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R Preface

The purpose of this manual is to provide personnel of the National Geodetic Survey (NGS) with
guidance and instructions for geodetic field operations. This material supersedes the action and infor-
mation memoranda formerly provided to field personnel, and supplements information in other NGS
publications that is sketchy or obsolete.

The text is divided into two parts: Part | contains information on field party management. Part 2
provides details on specific surveying operations.

To maintain an up-to-date mamual recommendations for proposed changes or suggestions are solicited
from the users. Please send your comments to the Chicf, NGS Operations Branch, N/OG 16,
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A sample pole star table taken from the Astronomical Almanac, published by

the ULS. NAVal ODSEIVALOTY ..cceccvveriecicirrereiinieveseesnssnesesssiessesesosesessassssssosasesessessssvasbissssssensesanes
Sample record of radio-CRrONOMELEr COMPATISON ......cvueuierereecerereresierencerensesaraaseersrenesssosescsasessseens
Latitude record and cOBING FOIMI ....ccovivrrveieiovererrenssnenienerestaarerevserssesssssrseresssavasbensassssesesssnnrers
SHAT LFACKING FECOT ....oveveeiereriieecscvere s vestcsneneesrabesas st estsassstas s sasssasaesresansessntssanasssrasesssbansensasnns
Simplified diagram of the basic LaCoste and Romberg gravity meter ...........ooecevevreirccenrinnan
Image as viewed through the reading microscope of the La Coste and Romberg gravity meter .....
SEQUENCE OF J0OPS ....ouvcierieecsreesienisarsisticemsassasaes smesarasessenssossrsesessssscesessassnsssinesossasssssnsensstsasssseens
Example of a completed NOAA Form 75-55, Gravity Meter Observations ............cvcvervecrenenen
A completed gravity survey cOmMputation fOTTI .....ccceeeverrre v crierre s seses s ses e e sssseveres
Calibration table provided with LaCoste & Romberg model G gravity meter No. 130 ..................
Earth tide corrections at a specific geographic I0CRHON ..........ocorverriiinmrreiicreiirerr e enaseies

Mention of a commercial company or product does not constitute an endorsement by the National
Oceanic and Atmospheric Administration. Use for publicity or advertising purposes of information
from this publication concerning proprictary products or the tests of such products is not authorized.
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GEODETIC OPERATIONS

ABSTRACT: This manual furnishes guidance and instructions for geodetic field operations performed
by the National Geodetic Survey. It presents general specifications and detailed information on (1)
geodetic field management, (2) monumentation and mark maintenance, (3) horizontal control, (4) vertical
control, (5) satellite geodesy, (6) astronomic surveys, (7) gravity surveys, and (R) establishment of cali-
bration base lines.






1.1 MANUALS AND HANDBOOKS

Many publications contain information applicable to geodetic field operations. Table 1.1-1 lists the
documents that are to be at the disposal of field personnel. Geodetic advisors and mark maintenance
personnel should have copies of all the publications listed. A source of supply is given for each publica-
tion. To requisition publications from the NOAA Logistics Supply Center (NLSC) in Kansas City, Missour,
use NOAA Forms 374, Stores Requisition, and 37-4A, Continuation Sheet. Information on publica-
tions not listed below can be obtained by contacting N/CG17x2. Geodetic advisors and mark mainte-
nance personnel should have copics of all the publications listed,

Table 1.1.-1—Reference materials used by NGS Operations Branch

Parry Party
Title Application  Source Title Application  Source
NOAA Directives Manual (NDM) ..............All NLSC The State Plane Coordinate Systems, C&GS
NOAA Forms Catalog Al NLSC Special Publication 235, revised
NOAA Travel Handbook .............ccoovvn.cc All NLSC June 1974 ., ....Horizontal  N/CG17x2
NOAA Finance Handbook ................coevenvuins All NLSC Horizontal Control NOAA Terhmcal
NOAA Cashier's Handbook ..... Al NLSC Report NOS 8 NGS 19 (1980)................... Haorizontal  N/CG17x2
NOAA Safety Handbook ......... Al NLSC Fundamentals of the State Plane
NOAA Personnel Handbook .... Al NLSC Coordinate Systems, 1974 .........coceeerern Hotizontal  N/CG17x2
NOAA Smali Purchase Guide ..... Al NLSC Understanding the State Plane Coordinate
NOAA Timekeeper's Handbook .. Al NLSC Systems, 1977 i Horizontal  N/CG17x2
FTS Telephone User's Guide ....... Al N/CG16 Bilby Steel Tower for Triangulation,
NOAA Organization Directory . Al NLSC C&GS Publication 62-3, 1929 .....cc.coneeee. Horizontal  N/CG17x2
NOAA Address Handbook .. Al NLSC Manmusal of Reconnaissance for Triangulation.
Definitions of Terms Used in, Geodenc and C&GS Special Publication 225, 1941 ........ Harizontal  N/CG17x2
Other Surveys, C&GS Spevial Publication Specifications for Horizontal Control Marks,
242, 1948 LAl N/CGiTx2 ESSA Technical Memorandum C&GS
Classification, S:andard: of Aecuracy and T™4, 1968 . - v Horizonal ~ N/CG17x2
General Specifications of Geodetic Control Geodetic bl:vclmg NOAA Manual NOS
Surveys, 1974 e All N/CG17x2 NGS 3, 1981 . werereeeenn Vettical N/CG17x2
Specifications to Support Classification, Manual of chelmg Compulanon and
Standards of Accuracy, and General Adjustment, C&GS Special Publication
Specifications of Geodetic Control 240, 1948 v Vertical N/CG17x2
Surveys, Federal Geodetic Control Observing and Autormatic Recording
Committee, Revised June 1980 .................. All N/CG17x2 Procedures for Leveling................ccooevirces Vertical N/CG13
National Geodetic Survey Data; Availability, Input Formats and Specifications of the
Explanation, and Application, NOAA National Geodetic Survey Data Base,
Technical Memorandum NOS NGS-5, Volume II, Federal Geodetic Control
1979 . . N/CGim2 Comrmittee, 1980 . - oo Yertical N/CG17x2
NG5S Rcference Labrary Bl.bllography - N/CG17x2 Geodetic Bench Marks NOAA4 Mamual
Inventory Handbook for the NGS ............... N/CG16] NOSNGS 1, 1978 .o Venical N/CG17x2
Publications of the Natianal Geodeu'c Conirel I_zvcling, NOAA Technical Report
Survey, current date ....ocovvvrcrrireeseecreennen Al N/CG17x2 NOS 73NGS 8, 1978 .. s Vertical N/CG17x2
Superwylbur Text Edmng Manuai SR | N/CG164 The Zcias Apparatus for Cmmﬁ Water
w/terminals Spans in Pmcue Leveling, /.5, Lake )
Superwylbur Workbook: Six Sessions Survey Misc. Pr_zper 696, 1969 ...................Vertical N/CG17x2
O SUPETWIBUE oo Al N/CGl64 Manual of Geadetic Astronomy, C&GS .
w/terminals Special Publication 237, rev. 1952 .............. Astronomic N/CG17x2
Manual of Geadetic Triangulation, CEGS ;prarem Pk;c:‘ ;Jf Fundc{ngnrza! S’;ar: ........... Astronomic  N/CG142
Special Publication 24, Revised 1959 ... Horizontal  N/CG17x2 fronomical Atmanac, J.5.Nava -
" ° . Obscrvatory, current date .......................Astronomic  N/CG 142
Manual of Tnalnguiauu'n C!:rnputanons, ) Input Formats and Specifications of
C&GS Special Publication 138, 1928 ......... Horizontal N/CG17x2 the National Geodetic Survey Data Rase,
fnput Formats and Specifications of the Volumne I11, 1983 .. " e GrBYLY N/CG17x2
National Geodetic Survey Data Base, Establishment of Calibration Base Lines,
Volume I, Federal Geodetic Control NOAA Technical Memorandum NOS ~ Base Line
Committee 1980 ..............cccccccnnnvrcee..Homizontal - N/CG1722 NGS-B, 1982 ..o cenenissicenenn Horizontal - N/CG17x2
B/83 1.1 Manuak and Handbooks 1.1-1
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Party Party
Title Application  Source Title Application  Source
Use of Calibration Base Lines, NOAA Constal Mapping Handbook «.........................Mark Maint. N/CG17x2
Technical Memorandum NOS NGS-10, Base Line NGS Dogpler Operations Manual............... Doppler N/CG14
rey. 1980 ... Horizontal - N/CG17x2 Field Operations Manual Doppler Geodetic
The Preservation of Triangulation Stations .....Mark Maint. N/CG17x2 Pesitioning, DM A Technical Memorandurm

T-252 " e Dopples N/CG14




1.2 PROJECT DIRECTOR’S RESPONSIBILITIES

Traditionally, the head of each NGS field party was titled “Chief of Party.” The person who was
formerly chief of a NGS horizontal or vertical control party is now called “Project Director” because
he or she has more responsibilities than a “Chief of Party” in other areas of the Federal Government.
These additional responsibilities include contract field work, subparty operation, and cooperative work

with States and other Federal agencies.

The heads of all other field parties are still called “Chief of Party.” The term “Chief of Party,” as
used throughout this chapter, is meant to inciude both Project Director and Chief of Party. This chapter
supersedes all previous instructions regarding responsibilities and duties of the Chief of Party.

1.2.1 General

The Chief of Party is responsible for the efficient and
economic operation of the party while carrying out instruc-
tions issued by NGS Headquarters. The Chief sees that
the party is governed in accordance with all applicable regu-
lations, that the technical specifications for the surveys are
rigidly adhered to, that expenditures are properly execut-
ed and reported, that records of personnel and property
management are maintained, and that Government prop-
erty is protected from loss or damage.

The Chief of Party is fully responsible for the entire project
and must correct any omissions or poor practices, regard-
less of the person assigned primary responsibility.

1.2.2 Specific Duties

Some specific duties and responsibilities of the Chiel of
Party follow:

1. The Chief of Party is responsible for the efficient dispo-
sition of personnel and scheduling of operations to accomp-
lish the field work, process the data, and report the results
to Headquarters in a timely manner.

2. The Chief will make a field inspection of each unit of
the party at least once per month. This will include an inspec-
tion of mark setting and, where concrete marks are used,
the Chief will periodically (at least every 6 months) expose
the side of a mark. The Chiel will report on these inspec-
tions in the Monthly Report and Journal.

3. During each project, the Chief of Party will periodically
examine field records before they are transmitted to Head-
quarters. On horizontal and vertical control parties, this
record examination will include. at the very least, a com-
plete inspection of 2 days’ work for each theodolite, level,
or EDMI observer. The data inspected will be noted in the
project report.

4, In the absence of rated recorders, observers, and com-
puters, the Chief of Party will provide training for a suffi-
cient number of personnel to perform these functions. The
Chiefl will completely review the records of new recorders,

observers, and computers for the first several days they
perform these functions and at frequent intervals thereafter.

5. On horizonta} control parties, the Chief of Party will
assure that technical specifications are adhered to, espe-
cially those for check angles, triangle closures, and side
and length checks. The Chief of Party will assure that sta-
tions are established in towns with a population of 2,000
or more, at or within 1 mile of airports, along principal high-
ways or coastal areas (4-5 mile spacing), and at colleges
and universities, The Chief of Party will assure that the
“20-percent” rule is rigorously followed. The position of
all VOR’s, VORTAC’s, and other aeronautical aids to navi-
gation is to be established. Near navigable waters, the
position of all fixed aids to navigation and landmarks that
are shown on the largest scale nautical charts will be deter-
mined. And finally, where feasible, the horizontal position of
vertical control marks in the vicinity of occupied stations
will be determined.

6. On vertical control parties, the Chief of Party will assure
that technical specifications have been met, especially those
for section, line, and loop misclosures. The Chief of Party
will assure that the proper type, number, and spacing of
bench marks are established. The Chief of Party will assure
that bench marks are established as required at airports
and at designated tide gages and water level gages. Also,
where feasible, horizontal control points along the level line
will be connected to the National Geodetic Vertical Net-
work.

7. The Chiefl of Party is responsible for maintaining a
safety program. The Chief will correct any unsafe practice or
condition involving personnel, vehicles, and equipment and
amrange periodic meetings with personnel to discuss safe-
ty procedures and precautions. Safety meetings will be noted
in the Monthly Report and Journal. Accidents will be care-
fully reviewed, and appropriate disciplinary action taken
il negligence on the part of an employee contributed to the
accident.

8. The Chiel will periodically evaluate Government
equipment on the party to assure that proper maintenance
and repair work are performed, report excess property, and
dispose of obsolete and surplus equipment.

8/83 1.2 Project Director’s Responsibility 1.2-1
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9. The Chief of Party will maintain good relations with
the public. When and where appropriate, the mission, prod-
ucts, and setvices of NGS will be discussed with property
owners and with State and local officials.

10. The Chief of Party will develop an emergency plan
for tornadoes, floods, etc. This plan need not be highly
formalized; its purpose is to provide guidance to employ-
ees and dependents in case of disaster, Party Chiels are
authorized to construct emergency tornado shelters when
no other convenient shelter is available. Anchors and tie-
down cables may also be purchased so that individual and

Government trailers can be secured when deemed appro-
priate.

11. The Chief of Party shall actively attempt to recruit
minority employees. The locations of contacts for assistance
in this recruiting are listed in the Directory for Reaching
Minority Groups, available at the parties. This activity
will be reported in the Monthly Report and Journal.

12. The Chiefl of Party will designate an employee of
the party to assume this position in the Chiel’s absence.
Normally, the party computer will serve as the Acting Chiel.
When this occurs, the Operations Branch is to be notified in
writing.



1.3 EMERGENCIES AND SAFETY

1.3.1 National Emergencies

National emergencies are those which jeopardize the
security of the Nation. Instructions concermning procedures
to be used during national emergencies are contained in
the NOAA Directives Manual (NDM) 65-52, NOS Oper-
ations Manual 65-51, and the NOS Contingency Plan
for Emergency Operations. The latter is for official use
only and hence is of limited distribution,

In the event an enemy attack on the Nation has actually
been detected, the public will be alerted by radio and televi-
sion broadcasts and by the Attack Waming Signal (a 3-
to 5-minute wavering tone on sirens) or short blasts on homs
or other devices, The signal is repeated as decmed neces-
sary to obtain the necessary response by the population.
All field personnel should follow the instructions given in
the NOS Contingency Plan for Emergency Operations,
appendix G, reproduced below.

NOS Contingency Plan for Emergency
Operations Appendix G

GENERAL PERSONNEL INSTRUCTIONS

PURPOSE

This document contains information and instructions on
the NOAA Emergency Readiness Program for all personnel.
It is included in the NOAA Contingency Plan for Emer-
gency Operations as appendix H and in the NOS Contin-
gency Plan for Emergency Operations as appendix G. It
has been prepared in 2 format for separate printing and
distribution to each NOS employee.

NATIONAL POLICY AND CONCEPT OF EMERGENCY PLANNING
The general concept is that each department or agency
of the Federal Government will plan for emergency oper-
ations from three pre-selected alternate sites to maintain
continuous critical functions. Each alternate site will be
staffed by a small cadre of key personnel who will also serve
as a nucleus for reconstitution of normal government
functions when hostilities c¢ease. Three Executive Teams,
Alpha, Bravo, and Charlie, have been designated for that
purpose. Special instructions for NOS personnel assigned
to the Executive Teamis are contained in the NOAA Con-
tingency Plan for Emergency Operations. Each team mem-
ber has been furnished a copy of the plan. NOS personnel
not on a cadre have no specific emergency assignment other
than to respond to instructions from Federal and local
authorities. This applies to all NGS field personnel.

ATTACK WARNING RESPONSE—DUTY HOURS

NOAA Directives Manual 6570 establishes the require-
ments for a “Facility Self-Protection Plan” for each NOAA
building. Each Facility Self-Protection Plan should con-
tain detailed instructions for immediate personal actions
to protect life and property in the event of enemy attack
during normal duty hours. Under such conditions, in-
structions concemning evacuation, mobilization, etc., will
be issued by appropriate NOAA officials based on the
dictates of the local situation and directives or guidance
from higher authorities.

ATTACK WARNING RESPONSE—NONDUTY HOURS

In the event of an enemy attack during off-duty hours,
or when in a travel status, NOS personnel who are not desig-
nated members of either Team A, B, or C should follow
the local government plan for emergency action and instruc-
tions issued by National Command or Civil Defense Auth-
orities. Specific instructions for any set of circumstances
cannot be presented. Each individual is responsible for taking
actions according to his or her best judgment. The follow-
ing are general guidelines.

During Attsch Wamning Coadition:

» Take shelter immediately and do not leave until it is
safe or you are instructed to do so.

* Do not use the telephone. Rely on radio and television
broadcasts by stations of the Emergency Broadcast
System (EBS) for information and instructions.

+ Take al! possible action to comserve emergency supplies
and maintain health and sanitation.

+ Do not atternpt evacuation of your area uniess instructed
to do so by appropriate authority.

Termimation of Attack or Hostilities:

¢ When it is safe to leave your shelter, report your sta-
tus to appropriate authorities. (See section 1.3.1.1).
Follow instructions and guidance broadcast by the EBS
in doing so.

¢ In the absence of any special instructions, report to
your normal duty station by telephone or in person.

» If in travel status, report to the nearest Department
of Commerce Field Office. The nearest office can be
determined by consulting a local telephone directory
under the heading “U.S. Government—Commerce.”

¢ If ynable to comply with any of the above, complete
and mail CSC Form 600 and U.S. Postal Service Forms
809 and 810, which are available at any post office.
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SELF-PROTECTION EFFORTS

A nationwide civil defense system now exists in the United
States, which is constantly being enlarged and improved.
The system offers much assistance designed to save lives
through wamings and protective shelters and through emer-
gency lifesaving and recovery capabilities, The effective-
ness of the system is dependent in large part on individual
initiative. It is incumbent on each person to learn the basic
“what,” “when,” and “how” of personal civil defense actions.
Additional information is contained in “In Time of Emer-
gency,” a citizen’s handbook on nuclear attack and natu-
ral disasters, published by the Defense Civil Preparedness
Agency, A-14, March 1968. The document is available
from the Civil Defense Office in the county or state where
you live.

L3.1.1 NGS Contingency Plan

In case of a national emergency, and upon termination
of attack or hostilities, field personnel should notify NGS
Headquarters of their location and receive instructions.
Notify, in order of importance, one of the following offices:

1. The Chief, National Geodetic Survey,

2. The director of the nearest NOAA Marine Centet,

3. The nearest U.S. Department of Commerce office listed
in the local telephone directory,

4. The nearest State or local police.

Field personnel who cannot contact the Chief, NGS,
should ask the office to which they reported to relay their
location and condition to the Chief, NGS.

1.3.2 Natural Disasters

For the purpose of these instructions, a “natural disas-
ter” means any hurricane, tornado, storm, flood, high water,
wind-driven water, tidal wave, tsunami, earthquake, vol-
canic eruption, landslide, mudslide, snowstorm, drought,
fire, explosion, or other catastrophe requiring efforis to save
lives, to protect property, public health, and safety, or to
avert or lessen the threat of a disaster.

The [irst line of defense against tragic events of this type
should always be measures taken well in advance of an actual
incident. Upon relocating, Project Directors and Chiefs
of Parties should tap the knowledge of local citizens and
authorities to determine what natural phenomena might
be peculiar to the area. For example, high winds of brief
duration, called “Chinooks,” sometimes sweep down the
eastern slope of the Rocky Mountains. This may not be
known by a new arrival, but a check with the local population
would bring it to light. Field personnel should be briefed
by the Project Director or Chief of Party on specific mea-
sures that should be taken to ensure the safety of themselves
and their dependents and to protect personal and Gov-
emment property. If appropriate, an emergency plan should
be developed.

Although a choice is often not available, there are pre-
cautions to consider when locating party headquarters. Is
there a public shelter located nearby? Is the location under

consideration situated in a flood plain? Is a coastal area
subject to inundation in the event of a hurricane? Have
personal and Government trailers been provided with
anchors and tie-down cables? (These can be purchased at
Government expense.) Precautions of this nature should
be taken in view of the geographic locality and the season
of year.

Upoen notification of a disaster “warning™ from news
media, or the actual occurrence of a disaster, all personnel
should take immediate action [irst to protect themselves
and their dependents and then, if possible, to protect
Government property. A “waming” means that disaster is
imminent. Move to a public shelter or safe ground if time
permits, If there is no time, seek the best protection avail-
able. Mobile homes and trailers provide poor defense against
high winds; permanent structures are safer. During a tor-
nado, if no shelter is available, get into the lowest spot around,
a shallow ditch if nothing else. Take protection from flying
objects. In a hurricane, storm surge is the major concern.
Get out of low-lying areas before a hurricane strikes; then
take protection from the high winds.

After providing for their own safety and that of other
party members and dependents, Project Directors and Party
Chiefs are to consider volunteering party assistance to local
authorities where they can contribute to the public health
and safety or to the restoration of critical public services.
These will include:

1. Search, rescue, and evacuation to save lives, prevent
injury, and relieve suffering.

2. First aid and other emergency medical care; provision of
water shelter, and food; and public safety measures, includ-
ing protection of property.

3. Emergency restoration of primary utilities, such as
power, water, telecommunications, and sanitation.

4. Provision of emergency transportation.

The use of Government property, such as vehicles. radios,
and other tools and equipment, is authorized for such vol-
unteer assistance. This assistance may be provided at any
time, including on-duty hours.

Chiefs of Parties, Project Directors, and mark main-
tenance personnel are to contact the Operations Branch
as soon as possible in the event of a natural disaster Nor-
mally this would be after the event occurred, but with suf-
ficient warning it could also be before. Headquarters should
be kept informed of the nature and extent of the disaster.
The information can be obtained from firsthand observa-
tion, the news media, local authorities, and others. With
this information, Headquarters might issue instructions
for technical operations to be carried out in support of the
NGS mission following disaster situations.

1.3.3 Safety

Guidelines pertaining to safety in field operations are
contained in the following sections of the NDAM {chapter
64):

01-—NOAA Safety Management Program

04—Potential Hazards
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10—Safety Management—The Supervisor's Responsi-
bility
11—Loss Control Through Safety Management
13-—Protective Equipment and Clothing
19—Installation and Use of Employee-Owned Hot Plates,
Coffee Makers, and Electrical Equipment
27—Hearing Conservation Program
37—Portable Space Heaters
Guidelines are also contained in the NOAA Safety Hand-
book (chapters 3, 4, 5, 6, and 11). All field personnel should
be familiar with these guidelines. In addition, local chap-
ters of the American Red Cross often offer free courses on
the administration of first aid. Employees are encouraged
to take these courses.

1.3.3.1 Personal Safety

This section contains a few elements of personal safety
that particularly pertain to the type of work performed by
NGS field personnel.

1. Back Injury. Back problems are guite common among
people who are physically active in their jobs. Many back
problems result from poor habits employed while lifting
and are easily avoided by correcting thase habits. The proper
way to lift objects is with the legs, not the back. Although
this is a well-known fact, it is often not practiced. Back
injuries not only cost the Government lost time and med-
ical expenses, they cause great discomfort and inconven-
jence to the individual. Develop a habit of lifting things
properly, and do net lift objects that are too heavy to handle.

2. Eye Injury. Accidents causing damage to the eyes can
happen very easily and quickly. Considering the personal
tragedy caused by the loss of sight in one or both eyes,
precautions against such accidents are well worthwhile.
EYE INJURY CAN HAPPEN TO YOU. Particles such
as the following can get lodged in the eye:

a, wind-blown sand and grit

b. debris falling from masts or observing towers

c¢. fragments flung from cutting tools such as grinders,
drills, and saws

d. chips thrown from impact tools such as hammers, chis-
els, and Cobras

Safety goggles or glasses are to be worn whenever the
situation warrants, and it takes judgment to decide when
to do s0. Obwviously, an eye injury could occur under almost
any circumstance, but that does not mean that one should
always wear eye protection. Where good peripheral vision
is needed, when building towers for example, use of safety
goggles might actually be inadvisable. Supervisors must
excrcise good judgment when instructing subordinates to
wear eye protection. Employees must always wear protection
in the following instances:

1. while using rotary shop or hand tcols,

2. while drilling holes in concrete or rock for survey disks,
and

3. while driving rod for survey markers.

People who wear glasses would be well advised to purchase
glasses with safety lenses for routine use on the job.

Light emitted from arc welders is very harmful to the
eyes. NEVER look directly at an ar¢ welder in operation
unless you are wearing properly shaded eye protection. To
many people, this is second nature, but there are those who
are unaware of the danger. Be quick to point it out to any-
one who does not appear to know,

Radiation can cause serious damage to the eyes. NOAA
Safety Handbook, Chapter 11, Laser Geodimeter Safety
Standards, contains information relevant to NGS's use of
lasers. Two sections of this chapter require updating: In
section 1, the Model 8 Geodimeter is not mentioned, but
regulations pertaining to the Model 4L Geodimeter also
apply to the Model 8. In section 3, the frequency of eye
examinations can be reduced to 18 months.

3. Loss of Fingers. Loss of one or more fingers can and
does happen very suddenly. Exercise greal care when work-
ing with or around power tools and machinery. Extremi-
ties can be cut off, pulled off, or smashed. Do not wear
gloves when working around rapidly moving parts. Examples
of such equipment include electric saws, rotating equipment
that can grab a glove and pull your head into the grind-
stones, lathes, engines, and electric motors. Exercise cau-
tion when working around any machinery capable of smash-
ing your fingers, hands, or feet. This applies especially to
mark sctters working around drilling rigs. Be constantly
aware of where your appendages are. Think ahead about
possible accidents that can occur. If an accident occurs
where an extremity is dismembered, bring the severed
appendage, in a cool I-percent salt water solution if possible,
with the victim to the hospital. Sometimes it can be re-
attached.

4. Unsafe Clothing and Accessories. Loose clothing such
as unbuttoned shirts or shirt sleeves, neck ties, and in some
cases, gloves, should never be worn around moving machine-
ry or tools. These can get caught in the moving parts of the
machinery and puli the operator into it.

Similarly, rings, chains worn about the neck, and sim-
ilar ornaments should be removed before working around
any type of apparatus that can catch them. Though it would
not seem likely, jewelry, including rings, can casily get caught
on equipment that does not even have moving parts.

5. Protective Clothing. Brightly colored vests should
always be wormn when working near traffic. Level observing
units operate under these conditions continuously, but others
too are exposed to the hazards of moving vehicles. When
vests become faded they shouid be replaced.

