value given to make an agreement binding.

Conveyance - Any instrument in writing by which an interest in real property is
transferred.

Covenant - When used in deeds, restrictions imposed on the grantee as to the use of land
conveyed.

Crown - The sovereign power in a monarchy.

Cut bank - The water washed and relatively permanent elevation or acclivity which
separates the bed of a river from its adjacent upland.

Decree - A judgment by the court in a legal proceeding.

Dedication - An appropriation of land to some public use made by the owner, and
accepted for such use by or on behalf of the public.

Deed - Evidence in writing of the transfer of real property.
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Deed of trust - An instrument taking the place of a mortgage, by which the legal title to
real property is placed in one or more trustees to secure repayment of a sum of money.

Demurrer - In legal pleading, the formal mode of disputing the sufficiency of the
pleading of the other side.

Devise - A gift of real property by the last will and testament of the donor.

Easement - The right which the public, an individual, or individuals have in the lands of
another.

Egress - The right or permission to go out from a place; right of exit.

Eminent domain - The right or power of government or certain other agencies to take
private property for public use on payment of just compensation to the owner.

Encroachment - An obstruction which intrudes upon the land of another. The gradual,
stealthy, illegal acquisition of property.

Encumbrance - Any burden or claim on property, such as a mortgage or delinquent
taxes.

Equity - The excess of the market value over any indebtedness.

Erosion - The process by which the surface of the earth is worn away by the action of
waters, glaciers, wind, or waves.

Escheat - Reversion of property to the state where there is no competent or available
person to inherit it.

Escrow - Something placed in the keeping of a third person for delivery to a given party
upon fulfillment of some condition.

Estate - An interest in property, real or personal.

Estoppel - A bar or impediment which precludes allegation or denial of a certain fact or
state of facts in consequence of a final adjudication.

Et al - An abbreviation for "and others".
Et Mode Ad Hune Diem - An abbreviation for "and now at this day".
Et ux - An abbreviation for "and wife".

Evidence aliunde - Evidence from outside or from another source.
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Extrinsic evidence - Evidence NOT contained in the deed, but offered to clear up an
ambiguity found to exist when applying the description to the ground.

Grant - A transfer of property.

Grantee - The person to whom a grant is made.

Grantor - The person by whom a grant is made.

Good faith - An honest intention to abstain from taking advantage of another.
Gradient - An inclined surface. The change in elevation per unit of horizontal distance.

Hereditament - An area between two surveys of record described as having one or more
common boundary lines with no omission.

Holograph - A will written entirely by the testator in his own handwriting.

Incumbrance - A right, interest in, or legal liability upon real property which does not
prohibit passing title to the land but which diminishes its value.

Ingress - The true meaning (from the written words of an instrument).

Intestate - Without making a will.

Judgment - The official and authentic decision of a court of justice.

Leasehold - An estate in realty held under a lease; an estate for a fixed term of years.
Lessee - He to whom a lease is made.

Lessor - He who grants a lease.

Lien - A claim or charge on property for payment of some debt, obligation, or duty.

Lis pendens - A pending suit. A notice of lis pendens is filed for the purpose of warning
all persons that a suit is pending.

Litigation - Contest in a court of justice for the purpose of enforcing a right.

Littoral - Belonging to the shore, as of seas and lakes.

A4



Logical relevancy - A relationship in logic between the fact for which evidence is
offered and a fact in issue such that the existence of the former renders probable or
improbable the existence of the latter.

Mean - Intermediate; the middle between two extremes.

Memorial - That which contains the particulars of a deed, etc. In practice, a memorial is
a short note, abstract, memorandum, or rough draft of the orders of the court, from which
the records thereof may at any time be fully made up.

Mortgage - A conditional conveyance of an estate as a pledge for the security of a debt.

Muniment - Documentary evidence of title.

Option - The right as granted in a contract or by an initial payment, of acquiring
something in the future.

Parcel - A part or piece of land that cannot be identified by a lot or tract number.
Parol evidence - Evidence which is given verbally.

Patent - A government grant of land. The instrument by which a government conveys
title to land.

Plat - A scaled diagram showing boundaries of a tract of land or subdivisions. May
constitute a legal description of the land and be used in lieu of a written description.

Power of attorney - A written document given by one person to another authorizing the
latter to act for the former.

Prescription - Creation of an easement under claim of right by use of land which has
been open, continuous, and exclusive for a period of time prescribed by law.

Prima facie evidence - Facts presumed to be true unless disproved by evidence to the
contrary.

Privity - The relationship which exists between parties to a contract. Mutual or
successive relationship to the same rights of property, such as the relationship of heir with
ancestor or donee with donor.

Privy - A person who is in privity with another.

Probate - The act or process of validating a will.
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Quiet title - Action of law to remove an adverse claim or cloud on title.

Quitclaim deed - A conveyance which passes any title, interest, or claim which the
grantor may have.

