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Preface 

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

The text ~ divided into two parts: Part 1 oontains information on field party 111llJ188ement Part 2 
provides details on specific swveying operations. 

To maintain an up-to-date manual, recxmuncndatiom fa propaied changes or suggcstiom ~ solicited 
from the usen. Please send your comments to the Chief, NGS Opera ti om Branch, N /CG 16. 

Acknowledgment 
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publication. 
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GEODETIC OPERATIONS 

ABSTRACT: This manual f umishe,, guidance and i.rwtructions for geodetic field operations performed 
by the National Geodetic Survey. It presents general specifications and detailed infonnation on (1) 
geodetic field management, (2) monumentation and mark maintenance, (3) horimntal control, (4) vertical 
control, (5) satellite geodesy, (6) astronomic surveys, (7) gravity surveys, and (8) e,,tab&hment of cali
bration base lines. 



PART 1 

General Party 
Management 



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 KarMS City, Missouri, 
use NOAA Forms 37-4, Stores Requisition, and 37-4A, Continuation Sheet. Information on publica
tions not listed below can be obtained by contacting N /CG 17x2. Geodetic advisors and mark mainte
nance personnel should have copies of all the publications listed. 

Table 1.1.-1-Reference materim used by NGS Opentiom Branch 

Party Party 
Title Application Sourr:e Tit Ir Appliration SOflrce 

NOAA Directi~oes Ma11ual (NDMJ .......... ....... All 
NOAA Forms Catalog .................................... AU 
NOAA Travel Handbook .............. ................. AU 
NOAA Finance Handbook ............................. All 
NOAA Cashier's Handbook ........................... AU 
NOAA Safety Handbook ............................... AU 
NOAA Pers~/ Handbook .......................... AU 
NOAA Small Purchase Guide ....................... AU 
NOAA Tim;!kttpers Handbook .................... AU 
FTS TtlephoM Usrr's Guidr ......................... AU 
NOAA Organization Dirrctory ....................... AU 
NOAA Addrm Handbook ............................ AU 
Definitions of Terms Used in, Geodetic and 

Other Surv~ C&GS Sptr:ial PublicatiOtl 
242, 1948 ................................................... .All 

Classification, Standards of Accuracy. and 
GmwrU Sp«iflallions of Gtodetic 0-ro/ 
Surveys. 1974 ....... ...................................... AU 

Specifications to Suppori Classification, 
Standards of Accvroq. atrd GeMrol 
SpeciflcatiollS of Geodetic Control 
Surveys, Federal Geodetic Control 
Committee, Revised June 1980 ................... AU 

National Geodetic Survey Data: Availability, 
Explanation, and Application, NOAA 
Technical Mtmorandum NOS NGS-5, 
1979 .... ........ ............................................... .All 

NGS Reference Library Bibliography ............ AU 
Inventory Handbook. for the NGS .................. All 
Publications of the National Geodetic 

Survey. cu~nt date .................................. .All 
Superwylbur Text Editing Man11al ................ AU 

w / tenninals 
Superwylbur Workbook: Six Sessions 

on Superwylbur ........................................... All 
w /terminals 

Manual or Geodetic Triangulation, C&GS 
Special Publication 24 7, Revised I 9S9 ....... Horizontal 

Manual of Triangulation Computations, 
C&GS Special Publication 138, I 928 ......... Horizontal 

Input Formars and Specifications of the 
National Geodetic Survey Data Ba.s,e, 
Volume I, Federal Geodetic Control 
Committee 1980 ..... .................................... Horizontal 
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NLSC 
NL.SC 
NL.SC 
NL.SC 
NL.SC 
NL.SC 
NLSC 
NL.SC 
NL.SC 
N/CGl6 
NLSC 
NL.SC 

N/ CGl7x2 

N/ CG17x2 

N/CGl7x2 

N/CG17x2 
N/CGI7x2 
N/CGJ6l 

N/CGl7x2 
N/ CGl64 

N/ CGl64 

N/CG!7x2 

N/ CGl7x2 

N/CGl7x2 

The State Plane Coordinate Systems, C&GS 
Special Publication 235. revised 
June I 974 ........................... .. ...... ................ Horizontal 

Horiz.ontal Control. NOAA Technical 
Report NOS 8 NGS 19 ( 1980) ....... ........ .. .. Horizontal 

Fundamentals of the State Plane 
Coordinate Systems, 1974 ........ .......... ...... ... Horizontal 

Understanding the State Plane Coordinate 
Systems. 1977 ....... ......... ...... ............. ......... . Horizontal 

Bilby Steel Tower for Triangulation. 
C&GS Publication 62-3, 1929 ................ .... Horirontal 

Manual o( ~ ra- Triangulation. 
C&GS Special Publicatio11 225, 1941 ......... Horizontal 

Specilicatims fer HOOzaital Cootrol Marks, 
ESSA Technical Mtmorandum C&GS 
TM-4, 1968 ................................................ Horizontal 

Geodetic Leveling. NOAA Manual NOS 
NGS 3, 1981 ...................... ........................ Vertical 

Manual of Leveling Computation and 
Adj111tment, C&GS Special PublicatiOll 
240, 1948 ............. ....... ...... .. ........................ Venical 

Observing and Automatic Recording 
Procedures for Leveling ..... ........ ....... ........ ... Vertical 

Input Formats and SpecijicatiollS of tht 
NatiofllJI Geodttic Surw!y Data Base. 
Volume II. Federal Geodetic Control 
Committce.1980 ........ ............................. .... Vertical 

Geodetic Bench Marks, NOAA Manual 
NOS NGS I, 1978 .......... ....... .................... Vertical 

Control Leveling, NOAA Technical Report 
NOS 73 NGS 8, 1978 ................... ............. Vertical 

The Zeiss Apparatus for Crossing Wattr 
Spans in Prmsc Leveling, U.S. I.Ake 
Surw!y Misc. Paper 69.(), 1969 ................... Venical 

Manual or Geodetic Astronomy. C&GS 
Special Publication 237, rev. 1952 .............. Astronomic 

Appannt Place of Fundamental Stars ..... ...... Astronomic 
Astro110mical Almanac. U.S.Naval 

Observatory, current date ............. .............. Astronomic 
Input Formats atrd SpeciflcatiollS of 

the National G~odetic Survey Data Bau, 
Volume III, 1983 ........................................ Gnivity 

F,.,tablishment of Calibration Base Lines, 
NOAA Technical Memorand11m NOS Base Linc 
NGS-8, 1982 .... .... ................ ............ ........ .. Horiz.ontal 

1.1 ManuUI IDd Handbooks 

N/ CGI 7x2 

N/ CG!7x2 

N/CGI7x2 

N/CG17x2 

N/CGl7x2 

N/CG17x2 

N/ CGl7x2 

N/ CGl7x2 

N/ CG17x2 

N/ CGIJ 

N/CG17x2 

N/CGI7x2 

N/CGl7x2 

N/CGJ7x2 

N/ CGl7x2 
N/ CGI-42 

N/ CG142 

N/ CG!7x2 

N/CGl7x2 

l.J.1 
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Party 
Title Application Sour~ 

Use of Calibration 8a5e Lines, NOA.A 
Technical Memorandum NOS NGS-10, Bue Line 
rev. 1980 .................................................... Horiz.ontal N/CG17x2 

The Preservation of Triangulation Stations ..... Mark Maint N/CG l 7x2 

Party 
Title Application Source 

Coastal Mapping Handbook ........................... Mark Maint. 
NGS Doppler Operations Manual ................... Doppler 
Field Operations Manual Doppler Geodetic 

IUitiCJnina, DMA Technical Memorandum 
T-2-52220 .................................................... Doppler 

N/CGl7x2 
N/CG14 

N/ CG14 



1.2 PROJECT DIRECTOR'S RESPONSIBILITIES 

Traditionally, the head of each NOS field party was titled "Chief of Party." The person who was 
fonnerly 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 tenn "Chief of Party," as 
used throughout this chapter, is meant to include 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 NOS Headquarters. The Chief sees that 
the party i'i 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 l~ 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 Chief of 
Party follow: 

1. The Chief of Party is ~ponsible for the efficient dist» 
sition of peoonnel 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 le.a.st every 6 months) ex~ 
the side of a mark. The Chief will report on these inspec
tions in the Monthly Report and Journal. 

3. During each project, the Chief of Party will periodically 
examine field recor~ 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 perfonn these functions. The 
Chief 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 horizontal 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 l 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, VORT AC'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 f~ible, the horizontal pa;ition of 
vertical control marks in the vicinity of occupied stations 
will be determined. 

6. On vertical control parties, the Chief of Party will ~ure 
that technical specifications have been met. especially those 
for section, line, and loop misclosu~. 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, horiz.ontal control points along the level line 
will be connected to the National Geodetic Vertical Net
work. 

7. The Chief of Party is responsible for maintaining a 
safety program. The Chief will correct any unsafe practice or 
condition involving personnel, vehicles, and equipment and 
arrange periodic meetings with personnel to discuss safe
ty procedures and precautions. Safety mee~ will be noted 
in the Monthly Report and Jounla1. Accidents will be ca~ 
fully reviewed, and appropriate disciplinary action taken 
if negligence on the part of an employee contributed to the 
acddent. 

8. The Chief will periodically evaluate Government 
equipment on the party to assure that proper maintenance 
and repair work are performed, report exces.s property, and 
dispose of obsolete and surplus equipment. 
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9. The Chief of Party will maintain gocd relations with 
the public. When and where appropriate, the mmion, prod
ucts, and services of NGS will be discussed with property 
owners and with State and local officials. 

IO. 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 Chiefs 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 app~ 
priate. 

11 . The Chief of Party shall actively attempt to recruit 
minority employees. The locations of contacts for ~istance 
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 Chief of Party will designate an employee of 
the party to assume this position in the Chiers absence. 
Nonnally, the party computer will serve as the Acting Chief. 
When tM occurs. the Operations Branch is to be notified in 
writing. 



1.3 EMERGENCIES AND SAFE1Y 

1.3.1 National Emergencies 

National emergencies are those which jeopardize the 
security of the ~ation. Instructions concerning 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 alened by radio and televi
sion broadcasts and by the Attack Warning Signal (a 3-
to 5-minute wavering tone on sirens) or short blasts on horns 
or other devices. The signal is repeated as deemed neces
sary to obtain the necessary response by the population. 
AJI field personnel should follow the instructions given in 
the NOS Contingency Plan for Emergency Operations, 
appendix G, reproduced below. 

PURPOSE 

NOS Contingency Plan for Emergency 
Operations Appendix G 

G[~FRAI. PERSONNEL l~SfRl'CTIONS 

This document contains infonnation and in.structions on 
the NOAA Emergency Readin~ Program for all peoonnel. 
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 a format for separate printing and 
distribution to each NOS employee. 

NATIONAL POUCY Al\1> CONCEPT OF EMERGENCY Pl.ANNING 

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 smaU C3dre of key personnel who will also serve 
as a nucleus for reconstitution of normal government 
functions when hostilities cease. Three Executive Teams, 
Alpha, Bravo, and Charlie, have been designated for that 
purpose. Special instructions for NOS personnel assigned 
to the Executive Teams 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-DUlY HOURS 

NOAA Directives Manual 65-70 cstablillhes the req~ 
ments for a .. Facility Self-Protection !>tan" for each NOAA 
building. Each Facility Self-Protection Plan should con
tain detailed imtructions for immediate personal actions 
to protect life and property in the event of enemy attack 
during normal duty hours. Under such conditions, in
structions concerning 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. 

AITAC.K WARNING RESPONSE-NONDUl'Y HOURS 

In the event of an enemy attack during off-duty hours, 
or when in a trave.I status, NOS pmoom who are not desig
nated members of either Team A, B, or C should follow 
the local government plan for emergency acticm and imtru~ 
lions ~ued by National Command or Civil Defeme Autlr 
orities. Specific instructions for any set of circumstances 
cannot be presented. E.ach individual is respomible for taking 
actions according to his or her best judgment. The follow
ing arc general guidelines. 

IMq AHKll w..-. a.Bdcm: 
• 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 instructi0Tl8. 

• Take all pcmible action to oomerve emergency supplies 
and maintain health and sanitation. 

• Do oot attempt evacuation of your area unless iMtructed 
to do so by appropriate authority. 

TenNmtloa ~ Attld • Holdldl!I: 

• When it is safe to leave your shelter, report your sta
tus to appropriate authorities. (See section 1.3.1.l ). 
Follow inmucticm 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 unable 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 ~t office. 
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SELF-PROTEmON 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 warnings and protective shelter.; 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 infonnation 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 Oflice in the county or state where 
you live. 

1.3.1.l NGS Contingency Plan 
Jn 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: 

I. The Chief, National Geodetic Survey, 
2. The director of the nearest NOAA Marine Center, 
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" meaIL~ any hurricane, tornado, stonn, flood, high water, 
wind-driven water, tidal wave, tsunami, earthquake, vol
canic eruption, landslide, mudslide, snowstorm, drought, 
fire, ex.pl05ion, or other catastrophe requiring efforts to save 
lives, to protect property, public health, and safety, or to 
avert or lessen the threat of a disaster. 

The fir.;t 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
ernment property. ff appropriate, an emergency plan should 
be developed. 

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

Upon notification of a disaster "warning" from news 
media, or the actual occurrence of a disaster, all personnel 
should take immediate action first to protect themselves 
and their dependents and then, if possible, to protect 
Government property. A "warning" means that disaster is 
imminent. Move to a public shelter or safe ground if time 
pennits. 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 member.; 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 pc&ible in the event or 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 NDM {chapter 
64): 

01-NOAA Safety Management Program 
04--Potential Hazards 
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JO-Safety Management-The Supervisor's Responsi-
bility 

I I-Loss Control Through Safety Management 
13-Protective Equipment and Clothing 
19-lnstallation 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 peraonnel 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 quite 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 those habits. The proper 
way to lift objects is with the legs, not the back. A1though 
this is a well-known fact, it is often not practiced. Back 
injuries not only coot the Government k~t time and med
ical expenses, they cause great discomfort and inconven
ience to the individual. Develop a habit of lifting things 
properly, and do not lift objects that are too heavy to handle. 

2. Eye Injury. Accidents causing damage to the eyes can 
happen very easily and quickly. Coru;idering 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 so. Obviously, 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 
exercise 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 tools, 
2. while drilling holes in concrete or rock for survey disks, 

and 
J. 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 hannful to the 
eyes. NEVER look directly at an arc welder in operation 
unless you are wearing properly shaded eye protection. To 
many people, thi.s is second nature, but there are tha!e 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 l, 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 great 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 pulI 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 setters working around drilling rigs. Be coru;tantly 
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 pa;.5ible, 
with the victim to the hospital. Sometimes it can be re
attached. 

4. Unsafe Clotlring mu/ Aca1.sories. l.ooie 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 pull the operator into it. 

Similarly, rings, chains worn about the neck, and siin
ilar ornaments should be removed before working around 
any type of apparatus that can catch them. Though it would 
not seem likely, jewelry, including ring.5, can easily get caught 
on equipment that does not even have moving parts. 

5. Protecti'11e Clothing. Brightly colored vests should 
always be worn when working near traffic. Level observing 
units operate under these conditio~ continuously, but others 
too are exposed to the hazards of moving vehicles. When 
vests become faded they should be replaced. 

Hardhats can be lifesavers. They must always be worn 
by peraonnel on tower building and t.eardown parties. They 
must also be worn by mark setters when operating a drill 
rig or gasoline powered hammer (e.g., Cobra). All field 
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 a~es 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 off er excellent protection to the hands 
of thme 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 thttat of l~ of fingers or a 
hand than the protection they off er against slivers or cuts. 
Use your judgment. If gloves are worn around drill rigs, 
the gauntlets should always be removed, because they can 
easily get caught between the flights of a rotating auger. 

6. Poison Ivy llllll Oak. For many people, dcrmatiti,, caused 
by expa;ure to point ivy or poison oak is a miserable experi
ence. Semitivity to these plants varies with individual'i, rang
ing from none to extreme. Most people will experience at 
least a mild reaction. Some may be so sensitive that they 
may become ill. 

The fllSt line of def eme apimt such dcrmatiti,, is to know 
the facts about poison ivy and oak. A thin oil found on the 
leaves and roots of the plants causes an aJlergic 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 burning 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 uni~ that person still 
has some oil on the skin. Poison ivy is a climbing plant with 
slightly shiny leaves in groups of threes. When blooming, 
its flowers arc pale green. It has greenish-white berries. 
Poison oak is much the same only its leaves ha~ the familiar 
shape of a white oak leaf. Remember: "Leaves of three, 
let it be." 

After koowing the facts about~ ivy and ~ alk, 
the prcce.utiom to take become cxmmon sense. Fim, 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 
pcmible. Wear high boots. long trousers held tightly around 
the ankles, long sleeve shirts buttoned tightly around the 
wrists, glov~, and appropriate headwcar. It is al.so a good 
idea to carry extra clothing to change into after exposure. 
Third, catty extra c.am of water for copious flushing of the 
skin after contact with the plants. Shower thoroughly as 
soon as ~ible afterward. And finally, wash all clothing 
that might have oil 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 
persoo and have advme effects on another. It is the opinion 
of some authorities that oral preventatives are the preferred 

method of desensitiz.ation. 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 cour.oe. Calamine lotion or similar prod
ucts may help relieve the itching. Again, the effect1ven~ 
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. PoiSONJUS Snakes. As with poisonous plants, the mU5t 
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 comtricting band, a scal
pel or sharp knife, and a suction cup. 

SeveraJ different first aid methods for snakebite have 
been advocated by various groups. Some are inad'"isable. 
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, seditivcs, aspirin, or any medicine cootaining 
aspirin. (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 
to a doctor quickly, but without too much physical exer
tion on the part of the victim. 

First aid treatment recommended by the American 
Red C~ is given below. The Red c~ leaflet entitled 
"First Aid for Poisonous Snakebite" details the procedure 
and should be carried whenever working in regiom inhab
ited by poisonous snakes. 

a. Keep the victim from moving around and as calm as 
pa;sible. Try to keep cool and calm your.oelf. 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. 

c. If mild-to-moderate symptoms develop-mild swelling 
or discoloration, mild-to-moderate pain at the site of the 
wound. tingling sensations, rapid pulse, wealrn~. dim~ of 
vision, nausea, 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 314 to I~ 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 l~n 
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, unc.onsciousness, or no breath
ing or pulse-apply a constricting band, make an incision 
over each fang marlc, and apply suction irrunediately. Make 
cuts in the skin through the fang mark. using a sharp, steri
lized knife. Cuts should be no deeper than just through the 
skin and should be about l/:i inch long, extending over the 
suspected venom depc6it 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 profes.sional care by transport
ing the victim to a place where it is available. If ~ible, 
use emergency communications systems to obtain med
ical advice or to get a professional to the scene. If it is 
nec~ry 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. 

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

Table I .3.3-I -Gm•emment-supplied safety equipment 

Snake 
Primarily 

Use 
Safety Hard Safety Safely Bite Trailer 
Glasses Hats Boors Gloves Vesis KiU TiedOWTI 

Mark Maintenance x 
Reconnaissance ..... 
Builders .... ................. x 
BM Setters ...... ........ .. x 
Observers .............. .. . . 
Level Crews ..... ........ . 
Astronomic ........... . 
Gravily ..................... . 
Doppler ................... . -

1.3.3.2 Vehicle Safety 

x 

x x 
x x 

x x x 
x x 

x x l x 
x x x x 

x )[ 

)[ )[ )[ 

x x 
x 
x 

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

l. Dri11ing. All Project Directors and Chiefs of Panics 
will ensure to their personal satisfaction that each employee 
assigned to drive a Government vehicle is a capable and 
safe driver under all circumstances. Poosession of a Gov
ernment 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 
responsibility, 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 clem
liness of the windshield, a visual check of tire pressure, 
adjustment 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, tum signals, and running lights. At lea.st 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 driver is inclined to increase 
the driving speed in order to return to the office a little 
earlier. The supervisor should reiterate appropriate w~ 
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. Accidents. All Government vehicles must carry NOAA 
Form 397, Packet-Vehicle Accident Fomts. This packet 
c.ontains 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 injun:d employee 
(if able) and the immediate supervisor shall complete and 
submit Form CA-1 in accordance with the instructions on 
this fonn. Forward a copy of the form to NOS Personnel 
Section, AT/PERl5, without delay. All other forms relating 
to the accident and another copy of the Form CA-I should be 
submitted to the Chief, NGS, N/CGlxlO, for review and 
initiation of any claims. Then, N/CGlxlO will forward 
these fomts to the NOS Safety Management Officer: .. 

3. Equipme11t. All equipment carried in Government vehi
cles must be neatly and securely stowed. This not only pr<r 
motes efficient operations, but also is an important safety 
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precaution. In the event of a collision, loo;e 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 decal) 
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 apart, running at a 45-0egree 
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 Cl~ A, B, and C 
fires and should be periodically impected as per manufactur
er's instructions. 

West Coast Mirrors or equivalent with a wide view mirror 
are required on steel trucks, I ·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 Vi and 1 mile from the actual location 
of the crew. 

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

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

1.3.3.3 Tower Safety 
l. Other Gllidelines.. C&GS Publication 62-3, Bilby Steel 

Tower for Triangulation (l 929: 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 Regulaiions. When a tower or mast is to be put 
up in the vicinity of an airpon, 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 parties should have 
copies of this circular. They can be obtained by writing to: 

Federal Aviation Administration 
HQ438 
800 Independence A venue 
Washington, D.C. 20590 

3. Falling Objects. The danger of objects falling off towers 
is ever present. Use of hard ha ts by builders and teardown 
crews is mandatory. In addition, the building foreman should 
ensure that builders do not occupy a potentially hazard~ 
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 ~ more probable during 
building and tear down, the above precautions should be 
observed whenever working on or around towers. 