Hardhats can be lifesavers. They must always be worn
by personnel on tower building and teardown parties. They
must also be worn by mark setters when operating a driil
rig or gasoline powered hammer {e.g., Cobra). All fieid
personnel should have hardhats available for their use when
the situation warrants.

Steel-toed boots are essential for mark setters who operate
drill rigs. The hydraulic power generated by the rigs is
tremendous. A foot caught between the end of an auger,
which is being lowered, and the ground would be easily
crushed. Many of the tools and accessories are quite heavy
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and could break bones if dropped on someone’s foot.
Steel-toed boots should be worn also by people handling
steel for horizontal observing towers.

Leather gloves offer excellent protection to the hands
of those working with metal or wood with sharp edges or
slivers. Wounds from these hazards can be serious. Wear-
ing gloves is well worthwhile, if only for protection against
the pain of minor slivers, cuts, and bruises.

Gloves should not be worn when there is a chance they
could be caught in moving tools or machinery. In those cases
they present a more serious threat of loss of fingers or a
hand than the protection they offer against slivers or cuts.
Use your judgment. If gloves are worn around drill rigs,
the gauntlets should always be removed, because they can
casily get caught between the flights of a rotating auger.

6. Poison Ivy and Oak. For many people, dermatitis caused
by exposure to paison ivy or poison cak is a miserable experi-
ence. Sensitivity to these plants varies with individuals, rang-
ing from none to extreme. Most people will experience at
least a mild rcaction. Some may be so sensitive that they
may become ill.

The first line of defense agginst such dermatitis is to know
the facts about poison ivy and oak. A thin cil found on the
leaves and roots of the plants causes an allergic reaction
when it contacts the skin. The more oil contacted and the
longer the period of contact, the worse the reaction will
be. Contact can be made directly with the leaves or roots,
or indirectly by touching something else where the oil has
been spread. This could be clothing or another person, or
even smoke from bumming plants. Contact with the oil is
the only way of contracting the allergy.

Poison ivy and oak are not contagious; touching another
infected person will have no affect unless that person still
has some cil on the skin. Poison ivy is a climbing plant with
slightly shiny leaves in groups of threes. When blooming,
its flowers are pale green. It has greenish-white berries.
Poison cak is much the same only its leaves have the familiar
shape of a white oak leal. Remember: “Leaves of three,
let it be.”

After knowing the facts about poison ivy and poison oak,
the precautions to take become common sense. First, learn
to recognize the plants and then avoid them. The sketchy
description above is not enough. Have someone point the
real thing out to you. Second, if working near poison ivy or
oak is unavoidable, leave as little of the body exposed as
possible. Wear high boots, long trousers held tightly around
the ankles, long sleeve shirts buttoned tightly around the
wrists, gloves, and appropriate headwear. It is also a good
idea to carry extra clothing to change into after exposure.
Third, carry extra cans of water for copious flushing of the
skin after contact with the plants. Shower thoroughly as
soon as possible afterward. And finally, wash all clothing
that might have il on it; then wash your hands again.

Immunization to poison ivy and oak has had varying
degrees of success. A preventative may do wonders for one
person and have adverse effects on ancther. It is the opinion
of some authorities that oral preventatives are the preferred

method of desensitization. The bottom line is to use what-
ever works for you if you are so inclined.

For the unfortunate person who has contracted poison
ivy or oak, there is no known remedy, The dermatitis will
just have to run its course. Calamine lotion or similar prod-
ucts may help relieve the itching. Again, the effectiveness
of such products will vary from person to person. Consult
a doctor if the condition persists or becomes unbearable.
It is important to resist scratching. Scratching can cause
other areas of the body to become sensitive. More impor-
tantly, it can open lesions, exposing them to bacterial
infection.

7. Poisonows Snakes. As with poisonous plants, the mest
effective precaution to take against poisonous snakes is to
learn to recognize them and then avoid them. After relo-
cating in a new region of the country, take time to find out
what kinds of snakes are likely to be found there, how to
recognize them, and what their patterns of behavior are.
Carry a snakebite kit containing a constricting band, a scal-
pel or sharp knife, and a suction cup,

Several different first aid methods for snakebite have
been advocated by various groups. Some are inadvisable.
It is not recommended that methods of cold therapy or exten-
sive cutting of the flesh be used. Do not give a snakebite
victim alcohol, seditives, aspirin, or any medicine containing
aspinn. {Aspirin can adversely affect blood coagulation.)
Under consultation of a doctor, however, some painkillers
can be given.

Before first aid is administered, make sure the snake does
not have the opportunity to strike again. Snakes can and
sometimes do strike repeatedly, ejecting venom with each
bite, resulting in a more severe reaction. If the snake can
be killed without risk or delay, do so for positive identifi-
cation at the hospital. It is very important to get the victim
10 a doctor quickly, but without too much physical exer-
tion on the part of the victim.

First aid treatment recommended by the American
Red Cross is given below, The Red Cross leaflet entitled
“First Aid for Poisonous Snakebite” details the procedure
and should be carried whenever working in regions inhab-
ited by poisonous snakes.

a. Keep the victim from moving around and as calm as
passible. Try to keep cool and calm yourself. Panic will make
the situation much worse.

b. Preferably, the victim should be kept lying down, with
the bitten extremity at or below heart level. If the victim
can reach a hospital within 5 hours and if no symptoms
develop, no further first aid measures are necessary,

¢. If mild-to-moderate symptoms develop—mild swelling
or discoloration, mild-to-moderate pain at the site of the
wound, tingling sensations, rapid pulse, weakness, dimness of
vision, nausca, vomiting, or shortness of breath—apply a
constricting band 2 to 4 inches above the bite, but not around
an elbow, knee, wrist, or angle joint, and not around the
head, neck, or trunk.

The band should be % to 1% inches wide, not thin like a
rubber band. It should be snug, but loose enough for a fin-
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ger to be slipped underneath. Watch for swelling and loasen
the band if it becomes too tight, but do not remove it.
Periodically check the pulse in the extremity beyond the
bite to ensure that the flow of blood has not stopped.

d. If severe symptoms develop—rapid swelling and
numbness followed by severe pain at the site of the wound,
and possibly pinpoint pupils, twitching, slurred speech,
shock, convulsions, paralysis, unconsciousness, or no breath-
ing or pulse—apply a constricting band, make an incision
over each fang mark, and apply suction immediately. Make
cuts in the skin through the fang mark, using a sharp, sten-
lized knife. Cuts should be no deeper than just through the
skin and should be about % inch long, extending over the
suspected venom deposit point (usually lower than the fang
mark). Cuts should be made along the axis of the limb. Do
not make cross-cut incisions, and do not make cuts on the
head, neck, or trunk.

Apply suction for 30 minutes with a suction cup if avail-
able, otherwise use your mouth. There is little risk to the
rescuer who uses mouth sunction, but it is recommended
that the venom not be swallowed and that the mouth be
rinsed out.

e. If professional help cannot be obtained within 5 hours
and any symptoms at all develop, apply a constricting band,
make incisions, and apply suction immediately, as described
above. Keep trying to obtain professional care by transport-
ing the victim to a place where it is available. If possible,
use emergency communications systems to obtain med-
ical advice or to get a professional to the scene. If it is
necessary to leave the victim for any reason, make sure he
or she is in a calm state of mind and will remain quiet. Mark a
trail well so there will be no difficulty finding your way
back.

B. Government-Supplied Safety Equipment. Table
1.3.3-1 shows safety equipment that can be purchased with
Government funds. Only the primary users are listed. Others
may also purchase the equipment if needed.

Table 1.3.3-1—Government-supplied safety equipment

Snake

Primarily Safety Hard Safety Safery Bite Trailer

Use Glasses Hats Boots Gloves Vests  Kits Tiedown
Mark Maintenance ... x X X x X
Reconnaissance. ... .. x x
Builders ......ccceeveeeee.. X X X x x x x
BM Setters ........ e X X X X X X X
Observers ... x x
Level Crews ..o x x X
ASLIONOMIC ... .oooee x x
Gravity ..ooveeeevvecnnns X
Doppler ..o X

1.3.3.2 Vehicle Safety

Regulations pertaining to the safe use of motor vehicles
are contained in the VDM (chapter 39). Additional instruc-
tions follow;

135

1. Driving. All Project Directors and Chiels of Parties
will ensurc to their personal satisfaction that each employee
assigned to drive a Government vehicle is a capable and
safe driver under all circumstances. Possession of a Gov-
emment driver’s license is not a sufficient indication. The
larger tandem combinations will be assigned only to those
employees who have demonstrated safe driving habits for
several years. On long moves, issue repeat travel orders if
necessary to ensure that only well-qualified drivers are
assigned to the trucks.

Additional driving instruction under close supervision
in safe areas should be given to employees inexperienced
in driving vehicles other than automobiles. Even though a
Schedule A or career-conditional employee is adept at
the mechanics of driving, if the person demonstrates a lack of
respansibility, is accident prone, or there is any doubt as
to the employee becoming a good driver, the employee should
be released at the earliest opportunity.

Operators are required to make routine checks on their
vehicles each day they are driven. These shall include clean-
liness of the windshield, a visual check of tire pressure,
adjusiment of the mirrors, and operation of the horn. At
the first opportunity, check the brakes to ensure that they
are not pulling to one side, or spongy. Additional checks
are required each time the vehicle is fueled. They include
oil, water, and operation of the headlights, tail lights, brake
lights, turn signais, and running lights. At least once a week,
or when a different vehicle is assigned, the battery fluid
level, tire pressure, and tire wear shall be checked. Any
deficiencies must be corrected immediately. Routine
maintenance shall also be performed.

Long drives between the office site and work areas are
not uncommon, and an extended trip after a full day’s or
night’s work is hazardous. The driver’s senses are dulled
by fatigue. In addition, the drver is inclined to increase
the driving speed in order to retum to the office a littie
earlier. The supervisor should reiterate appropriate warnings
under such circumstances. The speed limit of Govern-
ment-operated vehicles is 55 m.p.h. When towing, follow
the limits set by the States.

2. Acciderts. All Government vehicles must carry NOAA
Form 397, Packet—Vehicle Accident Forms. This packet
contains step-by-step instructions on what to do if involved
in an accident. It also contains all the forms that must be
filled out if an accident has occurred.

If traumatic injury has occurred, the injured employee
(if able) and the immediate supervisor shall complete and
submit Form CA-1 in accordance with the instructions on
this form. Forward a copy of the form to NOS Personnel
Section, AT/PER15, without delay. All other forms relating
to the accident and another copy of the Form CA-1 should be
submitted to the Chief, NGS, N/CG1x10, for review and
initiation of any claims. Then, N/CG1x10 will forward
these forms to the NOS Safety Management Officer.

3. Equipment. All equipment cammied in Goverment vehi
cles must be neatly and securely stowed. This not only pro-
motes efficient operations, but also is an important safety
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precaution. In the event of a collision, loose equipment could
cause injury or death. Nets or screens may be installed to
keep equipment out of the driver and passenger areas.

Vehicles used for work alongside roadways must be
equipped with flashing amber lights. The strobe type is better
than the rotating type for two reasons: it draws more atten-
tion, and it draws less current.

All vehicles that are not international orange in color
must be provided with black stripes (either painted or decai)
on the bottom half of the rear of the vehicle. The stripes
should not be less than 6 inches or more than 1 foot broad
and should be from 1 to 2 feet aparl, running at a 45-degree
diagonal. On vehicles used for night work, it is recommended
that white reflective tape, 6 to 12-inches wide, be placed
between the black stripes.

Seat belts must be in good working order and must be
used without fail. Failure to fasten seat belts is a direct
violation of safety regulations by the individual involved
and by the Chief of Party for not enforcing the regulations.
Any violation of this type will result in disciplinary action
ranging from written reprimand to removal of the employee.

All vehicles should be equipped with fire extinguishers.
The extinguishers should be suitable for Class A, B, and C
fires and should be pericdically inspected as per manufactur-
er’s instructions.

West Coast Mirrors or equivalent with a wide view mirror
are required on steel trucks, 1-ton trucks with utility beds,
and vehicles that tow Government trailers.

Portable signs warning of a survey crew ahead must be
displayed for all crews working along roadways. The signs
must be visible to traffic from both directions and should
be placed between % and 1 mile from the actual location
of the crew.

Flares must be carried for use when the vehicle is disa-
bled alongside the roadway. Vehicles must also be equipped
with an appropriate jack.

Special instructions regarding the use of vehicles equipped
with catalytic converters are contained in NOAA Circu-
far 78-59.

1.3.3.3 Tower Safety

1. Other Guidelines. C&GS Publication 62-3, Bilby Steel
Tower for Triangulation (1929: ch. VII), contains safety
precautions to observe while building and tearing down Bilby
towers. The information also applies to other kinds of towers
and masts.

2. FAA Regulations, When a tower or mast is to be put
up in the vicinity of an airport, the Administrator of the
Federal Aviation Administration (FAA) must be notified
by submitting FAA Form 117. The FAA Advisory Circular
70/7460-2G gives details on when and how to do so. All
reconnaissance and horizontal control parlies should have
copies of this circular. They can be obtained by writing to:

Federal Aviation Administration

HQ438

800 Independence Avenue

Washington, D.C. 20590

3. Falling Objects. The danger of objects falling off towers
is ever present. Use of hard hats by builders and teardown
crews is mandatory. In addition, the building foreman should
ensure that builders do not occupy a potentially hazardous
position on the ground as towers are being built or torn
down. Builders should be reminded to keep alert and to
think ahead about where they will run if a warning is shouted.
Though the danger of falling objects is more probable during
building and tear down, the above precautions should be
observed whenever working on or around towers.

4. Nighttime Hazards. Obscrvers and recorders must
be extra careful on towers when working in the dark because
of the increased chance of tripping or tosing their footing.
Make sure objects are not left where they could be stum-
bled over. Take extra care to get a firm foothold when climb-
ing up or down a tower.

5. Ladders on Wooden Towers. On wooden towers. steps
have been known to pull off, causing injury to those climbing
them. To prevent accidents of this type, the outer tower of
each signal that is higher than 6 feet should be equipped
with a Iadder. One rail of the ladder can be one of the tower
legs. The other rail should be nailed securely to the tower
about 12 inches from and parallel to the tower leg. The
rail should be made of 2- x 4inch material. The steps should
be made of 1- x 4 or I- x 6-inch material and should not
contain knots large enough to weaken them. They should
be about 18 inches apart. Steps should extend to the handrail
of the tower, not just to the floorboards. Nails driven into
the steps must be far enough from the ends to prevent split-
ting. Use at least one nail on each end of a step, long enough to
project through the rail. All nails that project through the
lumber on the ladder shall be bent over so they cannot catch
on flesh or clothing. They should be bent across the grain
of the wood, not parallel to it.

A newly erected tower must be inspected by the build-
ing foreman to see thai all the above regulations are com-
plied with. All cleated steps which were used as an aid by
the building party must be removed.

6. Nonskid Material on Observer’s Platforms. Tower
platform boards can become slippery under certain con-
ditions. As a precaution, they are to be overlaid with non-
skid material. Altematives include nonskid paint, fresh paint
sprinkled with clean sand, or adhesive nonskid strips. If
adhesive strips are used, be sure to follow the indicated
procedure carefully, especially in regard to surface pre-
paration, or the strips will come off. The recommended
layout for the strips is given in USC&GS Publication 62-3,
Bilby Steel Tower for Triangulation (1929: 86).

1.3.3.4 Miscellaneous Safety

1. Tools, Always keep tools in good working order They
will last longer, and be safer to use. In particular, cutting
tools should be kept sharp. Contrary to what one may think,
sharp tools are safe tools.

2. Slippery Surfaces. A person can get seriously hurt
by slipping and falling down. Walking surfaces that are
normatly quite safe can become dangerous if they get wet,



8/83 1.3 Emergencies and Safety 137

Take extra care under those conditions. Surfaces requiring
particular caution include rock {ledges, etc.), metal (towers,
etc.), and wood (planks, logs, etc.).

3. Shipment of Gas Engines. Gasoline, a flammable liquid
with a flash point of 45° to -36°F, is classified as a haz-
ardous material and when shipped by aircraft, must com-
ply with FAA regulations (49 CFR 173.120b). Gasoline-
powered equipment must have all gasoline drained, all shut-
off valves closed, and all tank caps tightly sealed.

4. Batteries. Use proper precautions when working
with batteries. When “jump starting” one vehicle with
another, make the last connection to a ground on the engine
of the vehicle being starled instead of the negative post of
the dead battery. An electrical spark caused when the jumper
cable is attached to the negative post could cause hydro-
gen gas from the battery to explode.

When using a wet-cell battery on an observing tower,
make sure it is secure at all times. Batteries have been known
to fall off towers. Their sheer weight is a danger in itself.
In addition, a falling battery could break apart on the way
down, spewing acid over everything below.

Dry<eil batteries are normally quite safe. However,
expended dry cells are never to be left in the field. Not
only are they an eyesore, but they pose a hazard to live-
stock if eaten by them.

1.3.4 Firearms in Government Vehicles

1.34.1 Policy
Personally owned firearms and ammunition are not
permitted in any Government vehicle or trailer without prior

written permission of the Chief, Field Operations Branch,
and the Project Director or Chief of Party. All local and
State laws governing firearms, their use, and transporta-
tion, must be obeyed. Failure to comply with this policy
will result in disciplinary action.

1.3.4.2 Disciplinary Actions

Violation of this policy can result in suspension or
dismissal.

1.34.3 When Transportation of Firearms
Can Be Authorized

A Project Director may request authorization for an
employee to carry firearms in Government vehicles under
the following circumstances:

1. When traveling to or from remote encampments or
station sites at which the [irearms may be needed.

2. On moves between project areas.

1.3.4.4 Transporting Firearms
When authorized, firearms may be transported as pre-
scribed by local and State laws. In addition,

a. the firearm must not be loaded,

b. the firing mechanism must be disengaged and the
weapon must be disassembled,

¢. the firearm must be properly encased, and

d. ammunition must be carried separately from the
firearm.



1.4 PUBLIC RELATIONS

Field parties are the most visible representatives of the NGS. They are in daily contact with the

public and should project a neat and professional image.

1.4.1 News Media

Project Directors and Party Chiefs are requested to
contact the news media (newspapers, radio, and television
stations) in each community in which the party is located.
The media should be invited to discuss and photograph the
party’s activities and equipment. Notify National Geodetic
Survey Headquarters of contacts with news media. If
possible, field parties should furnish the NGS Field
Operations Section, N/CG161, with copies of news articles
and radio/television coverage regarding geodetic survey
activities. This material will then be forwarded to the NOAA
Office of Public Affairs.

1.4.2 Courtesy to Property Owners

In an effort to maintain good public relations, party
personnel are to notify the property owners of all possible
station sites prior to setting marks or building towers.
Penmission to enter onto property and to build towers is to

be obtained during reconnaissance ard reconfirmed by the
party prior to the start of the project. (See also section 1.5.2.3,
Third Party Insurance.) Property owners can be supplied
with NOAA Form 76-163, which will help explain the pur-
pose of the survey. Party personnel are to comply with
the wishes of property owners.

At the close of a project, forward a listing of each sta-
tion in the project for which a description has been sub-
mitted, including the corresponding name and address of
the property owner to whom a copy of the description and
data sheet is to be mailed, to the National Geodetic Survey
Information Center (N/CG17). Mark Maintenance per-
sonnel and the Geodetic Advisors should supply the same
information but should forward it to the Network Main-
tenance Section, N/CG162.

Return landscape to its original condition. Where property
damage (destruction of trees, shrubbery, lawn, crops,
etc.) cannot be avoided, the payment of such damages is
t0 be negotiated and agreed upon before establishing the
station. (See chapter 1.5.)
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1.5 LEGAL MATTERS

Any claims for damage or loss caused by negligent or wrongful acts or omissions by NGS personnel
are governed by the Federal Tort Claims Act, provided the persons who have caused the damage acted
within the scope of their employment. Any such claim would have to be considered on its individual
merits. There are many factors that are involved in deciding any claim, (See NOAA Directives Manual

2205.)

1.5.1 Accidents

1.5.1.1 Government Vehicle

A Government employee is not liable for damages re-
sulting from an accident while driving a Government ve-
hicle in performance of his or her duties. Under the Federal
Tort Claims Act, the Government will consider for set-
tlement any claims for damages caused by negligent or
wrongful acts of any Government vehicle operator while
acting within the scope of his or her employment under
circunstances that would make the United States, if it were a
private citizen, liable to the claimant under local law. That is
to say, at the time of accident, the employee was acting in
the interest of the Goverment. Ordinarity a slight devia-
tion as to time or place does not constitute a departure from
the scope of employment. Conversely, an essential devia-
tion without justification can affect the determination on
the employee’s status of acting within the scope of em-
ployment.

The Federal Tort Claims Act has been made the exclu-
sive legal remedy for claims that arise from the operation
of any motor vehicle by any employee of the Government
within the scope of employment. For this reason, if an
employee is sued in a State court in his/her individual
capacity, the Attorncy General of the United States defends
the suit. He may either have it removed to a Federal Court
or settle or compromise it in the same¢ manner as other
claims under the Federal Tort Claims Act. For action to
take in such instances, see NOAA Directives Manual 22-31
dated September 7, 1978.

1.5.1.2 Towing Privately Owned Trailers

NOS extends to its employees the privilege of towing
privately owned house trailers with Government vehicles
and allows such movement when there are enough vehicles to
tow the Government property.

In the event of an accident, payment for damage to the
trailer may be precluded either under the Military Personnel
and Employees’ Claims Act of 1964 or the Federal Tort
Claims Act. The facts and circumstances of each claim
must be considered. If the employee was negligent, his or
her chances of recovery are substantially lessened.

To safeguard against personal liability in the event it is
determined that the employee was not within the scope of

his or her liability, and thus outside of the statute provid-
ing recovery, Government vehicle operators are encouraged
to purchase riders on their personal insurance policies to
cover towing privately owned trailers.

The employee is responsible for his or her trailer when
“site-parked.”

1.5.2 Obligation to Property Owners

1.5.2.1 Contacting Property Owner

At the beginning of each project, the party personnel
are to obtain permission from each property owner for the
field party to enter the property. The owner should be advised
il any property damage is expected. Costs of any damage
can be considered as normal site preparation expenses and
can be paid from the imprest fund.

1.5.2.2 Reimbursement for Damages

All subvouchers submitted for reimbursement of prop-
erty damage caused while building or tearing down Bilby
towers or sefting marks are subject to the following restric-
tions:

1. The extent of the expected damages and the amount
of the reimbursement should be discussed with the prop-
erly owner before the station is established or the tower is
built.

2. The property owner must agree to the settlement.

3. The amount of the settlement must be less than $500.

4. The subvouchers must be carefully worded. For ex-
ample:

“Reimbursement for use by NGS during project

—_— _, as a result of normal wear and tear. ,.”

or “Site preparation for project ...

Do not use words, such as “damage” or “tort,” which
imply unexpected damages. Tort claims cannot be reim-
bursed by a subvoucher. Tort claims can only be paid through
the Office of General Counsel.

Disputed damages or damages denied by the field party
can be resolved as a claim by the property owner under the
Federal Tort Claims Act. Damage disputes or claims have
been few, but, in all instances, the overwhelming factor
prompting the claim was alleged discourtesy on the part
of the field party, such as not informing the property owner of
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damages or changes in operation, not obtaining permission,
and not expressing thanks. This could be avoided to a great
extent by the Pariy Chief or Project Director visiting with
the property owner prior to departure, thanking the cwner,
and inviting him or her to an inspection of the grounds.

1.5.2.3 Third-Party Insurance

Field parties should secure third-party insurance for the
property owners before building towers or erecting poten-
tially dangerous structures on private property. This
insurance will help protect the property owner from liability
suits resulting from bodily injury and property damage.
Requests for insurance should be made by telephone to the
Field Operations Section, N/CG161. Supply the station
name, and the name and address of the property owner.

1.5.3. Liability for Accuracy of Data

Al claims for damages resulting from inaccuracies in
geodetic data gathered by NGS should be referred to
NOAA's Office of General Counsel.

1.54 Loaning Government Property

Chiefs of Parties and Project Directors are cautioned
not to loan U.S. Government equipment and property to
private individuals or firms. Arrangments for storage of
Government property must nor include any provision where-
by the use of such property by any private individual or
firm is authorized or implied.

Non-Federal requests for the loan or construction of Bilby
towers will not be honored. NGS may consider cooperative
horizontal control programs which incorporate the use of
the towers in overall horizontal control surveys.

Federal requests for the loan or comstruction of Bilby
towers will be honored based on their own merits. Such
merits may include contributions to the national network,
national defense, and other special use surveys.

All requests for loans of Government property must be
submitled in writing to the Chief, National Geodetic Sur-
vey. (See NOAA Directives Manual 37-17.)



1.6 ADMINISTRATION

1.6.1 Purchasing and Finance

The NOAA Small Purchase Guide, the NOAA Cash-
ier's Handbook, and the NOAA Finance Handbook con-
tain regulations and guidelines for maintaining an im-
prest fund and for purchasing supplies. These books can
be ordered from the NOAA Logistics Supply Center.

1.6.1.1 Purchasing Order, SF-44

NOAA Small Purchase Guide (chapter 4) explains the
use of Standard Form (SF) 44, Purchase Order. Exhibits
B and C of chapter 4 list the limitations of the SF44. NGS
imposes these additional limitations:

1. All purchases over $500 must be first approved by
the Field Operations Section, N/CG161, at which time
they will be registered.

2. All truck repairs in excess of $500 must be jointly
approved by N/CG161 and AT/GSM43,

3. All SF44’s over $1,000 must be issued by the Chief
of Operations Branch, N/CG16.

4. All SF44’s for purchases made by geodetic advisors
and mark maintenance personnel must be requested from
the Network Maintenance Section, N/CG162, and issued by
N/CGl6.

5. Purchases in excess of $2,500 shall not be split between
two or more SF-44’s. Instead, they should be paid for with
a standard purchase order (CD<45) issued by the Plans and
Requirements Staff, N/CG1x10.

6. Capital equipment may not be purchased with SF44’s.
Read and comply with the guidelines published in NOAA
Small Purchase Guide (chapter 4). Violating the purchasing
guidelines will result in the loss of purchasing authority
and possibly disciplinary action,

7. Large purchases should be arranged well in advance
to allow N/CG16 to issue an SF44 or for N/CG1x10 to
issue a CD45. The $2,500 limit on SF44's is the maxi-
mum limit for NOAA.

Figure 1.6.1-1 shows the authorization for delegating
procurement authority. To obtain a current list of author-
ized purchasing agents, contact the Operations Branch.