Reliction - A gradual and imperceptible recession of water, resulting in increased
shoreline, beach, or property.

Relinquishment - the forsaking, abandonment, renouncement, or gift of a right.

Remand - To send a cause back to the same court out of which it came for the purpose of
having some action taken upon it there.

Riparian - Belonging or relating to the bank of a river.

Royalty - A share of the profit from sale of minerals paid to the owner of the property by
the lessee.

Said - Refers to one previously mentioned.

Scrivener - A person whose occupation is to draw up contracts, write deeds and
mortgages, and prepare other written instruments.

Shore - The space lying between the line of ordinary high tide and the line of lowest tide.

Sovereign - A person, body, or state in which independent and supreme authority is
vested.

Squatter - One who settles on another's land without legal authority.
Statute - A particular law established by the legislative branch of government.
Statutory - Relating to a statute.

Submerged land - In tidal areas, land which extends seaward from the shore and is
continuously covered during the ebb and flow of the tide.

Substantive evidence - Evidence used to prove a fact (as opposed to evidence given for
the purpose of discrediting a claim).

Tenancy by entirety - Husband and wife each possesses the entire estate in order that,
upon the death of either spouse, the survivor is entitled to the estate in its entirety.
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Tenancy, Joint - The holding of property by two or more persons, each of whom has an
undivided interest. After the death of one of the joint tenants, the surviving tenant(s)
receive the descendent's share.

Tenant - One who has the temporary use and occupation of real property owned by
another person (the landlord).

Tenements - Property held by tenant. Everything of permanent nature. In more
restrictive sense, house or dwelling.

Testament - A will of personal property.

Testator - One who makes a testament or will. One who dies leaving a will.
Thalweg - The deepest part of channel.

Thence - From that place; the following course is continuous from the one before it.

Title policy - Insurance against loss or damage resulting from defects or failure of title to
a particular parcel of land.

To wit - That is to say; namely.

Upland - Land above mean high-water and subject to private ownership (as distinguished
from tidelands which are in the state.) Also used as meaning NON-riparian.

Watercourse - A running stream of water fed from permanent or natural sources running
in a particular direction and having a channel formed by a well-defined bed and banks

(though it need not flow continuously).

Warranty deed - A deed in which the grantor proclaims that he is the lawful owner of
real property and will forever defend the grantee against any claim on the property.

Will - The legal declaration of a person's wishes as to the disposition of his property after
his death.

Witness mark - A mark placed at a known location to aid in recovery and identification
of a monument or corner.

Writ - A mandatory order issued from a court of justice.

Writ of coram nobis - A common law writ, the purpose of which is to correct an error in
a judgment in the same court in which it was rendered.

A7



App — B-1

B. SHA ENGINEERING DISTRICTS

TOE

BANK, TOE



C. ABBREVIATIONS

BANK, TOP TB
BENCHMARK BM
BILLBOARD BB
BORING, HOLE BH

BRIDGE, ABUTMENT ABUT
BRIDGE, BEAM BOTTOM BRBM
BRIDGE, DECK BRDK
BRIDGE, EDGE EBR
BRIDGE, EXPAN.JOINT BRIJINT
BRIDGE, PAD EDGE BPAD
BRIDGE, PIER EDGE = PIER
BRIDGE, RR.EDGE ERRBR
BRUSH LINE BRLN
BUILDING BLDG
BUILDING, COMMERCIAL CBLDG
BUILDING, GARAGE GBLDG
BUILDING, SHED SHED
BUSH/SHRUB LINE BULN
BUSH/SHRUB BUSH
COMB. TEL./ELECT T&EP
COMB. TP/EP/STL TEPL
CULVERT, BOX BOTTOM BBXC
CULVERT, BOX INSD.TOP TBXC
CURB, & GUTTER COMB C&G
CURB, BOTTOM BC

CURB, DEPRESSED DEPC
CURB, TOP BACK TCB
CURB, TOP TC

DISK BRASS NGS/ST/CO DISK
DITCH, BOTTOM BD
DITCH, TOP TD
DRIVEWAY, CENTER CLDR
DRIVEWAY, EDGE DR
DWELLING DWG
ELECTRIC, MANHOLE = EMH
ELECTRIC, POLE LIGHT EPL
ELECTRIC, POLE TRFORM EPT
ELECTRIC, POLE EP
ELECTRIC, UNGRD.SIGN EUGSGN
ELECTRIC, WIRE ELE. EWELV
FENCE, BARBED WIRE  BAFEN
FENCE, BOARD BDFEN
FENCE, CHAIN LINK ~ CLFEN
FENCE, CORNER POST  CFEN
FENCE, POST & RAIL  PRFEN