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

5. IAdders on Wooden Towers. On wooden towers. steps 
have been known to pull off, causing injury to thaie 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 ladder. 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 4-inch material. The steps should 
be made of I- x 4- or 1- x 6-inch material and should not 
contain knots large enough to weaken them. They should 
be aboot 18 inches apan. Stell' should extend to the handrail 
of the tower, not just to the floorboards. Nails driven into 
the steJl> 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 acre& the grain 
of the wood, not parallel to it. 

A newly erected tower must be inspected by the build· 
ing foreman to see that 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. Alternatives 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 stri~ is given in USC&GS Publication 62-3, 
Bilby Steel Tower for Triangulation ( 1929: 86). 

1.3.3.4 Miscellaneous Safety 
l. 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 bun 
by slipping and falling down. Walking surfaces that are 
normally quite safe can become dangerous if they get wet. 
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Take extra care under those conditions. Surfaces requiring 
particular caution include rock (ledges, etc.), metal (towers. 
etc.), and wood (planks, Jogs, 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.l20b). Gasoline
powered equipment mll'it have all gasoline drained, all shut
off valves closed, and all tank caps tightly seaJed. 

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 started 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-cell 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 Fireanm in Government Vehicles 

1.3.4.J Policy 
Personally owned firearms and ammunition are not 

permitted in any Government vehicle or trailer without prior 

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

1.3.4.2 Dilciplinuy Acdom 
Violation of this policy can result in suspension or 

dism~. 

1.3.4.3 When Tramportadoo of Fireanm 
Can Be Autboriud 

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

l. When traveling to or from remote encampments or 
station sites at which the firearms may be needed. 

2. On moves between project areas. 

1.3.4.4 Tnmporting F1reamli 
When authorized, firearms may be traMported 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 dislmcmbled, 

c. 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 ~ 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. 
Permission to enter onto property and to build towers is to 

be obtained during reconnaissance and reconfumcd by the 
party prior to the start of the project. (See also section l.5.23, 
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 sul>
rnitted, 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 Gtodetic Survey 
Information Center (N /CG 17). Mark Maintenance per
sonnel and the Geodetic Advisors should supply the same 
infonnation but should forward it to the Network Main
tenance Section, N /CG 162. 

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

Any claims for damage or I~ caused by negligent or wrongful acts or omi.Mions by NGS personnel 
are governed by the Federal Tort Claims Act, provided the persons who have caused the damage acted 
within the sc.ope 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 cl.aim. (See NOAA Directives Manual 
22-05.) 

1.5.1 Accidents 

l~.1.1 GoYel1llnellt Vehicle 
A Government employee is not liable for damages re

sulting from an accident while driving a Government ve
hicle in perfonnance of his or her duties. Under the Federal 
Tort Claims Act, the Government will c.onsider for set· 
tlement any claims for damages caused by negligent or 
wrongful acts of any Government vehicle operator while 
acting within the sc.ope of his or her employment under 
circumstances that woold make the United States., if it were a 
private citiz.en, 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. Ordinarily a slight devia· 
tion as to time or place does not constitute a departure from 
the scope of employment. Conversely, an es.sential 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 Attorney 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.S..l.l Towing Prbately 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 acddent, 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 c.onsidered. 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 J'OO)Very, Government vehicle operators arc encooragcd 
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 
if any property damage is expected. Costs of any damage 
can be c.onsidered as normal site preparation expeMCS and 
can be paid from the imprest fund. 

t.S.2.2 Reimbursement for Damages 
AJI subvouchers submitted for reimbunement of p~ 

erty damage caused while building or tearing down Bilby 
towers or setting marks are subject to the following restric
tions: 

I. The extent of the expected damages and the amount 
of the reimbursement should be disco~ with the proI> 
erty 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 NOS during project 
---- , as a result of oormal 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 discounesy 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 pennis.5ion, 
and not expressing thanb. This could be avoided to a great 
extent by the Party Chief or Project Director visiting with 
the property owner prior to departure, thanking the owner, 
and inviting him or her to an inspection of the grounds. 

1.5.2.3 Third-Party (MID'llllCe 

Field parties should secure third-party imurance for the 
property owners before building towers or erecting poten
tially dangerous structures on private property. This 
imurancc 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 
All claims for damages resulting from inaccuracies in 

geodetic data gathered by NGS should be referred to 
NOAA's Office of General Coumel. 

1.5.4 Loaning Gol'emment 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 mu.st not include any pl'OVWoo w~ 
by the use of such property by any private individual or 
firm is authorized or implied. 
N~Federal requests for the loan or comtruction of Bilby 

towers will not be honored NGS may comider cooperative 
horizontal control programs which incorporate the use of 
the towers in overall horizontal oontrol surveys. 

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

All requests for loans of Government property must be 
submitted 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 Logisti~ Supply Center. 

1.6.l.I 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 SF-44. NGS 
imposes these additional limitations: 

1. All purchases over $500 must be first approved by 
the Field Operations Section, N /CG 161, at which time 
they will be registered. 

2. All truck repairs in excess of $500 must be jointly 
approved by N/CGI61 and AT/GSM43. 

3. All SF-44's over $1 ,000 must be issued by the Chief 
of Operations Branch, N /CG 16. 

4. All SF-44's for purchases made by geodetic advisors 
and mark maintenance personnel must be requested from 
the Network Maintenance Section, N /CG 162, and issued by 
N/CG16. 

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 pure~ order (CD-45) issued by the Plam and 
Requirements Staff, N/CGlx!O. 

6. Capital equipment may not be purchased with SF-44'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/CGl6 to issue an SF-44 or for N/CGlxto to 
issue a CD-45. The $2,500 limit on SF-44's is the maxi
mum limit for NOAA. 

Figure l.6.1-1 shows the authorization for delegating 
procurement authority. To obtain a current list of author
ized purchasing agents, contact the Operations Branch. 

1.6.1.2 Imprest Fund 
Each pany 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/CG lxto, should be contacted to 
answer any questions about the imprest fund. 

NGS imposes a $500 limit on any single cash purchase. 
The Field Operations Branch, N/CGI61, should be con
tacted about any cah purchase that is expected to exceed 
$500. 

1.6.l.3 Supply Requisitiom 
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. GS.4. Procedu~ for ordering supplies from GSA are 
given in the Federal Standards Requisitioning and Issue 
Procedures (FEDSTRJP) Operating Guide. This guide and 
other GSA catal~ may be obtained by writing to the ~ 
eral Services Administration (8FFS), Building 41, Den
ver Federal Center, Denver, Colorado 80225. Pruties should 
use Standard Form (SF) 344, Multiline Requisition, 
when ordering supplies from GSA. One copy of this form 
should also be submitted to N/CGlxIO. 

2. NLSC. The NOAA Stock Catalogs list most of the 
supplies which can be ordered from the NOAA Logistics 
Supply Center. Panics should submit NOAA Form 37-4 
to NLSC to order supplies. One copy of this form should 
also be submitted to N/CGlxto. 

1.6.2 Personnel 

The NOAA Directives Manual and the NOAA Personnel 
Handbook list the regulations and operating procedures 
penaining to personnel administration. A Depanment of 
Commerce booklet entitled "Employee Handbook" contains 
general information on employment. It is available from 
the Field Operations Section, N /CG 161. 

1.6.2.1 Right to Prbacy 
NOAA Directives Manual (chapter 22-50) outlines 

NOAA's responsibility under the Privacy Act of 1974, P.L. 
93-579 (5 use 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 Fonn 
W-2 and NOAA Form 34-14 (white cards). Section 12 
states what information can be provided by a supervisor 
when an inquiry is received from rental or credit offices 
concerning a specific employee. 

1.6.2.2 lrddation and Termination of F.niployment 
NOM Personnel Handbook (chapter 3) lists employment 

restrictions, recruitment procedures. and special employ-
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UNITED STATES DEPARTMENT OF COMMERCE 
N•tian•I OcHnic and Atmaspheric Administratian 
Flockv1lle. Md. 20852 

Procuremen c Point 158 

DATE: October 1983 

TO: See attached list 

FROM: N/CG16 - 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 Regulations, you are hereby delegated the 
responsibility to make small purchases subject to the I~mitations 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: 

SHALL PURCHASES ($10,000 - 41 USC 252 (c)(J) 
(X) SF-44: Limited to$ 1,000.00 per single purchase. 
( ) Requisitioning Public Utility Service (Regulated Rate). 
( ) Requisition Actions involving Transfer of Funda under 