1.61.2 Imprest Fund

Each party shall maintain its imprest fund according to
the regulations in the NOAA Cashier's Handbook. Addi-
tional guidelines are given in NOAA Finance Handbook
and the NOAA Small Purchase Guide. The NGS Plans
and Resources Staff, N/CG1x10, should be contacted to
answer any questions about the imprest [und.

NGS imposes a $500 limit on any single cash purchase.
The Field Operations Branch, N/CG161, should be con-
tacted about any cash purchase that is expected to exceed
$500.

1.6.3.3 Supply Requisitions

Most supplies needed for field operations may be re-
quisitioned from the General Services Administration
(GSA) or the NOAA Logistics Supply Center (NLSC).
All other supplies must be bought on the open market.

1. GSA. Procedures for ordering supplies from GSA are
given in the Federal Standards Requisitioning and Issue
Procedures (FEDSTRIP) Operating Guide. This guide and
other GSA catalogs may be obtained by writing to the Gen-
eral Services Administration (8FFS), Building 41, Den-
ver Federal Center, Denver, Colorado 80225. Parties should
use Standard Form (SF) 344, Multiline Requisition,
when ordering supplies from GSA. One copy of this form
should also be submitted to N/CG1x10.

2. NLSC. The NOAA Stock Catalogs list most of the
supplies which can be ordered from the NOAA Logistics
Supply Center. Parties should submit NOAA Form 374
to NLSC to order supplies. One copy of this form should
also be submitted to N/CG1x10.

1.6.2 Personnel

The NOAA Directives Marual and the NOAA Personnel
Handbook list the regulations and operating procedures
pertaining to personnel administration. A Department of
Commerce booklet entitled “Employee Handbook™ contains
general information on employment. It is available from
the Field Operations Section, N/CG161.

1.6.2.1 Right to Privacy

NGCAA Directives Manual (chapter 22-50) outlines
NOAA'’s responsibility under the Privacy Act of 1974, P.L.
93-579 (5 USC 552-a).

NOAA Circular 76-9, dated January 20, 1976, which
is filed with NDM 22-50, provides additional information on
disclosures of Privacy Act material. Section 11 lists the
security and distribution procedures of U.S. Treasury Form
W-2 and NOAA Form 34-14 (white cards). Section ]2
states what information can be provided by a supervisor
when an inquiry i3 received from rental or credit offices
concerning a specific empioyee.

1.6.2.2 [Initintion and Termination of Employment
NGCAA Personnel Handbook (chapter 3) lists employment
restrictions, recruitment procedures, and special employ-
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UNITED STATES DEPARTMENT OF COMMERCE
Nationai Dceanic and Atmospheric Adminiatration
Rockviile, Md. 20852

Procurement Polnt 158

DATE: October 1983
TO: See attached list
FROM: N/CGl6 - Gerald C. Saladin

SUBJECT: Delegation of Procurement Authority
( ) New (X) Revised { ) Cancelled

Pursuant to the authority vested in the undersigned and in accordance with
Subpart 1.3 of the Federal Procurement Regulacions, you are hereby delegated the
responsibility to make small purchases subject to the limitations contained in
the Federal Procurement Regionals, Federal Property Management Regulations,
Commerce Procurement Regulations, NOAA Directive 36-10, and to any rurther
limitations set forth herein:

REDELEGABLE
YES WO
SMALL PURCHASES ($10,000 - 41 USC 252 (c)(3)
{X) SF-44: Limited to $ 1,000.00 per single purchase. X
( ) Requisitioning Public Utility Service (Regulated Rate). — -
{ ) Requisition Actions involving Transfer of Funde under
cross—servicing or interagency agreements.
{ ) CD-45 (or equivalent): Limited to $
per single purchase. {Delivery orders against exlsting
contracts may be issued up to the maximum order limita-
tion of the contract.)

OTHER CONSTRAINTS: NOAA Small Purchase Guide Chapter & {SF-44 Authority)
NOTE: Exhibit C, Limitations on Use, attached hereto.
See Section 1.6.0l.1 of NGS Operations Manual.

This delegation serves to revoke all previous delegatlons and is necessary:

For efficient operation of NOS -NGS field units which are performing a varietvy
of surveying operations throughout the country.

Authority designated as redelegable may be further delegacted to qualified NOAA
personnel of not less than 2I years of age. Such redelegations shall be in writing
and define the scope and limitations of the authority delegated within the gulde-
lines specified in NOAA Directive 36-10, Exhibit A, Coples of redelegation must

be distribuced as shown below.

{Signature) {Date)
Atcachment
cc: AT/GSMI
AT/GSMx]]
AT/GSM42 .
? ﬁ f
/;

Figure 1.6.1-1—Sample memorandum delegating procurement awuthority
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ment programs. This section of the manual lists the forms

to be submitted for initiation and termination of employment.
Newly hired persons should complete the following forms

and submit them to the Field Operations Section (N/CG161).

If these forms have not been received by N/CG161 with-

in 10 calendar days after employee enters on duty, employ-

ment will be terminated.

SF 61—Appointment Affidavits

SF 61 B—Declaration of Appointee

SF 85—Data for Nonsensitive or Noncritical-Sensitive
Position

SF 87—U.S. Civil Service Fingerprint Chart

SF 171—Personnel Qualifications Statement

NOAA 52-10—Statement of Relatives Employed by the
DOC
NOAA 55-3—Statement Relating to Employee Respon-
sibilities and Conduct
W-4—Employee’s Witholding Exemption Certificate
SF 52 Request for Personnel Action. (See fig. 1.6.2-1.)
CD 133—Application for Operators ID} Card
SF 47—Physical Fitness Inquiry for Motor Vehicle Oper-
ations D
A person rehired less than one year after separation must
submit all forms except the SF 85 and the SF 87.
On the first day of duty, N/CG161 should be furnished
with the employee’s name, Social Security number, date

REQUEST FOR PERSONNEL ACTION {SF-52)

NAME:
KIND OF ACTION: Promotion

Reassignment

Appointment {Excepted)
(Career-Conditional)

*Resignation
Retirement
Detail
LWOP

Other:

O O 0O O oo g o

a

If promotion is requested, give justification {(Promotions cannot be requested for

grades beyond the career-ladder position).

*Note: If Resignation is requested, please have employee sign the back of the SF-
52 and then send it {incomplete) to N/CG161along with NOAA Form 55-1,

Driver’s License, Credentials, etc.

Project Director

(Signature/Date)

Figure 1.6.2-1—NGS form used for preparation of SF-52
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of birth, date and time entered on duty, organization code,
grade, and minority class. This information is needed for
payroll purposes.

When retiring or when employment is terminated, em-
ployees should submit NOAA Form 55-1, Clearance of
Employee Accountability, and the request for personnel
action form. (See fig. 1.6.2-1).

1.62.3 Performance Ratings

NOAA Personnel Handbook (chapter 18) as amended
by NOAA Circular 8195, describes the General Warkforce
Performance Appraisal System.

1.6.24 Promotions and Within-Grade Increases

The merit promotion system is described in Chapter 6
of the NOAA Personnel Handbook, and within-grade or
salary increases are discussed in chapter 5.

1.6.25 Adverse Action and Discipline
NOAA's policy on adverse actions and discipline is
contained in the NOAA Personnel Handbook (chapter 13).

1.6.3 Party Moves/Travel

Travel regulations are stated in NOAA Travel Handbook
(NTH) and in the NOAA Directives Manual (chapter 42).

Travel orders should be requested through the Field
Operations Section (N/CG161) by using the form shown
in figure 1.6.3-1. All claims for reimbursement of travel
expenses should be submitted to the NGS Plans and Re-
quirements Staff, N/CG1x10, in accordance with NOAA
Travel Handbook, chapter 1, part 11, Claims for Reim-
bursement.

1631 Use of US. Government Trucks

The use of Government vehicles in general is discussed
in NOAA Circular 7560 flled with NDM (chapter 42-25).
This section establishes the policy for use of Government
vehicles on party moves. .

The first priority is to use Government trucks to move
Government trailers and equipment. Any Government vehi-
cle not needed to tow Government equipment may be used
to tow privately owned vehicles and house trailers.

A second trip under travel orders can be authorized to
mave additional Government equipment. Requests for
second trips should be made through the Field Operations
Section (N/CG161) in advance of party moves. Project
Directors and Party Chiefs should carefully schedule sec-
ond trips to minimize the cost to the Government.

1.63.2 Per Diem

Per Diem is paid to field personnel 10 help offset the cost of
travel under orders. Regulations for civilians are prescribed
in the NOAA Travel Handbook. For commissioned officers,
the Joint Travel Regulations govern. The present per
diem rate is $23/day plus the average cost of lodging not
to exceed $50/day for enroute travel and the first 30 days
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at a temporary duty (TDY) station. After the first 30 days
at any TDY station, the per diem is reduced to a flat rate
of $25/day.

Allowable lodging costs for employees with trailers are
limited to the following: parking fees; fees for connection,
use, and disconnection of electricity, gas, oil, water, and
sewage; shower and bath expenses; and dumping fees.

Send all questions about per diem rates to the NGS Plans
and Requirements Staff, N/CG1x10.

1.6.4 Reports

1.64.1 Routine Reports

All individuals responsible for NGS field units, obser-
vatories, mark maintenance personnel, and State geodetic
advisors are required to submit several reports on a routine
basis.

1. Field Party Monthly Repors and Journal (NOAA
Form 7692). This report is to be submitted to the Field
Operations Section or the Network Maintenance Section
{mark maintenance and advisors) at the end of each month.
The Field Party Monthly Report and Journal receives wide
circulation at Headquarters and is a primary source of infor-
mation concerning NGS field activities.

Instructions for completing each item in the Monthly
Report and Journal are given on NOAA Form 76-92A.
The remarks and recommendations section should be used to
call attention to problems, solutions to problems, and new
ideas. This section should also be used to provide a tabulation
of a participating agency’s effort in a cooperative project.

Example;

*(sec below) Personnel

Stafl days ..o e =

Standard paid days ...........ocereeceiiniiniens =

Staff months ..o =

*Enter participaling agency name such as State of
Maine.

The remarks section of the form should also be used for
comments about conditions affecting progress and to call
attention to any noteworthy accomplishments. It is not
necessary to retabulate statistics listed elsewhere in the
report.

2. Other Routine Reports. See section 1.6.5.1 for a list-
ing of all forms and reports to be submitted biweekly, month-
ly, quarterly, annually, or as needed.

1.64.2 Nonroutine Reporty

Accident and injury reports, personnel actions, project
reports, and reports on changes in inventory are nonroutine
reports and should be submitted when necessary.

1. Accident/Injury Reports. These reports should be sub-
mitted in accordance with the NOAA Directives Manual
{chapter 6.4). The necessary forms are listed in section
1.6.5.1, “Summary of Forms.”

2. Personmel Actions. Requests for personnel actions
should be submitted to the Field Operations Branch on the
form shown in figure 1.6.2-1. See section 1.6.22 for a listing
of forms needed for initiating and terminating employment.
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Date:
To:
From:

Purpose: Request for Travel Orders
Type of order 20([] 24

Names of Travelers From To

Purpose of Travel:

Beginning About Ending About Task
Org. Code
Mode of Transportation Special Provisions
Gov’t Vehicle [] POV [ Towing POV by Gov‘t Truck (]
Bus [] Rail [ Air [ Towing of Privately-Owned
Rental Car ] House Trailer by Gov't Truck (]
Annual Leave Enroute Requested []
Other Give Dates:

Dependent Passenger (]

NOAA 22-1 Submitted [
(on file at N/CG1 x 10)

Special Expenses

Mileage Authorized for POV O Bridge and Road Tolls O
Miscellaneous Expenses Authorized Hire of Taxis O
In Lieu of Imprest Fund O
Excess Baggage O
Meeting Registration Fees O

Figure 1.6.3-1—NGS form used to request travel order
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3. Project Reports. Project reports should be submitted
after each project is completed. See sections 2.2.22, 2.3.11,
24.5, 2.5.6, 2.6.6, and 2.7.6 for the report requirements
for different type surveys.

4, Other Nonrowtine Reports. Other forms and nonroutine
reports are listed in section 1.6.5.1.

1.,6.5 Summary of Administrative Forms

NOAA Handbook MNo. 18 (NDM 59-17), which includes
NOAA Forms Catalog, contains the requisitioning pro-
cedures for and a listing of all NOAA, Department of Corn-
merce, and Standard Forms available to NGS field parties.
This subchapter lists some of the more frequently used
administrative forms which should be kept on hand at the

party level.
1.65.1 Summary of Forms

1.65.2 NGS Forms

This Section describes the forms produced within NGS.

1. Reguest for Travel Orders. This form is to be sub-
mitted as needed to N/CGI161. It is used to request travel
orders for either single employee or party travel. (See fig.
1.6.3-1.}

2. Mileage Report. This report is to be submitted to
N/CG161 by the 10th of each month. It is a tabulation of
miles traveled by each vehicle during the previous month.
(See fig. 1.6.5-1,)

3. Report of Estimated Travel This report is an estimate of
travel by the field party during the current month. It should
be filed with N/CG1x10/4 by the 15th of each month.

4. Request for Personnel Action. This form is used to
assist N/CG161 in preparing SF-52, Request for Personnel
Action. (See fig. 1.6.2-1.)

1.653 NOAA Forms

All NOAA forms should be ordered on NOAA Form
374 from the NOAA Logistics Supply Center (NLSC),
Kamsas City, Missouri.

1. NOAA 34-8& Time and Attendance Card. This card
should be completed for each employee and forwarded o
the Management Service Center (MSC) on the Thursday
of the second week of the pay period The yellow copy should
be forwarded to N/CG1x10. NOAA Form 34-8A must
be completed to reflect changes in task numbers, and for-
warded to MSC.,

2. NOAA 34-19; Cashier Fund Verification. This form
is used as a quarterly audit Send original to AT/GSMx31
and one copy to N/CGIx10.

3. NOAA 34-63: Standard Task Number Assignment
Request. This form must be used to change the party’s Stan-
dard Task Number (STN) each time the party begins a
new “‘l'D_]cCt whlch is expected to last 2 months or 1 =

printed three pay periods
aneag). Ah NUAA rorms 3463 should be submitted to
N/CG1x10, to be verified and forwarded o payroll.

4. NOAA 37-4: Stores Requisition. This form is used
for ordering supplies from NLSC. Submit original to NLSC
and one copy to N/CG1x10/4. Make sure administrative
(forms and publications) and technical (equipment, instru-
ments, and accessories) requests are on two separate req-
uisition forms.

5. NOAA 37-12: Repont for Personal Property. This form
is used for the disposal of Government equipment. In the
block “custodian,” list the name and telephone number of
the person to contact and the actual place where the equip-
ment is stored, i.c., gas station, warchouse location, etc.
Also list the condition and mileage (vehicles) of all equip-
ment. All nonoperable equipment except vehicles and trailers
should be sent to the NGS Instrumentation and Equipment
(I&E) Section in Corbin, Virginia, for disposition Send
NOAA Form 37-12 to N/CG161.

6. NOAA 42-8: Aircraft Charter Agreement. This form
must be completed in triplicate for all aircraft and helicopter
rentals. This form must be signed by both the lessor and
lessee. Actual payment for helicopter rental may be made
with a Government Transportation Request {SF-1169).

7. NOAA 42-16: Travel Roll Voucher (Field Party). This
form is for use when field parties are on a fixed per diem
rate and in one location during the entire month covered
by a voucher. Attach copies of the travel orders and for-
ward to N/CG1x10.

B. NOAA 55-]: Clearance of Employee Accountability.
This form is to be completed when an employee resigns,
retires, or is terminated from appointment. Return dri-
ver’s license, official credential, and any other pertinent
material as histed on the form. Send to N/CG16! the original
and one copy with the SF-52 attached.

9. NOAA 76-92: Field Party Monthly Report and Journal.
This form is to be completed and forwarded to N/CG161
by the 10th of every month.

10. NOAA 76-104: Monthly Report-Leveling Observing
Unit. This report should be completed monthly for each
level unit. It can include more than one project for the same
month.

1.654 Standard Forms

This section describes some of the Standard Forms, their
uses, and routing. All Standard Forms can be ordered from
GSA on SF-344 unless otherwise indicated.

1. SF-44: Purchase Order. This form is intended for over-
the<counter purchases and nonpersonnel services. (See
section 1.6.1.1.) Copies 1, 2, and 3 should be forwarded to
N/CG1x10. Copy 4 should be retained in the party files.
Copy 5 should be given to the vendor, This form is avail-
able from NLSC.

2. CD-45: Supply, Equipment, or Service Order. The
use of Form CD-45 is explained in the NOAA Small Pur-
chase Guide (chapter 6). A purchase order will be issued
by N/CGix10 upon request.

3. SF-172: Supplemental Experience and Qualification
Statement. Employees should submit this form at least annu-
ally. 1t is used to reflect acquired knowledge and work
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Table 1.6.5.1 — Administrative forms used by NGS Operations Branch

When to Where to
Form No. Title Subrmir Submir
NOAA 221 Release from Claim for Injury or Death .c...cvioriscnmsenmcsrnnissssininsssissssssmmssrasens Chief of Party
NOAA 34-6 Imprest Fund Purchases ............c..ccoene . Monthly N/CGIx10
NOAA 348 Time and AENGANCE .ovveercrrsertrrcrsssrsssassenimnsrssstss e rsssses e sassssansnsstmsmsissases smrsssesenss Biweekly MSC
NOAA 34-8A Salary and Wage Distribution RepOTt ....ccoovvocommreeneirensreccemersssssisicrmessensreneennnes A5 Needed N/CGIx10
(green stripe)
NOAA 3419 Cashicr Fund Verification ............. rerrec st ersisensresssssrensansessensnerennes (JUATTELLY AT/GSM51/N/CG1x10
NOAA 3463 Standard Task Number Asngnmnt Raqucsl N/CGixl0
NOAA 174 Stores Requisition ...........ccccovvmiiiccnnns NLSC/N/CG161
NOAA 37-12 Report of Personal Pmpﬂ'ty N/CGl61
NOAA 42-8 Aircraft Chapter Agrr_cmcnl Vendor/N/CG1x210
NOAA 42-16 Travel Roll Voucher ............. Monthly N/CGIx10
SF44 Purchase Order ........cccoveeen., “ AT/GSMS51/N/CG1x10
SF-52 Request for Personnel ACHON ... ...cccoceuisirirenirrs s basens s ssress s enns s riasn N/CG161
NOAA 5345 Perfarmance Plan and APPTRISal ..........ceurunrercoeime e econrereesbenecmsessisibtbeamecesisise Annual N/CG161
NOAA 53-5 Quality Step Increase .. " N/CG161
NQOAA 55-1 Clearance of Employee Accountablhty N/CG161
NOAA 76-92 Monthly Report and Journal ... Monthly N/CG161
NOAA 76-104 Monthly Report-Leveling Obscmng Uml .. Moathly N/CG161
SF-i172 Supplemental Experience and Quallﬁcahons Slatcment N/CG161
SF-344 Multiline Reqmsttlon ................................................................................................ GSA/NCGI1x10
CD-369 Travel Advance .. .. Monthly N/CG1x10
CD-370 Travel Voucher . LR en et et PR eSS4 RS PR bt peRERs Monthly N/CG1x10
SF-1103 us. Government BIH of Ladmg .......... v Monthly Vendor/N/CG1x10
SF-1129 Reimbursement Voucher .. s RS R et ea AL LR bR SR AR eSS AE Monthly Treasury/NCG1x10
SF-1169 Government Transportation Requcsl Vendor/N/CG1x10
For Government Driver’s License
CD-133 Apptication for Operator’s ID Card . N/CG1x10
SF47 Physical Fitness Inquiry for Motor Vchlclc Opemtors N/CG1x10
Injury Forms
(Personal Injury)
CAL&?2 Federal Employee Notice of Major or Occupational DiSease .......c.o..vcvcvicennvciian N/CGlixl10
CA 16 Request for Examination and/or Treatment .......cccooeiiiicnnns . N/CG1x10
CA 20 Doctor's Report of Treatment ... " N/CG1x10
NOAA 641 Supervisor's Report of Accident,/Hazard ..., N/CG1x10
(Motor Yehicle Injury)
Opt 26 Data Bearing Upon Scope & Employment of Motor Vehicle Operator ..................... N/CG1x10
NOAA 641 Supervisor's Report of Accident/Hazard ... N/CG1x10
SF91 Operator Report of Motor Yehicle Accident ...... N/CG1x10
SFI1A Investigation Repon of Motor Vehicle Accident " N/CG1x10
SF94 SLAEMENL OF WILIESS .ooeovoeieeeecereecemvrieee s emstste s essemenessen i rresmsabesape s neat s meppmransiins N/CGlxi0
Forms to Enter a Person on Duty

SF 6! Appointment AfTidavits .. N/CG161
SFé61 B Declaration of Appomtee - N/CG161
SF 85 Data for Nonsensitive or Non Crmcal-Sensmve I’t’rsmon N/CG161
SF 87 U.S. Civil Service Fingerprint Chart ...ococcoveceericninimnsismisisesmsssassnsimsresssnsessssnans N/CG161
SF 171 Personal Qualifications Statement ............. N/CGl61
NOAA 52-10 Statement of Relatives Employed by lhe DOC N/CG161
NOAA 55-3 Statement Relating to Employee Responsibilities and Conduct N/CG161
w4 Employee's Withholding Exemption .........cooeeererecnrevcnerncns . N/CG161

Centificate Request for Personnel ACHON .......o.cooceiveocorinictrcns et sie st N/CG161

Unmumbered Forms

Report of EStimated Travel ... cercricen v sebtise et sessesbibacn et sesss st sesnbssbese Monthty N/CG1xl0
Mileage Report ... .. Monthly N/CG1x10
Truck Inventory ................ .. Annually N/CG1xl10
Request for Travel Order ... .. As needed N/CGIx10

Truck Reports (Monthly Operations Summary Section II1).. Monthly MB/AO?
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To: Date
From:
Subject: Monthly Mileage Report for
Odometer Monthly Party
License No. Reading Mileage No.

Figure 1.6.5-1—Monthly mileage report form

experience listed in personnel files. Original should be sent to
N/CG161, and one copy should be retained in the party
files.

4. SF-344: Muitiline Requisition. This form is used for
ordering supplies from the General Services Administra-
tion {GSA). The original and 2 copies should be sent to the
GSA center servicing the party location. One copy should
be sent to N/CG1xl0.

5. CD-370; Travel Youcher, Individuals should submit
a travel voucher monthly. Send the original and two cop-
ies (SF 1012A) to N/CG1x10. Inclede a copy of the trav-
el orders with the voucher.

6. CD-369: Application and Account for Advance of
Funds. This form is used for travel advances from the Trea-
sury Department when party Imprest Fund will not cover
the amount nceded for the advance. Submit this form to
N/CGI1x10.

7. SF-1103: U.S. Government Bill of Lading (GBL).
This form is used for shipping equipment by air, truck, rail,

boat, etc. The transportation company must put an estimated
cost on the GBL. Give the first group of forms (original,
pink, 2 whites) to the transportation company. Send two
yellow copies to N/CG1x10. Send one blue copy to the
consignee. The other copies are for the field party files.

8. SF-1129: Reimbursement Voucher. This form is neces-
sary for reimbursement to the Imprest Fund. All receipts
must be returned with this voucher. Be sure that receipts
have task numbers and object classes marked on them.
Finance requests that the adding machine tape be includ-
ed with receipts. Youcher and receipts should be routed to
N/CG1x10 as often as needed, but af Jeast once a month.

9. SF-1129: Accountability Report. This report is pre-
pared on the same form as the Reimbursement Voucher.
Cross out “Reimbursement Youcher” and insert “Ac-
countability Report™ It is used to account for funds issued
to employees by Treasury. Complete only the “Status of
Fund™ block. Original goes to Treasury Department; Send
1129A (yellow copy) to N/CG1x10 each month.
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10. SF-1169: Government Transportation Request: This buff copy. If traveling on a blanket travel order, be sure to
form is used to purchase airline tickets or to remt helicopter enter the trip authorization number. The airline retains
time. A copy of the travel order must be sent in with the original TR. Attach the buff copy to the travel voucher.



1.7 FIELD RECORDS AND DATA

1.7.1 Safeguards Against Loss

Field records and data are the product of a considerable
investment in labor and money and should receive appro-
priate safeguarding. They should be stored so that if one
portion is destroyed, another will preserve the informa-
tion (such as storing record books separately from abstracts),
The most basic records and data must be stored in a fire-
proof safe or file normally located at the field office. Field
parties without a good-quality fireproof container should
arrange to purchase one. In deciding which records to store in
the fireproofl container, remember that the more basic the
record, the greater its value. For example, if an abstract is
destroyed it can be reproduced from a field record book,
but the reverse is not true,

1.7.2 Formats and Specifications

Information on this topic is given in Input Formats and
Specifications of the National Geodetic Survey Data Base,
comnmonly called the “Blue Book.” This publication con-
tains three volumes: Volume I, Horizontal Control Data;
Volume II, Vertical Control Data; and Volume III, Gravity
Control Data. All NGS field units should maintain copies
of this publication.

1.7.3 Forms

The purpose of a form is to provide a convenient sheet
on which to record information. As the type or format of
the needed information changes, the form should be revised.
Unless the most current version of a form is used, its pur-
pose may be partially or wholly defeated. Table 1.7.3 lists
the NOAA forms for recording geodetic observations, com-
putations, and other field data. The list does not contain
forms used primarily for administrative purposes. They may
be found in Chapter 1.6. Forms may be requisitioned on
NOAA Form 374 from the NOAA Logistics Supply Cen-
ter, 619 Hardesty Street, Kansas City, Missoust 64124.

1.7.4 Data Transmittal

Data transmuttals from the field party to the NGS Head-
quarters are discussed here. More specific information on
transmittal of mark maintenance, horizontal, vertical,
and astronomic data may be found respectively in sec-
tions 2.1.2, 2.2.22, 2.3.11, and 2.5.7.

Records and data (including the exact designations and
number of records in all computer files to be released) from

projects are to be forwarded to NGS Headquarters at the
carliest possible date after they are no longer needed in
the field. For ongoing work that is not well defined as a
‘“project,” records are to be submitted monthly. Examples
include astronomic and gravity observations and mark mairr
tenance records. Send all records and data via Registered
Mail—Return Receipt Requested to the following address:

Quality Controt Branch, N/CG164

National Geodetic Survey, NOAA

Rockville, Maryland 20852

Gernerally, records should not be sent through the U.S.
mail unless a backup exists at the party location or at NGS
Headquarters. There should be a portion of the data that
can be used (0 reconstruct information lost in the mail. For
example, original records of observations and abstracts
should be shipped in separate packages. When deciding
how complete a backup to maintain, consider the volume
of data being shipped and the amount of work that would
be needed to recreate the data.