FENCE, POST PFEN
FIELD, CULTIVATED  CULT
FIELD, MEADOW MEAD
FIELD, PASTURE PAST
FIRE HYDRANT FH

FIRST FLOOR, ELEV  FFELV

Cl

C. ABBREVIATIONS



FLOWLINE FLOW
FOOTING/FOUNDATION  FTG
GAS MANHOLE GMH

GAS UNDRN. SIGN GUGSGN
GAS VALVE GV

GATE, POST GATE

GRASS GRASS
GROUND, ORIGINAL RG
GROUND, SPOT GRADE SG
GUARD, RAIL CON.ANCH. GRCAN
GUARD, RAIL DOUB.STEEL DSGR
GUARD, RAIL STEEL SGR
GUARD, RAIL(POST&CABLE) CGR

GUTTER, EDGE GUT

GUY POLE GUYP

GUY WIRE (ANCHOR) GUY
HANDRAIL HDRL
HEADWALL, BOTTOM BHDW
HEADWALL, TOP THDW
HEDGE, ROW HEDGE
HUB, & TACK H&T

INLET, (GENERIC) INL

INLET, DROP EDGE DI
INVERT INV

JERSEY WALL, BOTTOM BIW
JERSEY WALL, TOP TIW
LAWN LAWN

LIGHT, POLE LP

LIGHT, STREET STEEL STL
LIGHT, STREET WOODEN WSTL
MAILBOX MB
MANHOLE, UNKNOWN MH
MONUMENT, CON.XCUT CMXC
MONUMENT, CONCRETE CM
MONUMENT, IRON PIN  CMIP
NAIL, ON LINE NOL

NAIL, PARK KALON PK
PARAPET WALL, BOTTOM BPW
PARAPET WALL, TOP TPW
PARKING LOT, EDGE  PLOT
PIPE 4IN. UP PIPE

PIPE, CORRUGATED METAL CMP
PIPE, IRON PROPERTY IPP
PIPE, PINCH PROPERTY IPPP
PIPE, RENINFORCED CON RCP
PIPE, TERRACOTTA TCP

PLANTER PLNT
POOL, EDGE POOL
PORCH, EDGE PORCH

PROPERTY, STONE STONE
RAILROAD, BALLAST TOE TOEB
RAILROAD, BALLAST TOP TBAL

C2



C. ABBREVIATIONS

RAILROAD, CATENARY PL CATP
RAILROAD, CENTER LINE CLRR
RAILROAD, CRSS SIGNAL RRSNL
RAILROAD, INDS.GUAGE GAUGE
RAILROAD, SWITCH FROG FROG
RAILROAD, SWITCH RRSW
RAMP, HANDICAP RAMP
REBAR, &CAP PROPERTY PR&C
REBAR, &CAP SHA R&C

REBAR REBAR
REFERENCE REF
RIVER,CL CLRIV

RIVER, EDGE RIV

ROAD, ACCEL.LANE EDGE EAL
ROAD, CENTER CLRD
ROAD, DECEL.LANE EDGE EDL
ROAD, EDGE ER

ROAD, PGL PGL

S. SEWER CLEAN OUT CO

S. SEWER FORCE MAIN SSFM
S. SEWER LINE SANL

S. SEWER MANHOLE SSMH
S. SEWER, INVERT SSINV
SHOULDER, EDGE ES
SIDEWALK, EDGE SDWK
SIGN SIGN

SIGN, COMMERCIAL CSG
SIGN, CON. BASE OVRHD OHSGB
SIGN, CON. BASE SGB

SIGN, STOP STP

SIGN, YIELD YLD

SLAB, CONCRETE CONS
SPIKE, RAILROAD RRSP
SPIKE, SHA/BOAT SHASP
SPRING SPR

STAKE SOL

STEPS STEP

STREAM, CONFLUENCE  CONF
STREAM, EDGE STR
STRM.DRN.CATCH BASIN CB
STRM.DRN.INVERT SDINV
STRM.DRN.MANHOLE SDMH
T.V.LINE ELEVATION TVL
T.V. PEDESTAL TVP

TELE., LINE ELEV TWELV
TELE. UNGRD.SIGN TUGSGN
TELEPHONE, MANHOLE TMH
TELEPHONE, PEDESTAL TPED
TELEPHONE, POLE TP
TRAF. CABINGET POLE CABP
TRAF. LOOP DETECTOR LOOP
TRAF. PAINT STOP BAR. PSTPB

C3



C. ABBREVIATIONS

TRAF. SIGNAL POLE = TRSP
TRAFFIC, CABLE WIRE TRCBL
TRAFFIC LIGHT TRL
TRANSFORMER TRN
TREE, CONIFEROUS EVG
TREE, DECIDUOUS ORCH
TREE, WOODS LINE WOOD

WALL, EDGE WALL
WALL, RETAINING RETW
WATER, METER WM
WATER, TOP TWTR
WATER, VALVE ‘A%

WELL, STEEL CASING  WELL
WETLAND, BOUNDARY  WETB

WETLAND/SWAMP SWAMP
WINGWALL, BOTTOM BWW
WINGWALL, TOP TWW

C4



App — D1
D. FIELD NOTE TOPO SYMBOLS

?_:_-3 BUSH

ST BUSH OR HEDGE ROW

| CROSS, CHISELED MONUMENT OR STATION

@ CONCRETE MONUMENT (DIMENSION)