cross-servicing or interagency agreements. 
CD-45 (or equivalent): Limited to$ 

~~~~~~~~~ 

per single purchase. (Delivery orders against exi9ting 
contracts may be issued up to the maximum order limita
tion of the contract.) 

REDELEGilLE 
YES NO 

OTHER CONSTRAINTS: 
NOTE: 

NOAA Small Purchase Guide Chapter 4 (SF-44 Authority) 
Exhibit C, Limitations on Use, attached hereto. 
See Section 1.6.01.l of NGS Operations Manual. 

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

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

Authority designated as redelegable may be further delegated to qualified NOAA 
personnel of not less than 21 years of age. Such reaelegations shall be in writing 
and define the scope and limitations of the authority delegated within the guide
lines specified in NOAA Directive 36-10, Exhibit A. Copies of redelegation must 
be distributed as shown below. 

Attachment 
cc: AT/GSHl 

AT/GSMx)l 
AT/GSH4Z 

(Signature) 

Figure 1.6.1-1-Slmple memorandum delegating procurement authority 

(Date) 

8/83 
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ment programs. This section of the manual lists the forms 
to be submitted for initiation and tennina.tion of employment. 

NOAA S2-10-Statement of Relatives Employed by the 
DOC 

Newly hired per.;om should complete the following forms 
and submit them to the Held Operatmc; Sectm (N/CG161). 
If these forms have not been received by N/CGl61 with
in 10 calendar days after employee ente~ on duty, employ
ment will be tenninated. 
SF 61-Appointment Affidavits 
SF 61 8-Declaralion of Appointee 
SF 85-Data for Nonsensitive or Noncritical-Sensitive 

Position 
SF 87-U.S. Civil Service Fingerprint Chan 
SF 171-Personnel Qualifications Statement 

NOAA S5--3-Statement Relating to Employee Respon
sibilities and Conduct 

W-4-Employee's Witholding Exemption Certificate 
SF 52 Request for Pmmnel Action (See fig. 1.6.2-1.) 

CD 133-Application for Operators ID Card 
SF 47-Physical Fitness Inquiry for Motor Vehicle Oper

ations ID 
A person rehired less than one year after ~tion must 

submit all fonm except the SF 85 and the SF 87. 
On the first day of duty, N/CG16l 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: _________________ _ 

D 

D 

D 
D 

D 

D 

D 

D 

D 

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

grades beyond the career-ladder position). 

*Note: tf Resignation is requested, please have employee sign the back of the SF-
52 and then send it (incomplete) to N/CG161 along with NOAA Form 55-1, 
Driver's License, Credentials, etc. 

Project Director _________________________ _ 

(Signature/Date) 

Figure 1.6.2-1- NGS form med for preparation of SF·5l 



1.6-4 1.6 Administradon 8/83 

of birth, date and time entered on duty, organizJltion code, 
grade, and minority cl~. This information is needed for 
payroU 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 
acti<>n form. (Sec fig. l.6.2-1). 

1.6.l.3 Performance Ratinp 
NOAA Personnel Handbook (chapter 18) as amended 

by NOAA Circular 81-95, describes the General WCX"kforce 
Performance Appraisal System. 

1.6.2.4 Promotiom and Witbin-Gl"lde ~ 
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. 

1.6.2.S Athene Action and DDdpline 
NOAA's policy on adverse actions and discipline is 

contained in the NOAA Personnel Handbook (chapter 13). 

1.6.3 Party Mo•es/Tra•el 

Travel regu]atiom are stated in NOAA Travel Handbook 
(NIH) and in the NOAA DirtctiW!S 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/CG lxlO, in accordance with NOAA 
Travel Handbook, chapter l, part 11, Claims for Reim
bursement. 

1.6.3.1 Use of US Goternment Trucks 
The usc of Government vehicl~ in general is discussed 

in NOAA Circular 7><i0 filed with NDM (chapter 42-25). 
This section establishes the policy for use of Government 
vehicles on party moves. 

The first priority is to usc Government trucks to move 
Government trail~ and cquipmcnl Arry 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 
move additional Government equipment. Requests for 
second trips should be made through the Field Operations 
Section ( N /CG 161) in advance of pan y moves. Project 
Directors and Party Chiefs should carefully schedule ~ 
ond trips to minimize the ca;t to the Government. 

1.6.3.2 Per Diem 
Per Diem is paid to field personnel to help off set the ~ of 

travel under orde~. R.egulatiom for civiliam arc prescribed 
in the NOAA Travel Handbook. For c:omnmsioned officers, 
the Joint Travel Regulations govern. The present per 
diem rate is $23/day plus the average ~t of lodging not 
to exceed $50/day for enroute travel and the first 30 days 

at a temporary duty (TOY) station. After the first 30 days 
at any TDY station, the per diem is reduced to a flat rate 
of $25/day. 

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

Send all questi<m aboot per diem rates to the NGS P1am 
and Requirements Staff, N/CGlxlO. 

1.6.4 Reports 

1.6.4.1 Routine Reports 
All individuals responsible for NGS field units, obser

vatories, mark maintenance personnel, and State geodetic 
advisors arc required to submit several reports on a routine 
basis. 

l. Field Party Mo11tlfly Report ""' Jo11rnal (NOAA 
Form 76-92). This report is to be submitted to the Field 
Operatiom Section or the Network Maintenance Section 
(mark maintenance and advisors) at the end of each month. 
The Field P'arty Monthly Report and Journal receives wide 
circulatiat at Headquarters and ~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 rmwb and reoommendations section shwld be used to 
call attention to problems, solutions to problems, and new 
i~. This section shruld also be uscd to provide a tabulation 
of a participating agency's effort in a cooperative project. 

Example: 
•(sec below) Personnel 

Staff days ................................................ = 
Standard paid days .................................. = 

Staff months ............................................ = 
•Enter panicipaling 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. Otlter Rowtiu Reports. See section 1.6.5.1 for a list
ing of all forms and reports to be submitted biweekly, month
ly, quarterly, aMually, or as needed. 

1.6.4.2 Nonroutine Reports 
Accident and injury reports, personnel actions, project 

reports, and reports on changes in inventory are nonroutinc 
reports and should be submitted when necessary. 

l. Acdde111/InjMry Reports. These reports should be sub
mitted in accordance with the NOAA Directives Manual 
(chapter 6.4). The necessary forms are listed in section 
l.6.5.1, '"Summary of Forms." 

2. Person.el Actio11s. Requests for personnel actions 
should be submitted to the Field Opcratkm Branch on the 
form shown in figure J.6.2-l. Sec section l.6.22 for a listins 
off orms needed for initiatins and tenninating employment 
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Date: 

To : 

From: 

Purpose : Request for Travel Orders 
Type of order 20 D 24 D 

Names of Travelers From To 

Purpose of Travel : 

Beginning About Ending About Task 

Org. Code 

Mode of Transportation Special Provisions 

Gov't Vehicle D POVO Towing POV by Gov't Truck D 
BusO RailO AirO Towing of Privately-Owned 
Rental Car D House Trailer by Gov't Truck D 

Annual Leave Enroute Requested D 
Other Give Dates: 

Dependent Passenger D 

NOAA 22-1 Submitted 0 
(on file at N!CG1x10) 

Special Expenses 

Mileage Authorized for POV D Bridge and Road Tolls D 
Miscellaneous Expenses Authorized Hire of Taxis D 

In Lieu of Imprest Fund D 
Excess Baggage D 

Meeting Registration Fees D 

Figure 1.6.3-1-NGS form med to request Intel order 
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3. Project Reports. Project reports should be submitted 
after each project is completed. See sectiorn 2.2.22. 2.3.11, 
2.4.5, 2.5.6, 2.6.6, and 2.7.6 for the report requirements 
for different type surveys. 

4. Otlter NOlll'Ollline &ports. Other forms and nonroutine 
reports are listed in section 1.6.5 .1. 

1.6.S Summary of Administrative Fo~ 

NOAA Handbook No. 18 (NDM 59-17), which includ~ 
NOAA Forms Catalog, contains the requisitioning pro
cedures for and a listing cf all NOAA. Department of Omt
merce, and Standard F~ available to NGS field parties. 
This subchapter lists some of the more frequently used 
administrative fonns which should be kept on hand at the 
party level. 

1.6.5.1 Summary of Fonm 

1.6.5.l NGS Fonm 
This Section describes the fonm produced within NGS. 
l. /Uqwst for Tra1Jel Orders. This fonn is to be sub

mitted as needed to N /CG 161. It is used to request travel 
orders for either single employee or party travel. (See fig. 
1.6.3-1.) 

2. Mileage &port. 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. 
(Sec fig. 1.6.5-1.) 

3. Ripon of Estimatetl TraJtL This report is an ~timate of 
travel by the field party during the current month. It should 
be filed with NJ CG lx IO/ 4 by the 15th of each month. 

4. Request for Personnel Action. This fonn is used to 
mt N/CGI61 in preparing SF-52, Request for Personnel 
Action. (See fig. 1.6.2-1.) 

1.6..5.3 NOAA Forms 
All NOAA f onm should be ordered on NOAA Form 

37-4 from the NOAA Logistics Supply Center (NI.SC), 
Kansas City, Missouri. 

1. NOAA 34-8: Tune and Attendance Card. This card 
should be completed for each employee and forwarded to 

the Management Service Center (MSC) on the Thursday 
of the second week of the pay period The yellow copy should 
be forwarded to N/CGlxlO. NOAA Form 34-8A must 
be completed to reflect changes in task numbers, and for
warded to MSC. 

2. NOA.A 34-19: Cashier Fund Verification. This fonn 
is used as a quarterly audit Send original to AT/GSMx31 
and one copy to N/CGlxlO. 

3. NOAA 34-63: Standard Task Number Assignment 
Request.. This fonn must be used to change the party's Starr
dard Task Number (STN) each time the party begins a 
new project which is expected to last 2 months or more. 
(Time and Attendance cards are printed three pay pericxis 
ahead). All NOAA Forms 34-63 should be submitted to 
N/CG1x10, to be verified and forwarded to payroll. 

4. NOAA 37-4: Stores Requisition. This form is used 
for ordering supplies from NI.SC. Submit original to NLSC 
and one copy to N/CGlxl0/4. Make sure administrative 
(forms and publicatiom) and technical (equipment, instru· 
ments, and accessories) requests are on two separate req
uisition fonns. 

5. NOAA 37-12: Repon for Personal Property. This fonn 
is used for the disp<Sil 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.e., gas station, warehouse location, etc. 
Also list the condition and mileage (vehicles) of all equip
ment All nonoperable equipment except vehicles and traile~ 
should be sent to the NGS Instrumentation and Equipment 
(l&E) Section in Corbin, Virginia, for disposition Send 
NOAA Fonn 37-12 to N/CG161. 

6. NOA.A 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 
!es.see. 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 
fonn 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/CGlxlO. 

8. NOAA 55-1: 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 peninent 
material as listed on the form. Send to N/CG161 the original 
and one copy with the SF-52 attached. 

9. NOAA 76-92: Field Party Monthly Report and Journal. 
This fonn is to be completed and forwarded to N/CGI61 
by the l 0th 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. 

1.6.S.4 Slandard Forms 
This section descri~ 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-.U: Purchase Order. This form is intended for over
the-counter purchases and nonpersonnel services. (See 
section 1.6.1.1.) Copies l, 2, and 3 should be forwarded to 
N/CGlxlO. 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 Fonn CD-45 is explained in the NOAA Small Pur· 
chase Guide (chapter 6 ). A purchase order will be issued 
by N/CGlltlO upon request. 

3. SF-172: Supplemental Experience and Qualification 
Statement. Employees should submit this form at least annu
ally. lt is used to reflect acquired knowledge and work 



8/83 

Form No. 

NOAA 22-1 
NOAA 34-{i 
NOAA 34-8 
NOAA 34-SA 
(green stripe) 
NOAA 34-19 
NOAA 34-{)3 
NOAA 37-4 
NOAA 37-12 
NOAA 42-8 
NOAA 42-16 
SF-44 
SF-52 
NOAA 53-45 
NOAA 53-5 
NOAA SS-I 
NOAA 76-92 
NOAA 76-104 
SF-172 
SF-344 
CD-369 
CD-370 
SF-1103 
SF-1129 
SF-1169 

CD-133 
SF-47 

CA I & 2 
CA 16 
CA20 
NOAA 64-1 

Opt 26 
NOAA 64-1 
SF-91 
SF-91A 
SF-94 

SF 61 
SF618 
SF 85 
SF 87 
SF 171 
NOAA 52-10 
NOAA SS-3 
W-4 

1.6 Administration 

Table 1.6.5.1-AdministradYe fonm used by NGS Operatiom Branch 

W1ren to 
Title Submit 

Release from Claim for r njury or Death .................................................................. . 
Imprest Fund Pllrchases ........................................................................................... Monthly 
Time and Attendance .. . ....... ......... ....... ........ ....... ....... ........ ...... ......... ............ ....... ..... Biweekly 
Salary and Wage Distribution Report....................................................................... As needed 

Cashier Fund Verification ........................................................................................ Quarterly 
Standard Task. Number Assignment Request ........................................................ .. 
Stores Requisition ................................................................................................... .. 
Report of Personal Property .................................................................................... . 
Aircraft Chapter Agn:cmcnt ................................................................................... . 
Travel Roll Voucher................................................................................................. Monthly 
Purchase Order ....................................................................................................... . 
Request for Personnel Action .................................................................................. . 
Performance Plan and Appraisal . . . ............ ........ ............... ........ ...... ....... ....... ...... ...... Annual 
Quality Step Increase: ..................................... ............. ............................................ . 
Clearance of Employee Accountability ............................................................. ...... . 
Monthly Report and Journal .. ........ ....... ....... ....... ........ ....... ........ ...... ....... ....... ...... ..... Monthly 
Monthly Report-Leveling Observing Unit .. .............. ....... ....... ...... ........ ............. ....... Monthly 
Supplemental Experience and Qualificatio111 Statement .......................................... . 
Multiline Requisition ............................................................................................... . 
Travel Advance ........................................................................................................ Monthly 
Travel Voucher ........................................................................................................ Monthly 
U.S. Government Bill of Lading............................................................................... Monthly 
Reimbursement Voucher.......................................................................................... Monthly 
Government Transportation Request ....................................................................... . 

For Go•enunent Drher't l...icen. 
Application for Operator's ID Card .. .. ................... ....... .......................................... . 
Physical Fitness Inquiry for Motor Vehicle Operators .............................................. . 

Injury FllfftM 
(Persona.I Injury) 

Federal Employee Notice of Major or Occupational DiscaJC ............ ....................... . 
Request for Examination and/or Treatment ............. ............. .. .............. ................. .. 
Doctor's Repon of Treatment ........ .......................................................................... . 
Supervisor's Report of Accident/ Haz.ard ... ................................................. ............. . 

(Motor Vielilde Injury) 
Oat.a Bearing Upon Scope & Employment of Motor Vehicle Operator ................ .... . 
Supervisor's Repor1 of Accident/Hazard .............................................. ................... . 
Operator Report of Motor Vehicle Accident ........................................ ............. ...... . 
Investigation Report or Motor Vehicle Accident ..... ............................................... .. 
Statement of Witness .. .................................... ...................................... ..... ............. . 

Fonm to FJiter 1 P~ on Duty 
Appointment Affidavits ...... .............. ........ ....... .... ................. ............................ .. ..... . 
Declaration of Appointee .................... ..................................................................... . 
Data for Nonsensitive or Non Critical-Sensitive IUition ......................................... . 
U.S. Civil Service Fmgerprint Chan ...................... ................ .............. ................... . 
Personal Qualifications Statement ..................................... ...................................... . 
Statement of Relatives Employed by the DOC ........................................................ . 
Statement Relating to Employee Responsibilities and Conduct .............................. .. 
Employee's Withholding Exemption ................ ............... ............... ......................... . 
Certificate Request for Personnel Action .......................... ............. .......................... . 

UlllU!lbered Fonns 
Report of Estimated Travel..... ....... .......... ............... ...................... ............... .............. ........ ............................ Monthly 
Mileage Report . ........ ....... ....... ...... .. . ...... . ........ ....... .. ..... . . ........ ....... . ...... . ..... .. ...... . ....... . ....... ....... ....... ....... ...... Monthly 
Truck Inventocy ..... ......... ............... .. ........ ....... ....... .. ...... ....... .. ...... .......... .... .. ...... ........ .............. .. ................... Annually 
Request for Travel Order................ ............................................................. ....................... ........................... As needed 
Truck. Reports (Monthly Operations Summary Section Ill).......................... ................................................. Monthly 

W1ttrt to 
Submit 

Chief of Party 
N/CGldO 
MSC 
N/CGlxlO 

1.6-7 

AT /GSMSJ/N/CGhlO 
N/CGlxlO 
NLSC/N/CG161 
N/CGl61 
Vendor/N/CG!xlO 
N/CG!xlO 
AT/GSMSl/N/CGh:IO 
N/CG\61 
N/CG\61 
N/CG\61 
N/CG!61 
N/CGl61 
N/CG\61 
N/CG161 
GSA/NCGlxlO 
N/CGlxlO 
N/CG!x.10 
Vendor/N/CG lx.10 
Treasury /NCG lxlO 
Vendor/N/CG!xlO 

N/CGlxlO 
N/CGlxlO 

N/CGlxlO 
N/CGlxlO 
N/CG!x!O 
N/CGldO 

N/CGllllO 
N/CGhlO 
N/CG!xlO 
N/CGlxlO 
N/CG\J:IO 

N/CG161 
N/CG\61 
N/CG161 
N/CGl61 
N/CG\61 
N/CG!61 
N/CG161 
N/CG161 
N/CGl61 

N/CGlxlO 
N/CGllllO 
N/CGlxlO 
N/CGlxlO 
MB/A07 
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To: Date 

From: 

Subject: Monthly Mileage Report for 

Odometer Monthly Party 
License No. Reading Mileage No. 

Figure 1.6.S-l-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: Multiline Requisition. This fonn 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/CGlxlO. 

5. CD-370: Travel Voucher. Individuals should submit 
a travel voucher monthly. Send the original and two cop
ies (SF 1012A) to N/CGlxlO. Include 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 tra.vel advances from the Trea
sury Department when party Imprest Fund will not cover 
the amount needed for the advance. Submit this fonn to 
N/CGlxlO. 

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

boot, etc. The t:ramportation 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/CGlxlO. Send one blue copy to the 
consignee. The other copies are for the field party flies. 

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 objec.t classes marked on them. 
Finance requests that the adding machine tape be indud
ed with receipts. Voucher and receipts should be routed to 
N/ CGlxlO as often as needed, but at least once a month. 

9. SF-1129: Accountability Report This report is pre
pared on the same fonn as the Reimbursement Voucher. 
Cross out "Reimbursement Voucher" 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 
l 129A (yellow copy) to N/CGlx.10 each month. 
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IO. SF-1169: Government Tramportation Request: ~ 
form is u.9Cd to purclwe airtine ticw er to rent helicopter 
time. A copy of the travel order must be sent in with the 

1.6-9 

buff copy. If traveling on a blanket travel order, be sure to 
enter the trip authorization number. The airline retains 
original 1R. Attach the buff copy to the travel voucher. 



1.7 FIELD RECORDS AND DATA 

1.7.1 Safeguards Against U.S.S 

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 fireproof 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 Fonnats and Specifications 

Information on this topic is given in lnput Formats and 
Specifications of the National Geodetic Swvey Data Base. 
commonly 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. 

J.7.3 Fonm 

The purpo.5e of a form is to provide a convenient sheet 
on which to rerord information. As the type or format of 
the needed inf onnation 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, oom
putations, and other field data. The list does not contain 
fonm used primarily for administrative purposes. They may 
be found in Chapter 1.6. Forms may be requisitioned on 
NOAA Form 37-4 from the NOAA Logistics Supply Ce~ 
ter, 619 Hardesty Street, Kansas City, Missouri 64124. 

1.7.4 Data Trammittal 

Data transmittals from the field party to the NGS Head
quarters are discUMed 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 flies to be released) from 

projects are to be forwarded to NGS Headquarters at the 
earliest possible date after they are no longer needed in 
the field. For ongoing work that is not well defined as a 
"project," r~rds are to be submitted monthly. Examples 
include astronomic and gravity observatiom and mark main
tenance records. Send all records and data via Registered 
Mail-Return Receipt Requested to the following address: 

Quality Control Branch, N /CG 164 
National Geodetic Survey, NOAA 
Rockville, Maryland 20852 
Generally. 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 to recomtruct 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 ~mit their field data to headquarters. The original 
and one oopy 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 au data forwarded have been acoounted for, a signed 
copy of the original is returned to the submitter; this oopy 
is the submitter's official notification that the party has 
been released from resix>mibility for the data. The original 
letter of transmitted data remains with the ac~ioned data 
as the official inventory or index for that project data. If 
data for more than one project is to be packaged and ~ 
mitted in the same mailing package, make a separate trans

mittal fonn for each project. 
Therefore, the lransmittal letter should be as accurate 

and complete as possible. As a minimum, the transmittal 
letter should state these six items: 

8/83 1.7 Flekt Recorm and Data 1.7-1 
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Primaril>• 
used by 

Theodolite Obseners 

EDMO Obseners 

Horizoncal Computers 

BM Setters 

Vertical Computers 

M1rk MainteNnce 

1. 7 Field Records and Data. 

Table J .7.~1-List or NOAA geodetic forms lfied by NGS Operations Branch 

F<Nm 
Number 

75-54 
75-82 
75-82A 
76-46 
76-52 
76-86 
76-156 
76-135 

76-132 
76-43A 
76-33 
76-19 
76-170 
• 

76-126 
76-147 
76-102 
76-162 
76-158 

76-186 

77-82 
77-81 
76-104 
76-189 
76-191 
76-187 

76-188 
• 

76-91 
76-{i() 

76-109 
76-46 

• 
• 
• 

76-55 
76-49 
• 

76-55 

Form Title 

Daily Repon of Building Foreman on Establishment of Station 

Wye Leveling 
Station Description 
Station Description-Shon Fonn 
Shon-Traverse Observations and Computations 
Observations of Horiwntal Directions 
Abstract of Directions 
Observations of Double-Zenith Distances 
Abstract of Zenith Distances 

Instrument Frequency Count 
Model 4 Gcodimeter Observations 
Model 8 Geodimeter Observations 
Hewlett-Packard Distance Meter Observations 
Ranger III Observations 
MA-100 Telluromcter Observations 

Computation of Elevation & Refraction from Reciprocal Observations 
Computation of Elevation from Nonreciprocal Observations 
Computation of Triangles 
Reports on Triangulation Computations 
Reduction to Center 

Bench Mark Description 
Monthly Bench Mark Setting Statistics 

Geodetic Leveling (Backup sheet for auto recording) 
Geodetic Leveling Compensation Check 
Monthly Rcpon-Lcveling Observing Units 
Geodetic Leveling Three-Wire Observations 
Geodetic Leveling Micrometer Observations (6.h) 
Geodetic Leveling Field Abstract 
Valley or River Crossing Observations 

Geodetic Leveling Line Identification 
Valley or River Crossing Computations 

Repon on Condition of Survey Mark and Instructions 
Repon on Relocation of Bench Mark Maint.cnaocc 
Observation of Horizontal Directions, Traverse and EDMI Measurement, Leveling 
Shon-Traverse Observations and Computation 

Equipment Log, MX 1502 
Equipment Failure Repon, MX 1502 
Antenna Measurements 
Obstruction Survey 
Doppler Station Observation Log, MX 1502 
Record of Meteorological Observations 

Determination of Level Value 
Astronomy Abstract of Results 
Longitude Record and Coding Form 
Latitude Record and Coding Fonn 

Gravity Meter Observations 
Gravity Survey Computation Fonn 

• Th.,. form• were not printed ot llocked by NOAA al lh< lime o( 1his writif18. They •re created by 1hc uacr 111in9 a convcnliontl fonn. 
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NOAA '0111 .. 61-2' 
112-71) 

T01 

r 

L 

1.7 Field Records and DatA 1.7-3 