Mark clearly packages containing data stored on mag-
netic tape or disks to warn mail handlers of the content.
Use specially made aluminum cases. Magnetic tapes and
disks must not be exposed to magnetic and electrical fields
nor subjected to temperature extremes because this expo-
sure may destroy the data.

To keep track of the data within NGS, each project must
have an accurate inventory or index of its contents. The
method NGS uses to inventory or index data is the “Letter
Transmitting Data,” NOAA Form 61-29 (see fig. 1.7.4-1).
This transmittal is not only an archival inventory device,
but it is the official method by which NGS field parties
must transmit their field data to headquarters. The original
and one copy of this letter should be sent to N/CG164 sepa-
rate from the data. One copy of the letter should be included
with each package. This letter is then used as a checklist
to verify that all the data forwarded were actually received.
When all data forwarded have been acoounted for, a signed
copy of the original is returned to the submitter; this copy
is the submitter's official notification that the party has
been released from responsibility for the data. The original
letter of transmitted data remains with the accessioned data
as the official inventory or index for that project data. If
data for more than one project is to be packaged and trans-
mitted in the same mailing package, make a scparate trans-
mittal form for each project.

Therefore, the transmittal letter should be as accurate
and complete as possible. As a minimum, the transmittal
letter should state these six items:
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Table 1.7.3-1—List of NOAA geodetic forms used by NGS Operations Branch
Primarily Form
used by Number Form Title
Bullders 40-5 Daily Repont of Building Foreman on Establishment of Station
Theodolite Observers 75-54 Wye Leveling
75-82 Station Description
15-82A Station Description-Short Form
T6-46 Shon-Traverse Observations and Computations
76-52 Observations of Horizontal Birections
76-86 Abstract of Directions
76-156 Observations of Double-Zenith Distances
76-135 Abstract of Zenith Distances
EDM  ibservers 76-132 Instrument Frequency Count
T6-43A Mode! 4 Geodimeter Observations
76-33 Model B Geodimeter Observations
76-19 Hewlett-Packard Distance Meter Observations
16170 Ranger I1E Observations
* MA-100 Tellurometer Observations
Horizomtal Compurters 16-126 Computation of Elevation & Refraction (rom Reciprocal Observations
16-147 Computation of Elevation from Nonreciprocal Observations
16-102 Computation of Triangles
76-162 Reports on Triangulation Computations
16-158 Reduction to Center
BM Setters 76-186 Bench Mark Description
. Monthly Bench Mark Setting Statistics
Level Observers 77.82 Geodetic Leveling (Backup sheet for auto recording)
7781 Geodetic Leveling Compensation Check
76-104 Monthly Report-Leveling Observing Units
16-18% Geodetic Leveling Three-Wire Observetions
76-191 Geodetic Leveling Micrometer Observations (Ah)
76-187 Geodetic Leveling Field Abstract
* Valley or River Crossing Observations
Vertical Computers 76-188 Geodetic Leveling Line Identification
* Valley or River Crossing Computations
Mark Malntenance 1691 Repont on Condition of Survey Mark and [nstructions
76-60 Report on Relocation of Bench Mark Maintenance
76-109 Ohbservation of Horizomal Directions, Traverse and EDMI Measyrement, Leveling
7646 Shon-Traverse Observations and Computation
Doppler Observers * Eguipment Log, MX 1502
- Equipment Faifure Report, MX 1502
* Antenng Measurements
* Qbstryclion Survey
. Doppler Siation (bscrvation Log, MX 1502
* Record of Meteorological Qbservations
Astronomic Observers 7655 Detesmination of Level Vajue
7649 Astropomy Abstract of Results
v Longitude Record and Coding Form
* Latitude Record and Coding Form
Gravity Observers 76-55 Gravity Meter Observations

Gravity Survey Computation Form

* These forme were not printed or stocked by NOAA at the time of this writing. They arc created by the uscr using a conventional form.



8/83 1.7 FiedF rds | ata 1.7-3
NOAA FORM 61-50 ) U, TMENT OF COMMERCE| K NO,
(1Z=711 NATI AL OCi - AND 2 OAPHERIC ADMINISTRATION
T i W ___owWr 1
Y !

LETTER TRANSMITTING DATA

CJonoinary main

] amm man

T

] meairemen war [ euermees .

(] sow (oive mamber)

OATE FORWARDROD

NUMBER OF PACKAGES

tion the original and one copy of the letter should be sent

NOTE: A separate cransmireal letcer is to be used for each cype of dats, s» udal daca, seismology, geomagnetism,
etc. Scate the number of packages and include an executed copy of the transmitt

receipt, This form should not be used lfor correspondence or Lansmitting sccounting documents,

etter in each package. In addi-
ieparate cover. The copy will be returned as a

o o A e < S 8 S e ekt e . . e e D . S S R N 7P e R St A e e e e e S

ke o i S M R P T e e e o e S S S i S o Pl P e e o e A L L Sy g o T S O 4 = 7 20

FROM: (signature)

RECEIVED THE ABOVE

(Mame, Divielon, Date)

Retumn reqelpted copy te:

NOAA FORM 8120 IUPERSEDESE FORM Cy G 413 WHICH MAY 8K USED.

#r U. §. GOVERKMENT PRINTING OFFICE: 1977—745-005/1003

Figure 1.7.4-1—NOAA Form 61-29, Letter Transmitting Data
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1. Where the work was done (usually given in the title);

2. The title of the work (including the task number);

3. The Project Director or Party Chief;

4, Date data were forwarded;

5. An item by item inventory of the contents, exact file
designations, and number of records; and

6. The submitter’s reference number.

The first two iterns are by far the most important because
they will be used to retrieve or find the data within NGS.
The sixth item is the party reference number and should
be maintained by the party. The reference number should
contain four items: namely, the organization (NGS), the
unit {G37), the year (1980), and the transmittal letter
number. The transmittal letter number is numbered con-
secutively each year starting with the number 01 (1), e.g.,
NOSPMC: 1979-10, NOSAMC: 1980-06, or NGSG16:
1979-04.

When writing the transmitial letter, the contents of each
package must be separated by a horizontal line so there is

no confusion as to what is in each package (figs. 1.7.4-2,
and 1.7.44). Also, within a given package where data are
made up into books or where printouts are assembled, there
should be a page count for the books or the printouts. In
this way, the transmittal letter becomes the source for what
was accessioned and actually put into the cahiers.

All data pertaining to one project are listed on one original
transmittal letter. The project report and progress sketches
should be listed even if they are to be mailed at a later date;
i.e., everything on that project must be accounted for on
the original LTD. This allows the person receiving the data to
know exactly how many packages to expect in the total ship-
ment. Each package must have a copy of the original trans-
mittal letter placed inside with the data and the correct
package number circled. The outside of each package of a
transmittal should be numbered (e.g., 1/7, 2/7, 3/T) so
that the person who receives the packages can determine
which packages have been received without opening each
package. Do not write the contents on the outside of the
packages.
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Quality Control Branch - 0A/Cl74
National Geodetic Survey, NOAA
Rockville, Maryland 20852

1.7-5

NOAA FORM 61-19 N FARTMENT OF COMMERCE | p, £ no. /]
12=71} NATIONAL OCEANIC AND J IPHERIC ADMIMNISTRATION

NGSG19: 1979-02 Sheet 1/2

g:T‘A:h.:i.L!STID BELOW WEAE FOR DED TO YOU

LETTER TRANSMITTING DATA (Eheeny

C)omoimany main ] aim man

TO:

[ meaisremen man O] expraes

[C] asi (0ive mumber)

DATE FORY JEO

July 5, 1979

NUMBER OF PACKAGES
5 {4 box and 1 roll)

NOTE: A separate transmictal letter is to be used for each cype ¢

etc, Scate the number of packages and include an executed copy of tne tranamiteal letter in esch package. In addi-
tion the original and one copy of the lecter should be sent under separate cover. The copy will be ceturned as o
receipt. This form should not be used for correspondence or tranamitting accounting documents,

I, a8 tidal data, seismology, g gnetism,

Area Triangulation in Vicinity of Swainsboro, GA

Pkg. 1 180 Books - NOAA Form 75-82 Station Descriptions
1 Book - NOAA Form 75-82A Station Descriptions
Short Form (102 sheets)
? Books - Project Report (Original and 1 copy)
Pkg. 2 20 Books - NOAA Form 76-52 Observations of Horizontal Directions
10 Books — NOAA Form 76-156 Observation of Double-Zenith Distances
1 Book — NOAA Form 76-102 Computation of triangles (50 sheets)
Pkg, 3 2 Sheets - Project Sketch.
BROM: (Signature) RECEIVED THE A VE

George E, Leigh, COP G-19

(NMame, Divigion, Date)

Retum recaipted copy fto:

George E, Leigh -~ COP G-19
c¢/o National Geodetic Survey
P.0. Box 907

Swalnsboro, Georgia

NOAA FORM g3 _3p SUPERSEDES FORM CaGB 413 WHICH MAY BE USED.

fr U. 5. GOVERNMENT PRINTING OFFICE: 1977—765-005/1002

Figure 1.7.4-2—Example of a properly completed NOAA Form 61-29 (horizontal data;
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iia -!I L .
||:.‘-¢1:°R“ “ MATIONAL OCEANIC AND ATHGSPHERIC ADMNSTRATION | L7 EVENCE NO.
NG5C19: 1979-02 Sheet 2/2
DATA AB LISTED BELOW WERE FORWARDED TO YOU
LETTER TRANSMITTING DATA BY (Chechit
CJ enpinary mai O am maie
T0: ALSISTENED MAIL ] axrrass
r i
[ esw coive )
DATE FORWARDED
L g July 5, 1979

NUMBER OF PACKAGES
5 (4 boxes and 1 roll)

receipt. This

NOTE: A separate cranemicral letter is to be used for each cype of dats, as tidal data, seismology, geomagnetism,
etc. Scate the aumber of packages and include an executed copy of the transmirtal letter in each package. In addi-
tion the original and one copy of the letter should be sent under s

rate cover. The copy will be rerumed as o
form should not be used for corespondence or wransmitting accounting documents.

Area Triangulation Viecinity of Swainsboro, GA

George E, Lei_gh

Pkg. 4: 1 Book - NOAA Form 76-86 Abstract of Directions (234 sheets)
1 Book - NOAA Form 76-46 Short Traverse Observations (15 sheets)
1 Book - NOAA Form 76-135 Abstract of Zenith Distances (221 sheets)
Pkg. 5: 1 Book - Combined Lists - 150 Computer Sheets
-Abstracts — 150 Computer Sheets
1 Book - Base Checks 30 Computer Sheets
» Quad Checks 12 Computer Sheets
1 Book - GP Computations 184 Computer Sheets
FROM: (signeturs) "RECEIVED THE ABOv«

(Mame, Divisten, Date)

Retumn recelpted copy to:

NOAA FORM g1-29

SUPEASEDED FORM Caa8 413 WHICH MAY BE USKD. fru. 5. GOVERNMENT PRINTING OFFICE: 1977.—765-005/1001

Figure 1.7.4-2—Example of a property completed NOAA Form 61-29—Continued
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- . 3. DEPARTMENT OF COMMER

‘Ngt:‘:om‘ a-B NATIONAL OCEANIC AN'.O' z'rmgSPAHll“lc ADM NIST RATIEE REFERENCE NO.

NGSG37:1980-03 Sheet 1/2
gcTA Al L"'T'D PELOW ED TQ YOU
LETTER TRANSMITTING DATA

[(J onoinany man, O aim man.

T0:

Quality Control Branch - 0A/Cl74
National Geodetic Survey, NOAA
Rockville, MD 20852

(X meeistenan man ] axragss -

] esw toive number)

DATE FORWARDED
November 24, 1980

NUMBER OF PACKAGES
6 (5 pkgs & 1 roll)

NOTE: A separate transmictal letter is to be used for each type

ecc. State the number of packages and include an executed copy of the transmictal lecter in each package. lo addi-
tica the original snd cae copy of the lecter should be sent under separate cover. The copy will be retuned as s
receipt. This form should not be used for correspondence of wranamicting accounting documents.

of daca, as tidal data, seismology, geomagneriam,

L24465~2 (line 210) Ladysmith via Stanberry to

Superior, WI

Pkg. 1 21 Maps USGS topo maps (Smooth plotted)*
Superior Stanberry East Radisson
Sunnyside Hayward Wxeland
South Range Reserve Weingor
Poplar Bean Lake Crane
Solon Springs (15") Stone Lake Exeland SE
2-Minong (15'") Haver Ladysmith
Stanberry West Couderay
1 Sheet USGS topo map index |
Pkg 2 21 Maps USGS Topo maps (Field plotted)*
Superior Stanberry East Radisson
Sunnyside Hayward Wxeland
South Range Reserve Weingor
Poplar Bean Lake Crane
Solon Springs (15') Stone Lake Exeland SE
2-Minong (15") Haver Ladysmith
____________________________ Stanberry West Couderay _______. SRS

*All topo maps are 7-% minute quads unless otherwise noted.

FROM: (signature)

RECEIVED THE ABOVE
{Nama, Divislen, Dale)

Return receipted copy to!

Mr., Lester Williams, COP G-37

c/o National Geodetic Survey

P.0. Box 1276 N
Grand Rapids, MI 34225

NOAA FORM g1.3¢ SUPEAIEDES FORM Ca Gl 413 WHICH MAY BE UBKD.

1 U. 5. GOYERNMENT PRINTING OFFICE: 1977—783-003/1003

Figure 1.7.4-3—NOAA Form 61-29, Letter Transmitting Data (vertical data)
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1.7-9

NOAA FORM 61-4%

U.5, DEPARTMENT OF COMMERCE

REFERENCE NO,

L] 198 NO.

SHEETS

OF

(7=81} NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
LETTER TRANSMITTING DATA
{(MARK MAINTENANCE)
T0:

QUAL!TY CONTROL BRANCH, N/(CG164
NATIONAL GEODETIC SURVEY
NATIONAL OCEAN SURVEY, NOAA
ROCKVILLE, MARYLAND 20852

OATA AS LISTED S8ELOW WERE FORWARDED TC YOU

8Y: (Check)
[ ORDINARY maIL
[ REGISTERED MAIL

[C] GBL (Give Numbar.}

[ YL R TYIS

O exrress

DATE FORWARDED

NCO. OF PACKAGES

pondence or trongmitting accounting documents.

The copy will be returned as o mceipt.

NOTE: A separote tronsmittal fefter 13 1o be used for eoch type of dote, as tidal data, saismelegy, geomagnetism, etc. Stoie the
number of pockages ond include an executed copy of the transmittal letter in egch package. In oddition, the original ond one copy

of the letter should be sent under separate cover. This form should net be used for corres-

MARK

MAINTENANCE

AN ITEMIZED DESCRIPTION OF DATA

TASK NO.
oy O\,
REGLON A A 7, ~
G STATE RERNE AN AN
2 o
STATION - BENCH MARK DESIGNATION SHT |SHT | BX | SHT D A o [ [+] R
TOTALS

FROM (Signarure}

.

RETURN RECEIPTED COPY TO

.|

RECEIVED THE ABOVE (Neme, division, dale.)

SUPERIEDES AREY(OUS EDITION.

-4 UBS.GPO: 1881-T45-013/1018-¢

Figure 1.7.4-4—NOAA Form 61-69, Letter Transmitting Data (Mark Maintenance)



1.8 OFFICE SUPPORT

1.8.1 Field-Office Communications

A clear line of communication between the office and
field must be maintained. Each field party must keep the
Field Operations Section, N/CG161, informed of the party’s
physical location, post office address, and telephone
number(s).

Although field parties must maintain a commercial
telephone line, they should use the Federal Telephone System
(FTS) whenever calling offices within the Federal Gov-
ernment. Parties should have the current edition of the FTS
directory. The directory contains user instructions and
the local telephone numbers of the FTS Operators through
whom FTS calls must be placed. The NOAA Telephone
Directory gives a listing of FTS numbers within NOAA.
The user identification number for all NGS field parties
and the directories are supplied by the Operations Branch.
The identification number is changed periodically.

Units working remotely from the party headquarters
should charge official calls to the party’s telephone number.
Field parties have also been supplied with telephone cred-
it cards for use when no commercial number is maintained.
The credit cards shall be used for official calls only.

1.8.2 Technical Support

18.21 Action and Information Memorandums

This manual replaces the Action and Information Memo-
randum system. That system was originally established to
disseminate policy and procedural changes throughout
the NGS Operations Branch. Such memos are no longer
being issued.

18.2.2 Plaming and Project Instructions

1. Planning. The following procedure is used to facili-
tate the planning, scheduling, and issuing of project instruc-
tions and the monitoring of field party projects.

a. Semi-annually, N/CG1x10 will organize a meeting
of all interested units of NGS to prepare a 12-month
operations plan and a summary of projects scheduled for
the next fiscal year. This meeting will be ch ed by the
Deputy Chief, NGS. The plan will then be submitted 10
the Chief for approval and then distributed within NGS.

b. N/CG1x10, N/CG12, N/CG13, N/CG14, and
N/CG16 will hold a monthly meeting to review the cur-
rent plan of operations for compliance and to initiate nec-
essary modifications. All modifications will be documented
by N/CGI1x10 and forwarded to the Chief, through the

Deputy Chief, for approval and then distribv Hn within
NGS.

¢. Project Instructions are generated in the Operations
Division (N/CG16) using the technical specifications set
forth by the respective branches involved (horizontal,
vertical, etc). The sequence of events necessary to prepare
and issue project instructions will be as follows:

(1) Approximately 16 weeks before the scheduled start
of a project, N/CG16 will request N/CG12, N/CG13, or
N/CGl4 to prepare the technical portion of the instruc-
tions (including sketches and liaison cont: ).

(2) Approximately 12 weeks before the start of a p
ect, the appropriate branch will submit the technical specifi-
cations to N/CG16. N/CG16 will prepare draft project
instructions and circulate the draft for comment.

(3) Approximately 9 weeks before the start of the proj-
ect, N/CG16 will prepare the final project instructions.
Concurrently, the appropriate branch will assemble the nec-
essary support data and forward it directly to the field unit
with a copy of the transmital letter to N/CG16.

All projects that need more than | staff-day of effort
require project instructions. All short lead time projects
will be given special handling.

2. Project Instructions. Project instructions are supplied
for all NGS projects that require more than 1 staff-day of
effort. These instructions give complete guidelines to be
followed on each project. The project instructions for all
NGS field parties (astronomy, base line, gravity, horizontal,
reconnaissance, satellite, and vertical) follow a basic for-
mat. Paragraphs are added or deleted as required by the
specific project.

TO: {Name)
Project Director or Party Chief, Party G-
Present Address

FROM: {(Name)
Chief
National Geodetic Survey
SUBJECT: INSTRUCTIONS: List project titles and

task numbers of the survey. The Subject
is given as SUPPLEMENTAL INSTRUC
TIONS for all supplements to previously
issued instructions.

GENERAL: Give starting date, location, and other gen
eral information about the project.

PURPOSE: Give a concise statement of the purpose of
the project.

LOCATION: Give location of level lines for vertical
control projects.

8/83 1.8 Office Support 1.8-1
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CONNECTIONS: List connections to be made on ver-
tical control projects.

SPECIFICATIONS: List order and class of survey to
be accomplished and reference the specifications and publi-
cations to be followed. Provide specific items and methods of
work which miust be used. This should include such items
as junctions to be made, specific stations to be established
or recovered, locations of base line measurements and astro-
nomic azimuth observations, and any deviation from accept-
ed standard procedures.

LIAISON: List the names, addresses, and telephone
numbers of persons to be contacted in any cooperative
projects. This paragraph will also list the technical advi-
sor or field coordinator, if any, for the project.

The remainder of the project instructions will have the
following standard wording;

DATA: Supporting project data will be forwarded to you
by . Al records in connection with this project
shall be titled “

"

REPORTS: Furnish Field Party Monthly Report and
Journal in accordance with National Geodetic Survey regu-
lations and instructions listed in section 1.6.4.1. Other re-
quired reports are also listed in Section 1.6.4.

ADDRESS: Keep National Geodetic Survey Head-
quarters informed of the party’s post office address, physical
address, and telephone number(s) at all times.

PUBLICITY: Notify National Geodetic Survey Head-
quarters of party moves and contacts with newspapers and
radio and TV stations in accordance with chapter 1.4.

EXPENSES: Expenses on this project will be charged
to Task .

TRAVEL: Travel and per diem are authorized in ac-
cordance with the NOAA Travel Handbook. Travel Orders
shall be requested through N/CG161.

EMERGENCY ORDERS: General Emergency Order
No. 1, Geodesy 1 is no longer in effect. Consult section
131

ACKNOWLEDGMENT: Please acknowledge receipt
of these instructions in the Monthly Report and Journal.

3. Supplemental Project Instructions. N/CG16 issues
supplemental project instructions to implement changes
to previously issued project instructions. The supplemen-
tal instructions clearly state what portions of the previous
instructions have been changed.

1.8.2.3 Data Supplied to the Field Parties

Field parties will be supplied with data from previous
surveys that were conducted in the project area. Support
will be as follows:

I. Reconnaissance Parties. The Ficld Records Analysis
Section, N/CGI121, supports the reconnaissance parties.
Data supplied will normally include the items in the fol-
lowing list. The reconnaissance party should request from
N/CGI121 the data needed for special projects (e.g., the
reconnaissance for the National Crustal Motion Network
sites 0 1e three-dimensional survey sites).

(1) Station data sheets
(2) Data from previous surveys
(3) Topographic maps
(4) Charts
(5) Geodetic Control diagrams
2. Horizontal Control Parties. The Field Records Analy-
sis Section, N/CG121, supports the horizontal control field
parties. Data supplied will include the following:
(1) Coordinates
a. Horizontal and vertical data sheets
b. USGS published coordinates
¢. Unadjusted coordinates
(2) Sketches
a. Project progress sketches
b. Reconnaissance sketches
c. 1° x 2° geodetic diagrams
d. State triangulation diagrams
e. USGS topographic quad sheets previously used by
the Reconnaissance Party
f. Aeronautical charts
(3) Observations
a. Lists of directions
b. Lists of distances
c. Lists of astronomic azimuths
(4) Descriptions
a. Horizontal station descriptions
b. Bench mark descriptions
¢. Reconnaissance descriptions
(5) Miscellaneous
a. Letters of permission from property owners
b. Photographs of the intersection stations
3. Vertical Control Parries. The Vertical Network
Branch, N/CG13, supports the vertical contro! field parties.
Data supplied will normally include three copies of the
following:
(1) NGS State Index Map of Control Leveling
(2) NGS geodetic control diagrams
{3) NGS vertical control data (bench mark elevations
and descriptions)
(4) NGS archive listings
(5) Unpublished (reset or recent) descriptions
(6) Horizontal control data
(7) Summary sheets from past NGS surveys
(8) NOS tide and water-level station reports
(9} Descriptions of points requested by outside agencies
or individuals
(10) USGS State Index to Topographic Maps
(11) USGS 7%’ or 15’ topographic maps
4. Astrononty Field Parties. The Astronomy and Space
Geodesy Section, N/CG142, supports the astronomy
field parties. Data supplied will normally include the
following:
(1) Station descriptions
(2) Observing lists
(3) Latitude and longitude lists
5. Doppler Satellite Parties. The Astronomy and Space
Geodesy Section, N/CG142, supports these field parties.
Data supplied will normally include the following:
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(1) Station descriptions

(2) Station occupation reports

(3) Station observation logs

6. Gravity Field Parties. The Gravity Section, N/CGl4!,
supports these field parties. Data supplied will normally
include the following;

(1) Station descriptions

(2) Line sketches

(3) Base station descriptions and values

(4) Topographic maps (when necessary)

1.8.3 Equipment Maintenance

All instruments and equipment used by NGS personnel
shall be properly maintained. Proper maintenance will ensure
that accuracy and safety standards are met. Each field unit is
responsible for the proper service of the instruments and

equipment in its possession.

1.8.3.1 Saurvey Instruments

All electronic distance measuring instruments (EDMI),
theodolites, level instruments, first-order level rods, and
vertical collimators shall be serviced at regular intervals.
A routine maintenance and calibration schedule has been
set up by the NGS Instrumentation and Equipment (I&E)
Section in Corbin, Virginia. All survey instruments will
be serviced as follows:

EDMIL.....ccccommimmnrimisraniarereresererennes Every 12 months
Theodolites.........ccocoevcrmmervcrnniiriiiinne Every 18 months
Level instruments ...........covevrrerevverennene. . Every 18 months
Level rods ..o Every 12 months
Vertical collimators.........cccuovveeereueenenan. Every 18 months

Occasionally, the time limit may be extended as much
as 2 months when project requirements dictate. When an
instrument is overdue for servicing, the I&E Section will
send a notice requesting it for servicing purposes. In the
event the instrument has been transferred from its original
user to another field party, the original user will forward
the notice to the other party.

In situations where an instrument was used in adverse
weather conditions, where an instrument has had rough
handling (i.e., dropped, jarred, submerged, etc.), or where
daia reflect a change in calibration, the instrument should
be sent immediately to the 1 & E Section for servicing.

Each instrument that is serviced will have a certifica-
tion label as follows:

NGS, I&E Section NGS, I&E Secion

Constant: Offset Constant:
Calibrated: . Serviced;
Due: Due:
By: By:
EDMI Level Rod, First-Order
NGS, I&E Section NGS, I&FE Section
Stadia: Bubble:
Serviced: ___ Serviced:
Due: Due:
By: By:
Level Theodolite
I&E Section
Serviced:
Due:
By:
Vertical Collimator

This information is also sent to the appropriate branches.

1.8.3.2 Vehicles

All trucks and trailers must be propery serviced. Mainte-
nance on trucks should be performed in accordance with
the schedule on Form CD-46, Motor Vehicle Inspection
Record. (It is not necegsary to submit this form.) Improp-
erly maintained vehicles are not only inefficient and
waste {uel, they can endanger the public and operators as
well.

Trailers should be thoroughly checked before each party
moves. This check should include turn signals, running lights,
brakes, hitches, break-away switches, and tires.



1.9 TWO-WAY RADIOS

Two-way radios are used for communication between the various units on field parties. This chap-
ter outlines the use, calling procedure, restriction, and maintenance of two-way radios.

1.9.1 Authorization

1.9.1.1 Handie-Talkie

National Geodetic Survey field parties use handie-talkies,
radio transceivers, or radios which operate on a VHF fre-
quency of 34.98 megahertz. Call signs are assigned to each
field party by the Operations Branch. The call signs originate
from the Department of Commerce Office of Radio Fre-
quency Management (MB/RFM) and are allocated upon
request to NGS Operations Branch by the Radio Frequency
Management Staff (AT/IMSx2).