X Xe—x.  FENCE {TYPE AND HEIGHT)

FIRE HYDRANT

GUARD RAIL (LABEL TYPE)

GUY WIRE

1RON PIPE (SIZE)

&
L

©

© LOOP DETECTOR
O

O

MAN HOLE (TYPE)

METER OR VALVE (TYPE)

& — — = 7 UNDERGROUND PIPE (TYPE,SIZE, AND DIRECTION OF FLOW)
ﬁ POLE-CABINET (OWNER/NUMBER)
- POLE-UGHT (OWNER/NUMBER)

i POLE-POWER {OWNER/NUMBER)
52 POLE-TRANSFORMER (OWNER/NUMBER)

d) POLE-TELEPHONE (OWNER/NUMBER)

o= TRAFFIC SIGNAL (SHOW DIRECTION!

M

s TREE (TYPE AND SIZE)



E. STANDARD ARM SIGNALS App - E-1

WANTS LINE MOVE LEFT OR RIGHT

INSTRUMENTMAN WANTS SIGHT MOLD RANGE POLE.PLUMB BOB, MOVE ONE ARM QUTWARD

ON A POINT OR TO SET A NEW SVAKE, OR HAND ABOVE MEAD HORIZONTALLY ON SIDE TOWARD

SETUP POINT WHICH CHANGE 1S DESIRED.
SLOW MOTION MEANS A
LARGE DISTANCE AND A QUACK
MOTION A SMALL DISTANCE

NO GOOD

EXTEND ARMS SIDEWARD AND START WITH ARMS OUTWARD AND
WAVE UP AND DOWN . DOWNWARD: MOVE THEM BACK AND

FORTH,CROSSING IN FRONT OF BODY

PICKUP-COME AHEAD CLEAR LINE OR CAN'T SEE

EXTEND ARMS SIDEWARD AND BTART WITH ARM HELD OUTWARD AND
DOWNWARD;RAISE THEM QUACKLY DOWNWARD. WAVE BACK AND FORTH
IN FRONT OF BODY



E. STANDARD ARM SIGNALS App - E-2

PLUMB POLE OR ROD RETURN TO TRUCK

RAISE ARM STRAIGHT ABOVE HEAD AND FACE IN OPPOSITE DIRECTION, EXTEND
MOVE SLOWLY IN DIRECTION THAT ARME SIDEWARD AND WAVE UP AND DOWN

CORRECTION 1S DESHRED

cuTt

MAKE SLICING MOTION ACROSS THROAT TAP TOP OF HEAD WITH
WITH SI0E OF EITHER HAND EXAGGERATED MOTION
TURNING POINT BENCH MARK

RAISE ARM ABOVE HEAD AND DESCRIBE HOLD LEVEL ROD HORIZONTALLY OVER
A CIRCLE IN A HORIZONTAL PLANE THE HEAD {WITH BOTH ARMS EXTENDED)



E. STANDARD ARM SIGNALS-NUMBERS App - E-3

MADE BY ROTATING ARG
I & ARGAAR WOTION

MaDE I EXTENDN NG
DNE ARM FTRAMHT OUT
MDD WOEDANG CTHER
MAM AT MDE

WO THREE

WADE W EXTENHNNG
BOTH ARME OUTWARD

MADE BY HDLDIMG ARMSE
BERT AT ELBOW BYWaRD

FOUR FIVE

SADE BY HOLDLNG HEAD
WATH OMNE HAND

MADE BY HOLDLNG ONE
ARM BTAMGHT DUT LN
ERONT OF TOU WITH FIYE
FINGERE SHINWI M3

HXx SEVEN

MADE BT HOUDIMG OwE AR
WATH OTHER HAND

MADE BY PLACIHG HAKD
OVER CAOTCH

NADE BY FHOLOING [HEE
ARM OOWNTARCDE AND
Hﬂ.r.lIFIT WITH THE
OTHER HAND




F. CURVES app - F o1
PARTS OF A CIRCULAR CURVE

A

\?L@E'\
i
P

f e

e IV

fth 3753 "

__Lesg

.