U. S. DIPAaTMun 11r 1;y-a1u;1 1111,llllCNCI NO. 
NATIONAL OCEANIC AND ATMOS~lllllC ADllllNISTlllATION 

L!TT!R TRAHSMITTIMG DATA 

, 

DATA AS LllTllD •u.ow Wlllllt: 'Olllw.AlllDl:D TO YOU 
•Y (CMct): 

0 0 .. DIN ... Y M41'. 0 ., ...... 1. 

0 ... GllT• .. •D MAii. 0 ....... .. 

0 ••'- (Ol'P• __ , ________ _ 

DATI ,.OlllWAlllDIO 

HOT-!: A Hp•nte cnn1mitt•l letter i1 co be u1ed for each type of d•t•, u tid•I d•t•, 1eiamolo.cy, 3eom•3neti1m, 
etc, St•te the number of P9Cka~u aad include an e:recuted copy of the cran1mittal letter in each P9Ckage. Jn addi· 
tion the original •nd one copy of the letter 1hould be Hot under separate conr. The copy· will be returned a1 • 
receipc. Thia form should not be used for corrupondence or uan1mittin~ accow1tin3 document•. 

----------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------

~----------------------- -----------------------------------------------------------------

i--.------------- . -------------------------------------------------------------------------

-----------------------------------------------------------------------------------------

P ROM1 r111 ... 11ue > R!CIEIVID THI ABOVE 
(N••· · DIYl•l•11 , D•I•) 

Ret""' recel1ttiHI cepy te1 

r , 

L 

IUPU••ED•• ,.o .... c .... •II ..... c ..... v •& u••o. 'fl U. S. GOVERNMEN T PIUNTING OFFICE: 1977-7'5-005/ IOQ) 

Figure 1.7.4-1-NOAA Form 61-29, Letter Trammitting DatA 
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I. 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 f~t two items are by far the ma>t important because 

they will be used to retrieve or find the data within NGS. 
The sixth item is the party ref ere nee 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 Jetter 
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 NGSG 16: 
1979-04. 

When writing the transmittal 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. l.7.4-2, 
and l . 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. ln 
this way, the transmittal letter becomes the source for what 
was acces.sioned and actually put into the cahiers. 

All data pertaining to one project are listed on one original 
transmittal leiter. 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, 3/7) so 
that the person who receives the packages can detennine 
which packages have been received without opening each 
package. Do not write the contents on the outside of the 
packages. 
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NOAA ,.ORM 61-29 
112-11) 

1.7 Field Records and Data 1.7-5 

u . s . Df PAltT .. fHT gp co""l:IC'-C RE,f:IUNCE NO. 
NATIONAL OCEANIC ANO ATMOSPHERIC ADMINISTRATION 

NGSG19: 1979-02 Sheet 1/2 

T01 

r 

L 

LETTER TRANSMITTING DAT A 

Quality Control Branch - OA/Cl74 
National Geodetic Survey, NOAA 
Rockville, Maryland 20852 

, 

OAT A AS LISTll:O 8£LOW Wltltlt ,OR'ff.AROll:D TO YOU 
llY (Ckcllt)1 

D 09'01NA9'Y MAIL 0 Al ..... AIL 

Cia 9'1lOllTll9'1tO MAIL D llX"ltll•• 

O 0•1.. '°'" - .. > _______ _ 

OATll: ,-ORWAltOll:O 

July S, 1979 
NUM8ER 0,. l"ACICAGf:S 

S ( 4 boxes and 1 roll) 

MOTE: A separate transmittal letter is to be uaed for uch type of data, as tidal data, uismolo~, ~eomapetism, 
etc. State the number of packaRea and include an necuted copy of the transmittal letter in uch package. Jo addi· 
cion the oriainal and one copy of the letter •hould be sent under separate co.er. The copy •ill be rerumed as a 
receipt. This form should not be used for correspondence or uansmittin,e accounting docwnenu. 

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) 
2 Books - Project Report (Original and 1 copy) 

~----------------------------------------------------------------------------------------

Pkg . 2: 20 Books - NOAA Form 76-52 Obser vations of Horizontal Directions 
10 Books - NOAA Form 76-156 Observation of Double-Zenith Distances 

1 Book - NOAA Form 76-102 Computation of triangles (SO sheets) 
----------------------------------------------------------------------------------------

Pkg, 3: 
(Roll) 

2 Sheets - Project Sket ch. 

-----------------------------------------------------------------------------------------

George E. Leigh, COP G-19 
R•tum r•celptell copy to: 

r 

L 

George E. Leigh - COP G-19 
c/o Na tional Geodetic Survey 
P.O. Box 907 
Swainsboro, Georgia 

RECEIVED THE ABOVE 
(N•.,•, Dlrle Ion, 0•1•) 

., 

.J. 

ff U. S. GOVERNMEllT PRINTING OFFICE: 1977-765-005/100) 

Figure 1.7.4-2-Example of a properly completed NOAA Form 61-29 (horizontal data) 
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NOAA 'ORM 61-Z" 
llZ-711 

1.7 Field Reconk and Data 8/83 

NGSC19: 1979-02 Sheet 2/2 

LETTER TRAMSMITTIMG DATA 

T01 

r , 

L 

OAT A Al LllTl:O et:LOW WCRI: ,ORWAROllO TO YOU 
ey (CltHl/f)1 

0 Al" M Aii. 

0 Ul..(Offt -'--------

OATC ,ORWAROllO 

July 5, 1979 
NUMelltt 0, ~ACICAOlll 
5 (4 boxes and 1 roll ) 

MOT!: A separate uansaittal letter ia to be 11sed for each type of data, H tidal data, seiamolon-, 3eomagnecism, 
etc. State the n11mber of pecka-ea and inc111de an euc11ted copy of the uan1mittal letter in each pecka1e. In addi· 
tion the ori1inal and oae copy of the letter should be sent uder separate conr. The copy •ill be returned u a 
receipt. Thia form sh011ld not be used foe coaeapoadence or uuamittin• accownin1 doc11ments. 

Area Triangulation Vicinity of Swainsboro, GA 
----------------------------------------------------------------------------------------

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 Abs trac t 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 

~----------------------------------------------------------------------------------------

fROMi (ll•11••oue> lt!CEIVfD THf ABOVE 
(.ff•••• Dl~l•l•1t , D•I•) 

Geor~e E. Lei~h 
Retvm recelptetl •ettY te1 

r 

L 

NOAA ~OlllM 81-29 ..:I' U. S. GOVERNMENT PlllNTJNG OFFICE: 1'77-76!-005/ 1003 

Figure 1.7.4-2-Example or a properly completed NOAA Form 61-29-Continued 
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U, S. Dl,A•TIHlilT gp - .~i;c IU'l"lllCI 110. 
NATIONAL. OCEANIC ANO ATMOSPH&IUC ADllllNISTIUTION 

NGSG37 :1980-03 Sheet 1/2 

T01 

r 

L 

LETTER TRANSMITTING DATA 

Quality Control Branch - OA/Cl74 
Nationa l Geodetic Survey, NOAA 
Rockville, MD 20852 

, 

DATA Al L.llTIO 81L.OW Wlltl 'Oltw.A"DIO TO YOU 
8Y (Clwd)t 

0 OftDINAftY MAii. 0AtftMAll. 

D ••1. '°'" ,....., _______ _ 

DATI ,OltWAltOID 

November 24, 1980 

NUM81" 0' PACICAOIS 

6 (5 pkgs & 1 roll) 

MOTE: A separate transmittal letter i1 to be uaed for Heh type of data, aa tidal data, aeiamolon-, ~eomapetiam, 
e tc. State the number of packa11u and include an necuted copy of the transmittal letter in each package. In addi
tion the original and ooe copy of the letter ahould be aeot uader separate co.er. The copy will be retumed aa a 
recei,pt. Thia form should nor be used for correapoadence or uanamittin11 accounting document•. 

L24465-2 (line 210) Ladysmith via Stanberry to Superior, WI 

Pkg . 1 21 Maps USGS topo maps (Smoo th plotted)* 
Superior Stanberry East Radisson 
Sunnyside Hayward Wxe~ana 

South Range Reserve Weinger 
Poplar Bean Lake Crane 
Solon Springs (15') Stone Lake Exeland SE 

2-Minong (15 I ) Haver Ladysmith 
Stanberr y West Couderay 

1 Sheet usr.s topo map index 
-----------------------------------------------------------------------------------------

Pkg 2 21 Maps USGS Topo maps (Field plotted)* 
Superior Stanberry East Radisson 
Sunnyside Hayward Wxeland 
South Range Reserve Weinger 
Poplar Bean Lake Crane 
Solon Springs (15') Stone Lake Exeland SE 

2-Minong (15 ' ) Haver Ladysmith 
____________________________ s_t_a_:.t!.~e_r_r_x__\i!_e_s_t_ ________ c_o_i:.c!_e_r_ay __________________ ____________ _ 

*All t opo maps are 7-~ minu te quads unless otherwise noted. 
l'ROM1 ,,,,,..,u,., ltlCllVl!D THI! AIOVI! 

(ff•••• Df.,fele11 , Dete) 

Retum recelptetl cepy to1 

r 
Mr. Lester Williams, COP G-37 
c/o National Geode t ic Survey 
P.O . Box 1276 
Grand Rapids, MI 34225 

., 

-tr U. S. C>OV UNMENT P~INTJNG OFFICE: 1977- 765--005/1003 

Figure 1.7.4-3- NOAA Form 61-29, Letter Transmitting Dita (vertical data) 
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NOAA FORM 61-29 
( 11-?I) 

U. S. D!PARTllU!NT Ur' COMM!"'-IC IUEl'Eltl:NCE NO. 
NATIONAL. OCEANIC AND ATMOSPHERIC ADMINISTRATION 

LETTER TRANSMITTING DATA 

T01 

r , 

L 

NGSG37:1980 - 03 Sheet 2/2 
DAT A AS L.ISTl:D 8ELOW Wl!ltl! l'OltW-AltOl:D TO YOU 
llY (Cfl•clt): 

D OROIHARY MAIL. OAtRMAIL. 

[B Rl:QlaTl!:Rl:O MAIL. D l:lCl'Rl:H 

O Q•L. <a•••.-., _______ _ 

DATE l'OltWAltDED 

NUMlll!lt 01' PACKAGES 

NOTE: A separate transmittal letter is to be used for each type of data, as tidal data, aeiamoloR)', ireomainetism, 
etc. State the number of 1>9clca11es and include an executed copy of the transmittal letter in each 1>9clca1e. In addi· 
tion the original and one copy of the letter should be sent under separate cover. The copy will be returned as a 
receipt. This form should not be used for correspondence or uansmittin11 accountini documents. 

L24465-2 (Line 210) Ladysmith via Stanberry to Superior, WI (continued) 
------~-------------------------- -------------------------------------------------------

Pkg. 3 2 Books NOAA Form 77-82 Geodetic Leveling (backup sheet 40/41)(351 sht) 
1 Sheet ., File release letter 
1 Sheet New-Old Computations 

~----------------------------------------------------------------------------------------

Pkg. 4 1 Book 
2 Books 

NOAA Form 76-186 BM Descriptions (190 sheets) 
T.l. XOFF sheets for HG files 

HGFl (1854 lines) 
HGF2 (1850 lines) 

~----------------------------------------------------------------------------------------

Pkg. 5 3 Sheets 
1 Sheet 
1 Sheet 
1 Pkg 

Field printouts of EXABS program 
Field printout of CKSPSN program 
Listing of remotely printed jobs of NEWREC, FUNJOB, EXABS, CKSPS R 
NOAA Form 75-82A Station Descriptions (8 sheets) 

-----------------------------------------------------------------------------------------
Pkg. 6 1 Book 

1 Copy 
1 Sheet 

Project/Seasons Report 
Project Instructions with Attachments & Sketches 
Sketch of Level Line location 

-----------------------------------------------------------------------------------------

FROM: <J11netu1•) 

Retum r•c•lpt•cf copy to: 

r 

L 

NOAA l"O"M 01-29 

, 

.J 

RECEIVED THE ABOVE 
(N•••· Dl•lelon , Dete) 

~U.S. GOVERNMENT PRINTING OFFICE: iqn-765-005/ 1003 

Figure 1.7.4-3-NOAA Form 61-29, Letter Transmitting Data-Continued 
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NOAA FORM 61-69 U.S. DEPARTMENT Of COMMERCE REFERENCE NO. 
(7-911 NATIONAi.. OCEANIC ANO ATMOSPHERIC AOMINISTRATION SHEETS 

MM . ltl NO . OF 

LETTER TRANSMITTING DAT A OAT A AS l..ISTEO BELOW WERE FORWAROEO TO YOU 

(MARI< MAIHTEHAHCE) 
BY : (Checlr) 

c ORD I NA,.V MA.IL. c: A.IA MAii, .. 

TO : 
D REG ISTl[flll:O MA I L D EXP .. £SS 

QUALITY ' CONTROL BRANCH, N/CGl 64 
NATIONAL GEODETIC SURVEY 0 G 8 L ( Gore f<t.-IMr.) 

NATIONAL OCEAN SURVEY , NOAA 

ROCKVILLE, MARYLAND 20852 CATE FORWAROEO NO . OF PACKAGES 

NOTE : A seporote transmittal lefter is to b. us~ for each type ol doto, o.s tic/al data, se ismology, 9eomo9n.ti.l'm, eotc. State tlte 

number of pocko9es ond include on •••c•Jted copy of tile transmittal fetter in each pac~o9e. In addition, tlie 0"9inal and on• copy 

of tile letter sllovld be sent under separate caver. Tlie copy will be returned as a receipt. Tlii s form sfioufd nat be used far carres· 

pondence or t ro nsm11t i ng occount1n9 clocum•nt.s. 

""" 
ITEMIZE D DESCRIPTION Of DATA 

~·· ., ~ Jj. ~. 
MARK '"- ... , o,. a, . 

?"-1 
0 ~ 'l> 'o 'o., 

MAINTENANCE <", o,? (\, ?c c. .f,ro 
o, '• o, •• #(' ,~ <J 

~ ~~ ?o? ~? · <', . ';' 
~ .o, , •• .. J •<".- . (\. ,,~ ~~ 'o? <', . 

TASK NO. ~ 'o., ';, a '.o 
,. # / "' 

... .,,. J',(< ~~ 
• .> .>er ~ .>er '~ ... .,. ... .,. 

R EGION I STATE ~' ' 1 ' it,. O.o 1_,.. ' e ' 1 
.0 '.$' ~ .. it,. 

STA T IO N - BENCH MARK DES IGNATION SHT SHT BK SHT 0 R 0 R 0 R 

I 

TOTALS 

F R OM (S1 Qn•ture} RE C EIV E D THE ABOV E (N•m• . di t11•1on, dare .) 

RE TU RN RECEIPTED COPY TO 

r ..., 

L ...J 
SUPE~SEDll.I P-.:ILVIOUI &DITIQN . tl' U ,S .G .. 0 1 tel1·H• .. tl/IOU·t 

Figure 1.7.4-4-NOAA Form 61..(;9, letter Trammi.tting 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/CGl6l, infonned 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 
(FfS) whenever calling offices within the Federal Gov
enunent Parties should have the current edition of the FIS 
directory. The directory contains user instructions and 
the local telephone numbers of the FIS Operators through 
whom FrS calls must be placed. The NOAA Telephone 
Directory gives a listing of FfS 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 

1.8.2.1 Action and Information Memorandwm 
This manual replaces the Action and Wonnation 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. 

1.8.2.l Planning and Project lmtructiom 
1. Planning. The following procedure is used to facili

tate the planning, scheduling, and is.suing of project instruc
tions and the monitoring of field party projects. 

a. Semi-annually, N/ CGlxlO 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 chaired by the 
Deputy Chief, NGS. The plan will then be submitted to 
the Chief for approval and then distributed within NGS. 

b. N/CGlxlO, N/ CG12, N / CG13, N / CG14, and 
N /CG 16 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/CG lxlO and forwarded to the Chief, through the 

Deputy Chief, for approval and then distribution within 
NGS. 

c. 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 / CG 14 to prepare the technical portion of the instruc
tions (including sketches and liaison contacts). . 

(2) Approximately 12 weeks before the start of a proj
ect, the appropriate branch will submit the technical specifi
cations to N / CG 16. N /CG 16 will prepare draft project 
instructions and circulate the draft for comment. 

(3) Approximately 9 weeks before the start of the proj
ect, N / CG 16 will prepare the final project instructions. 
Concurrently, the appropriate branch will assemble the n~ 
essary support data and forward it directly to the field urut 
with a copy of the transmital letter to N/CG16. 

All projects that need more than 1 staff-Oay 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 l staff-Oay 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, horirootal. 
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 SUPPLEMENT AL INSIRUC 
TIONS for all supplements to previously 
issued instructions. 

GENERAL: Give starting date, location, and other gefl
eral infonnation about the project. 

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

LOCATION: Give location of level lines for vertical 
control projects. 
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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 must 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 . All 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 J)Oit office addres.s, 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 /CG 161. 

EMERGENCY ORDERS: General Emergency Order 
No. l, Geodesy l is no longer in effect. Consult section 
l.3.1. 

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

3. Supplemental Project Instructions. N /CG I 6 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: 

1. Reconnaissance Parties. The Field Records Analysis 
Section, N/CG 121, supports the reconnaissance parties. 
Data supplied will normally include the items in the fol
lowing list. The reconnaissance party should request from 
N /CG 121 the data needed for special projects (e.g., the 
reconnaissance for the National Crustal Motion Network 
sites or the 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 /CG 121, supports the horizontal control field 
parties. Data supplied will include the following: 

(l) Coordinates 
a. Horizontal and vertical data sheets 
b. USGS published coordinates 
c. 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 
c. Reconnaissance descriptions 

(5) Miscellaneous 
a. Letters of permission from property owners 
b. Photographs of the intersection stations 

3. Vertical Co.ntrol Parties. The Vertical Network 
Branch, N /CG 13, supports the verticaJ control 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 7W or 15' topographic maps 
4. Astronomy Field Parties. The Astronomy and Space 

Geodesy Section, N/CG 142, supports the astronomy 
field parties. Data supplied will normally include the 
following: 

(I) Station descriptions 
(2) Observing lists 
(3) Latitude and longitude lists 
5. Doppler Satellite Parties. The Astronomy and Space 

Geodesy Section, N/CG 142, supports these field parties. 
Data supplied will nonnalJy include the following: 
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(I) Station descriptions 
(2) Station occupation reports 
(3) Station observation logs 
6. Gravity Field Parties. The Gravity Section, N/CG141 , 

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 FA)uipment 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. l Suney 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 (l&E) 
Section in Corbin, Virginia. All survey instruments will 
be serviced as follows: 

EDMI .. ............ .......... ................. .. ........ Every 12 months 
Theodolites ............................................ Every 18 months 
Level instruments .................................. Every 18 months 
Level rods ............................... .. ............ Every 12 months 
Vertical collimators ................................ 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 
data reflect a change in calibration, the instrument should 
be sent immediately to the I & E Section for servicing. 

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

NGS, l&E S ection 
Constant: 
Calibrated: 
Due: - -------
By: _ ___ __ _ 

EDMI 

NGS, l&E S ection 
Stadia:----- -
Serviced: 
Due: - - ------
By: _ _ ____ _ 

NGS, l&E Seeton 
Off set Constant: 
Serviced: 
Due: --------By: ______ _ 

Level Rod, Fust-Order 

NGS, I &E Section 
Bubble: 
Serviced: 
Due: --------By: ______ _ 

Theodolite 

l&E Section 
Serviced: 

Due: - -----------------By: ________________ _ 

Vertical Collimator 

Th.is information is also sent to the appropriate branches. 

1.8.3.l Vehicles 
All trucks and trailers must be properly serviced. Main~ 

nance on trucks should be perf onned in accordance with 
the schedule on Form CD46, Motor Vehicle Inspection 
Record. (It is not necessary to submit this fonn.) Improp
erly maintained vehicles are not only inefficient and 
waste fuel, they can endanger the public and operators as 
well. 

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



1.9 TWO-WAY RADIOS 

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

1.9.1 Authorization 

1.9.1.1 Handie-Talk.ie 
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 as.signed 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 / lMSx2). 

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

Party Call Sign 
G-01 ............................ KF 3712-KF 3713 
G-02 ............................ KF 3714--KF 3715 
G-10 ............................ KF 3716--KF 3725 
G-16 ............................ KF 3726--KF 3745 
G-18 ............................ KE 8200-KE 8219 
G-35 ...... ............ .......... KE 8220-KE 8222 
G-36 ............................ KF 3768- KF 3769 
G-37 ............................ KE 8223- KE 8224 
G-38 ......................... ... KE 8225- KE 8226 
G-48 ...... .......... ............ KF 3746--KF 3747 
G-52 ..... ............. .......... KF 3748 
Mark Maintenance ... .... KF 3771- KF 3800 
I & 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 parties 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 CB 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 alJ condi
tions, observers and lightkeepers 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 to use CW£rway 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 secun·ty office before using the radiar. 

1.9.3 Radio Operations and Maintenance 

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

l. 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 
pres.sure to 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 
coil consists of a series of resonant tunable inductors. The 
combination of whip and loading coil produces a \4-wave
length antenna tunable within a given band of 25-54 MHz 
range. This coil cannot be accurately tuned without prop
er instruments. A \4-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. 
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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. 

I 0. The microphone works better when held firmly in 
the palm of the hand as it is built to react to body capaci
tance, which bec-0mes 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-clockwise. 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, ifknown)
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. 
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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, NOAA Manual NOS NGS l, 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.l Site Selection 
1. Survey Requirements. 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 furnish 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 is the marks; therefore, per
manency is of utmaot importance. Site selection is the l'OO)t 

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. 

Although the sites for many survey monuments are chaien 
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 maint~ 
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 setting permanent 
marks. 

3. Monument Accasibility 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 ~ry 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 whaie land the monuments 
are located. To achieve this, each Party Director and Party 
Chief will prepare a memo to the Chief, National Geo
detic Information Center (NGIC) 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 tum forward the list to 
NGIC for action. 
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2.1.1.3 Mixing Concrete 
l. 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 must 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 inner 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, i.e., 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 2/J cm) and gravel (particle size greater 
than ¥i cm). 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 III 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 IV 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 l :2:3. If 
the gravel is made up of fragmented or angular particles, 

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 
smvey monuments, but be aware that segregation can occur 
and is undesirable when it does. While filling the hole, con
tinuously tamp the mix into a compact mass so it becomes 
Jess pervious and consequently more durable. Some bleeding 
(water gain at the surface) is to be expected when finish
ing the mark. Ex~ive bleeding indicates too much water in 
the mix or poor gradation of the aggregate. Concrete should 
nonnally 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 Jess 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 rea.ctions occurring in the mix. The use of wann ingredj
ents is especially beneficial during the first 24 hours. Note 
however, that mixing water above l65°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. 
&sentially it would consist of a solid pipe through the longest 
dimension of the tank with connections to the exhaust system 
using flexible pipe. Avoid sharp, right-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, f ast-<:uring 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 otherwise 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 loosely on top if it is available. 

The concrete monument must extend well below the frost 
line. See NOAA Manual NOS NGS I, 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.J.4 Ferr~ 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 occupied by magnetic sensitive instruments. 

I . Iron or steel may be placed beside concrete marks to 
provide a field which can be detected with magnetic loca· 
tors. Use elongated pieces where the mark wilJ accommo
date them with the long axis vertical. A Vi-meter piece of 
# 3 {¥a") steel reinforcing bar in the least expensive grade 
is preferable. These bars normally are sold in 20- or JO-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 'h 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 surf ace 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 
Normally, in order to facilitate recovery, concrete marks 

should project I 0 to I 5 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. 

2.1.1.6 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 

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 risk of vandalism. 

2.1.1.7 Description of Control Point 
Descriptions should provide a comprehensive word picture 

of the exact location of a control poinl. 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 Swvey Data Base (the Blue Book) for proper com
puter formats and codes. 

l. 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, i.e., 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. ln general, quantities in descriptions shall be 
recorded in metric units. This applies particularly to lin
ear 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: 

• a 2 x 4-inch timber, not a 5.1 x 10.2 cm timber (stan
dard size) 

• a timber about 15 x 25 cm, not about 8 x I 0 inches 
{approximale size) 

• a I-inch pipe, not a 2.54-<:m pipe (standard size) 
• a pipe 10 cm in diameter, not 3.9 inches in diameter 

(measured size) 
Descriptions submitted to Headquarters via NOAA 

Fonns 7.5-82, 7.5-82A., or 76-186 should include the English 
equivalents wherever the fonns allow. Where partially coded 
text permits an option for metric or English units, use metric 
units with the English equivalents io parentheses. 

For descriptions transmitted to Headquarters via com
puter terminals using "prompt" programs, there 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 description.s (NOAA Fonn 75-82 or 75-82A), 