The NGS Operations Branch has assigned blocks of call
signs to the parties as follows:

Party Call Sign

GOl e, KF 3712—KF 3713
G02 v KF 3714—KF 3715
G-10 e KF 3716—KF 3725
G-16 i KF 3726—KF 3745
G-18 .o KE 8200—KE 8219
G35 e KE 8220-—KE 8222
G-36 i KF 3768—KF 3769
G-37 e, KE 8223—KE 8224
G38 s KE 8225—KE 8226
G48 . KF 3746—KF 3747
G-52 e KF 3748

Mark Maintenance....... KF 3771—KF 3800
1 & E Branch .............. KF 3749—KF 3765

Project Directors and Party Chiefs are responsible for
assigning call signs to individuals on the parties. Requests
for additional call signs should be made to the Operations
Branch.

1.9.1.2 CB Radios

Some partics and mark maintenance personnel also
operate citizen band (CB) radios. These radios may be
operated by employees of the Federal Government only
for emergencies and for interfacing with non-Govern-
ment licensees to coordinate essential and mutual activi-
ties. Operation of CB radios is subject to compliance with
Federal Communications Commission (FCC) rules and
regulations. The use of B radios by NGS personnel is
restricted to the States of Massachusetts, Pennsylvania,
North Carolina, Mississippi, Kentucky, Indiana, South
Dakota, Montana, Texas, Washington, Oregon, California,
New York, and Colorado.

1.9.2 Limitations and Restrictions

Radios have made communicating between various units
quite easy. Because radios may not work under all condi-
tions, observers and lightkcepers should be proficient at
Morse Code. Terrain, atmospheric conditions, and distance
have a great influence on the effectiveness of radio trans-
missions.

Personnel are cautioned not 10 use two-way radios near
construction sites or any other areas where explosives may
be used or stored. The use of two-way radios may also be
restricted or prohibited on or near military installations.
Check with the base security office before using the radios.

1.9.3 Radio Operations and Maintenance

The following suggestions are given for the proper oper-
ation and maintenance of radios.

I. CAUTION: Do not key transmitter unless antenna,
dummy, or equivalent is connected to the antenna recep-
tacle. An equivalent load would be 50 ohms or more.

2. Never store radio for a period of 2 weeks or more without
removing the batteries. Batteries should be checked and
replaced frequently.

3. Never allow water to get on the top of the radio. There is
no protection from water into the speaker, which is locat-
ed at top center of the radio.

4, Never transport the radio in a truck with the antenna
attached, because this allows for the chance of undue
pressure t0 be put on the loading coil at the base of the
antenna, which is easily broken or damaged. Use the truck-
mounted antenna if available,

5. Do not attempt to tune the loading coil. The loading
ocoil consists of a series of resonant tunabie inductors. The
combination of whip and loading coil produces a Y-wave-
length antenna tunable within a given band of 25-34 MHz
range. This coil cannot be accurately tuned without prop-
er instruments. A Y%-wavelength whip antenna for a fre-
quency of 34.98 MHz should be 2.142 meters long.

6. Do not subject the hand microphone to sharp blows
or expose it to water. It is a capacitance operated trans-
ducer which contains a delicate fiber diaphragm that is
easily damaged.

7. Curling of the antenna will not damage the radio, but
will reduce its efficiency when transmitting.

8/83 19 Two-Way Radios 1.9-1



1.9-2 L9 Two-Way Radios 8/83

8. Additional range may be obtained when the radio is
placed on the hood or top of a truck. This furnishes a good
ground plane for the antenna.

9. Shorting of the antenna to ground will reduce its ability
to load the output of the transmitter resulting in possible
damage.

10. The microphone works better when held firmly in
the palm of the hand as it is built to react to body capaci-
tance, which becomes a part of the circuitry of the radio.
To transmit, hold the mouthpiece 1 to 2 inches from the
lips, with the slots facing you, and speak slowly and clear-
ly across the mouthpiece in a normal to loud voice,

11. To adjust squelch control, first, turn control fully
counter-clockwisc. Then, with no signal being received,
turn the control clockwise until the noise just cuts off
(squelches).

12. Two-way radios should be checked daily for proper
operation before they leave the party headquarters. This
precaution may save a schedule. Replace the batteries or
exchange the radio prior to leaving for a schedule. It is too
late to do this after an observing unit or lightkeeper is on
station.

1.9.4 Calling Procedures

All calls should be kept brief and free of profanities. Sec-
tion 1464 of the U.S. Criminal Code makes it a criminal
offense for any person to transmit communications contain-
ing obscene, indecent, or profane words, language, or mean
ing. Whoever utters any obscene, indecent, or profane
language by means of radio communication may be fined
not more than $10,000 or imprisoned not more than 2 years,
or both.

The proper calling procedure is as follows:

Listen for a break in transmission when others are talk-
ing before calling.

STATION CALLED (name and call sign, if known)}—

THIS IS (Station Calling: name and call sign)}—OVER

(use of “OVER” is optional)

Example: Nonemergency Call
STATION DODGE KF 5678—THIS IS STATION
CLARKE KF 1234—0VER
The preliminary call should not exceed 30 seconds. If
not answered, the station should wait 2 minutes before
repeating the call.






2.1 MONUMENTATION AND MARK MAINTENANCE

Positions and monuments are the two distinct yet inseparable products of geodetic surveying. The
importance of permanent, locatable, stable monuments is unquestionable. There are a number of princi-
ples that apply to all monuments, regardless of the type of survey for which they are established.

This chapter contains general information applicable to monumentation, including installation and
description writing, for all types of surveys. Guidance pertinent only to particular types of marks is con-
tained in sections 2.2.4, 2.3.4, and 2.7.2, monumentation for horizontal, vertical, and calibration
base line surveys, respectively. Also, NOAA4 Manual NOS NGS 1, Geodetic Bench Marks, gives pro-
cedures for setting bench marks. Mark maintenance, the natural extension of mark setting, is also covered

in this chapter.

2.1.1 Mark Setting

2.1.L.1  Site Selection

1. Survey Reguiremenrs. A number of project require-
ments related to topography and location of roadways affect
the selection of sites for survey monuments. Triangulation
stations must often be set on high points of land and with-
in a certain configuration. Bench marks must usually be
set along roadways and within certain spacing requirements.
Calibration base line marks must be set in line with one
another on level terrain. Within these limitations, other fac-
tors should also be considered.

In the past, the policy was not to set marks along con-
trolled access highways. Now, under certain conditions.
marks may be established along such highways with the
consent of the supervising highway engineer. When pos-
sible, the marks should be reachable from an access or
frontage road, instead of from the controlled access
highway. Also, they must be placed so that the extremity
of any structure erected over them has a minimum clear-
ance of 30 feet from the edge of the highway pavement.
These conditions were extracted from Highway Design
and Operational Practices Related to Highway Safety,
published by the American Association of State Highway
Officials. The supervising highway engineer should be
consulted for advice on the particular requirements to
be met.

IF the purpose of a survey is to furmush control points in
the vicinity of the centerline of a proposed highway, the
marks should be located as close to the proposed right-of-
way line as is practical. Close liaison with the supervising
highway engineer is essential in this case.

2. Permanency. The only physical evidence left after a
survey has been completed ts the marks; therefore, per-
manency s of utmost importance. Site selection is the most
influential factor in assuring permanency. The additional
time and effort involved in locating marks where they are
least likely to be disturbed will not only save money but
will also lessen the mark maintenance load.
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Although the sites for many survey monuments are chosen
for their accessibility by the mark truck, this procedure is
not the primary criterion for selecting a site. The proba-
bility of future construction and vulnerability to mainte-
nance equipment is more important. Entire lines of bench
marks have been destroyed shortly after they were estab-
lished because time was not taken to consult the local high-
way engineers to determine future construction in the area.
Advance preparation is imperative for setling permanent
marks.

3. Monument Accessibility to Local Surveyors, The value
of a geodetic control monument is greatly enhanced if it is
accessible to local surveyors. This is especially true of bench
marks. By the nature of the survey, horizontal control sta-
tions must often be located in remote or inaccessible places,
but supplemental stations should be located at sites con-
venient to the local surveyor.

2.1.1.2 Courtesy to Property Owners

Projecting a cooperative and courteous attitude when
dealing with property owners is not only required of all
Federal employees but is necessary from an operational point
of view. Since mark setters work in advance of the observing
units, good will established early will have its obvious advan-
tages as the project progresses.

Also, in order to support the preservation of NGS mon-
uments, copies of the descriptions and data sheets shall be
provided to property owners on whose land the monuments
are located. To achicve this, each Party Director and Party
Chief will prepare a memo to the Chief, National Geo-
detic Information Center (INGIC) at the completion of each
project, listing the marks and the corresponding names and
addresses of the property owners to which copies of the
property descriptions are to be mailed. Mark maintenance
and geodetic advisor personnel will provide the same
information on each new monument established or recov-
ered, but will forward the listing to the Chief, Network
Maintenance Section, who will in turn forward the list to
NGIC for action.
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2.1.1.3 Mixing Concrete

1. General. Desirable properties of concrete are that it
be workable, strong, and durable. Workability refers to the
ease with which concrete can be effectively placed, con-
solidated, and finished, while remaining free from segre-
gation. Workability depends on the proportions of the ingre-
dients and the shape of the individual particles of aggre-
gate. Strength refers to the ability to withstand external
forces without rupturing. For survey monuments, high
strength is not the most important property, although strong
concrete usually indicates that it is durable. Durability is
the ability to withstand deterioration over a long time and
is primarily influenced by the watertightness of the cured
concrete.

2. Destructive Forces. Several factors can lead to the
weakening or deterioration of concrete. The freezing of water
in cured cement exerts great pressure against the inper walls
of the pores, tending to break down the concrete. In fresh
concrete, the expansion of freezing water breaks the bonds
developing between solid particles, making the concrete
weak and porous. Leaching and chemical attack also have
detrimental effects on concrete. Leaching occurs over a
long period when water slowly percolates through concrete
and dissolves some of its constituents. Chemical attack is
particuarly common in alkali soils. Dense, impervious
concrete is resistant to these destructive forces.

3. Ingredients. The quality of the ingredients and their
proportions help determine how dense and impervious the
cured concrete will be. The ingredients include aggregate,
cement, and water. The aggregate should be clean (free
from silt and clay, harmful chemicals, and organic matter)
and well-graded, ie., it contains proportionate amounts
of many particle sizes. In specifying mix proportions, the
aggregate is usually divided into two parts—sand (par-
ticle size less than 22 cm) and gravel (particle size greater
than % cmy). Both parts should be well-graded. Aggregates
that are porous, split easily, or are otherwise weak or
permeable result in poor concrete. Examples of poor aggre-
gates include shale, claystone, sandstone, and micaceous
rocks.

Portland cement is designated by one of five types. Type I
is for general use where no special properties are needed.
Type 11l is a high-early-strength type for use when con-
crete will be curing during cold weather. Type V is used
where the concrete will be subject to an alkali environment.
Types II and TV are not suited for setting marks. Local
concrete companies should be contacted to determine the
best concrete type to use in the work area.

The water used in a concrete mix should be relatively
free of impurities such as acids, alkalies, salts, oil, organic
matter, and silt. These can decrease the strength and
durability of cured concrete. As a rule, do not use water
that you would not drink. Salt water may be used if un-
avoidable.

4. Mixing, Placing, and Curing. Suitable proportions
(by bulk volume) of cement to sand to gravel are 1:2:3. If
the gravel is made up of fragmented or angular particles,
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use a little less gravel and proportionately more sand, Add
only enough water to make the mix workable. About half
the water added to the mix is used in the chemical reac-
tion (hydration) that causes the paste to harden into bind-
er. The rest is necessary only to make the mix workable,
and is somewhat detrimental because it leaves pores in the
binder. If too little water is used, however, the mix will not
compact properly and spaces will be left in the mass. A
good indication of the right amount of water is that the
mix neither runs nor falls off the shovel but sluggishly slides
off and flattens upon hitting the ground.

Fresh concrete must be well mixed before it is placed,
otherwise the minute particles of cement will not be suffi-
ciently wetted and the aggregate will not be completely
coated with paste. Before placement, the hole should be
damp so moisture will not be drawn from the fresh concrete
into the surrounding soil. In no case should it be so wet as
to be muddy. Segregation of the various sizes of aggregate
should not be much of a problem when pouring concrete
survey monuments, but be aware that segregation can occur
and is undesirable when it does. While filling the hole, conr
tinuously tamp the mix i = a compact mass so it becomes
less pervious and consequently more durable. Some bleeding
(water gain at the surface) is to be expected when finish-
ing the mark. Excessive bleeding indicates too much water in
the mix or poor gradation of the aggregate. Concrete should
normally be covered for at least 7 days after it is placed.
This prevents rain from making the mix too wet and from
ruining the finished surface. It also prevents the surface
from drying too rapidly, leaving too little water for com-
plete hydration.

5. Cold Weather Precautions. The freezing of fresh
concrete has a damaging effect because the expansion of
water as it freezes separates the solid particles in the mix.
This reduces the strength of the bond and makes the con-
crete more porous and correspondingly less durable.

Three protective measures should be taken in cold weath-
er, either singly or in combination. First, use warm ingre-
dients. During the first 24 hours after a mix has been placed,
it develops little heat of its own to prevent freezing. After
24 hours some heat is developed as a product of the chem-
ical reactions occurring in the mix. The use of warm ingredi-
ents is especially beneficial during the first 24 hours. Note
however, that mixing water above 165°F could cause a flash
set. Some mark trucks used in cold weather have their
exhaust pipes routed through the water tanks to keep the
water warm. The design will depend on the particular truck.
Essentially it would consist of a solid pipe through the longest
dimeunsion of the tank with connections to the exhaust system
using flexible pipe. Avoid sharp, nght-angle bends. To keep
the aggregate and cement warm, store them indoors.

Second, use Type III (high-early-strength) cement or
special additives that speed curing. Calcium chloride is
good for this in amounts not exceeding 2 pounds per
94-pound sack of cement. The calcium chloride should be
dissolved in the mixing water instead of mixing it with the
other ingredients, Other additives include Thoroguard
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and Trimix. If a large number of concrete marks are being
installed by mass production using a “ready-mix” con-
tractor, fast-curing additives should not be added until the
concrete is delivered on site.

Third, insulate the finished mark for a week after the
concrete is poured. One method is to cover the mark with
boards resting on the form or otherwisc supported. This is
covered with paper or plastic, then by a layer of straw, styro-
foam, or similar insulating material about 15 centimeters
thick, and finally by a layer of soil 15 to 30 centimeters
thick. Pile snow [oosely on top if it is available.

The concrete monument must extend well below the frost
line. See NOAA Manual NOS NGS 1, Geodetic Bench
Marks. Field personnel should contact local concrete
contractors to determine their cold weather methods. Any
new techniques or additives should be reported to NGS
Operations Branch.

2.1.1.4 Ferrous Metal in Marks

NGS no longer requires that ferrous metal be placed in
concrete marks. If a Project Director or Party Chief believes
that the ferrous metal will aid in the future recovery of a
mark (as in the case of recessed marks), an iron or steel
rod should be driven into the ground beside the concrete
monument. It should be possible to remove the rod when
the station is cccupied by magnetic sensitive instruments.

1. Iron or steel may be placed beside concrete marks to
provide a field which can be detected with magnetic loca-
tors. Use elongated picces where the mark will accommo-
date them with the long axis vertical. A '4-meter piece of
# 3 (") steel reinforcing bar in the least expensive grade
is preferable. These bars normally are sold in 20- or 30-foot
lengths and must be cut to size. If they are unavailable,
use any elongated piece of ferrous metal, such as pipe, fence
post, or angle, which is fairly straight and % meter long. A
magnet or compass can be used to make sure the metal is
ferrous.

2. When a mark is recovered in which ferrous metal is
absent, but would be appropriate, an iron or steel rod should
be driven flush or slightly below the surface beside the con-
crete monument. The recovery description should men-
tion this.

3. Magnets must not be used for this purpose because
they disturb gravity meters.

2.1.1.5 Projection of Marks

Normatly, in order to facilitate recovery, concrete marks
should project 10 to 15 centimeters above ground. How-
ever, at the request of the property owner, if the marks are
in danger of being jarred by maintenance equipment or
farm machinery, or when the risk of vandalism is high, they
should be set flush or below the surface.

21.1.6 Witness Signs

Witness signs are extremely helpful to persons search-
ing for survey monuments. Not only do they save time by
bringing a person directly to the mark, but they are useful
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in providing a good reference measurement to a monument
that becomes covered and would otherwise be lost. Except
in the following instances, always use witness signs.

1. When the property owner (whether private, corporate,
or government) would object.

2. When a post cannot be driven and no other suitable
means to support the sign is available. Note: Do not nail
witness signs to utility poles, trees, buildings, etc.

3. When the mark should not be easily visible because
of a high nsk of vandalism.

2.1.1.7 Description of Control Point

Descriptions should provide a comprehensive word picture
of the exact location of a control point. The information
must be comprehensive, clear, and concise. Wordiness
will only confuse the searcher. The text of descriptions should
be arranged consistently so readers become accustomed
to the way they are written, making recovery easier. Refer
to Input Formats and Specifications of the National
Geodetic Survey Data Base (the Blue Book) for proper com-
puter formats and codes.

1. Recording Mileages and Distances. These measure-
ments should be recorded on the proper form at the time
of reading and never listed on a scrap of paper which may
get lost or misplaced. Such sloppiness causes extra trips
and gross errors.

2. Order of Directions. Give directions in the order that
a person searching for the mark would need them, ic., gener-
ally the longer distances first. Reference measurements from
the most conspicuous objects should be given before those
from inconspicuous objects, regardless of the lengths of
those measurements.

3. Units. In general, quantities in descriptions shail be
recorded in metric units. This applies particularly to lin-
car measurements. Where possible and practical, English
equivalents shall be enclosed in parentheses following the
metric values. However, standard commercial or nominal
dimensions may be used to describe reference objects.

Measurements indicating mark size and dimensions
should be recorded in metric units only. Nominal dimen-
sions and standard commercial sizes are exceptions to this
general rule. Here are some examples:

* a2 2 x 4inch timber, not a 5.1 x 10.2 cm timber (stan-

dard size)
* a timber about 15 x 25 ¢m, not about § x 10 inches
{approximate size)

* a l-inch pipe, not a 2.54cm pipe (standard size)

* a pipe 10 cm in diameter, not 3.9 inches in diameter
{measured size)

Descriptions submitted to Headquarters via NOAA
Forms 7582, 7582A, or 76-186 should include the English
equivalents wherever the forms allow. Where partially coded
text permits an option for metric or English units, use metric
units with the English equivalents in parentheses.

For descriptions transmitted 10 Headquarters via com-
puter terminals using “prompt” programs, ther¢ are vari-
ous opportunities to include English equivalents. Among
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these are: the narrative sections, the prompts that allow a
certain latitude in their responses, and the prompts that
require English equivalents. Persons who prepare NOAA
Forms 75-82, 75-82A, or 76-186 should record English
equivalents on the form, where necessary, to allow their
entry on the computer terminal as required above. For hori-
zontal station descriptions (NOAA Form 75-82 or 75-82A),
this includes the *40* *50*, *51* *52*% *60*, *64*, *65*,
*66%, *I0%, *T4%, *75%, *§0* *84* *85% %85+ and *90*
records. For bench mark descriptions (NOAA Form
76-186), this includes the *18* and *30* records.

Most units of measure should be abbreviated, but some
should not because it would make the meaning unclear.
Follow the conventions listed below. Place a period after
the abbreviation only when it falls at the end of a sentence.

Unit Conveniion

THEMEIED ceoeeerc v MM
CM
METER
KM
INCH
FT
Ml

Distances and lengths should normally not be given in
such units as decimeters (DM), dekameters (DAM), hec-
tometers (HM), yards (YD), chains (CH), rods (RD) or
links (LK). If common sense indicates that these units should
be used in certain instances, use the abbreviations as indi-
cated in parentheses.

Numbers should normally be recorded as figures, not
words. When two separate numbers occur in sequence in a
sentence, record the first number as a word. For example,
write “five &-inch pipes.” When a number is used as a part of
a modifier, as in the preceding example, separate the number
and its unit with a hyphen.

4. Significant Digits. The number of significant digits
in a {igure is an indication of how accurately its value was
measured. Numbers should be recorded accordingly.
Highway distances should generally be measured to the
nearest tenth or five-hundredths of a mile (e.g.. 0.6 MI) and
recorded to the nearest tenth of a kilometer (e.g. 1.0 KM).
Reference distances from monuments to prominent objects
should usually be measured and recorded to the nearest
tenth or hundredth of a meter, depending on the distinc-
tion of the point measured 0. Distances to and between
reference marks must be measured to the nearest millimeter
and the nearest hundredth of a foot (e.g., 34.528 METERS,
113.28 FT). Both values should be recorded in the *30*
code field (NOAA Form 75-82 and 75-82A).

When converting metric units to Enj  h eguivalencies,
the accepted practice is to record one less decimal pl:
for the English equivalent. If the measurement is rough-
ly made, it should be preceded by the words “approximately”
or “about.”
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5. Hyphenation. In order to improve readability of
descriptive material, when a number is followed by a
fraction, such as 5%, insert a hyphen between the integer
and the fraction, e.g., 5-%4.

6. Menrion of Ferrous Marerial. Some concrete marks
contain ferrous metal which is detectable by magnetic Joca-
tors. This should be mentioned in the descriptions.

1. Recovery Descriptions. Recovery descriptions are
required whenever a search is made for any previously
described geodetic control monument. In some instances,
two descriptions are required for one monument to assure
that the information is properly entered in the NGS data
base. Two recovery descriptions are required when an ele-
vation has been (or will be) established for a horizontal
control monument or when a honzontal position has been
(or will be} established for a vertical control monument.

The method of conveying the recovery description(s) to
Headquarters will vary with the type of field party sub-
mitting the description and the type of monument described.
Horizontal and vertical comtrol field parties shall recover
all geodetic control monuments located within their respec-
tive project areas. This systematic recovery program should
be implemented as follows:

a. The limits of a horizontal control project area are
defined as the observations which connect the ou:ermost
station on the project sketch. All honzontal and vertical
control marks within the set of 7-%2 minute quadrangles
which cover the project area should be recovered.

b. The limits of a vertical control project area are defined
as the set of 7-% minute quadrangles which cover the lev-
eling routes of the project. All horizontal and vertical control
marks within these quadrangles must be recovered.

¢. All other NGS field parties are required to recover
only the monuments necessary to meet project requirenients.

d. Recovery descriptions for vertical control monuments
not leveled to, inciuding those destroyed or not recovered,
must be coded on NOAA Form 76-186, assembled by quad
separately from the automated descriptions, inventoried
on a data transmittal sheet, and submitted with project data.
These descriptions will be automated by the Vertical Data
Section, N/CG172,

e. Recovery descriptions for horizontal control monurments
not positioned should be coded on NOAA Form 75-82 or
75-82A, inventoried on a data transmittal sheet and submit-
ted with project data. These descriptions will be automat-
ed by the Horizontal Data Section, N/CG171.

f. Honzontal and vertical contro! parties shoulc trans-
mit over their computer terminals all recovery descriptions
for vertical control monuments used to meet project require-
ments. All other parties should submit the recovery descrip-
tions on NOAA Form 76-186 with the project data.

g. In addition, all parties should use the guidelines list-
ed in section 2.3.4.4 when they report. plot, and scale bench
marks leveled to.

21.1.8 Ordering Supplies
The NOAA tP.ogistics Supply Center (NLSC) in Kan-
sas City, Missoun, stocks many of the supplies needed to
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set marks. Use NOAA Forms 374 and 374A, Stores Reg-
uisition and Continuation Sheet, to order them. Send the
forms to
NOAA Logistics Supply Center, AT/GSM42
National Oceanic and Atmospheric Administration
619 Hardesty Street
Kansas City, Missouri 64124
Send an extra (6th) copy to the Plans and Requirements
Stalf, N/CG1x10.
Table 2.1.1-1 gives the National stock numbers for each
item stocked. Other items available from NLSC are listed
in the NOAA Stock Catalog.

Table 2.1.1-1-—National stock numbers for frequently
used surveying equipment

{Descriptions are given as stated on NLSC inventory listings.
Information in parenthesis further clarifies the items.)
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Description Issue Stock Number
Mark Horizomal Rod ....................... Each 6675-00-069-3196
Mark Horizontal Stem... .....Each 6675-00-069-3205
Mark Azimuth Rod ... ....Each 6675-00-069-0000-X
Mark Azimuth Stem ... Each 667500-069-0001-X
Mark Reference Rod ... ....Each 667500-069-3195
Mark Reference Stem .. Each 6675-00-069-3204
Mark Vertical Rod ........ <eeeeeenEACh 6675-00-069-3197
Mark Ventical Stem..............co.ocoeene. Each 667 5-00-069-3206
Mark Survey (base line w/cross) ......Each 6675-00-069-0002-X
Mark Survey (base line w /o Cross) ..Each 6675-00-069-0003-X
Mark Blank .. reererremntesrenesenee ERCH 667500-069-3209
Rod, Imermcdsate Each

(stainless steel) ..o (std. length) 5945-00-999-0008-X
Studs, for 85 Rod .. veveremensen E2CH 5945-00-999-0010-X
Cap, Stainless St (datum capj .......... Each 5945-00-999-001 3 X
Pipe, PVC |” Bell... veeeoneen BaCh 594 5-00-999-0002-X

{104 lergth)

Coupling PYC (1™) ..c...coceeveeeeeven Each 594 5-00-999-0004-X
Fitting, PYC (1" to %™ ...................Each 5945-00-999-0005-X
Female Adapter ..............................Each 5945-00-995-0000-X
Cement, For PVC ..o Quart 5945-00-999-0006-X

Petrolatum Filler..... 16-gal drum  5945-00-999-001 |-X

16-gal drum 91 50-00-530-7369

Ring........oovnee. Each 5945-00-999-0001-X

Pipe PVC, 5" ...Each 5945-00-999-0003-X
(1041 length)

Aluminum Logo Cap .......................Each 5945-00-999-0012-X

Sign Witness Post .....Each 9905-00-689-8327

Sign Post ... EaCh CFN-9905-00-689-8327

2.1.1.9  Use of NGS Disks

National Geodetic Survey disks are to be used by NGS
field units and by outside organizations or private individuals
performing maintenance or contract work for NGS. They
are not to be used by organizations outside NOS for marking
their own control points.