%.—-

FiY ﬁ/ 8. FORMULAS

Aadlus 1Degree Curve = 6T25.578
T-RitanV2h
R~ ?nn,sra I In decimels!
/ 0 =3728578 (anx In decimels)
Rodius P R
A. TERMINDLOGY ﬂdlul-”: e nt L = 100 z &/D

E=T tant/ 4k

LG - 2R sinlrZz i
Sy = Gantral Angle of Curves at AP or defiection € = 2R sinDelA IDSIA in gacimals)
angle betwsen back and forward tangents D! =.3 z O 0 In decimels-ans. in minutes)
D = Dagres of Cutve

=1718.873386
R = Radlus A
T - Bami-Tangent M=R varsi/z A
L = Length ol Curva
E = External Disiance
LG = Lang Gho
P = Polnt of Curvature (Beginning of Curvae)
FT = Point of Tanpency (End of Curve}
Ext = MId-Pgint af Curve (Extarnall
P1 = Polny of intersection la! back and forward tangente)
POC = Poinl on Curve
POT = Point on Tangent
POST = Point on Ssmi-Tangent
& = Chord
AP = fadius Point {center of curvel
CalA = Defactlon Angle
Di = Delisction par Foot
M = Middle Orgdinate



F. GUHVES App - E=-2

tnatrument al sha. 3+00
Hpht on bhwr- girole mtting-

s, -0 PC o0® oo'
wr, W 900, 3F4k 0% 00!
or, sm. 3+00 PT 407 o'

A =80 00
L = a0

I BET THE CIAGLE OF THE INSTRUMENT TO "READ" THE DEFLECTION ANGLE OF THE STATION SBIGHTED.
. ON A CURYE TO THE RIGHT USE THE CLOCKWISE OIRCGLE.
1., ON A CUAVE TO THE LEFT UBE THE COUNTER-CLOCKWIBE CHRCLE,

¢. ORIENTATION OF AN INSTRUMENT AT A POC

L

EXAMPLE:
pastronent ot wta. 3 + 00,
wight on slthar

sta. O + 0O PC deftection angle =15° oo'
or, sta. & + 00 PT

I. OFENT THE INSTRUMENT AS SHOWHN IN "G, ABOVE,
. TUAN TO THE DEFLECTION ANGLE OF THE STATION OCCUPED.

d. TURMIMG TANGENT TO THE CURVE AT A FOC




F. CURVES ADD - F-3

‘ 8. TURNING RADIAL AT A POC

I. OBMENT THE INSTRUMENT AS SHOWHN IN "C" ABOVE
ﬂ N, MENTALLY OR ACTURLLY TURN TAMGENT TO THE CURYE
- AE EHOWN IN 'D" ABOVE.

B M. ADD O ABTRACT #0 TO THE CIRCLE READING FOR
] TANGENCY FOR THE RADIAL YALUE. TURAN TO THIS YALUE,

. ot
rd'. _ﬂﬁo .-—""'--.-

14
Opy

W ewme
i -

-
<]
1\ wight o xia. 0 +00




F. CURVES App — F-4

N

2. EFIRAL Pl a

T.5. = Tangent to Spiral

$.C. - Spiral to Gurve
C.5. — Curve 10 Spiral

5.T. — Spiral to Tangent

Ts = Spirel Tangent
% - Distanca along Tangent from T.8. to Point at Right Angla to S.C.
¥ -~ Right Angle DMstance from Tangent to 8.C.

LT = Long Tangent {Spiral)
BT - Ehort Tangemt (Bpiral)

Ly — Langth of Spiral (Arc)

LC - Long Chord

§ - DMstance slong Tangent to a Point at Right Angle to Ghost PG

p = Distance from Tangent that the Curve {Ghost PC) has been Ofiset
Te - Circular Curve Tangent

CAl - Clrcular Cirva Py )

8P - Spiral Curve P

Pl - Point of Intersection of Curve Tangents

Le - Length of Circular Curve -

L - Length of Curve Gystem—TE6 to ST

SPIRAL CURVE - GEOMETRY AND SYMBOLS



G. BASIC TRIGONOMETRY

UNIT CIRCLE and FORMULAS

’ Radius = Unity = 1

App - G-

3 Radiug = Unliy = 1
AF = AB = AH =1
» = angle BAC
4 = angie ABC
8ine a =« BC = 1l/csc a
cosine a = AC « l/sec a
tangent a = DF = l/cot a
cotangent a = GH = 1l/tan a
secant a = AD = l/cos a
cosecant & = AG = 1/sin a
versine a = BE=CF = 31 - ¢og a
coversine a * BE = HL = 1 - sin a
exsecant 8 = BD = sec a - 1
coexsecant a = BG = csc a - 1
haversine a = & vers a
chord a = EF
chord 2a = 2BC = 25in a