this includes the •40•, •so•. •51 •. •52•, *60*, *64*, *65*, 
*66*, •10•. •74•, •75•, •so•, *84*, *85*, *86*. and •90• 
records. For bench mark descriptions (NOAA Form 
76-186), this includes the *18* and •30• records. 
M~t 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 

millimeter ................................................... . 
centimeter ............ ........................ .............. . . 
meter .......................................... ............... . . 
kilometer .................................................... .. 
inch ............................................................ .. 
fOOI ............................................................. . 
mile ............................................................ . 

Conven1ion 

MM 
CM 

METER 
KM 

INCH 
Ff 
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 6-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 figure 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 Ml) 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 to. Distances to and between 
ref erencc marks must be measured to the nearest millin1eter 
and the nearest hundredth of a foot (e.g., 34.528 METERS, 
113.28 fl). Both values should be recorded in the •30• 
code field (NOAA Form 75-82 and 75-82A). 

When converting metric units to English equivalencies, 
the accepted practice is to record one less decimal place 
for the English equivalent. U the measurement is rough
ly made, it should be preceded by the words "approximately" 
or "about." 

5. Hyphenation. In order to improve readability of 
descriptive material, when a number is followed by a 
fraction, such as 5'h, insert a hyphen between the integer 
and the fraction, e.g., 5-'h. 

6. Mention of Fe"ous Material Some concrete marks 
contain ferrous metal which is detectable by magnetic loca
tors. This should be mentioned in the descriptions. 

7. Recovery Descriptions. Recovery descriptions are 
required whenever a search is made for any previously 
described geodetic control monument. In some instances, 
two description.s 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 el~ 
vation has been (or will be) established for a horizontal 
control monument or when a horizontal puo;ition 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 control 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 outermost 
station on the project sketch. All horizontal and vertical 
control marks within the set of 7-1/i 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-'h minute quadrangles which cover the lev
eling routes of the project. All horizontal and vertical control 
marks within these quadrangles must be recovered. 

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

d. Recovery description.s for vertical control monuments 
not leveled to, including those destroyed or not recovered, 
must be coded on NOAA Fonn 76-186, ~mbled 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 description.s for horizontal control monuments 
not puo;itioned 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 / CG 17 l. 

f. Horizontal and vertical control parties should trans
mit over their computer tenninals all recovery descriptions 
for vertical control monuments used to meet project req~ 
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. 

2.1.1.8 Ordering Supplies 
The NOAA Logistics Suppl) Center (NLSC) in Kan

sas City. Missouri, stocks many of the supplies needed to 



8/83 2.1 Monumentation and Mark Maintenance 2.1-S 

set marks. Use NOAA Forms 37-4 and 37-4A, Stores Req
uisition and Continuation Sheet, to order them. Send the 
fonns 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 
Staff, N/ CGlxlO. 

Table 2. l.l-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 
~ surveying equipment 

(Descriptions art given as stated on NI.SC inventory listings. 
Information in parenthesis further clarifies /ht items.) 

~script ion 
Unit of 
Issue 

Mark Horizontal Rod ....................... Each 
Mark Horirontal Stem ................ ...... Each 
Mark Azimuth Rod ......................... Each 
Mark Azimuth Stem ........ ................ Each 
Mark RcfcrenCl: Rod ....................... Each 
Mark Reference Stem ...................... Each 
Mark Vertical Rod ........................... Each 
Mark Vertical Stem .......................... Each 
Mark Survey (base line w/ cross) ...... Each 
Mark Survey (base line w/o Cross) .. Each 
Mark Blank .... ...................... ............ Each 
Rod, Intermediate Each 

Stock Numbtr 

6675-00-069-3196 
6675-00-069-3205 
66 7 5-00-069-000(}. x 
6675-00-069-0001-X 
6675-00-069-3195 
6675-00-069-3204 
6675-00-069-3197 
6675-00-069-3206 
667 5-00-069-0002-X 
667 5-00-069-0003-X 
6675-00-069-3209 

(stainless steel) .............................. (std. length) 594~999-0008-X 
Studs, for SS Rod ............................ Each 594~999-001(}.X 
Cap, Stainless St (datum cap) ...... .... Each 594~999-0013-X 
Pipe, PVC I" Bell ............................. Each 594~999-0002-X 

( l()ft lc:rwlh) 
Coupling PVC (l ") .......................... Each 5945-00-999..()()()4..X 
Fitting, PVC (I " to ~") .................... Each 594~999-0005-X 

Female Adapter ............................... Each 594~999-000(}.X 

Cement, For PVC ............................ Quart 5945-00-999-0006-X 
Petrolatum Fillcr ............................... l~ drum 594~999-0011 -X 

Grease ............................................ .. I~ drum 9150-00-53(}.7369 
Ring .................................................. Each 594~999-0001-X 
Pipe PVC, 5" ........................ ........... Each 5945-00-999-0003-X 

(I ().ft lc:rwlh) 
Aluminum Logo Cap ....................... Each 
Sign Witness Post ............................. Each 
Sign Post .......................................... Each 

2.1.I.9 Use of NGS Disks 

594~999-0012-X 

9905-00-689-8327 
CFN-9905-00-689-8327 

National Geodetic Survey disks are to be used by NGS 
field units and by outside organizations or private individuals 
perf onning 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 

2.1.2.J Purpose, Scope, and Organization 
l. General. This section is a guideline for mark mainte

nance field practices. It establishes objectives for the maint~ 

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 
to 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 analysis of maintenance problems. 

4. R£sponsibilities. Field work is coordinated by the Net
work Maintenance Section, N/CG162. Periodically, the 
Instrumentation and Equipment Section, N/CGl63, 
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 figure 1.7.4-3. 

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

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

2.1.22 Horizontal, Vertical, and Astronomic Azimuth 
Observatiom and Expected Accuracy 

The geometry necessary to 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 Obsenations. 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 l 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 of ten by nonstan· 
dard methods, it is imperative that the specifications for 
observations be followed closely. 

The following standards apply for setups where the prima
ry lines are shorter than 400 meters. If only the azimuth 
mark and reference marks are observed in a set of direc
tioffi, three pcx;itions 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 wiB 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 
angle by the following criteria: 

[(300/ S.)1 +(300/ S2)
1]\li-minutes of difference between 

new and old angle (rounded up 
to next minute), 

where 
S1=Distance to RM I in meters 
S2=Distance to ~1 2 in meters 

Example: 
Distance to RM l = 15.6 meters 
Distance to RM 2 = 21. 7 meters 

[(30/ 15.6)2+ (30/ 21.7)2]11i_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-5CCOnd 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. lf there 
are two stations nearly equidistant from the observing 
station, both stations wiU 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· 

lion is greater than ± 2 degrees, bubble rea~ must also be 
taken after each pointing on it. Sufficient time must be 
allowed between each pointing and bubble reading, to en.sure 
that the bubble has completely stabilized. When the level 
vial is progressively numbered from the vertical circle end 
to the other end, compute the corrections as follows: 

Correction=d/4 [(W)-(E)] tan h, where 
d =Bubble 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. 
b =Vertical angle of Polaris or station (positive angle 

if Polaris or station is above the horizontal, negative 
angle if below horii.ontaJ). 

Example: 
d =7."567 
W=l9.5 
E = 18.9 

h =35" 41' 56" 

Bubble reading.s 
W E 

05.6 24.8 
25.l 05.9 

W= 19.5 E= 18.9 
(W)-(E)= +0.6 

(7."567/4) (0.6) (0.718543)=0."82 

Even when bubble readin~ 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. Bubble read· 
ing.s should be estimated to the nearest 0.1 graduation. 

Pointings on Polaris can be made simultaneously with 
the I-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 (eight positions in this case), 
one each at the beginning, middle, and end. At least three, 
and preferably five, I-minute signals should be noted. The 
timepiece should be read and recorded to at least the nearest 
0.5 second and preferably to the nearest 0.25 second for 
the comparison. During the observations, it should be read 
and recorded to the nearest 0.5 second for paintings on 
Polaris. 

3. Vertical Observations. Differences in elevation must 
be detennined between stations where distances are mea
sured. If vertical angles are observed, they should be 
observed reciprocaUy when the vertical angle exceeds I or 
if 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" ±I'. For long Lines. curvature of the Eanh 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 



8/83 2.1 Monumentation and Mark Maintenance 2.l-7 

agreeing within a 1 ()..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 a minimum of third-<>rder 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 underneath 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 difference in elevation between the surf ace and under
ground mark. If lowering the surface and underground 
marks, also record the elevation differences between the 
old and new marks. 

2.1.2.3 Distance Measurements and Expected Accuracy 
I . 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 arising 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 EDMl 
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 to yield accuracies of l mm '.f n, where n is the 
number of tape lengths. 

2. Slope Co"ection. 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 EDMI's are employed to measure a 
line, the procedures outlined for second-order, class I 
trave~ will be employed. These procedures, found in Sped
fications To Support Classification. Standards of Accu
racy, and General Specifications of Geodetic Control 
Surveys, are modified slightly for mark maintenance as 
follows: 

lmtruments: ELECTRO-OJYTICAL, MI CROW A VE, and 
INFRARED. 

Complete Measurement: ELECTRO-OPTICAL: Three 
observations, one concentric, and two off set ± 0.4 
meter. (A shorter offset bar may be used.) 

MI CROW A VE: 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 prior to 
beginning observations at the other end. Observations 
are to be made in oppceite 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-IO 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 off set ± 0.15 
meter to 0.4 meter. 

Spread between obsenations: ELECTRO-OJYTICAL: Sel
dom to exceed 17 mm, never to exceed 25 mm. 

MICROWAVE: Difference 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 mic~ 
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 l 
km. Otherwise, these quantities may be observed 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 E"ors. 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 carefully 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 standardized 
50-meter invar tapes. These traverses should be taped both 
forward and backward and agree within 3 mm for distances 
less than one tape length. Forward and backward measured 
distances greater than one tape length should agree with
in 20 mm x y'k, where k is the distance 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 detennined by differential leveling. 
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2.1.2.4 Horizontal Recovery and Description PrOC8lures 
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 lithC6, USGS 
7-1h 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 verifying the position of the 
recovered station. 

Note: Historically, NGS has used the tenn "intersection 
station." The terms "landmark" and "intersection sta
tion" are used synonymously in this manual. "Landmark" 
is defined in the Input 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 Measurements. Check all measurements 
used as references, such as "JO 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, contact 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 all marks concerned in 
the recovery. Details of objects and marks concerned are 
explained in sections 2.1.2.5 through 2.1.2. l 0. Rec-0rd 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 tum angles 
to 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-Oefined distant azimuth 
marks checks a previously observed angle within 10", reset 
the mark. If the directions check within prescribed limits 

(section 2.l.2.2) between reference marks and/or within 
l 0 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 previously 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-l.) When this approach is 
taken, the allowable 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. Recollery Descriptions. When all observations have 
been completed for the recovered mark, a recovery will be 
written on NOAA Fonn 75-82 (9-78 or newer version) or 
75-82A using the format written and explained in chap
ter 3 of the Input 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
tiom, 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 J of the Input Formats and Specifi
cations for the NGS Data Base. The description must be 
clearly and legibly written in ink. 

2.1.2.5 Horizontal Control Marks 
The setting of marks when old stations have been de

stroyed is explained in Special Publication 247 (pp. 88-94). 
The following will emphasize some aspects of setting marks. 

1. &ferena Marks. New reference marks should be set by 
the following rules whenever the immediate terrain pennits. 
The angle between two reference marks should not be less 
than 30 • nor larger than 150 •. An angle cla;er to 90 • pro
vides a very strong side-angle-side (SAS) check and Jess 
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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PUBLISHED INTERSECTION 
NOT PREVIOUSLY OBSERVED 

FROM STATION A 

INTERSECTION PREVIOUSLY 
OBSERVED FROM STATION A 

B q c 9 
\ 

\ 
\ 
\ 
\ 

OBSERVED ANGLE 
34• 25' 14.2" 

INVERSED AZIMUTH 
A TO B = 145" 06' 32.4" 
INVERSED AZIMUTH 
A TO C ~ 179" 31' 51.2" 
PUBLISHED AZIMUTH 
AZIMUTH rt.ARK : 200"10' 39.6" 

A 

/ 
/ 

Pill/'1UTH MARK 

/ 
/ • 

? 

OBSERVED ANGLE (I)• 
20· 38' 49.3" 

A TO c. s 179. 31' 51.2" 
-A TO B s 145" 06' 32.4" 

34• 25' 18.8" 
a = 39" 25' 14.2" 

~CHECK ,. 4.6" 

A TO PJ.. MK ~ 200" 10 ' 39.6" 
-A TO C ~ 179" 31' 5J.2" 

20· 38' 48 .4" 
t 20· 38' 49.3" 

~CHfCK"' 00,9" 

Figw-e 2.1.~l.-Angle check ming distant points and computing 
inversed 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 M•ks. 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 comecutive number. The azimuth mark 
should be stamped as shown in section 2.1.2.6, paragraph 
2, case VII. 

2.1.2.6 Naining Marks 
Technical Memorandum C&.GSTM-4, Specifications 

for Horizontal Control Marks, and Speda/ Publication 247 
(pp. 86-89) give rules and examples for naming and marking 

statiom. Section 2.2.4.3 lists the maximum length 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." 

l. Reset. The word "reset" shall not be used for horimntal 
disk stampings. 

2. Case VII-Station Not MOPed. The station mark is 
not remarked or moved, but the azimuth mark is reset in 
the same ~ition. 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 p®tion 
for station ARZO 1948. 

ARZO 1948 

1968 
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3. Case VIll-Azimllth 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 

N02 
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 requested 
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 67 5 1927 will be listed in the 
box soore 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 
pa;ition. Some redundancy is necessary for check purpa;es; 
however, excessive redundancy should be avoided. This sec
tion explaim excessive redundance, exCC$ive measurements, 
and useless observations. 

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

2. Exussive Observations and Measurements. The use 
of modem 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 

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. l 0. 

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. 

2.1.2.8 Occupying a Station for Check 
l. 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. Distanc.e 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 
horiz.ontally. If this is oot pa;.sible 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
eling 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. Distanc.es Between RM's. Whenever pa;.sible, 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. 

c. An azimuth mark. 
d. A nonpositioned previously observed intersection 

station. If used, describe fully. 
e. If nothing else is visible, use the most distant ref er

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. 

5. C!wcking "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 
J cm. If the previous measurements indicate a slope dis
tance (unlC$ mark to mark), no check is pal.Sible. The previ-
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Figure 2.1 .~2.-Sketch of observations taken when 
occupying a station for a check 

ous measurements should be known prior to 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 Fonn 75-82 
(9-78 version) or 75-82A. lf 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. 

2.1.2.9 Occupymg a Station To Set Reference Marks aoi/ 
or Azimuth Marks 

l. 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 ref ere nee 
marks will be set as described in section 2.1.2.5 and stamped 
as described in section 2. l .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 destroyed 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 

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. lf 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 EDM I 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 
EDMl. Observe horizontal directions from the station to 
both azimuth marks and to other horizontal control stations 
or internection 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. 

c. 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. lf 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 
2. l .2.2. 

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 stable. Sim
ply set new reference marks and make observations to orient 
them to the azimuth mark. It is not necessary to observe 
an astronomic azimuth or make any observations that require 
excessive time and work unless some evidence exists of 
possible movement or error in previous work. 

e. 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 difference exceeds 
10 seconds, compute the same angle using azimuths de
termined from the published data (see ft~. 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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STAT ION REOCCUPIED IN 1978 

OBSERVED ANGLE FROM SPIRE TO RM 3 289 51' 30.0 .. 
FROM 1974 BOX SCORE w:i 51' 02.5" 

12.6" NO CHECK 

PULISHED AZIMUTH RM 3 310 02' 43.9" 
INVERSED AZIMUTH TO SPIRE 20 10' 59.8" 

289 51' 44L" 
OBSERVED ANGLE 289 51' JQ,Q" 

14.1" NO CHECK 

OBSERVED ANGLE RM l TO RM 3 67 34' 31).9" 
FROM BOX SCORE 6Z 2~· Q2 ,6" 

28.3" GOOD CHECK 

FAYETTEVILLE 1954 

/ 
, 

" 
WEIMER ST MICHAELS 
CATHOLIC CHURCH SPIRE 

RM l 
-----@ 

\ 

' \ 
' \ 

@ 
RM 3 

NOTE: CONSIDERING THE RESULTS AS GIVEN ABOVE 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.~3.-Example of where check angJes fail and an astronomic 
azimuth ~ nec:esgry 

detennine 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 
point agree within RM limits given in section 2. l.2.2, observe 
an astronomic azimuth to the azimuth mark. If the published 
point is confirmed to be in error and the azimuth mark and 
reference marks arc 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 nearby. If the area of the old azimuth mark is no longer 
suitable, select a new location 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 IO 
seconds, make the initial pointing on one of the intersec
tion stations and turn 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 
ref ere nee 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 a check cannot be made because the old 
reference marks do not fit, or are destroyed or disturbed, 
an astronomic azimuth observation must be taken to the 
new azimuth mark. Also, measure to the azimuth mark with 
an EDMI and observe the reciprocal zenith distances. 



8/83 2.1 Monumefltatioo and Mark Maintenance 2.1-13 

OCCUPATION IN 1978, AZIMUTH MARK <RM 3) FOUND DESTROYED 

PUBLISHED AZIMUTH TO Rt" 3 310 02' 43 .9" 
INVERSED AZIMUTH TO FAYETTEVILLE MUN w.T.290 00' 43.8" 

(SEE FIGURE 2.1. 2 - 6) 20 02' 00.l" 

FROM 1974 BOX SCORE RM 3 TO Rfll 1 292 25' 57,4n 
312 27' 57.5" 

OBSERVED ANGLE FROM INTERSECTION TO RM 1 312 28' 26.Qn 
28.5" GOOD CHECK 

FAYETTEVILLE 1954 

Rf'! l 
---@ 

' ~ FPYETTEVILLE 
f"IUN W. T. 

NOTE: THE ABOVE WOULD BE SUFFICIENT CHECK ON THE 
INTERSECTION IF NO OTHER INTERSECTION OR 
HORIZONTAL MARK WERE VISIBLE. 

Figure 2.J.l-4.-Example of where check angle is acceptable 

b. When the old azimuth mark is destroyed, but a mon
umented published station over 400 meters away is visible, 
the published station 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 tum 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 l 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. 

2.J.2.10 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 previously. 
Some of this section will be repetitive. For procedures cover
ing recovery and resetting of old stations and setting new 
azimuth or reference marks, refer to sections 2.1.2.4 through 
2.1.2.9. 

l. All Mt1rks Recovered in Good Condition. As.sume 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 
3~mecer 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. (See fig. 2.1.2-7.) Otherwise set 
new marks as described in Section 2. I .2.5 and stamp new 
marks as described in section 2.1.2.6. (See fig. 2. l .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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OLD AZIMUTH MARK TO BE 
USED BY NEW STATION MARK 

I 

I 

\ 

\ 
\ 

\ 

TO BE LEFT 

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

AN RM OR THE ~ZIMUTH MA~K 

CAN BE OCCUP IED FOR AN 
ADDIT IONAL CHECK. 

I NT ACT _@:BM-l -...--- _ R! ~ N~W REFERENCE 
.; ' -;? MAR K 

TO BE DESTROYED 

@!-M 2 ... 

I 
I 

I 

/ 

/ 
/ 

PUBLI SHED INTERSECTION 
STATION 

,/ 

,/ 

NEW STAT ION MARK 

Fagure 2.1.~ 7.-Sketcb of the eslablisbment of a new slation umg the existing 
azimuth mark and. some existing reference marks 

old azimuth mark, reference marks, and to 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 
invmcs. 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. lf terrain or circum
stances will not permit the replacement station to be set 
within 30 meters of the old station, the distance between 
stations should be measured with an EDMI using proce
dures outlined in section 2. l.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 EDMl distance to the old azimuth 
mark from the old and new stations. lf 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 PUI'JXRS· When the azimuth 
mark is occupied and a triangle claiure is obtained, it must 
clU5C 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 tum directions to the 
old azimuth mark (if visible), the new azimuth mark, the 
new station, and any check points 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 tum directions to the old sta-
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FROM NE~STATION 

TO BE DESTROYED 
RM 2 
~ --

\ 

\ 
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~, 

TO BE DESTROYED 

I 
I 
I 
I 

OLD STATION 
TO BE DESTROYED 

NEW AZ IMUTH MARK 
OBSTR UC TED FR OM 

OLD STATION 

~ 

RM ~ 
, ~ 

,,. I 

I 

I 
I 
I 

~ 
Rl'1 3 

~lOTE: IF A PUBLISHED INTERSECT ION 
/ OR HOR I ZONTAL POI NT IS NOT 

PUBLI SHED INTERSECTION 
STATION 

VI SIBLE, AN ASTRONOMIC AZI 
MUTH FROM THE NEW STAT ION 
TO TH E NEW AZIMUTH MARK IS 
REQUIRED, 

Figure 2.1.2-8.-Sketch of the establishment of a new station ll'iing 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 turn 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 pooition.s 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, tum 
directions to the old azimuth mark, old RM's, and new sta
tion using the intersection station or horizontal station for 
the intial pointing. Compute a preliminary geographic 

pooition for the replacement station. Occupy 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. l.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. Reci~ 
rocal zenith distance observations are necessary to reduce 
all EDMI measurements. 

2. Old Azimuth Mark Destroyed or Not R£cmiered. If 
the old azimuth mark is destroyed or not recovered, locate 
a safe place for a new azimuth mark. Attempt to set the 
replacement azimuth mark so that it is visible from both 
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Figure 2.1.2--9.-Sketcb of the establWunent of a new station and 
new reference marks with the existing azimuth mark when· no distant 