2.1.2 Mark Maintenance
2.1.21 Purpose, Scope, and Organization

1. General. This section is a guideline for mark mainte-
nance field practices. It establishes objectives for the mainte-
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nance program and explains the proper steps for complet-
ing each phase of a project. It does not try to instruct
personnel in the procedures necessary for measuring dis-
tances and directions but does reinforce some subjects
already detailed in Special Publication 247. It has been so
written that qualified engineers can use it and achieve satis-
factory results in performing mark maintenance.

2. Regions. The mark maintenance program divides the
48 contiguous states into 14 regions. Hawaii has no mark
maintenance program and Alaska has a field office that
coordinates work done by the Highway Department.

3. Requirements. Field work consists of precise vertical
and horizontal observations and measurements made in order
10 maintain the geodetic accuracy of marks established by
high precision surveying techniques. All NGS maintenance
personnel are highly skilled surveyors capable of independent
and responsible anaiysis of maintenance problems.

4. Responsibilities. Field work is coordinated by the Net-
work Maintenance Section, N/CG162. Periodically, the
Instrumentation and Equipment Section, N/CG163,
repairs, maintains. and calibrates the instruments and
equipment used by the mark maintenance engineers (chapter
1.8).

5. Data Transmittals. Mark maintenance data should
be sent monthly to the Quality Control Section, N/CG164,
See section 1.7.4 and figure 1.7.4-1. In addition, the fol-
lowing procedures apply to submitting mark maintenance
data:

a. All data should be transmitted on the modified ver-
sion of NOAA Form 61-29 shown in ligure 1.7.4-3,

b. A single Letter Transmitting Data may contain data
from several States, but each State must be listed on separate
sheels because each State’s work is accessioned separately.

c. Within each State the data must be {urther separated
by type (cither horizontal or vertical). Both horizontal
and vertical data can be submitted as part of the same trans-
mittal but must be listed on separate sheets because hori-
zontal and vertical data are accessioned separately by State.

2.1.2.2 Horizontal, Vertical, and Astronomic Azimuth
Observations and Expected Accuracy

The geometry necessary 10 move a mark or to establish
a new azimuth mark is discussed in sections 2.1.2.9 and
2.1.2.10. This section will provide guidance on the number
and quality of direction observations necessary to move a
mark or to re-establish an azimuth. It will also cover the
accuracy expected in work of this type.

1. Direction Observations. The number of direction
observations required is governed by either the geometry
of the existing main scheme network, the order and class
of the replaced station, the nearness of other monumented
horizontal control, and the distance the mark is to be moved.
Unless otherwise noted, the procedures outlined are designed
to relate the new station to the old station within 1 part in
50,000. In no case should the procedures employed fail to
meet the requirements for third-order, class II surveys as
specified in Classification, Standards of Accuracy, and
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General Specifications of Geodetic Control Surveys. Since
checks on mark maintenance work are often by nonstan-
dard methods, it is imperative that the specifications for
observations be followed closely.

The following standards apply for setups where the prima-
1y lincs are shorter than 400 meters. If only the azimuth
mark and reference marks are observed in a set of direc-
tions, three positions of the circle are required. If additional
azimuth points, such as intersection stations, old or new
horizontal stations. new azimuth marks, etc., are observed
in the same set, four positions of the circle are required. If
a mark is moved more than 400 meters, the direction
observations and triangle closures will conform to specifica-
tions for the order of the mark being moved. When mov-
ing marks more than 400 meters, NGS Headquarters should
be contacted for recommendations.

Rejection limits between positions of the circle for hor-
izontal directions remain the same as specified in Classifi-
cation, Standards of Accuracy, and General Specifications
of Geodetic Control Surveys. Rejections wilt be made im-
mediately in the field and reobservations will be taken
to make certain the proper number of observations are made,

When old reference marks are reobserved, check the old
angte by the following criteria:

[(300/S,)+(300/S.)’) *=minutes of difference between

new and old angle (rounded up

t0 next minute),

where
S,=Distance to RM 1 in meters
3,=Distance to RM 2 in meters

Example:
Distance to RM 1=15.6 meters
Distance to RM 2=21.7 meters
[(30/15.6)*+(30/21.7)*]"=3" allowed between old and
new observations to the RM’s.

2. Observation of Astronomic Azimuth. When it is nec-
essary to observe an astronomic azimuth for orientation,
eight positions of the circle will be observed using at least
a l-second instrument. The mark station will be the most
distant visible horizontal point from the observing station.
Preference will be given to “in the ground” marks. If there
arc two stations nearly equidistant from the observing
station, both stations will be included in the observations
with the star. The rejection limit for positions of the circle
is 5 seconds from the mean. After rejections, a minimum
of six positions must remain or the azimuth should be com-
pletely reobserved. If possible, the azimuth should be
computed before destroying the occupied or mark station.

A correction for the inclination of the standing axis
{instrument not level) must be made. The higher the lati-
tude, the more critical this becomes. The inclination cor-
rection at 48° latitude is about twice as much as it is at
30* latitude for equal amounts of inclination (mislevel).
Therefore, bubble readings must also be taken after each
pointing on Polaris. If the vertical angle to the mark sta-
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tion is greater than + 2 degrees, bubble readings must also be
taken after each pointing on it. Sufficient time must be
allowed between each pointing and bubble reading, to ensure
that the bubble has completely stabilized. When the level
vial is progressiv v numbered from the vertical circle end
to the other end, compute the corrections as follows:

Correction=d/4 [(W)—(E)] tan h, where

d =DBubble value in seconds of arc per level vial grad-
uation.

W= Arithmetic difference of the direct and reverse
readings of the west end of the bubble.

E =Arithmetical difference of the direct and reverse
readings of the east end of the bubble.

h =Vertical angle of Polaris or station (positive angle
if Polaris or station is above the horizontal, negative
angle if below horizontal).

Example: Bubble readings

d =7.567 W E

W=19.5 05.6 24.8

E =189 25.1 059

h =35" 41" 56" W=19.5 E=189
{(W)—(E)=+0.6

(7.7567/4) (0.6) (0.718543)=0."82

Even when bubble readings are taken for the inclination
correction, the instrument should be kept close to level in
case there is any error in the bubble value or in the uni-
formity of the graduations of the level vial. Bubbic read-
ings should be estimated to the nearest 0.1 graduation.

Pointings on Polaris can be made simultaneously with
the 1-minute radio signal or by using a reliable timepiece
and computing a drift rate for it. When using a timepiece,
three sets of radio vs. timepiece comparisons should be made
for each set of observations (cight positions in this case),
one each at the beginning, middle, and end. At least thres,
and preferably five, I-minute signals should be noted. The
timepiece should be read and recorded to at least the nearcst
0.5 second and preferably to the nearest 0.25 second for
the comparison. During the observations, it shouid be read
and recorded to the nearest 0.5 second for pointings on
Polaris.

3. Vertical Observations. Differences in elevation must
be determined between stations where distances are mea-
sured. If vertical angles are observed, they should be
obscrved reciprocally when the vertical angle exceeds 1 or
il both marks will be occupied for other reasons. Zenith
distance observations will be made during daylight hours
and corrected for the heights of instruments and lights (t-0).
The sum of the corrected reciprocal zenith distances should
equal 180° =1, For long lines, curvature of the Earth must
be considered in the closure. The number of seconds of
curvature and refraction for reciprocal observations is
approximately equal to the distance in meters between
the stations multiplied by 0.0277. Elevations computed from
different points should agree within 10 cm per km. Zenith
distances will consist of a minimum of three observations
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agreeing within a 10-second spread. In order to achieve
checks on lines less than 30 meters, it is necessary to mea-
sure the height of instrument and height of target to the
nearest millimeter. Over short lines requiring one or two
setups, it may be easier and more accurate to observe dif-
ferences by differential leveling than by zenith distance
observations.

If elevation differences are observed by differential level-
ing, they will be observed to 2 minimum of third-order speci-
fications. It is preferred that the leveling between stations
be recorded separately from leveling between benches over or
under stations, Unusual signal placement, such as target
set undemneath the station, or over the underground mark
should be well documented. The sole use of abbreviations
or arithmetic signs to indicate unusual conditions is insuffi-
cient. When pulling a surface mark to determine if it was
disturbed, or to lower it or the underground mark, record
the dilference in elevation between the surface and under-
ground mark. Il lowering the surface and underground
marks, also record the elevation differences between the
old and new marks.

21.2.3 Distance Measurements and Expected Accuracy

1. Sources of Error. Distances measured using Electronic
Distance Measuring Instruments (EDMI) are subject to
errors arising from instrumental components, calibration,
meteorological conditions, elevation discrepancies, and
the collimation of the instruments or reflectors. Distances
measured using tapes are affected by the same conditions;
however, the magnitude of error ansing from calibration
and the condition of the tape are much smaller, and in the
case of condition of the tape, generally visually detectable,
e.g., a bent tape. On the other hand, incorrect temperature
corrections applied to a tape affect the measurement more
than incorrect temperature corrections applied to EDMI
measurements. The EDMI used for mark maintenance
should have a manufacturer’s stated accuracy of no less
than +5 mm. Standardized tapes used in mark maintenance
are expected 10 yield accuracies of 1 mm \/n, where n is the
number of tape lengths.

2. Slope Correction. Differences in the elevation of the
ends of measured lines must be determined. A discussion
of the techniques to be employed are discussed in subsec-
tions of section 2.1.2.2,

3. Accuracy. When EDMTI'’s are employed to measure a
line, the procedures outlined for second-order, class I
traverse will be employed. These procedures, found in Speci-
fications To Support Classification, Standards of Accu-
racy, and General Specifications of Geodetic Control
Surveys, are modified slightly for mark maintenance as
follows;

Instruments: ELECTRO-OPTICAL, MICROWAVE, and
INFRARED.

Complete Measurement: ELECTRO-OPTICAL: Three
observations, one concentric, and two offset +0.4
meter. (A shorter offset bar may be used.)
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MICROWAVE: A full set of fine and coarse read-
ings as recommended by the manufacturer. For
instruments that measure from both ends, the ob-
servations at one end should be completed pricr to
beginning observations at the other end. Observations
are to be made in opposite directions when the remote
unit serves as a slave only.

INFRARED: Indirect readout-three observations,
one concentric and two offset +0.15 meter to £0.4
meter.

Direct readout-10 readings for each measurement,
rejecting any individual measurement that exceeds
3 times the manufacturer’s claimed accuracy from
the mean.

One concentric measurement and two offset +0.15
meter to 0.4 meter.

Spread between observations: ELECTRO-OPTICAL: Sel-
dom to exceed 17 mm, never to exceed 25 mm.

MICROWAVE: Dilference between observations
made at both ends of the line not to exceed 0.1 meter
after applying meteorological corrections.

INFRARED: Seldom to exceed 10 mm and never
to exceed 15 mm.

4. Meteorological Measurements. The wet (for micro-
wave instruments) and dry bulb temperatures and the bar-
ometric pressure should be observed at both ends of a line
whenever the difference in elevation exceeds 30 meters,
whenever one end of the line is in the sun and the other is
in the shade, or whenever the length of the line exceeds 1
km. Otherwise, these quantities may be cobserved at the
instrument only.

Temperatures should be measured at instrument height.
Meteorological equipment should always be shaded from
the direct rays of the sun.

5. Instrument Errors. Certain instruments have a zero
constant that is unstable due to temperature changes,
electronic deterioration, or physical abuse. The Instrumenta-
tion and Equipment Section developed a calibration cap
for the HP 3800. By correct application of the cap before
each measurement, error due to a shifting zero constant is
nullified. The use of the cap is not time consuming. It is
required for all measurements using HP 3800’s.

All other instruments must be carefuily calibrated and
the zero constants faithfully recorded along with reflector
constants, offsets, and any irregularities.

6. Taped Distances. Precise taped traverses should be
made with standardized 30-meter steel tapes or standan  d
S0-meter invar tapes. These traverses should be taped both
forward and backward and agrec within 3 mm for distances
less than one tape length. Forward and backward measured
distances greater than cne tape length should agree with-
in 20 mm x /k, where k is the di nce in kilometers.
All measurements should be made with the tapes under
standard tension. Temperature, inclination, and catenary
corrections must be recorded and should be computed in
the field. The difference in elevation between tape sup-
ports must be determined by differential leveling,
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21.24 Horizontal Recovery and Description Procedures

1. Existing Data. When a mark is to be visited, all pub-
lished information on the station, both vertical and hori-
zontal, should be collected and reviewed. Data that can be
acquired from NGS are horizontal quads and lithos, USGS
7-%2 minute quadrangles, 1° x 2° geodetic control diagrams,
NGS vertical quads and listings, and local data supplied
by State and county agencies. Special note should be made
of landmarks /intersection stations (see note) and other near-
by survey marks that may be visible from the ground at
the station being recovered. These intersection stations and
survey marks are useful for venfying the position of the
recovered station.

Note: Historically, NGS has used the term “intersection
station.” The terms “landmark™ and “intersection sta-
tion” arc used synonymously in this manual. “Landmark”
is defined in the fnput Formats and Specifications for the
NGS Data Base as an “unmonumented recoverable hori-
zontal control point (usually an intersection station) such
as a flagpole or church spire.” Special Publication 247
defines intersection stations as “prominent objects such as
church spires, water tanks, standpipes, towers, beacons,
tall chimneys, and prominent mountain peaks.”

2. To Reach. While driving to a station, note any chang-
es to the “to reach™ portion of previous descriptions in a
new recovery description. Notes should be made in NOAA
Form 75-82 (9-78 version) or 75-82A.

3. Reference Measuremenis. Check all measurements
used as references, such as “30 ft south of centerline of
road, 22 ft east of telephone pole” and, where changes are
needed, note them for inclusion in a recovery description.
An attempt should be made to locate any mark involved
with the original station, i.e., reference marks, azimuth
marks, bench marks, etc.

4. Public Contacts. Contact property owners before mov-
ing or replacing marks on private property. If requested to
lower or remove marks, comply with the wishes of the
property owner. If a mark may be endangered by construc-
tion, comtact the office in charge of the new construction
for the area and then coordinate the movement of the mark.

5. Condition of Marks. Check all marks for damage,
noting any irregularity and/or destruction. Tape the dis-
tances between the station and old reference marks and
also the distance between reference marks. Occupy the sta-
tion and measure the directions to ail marks concerned in
the recovery. Details of objects and marks concerned are
explained in sections 2.1.2.5 through 2.1.2.10. Record all
observations in NOAA Form 76-109.

6. Replacing Marks. If the old station and underground
mark were destroyed, but can be reset from previous data,
set a temporary point from tape distances and turn angles
10 all old references, azimuth marks, and objects observed
in previous occupations. If the angle between reference
marks checks within prescribed limits (section 2.1.2-2)
and/or the angle between two well-defined distant azimuth
marks checks a previously observed angle within 10", reset
the mark. If the directions check within prescribed limits

Monumentation and Mark Maintenance 8/R3

(section 2.1.2.2) between reference marks and/or within
10 seconds between two well-defined distant azimuth
objects, reset the marks. If the underground mark is still
intact, make all check measurements before and after reset-
ting the surface mark. Record all measurements in NOAA
Form 76-109. Record all descriptive text in NOAA Form
75-82 (9-78 or newer version).

A positioned intersection station or other survey mark
published on the North American Datum of 1927 should
not be ignored because it was not previcusly observed from
the recovered station. Field personnel have the capability
of inversing between two stations using portable program-
mable calculators. From the computed azimuths. angles
between sighted objects should be determined as a check
on observations, (See fig. 2.1.2-1.) When this approach is
taken, the aliowable angle check is 30 seconds. In the event
both the observed and computed angles are used, the
observed angle specification takes precedence over the com-
puted angle specifications.

7. Recovery Descriptions. When all observations have
been completed for the recovered mark, a recovery will be
written on NOAA Form 75-82 (9-78 or newer version) or
75-82A using the format written and explained in chap-
ter 3 of the fnput Formats and Specifications for the NGS
Data Base. Entries must be clear and legibly written in
ink. If other stations or intersection stations are used in
connection with work at a horizontal station, they will be
visited and recoveries written for each.

8. Descriptions. When a replacement station is set with
accompanying reference and azimuth marks, and all
measurements are made as outlined in the following sec-
tions, a station description must be filled out using NOAA
Form 75-82 (9-78 or newer version) or 75-82A following
the format of chapter 3 of the Inpur Formats and Specifi-
cations for the NGS Data Base. The description must be
clearly and legibly written in ink.

21.25 Horizontal Control Marks

The setting of marks when old stations have been de-
stroved is explained in Special Publication 247 {pp. 88-94).
The following will emphasize some aspects of setting marks.

1. Reference Marks. New reference marks should be set by
the following rules whenever the immediate terrain permits.
The angle between two reference marks should not be less
than 30° nor larger than 150°. An angle closer to 90° pro-
vides a very strong side-angle-side (SAS) check and less
chance of error if the station mark must be reset from ref-
erence mark measurements. Setting two reference marks
in line is not permissible.

Where terrain permits, reference marks should be set
within one 30-meter tape length and more than 5 meters
from the station. However, an additional reference mark
may be set between 100 and 400 meters from the station
only when an azimuth mark cannot be set and no positioned
landmarks or intersections are visible from the ground. It
should not be noted in the description that this mark is con-
sidered an azimuth mark. Caution: Centering, leveling, and
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Figure 2.1.2-1.—Angle check using distant points and computing
{mversed azimuths

pointing the instrument and the target over the marks are
very critical on short sight distances.

2. Azimuth Marks. Azimuth marks will be set at least
400 meters but no more than 3,200 meters from the sta-
tion, or they will not be set.

3. Damaged Marks. New marks should replace reference
and azimuth marks that are badly disturbed or uprooted.

Drill holes left after a disk is lost may be reused for a
new restamped reference or azimuth mark if new mea-
surements are made. The stamping for the reference mark
should bear the next consecutive number. The azimuth mark
should be stamped as shown in section 2.1.2.6, paragraph
2, case VII.

2126 Naming Marks

Technical Memorandum C&GSTM-4, Specifications
for Horizontal Control Marks, and Special Publication 247
(pp. 86-89) give rules and examples for naming and marking

stations. Section 2.2.4.3 lists the maximum iength allowed for
station names.

This section lists changes to C&GSTM—4 for cases VII
and VIII, and changes to Special Publication 247 for the
use of the word “reset.”

1. Reser. The word “reset” shall not be used for horizontal
disk stampings.

2. Case VI[-Station Not Moved. The station mark is
not remarked or moved, but the azimuth mark is reset in
the same position. In this case the azimuth mark shall be
stamped with the name and year of the original station above
the arrow and the year of the new mark establishment below
the arrow.

Example: A new azimuth mark is reset in the same position
for station ARZO 1948,

ARZO 1948
_—
1968
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3. Case VIII-Azinuth Mark Moved. A new azimuth mark
is established for the station. The new azimuth should be
stamped with the name of the station, including the original
year established, NO 2 (or the next unused consecutive
number) and the year in which the new mark is established,
This procedure will be used regardless of whether the original
azimuth exists or not.

Example: Station BAKER 1955 has an azimuth which
was estabished in 1955. In 1968, a second azimuth was
established at the station.

BAKER 1955
_

NO 2
1968

4. Marks of Other Organizations. Marks other than NGS
or USC&GS horizontal marks. reference marks, azimuth
marks, or bench marks will not be restamped or changed
in any way unless a replacement is specifically requesied
by the agency that sets the mark.

a. When another agency’s mark is used as a horizontal
station, it will not be restamped with the date of occupation.
The date of NGS occupation will appear on the descrip-
tion as the NGS date for the station mark. Any actual stamp-
ing appearing on the disk or mark will be described in the
body of the description.

b. Marks of other agencies will always be recognized by
the name designated by the agency setting the mark. This
designation will be fully described in the body of the
description.

c. Other agency marks used for a reference or an azimuth
mark will be listed in the box score by the agency designa-
tion of the mark. Only NGS reference or azimuth marks
will be listed by station name, date, and RM number or
AZ MK. Thus, USGS TT 675 1927 will be listed in the
box score as TT 675 USGS, If it is used as an azimuth
mark it will be described in the body of the description as
“Azimuth mark is a standard USGS disk stamped TT 675
1927, set in concrete. . ."

2.1.2.7 Redundant Observations

Redundant observations or measurements are those
that exceed the minimum needed to establish a horizontal
position. Some redundancy is necessary for check purposes:
however, excessive redundancy should be avoided. This sec-
tion explains excessive redundance, excessive measurements,
and useless observations.

1. Excessive redundance. After a check has been made
on the reliability of an azimuth or position, additional checks
are not useless but are redundant. Observations to four or
more published stations or landmarks are excessively redur
dant, since the primary purpose is to provide a check on
the azimuth or position.

2. Excessive Observations and Measurements. The use
of modern instruments has created a tendency to measure
all distances and directions at every mark at a station site
to all other marks at a site. The direction measurements
from the reference marks and azimuth marks and some of
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the distance measurements are excessive except in cases
where no other checks are available. Examples of cases where
the reference and azimuth marks should be occupied are
discussed in sections 2.1.2.9 and 2.1.2.10.

3. General Rule. In general, take no observations that
are useless. Redundant observations are not wrong, but are
undesirable because they cause excessive recordkeeping
and computations. Keep redundancy to a minimum.

2.1.28 Occupying a Station for Check

1. Undisturbed Stations. When a station is recovered,
check the condition and stability of the station. If all marks
are found undisturbed, it is not necessary to do more than
make the following check measurements. However, see sub-
section 2 of Section 2,1.2.9 concerning old azimuth marks.

2. Distance Measurements. Assuming that all marks are
firmly in the ground and the recovery is straightforward,
make distance measurements to the reference marks using a
30-meter steel tape. Attempt to make the measurements
horizontally. If this is not possible because of excessive slope
or obstructions, measure the slope distance, and compute
the horizontal distance. This may be accomplished by using
the difference in elevation, preferably determined by lev-
cling or by using a nonreciprocal vertical angle. The mea-
surement need not be reduced for catenary or temperature.
When reference marks are more than one tape length away
and an EDMI is available, it may be used to measure the
check distances as long as care is taken as outlined in sec-
tion 2.1.2.3. All observations will be recorded on NOAA
Form 76-109.

3. Distances Between RM's. Whenever possible, measure
between reference marks. Use a SAS computation to check
reference mark directions and distances when the dis-
tance between reference marks was measured.

4. Observation of Directions. For the initial pointing,
select the best available point as the initial direction using
the following priority list:

a. A published horizontal control station more than 400
meters away.

b. A published intersection station more than 400 meters
away.

¢. An azimuth mark.

d. A nonpositioned previously observed intersection
station. If used, describe fully.

e. If nothing else is visible, use the most distant refer-
ence mark.

All directions will be recorded on NOAA Form 76-109
along with any problems. See section 2.1.2.2 for speci-
fications for horizontal directions. See figure 2.1.2-2 for a
sketch of a recovery and check procedure.

S. Checking “Box Score” Values. Compare old box score
values against the new observations and, if discrepancies
occur, recheck the new observations. Directions to refer-
ence marks should check within the limits specified in section
2.1.2.2. Distances to reference marks should check within
1 cm. If the previous measurements indicate a slope dis-
tance (unless mark to mark), no check is possible. The previ-
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Figure 2.1.2-2.—Sketch of observations taken when
occupying a station for a check

ous measurements should be known prior 1o the new mea-
surements, so that a check on the new can be made imme-
diately without breaking down the tape benches. Azimuths to
intersection stations and azimuth marks should check within
10 seconds. Note any discrepancies on NOAA Form 7582
(9-78 version) or 75-82A. If no discrepancies exist, specify
in the body of the descriptive text that the angles and dis-
tances between the station, reference marks, and azimuth
marks were verified with the latest published box score
values.

21.29 Ocoupying a Station To Set Reference Marks and/
or Azimuth Marks

1. Undisturbed RM’s, When an undisturbed reference
mark is to be moved, check the distance and direction as
in section 2.1.2.8 before removing mark. New reference
marks will be set as described in section 2.1.2.5 and stamped
as described in section 2.1.2.6. If no other work is to be
done, observations will be made and checked as described
in section 2.1.2.8.

2. Disturbed or destroped RM’s. When a station is recov-
ered and reference marks and/or azimuth marks are found
disturbed or destroyed, new marks will be set unless the
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situation does not allow for replacements. In some cases
there may be no suitable place to set a new mark. This will
be noted along with the reason, such as “area under culti-
vation.” Record notes on NOAA Form 75-82 or 75-82A.

3. Undisturbed Azimuth Marks. If the old azimuth mark is
recovered undisturbed and is still visible from the station,
several possible situations may exist.

a. If the old azimuth mark is not to be moved but was
never positioned, a distance will be measured to the azi-
muth mark if an EDMI is available. Reciprocal zenith
distance observations will be made to obtain differences
in elevation. Reduce the measurements to horizontal dis-
tances using the computed differences in elevation.

b. When a new azimuth mark is established to replace
an old azimuth mark, the following should be done. Mea-
sure from the station to the new azimuth mark using an
EDMI. Observe horizontal directions from the station to
both azimuth marks and to other horizontal control stations
or intersection stations in order to transfer the azimuth from
the old to the new azimuth mark. Observe reciprocal zenith
distances from the station and the new azimuth mark.
Reduce the EDMI measurement from a slope distance to
a horizontal distance.

¢. When the old azimuth mark cannot be checked through
published intersection stations or other horizontal sta-
tions, the reliability of the mark must be taken on faith. If
the old reference marks check within the tolerable limit
with the azimuth mark (section 2.1.2.2), some assurance
exists that the mark is stable. If a check with the RM’s
does not match previous observations but the RM’s check
between themselves, the reliability of the azimuth mark is
questionable. Check the mark carefully for signs of dis-
turbance. If an unpublished point was observed in a previous
box score and is still visible, observe it for an additional
check. If an attempted check does not match previous work,
observe an astronomic azimuth to resolve the problem.
Astronomic azimuth observations are discussed in section
2122,

d. If the reference marks are gone, no other observations
can be made to check the old azimuth mark, and no sign of
disturbance is apparent, accept the mark as stabie. Sim-
ply set new reference marks and make observations to crient
them to the azimuth mark. It is not necessary to observe
an astronomic azimuth or make any observations thal require
excessive time and work unless some evidence exists of
possible movement or error in previous work.