Hypotenuse of a = AB = r; Adjacent Side = AC = x; DOpposite Side =BL =y

pine-y/r-cosd
coy a=x/r= &in @
tan a = y¥/x=-cpt @
cola = x/y - ian &
EeC A= x-csc@
c&e a =ty = secd
vers a=r-x = 1-%X
' ¥

covars &

¥ = \J'i_rﬂ:‘,it!—:l}
x = Y-y}
f = i“ﬂ 111_ r:l

coensec &

verg &

sxsec B

e =g
T



G. BASIC TRIGONOMETRY

2. TRIGONOMETRIC FUNCTIONS in ANY QUADRANT

-

o Functions in terms of angles in the firsi quadrant —

App - G2

FUNCTI::ELE 90 s 180°: o 270+ a %0°: o

5ine +cos a ¥ s5ih @ -zps @O + RN O

cosine F 5N @ -COs O EETLEE: LT

tangent Foor oo +tgn @ secot a tton @

cotongent * tan o rcol o9 Itan g teot o

1ezan) ¥ co5eC O =52C O g = -1 1 =iy 4+ =t O

Losecant + %eC O ¥ CoseC g - 5820 0 *CofteC ©
L $Signs and value range of functions in oll quadrants -
Quadrant | I m 1Y Angle
Angles 050 | s0v0180 180° 270 | 27076 260° 307 45" 0
Functions Volues vory fram Equivalent ¥Yalues
Sine #0104} +1ta+D) ~0to -1 -1to-D 0.5 05 2 |05 ¥§
Cosine +1to+D ~Dte-1 ~11o-0 +o + 05 {3 j05V2 |05
Tangant +dto+® | -Wi1e-0 D1+ @ | -Mta-0 173 7 1 'K
Cotangent st + 0] -Cte -0 | +D 10D -0ro-T0 3 1 173 V3
Secant 110+ | - e - “Vte- @ Mo +1 2/3 {3 ¥z 2
Cosscant +W0+1 [ *trora [ -0t - ~1 te ~ D 2 2 |3 3




3. RIGHT TRIANGLES

G. BASIC TRIGONOMETRY

b C C=90
GIYEN T0 FIND FORMLULAS
o, C b Vel - oo
& sinA = o/t
B cos B -a/c
o -
Area 2Y¢ a
b, c o Vo - &
A cos A=be
B sin B= ke
b‘qr z 7
hrea F) < -b
a, b c Yo + b
A fon A = o/b; cot A = b
8 tgn B = b/o; cot 2 :-0/b
Area ab 2
A'r a b a cot A
g o sin A
B 90" — A
Aren j.z_\:.ﬂ.ﬂ
2
A b @ b tan A
c b.{;ns#
B 90 - A
F
Areo h_%ﬂl]_ﬁ
A c 3] .1: sin &
b v gos A
B o - &
hr=o czﬂsln AE!gos Al - s F 24




4. OBLIQUE TRIAKGLES

G. BABIC TRIGONOMETRY

a b c

App - G-4

Law of Sines:  Ein A *3SnB w%nC

8 Law ot Cesines: a®zh £ + :2 - 7bc cos A
oreos Azb 4cl - al
[
GIVER T0 FIND FORMULAS
a.b. g A.B & C Law of Cosines.
using "'s°’ tin Y+ & = f{p-b)i3-C): cos ¥: A = | fe5-a)
be b
sink=- 2 !!ﬂﬁ-ﬂ"!-h}{ﬂ{] MOTE Far angles BEC
be moke spargporrale subEfo
tutigns un These formufos
The value '5" = ¥lab+i
Arsa ysi{s-a){s-bis-c} The value 5" = Yila+b+¢)
a A B b Law of Sines
C 180 — (A « B}
£ Law of Sines ; asin(A+8)
Ein
al sinB sin(A+B}
Area 7 ain &
a. b A B Law‘ ol Sines
c 180 — (A - B)
G asiniA - B ; Lav ot §'nes
sin A
a kb C c Law of Cosines
A fan A - asm C
p{acos C)
B 180 = (A + )
Area ‘v ab sin C
ABC. n Area a’ {gin Bl{sin C}
2 kin A




H. PLANE GEOMETRY

CIRCLE

a. Linear —

i. Circumfersnce=_c €
¢ = 27 radivs = 2rr
e = ¢ diameter = #d d

. Diamater = d
d=0.3183c
d=c+

. Area —

. Wholetirclea = A
A=nr? B

A= rd? - 4 = 0.7854d°
[+
il. Sector = ASec. A
ASec. = CBA Sector
ASec. = Variz {in radlans)
or = 0, 08T 2665r% {In degress)

o Trie
360

Iv.

App — H-1

Radlus = r
r=0.15815c
r=g¢+ 27

Arc {or curve length) = &
a = ra{in radians)
- Mr&
180

by trigonomatry
Segmeni = _ASeq.
ASsg. = BA
ASeg. = ASec, - ACBA
ASeq. = Wriz— B shne

= Yar? (o' Bins}
- B "« N radizns
o4
~. . TiEe  _ _r? sing
Sagment A 360 2

POLYGON — A closed plane figure bounded by straight lines (or sides).