published point is visible 

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 tum 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. Tum 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 

possible, definitely within one 3~meter tape length of the 
old mark. 

a. If two or more reference marks or check poims still 
exist, make careful observations and measurements as noted 
in sections 2. l.2.2 and 2. l.2.3. If a check is not obtained, 
try to detennine 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 
Fonn 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 measurements 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 observe 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: IF THE NEW MARK DOES NOT SEE A SECOND-ORDER OR BETTER 
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BE CLOSED. THE CLOSURE SHOULD NOT EXCEED ClN SECONDS) GOO DIV-
IDED BY THE DISTANCE BETWEEN THE OLD AND NEW STATIONS ROUNDED 
TO THE NEAREST WHOLE METER. 

Figure 2.1.2--10.-Sketcb of the establi.Wnent of a new saation with a 
new azimuth mark if a cmtant pubmbed point i,, not tBbte 

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 triair 
gle checks. Measurements 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 OM RM Exist. The worst par 
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 sc.ores or 
an original list of directions, compute a preliminary ge» 
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 ref-

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 obiervatiom and computations were 
correct, consider the station lost. 

b. If only one intersection station or distant horiz.ontal 
mark can be seen, an ~tronomic azimuth should be o~rved 
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 tum directiom to intersection stations, hori
zontal marks, the replacement station, and the azimuth 
mark. Occupy the replacement station and o~e the inter
sections, horiz.ontal marks, reference marks, and azimuth 
mark. Occupy the azimuth mark and observe the old ref-
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OLD AZIMUTH MARK 

(MEASURE DISTANCE 
ONLY IF OLD AZI
MUTH MARK WILL 
NOT BE DESTROY ED) 

0 
I 
I 
I 
I 
I 

OLD MARK 

NEW AZl~TH MARK 

I 
I 
I 
I 

INTERSECTION 
STATI ON 

,,,,.,,,... I 

I 
I 

NEW MARK 

Figure 2.1.2-11.- Sketcb or the establishment or a new station with 
a new azimuth mark if a distant published point is nsible 

erenc.e mark and the replacement station. (See fig. 2.1.2-1 7.) 
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. 

2.1.2.11 Preliminary Horizontal Control Data Sheets 
Marte maintenance personnel should submit a completed 

"Preliminary Horizontal Control Data" sheet (fig. 2. l.2-18) 
with the survey data for each reset or newly established 
station. These data sheets will ensure that preliminary 
geodetic positions, geodetic azimuths, state plane coordi
nates, and plane azimuths will be available to the user as 
soon as possible. 
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NEW AZIMUTH MARK 

ASTRONOMIC 
AZIMUTH 
OBSERVATION 
IF PUBLISHED 

STATION IS 
NOT VISIBLE 

REPLACEMENT 
STATION 

PUBLISHED 
INTERSECTION STATION 
// / 

/ 
/ 

/ 

Figure 2.1.2-12.-Sketcb of the establishment of a new station with 
a destroyed or lost azimuth mark 

OLD RM l 

REPLACEMENT 
STATION OR 
OLD STATION 

OLD STATION 
OR REPLACEMENT 

STATION 

~ 
\ 

\ 

\ 
\ 

' \ 
"-~OLD OR 

\)--- - - ----g Rti 2 
NEW 

Figure 2.1.2-13.-Sketcb of the establishment of a 
new station on line with an existing reference mark. 

when an azimuth mark. was neYer established 

2.1-21 
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NEW RM 

4---
\ 

\ 

REPLACEMENT 
STATION 

\ 

I 

OLD RM 

\ I 
\ I 

~ OLD RM 

I I 
I I 

I 
OLD STATION 

Figure l.1.2-14.-Sketcb of the 
estabWunent of a new mtion on 

line with an ext.ting reference 
mark when an azimuth mark was 

neyer estabmbed 

REPLACEMENT STATION 

OLD STATION 

Figure l.1.2-15.-Sketcb of the establWunent of a new 
station impo8l!lible to put on line with an exkdng reference 

mark when an azimuth mark was 18er established 
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FE8 l 911 
U.S. DEPARTMENT Of COMMERCE HORIZONTAL CONTROL DATA OUAO 370781 

YA 
STATION 1001 

U4Y1RONMENTAL SCIENCE SERVICES ADMINISTRAllON 
COAST AND GEODETIC SURVEY 

ASHBY ( Cumberland County,Va.,G.W.L, ,19U)--Stat1on is on high 
ground on the property or Mr. W1l11am T. Sanderaon, about e mile• 
llD or Cu..be·rland Courthouae at a amall aettlement known ae Ashby . 
It la 1n the chicken yard f enc e l ine 40 feet W of State Route 45 
and 30 feet N or the center line or the driveway entering Mr. 
Sanderaon'a yard. The diak 1s stamped "ASHBY 19 41" and ia set 
fluah •1th aurface ot the ground. 

Surface, underground , reference, and a&11111th marks are atand
ard bronze disks set in concrete, as described in notea la, 7a, 
and lla. 

Reference 111ark No .l 1a Ira of the atatlon, 2 feet W ot the 
fence line and 20 feet E of State Route 45. The disk la atllln))ed 
"ASHBY 1941 No.l" and projecta 6 1nc~es above the surface or the 
ground. 

Reference mark No.2 1s SE of the atatio n, 16 feet E of State 
Route 45 end 13 feet S or the concrete poet 1n the SW fence cor
ner . The disk 1s stamped "ASHBY 1941 No. 2" and projects 6 1nchea 
above the ground. 

by the 
Coast and Geodetic Survey 

NORlH AMERICAN 1927 OAfUM 

VIRGINIA 

lATITUOE 37 ° 30 ' 
lONGITUOE 18 ° 00 ' 
DIAGRAM NJ l 7-9 

ro 38 •oo· 
TO 78 ° 30' 
ROANOKE 

ADJUSTED HORIZONTAL CONTROL DATA 

FIRST 

DANVILLE TO 8EAVEROA" 

r:::-:-... ' ... "'"' 
~·-t\.1,,,.. .... .,," 

n .n u.zezoo 
Tl 10 26.l2900 

.. .. ,, t oo-~···· .i,, .. 

'"' 

. The aziJlluth ... rk 111 0,6 mlle S of the atation at the home of 
Charle• G. Sanderson, 55 feet NNW or the lfW corner of the houae 
and 4 feet S of the S garden fence. The d1ak 1s stamped "ASHBY 
1941" and projects 6 1nchea above the ground. To reach the az1-
MJth .,ark, go S on State Rou·te 45 for o. 6 mile to a dirt road on 
the left, turn left and go 0 . 25 mile to the Sanderson home and the 
a11111t.1th -rk as described. 

~ t • f\ e 10 .... <~ . ' •Ott6 • • ._.,,, 

""· s. 450l 2 ,094, 470. 52 458,5H.89 • 

To reach the station from the courthouse in Cumberland Court 
houee, go B on U.S. Rou·te 60 for 2,45 .llilea to the Junction of 
U,S. Route 60 and State Route 45 here turn left (M) on State Route 
45 and go 5,8 8111.ea to the Sanderson house on tbe left and station 
aa deacribed. 

PAJl«, 

A 64•foot 
A 64•foot 
A &4-foot 

tower will aee an "'7-foot light at station SNODDY. 
towe r will aae a 74-root light at station BOTTOW. 
tower •111 see a 100-foot light at atatlon BUSH 

OBJECT DISTAJJCE DIRECTION 
SNODDY meter• feet 0°00•00~0 
R.•.Mo.l 25.270 82.90 131 23 39 
R.M.No.2 26,346 ~6. 4 3 223 32 47 
A&b1uth mark 241 02 21..3 
Height or light above station .. arlc - 26 metere. 
Height or telescope above atat1on mark - 23 metera. 

EXP LAH A Tl ON : 

DIRECTION TO AZIMUTH MARK 21i1° 02' 

DIRECTION TO Rl12 iz~o ~2' 

ANGLE 17° 29' 

USING THE COMPUTED AZIMUTH TO Rl12 AND 

21;3 
4r 
34~ 

THE 

GlOOll•< Al*'UI"' 

•o ''"''oa"" om ,,.JC<• ,,._ ,_,,., 

All "UTH "ARK 350 ° 01 ' 56:) 

AZIMUTH TO AZIMUTH MARK 350° 01' 56':'3 
ANGLE - lZ0 29' 31!'" 

AZIMUTH TO Rl12 332° 32' 2r 

1941 DISTA NCE TO THE RM, A PRELIMINARY GEOGRAPHIC 
POSITION CAN BE COMPUTED FOR REPLACEMENT OF THE OLD STATION IF SUITABLE CHECKS ARE AVAILABLE. 

Figge 2.1.2-16.- Comp.itation of azimuth to RM 2 and instructioM on how to compute preliminary position for RM 2 

"'-~ U t MUIM ,,_,_, .. , 
349" 50 ' 04 

0 
. 

11 '2 
. 

<-. 
4502 

' 

()0 -()0 
~ 

r 
8 
l 
f 
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2.1-24 2.1 Monumentation and Mm Maint~ 

lnt•rsectton Station (Positioned) 

· ~elarenc.i !llerk No. 1 

• Azimuth !llart 

Figure 2.1.~17.-Sketcb of the establishment of a new 
station from a single emting stable reference mark 
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•'lWMB HORIZONTAL CONTROL DATA 
PRELIMINARY 

371222-100~ 
NAMI. 01' STATION: BENCH MARI< H 111 

STATE:• CALIFORNIA YIEAR1 19 3 2 TH I RD - ORDllt 

LOCALITY: 

SOURCI; G-16 4 7 3 

GC:OOl!:TIC LATITUOl1 

Gf.OOITIC LONGITUOll:: 

37 24 41.65057 
122 03 07.71742 

l'llLO SKETCH: 

STATE: COOAOINATES lfttfl 

ILEVA.TION: 5 , 6 2 
18.4 

MITERS 

"Et:T 

STATE • ZONf. COOi: x y I !OR 6 a I ANGLI 

CA 
CA 

3 
4 

040 3 1,549,212.05 335,641.43 -
0404 1,113,598.67 770,675.63 -

TO STATION OR OBJECT 

AZIMUTH MARI< 
AZIMUTH MARK 

GEODETIC AZIMUTH 

159 48 15. 3 
159 48 15.3 

PLANE: AZIMUTH 

IF'°'" 10111hi . . 
160 45 16 
161 37 30 

0 
1 

Original position in error by 281.8 ft. Mark Maintenance 
will reobserve for final position in the near future. 

. . 
57 01 
49 15 

CODIE' 

0403 
0404 

D.R.Doyle 1/18/ 82 

Figure 2.l.~18.-A completed "Preliminary Horizontal Control Data" sheet 

. 



2.2 HORIZONTAL CONTROL 

2.2.1 ClJmification, Stllndards of Accuracy, and 
General Specifications 

2.2.J.J General 
The specifications set forth in the most recent editions 

(listed in chapter 1.1) of the publications Classification, 
Standards of Accuracy, and General Specifications of Ge<r 
detic Control Surveys and Specifications to Support Classi
fication, Standards of Accuracy, and General Specifica
tions of Geodetic Control Surveys are to be strictly followed 
unless otherwise directed by the project instructions. (See 
section I.8.2.2.) Any problems in meeting these guide
lines should be discus5Cd with the technical adv00r or project 
coordinator listed in the project instructions. 

2.2.1.2 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 I surveys with lines shorter than 5 km. Standards of 
accuracy (i.e., I: I 00,000 or better for first-order surveys 
and I :50,000 or better for second-order, class I surveys) 
will be maintained 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. 

2.2.1.3 Horizont.aJ Directions 
l. 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.l.2 and 2.2.l.3, directions differing by as much 
as 3."0 may also be meaned. 

2. Theodolite plate settings will confonn 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, cla$ I surveys. 

2.2.1.4 Triangle Closures 
The average triangle cla;ure 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 O."Ol are to be included. 

1. First-Order Control. 
a. The standard error of a single triangle closure for all 

triangles in a project should not exceed ± l."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 error. 

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.l.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 ± l."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.I.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 I triangulation). An increase of O."l to 0."15 
to the average correction to a direction specification is 
allowed in those cases where small angles (IO' and less) 
are involved. 

8/83 2.2 Horizontal Control 2.2-1 
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An acceptable test to evaluate an exces.sive side check 
is to change the smallest or one of the smaller angles in the 
side check by as much as l. "O in the direction of the trian
gle clamre 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 l."O 
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 
either 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 ± 5."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 main-scheme framework 
only. It does not apply to any supplemental points, includ
ing central point figures within a quadrilateral with observed 
diagonals. 

For there 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 related. 

2.2.1.5. 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: l 00,000 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 direv 
tion necessary to improve the length closure. A factor from 
table 22-1 should be applied to the len~ to 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 3.0 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-Order .Base lines. Base lines will be measured 
on one night and will usually 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 fav 
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 l."O change 

in an angle in a length computation. The factors are applied 
to the computed length in a length check to detennine if a 
l."O change to the smallest angle in the length computa
tion will make the length check meet the modified speci· 
ficatiom for first- and second-0rder surveys. 

Angle 

10· 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 

Table 2.2.1-1.-Factors equivalent to a 1-
second change in an angle 

length Length 
Factor Angle Factor 

0.0000275 36. 0.0000067 
0.0000249 37 0.0000064 
0.0000228 38 0.0000062 
0.0000210 39 0.0000060 
0.0000194 40 0.0000058 

0.0000181 41 0.0000056 
0.0000169 42 0.0000054 
0.00001 58 43 0.0000052 
0.0000149 44 0.0000050 
0.0000141 45 0.0000048 

0.0000133 46 0.0000047 
0.0000126 47 0.0000045 
0.0000120 48 0.0000044 
0.0000114 49 0.0000042 
0.0000109 50 0.0000041 

0.0000104 51 0.0000039 
0.0000100 52 0.0000038 
0.0000095 53 0.0000037 
0.0000091 54 0.0000035 
0.0000088 55 0.0000034 

0.0000084 56 0.0000033 
0.0000081 57 0.0000032 
0.0000078 58 0.0000030 
0.0000075 59 0.0000029 
0.0000072 60 0.0000028 
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 the measured length, subtract the factor from l.CXXXXXXl 
and multiply the difference by the computed length. 

Since the arbitrary change to the smallest 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 from another measured side equals 6904.102 
meters, dctennine whether or not the computed length meets 
modified specifications for first-Order. 

{l) Determine the relative proportional part difference 
of the computed length. 

Measured-Computed = 6904.198-6904. l 02 
Measured 6904.198 

+0.096 =-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 
detennine the value equivalent to a l,"O change in the small
est angle. For 35.4 · , the value is l .0000068. 

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

1.0000068X6904.l02 m=6904.149 m 

6904.198-6904.149 -
6904.198 140,900 

A l ."O change in the smallest angle will satisfy the length 
check. 

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

(I ) 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 longer than the mea
sured length, subtract the factor in table 2.2-1 from 
1.0000000 to determine the value equivalent to a l."O change 
in the smallest angJe. 

1.0000000- 0.0000068 = 0.9999932 

(3) Multiply the computed length by this value and 
recompute the relative accuracy. 

0.9999932X6904.335 = 6904.288 

6904.198-6904.288 = 1 ----
6904.198 76,700 

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

(5) The value equivalent to a l."5 change is detennined 
by multiplying l."5 times the factor from table 2.2-1 and 
subtracting the product from 1.0000000. 

l."5 Value= l.0000000-(1.5 X0.0000068) 
= 1.0000000-0.0000102 
=0.9999898 

(6) Multiply the computed length by the value detennined. 
in (5) and recompute the relative proportional part dif
ference. 

6904.335X0.9999898=6904.265 

6904.198-6904.265 = 1 
6904.198 103,000 

A l."5 change to the smallest angle in the length compu
tation will satisfy the length check. 

Example III: The same as Example I except that the 
computed distance is 6904.4 10 meters. 

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

6904.198-6904.410 - - 0.212 -
± 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, multi
ply the factor in table 2.1-1 by 2.0 and subtract the prod
uct from l.0000000. 

2."0 value= l.0000000-(2 X0.0000068) 
= 1.0000000-0.0000136 
=0.9999864 

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

0.9999864X6904.410= 6904.316 

6904.198-6904.316 = - 0.118 __ l __ 
6904.198 6904.198 58,500 

(4) A 2."0 change in lhe smalJest 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. 

(6904.198+0.025)-6904.316 = 
(6904.198 +0.025) 

-0.093 = 1 
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 to 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 X6904.3 16= 6904.304 m 
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Then: 

(6904.198+0.025)-6904.304 = I 
6904.198+0.025 85,300 

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

When these tests fail, the lengths involved should be tested 
with other measured lengths, if ~ible. 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. 

2.2.2 Party Structure 

This section updates material presented in Special Pulr 
lication 247, Manual of Geodetic Triangulation (pp. 21-25). 
Historically, horizontal parties have had 30 to 40 employees. 
Party siz.e 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 

l 
l 
I 
I 
I 
2 
2 
3 

Position 

Project Director 
Asst. Project Director 
Asst. Computer 
Field Coordinator 
Chief Builder 
Observer/EDMI Operator 
Builder/Recorder 
Builder/ Lightkecper 

Position classifica1ion 

Surveying Technician 
Surveying Technician 
Surveying Technician 
Surveying Technician 
Surveying Technician 
Surveying Technician 
Surveying Technician 
Survey Aid/ Technician 

Detailed descriptions of all party positions are on file 
with the Field Operations Section (N /CG 161 ). 

2.2.3 Reconnaissance 

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 Gerr 
era/ Specifications of Geodetic Control Surveys. In
structions for preparing reconnaissance sketches are con
tained in section 2.2.22.4 of this manual. Infonnation about 
the location of stations, station names, and descriptions is 
contained in section 2.2.4. 

2.2.3.l 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 selecting station sites, specifying tower heights, 
selecting elevation ties, obtaining pe~ion from property 
owners, and proposing survey schemes. 

2.2.3.2 Sources of Data 
Station data sheets, topographic maps, charts, and 

Geodetic Control Data sheets are ordered by the Field 
Records Analysis Section (N /CG 121 ). Extra topograph
ic maps of the project area can be secured locally or from 
the U.S. Geological Survey. Extra aeronautical charts are 
available from NOS. These charts give the location of air 
navigation facilities and h~rds 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 
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) 

U.S. Geological Survey 
Mid-Continent Mapping Center 
Infonnation Center 
1400lndependenccRoad 
Rolla, Misoouri 6540 I 

U.S. Geological Survey 
National Cartographic 

Information Center 
345 Middlefield Road 
Menlo Park, California 94025 

2.2.3.3 Station Recovery and Rec.ormamance Descripdons 
All existing horiwntal control published by NGS with

in the project area shall be recovered. Recovery descrip
tions will be submitted on NOAA Form 75-82 or 75-82A. 
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 reconnai.s.sance 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 reconnai.s.sance 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 reconnai.s.sance 
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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QUAD: 

NAME: 

2.2 Horizontal Control 

PROPOSED INTERSECTION STATION 

STATE: COUNTY: 

NO. 

INTERSECT: Top center --- Ball top center ___ ; Light of top center __ _ 

Light top not center Apex of vent Apex of roof 

Base of cross Ball at base of cross ; Pole antenna ---
Other 

OWNERSHIP: 

DESCRIPTION: Cylindrical body Conical shaped top __ , 
Dome shaped top ; Umbrella shaped top ; Hemispherical bottom ; -- -- --
Concave bottom --' Singular column spheroid __ ; Guyed mast 

Skeleton steeJ tower Spire ; Dome ; Stack 

Other ------------ -----------------------
Number of legs Type: Tubula r ; Truss-work 

~-- --- I-beam 

Color Height 

LOGO: 

THIS STATION IS LOCATED: 

_____ ft. ( _____ ) of -----------------------

ft. ( ) of -------------------------- -----

ft. ( ) of ------------------------- -----
Figure 2.2.3-1.-Format for simplifying r~ description for proposed intersection station 
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photographs should be submitted with the reconnaissance 
descriptions. 

2.2.3.5 Bench Marks 
All existing vertical control published by NGS within 

the project area shall generally be recovered. Consult the 
Field Operations Section, N/CG 16, 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/CG 164. 
These data will include all recovery descriptions, reconnais
sance descriptions, and reconnaissance sketches. The 
Field Records Analysis Section (N /CG 121) will review 
the data and proposed scheme. It will designate the loca
tion of astronomic azimuths, if different from those pr<r 
posed by the reconnai~nce 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. 

2.2.4.1 Location of Stations 
The reconnaissance party is responsible for selecting 

station sites and proposing survey schemes. Hori.rontal 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 specifications are: 
l. When project instructions specify otherwise. 
2. When station location is dicta ted, 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 triangulation party and 
subsequent users. If possible, the stations should be locat
ed in areas where they would be least likely destroyed by 
construction. (See section 2. l. l. l.) 

Two reference marks should be set at the station site. 
They should be more than 5 meters but IC$ 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 intersection angle, a reference mark may be set acros.s 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 1h staff-Oay should be spent in clear
ing the Iine-0f-sight. Azimuth marks should be set along 
roads or at other locations with good visibility and easy 
access. 

2.2.4.2 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. l. l.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. ?-descriptions, and section 2. l. l.8--supply 
procurement. 

2.2.4.3 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 not 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. 
c. To avoid confusion with another mark of the same 

name in the same county or 71h minute quad. 

2.2.4.4 Descriptions and Recovery Descriptiom 
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 Data Base, volume I, Horiwntal Control Data. 
Sections 2.1.1.2, 2.1.1.4, and 2.1.1.7 of this manual contain 
general information that should be included in the descrip
tions. All parties submitting descriptions of hori.rontal sta
tions shall use the NGS input formats. 

NOAA Form 75-82 (station descriptions), a book.let, 
or NOAA Form 75-82A, a tablet, shall be used to record 
the descriptive and recovery data. These forms shall be filled 
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(pp. 28-30). On this model, the "seconds" readings from 
the direct and reverse paintings must be summed to 
determine the seconds and odd minutes. The 2-minute model 
reads directly to the odd minute. Figure 2.2.5-1 shows Wild 
T3 circle readings for a !-minute and 2-minute micro
meter. 

3. One-Second Theodolites. Other theodolites used by 
NGS units are the Wild T2 and the Kem DKM2. These 
instruments should be read only to the nearest second. Figure 
2.2.5-2 shows examples of 1-second theodolite circle 
readings. 

4. Maintenance and Field Adjustments. All theodolites 
used in the field will be returned to the Instrumentation 
and Equipment Section every 18 months for maintenance. 
Therefore, only minor adjustments are required in the field. 
The effect of many maladjustments are compensated for 
by proper observing procedures. It is better to leave an 
instrument slightly out of adjustment than to continually 
adjust it in a vain attempt to make it perfect. The follow
ing are some routine tests and adjustments which should 
be made in the field. 

a. Focusing. The instrument must be correctly focused 
before observations are begun. Parallax and incorrect focus 
are not compensated for by the observing procedure. Instruc
tions for focusing the telescope and reading microscope 
are contained in section 2.2.7.6, subsection 2. 

b. Plate Level. By following the setup procedure outlined 
in section 2.2.7.l, subsection 2, observations will be unaf
fected by a level vial out of adjustment. Level vials more 
than 2 divisions out should be adjusted as follows: 

(l) The instrument should be set up on a stable stand 
and shaded from the sun and wind. 

(2) Rotate the instrument so the plate level is parallel to 
any two foot screws. Center the bubble accurately by turning 
these screws equally in opposite directions. The bubble will 
move in the same direction that the left thumb moves while 
turning the screws. 

(3) Rotate the instrument 90 · and center the bubble using 
only the third screw. 

( 4) Rotate the instrument back to the first position and 
recenter the bubble if necessary. 

(5) Rotate the instrument 180°. If off-center, bring the 
bubble half way back to center using the capstan screws 
recessed in the right standard. Completely center the bubble 
with the f ootscrews. 

(6) Rotate the instrument 90° and center the bubble using 
the third f ootscrew. 

(7) Rotate the instrument through 360°. The bubble 
should remain within one division of center throughout. If 
not, steps (5) and (6) must be repeated. 

c. Reticle Verticality. A skewed reticle is compensated 
for by using the intersection of the reticle for sighting. The 
reticle used in modem theodolites consist of lines etched 
on a glass diaphragm. The horizontal lines are etched pre
cisely perpendicular to the vertical lines in the manufac
turing process. Do not adjust a skewed reticle unless col
limation must be adjusted. 

?cL Ccl 

123 124 

I I I \I I I I I I I 11\ \ \I II 11 lj 11 II I II 11 / fl fl/ I// I 
I\\ 13 14 15 ,,, 

12 76 

(a) 
circle reading ......... ................... . 123 ° 34' 
first drum reading ..................... . 
second drum reading ................. . 

(u represents units) 
123 · 34' 

<;LZ 7LZ 

34 

I\ I I I I\ II 11 \ 111 ii 111 11111 j 11 11 /II I// I// I/ 
\\\ 46 so 111 

44 1 1 1 52 

' ' 
(b) 

circle reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214 • 
first drum reading .......... ........... . 
second drum reading ................. . 