¢. When a published station more than 400 meters dis-
tant is visible, a check must be made on the angle between
the old azimuth mark and the distant station. The azimuth
mark is considered reliable if the angle as determined by
published directions is within 10 seconds of the angle as
determined by observed directions. If the dilference exceeds
10 seconds, compute the same angle using azimuths de-
termined from the published data (see figs. 2.1.2-3 through
2.1.2-6), and make similar checks using directions and azi-
muths to other published stations more than 400 meters
distant if possible. If not possible, make similar checks to
the reference marks.’ By deduction, one may sometimes
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289 51’ 30.n"
12.6"  nO CHECK

310 027 43,97
1 q [ ]
289 GB1° 4ul1.”
2&9 !Il En nl
14,1"  NO CHECK

€7 34' 30,97

28.3"  GOOD CHECX

FAYETTEVILLE 1954

WEIMER ST MICHAELS
CATHOLIC CHURCH SPIRE

NOTE:

CONSIDERING THE RESULTS AS GIVEN ABOYE AND WITH NO

OTHER CHECKS AVAILABLE, OBSERVE AN ASTRONOMIC AZIMUTH
To RM 3 UNLESS DEFINITE PROOF EXISTS OF CHANGE TO

THE SPIRE.

Figure 2.1.2-3.—Example of where check angles fail and an astronomic
azimuth is necessary

determine whether the occupied station, the azimuth mark,
or the distant station is suspect.

When it is probable that the distant published point is
unchanged, or both the azimuth mark and the published
paint agree within RM limits given in section 2.1.2.2, observe
an astronomic azimuth to the azimuth mark If the published
point is confirmed to be in ermor and the azimuth mark and
reference marks are in agreement, accept the azimuth mark
as stable.

4. Disturbed or Destroyed Azimuth Marks. When the
old azimuth mark has been destroyed or disturbed, all traces
of it are to be removed. If convenient, a new mark will be
set ~ w If . of the old azimuth mark is no longer
suilaie, select a new 1ocation where the new azimuth mark is
unlikely to be disturbed. If two published intersection
stations can be observed and the observed angle and the

difference in their computed azimuths check to within 10
seconds, make the initial pointing on one of the intersec-
tion stations and tumn directions to the reference marks,
the new azimuth mark, and the second intersection station.
Take an EDMI] measurement to the new azimuth mark and
observe the reciprocal zenith distances.

a. If only one published intersection station is visible,
check that observed angles and the old observations to the
reference marks agree within specified limits (section
2.1.2.2). This may require carrying the computed azi-
muth through the old azimuth to the reference marks. (See
fig. 2.1.2-4) If 2 check cannot be made because the old
reference marks do not fit, or are destroyed or disturbed,
an astropomic azimuth observation must be taken to the
new azimuth mark. Also, measure to the aznimuth mark with
an EDMI and observe the reciprocal zenith distances.
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OCCUPATION IN 1978, AZIMUTH MARK (RM 3) FOUND DESTROYED

PUBLISHED AZIMUTH 70 RM 3

310 02° 43.9%

INVERSED AZIMUTH TO FAYETTEVILLE Mum W,7,290 00’ 43 8°

(see FIGURE 2.1. 2 - 6)
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312 27' 57.57
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™ s FAYETTEVILLE
MM W.T.

NOTE: THE ABOVE WOULD BE SUFFICIENT CHECK ON THE
INTERSECTION [F NO OTHER INTERSECTION OR
HOR! ZONTAL MARK WERE VISIBLE.

Figure 2.1.2-4.—Example of where check angle is acceptable

b. When the old azimuth mark is destroyed, but a mon-
umenied published station over 400 meters away is visible,
the published siation may be used to establish an azimuth
to the new azimuth mark after the following is done. Visit
the station to be used for the initial pointing and follow the
recovery procedures as outlined in section 2.1.2.4. Make
certain there is no sign of disturbance of the mark. If nec-
essary and possible, reset the mark as described in section
2.1.2.4. Return to the original station and turm angles to
establish the azimuth to the new azimuth mark as speci-
fied in section 2.1.2.2. If possible, use a monumented
intersection station for a check. At the same time, measure an
EDMI distance between the stations, as described in sec-
tion 2.1.2.3, and inverse between the published stations.
Reduce the EDMI measurement to sea level distance. If
the difference between the inversed distance against the
measured distance exceeds | part in 300,000 plus or minus
the standard error for the instrument, check the equipment
for plumbing. If all appears correct, note the discrepancy
on NOAA Form 76-109. It is possible for two published
station positions adjusted in separate projects to exceed
the standards of accuracy, so do not assume the EDMI is

in error. However, check the equipment on a calibration
base line at the earliest opportunity.

21210 Occupying a Station To Set a Replacement

The replacement of a station that has been or will be
destroyed involves much that has been described previcusly.
Some of this section will be repetitive. For procedures cover-
ing recovery and resetting of old siations and setting new
azimuth or reference marks, refer 1o sections 2.1.2.4 through
2.1.2.9.

1. All Marks Recovered in Good Condition. Assume that a
station to be replaced has been recovered in good condi-
tion and both reference marks and the azimuth mark are
also recovered in good condition. Locate a suitable place
to set the replacement station, preferably within one
30-meter tape length of the old station. It may be possible
to use the old azimuth mark and at least one old reference
mark at the new station. (Sec fig. 2.1.2-7.) Otherwise set
new marks as described in Section 2.1.2.5 and stamp new
marks as described in section 2.1.2.6. (See fig. 2.1.2-8)

a. When the old azimuth mark can be used for the new
station, occupy the old station and turn directions to the
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Figure 2.1.2-6.—Datz necessary to compute check angles in figures 2.1.2-3 and 2.1.2-4
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USED BY NEW STATION MARK

TO BE LEFT

THIS CONFIGURATION MAY TAKE
ON MANY SHAPES.
SEE Flcure 2.1.02 - 9

AN RM or THE AZIMUTH MARK
CAN BE OCCUPLED FOR AN
ADDITIONAL CHECK,

To BE DESTROYED INTACT RRM L _RM 3 Ngw REFERENCE
a2 AN MARK
-~ ’
#
OLD STATION MARK NEW STATION MARK
/ e
e
S
PUBLISHED INTERSECTION
STATION
Figure 2.1.2-7.—Sketch of the establishment of a new station using the existing

old azimuth mark, reference marks, and 1o the new station
(fig. 2.1.2-7). Make the initial pointing on a published
intersection station if visible or preferably another horizontal
station at least 400 meters away. Compare observed angles
against old observations or angles derived from computed
inverses. Resolve any discrepancies before continuing. Tape
between stations using two standardized 30-meter steel
tapes and follow instructions in Special Publication 247
(pp. 235-236), and section 2.1.2.3. If terrain or circum-
stances will not permit the replacement station to be set
within 30 meters of the old staiion, the distance between
stations should be measured with an EDMI using proce-
dures outlined in section 2.1.2.3. Occupy the replacement
station and measure the angles between the intersection
stations or other distant horizontal control station (if visi-
ble), the old station, the old azimuth mark, and the refer-
ence marks. Measure an EDMI distance to the old azimuth
mark from the old and new stations. If a well defined
intersection station was observed from the replacement sta-
tion, no further observations are needed. If no distant

horizontal published point is visible, occupy the azimuth
mark and observe angles to the old and new station. (See
fig. 2.1.2-9.) When all observations are complete and dis-
tances have been reduced and checked, compute a geo-
graphic position for the replacement station. Even when
the old azimuth mark was previously positioned, compute
a geographic position for check purposes. When the azimuth
mark is occupied and a triangle closure is obtained, it must
close within the tolerance, in seconds, of 180 (600 divided
by shortest side rounded to the nearest meter). Observe
the reciprocal zenith distances.

b. When the old azimuth mark is to be destroyed, although
it is considered or proven stable, establish a new azimuth
mark. If the new azimuth mark can be seen from the old
station, occupy the old station and turn directions to the
old azimuth mark (if visible), the new azimuth mark, the
new station, and any check poims or references. Occupy
the new station. If an established intersection or horizon-
tal station more than 400 meters away can be seen, make
the initial pointing on it and turn directions to the old sta-
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2.1-17
NEW AZ[MUTH MARK

OBSTRUCTED FROM
OLD STATION

NEW MARK
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RM 2
1 ‘\‘\ﬂL
OLD STATICON
TO BE DESTROYED

RR 1
TO BE DESTROYED

f

! e
! -
PUBLISHED INTERSECTICN
STATION

M3

HOTE: [F A PUBLISHED INTERSECTION

OR HORIZONTAL PCINT IS NCOT
VISIBLE, AN ASTRONGIMIC AZI-
MUTH FROM THE NEW STATION
TO THE NEW AZIMUTH MARK [S§
REQUIRED.

Figure 2.1.2-8.—Sketch of the establishment of a new station using a new azimuth
mark and all new reference marks

tion, old azimuth mark, reference marks, and new azimuth
mark. Otherwise, use one of the azimuth marks. If a dis-
tant horizontal station of second-order or better is not visible,
occupy the new azimuth mark and tumn directions between
the old station and the replacement station. (See fig.
2.1.2-10.) Measure distances from the old station and the
replacement station to the new azimuth mark. Compute
preliminary geographic pasitions for the replacement station
and the new azimuth mark.

c. If a new azimuth mark cannot be set in a place visible
from the old station and the replacement station cannot
see the old azimuth mark, do the following. If a published
horizontal station over 400 meters away or a published inter-
section station can be seen from both old and new stations,
check the observed angle at the old station between the
published point and the azimuth mark using either the box
score or computed inverses. If the observations check, tumn
directions to the old azimuth mark, oild RM’s, and new sta-
tion using the intersection station or horizontal station for
the intial pointing. Compute a preliminary geographic

position for the replacement station. Cccupy the replacement
station and turn directions between the intersection station or
distant horizontal station and the old station, reference
marks, and new azimuth mark. If a second intersection sta-
tion can be seen, ¢observe it for an additional check. (See
fig. 2.1.2-11.) If no distant positioned point can be ob-
served from the replacement station, observe an astro-
nomic azimuth to the new azimuth mark. If the old azimuth
mark will not be destroyed, measure an EDMI distance to
it from the old station and, using the reduced distance mea-
surement, compute a preliminary geographic position for
the old azimuth mark. Likewise, measure an EDMI dis-
tance to the new azimuth mark from the replacement sta-
tion and compute a preliminary geographic position. Recip-
rocal zenith distance observations are necessary to reduce
all EDMI measurements.

2. Old Azimuth Mark Destroyed or Not Recovered. If
the old azimuth mark is destroyed or not recovered, locate
a safe place for a new azimuth mark. Atiempt to set the
replacement azimuth mark so that it is visible from both
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OLD AZIMUTH MARK

A+B +C -~ 180 MusT BE SMALLER
THAN 600/5M, WHERE sM = §
ROUNDED To THE NEAREST WHOLE
METER.

[

the old station and the new station. Occupying the old station,
make the initial pointing on a visible distant published inter-
section or horizontal station, and turn directions to the new
azimuth mark, the replacement station, old reference marks,
and any check points such as temporary hubs placed as a
check for distances. (See fig. 2.1.2-12.) If no visible pub-
lished point is available for azimuth, an astronomic azimuth
observation will be needed from the old station to the new
azimuth mark. Occupy the replacement station and make
the initial pointing on a visible published point or on the
azimuth mark if no distant point can be seen. Turn direc-
tions to include the azimuth mark, reference marks, old
station, and any check points. If no check points are visi-
ble from the replacement station, occupy the azimuth mark
and turn the directions from the old station to the replace-
ment station. Remember, the triangle must close within
180" * (600 divided by the distance between old and new
marks rounded to the nearest whole meter). Measure EDMI
distances to the new azimuth mark from the old station
and the replacement station and observe the reciprocal zenith
distances.

3. Azimuth Mark Never Established. In cases of dense
urban development, heavily wooded terrain, or other con-
ditions that denied the setting of an azimuth mark, it may
be necessary to establish a replacement station using ref-
erence marks or reference objects. An azimuth in these cases
is highly critical and every possible means must be made
to set the replacement station as close to the old station as

NEW MARK

pas
RM 4

Figure 2.1.2-9.—Sketch of the establishment of a new station and
new reference marks with the existing azimuth mark when no distant

published point is visible

possible, definitely within one 30-meter tape length of the
old mark.

a. If two or more reference marks or check poins still
exist, make careful observations and measurements as noted
in sections 2.1.2.2 and 2.1.2.3. If a check is not obtained,
try to determine if one or more marks have been disturbed.
When one mark is seemingly stable but another is in doubt,
state the reason for such doubt in the body of the NOAA
Form 75-82 or 75-82A. For example, “Reference Mark 2
was found slightly tilted and distance did not check within
2 cm of the 1936 measurement.” When at least one of the
reference mark measuremnents is accepted, consider setting
the replacement station on line with the good reference mark.
(See figs. 2.1.2-13 and 2.1.2-14.} In this way, the original
initial pointing for the reference marks can be used to estab-
lish an azimuth for the replacement station. Occupy the
old station and turn directions between all reference marks
and the replacement station. Occupy the replacement station
and obsecrve all reference marks and the old station. Mea-
sure distances between the new and old stations with a cali-
brated 30-meter tape, following methods described in
section 2.1.2.3. Use standard procedures to measure to and
between reference marks, and using SAS computations,
check all distance measurements. Compute a preliminary
geographic position for the replacement station.

b. When the replacement station cannot be set on line
with a reference mark, it should be set in such a way as to
create a strong geometric figure. Distances should be kept
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NOTE: 1F THE MEW MARK DOES NOT SEE A SECOND-ORDER OR BETTER
DISTANT STATIQN, OCCUPY THE NEW AZIMUTH MARK AND OBSERVE
TO THE QLD AND NEW STATIONS,

THE TRIANGLE “OLD STATION-NEW STATION-NEW AZIMUTH MARK” SHOULD

BE CLOSED.

THE CLOSURE SHOULD NOT EXCEED (IN SECONDS) ©0C DIV-

IDED BY THE DISTANCE BETWEEN THE OLD AND NEW STATIONS ROUNDED

T0 THE NEAREST WHOLE METER.

Figure 2.1.2-10.—Sketch of the establishment of a new station with a
new azimuth mark if & distant publiched point is not visible

within a 30-meter tape length. Use as many good reference
marks as are available. Occupy not only the old station mark
and the replacement mark but the reference marks for trian-
gle checks. Measurcments to the reference marks will be
of third-order accuracy, and measurements between the
old and replacement station will be to second-order base
line specifications. {See section 2.1.2.3 and fig. 2.1.2-15.)
Distance measurements between reference marks must
be made if possible. Compute a preliminary geographic
position for the replacement station and check the distances
with a SAS computation.

4. Only Azimuth Mark and One RM Exist. The worst pos-
sible situation for the replacement of a station is when there
is only a single reference mark with all other station marks
including underground and reference marks destroyed. If
the reference mark shows any sign of having been disturbed,
consider the station lost.

a. If the reference mark is stable, a replacement can be
set. From previous data, such as description box scores or
an original list of directions, computc a preliminary geo-
graphic position for the reference mark. (See fig. 2.1.2-16)) If
the old azimuth mark is still visible and stable, it can be
used for setting the replacement station. Occupy the rel-

erence mark and observe published intersection stations
or horizontal marks. If two or three are visible, inverse
between their published positions and the preliminary
position of the reference mark. If the observations to two
or more stations check with the inversed azimuths, set a
replacement station. If two or more well-identified hori-
zontal positions will not check the inverses, recheck
everything carefully; if observations and computations were
correct, consider the station lost.

b. If only one intersection station or distant horizontal
mark can be seen, an astronomic azimuth should be observed
to the azimuth mark for check purposes. If the azimuth
mark cannot be seen or was destroyed, set a temporary hub
for an azimuth mark, observe an astronomic azimuth and
check it against the published intersection or horizontal
control station. If an azimuth check is made, the reference
mark can be considered a reliable position. Set a replace-
ment station and all its satellite marks. Occupy the old refer-
ence mark and turn directions to intersection stations, bori-
zontal marks, the replacement station, and the azimuth
mark. Occupy the replacement station and observe the inter-
sections, horizontal marks, reference marks, and arzimuth
mark. Occupy the azimuth mark and observe the old ref-
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Figure 2.1.2-11.—Sketch of the establishment of a new station with
a new azimuth mark if a distant published point is visible

erence mark and the replacement station. (See fig. 2.1.2-17.)
Measure distances and reciprocal zenith distances to the
azimuth mark from the replacement station. Compute a
preliminary geographic position for the replacement sta-
tion and compute inverses to intersection stations and
horizontal points for check purposes.

5. Positioning Bench Marks. Position all visible bench
marks within 3.2 km of the station. For marks close to the
station, specifications as outlined for a replacement station
will be observed. For marks at some distance, specifications
will be the same as for setting an azimuth mark. Carefully

observe reciprocal zenith distances, or preferably differential
levels over short lines, to transfer the bench mark eleva-
tion to the horizontal mark.

2.1.211 Preliminary Horizontal Control Duta Sheets

Mark maintenance personne! should submit a completed
“Preliminary Horizontal Control Data” sheet (fig. 2.1.2-18)
with the survey data for each reset or newly established
station. These data sheets will ensure that preliminary
geodetic pasitions, geodetic azimuths, state plane coordi-
nates, and plane azimuths will be available to the user as
soon as possible.
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Figure 2.1.2-12.—Sketch of the establishment of a new station with
a destroyed or lost azimuth mark
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Figure 2.1.2-13.—Sketch of the establishment of a
new station on line with an existing reference mark
when an azimuth mark was never established
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Figure 2.1.2-14,—Sketch of the
establishinent of a new station on
line with an existing reference
mark when an azionrth mark was
never established
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Figure 2.1.2-15.—Sketch of the establishment of a new
station impossible to put on line with an existing reference
mark when an azimuth mark was never established
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FEB 1971
U.5. DEPARTMENT OF COMMERCE
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION
COAST AND GEODETIC SURVEY

ASHPY {Cumberland County,Ve.,G.W.L.,1541)--Station 1s on high
ground on the property of F¥r, William T. Sanderaon, about & milea
FEE of Cumberland Courthouse at a small wsettlement known as Ashby.
It 1s in the chlcken ysrd fence line 40 feet W of State Route 45
and 30 fest K of the center line of the Adrlveway entering Mr.
Sanderson's yard. The diak 1s atampad "ASHBY 19417 and 1ia aet
flush with surfece of the ground.

Surface, underground, reference, and agisuth marks sre stand-
ard bronre dlsks set 1n concrete, ms described in notee la, 7a,
sand 1lla.

Reference mark No,l 1s WE of the statlomn, 2 feet W of the
fence line and 20 feet E of State Route 45. The dlak 1a astamped
"ASHBY 1941 Wo.1" end projects & inches sbove the surface of the
ground.

Reference mark No.2 ls SE of the station, 18 feet E of State
Aoute 45 and 13 feet S of the concrete post in the SW fence cor-
ner. The diask 13 stamped "ASHBY 1941 No.2" and projects 6 inches
above the ground.

The erimuth mark 1s 0.6 mile 5 of the statlon at the howe of
Charles G. Senderson, 55 fest RNW of the N¥ corner of the housa
and 4 feet S of the 5 garden fence. The disk ia stamped “ASHBY
1941" and projects 6 inches above the ground. Tc remch the azi-
rmath mark, go 5 on State HRoute 45 for 0.6 mile to a Jdlrt rosd on
the lsft, turn left and go 0.25 mile to the Sanderson home and the
agimuth mark as described.

To reach the station from the courthouss in Cumberland Court-
houss, go B on U.5. Route €0 for 2.45 miles to the junctlon of
U,S. Route 60 and State Route 45 here turn left (K) on State Route
45 and go 5.2 miles to the Sanderson house on the left and staticon

by the

Coast and Geodetic Survey

NORTH AMERICAN 1927 DATUM

HORIZONTAL CONTROL DATA

\

QuaDp 370781 station 1001
Ya
LATITUDE 37 °30° 10 34 oo
LONGITUDE 78 °2 00" 'O 78 ° 30"
DIAGRAM NJ L T-9 ROANORE
ADJUSTED HORIZONTAL CONTROL DATA
wawt o1 sraiane  ASHBY
wrarr YIRGINIA am 1941 FIRST

DANVYILLE TO BEAVERDAM

Lok ALITY

G=a9s1 o seeren YA 115

SouR e

QRO L AT DL

GRUDE T 1 e 1M

3735 32.20200
78 10 26.22900

fLCvarion [rersty
L1

ey OORDINATER hrs

] L 7 " >

srary & rus

-
# 084 4 amag

YA, 5. 4502 2¢0%4,470.52

458,533,809 +

o 11 92"

T ant AU T was AEEN QMPED BY Il ORA 8 FOAMULA NEGLET TIMG THE SLIUDND TERM

GIODETIE ADMUTH

.
PLANE AZIMUITH

10 %1ATION OR DEECE

o il

4Feain ynuth)

as described, ]
34% 50 04

A 64-foot tower will mes an P7-foobt light at atatlon SNODDY,
A 64-foot tower will ese a 74-foot light at atatlon BOTTOM,
A 64-foot towsr will ses a 100~foot 1ight at station BOSH

AZIMUTH MARK 350701 56.3

PARK.
OBJECT DISTANCE DIRECTION
SNODDY meters feot 0°00'00%0
R.K.¥o,.1 28,270 82.90 131 23 39
R.M.No.2 26.246 P6.43 223 32 47
Azimath mark 241 02 21.3

Height of 1lght above statlion mark - 28 meters,
Helght of tslescope above atatlon mark - 23 metors.

EXPLANATION:

DIRECTION To AZIMUTH maRx 2419 (2* 2173 AziMuTH Ta AziMUTH MARK 350° 01’ 563
DirecTiON To RID 223° 32* 47" ANGLE - 17°29' 34"
ANGLE 17° 29' 3y~ Azimuta To RID 3320 320 22"

Using THE coMPUTED AZ1MUTH To RM2 awp THE 1941 pisTance TO THE RM, A PRELIMINARY GEQGRAPHIC
POSITION CAM BE COMPUTED FOR REPLACEMENT OF THE OLD STATION IF SUITABLE CHECKS ARE AVAILABLE.

* Figure 2.1.2-16.—Computation of azimuth to RM 2 and instructions on how to compute preliminary position for RM 2

4502
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4

intersection Station {Positionad)

Referance Mark No. 1

Intarsaction Station {Pasitioned)

Aximuth Mark

i f a new
Figure 2,1.2-17.—Sketch of_ the establishment o
station from a single existing stable reference mark
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v WOUOUSMYB HORIZONTAL CONTROL DATA
PRELIMINARY
371222-10069
Name or sTaTion: BENCH MARK H 111
STATE: CALIFORNIA YEAR; 1_932 THIRD -— OROELR
LOCALITY:
sounce: G-16473 FIELD SKETCH:
GLODETIC LATITUDE: 37 24 41.65057 sLevaTion: G 62 METERS
CEODETIC LONGITUOE: 122 03 07.71742 18.4 FEET
STATE COORDINATES (Frely
STATE & IONE cooe x A ?(OR A @) ANGLE
CA 3 0403 1,549,212.05 335,641.43 - 0 57 01
CA 4 0404 1,113,598.67 770,675.63 - 1 49 15
GECOETIC AZIMUTH PLANE AZIMUTH
TO STATION OR QBJECT (rom mmuion From south) coou
AZIMUTH MARK 159 48 15.3 160 45 16 0403
AZIMUTH MARK 159 48 15.3 161 37 30 0404
Original position in error by 281.8 ft. Mark Maintenance
will reobserve for final position in the near future.
D.R.Doyle 1/18/82

Figure 2.1.2-18.—A completed “Preliminary Horizontal Control Data® sheet



2.2 HORIZONTAL CONTROL

221 Quassification, Standards of Accuracy, and
General Specifications

2211 General .

The specifications set forth in the most recent editions
(listed in chapter 1.I) of the publications Classification,
Standards of Accuracy, and General Specifications of Geo-
detic Control Surveys and Specifications to Support Classi-
fication, Standards of Accuracy, and General Specifica-
tions of Geodetic Control Surveys are to be strictly foliowed
unless otherwise directed by the project instructions. (See
section 1.8.2.2.) Any problems in meeting these guide-
lines should be discussed with the technical advisor or project
coordinator listed in the project instructions.

2212 Modified Specifications

Project instructions will identify when modified speci-
fications for geodetic control surveys are to be used. Typi-
cally, those instances will involve first- or second-order
class 1 surveys with lines shorter than 5 km. Standards of
accuracy (i.e., 1:100,000 or better for first-order surveys
and 1:50,000 or better for second-order, class [ surveys)
will be mamtained by following the modified specifications.

NOTE: The changes in the angles and distances suggest-
ed in this section do not mean the observed quantities are
to be actually changed. These changes are made simply
to test whether the specifications have been satisfied.

2213 Horizontal Directions

1. Abstracts of directions differing by as much as 2.0
may be meaned. If the triangle closures and side (pole)
checks are improved or remain within the limits given in
sections 2.2.1.2 and 2.2.1.3, directions differing by as much
as 3.0 may also be meaned.

2. Theodolite plate settings will conform to section 2.2.7.3.

3. Astronomic azimuths will be observed on two nights,
preferably using different observers and different instru-
ments. At least two of the same main-scheme stations will
be observed with the star. The astronomic azimuth will be
computed independently for each line. Either of these
observed lines may be used to prove the tolerances. The
standard error should not exceed 0."45 for first- and second-
order, class I surveys.

2214 Triangle Closures

The average triangle closure for a project is the algebraic
sum of the triangle closures divided by the total number of
triangles. This average should approach zero. In comput-

ing this average, only main-scheme triangles that have a
spherical excess greater than 0.”01 are to be included.

1. First-Order Control,

a. The standard error of a single triangle closure for ail
triangles in a project should not exceed +1."4. No trian-
gle closure should exceed +4.”5. When closing triangles
in the field, closures of +2.”0 will be acceptable and no
reobservations will be taken during that occupation ex-
cept when it is obvious one or more identifiable directions
are in €rror.

b. In those cases where the average triangle closure for
a figure (quadrilateral or polygon) is 2.”0 or greater, and
one or more directions are shown by the closures and side
checks to be in error by 2.0 or more, a reoccupation is
justified. However, if the closure and side tests are incon-
clusive as to the direction(s) in error, the lengths of two
sides of the figure not in the same triangle are to be measured
on one night. One of the sides may correspond to a side
required by the project instructions to be measured. If two
sides of the figure were designated for measurement in the
project instructions, then another side, preferably not in
the same triangle, should be measured on one night. See
section 2.2.1.5, Length Checks.

NOTE: Distance measurements may be made during
the day or night and the term “on one night” simply infers
that a single complete measurement is required. This applies
to all accuracy classes in first- and second-order surveys
with modified specifications.