Interior angles, sum —

aum = § = (180°) {number of sides —2)
S=(180F){n-2)

Area of regular polygon (all sides equal)—

%
Araa=A=%nasp; o by trigonometry
8 | ] L] i ]
- 2 180 P P
= % ns* oot — ' :
n=1 n=4
p = .2BBE75E p = .S000005

]
n=k n=5
p- 8660255 p = BEEING



H. PLANE GEOMETRY App - H-2

TRIAKGLE — A 3-Sided polygon

Area = A b. 3-4-5 triangle {for laying o
a ﬁ c perpendicular) —
. A=Y bh .
L oA=W%b . "
N
FAN AN
<
H. A= 0.433013b? L "y Ly
by trigonometry ~ %":i: \
R TR
= '—"—'%u—bi Base // | f\t 3\ Line

QUADRILATERAL — A 4-sided polygon (see formulas below).

PARALLELOGRAM — A guadrilateral with opposite sides equal and parallel.

See formulas below i Ve

RECTANGLE — A paralielogram with 90° angles.

h
Area= A = bh Wb o

SQUARE -— An equal-sided rectangle.

b
b b
b

RHOMBOID — A parallelogram having ali angles different than 90°,

Arda= A = b*

K by gonemery
Araa=A=Dbh 5 /2 A = ab gine

RHOMBUS — An equal-sided rhombaid .

b
Arep = A = bh b ! 'h by trigonomatry
J A= bZginé
b



10. TRAPEZOID - A quadriiateral with only two parallel sides.
b

11.

12.

H. PLANE GEOMETRY App - H-3

Area = A = ¥h (b+b') ;
/i" X" /

TRAPEZIUM — A quadrilateral without any paraliel sides.

[
Arew = A= [5dhn) + fab(h + h) |"'

PENTAGON, IRREGULAR

For Araa, &, use
the trapazium formuls, sbove.




1. VOLUME App —1-1

PARALLELOPIPEDS — A six sided sotid; all sides are paralislograms and opposite
sides are parailel.

s. Right rectangular prism — a paralielopiped with sll angles 80°,

Eatis - S
Yolume= Bh where, B = area ot base -

h = height

b. Cube — An squai-sided right rectangular prism.

Volume= Bh =(hxh)h 8 /n
V= K
[
h

T

¢. Rhombic prism — A paralietopiped without any 80° angles.

VYoluma = Bh

Mote @ *"h*' = Perpandicular distance between opposile faces.
d. Rhombohadrom — An squal-sided rhombic prism.

Volume=Bh

CYLINDER

Volume = Bh
= rrth

3. SPHERE @

Volume = 44 =2

PYRAMID and CONE

Yolume =% Bh

FRUSTRUMS3
(with base & top parallel)

Yolume=Wh(T4+ B+ 1B )



1. VOLUME App = 1-2

5. PRISM — A solid whose two ends are paraflel, simiiar, and squal, and whose sides
are parallelograms. (A parallelopiped is a prism.)

Yolume = Bh s ] /'x
1 LB
; — B = e

L—n be—n—

7. EARTHWORK ('Tnhree-Eievation” Sections}—

a. Volume by “Average End Areas"” (approx.) —

i. Endareas In square feet | K. =
Area= A {Vin| + (%b(h + )

d. Volume lr‘;!w. yos — - b =
=LA + Ao} ;?‘.’ whers, k 23;5‘;““'9 b{““:““ end “Thres-eisvation with els-
areas, 2. Inlest, vations et sach slope stake,

ili. Volume correction incu, yds. — { #nd o, and at centertine, b’

Vo =_L {h—hz){d — d2)
324

Iv. Comacted volume -

v=v -V

The arss of Ay, |s calculated by using for-
b. Prismoidal formula {exact) — muta Tai., above. The values used for d, b,

b, h', and 4~ are derived by averaging the
¥=L (A + Az + 4Am) corresponding values of end sections Ay
[ and A,



J. CONSTANTS AND USEFUL DATA App - J-1

1. Pl, # — The numher which denotes, “‘the ratio of the circumference of acircle to its
diameter”.

a. Approximate

22ord4
7

b. Moreexact
31415926536

2. RADIAN — The central angle of a circular arc which Is egual, in length, to the radius

of the arc.
180" = 57.28577951°= Ona Radian
w
3. EARTH'S MEAN RADIUS 4. TEMPERATURE CONVERSION
a. Feet — 20,906,000 - F c
b. Miles — 3856.5 Taezing 32: 0"
c. Kilometres — 6372 ..ﬁf_“::_? 1_:'-:525..: 1»;13:«5
CtoF % C +32°
FloC % (F—327)

5. LENGTHS of ARCS of the EARTH’S SURFACE per DEGREE of ARG

LAT. | Along Meridian Aleng Paraliel
32 68.901 a1, mL. 56.716 st. mi.
33° g8912 * 56071 "
34 88923 57.407 "
35° 68,935~ 56.725 "
367 | BA.04B 56.027 ©
37° 68.958 §5.311__*
36° 650.969 - 54.579
35 EEGET 53.g28
40° 66.893 " 53,063
41° | §9.006__ - 52,281 ©
42° 89.018 51.483
43° 69.030 50.569




K. SURVEYOR'S MEASURES

ABBREVIATIONS
Uu.s —linear —
nch = inor"’
Link = Ik
Fool = N.or'
Yard w yd.
Fethom = im.
Rod = rd
Pois = pl
Chain = ch.
Furlong = fur.
Mibe = mi.