214· 

24' 
1' 
1' 

25' 

1 3~8" 
1 3~9" 

27.7" 

35 

46.9" 
46.9" 

46.9" 

Figure 2.2.5-1.-Examples of Wild T3 circle readings. 
(a) I-minute micrometer; (b) 2-minute micrometer. De
pending on setting of selector knob, hori7Alntal and vertical 
circles appear seperately in micrometer telescope. 

To test for verticality of the vertical hair, carefully level 
the theodolite and point on a well-defined object such as a 
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99 SS 

265 266 

lZ .,lZ 

(a) 
Horizontal circle reading . . . .... . ... . 265 • 

1 1 11 

47' 

r 
3 0 9 ~ 

\l 

5 L1 3 2 1 0 

2'll0" I 2'50· 
I \ 

I 111; 
I 

(b) 
Vertical circle reading .. .. .. .. . . . .. .. . 94 • 12' 

23."4 

44" 

Figure 2.2.5-2.-Examples of 1-second t.beodolite circle 
readings: (a) Wild T2 (older model), (b) Wild T2 (newer 
model), (c) Kem DKM-2 Depending on the setting of the 
seJection knob on the Wild Tl's, the verlical and borUoota1 
circles appear separately. In the Kem DKM-2 both circles 
appear simultaneously. 

(c) 
Vertical circle reading... ............. 85 • 35' 14" 

Figure 2.2.5-2.-Examples of 1-second theodolite circle 
readings: (a) Wild T2 (older model), (b) Wild T2 (newer 
model), (c) Kem DKM-2 Depending on the setting of the 
seJection knob on the Wild Tl's, the verlical and borUoota1 
circles appear separateJy. In the Kem DKM-2 both circles 
appear simultaneously.-Continued 

plumb bob string supporting a plumb bob suspended in a 
can of water. With the alidade clamped, move the telescope 
up and down. If the object remains on the vertical cross 
hair, there is no vertical error. If the object moves off the 
cros.s hair, rotate the diaphragm by turning the two oblique 
correcting screws in oppa;ite directions until the ~ hair is 
vertical. Retest and readjust if required. 

d. Horizontal Collimation. This error is completely elimi
nated by the observing procedures outlined in section 2.2.7.3, 
subsection 2. 

(1) To determine the collimation error, point the telescope 
on a distant well-defined object and read the horizontal 
circle. Repeat this procedure with the telescope inverted. 
The difference between the direct and reverse readings, 
minus 180 ·, is twice the collimation error of the instrument 

(2) Set the micrometer to the mean of the direct and 
reverse readings. Using the slow motion screw, move the 
alidade until the horizontal circle graduations are in 
coincidence. 

(3) Loosen the diaphragm retaining screw(s) on one side 
and move the diaphragm by tightening the screw(s) on the 
other side so that the center of the reticle is on the sighted 
object Do not loo;en the screw(s) more than 1/s turn before 
tightening the other(s). 

(4) Tighten the retaining screws and recheck the colli
mation error. If it is under 10 seconds, the instrument is in 
satisfactory adjustment. 

(5) Recheck for verticality of the reticle. 
e. Vertical Collimation. This error is eliminated using 

the observing procedures outlined in section 2.2.7.2, su~ 
sections 1 and 2. The line of sight must be horizontal when 
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the vertical circle reads 90° 00' exactly. This test and 
adjustment must be done after the horizontal collimation. 

(l) With the instrument in circle left (CL) pooition, align 
the horizontal crosshair carefully on a well-defined point 
at least 100 meters away. 

(2) Bring the ends of the vertical collimation level bub
ble into coincidence using the vertical collimation slow 
motion screw. 

(3) Read and record the vertical circle reading, check
ing the level bubble to make sure it is still in coincidence. 

(4) Plunge the telescope (circle right-CR) and repeat 
the procedure. 

(5) The sum of the two readings should equal 180° . Any 
variation is equal to twice the error. Any variation l~ than 
20 seconds need not be adjusted. 

(6) Divide the variation by 4 and apply it with the prop
er sign ( + or - ) to the last vertical circle reading. Using 
the micrometer drive knob, set this corrected value on the 
micrometer. 

(7) Bring the circle back into coincidence using the vertical 
collimation slow motion screw. This will leave the collimation 
level out of coincidence. 

(8) Bring the collimation level into coincidence with the 
adjusting screw located under the vertical circle level. 

(9) Repeat the test as a check on the adjustment. 

2.2.5.2 Towers and Masts 
1. General. NGS uses a variety of towers and masts to 

elevate the observer and signal above trees and other 
obstructions. These towers and masts permit triangu
lation stations to be spaced evenly and allows longer lines 
to be observed where the terrain is flat and wooded. 

Observing tents are required on towers and other observing 
platforms as a sunshade for early evening work and as a 
windbreak. The tents will help reduce errors caused by wind 
and uneven heating of the instrument. 

This section discus.5eS the Bilby steel tower, the Pek tower, 
the truck-mounted observing tower (TMOT), the signal 
masts, and the trailer-mounted tower. Section l.3.3.3 
discusses tower safety. 

2. Bilby Steel Tower. The Bilby tower was first intro
duced in 1927. It provided horizontal control parties with 
a portable, easily assembled, and inexpensive method to 
elevate the observer and signal. Publication 62-3, Bilby 
Steel Tower for Triangulation, contains specifications, his
toric information, and instructions for assembling and 
dismantling this type of tower. Party personnel should read 
and understand the safety precautions and the information 
on sandbagging towers included in Publication 62-3. 

3. Pek Tower. The Pek tower was designed by Ralph 
Pekinpaugh while working on a mobile field party. It pro
vides a portable observing platform 3 and 6 meters in height. 

4. Truck-Mounted Observing Tower (TMOT). The 
Instrumentation and Equipment Branch has developed a 
TMOT. It provides a 15-meter high observing platform 
which can be erected in 1 l/i hours by two persons. Use of 
the TMOT is restricted by the accessibility and terrain at 

the station sites. Assembly and operating instructions are 
supplied with the TMOT. 

5. Masts. Some of the NGS parties are equipped with 
signal masts. These masts are used for showing lights and 
reflectors and for measuring air temperature from sta
tions which are not occupied. 

The mast consists of five telescopic tubes each 6 meters 
in length. The mast is easily erected by two or three persons 
and can be extended to a height of 30 meters. It can be 
erected in about an hour (including rigging and centering) 
and can be lowered and made ready to be transported in 
30 minutes. The mast is held in position with three sets of 
guy wires. The wires are attached to the top of the first, 
third, and top sections. 

After the mast is initially set up next to the station, and 
before it is extended, a remotely controlled positioning arm is 
attached to the top of the mast. The light and/or mirror is 
attached to this arm. The arm can be extended, retracted, 
and rotated to collimate the mirror and/or light over the 
mark. The mirror or light can also be turned horizontally 
to correctly point it towards the observer. Show lights with 
motoriz.ed tilting lenses are used. The arm also has an anten
na mount for better reception on the two-way radios. 

6. Trailer-Mounted Tower (TMT). The TMT provides 
an elevated platform for a mirror, show light, or remote 
reading temperature sensor. It can be erected by one person 
in a few hours. 

The tower consists of six triangular sections ranging 
from 15 to 66 cm on a side and 6 meters long. The sections 
are telescoped in and out by means of cables and pulleys. 
The tower can be extended to a maximum height of 32 
meters. 

The trailer consists of two long, stiff main f ra.me mem
bers, tandem axles, a house trailer-type 20,000-lb ball 
coupling, and spaces over the axles to mount auxiliary 
components. A powered, steerable wheel set just after the 
coupling enables the trailer to be positioned accurately 
with a minimum of jockeying. 

Power for all load-moving components is provided by a 
hydraulic pump driven by an 8-horsepower gasoline engine. 
The engine has a starter-generator which also maintains 
the charge on a 12-volt lead-acid battery. This battery 
provides power to operate the positioning arm (see para
graph 5, Masts, above) and show light. 

The tower is tilted upright and telescoped by using the 
hydraulic system. The hand-operated outriggers and 
forward hitch jack are used to level the tower prior to ele
vation. Bulls-eye levels on the frame aid in this leveling. 
Detailed operating instructions are supplied with the TMT. 

A %-ton truck is sufficient to tow the trailer. The trailer 
wheels are set quite far back to obtain the proper hitch 
load. 

The site selected must be fairly level. The ground at the 
hitch cannot be more than 0.4 meter above the ground at 
the wheels. A smooth grade of 20% across the width of the 
trailer can be accommodated. 

The tolerable wind decreases with tower height. The tower 
should be guyed when used at heights above 15 meters. 
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2.2.S.3 Stands, Tripods, and Taping Benches 
I. General. In precise surveys, stands and tripods must 

be well-made and solid. Driven stakes or some quick set
ting cement for tripod leg supports may be required. Cat
walks or duckboards may also be necessary to ensure sat
isfactory results. Regular instrument tripods should rarely be 
used for observing platforms in first-0rder or second-0rder, 
class I surveys. 

2. Stands. A sketch for the construction of the 1.2-meter 
wooden stand is shown in figure 2.2.5-3. This type of stand, 
when properly constructed and set up, provides a very stable 
observing platform. 

The NGS Instrumentation and Equipment Section has 
developed a metal 1.2-meter instrument stand. It can be 
set up or dismantled in a few minutes. Assembly instruc
tions are supplied with the stand. 

Wooden stands 5 to 9 meters in height may be used when 
Pek towers are not available. 

3. Tripods. A 1.2-meter stand must be used for all 
first-Order and second-Order, class I stations where a ground 
setup is required. A tripod should not be used except in the 
following cases: 

(a) When a ground setup is used for measuring directions 
to azimuth and reference marks. 

(b) When occupying a supplemental station which is tied 
to only one main scheme station. A tripod may be used as 
an observing platform for measuring the zenith distances. 

All tripods should be checked frequently and all worn 
parts repaired or replaced. 

4. Taping Benches. Adjustable height taping benches 
have been designed and fabricated by the Instrumen
tation and Equipment Section. The benches can easily be 
assembled and disassembled. The legs are driven into the 
ground and the bench is guyed in place to provide further 
stability. The guys are chains fastened to the bench and 
flat metal stakes driven into the ground. The chains can 
be tightened using the turnbuckles provided. 

2.2.S.4 Electronic Distance Measuring Instruments 
1. General. The National Geodetic Survey uses several 

different brands of electronic distance measuring instru
ments (EDMI). Basically there are three types of EDMI: 
red laser light, infrared light, and microwave. Each EDMI 
has its own operating procedures and limitations. The 
operating instructions are supplied with each instrument. 
Specifications and limitations are discussed in Specifica
tions to Support Classification, Standards of Accuracy, 
and General Specifications of Geodetic Control Surveys. 

The minimum distance that should be measured by any 
EDMI depends on four major factors: (1) accuracy required, 
(2) standard error of a single observation as stated by manu
facturer, (3) number of complete multiple measurements, 
and (4) observing procedures. 
~urning that precise observing procedures are followed 

and centering errors are negligible (which may or may not 
be the case because great care is required to achieve cen
tering accuracies of I mm or less), the following formula 
provides a guide for measuring minimum distance: 

Minimum distance:::::: a/x 

where a is is the standard error of a single observation 
expressed in millimeters, x is a factor varying with accu
racy class. The different factors (x) are: first-0rder, 0.005; 
second-0rder, class I, 0.010; second-0rder class II, 0.025; 
third-0rder, class I 0.050, and third-Order, class II, 0.100. 

When complete multiple measurements are observed, 
the acceptable minimum distance can be determined by 
dividing the value derived in the formula by y!N, where 
N is the number of complete measurements. For example, 
for second-0rder, class II accuracy, where a = 5 mm, the 
minimum distance = 5/ 0.025 m = 200 m If two complete 
measurements are made (N = 2), the minimum distance 
shall not be less than 200/ 1.4 :::::: 140 m. Many manufac
turers specify a minimum distance measurement, and in 
no instance should this minimum be violated. 

2. Red l.Aser Light. These instruments use visible light 
to measure medium to long distances. They should be used 
for all first- and second-0rder, class I horizontal control 
network lines. Instruments of this type used by NGS include 
the following: 

a. Models 4 and 8 Geodimeters, manufactured by AGA 
Corp. 

[a2=(30 mm)2+(1 mm/ km D km)2], where Dis distance. 

b. Rangemaster and Ranger Series manufactured by 
Laser Systems and Electronics, Inc. 

[a2=(30 mm)2+(1 mm/ km D km)2
] 

c. "Big Red," made in-house by the Instrumentation 
and Equipment Section. 

[a2= (30 mm)2+(l mm/ km D km)2
) 

3. Infrared. Infrared instruments use invisible light. They 
are short and medium range instruments used for distances 
from about 50 meters to about 10 km depending on type. 
They are used for measurements to azimuth marks and near
by bench marks. Instruments of this type include the 
following: 

a. MAlOO, manufactured by Tellurometer. 

(a2= (2 mm)2+ (l mm/ km D km)2] 

b. HP 3800 and HP 3808 manufactured by Hewlett 
Packard 

[a2= (5 mm)2+ (7mm/ km D km)2
] and 

[a2=5 mm2+ Imm/km D km)2
) , respectively. 

4. Microwave. Microwave instruments should not be used 
for first-order and second-0rder, class I surveys unless 
electr0-0ptical instruments are not available. 

5. Related Equipment. All EDMI's require meteorological 
data to be collected at one or both ends of the line. Ther
mometers checked against calibrated thermometers and 
survey altimeters or barometers must be used. Wet and 
dry bulb temperatures are needed to calculate a humidity 
correction. A sling or battery powered, self-aspirating psy-

_J 
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chrometer should be used Incorrect or inaccurate measure> 
ments in temperature, pressure, and humidity can result 
in several parts per million (ppm) error in the atmospheric 
correction to the measured distance. Each I • C error in 
reading the thermometer, or each 2.5 mm error in pres.sure, 
can result in a 1 ppm change in the atmospheric correction 
Under certain conditions with microwave instruments, an 
error of I · C between the wet and dry bulb readings can 
cause up to a 17 ppm error in the measured distance. The 
humidity correction for light wave instruments is usually 
less than I ppm. 

All red laser light and inf rared light instruments used 
by NGS require retroprisms to reflect the carrier wave. 
Only reflectors with known constants should be used. The 
prisms must be kept clean to give consistent results. A soft 
cloth or cotton balls should be used when cleaning is neces
sary. If the reflectors have been dropped or their calibration 
is in doubt, they should be returned to the Instrumentation 
and Equipment Section for recalibration. 

The Instrumentation and Equipment Section has de
veloped a calibration cap for the HP-3800 EDMI. This 
cap is to be used before each set of measurements to obtain an 
instrument calibration constant. A cap is made for each 
particular instrument and should not be switched with that of 
another instrument. Instructions for use of the cap are 
supplied with the instrument. 

The Instrumentation and Equipment Section has devel
oped two different types of offset bars for use with EDMI. 
The first bar is a mirror off set bar I meter in length. The 
bar is made of flat stock metal with three holes, one cen
tered and one near each end of the bar 0.400 meter from 
the center. The second bar is used to offset the instrument. 
It has a GDF6 tribrach plate which accepts the Hewlett
Packard and other small instruments. The bar can be mount
ed on a standard instrument tripod. The tribrach is centered 
and plumbed over the station. Measurements are made with 
the tribach at center and at the off set position at each end 
of the bar. The off set is 0. 150 meter. 

2.2.S.S Azimuth Tune Module 
1. General. The azimuth time module contains all the 

timing equipment needed for obtaining a first-order azi
muth determination in the field. The module contains a 
crystal controlled receiver to obtain time signals and an 
electronic digital clock, each with a self-contained power 
supply. The following instructions should be studied and 
understood before attempting to operate this equipment. 

2. Receiver Operating Instructions. The receiver is 
crystal-controlled to give reliable reception of time signals 
from WWV, operated by the National Bureau of Standards 
in Fort Collins, Colorado, and from CHU, Ottawa, Cana
da. (WWV frequencies 5, 10, and 15 MHz and CHU fre
quencies 7.3 and 14.6 MHz for Model I; and 7.3, 5, and 10 
MHz for Model 2.) 

a. Antenna. The receiver contains a front panel mount
ed telescoping antenna which should be adequate for recep
tion of at least one of the selected frequencies, if operated 

outdoors and away from strong sources of radio interfer
ence. Swing the panel mounted antenna straight out from 
the panel. Internal electrical connections will be broken if 
the antenna is rotated to the side. 

The set will often operate indoors depending on the shield
ing effect of the building. The set also has provisions for 
the connection of an external antenna via a panel-mounted 
jack. The ideal length of an external antenna is 46.8 feet 
for WWV and 32.0 feet for CHU. 

b. Power Supply. The receiver uses a set of eight size 
"C" flashlight batteries for a power supply. To replace 
batteries, remove the five flat headed brass screws hold
ing the front panel and carefully slide entire unit out of 
the case. The battery tray is exposed in the upper rear of 
the case. Remove the old batteries and replace with new 
ones, taking care to observe the correct polarity. The positive 
end of the battery is placed against the solid contact and 
the negative or base end against the springs. Make sure 
the batteries are firmly pressed against the contacts by 
the springs. 

The batteries should last 3 to 4 months in nonnal usage. 
Remove Batteries if module is to be stored any length of 
time so that corrosion will not damage the module. 

An external power supply plug and cord are provided 
on the front panel. A 110 VAC power supply is provided 
with the Model 2. 

c. Controls. Turn the receiver on by means of the power 
switch on the volume control. Extend (or connect) the anten
na and turn the volume control partway up. Select the fre
quency by means of the push buttons on the Model l, and 
by the rotary frequency switch in the Model 2. Try several 
frequencies to find the loudest and clearest signal for the 
time of day. Adjust the volume control to give a comfort
able listening level. The sensitivity switch (Model 1) is 
switched for clearest reception and the tuner control must 
be carefully rotated to give a fine control over the antenna 
for clear reception. The volume control should be placed 
in the "OFF' position when the receiver is not being used. 

3. Digital Clock Operating Instructions. The digital clock 
is programed to perform as a 24-hour clock. It may be 
powered with either a 4.8 VDC Ni-Cad battery pack located 
in the upper rear portion of the module case or by 110 V AC 
through the power cord stored in the module case cover. 

a. Function Switch. The function switch controls the 
selected power input into the clock and the charging of the 
battery. When the clock is to be operated in the DC mode, 
the function switch is placed in the DC position and then 
the red push button located in the center of the panel is 
pushed to activate the clock The switch is wired to discon
nect all functions other than the one selected. Always turn 
it to the "OFF' position when the clock is not being used. 

b. Battery and Charger. The battery is a 4-cell 4.8 VDC 7 
AH sealed Ni~d unit It is connected to the clock through 
a terminal board on the back of the front panel. If these 
connections are disconnected, care must be exercised when 
reconnecting to obtain proper polarity (red to red and blue 
to blue). 
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The batteries can be fully charged in 22 to 24 hours with 
the charger. The charger will charge at approximately 675 
Ma until about 90% charged and then trickle charge at 
approximately 500 mA until fully charged. The clock draws 
1310 mA while operating. Five hundred to six hundred 
charge/ discharge cycles can be expected before the battery 
life is expended. 

The battery may be stored in either a charged or dis
charged state without harm. For field operations the fully 
charged (90 to 95 indicated on charger meter) battery will 
operate the clock for a period of 8 hours. 

Caution: An intermittent stopping and starting of the 
"seconds" digits on the clock indicates a low charge con
dition of the batteries. The clock should be shut off imm~ 
diately as a continuation of operation will result in a reve~ 
of polarity on the cells, thereby requiring replacement of 
the battery. 

c. Clock Controls. The digital clock can be preset from 
the front panel by placing the "SET-RUN" toggle switch 
to the "SET" position. This enables the pushbutton switches 
under the hours and minutes display to be changed and 
automatically sets the seconds display to zero. Pressing 
the pushbutton switches allows the digit or digits selected 
to advance at a rate of one digit per second. Each digit is 
set independently of adjacent digits such that no overflow 
into the next higher digit occurs. Positioning the toggle 
switch to the "RUN" position starts the clock and dis
ables the pushbuttons, eliminating the possibility of dis
turbing the display. 

d. Pickle Switch. The cord-mounted pickle switch, stored 
in the module case cover, is pressed to hold the displayed 
time at the moment of star intersection while the clock con
tinues to accumulate actual time internally. 

Releasing the pickle switch enables the clock to re-acquire 
and display actual time. The pickle switch is released by 
again pressing the switch. 

When the clock is turned on and a partial lighting of 
various segments of the digits occurs, the pickle switch is 
in the depressed position. Release the pickle switch to obtain 
full lighting of all segments of the digits. 

Warning: Snap release of the pickle switch can cause 
an error in the clock. 

2.2.5.6 Signal Lamps 
Field parties seldom use the 5-inch lamp pictured in Spe

cial Publication 247. The Instrumentation and Equip
ment Section has developed a 3-inch lamp. The latest version 
is available with a rheostat dim.mer, flasher, and timer. 

The frame of the lamp is cast epoxy resin. The base of 
the frame is tapped for both 5/ 8 11 and 5/ 16 18 bolts to 
facilitate mounting on both tripods and towers. The top of 
the frame is tapped for a ~-20 bolt to allow lights to be 
stacked on one another. 

The reflector is a highly polished 3-inch diameter, 
parabolic bowl. It is mounted in a lO<m x 10-cm metal 
bracket. The bracket is bolted to the sides of the frame. 
The bracket is mounted so the axis of rotation passes hori-

zontally and vertically through the center of the bulb. This is 
aimed up or down without changing the height of light. 

The new lights have bore-sights to make them easier to 
point and clips to hold extra bulbs and bolts. 

2.2.5. 7 Tribrach Plate with Optical Plummet 
Periodically, check and adjust the bull's-eye bubble and 

reticle on all tribrachs (such as the Wild GDG6). This section 
describes the bubble and reticle adjustments. 

An adjusting jig is available from the Instrumentation 
and Equipment Section. This jig consists of a bench level 
and an aluminum disk which is placed in the tribrach. 

1. Bull's-Eye Bubble Adjustment. Place the aluminum 
disk in the tribrach and place the bench level on top of the 
aluminum disk. Level the tribrach with the 3-foot screws 
while observing the bench level. After the tribrach is lev
eled with the bench level, the bull's~ye bubble should be 
in the center. If the bull's-eye is not in the center, adjust it 
by using the three adjusting screws below the bubble. 

2. &ticle Adjustment for a Single Tribrach. After adjust
ing the bull's~ye bubble, use the following procedure to 
adjust the reticle: 

a. Attach the tribrach to a sturdy tripod or stand. Level 
the tribrach. 

b. Suspend the plumb bob from the leveled instrument 
and mark a point on the ground exactly under the point of 
the plumb bob. Remove the plumb bob from the instrument. 

c. Check the leveling of the instrument and then look 
into the eyepiece of the optical plummet. If this plummet 
is correctly adjusted, the mark on the ground will be cen
tered in the reticle circle or cross hairs of the plummet. 

d. If the image of the mark is not centered in the reticle, 
bring the reticle to center by means of three adjusting screws 
located near the optical plummet eyepiece. Loosen the 
checknut. The vertical screw will raise or lower the reticle 
in the direction that the screw moves. The side screws will 
move the reticle opposite to the direction of screw travel. 
Always loosen the screw on the side opposite to the direc
tion of travel and tighten the one in the desired direction. 