2. Second-Order, Class I Control

a. The standard error of a single triangle closure for all
triangles in a project should not exceed *+1.”7. No tri-
angle closure should exceed +5.”0.

b. The first-order control criteria, for triangle closures
and reoccupations, apply here. However, the measurement of
a single side in one night in the strongest chain passing
through the figure will suffice. In those cases where a side
is specified to be measured in the project instructions, anoth-
er side in the same figure, but not in the same triangle, is
also to be measured on one night. {See section 2.2.1.5, Length
Checks)

3. Side (Pole) Checks

a. Make a distinct effort to hold to the side check speci-
fications (0.”3 average correction to a direction for first-
order and 0.4 average correction to a direction for second-
order, class 1 triangulation). An increase of 0.1 to 0.”15
to the average correction to a direction specification is
allowed in those cases where small angles (10° and less)
are involved.

8/83 2.2 Horizontal Control 2.2-1
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An acceptable test to cvaluate an excessive side check
is to change the smallest or one of the smaller angles in the
side check by as much as 1.”0 in the direction of the trian-
gle closure and recalculate the side discrepancy. If the result-
ing side check is within the specifications, no reobservations
are required. It is also acceptable to apply another 1.”0
change to one other of the smaller angles included, provided
this change, in combination with the first change will bring
the side check within specified tolerances. This changed
direction is only to be used to confirm that observations
meet the specifications. The changes are not to be trans-
mitted as data.

b. In area networks, all side checks should be prepared
etther in a clockwise or counterclockwise order. Where all
angles are greater than 30° and the sum of two or more of
the side check closures exceeds +35.”0, consider measur-
ing one or more of the common sides involved in the side
checks, unless it is shown that an identifiable angle or angles
are in error by a sufficient amount to cause the side dis-
crepancy. In this case, it may be best to reobserve the angles.
This specification applies to the mainscheme framework
only. It does not apply to any supplemental points, includ-
ing central point figures within a quadrilateral with observed
diagonals.

For those cases where the smallest angles are on the order
of 20°, the side check closures should not exceed *+10.”0.
Where angles of less than 20° are entered into the basic
framework, at least one (the shortest) and probably two
{(the two shortest} sides should be measured. When sides
are measured in such situations, the side check restrictions
are modified such that the average correction to a direc-
tion may be twice the specified tolerance. For example, in
first-order triangulation, the side check specification of
0."3 per direction may be increased to 0."6 under the condi-
tions refated.

2215 Length Checks

1. First-Order Base Lines. Measured base lines will
usually be spaced at intervals of four to eight triangles
depending on the strength of figure. On the average, the
spacing will be six triangles.

a. The check between base lines over the fewest number
of triangles or the strongest route should be 1:100,000 or
better. When this specification is not met, the smallest angle
in the route may be changed by as much as 2.0 in the direc-
tion necessary to improve the length closure. A factor from
table 2.2-1 should be applied to the lengths 1o obtain revised
closures, as explained in section 2.2.1.6.

b. If the revised closure obtained by employing the fac-
tor still does not meet the specifications, each measured
distance may be changed by as much as 1.0 cm in the direc-
tion necessary to improve the check. No remeasurements
can be made until approval to proceed is given by the Project
Director. In addition, the decision made will be documented
in the project report. This requirement also applies to any
reobservation of directions considered necessary to improve
the length closure, unless the observations are dictated by
other considerations.

2. Second-Ovder Base Lines. Base lines will be measured
on one night and will usvally be spaced at intervals of six
to ten triangles, depending on the strength of figure. On
the average, spacing will be eight triangles.

a. The check between base lines over the fewest number
of triangles or the strongest route should be 1:50,000 or
better. When this requirement is not met, the angular chang-
es and factors from table 2.2-1 are to be applied as described
above.

b. If the revised closure obtained by employing the fac-
tor still does not meet the specifications, each measured
distance may be changed as much as 3.0 cm in the direc-
tion required to improve the check. No remeasurements
will be made until approval is given by the Project Direc-
tor to proceed. In addition, the decision made will be doc-
umented in the project report.

2.2.1.6 Sample Length Checks

Table 2.2.1-1 contains factors equivalent to a 1.”0 change
in an angle in a length computation. The factors are applied
to the computed length in a length check to determine if a
1.”0 change to the smallest angle in the length computa-
tion will make the length check meet the modified speci-
fications for first- and second-order surveys.

Table 2.2.1-1.—Factors equivalent to a 1-

second change in an angle
Length Length

Angle Factor Angle Factor
10° 0.0000275 36" 0.0000067
1 0.0000249 37 0.0000064
12 0.0000228 38 0.0000062
13 0.0000210 39 0.0000060
14 0.0000194 40 0.0000058
15 0.0000181 4] 0.0000056
16 0.0000169 42 0.0000054
17 0.0000158 43 0.0000052
18 0.000014% 44 0.0000050
19 0.0000141 45 0.0000048
20 0.0000133 46 0.0000047
21 0.0000126 47 0.000004 5
22 0.0000120 48 0.0000044
23 0.0000114 49 0.0000042
24 0.0000109 50 0.0000041
25 0.0000104 51 0.0000039
26 0.0000100 52 0.0000038
27 0.0000095 53 0.0000037
28 0.0000091 54 0.0000035
29 0.0000088 55 0.0000034
30 0.0000084 56 0.0000033
31 0.0000081 57 0.0000032
32 0.0000078 58 0.0000030
33 0.0000075 59 0.0000029
34 0.0000072 60 0.0000028
35 0.0000069
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When the computed length is shorter than the measured
length, add 1.0000000 to the factor corresponding to the
smallest angle in the computation and multiply this sum
by the computed length. When the computed length is longer
than Lhe measured length, subtract the factor from 1.0000000
and multiply the difference by the computed length.

Since the arbitrary change to the smaliest angle of the
length computation cannot exceed 2.0, the factor from
table 2.2.1-1 may be multiplied by the arbitrary change.
The product may then be added to or subtracted from
1.0000000 as described in the previous paragraph.

Example I Given that the smallest angle involved in a
length computation is 35.4°, the measured side is 6904.198
meters, and the same side as determined through the tri-
angulation rom another measured side equals 6904.102
meters, determine whether or not the computed length meets
modified specifications for first-order.

(1) Determine the relative proportional part difference
of the computed length.

Measured-Computed _ 6904.198 —6904.102

Measured 6904.198
—_ 1009 _ 1
6904.198 71,900

{2) Because the computed length is shorter than the mea-
sured length, add 1.0000000 to the factor in table 2.2-1 to
determine the value equivalent to a 1,"0 change in the small-
est angle. For 35.4°, the value is 1.0000068.

(3) Multiply the computed length by the value and recom-
pute the relative proportional part difference.

10000068 % 6904.102 m=6904.149 m

6904.198 —6904.149 _ 1
6904.198 140,900

A 1.”0 change in the smallest angle will satisfy the length
check.

Example [I: The same as Example [ except that the
computed distance is 6904.335 meters.

(1) Determine the relative proportional part difference
of the computed length.

6904.198 —6904.335 _ 1
6904.198 50,400

{2) Because the computed length is fonger than the mea-
sured length, subtract the factor in table 2.2-1 from
1.0000000 to determine the value equivalent to a 1.0 change
in the smallest angle.

1.0000000 —0.0000068 =0.9999932

(3) Multiply the computed length by this value and
recomputc the reiative accuracy.

0.9999932 % 6504.335 = 6904.288

6904.198 —6904.288 _ 1
6504.198 76,700

(4) A 1.70 change in the smallest angle does not meet
specifications. Try a 1."5 second change in the angle.

{5) The value equivalent 10 a 1.”5 change is determined
by multiplying 1."”5 times the factor from table 2.2-1 and
subtracting the product from 1.0000000.

1."5 Value=1.0000000— (1.5 0.0000068)
=1.0000000—0.0000102
=0.9999898

(6) Multiply the computed length by the value determined
in {5) and recompute the relative proportional part dil-
ference.

6904.335%0.9999898 =6904.265

6904.198 —6904.265 _ 1
6904.198 103,000

A 1.”5 change to the smallest angle in the length compu-
tation will satisfy the length check.

Example IIT. The same as Example I except that the
computed distance is 6904.410 meters.

(1) Determine the relative proportional part difference
of the computed length.

6904.198 —6904.410 _  —0.212 _ 1
+6904.1986 904.198 32,500

{2) Try a 2.”0 change in the smallest angle. Because the
computed length is longer than the measured length, mult-
ply the factor in table 2.1-1 by 2.0 and subtract the prod-
uct from 1.0000000.

270 value = 1.0000000— (2 x 0.0000068)
= 1.00006000—0.0000136
=0.9999864

(3) Multiply the computed length by this value and
recompute the relative proportional part difference.

0.9999864 x 6904.410=6904.316

6504.198—-6904.316 _. 0118 _ 1
6904.198 6904.198 58,500

{4) A 2."0 change in the smallest angle in the length com-
putation does not satisfy the length check. In addition to
the 2.”0 change in the angle, try a 2.5 cm change to the
measured lengths.

(6504.198 +0.025)—6904.316 _  —0.093 _ 1
(6904.198+0.025) 6904.223 74,200

(5) This still does not satisfy the length check. The
computed length was determined through the triangulation
from a geodimeter length equal 1o 1432.066 meters. Since
the computed length is too long, subtract 2.5 cm from the
originating geodimeter length, compute a factor, and
redetermine the computed length.

14342.066—0.025 _ 0.9999983
14342.066

0.9999983 x 6904.316 =6904.304 m
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Then:

(6904.198+0.025)—6504.304 _ |
6904198 +0.025 85,300

(6) Since this still does not satsfy the length check, con
sult the Project Director.

When these tests fail, the lengths involved should be tested
with other measured lengths, if possible. The Project Director
must decide which lines must be remeasured, since he or
she has knowledge of weather conditions, observing sit-
uations (i.e., poor set-ups), etc,

222 Party Structure

This section updates material presented in Special Pub-
lication 247, Manual of Geodetic Triangulation (pp. 21-25).
Historically, horizontal partics have had 30 to 40 employees.
Party size has been streamlined because of changes in fund-
ing, a shift in requirements from arc triangulation to area
work, and new developments in equipment.

At present, horizontal parties are limited to about 12
persons. A typical party would be the following:

Number Position Paosition classification
1 Project Director Surveying Technician
1 Asst, Project Director Surveying Technician
| Asst, Computer Surveying Technician
i Field Coordinator Surveying Technician
1 Chief Builder Surveying Technician
2 Observer/EDMI Operator Surveying Technician
2 Buiider/Recorder Surveying Technician
3 Builder/Lightkeeper Survey Aid/Technician

Detailed descriptions of all party positions are on file
with the Field Operations Section (N/CG161).

2.2.3 Reconmnaissance

Detailed instructions for reconnaissance procedures
are contained in Special Publication 225, Manual of Recon-
naissance for Triangulation. Some applicable material is
also contained in Special Publication 247 (pp. 1-7). The
most recent specifications and requirements for strength
of figure and station spacing are listed in publications entitled
Classification, Standards of Accuracy, and General Specifi-
cations of Geodetic Control Surveys and Specifications
to Support Classification, Standards of Accuracy, and Gen-
eral Specifications of Geodetic Control Surveys. In-
structions for preparing reconnaissance sketches are con-
tained in section 2.2.22.4 of this manual. Information about
the location of stations. station names, and descriptions is
contained in section 2.2.4.

2.2.3.1 Reconnaissance Party Structure
At present, NGS has one reconnaissance party consist-
ing of one or two persons. This party operates about 1 year

in advance of the horizontal parties. The party is respon-
sible for sclecting station sites, specifying tower heights,
selecting elevation ties, obtaining permission from property
owners, and proposing survey schemes.

2232 Sources of Data

Station data sheets, topographic maps, charts, and
Geodetic Control Data sheets are ordered by the Field
Records Analysis Section (N/CGI121). Extra topograph-
ic maps of the proiect area can be secured locally or from
the US. Geologic Survey. Extra aeronautical charts are
available from NOS. These charts give the location of air
navigation facilities and hazards which should be incorporat-
ed into the scheme. Detailed highway and road maps are
available from State and County Governments.

U.S. Geological Survey
Branch of Distribution

1200 South Eads Street
Arlington, Virginia 22202
{east of the Mississippi River)

U.S. Geological Survey
Mid-Continent Mapping Center
Information Center

1400 Independence Road

Rolla, Missouri 65401

U.S. Geological Survey

National Cartographic
Information Center

345 Middiefield Road

Menlo Park, California 94025

U.S. Geolegical Survey
Branch of Distribution

Box 25286, Federal Center
Denver, Colorado 80225
{west of the Mississippi River)

National Ocean Service
Distribution Branch N/CG33
Riverdale, Maryland 20840
{all aeronautical charts)

2233 Station Recovery and Reconnaissance Descriptions

All existing horizontal control published by NGS with-
in the project area shall be recovered. Recovery descrip-
tions will be submitted on NOAA Form 7582 or 7582A,
These description forms should be completed with the excep-
tion of the “box score.” The completed forms shall then be
photocopied. On the copy, add all information about the
height and type of signal, special arrangements made with
the property owner, restrictions, etc.

The original description form and the copy must be
submitted with the reconnaissance data. The originals will be
used to update the NGS data base, while the copies will be
routed to the field party who will check and complete them as
the observations are made.

Prepare reconnaissance descriptions for new stations as
outlined in Special Publication 225.

2.2.3.4 Intersection Stations

The reconnaissance party shall make an effort to recover
all objects previously used as intersection stations. Any new
or prominent object which will be useful as an intersection
station should be marked on the reconnaissance sketch as
set forth in Special Publication 247 {p. 6). A reconnaissance
description should also be written. All fixed aids to navi-
gation and all air navigation facilities (e.g., VOR’s} shall
be included. Figure 2.2.3-1 simplifies the reconnaissance
descriptions for proposed intersection stations. Good quality
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PROPOSED INTERSECTION STATION

NO.
QUAD: STATE: COUNTY:
NAME :
INTERSECT: Top center __ ; Ball top center _ 5 Light of top center __ _ ;
Light top not center ; Apex of vent _ 5 Apex of roof
Base of cross __ ; Ball at base of cross ____ ; Pole antemna
Other _ )
OWNERSHIP:
DESCRIPTION: Cylindrical body _  ; Conical shaped top H
Dome shaped top ___ ; Umbrella shaped top __ ; Hemispherical bottom
Concave bottom __ ; Singular column spheroid ___ ; Guyed mast ____ ;
Skeleton stee) tower __ ; Spire _  ; Dome __; Stack
Other
Number of legs _ ; Type: Tubular __ ; Truss-work _ ; I-beam 3
Color ; Height
LOGO:

THIS STATION IS LOCATED:

fr. ( ) of
ft. ( ) of
ft. ( ) of

Figure 2.2.3-1.—Format for simplifying reconngissance description for proposed intersection station
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photographs should be submitted with the reconnaissance
descriptions.

2,235 Bench Marks

All existing vertical control published by NGS within
the project area shall generally be recovered. Consult the
Field Operations Section, N/CG16, if operational con-
siderations make this impracticable. Submit recovery
descriptions on NOAA Form 76-186.

2.2.3.6 Submission of Data

Upon completion of the project, the reconnaissance party
shall submit data to the Quality Control Section, N/CG164,
These data will include all recovery descriptions, reconnais-
sance descriptions, and reconnaissance sketches. The
Field Records Analysis Section (N/CG121) will review
the data and proposed scheme. It will designate the loca-
tion of astronomic azimuths, if different from those pro-
posed by the reconmaissance party, and check and, if nec-
essary, supplement the proposed base lines.

2.2.4 Horizontal Control Stations

This section contains information pertaining to the
location, monumentation, naming, and description of
horizontal control stations.

2.24.1 Location of Stations

The reconnaissance party is responsibie for selecting
station sites and proposing survey schemes. Horizonial con-
trol stations should be spaced at the average interval for
the particular order, class, and type of survey as specified
in Classification, Standards of Accuracy, and General Spec-
ifications of Geodetic Control Surveys (p. 4). Whenever
possible, horizontal control stations should be established
at communities with a population greater than 2000, on or
near the campus of all recognized technical colleges and
universities, at all active airports, at Federal installations
if requested, along major waterways, and along principal
highways.

Exceptions to these spectfications are:

1. When project instructions specify otherwise,

2. When station location is dictated, due to geometric
considerations, by the location of previously established
control.

3. When topography makes the specified spacing im-
practical.

Supplemental control stations should be located so they
can be accessed easily by both the trangulation party and
subsequent uscrs. If possible, the stations should be locat-
¢d in areas where Lhey would be least likely destroyed by
construction. {See section 2.1.1.1.)

Two reference marks should be sct at the station site.
They should be more than 5 meters but less than 30 meters
{one tape length) from the station. These reference marks
should be set between 30° and 150° apart. The ideal
intersection angle would be 90°, This will aid in station

recovery and in resetting the station mark. To achieve a
good in iection angle, a reference mark may be set across a
road.

Azimuth marks should be visible from the ground at the
stations. They should be located no less than 400 meters
and, if practical, no more than 3,200 meters from the sta-
tions. No more than % staff-day should be spent i clear-
ing the line-ofsight. Azimuth marks should be set along
roads or at other locations with good visibility and easy
access.

2.24.2 Specifications for Monuments

Specifications for setting and stamping horizontal con-
trol stations are contained in C&GSTM-4, “Specifications
for Horizontal Control Marks,” and in Special Publica-
tion 247 (pp. 84-95). Section 2.1 of this Operations Man-
ual contains updated specifications and information on
monumentation. Section 2.1.1.3 discusses mixing con-
crete, section 2.1.1.4—ferrous metal in marks, section
2.1.1.5—mark projection, section 2.1.1.6—witness signs,
section 2.1.1.7—descriptions, and section 2.1.1.8—supply
procurement.

2.24.3 Station Names

Naming stations and stamping marks are discussed in
Special Publication 247 (pp. 84-86), Special Publication
225 (pp. 88-90) and in C&GSTM-4 (pp. 1-8). Section
2.1.2.6 lists additional guidelines for stamping moved or
reset marks.

For NGS data processing purposes, the length of an
occupied station name (including blanks) is limited to 24
spaces. Reference and azimuth marks, which have nor been
occupied for position, and intersection stations are limit-
ed to 30 spaces. If the station was previously established,
the station name spelling shall be as listed in the data base.
The year a station was established shall be included as part of
the station name under the following conditions:

a. The station was established prior to January 1977.

b. The year is part of the name listed in the data base.

¢. To avoid confusion with another mark of the same
name in the same county or 72 minute quad.

2.2.44 Descriptions and Recovery Descriptions

1. General,

New formats which have been designed for horizontal
station descriptions and recovery descriptions supersede
much of the information contained in Special Publication
247 (pp. 97-125). The new formats are given in chapter 3
of Input Formats and Specifications of the National Geo-
detic Survey Dara Base, volume 1, Horizontal Control Data.
Sections 2.1.1.2, 2.1.14, and 2.1.1.7 of this manua. contain
general information that should be included in the descrip-
tions. All parties submitting descriptions of horizontal sta-
tions shall use the NGS input formats.

NOAA Form 75-82 (station descriptions), a booklet,
or NOAA Form 75-82A, a 1ablet, shall be used to record
the descriptive and recovery data. These forms shall be filled
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out in the field at the station site instead of writing descrip-
tions in the “Observation of Horizontal Directions” volume.
The completed forms are original leld records and should
be submitted with project data for archiving,

NOAA Form 75-82 follows the format of program
“HZTDES.” It has partially coded text that allows observers
to fill in the blanks. Much of the station identification data
relating to the reporting or establishing agencies, mark and
disk types, setting classification, condition, and transpor-
tation are coded. These codes are given in NOAA Form
75-82 and in Input Formats and Specifications of the
NMational Geodetic Survey Data Base (ch. 3, annex I}, The
“notes” listed in Special Publication 247 are no longer
used.

Space 15 provided for a statement of general location, a
“To Reach” statement (2 ¢ iise description of the route
to the station), measurements to reference objects and other
marks at the station site, and a sketch. Partially coded
text is provided for a detailed description of the station,
azimuth mark, reference marks, and other marks at the
station site. fnpur Formats and Specifications of the Na-
tional Geodetic Survey Data Base (ch. 3, annex 1) contains
examples of the text for each paragraph of the description.

The contents of a recovery description depend on whether
conditions at the station site or along the route traveled to
reach it have changed and on the completeness and accu-
racy of the previous descriptions. A clear statement should be
made of any discrepancies between the published descrip-
tions and what exists at the station site. Any change made
to the station by the party should be mentioned.

The descriptions and recovery descriptions should pro-
vide a word picture of all pertinent information relative to
the station. It should explain in detail any changes that
have occurred since that last recovery description, stating
the reasons if known. The following are a few examples of
omissions that have occurred:

a. A number 2 station was established with no mention
being made of the original station or whether a search had
been made for its underground mark. Also, no explanation
was given for establishing the number 2 station.

b. A number 2 station was set into the same drill hole as
the original station, but no mention was made of this fact,
or of the original station.

¢. Some recovery descriptions have indicated discrepan-
cies in directions and distances to reference marks with no
mention made of the value of the differences. When these
differences were noted, no attempt was made to explain
them or state that the new values had been confirmed.

d. Descriptions and recovery descriptions were written
that did not contain the names, addresses, and phone
numbers of the lease holder (if any) and owners of the proper-
ty on which stations are jocated.

€. Some monuments contain magnets or ferrous metal.
This was not indicated on the *12*/*13* M codes in the
Station [dentification Record fields of the description.

2. Automated Descriptions.

Field units with computer terminals shall enter station
descriptions and recovery descriptions into the computer

2.2-7

system, in addition to submitting NOAA Form 75-82 or
7582A. These units must use the latest programs for com-
piling the descriptions. (All other units submit NOAA
Form 75-82 and 75-82A to the Field Records Analysis
Section of NGS for incorporation into the data base.) The
descriptions shall be carefully proofread and edited. The
final computer listings are gencrated from files and used
for the publication of project station descriptions.

NOAA Forms 7582 and 7582A replace NOAA Forms
76-39, 76-81, 76-96, and 76-165.

When an occupied parent station has positioned azimuth
marks, one “Station Description” booklet (NOAA Form
75-82) will be used for both the station and its azimuth
marks. The following data for each pasitioned azimuth mark
should be [illed out on a separate “Station Description-Short
Form” (NOAA Form 75-82A) and attached with tape to
the “Station Description” booklet on the parent station’s
pages for *90" codes:

a. The header station description codes *10* through
*30* where applicable,

b. A location paragraph (i.e., airline distances and
directions to nearby towns), and

c. A route “to reach” those azimuth marks where “to
reach™ is different or cannot be extracted from the parent
station description,

The automated description for the parent station will
include complete writeups for its reference marks and for
its azimuth marks that are not positioned. If the azimuth
marks are positioned, the “to reach™ and the local mea-
surements for the azimuth marks can be omitted from the
parent station description, since these data will be includ-
ed on the automated description for the azimuth marks.

A complete, separate and automated description for each
azimuth mark will include the following:

(1) The header station description codes *10* thru *30*,

(2) A location paragraph,

(3) A route to-reach paragraph,

(4) A mark writeup paragraph describing the mark and
local measurements made with respect to permanent objects
in the immediate area, and

(5) Name of person describing the azimuth mark.

2.2.5 Instruments and Equipment

Although much of the information in Special Publica-
tion 247 is still relevant, modern instruments and technology
will be discussed here.

2251 Theodolites

1. General. NGS no longer uses the Parkhurst theodo-
lite described in Special Publication 247, At present, NGS
field parties use the Wild T3 with a 1-minute micrometer
drum for measuring directions. This section describes both
the l-minute and the 2-minute micrometer drums for the
Wild T3 and two acceptable second-order theodolites.

2. Wild T3 Theodolites. The l-minute model T3 is identi-
cal to the instrurnent described in Special Publication 247
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Form NGS Cl52-7 (1l-19-81) Att: ment #

OBSTRUCTION SURVEY

Station Number (NORTH) Loc .ion
OB

Date

270°

‘\\\\H‘*“

I
180°

]
3

Height of t]l »dolite (Telescope)
Height of antenna phase center

]
3

Figure 2.4.4-2.—Form NGS C152-7, Obstruction Survey
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2. Tata, [

The following sections list the requirements for data,
re s, and reports that apply specifically to gravity sur-
ve  Routine reports are discussed in chapter 1.6. Data
transmittals are discussed in general in chapter 1.7.

rds, and Reports

26.7.1 Data

. 1a generated by gravity surveys consist of bench mark
recovery descriptions and gravity observations.

1. Bench Mark Recovery Descriptions. A recovery
description is required for all bench marks that are visited
as part of the project. Complete only the following portions of
the OAA Form 76-186, “Bench Mark Description.”
All entries may be handwritten.

*10* DRC Code—enter “R”

*13* Designation

*14* State Code/County

*17* Nearest City or Town inter name of city or town.
Precede name by “IN” if bench mark is in the city
or town.

*18* Distance and Direction From Nearest City or Town

#22* Ot  Control—Enter “G” if gravity was observed
at bench mark.

*23* Code/Recovery by Agency—Enter “1/NGS”

*24" (ear station established and name of Chief of Party

*25* Condition of Mark—Enter appropriate code from
back of form

*28* Stamping—Enter exact stamping on disk

*30* Descriptive text—Enter either “RECOVERED
AS DESCRIBED” or a complete new description.

2. Gravity Meter Observations. The gravity meter
observations should be submitted to headquarters on a line or
project basis.

2.6.7.2 Monthly Report and Journal
The Monthly Report and Journal (NOAA Form 76-92)
must be completed and received at the Field Operations
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Section, N/ 161, by the 10th of each month. In the
“Remarks™ section of the report, include the number of
old and new stations occupied, the number of new stations
occupied, and list all significant comments or suggestions.

26.7.3 ProjectRe rt

A project report snall be submitted by each project direc-
tor for each set of instructions issued to the party. Figure
2.3.11-1 shows an example of a project report cover. The
following outline lists some of the topics that should be
addre i in the report.

L Introduction
A. Authority—List the title and dates of all proj
ect instructions, changes, and supplemental
instructions for the season’s work. Copies of
these instructions should be appended to the
report.
B. Purpose—As stated in the project instructions.
C. Time Perod—The time pericd covered by the
report.

IL. Location—Geographic location or the name and
number of leveling lines covered.

II1. Conditions Affecting Progress—Equipment fail-
ures, climate, annual or sick leave, etc.

IV.  Organization

A. Party Personnel

B. Liaison

C. Equipment Available
V. Field Work

A. Chronology

B. Methods

VI.  Discussion of Results
A. Deviation from Instructions
B. Problems

VII. Recommendations




