App - K-1

b. Metric — linear —

Micron T
Millimatre = mm
Cenlimetre = cm
Dacimetre = dm
Matre = m
Decametre = dkm
Hectometre = hm
Kilometre = ¥m
Myrigmatre = mym

Square measure — U.S. and matric — Preface the linsar abbreviation with “aq.”, as "2 sq.ml", «

ndd the sxponsnd, 2", ag “2 mi2", Do not confuse these two terms which Indicate an ares of 2 sgquare miles wi 1
the tarm, *'2 miles squared ” which indicaies an area of 4 square miles.

Land area terms — U5, and metric —

Acre = A Caniare = ca
Section = 5 Ark = n
Townshlp = T Hectare = ha
LINEAR — 11.S.
Links — b
1. = 7.821In.
254k, = 18t = 112,
1001k. = 1gh.
Rods, or poles — d.
Trd. = 15%H. - 25 k.
4rd. = 1¢h.
40rd. = 1iur
A2 rd. = 1mi
1rd. = 1pt

Chains —

1ch, = 66M. =100k, =drd
10¢ch. = 1 tur.= % mi.

Blch. = 1mi

inches, feet, and yards —

12n. = 111

3ft. = 1yd.

S%yds. = 17d.
2008, = 1 statute mi.
80761033 1. = 1 nauticaimi

G6ft. = 1fm.



K. SURVEYOR'S MEASURES

LINEAR — METRIC

Metres —
0.0OIm = tTmm
001m = 1¢m
01m = 1dm
10m = 1dkm
100m = 1hm
1000m = 1km
1O m = 1mym
1852m = 1 nautical mi.
AREA — U .§.
Acre —
1A = 4358012
1A = 180rd.2
1A = 10ch?
§40A = 1mp
S840 A = 1section, 5
AREA — METRIC

Square metres —

1Tm? = 1ea
100mt = 1 dkm?
10,000 m* = 1 bm?
1,000,000 = 1km?
104,000,000 mé = 1 mym?

Land area téerms —

1ca = 1m?

1a = 100 m?
1ha = 1003

1 km? = 100 ha
1mym? = 10,000 ha,

1in
1ha
100 hn

Mllimetres —

1mm
10mm
100 mm
1000 mm

1000 .
tcm
Tdm
im

Square miles —

1 mi?
1mit
1mi2
¥ mi?

B

App - K-2



K. SURVEYOR'S MEASURES App - K-3

6. CONVERSIONS — LINEAR, based on, *'1 metre = 39.37 Inches, exactly” "

a. U.S. to metric —

CODTH. = 0.000304800610 m
001#. = 000304800610 m
11n = 0,0254000508 m
01H. = 0.0304800E10 m
11k = 0.201168502 m
T = 0.304B00610 m
1yd. = 0914401829 m
1im. « 1.82880366 m
1rd. = 50291006 m
1pl = 502921006 m
1¢eh. = 20.1168402 m
11rl. = 201.168402 m

1 mi. = 16D%.34722 m = 1.609347 22 km

b. Metricto U5, —

1mm = {.03937 in. fexact) = 0.00378083332 f1.
1cm = 03837 in. {exact) = 0.0328083333 ft.
1dm = 3937 in. {exact) = 0.320083333 f1,
im = 3.28083331 ft.

1dkm = 3280873333 t.

1hm = 32B.083333 #.

1km = D.G21369549 mi.

1mym = 6.21369999 mi.

In 1959 tha Foot Systam was radefined in ratation to the International Metre,
But, the values, "Ona International Matra=38.37 inchas, sxactly”, 15 the basziz for
the American Survey Fool, ASF. The ASF is still ysed by NGS for all horlzontal
and vertical control nats, Therafore, the ASF is the standard for MD SHA,

7. CONVERSIONS — AREA

a. U5, to metric —

1in2 = B.45162581 ¢m2
112 = 920034116 cm?
= 0.0929034116 m? = 0.0929034116 ca
1yd® = 0 836130705 ca
1rd? = 252928518 ca
Teh? = 304687261 ca = 4.04587261 &
TA =  4D46B7I01 a = 0.4DIBRB7261 ha = 4,045.67267 ca
1mi = 252999847 ha - 2.5B059B47 km?

b, Metrlcto U.S, —

1em? = 0.1549995% in. 2 {exach

1ca = 10,7638673 It 2

1a = 1076.38674 fi.2

1ha = 107.638.674 A.2 = 24704383 A
1km?2 = 247104393 A = 0. 3BG100644 mi 2
1mym® = 386100614 mi.?
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