3. &ticle Adjustment for More Than One Tribrach. After 
the bubbles have been checked and adjusted on two 
tribrachs, remove the bench level and place one of the tri
brachs upside down on the aluminum disk. Make a pencil 
mark on the ceiling above the tribrach. After positioning 
the reticle on the pencil mark, rotate the top tribrach 360. 
while observing the pencil mark. If the reticle does not stay 
on the mark, adjust it with the three capstan head screws 
on the eyepiece. 

2.2.5.8. Calibrated and Standardized Tapes 
Calibrated and standardized tapes are expensive and 

should be properly cared for to prevent corrosion. Before 
using the tape, wipe the entire length with a soft dry cloth. 
To prevent rust, coat the tape with light oil before putting 
it away. Rust can be removed by gently rubbing the affected 
section of the tape with very fine steel wool. Any tape that 
is damaged should be returned to the Instrumentation and 
Equipment Section. 
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2.2.6 Distance Measurements 

Distance measurements are used in triangulation to estab
lish base lines for strengthening control networks, to make 
traverse ties to supplemental stations and bench marks, 
and to make reference measurements to objects and ref
erence marks at the station site. Distance measurements 
constitute a major portion of data collected in trilater
ation and traverse where all sides or lengths are measured. 
(See sections 2.2.10 and 2.2.l l.) Currently distances are 
measured using taping or EDMI procedures. Specifications 
for length measurements by the type, order, and class of 
work are contained in Classification, Standards of Accu
racy, and General Specifications of Geodetic Control 
Surveys. 

2.2.6.1 Taping 
l. Precise Taping. The availability of EDMI has dras

tically reduced the number of taped base lines and traverse 
lengths. Presently, the National Geodetic Survey requires 
the use of precise taping procedures only for calibration 
base lines, short traverse ties, and some special projects. 
For second-0rder, class II or higher, the tapes should have a 
low expansion coefficient. Tapes of nickel-steel alloy such as 
lovar and invar should be used. The measurements are to 
be corrected for slope, temperature, catenary, sea level, 
and standardization values. 

Detailed procedures for precise taping are given in Special 
Publication 241 (pp. 193-236). Exceptions to these pro
cedures are given in NOAA Technical Memorandum NOS 
NGS-8, Establishment of Calibration Base Lines (p. 17). 

Precise taping shall be recorded and the measurements 
reduced on NOAA Form 76-46, Short-Traverse Observa
tions and Computations (fig. 2.2.6-l). Field parties with 
terminals should transmit the taped traverse data by com
puter. 

Leveling observations are used to determine the incli
nation correction over the line. Entry of leveling observations 
on NOAA Form 76-46 (fig. 2.2.6-1) are indexed here. A 
sketch of how the observations were made can be useful. 

Leveling Observations: 
{l) Date (YYMMDD) of the leveling observations. 
(2) Instrument, instrument code, and serial number. 
(3) Serial numbers or type of level rod(s) used. 
(4) Name of point or station leveled 

8/ 0 = bench over 
STK = Stake 

(5) Enter backsight rod readings in this column. Note 
the units of measure. 

(6) Enter foresight rod readings in this column. Note 
the units of measure. 

(7) Determine the differences in elevations between the 
end points. Clearly indicate the end points between which 
the elevation differences were determined, i.e., STATION to 
8/ 0 , 8/0 to STK, STK to 8/0 , B/ O to STATION. Note 
units of measure. 

(8-10) Sights and differences using the second scale or 
feet scale on the rods. 

( 11) Recorder. 
( 12) Observer. 
(13) Weather. 
( 14-15) Measured heights of the benches over the marks. 

These measurements should check the elevation differences 
determined in (7) to less than 3 mm. 

Computation of inclination correction: 
(l) List end points of sections measured. 
(2) Distance taped. Note units of measure. 
(3) Difference in elevation determined in (7) of Level

ing Observation. Note units of measure. 
(4) Inclination correction determined from the formula, 

C= -[l-(P-h2)~] . 

where 1 = the measured length, and h = the difference 
in elevation between the end points. 

(5) Enter the known or determined elevations. Note the 
units of elevation. 

(6) Mean of the elevations in (5). 
(7) Any remarks. 

Taping Observations: 
( 1) Date of taping observations. 
(2) Time and time zone. 
(3-5) Serial number of tape, balance, and thermometers. 

Instrument codes for the type of tape used. 
(6) Enter the end points of the sections. 
(7) Temperature in degrees Celsius. 
(8-9) Measurements. 
( l 0) Number of supports. 
(l l) Remarks-include type tape, observer, recorder, and 

weather. Record any comparison measurements made in 
feet. 

Computation of Length: 
( 1) Enter the names of the end points of the sections. 
(2) Date. 
(3) Forward (F) or backwards (8). 
(4) Tape serial number from (3) Taping Observations 

for measurement being reduced. 
(5) Number of supports from (10) Taping Observations. 
(6) Number of uncorrected tape lengths. 
(7) Total meters measurement. 
(8) Temperature: mean of forward and rear temperature in 

(7) of Taping Observations. 
(9) Temperature correction determine from 

C
1
- CexDX(t-1), 

where C - Coefficient of Expansion listed in the stan-
e 

dardization sheets supplied with the tape, 

d = distance, 
t = temperature in ·c, and 
T = standardization temperature in • C. 

(1 O) Tape and catenary correction from standardiza
tion sheets. 

(11) Set-up or set-back from (8-9) in Taping Observa
tions. 
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(I 2) Inclination from ( 4) Computation of Inclination 
Corrections. 

(13) Sea level correction = - D x ± h 
(Ra+h) 

or approximate correction = - D X h X 1.57 X 10-7, 

where 
D = distance (meters), 
h = mean elevation of the end points (meters), and 
Ra = mean radius of curvature for the Earth at the 

latitude of the line and in the azimuth of the line. 
(14) Reduced length = sum of corrections from items 7 

through 13. 
( 15) Adopted length. 
(16) Any remarks. 
2. Re/ere~ Marks. Measure the distance between the 

station and its reference marks. Also measure the dis
tance between reference marks with a good quality 3(}.meter 
steel tape. The tape should be graduated in meters and milli
meters on one side and feet and hundredths on the other. 
Measurements to reference marks require two independent 
readin~. one in metric units and one in English units. When 
converted to its metric equivalence, the English mea
surement should compare within 3 mm of the metric 
measurements. Measure distances longer than 30 meters 
forward and backwards with a 30(}.f oot steel tape. Where 
possible, measure reference mark distances horizontally. 
If they cannot be measured horizontally, correct them for 
slope. Note any slope distances which cannot be reduced 
to horizontal as ''SLOPE DISTANCE." Use NOAA Form 
75-82 for recording the measurements, conversions, and 
checks. 

3. &ferenc.e Objects. Measurements from all marks shall 
be made, if poo.sible, to at least two reference objects. These 
measurements shall be made to the nearest centimeter and to 
0.1 foot and entered on the station description as "xx.xx 
METERS (xxx.x FEET)." 

2.2.6.2 EDMI 
Electronic distance measuring instruments (EDMI's) 

have made distance measurements more economical. Many 
different EDMI's are commercially available, each with 
its own operating characteristics. EDMI's used by NGS 
are briefly discussed in section 2.2.5.4. Detailed specifi
cations for electronic distance measurements are conta.ined 
in Specifications to Support Classification. Standards of 
Accuracy, and General Specifications of Geodetic Control 
Surveys. 

Detailed operation instructions are supplied with each 
EDMI used by the NGS field parties. In general, m~ 
ments will consist of three or four observations. Two of the 
observations shall be offset both forward and backward 
along the line-of-sight. Field parties have been equipped 
with "offset" bars for this purpose. (See section 2.2.5.4.) 

Observations shall be recorded on the appropriate form. 
Observations from the Model 8 Geodimeter may be 

recorded on the Model 4 recording form (NOAA Form 

76-43) for convenience. NOAA Form 76-33 allows for one 
detennination of length per sheet A complete measurement 
requires four recording sheets. ALI four detenninations can be 
recorded on NOAA Form 76-43. This form may also be 
used to record observations from "Big Red" and "Big Red 
Junior." 

NOAA Form 76-170 should be used to record obser
vations from all models of the Ranger and the Rangemaster 
instruments. 

NOAA Form Title 

76-19 Hewlett-Packard Distance Meter Observation 
76-33 Gcodimeter Model 8 Observations 
76-43, 43A Gcodirneter Model 4 Observations 
76-61 Tcllurometer Observations Model MRA3-MK2 
76-61A TcUuromctcr Observations Model CA IOOO 
76-138 EDM Observations 
76-1 70 Ranger III Observations 

2.2. 7 Observing and Recording 

Observing and recording procedures for first-Order work 
are described in detail in Special Publication 247 (pp. 
110-115, 131-137). References to the Parkhurst theodcr 
lite are no longer relevant. Supplemental information and 
instructions for the use of a Wild T3 equipped with a 60-unit 
micrometer are contained in this section. 

For other instruments, see the manufacturer's instruc
tion manual. No information has been included for lower 
than second-order work. However, the procedures are 
similar. 

2.2.7.1 Setting Up 
In order to obtain results of the highest possible preci

sion, use an umbrella or tent to shade the instrument from 
direct sunlight. In addition, rotate the alidade and the 
telescope several times to ensure an even distribution of 
grease through the bearings. Allow sufficient time for the 
instrument to become the same temperature as the surround
ing air. 

1. Checking Stability. In Special Publication 247 (pp. 
10(}.101), a procedure is given to ensure that the observing 
stand or tower is sufficiently stable. In addition to the J>I'OC& 
dure given, after pointing on a well-defined object and 
checking for movement in one direction, rotate the in
strument 90 ' and repeat the process. On a Bilby tower, 
point on an object, then twist the welded section and check 
the pointing after the inner tower has returned to equilib
rium. If this test fails, check and tighten the bolts on the 
inner tower, particularly the bottom of the two upper 
sections. 

2. Leveling the Theodolite. The procedure for leveling 
a theodolite should not include adjustment to center of the 
level bubble in its vial during each set up. The continual 
adjustment of a level vial to center the bubble not only adds to 
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the time required to level a theodolite, but also wears the 
threads of the adjusting screw or nut, resulting in a certain 
amount of looseness. By determining the "reversing point," 
discus.sed below, observations will be unaffected by a bubble 
vial that is out of adjustment, unless the bubble ends are 
more than 5 divisions from the last numbered graduation. 
In this case, see section 2.2.5.l to adjust the vial. 

If the divisions on the level vial have no numbers, they 
should be numbered sequentially from left to right with 
the zero end of the vial at the left when the telescope is 
direct (at the vertical circle end of the vial). The major 
level vial graduations for a Wild T3 theodolite should be 
numbered "O", "5'', and "10" on the left and "15", "20'', 
and "25" on the right. 

Level the theodolite approximately in both directions, 
then rotate the alidade so that the level vial axis is over 
one of the foot screws. Using the graduations, note the 
position of the lower end of the bubble (towards the verti
cal circle). Now rotate the aJidade 180° and note again 
the position of the lower end of the bubble. The mean of 
these two readings is the so-called "reversing point" of the 
bubble. Assume for example that the first reading is 4.6 
and the second reading, after rotating 180 ·, is 7 .2. The 
reversing point then is 5.9. Bring the end of the bubble to 
this point by rotating the foot screw. 

Now turn the alidade 90 • so that the level vial axis is 
parallel to a line joining the other two foot screws. Bring 
the bubble to its reversing position by rotating these foot 
screws equally in opposite directions. The entire process 
may have to be repeated to refine the determination of the 
reversing ~tion. Once the reversing position is determined, 
all that is required to relevel the theodolite is to use the 
foot screws to bring the level bubble to its reversing pooition 
in each of the two directions of the alidade, 90° apart. 

The key to the method outlined herein is as follows: Once 
the reversing pooition of the bubble is well determined and 
the theodolite is leveled as described, the standing axis about 
which the alidade rotates is truly vertical and the bubble 
will remain in the same position, whether centered in the 
vial or not, no matter which direction the alidade is rotated. 
The reversing pooition of the bubble may drift slightly from 
day to day or even during a period of observation. Thus, it 
should be checked before each observing period and on plate 
settings 5, 9, and 13 during each period. It should seldom 
be necessary to readjust the bubble vial. 

2.2. 7.2 Zenith Distances 
1. Index E"or. Index error is introduced when the ver

tical circle level is out of adjustment. Ex.CC$ive index error 
will not affect the accuracy of vertical angles if the proper 
observing program is followed. It will cancel itself when 
readings are taken in both direct and reverse pooitions. How
ever, if the vertical circle index error exceeds 20" on a Wild 
T3 theodolite, it should be adjusted. (See section 2.2.5.1.) 

2 Pointing and R.eading for Conventional Sunieys. Three 
direct (circle left, or CL) and three reverse (circle right, 
or CR) readings are required for each station observed. 

An observation to a single station with a T3 is obtained as 
follows: In CL, with the target aligned near the vertical 
cro;s hair, set the horizontal cro;s hair precisely on the target. 
Align the two ends of the index level bubble. If the bubble 
ends are already in coincidence, they should always be moved 
off and realigned, because the bubble could be "hung." 
Set the vertical circle in coincidence and read it and the 
micrometer. Reset the vertical circle in coincidence and 
read the micrometer again. Do not just repeat the first 
micrometer reading. Repeat the above procedure in CR 
once, CR again, then two CL's, and then the final CR. Be 
sure to Rrepoint the telescope and realign the vertical bubble 
for each CL and CR position. (See fig. 2.2.7-1.) 

Wben observing more than one station, use the follow-
ing sequence. 

( 1) CL on all stations. 
(2) CR on all in reverse order. 
(3) CR again on all. 
(4) CL on all in reverse order. 
(5) CL again on all. 
(6) A final CR on all in reverse order. 
Time must be recorded for each station during steps ( 1) 

and (6). 
This procedure may cause some scheduling difficulties 

because all lights will have to be on at the same time. The 
procedure is required by the computer programs to obtain 
a more realistic correction for refraction. 

Special Publication 247 (pp. 141-143) explains bow to 
read the horizontal circle on the Wild TI. Reading the verti
cal circle is identical. Because the index marker is often 
out of adjustment, the preferred method of detennining 
the minutes is to count the 4-minute subdivisions between 
diametrically opposed degree markers, and multiply the 
number by 2, rather than using the index marker. (See seer 
tion 2.2.5.1.) 

3. Recording. To avoid confusion, always record the CL 
(direct) readings above the individual CR (reverse) read
ings. On this account, you will have to skip around in the 
recording book as the vertical angles are read. Add 90 • to 
the CR value and subtract its paired CL value from it This 
gives the zenith distance for that set. Of the three sets, the 
spread must not exceed 10". Mean the three sets for the 
final zenith distance. For each object observed, check the 
index error by adding the first set of CL and CR values. 
The sums should differ from 180° by about the same amount. 
If the sum differs from 180" by more than 20", the verti
cal circle level index bubble must be adjusted. 

Recorders are reminded to never write over any mis
recorded data. Mistakes should be struck out with a single 
line and the correction written above or below the mistake. 

The step-by-6tep procedure for recording vertical angles 
(double zenith distances) with the T3 is given below. Step 
numbers ref er to the numbers in parentheses on figure 
2.2.7-1. 

(1) Enter name of station occupied. 
(2) Enter observer's name. 
(3) Enter State. 
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2.~20 2.l Horizontal Control 

(4) Enter county. Table 2.2. 7-1.-0rcle Settings-Continued 

(5) Enter type of imtrument, imtrument code, and serial 
number. 

(6) Enter date as follows: YYMMDD (e.g., 790902). 
(7) Enter recorder's name, weather, and weather code 

as specified in the "Input Formats and Specifications of 
the NGS Data Base." (pp. 2-9 and 2-10). Enter any eccen
tric instrument or eccentric light data. If neither instrument 
nor light is eccentric, state that fact. 

(8) Enter heights of stand and instrument telescope. (See 
section 2.2.7.6.) Also enter heights and times of all lights 
shown to other stations. 

(9) Enter station being observed. 
(10) Enter object sighted upon. 
(11) Enter height of object sighted upon. (See section 

2.2.7.6.) 
(12) Enter circle left (direct) and circle right (reverse). 
(13) Enter time observation began (first CL) and ended 

(last CR) for each station. 
(14) Enter degrees, minutes, and micrometer units. The 

observer reads the micrometer two times and both read
ings are recorded. 

(15-19) Enter degrees, minutes, and micrometer units 
for the proper points (circle left or circle right). Do not 
omit the degrees and minutes, and do not prerecord them 
before the observer calls them out. 

(20) Sum the two micrometer readings. 
(21) Add 90' to circle right and subtract circle left from 

circle right. The spread between the three values cannot 
exceed 10". If the spread exceeds 10", reobscrve the angle 
until three values which do not exceed the 1 O" spread are 
obtained. 

(22) Sum the first set of CL and CR values to check the 
index error. The sum should not differ from 180" by more 
than 20". 

(23) Sum the three angles (No. 21) and divide by 3 to 
obtain the mean zenith distance for each set. Round the 
answer off to the nearest tenth of a second. When the last 
digit in the average is exactly 5 hundredths, round off to 
the nearest even tenth. For example, 0.45 is rounded to 
0.4 and 0.55 is rounded to 0.6. 

2.2. 7.3 Horizontal Angles 
1. Circle Settings. Circle settings for the Wild T3 the

odolite are specified in Specifications to Support Classi
fication, Standards of Accuracy, and General Specifica
tions of Geodetic Control Surveys and are repeated in this 
section. Settings in table 2.2.7-1 help eliminate blunders 
in reading the minutes on each pointing. 

Degree 

0 
45 

Table 2.2.7-1.- 0rcle Settinp 

Minute 

Four Positiom 
00 
02 

Units 

15 
45 

Degree 

90 
135 

0 
30 
60 
90 

120 
150 

0 
22 
45 
67 
90 

112 
135 
157 

0 
15 
30 
45 
60 
75 
90 

105 
120 
135 
150 
165 

0 
11 
22 
33 
45 
56 
67 
78 
90 

101 
112 
123 
135 
146 
157 
168 

Minute 

Four Positiom 
04 
20 

Six Positiom 
00 
02 
00 
04 
00 
20 

Eight Positiom 
00 
00 
02 
00 
04 
00 
20 
00 

Twelve Positiom 
00 
00 
02 
00 
00 
00 
04 
00 
00 
00 
20 
00 

Sixteen Positiom 
00 
00 
00 
00 
02 
00 
00 
00 
04 
00 
00 
00 
20 
00 
00 
00 

Units 

15 
45 

15 
35 
50 
15 
35 
50 

10 
25 
35 
50 
10 
25 
35 
50 

10 
25 
35 
50 
10 
25 
35 
50 
10 
25 
35 
50 

10 
25 
35 
50 
10 
25 
35 
50 
10 
25 
35 
50 
10 
25 
35 
50 
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2. Pointing and Reading. Special Publication 247 (p. 
132) contains information on pointing. Three additional 
comments are in order. First, use the 40-power eyepiece 
except in very hazy weather and exclusively when observing 
astronomic azimuths. Second, the double cross hairs are 
usually best for pointing on an object or light. And third, it 
is very important that the instrument be repainted after 
the plate is reset- this means moving the cross hairs off 
the target using slow motion screw and resighting, making 
the last movement toward the spring (clockwise). Looking 
through the telescope and con.finning the position of the 
target is not sufficient because each pointing must be unique 
in order to obtain 16 independent positions. 

Special Publication 247 (pp. 141-143) explains how to 
read the horizontal circle on the older model Wild T3 
(60-unit micrometer). As with vertical angles, it is pref
erable to use the second method for detennining minutes 
on the circle, i.e., oount the number of 4-minute subdivisions 
between diametrically opposed degree marks and multiply 
the number by 2. Be sure to "double mic" the instrument. 

While making the run, check to see that the instrument 
has remained level by noting the plate level bubble. If it 
varies from the reversing point by more than one division, 
relevel. Do this before the first, fifth, ninth, and thirteenth 
positions. Note in the recording book whether or not the 
instrument was checked or releveled. Read and record the 
plate or striding level values to the nearest 0.1 unit. These 
level values are required for every position (direct and 
reverse) on any target with a vertical angle greater than 5 
or greater than I if the target is being used as the initial 
pointing for an astronomic azimuth observation. 

3. Azimuth marks. Observations to azimuth marks less 
than 800 meters away must consist of at least four positions 
with a I-second or better instrument. For azimuth marks 
800 or more meters away, observe at least eight positions. 
If made in the regular run, they will be the first, fifth, ninth, 
and thirteenth positions for four positions, and the first, 
third, fifth, seventh, ninth, eleventh, thirteenth, and fifteenth 
for eight positions. Alternatively, they may be made while 
observing reference marks and intersection stations. In this 
case, attempt to use the same initial object that will be used in 
the regular run. Also, at least one position in the regular 
run must be observed on the azimuth mark, and the value 
must be transferred and averaged with the original val
ues. Check to see that the angle agrees with the others 
obtained for it. The rejection limit is 5."0. If there is no 
agreement, the azimuth mark must be continued in the regu
lar run; it should also be determined why the error occurred 
and whether the reference marks or intersection stations 
were affected. 

4. Closing the Horizon. Project Instructions must spe
cify when closure of the horizon is required. The routine 
for closing the horiz.on is specified in the project instructions. 

5. Recording. Form 251A, referred to in Special Publi
cation 24 7 (pp. I 08-112) shaJJ not be used to record T3 
observations. Generally, horizontal control parties use 
NOAA Form 76-52. 

The step-by-step procedure for recording horizontal 
directions obtained with the T3 equipped with a 2-minute 
micrometer drum is given below. Step numbers refer to 
the numbers in parentheses on NOAA Form 76-52 (fig. 
2.2.7-2). Figure 2.2.7-3 shows the procedure for record
ing a T3 equipped with a I-minute drum. 

(I) Enter name of station occupied. 
(2) Enter observer's name. 
(3) Enter type of instrument, instrument code, and serial 

number. 
(4) Enter date (YYMMDD). 
(5) Enter heights of stand and instrument telescope. (See 

section 2.2.7.6.) 
(6) Enter recorder's name, weather, and weather code 

as specified in Input Formats and Specifications of the 
NGS Data Base (pp. 2-9 and 2-1 O). 

(7) Enter position number and names of stations being 
observed for each position. Abbreviated names may be 
used for all but the first, fifth, ninth, and thirteenth posi
tions. 

(8) Enter direct or reverse (circle left or circle right) 
instrument pointing. 

(9) Enter starting time of first pointing and time of 
completion of last pointing on last position. Also include 
local time zone. 

(I 0) Enter degrees, minutes, and micrometer units for 
the initial station. The observer reads the micrometer units 
two times and both readings are recorded. These readings 
should not vary by more than 0.3 second, or the readings 
should be repeated For simplicity of recording and to make 
book checking easier, it should be optional for the observer 
to mentally mean these readings or call them out in sequence 
order. 

(11-12) Continue to enter degrees, minut~, and micro
meter units in the direct positions for each station. 

(13) If plate level readings are required, record them in 
the remarks column. These level readings should be listed 
next to the observed direction so that they can be summed 
and meaned on the same Abstract of Directions (NOAA 
Form 76-46). Multiply the mean by the tangent of the 
vertical angle: 

Y• (sum of bubble readings) X (bubble sensitivity) 
X tan (90° -zenith distance) 

and apply it as an eccentric correction to the appropriate 
horizontal direction. 

(14-16) Record the reverse readings for all stations, work
ing from the last station back to the initial station. 

( 17) Sum the two micrometer readings to obtain seconds 
and enter the column labeled SUM 11. In this example, 
however, the micrometer readings were "cross added" 
and the sum was entered in the column labeled "Mean 
D and R." This provid~ the same results as step (18) and 
may be used only if the first and second micrometer read
ings differ by no more than 0.1. 

(17a) For a T3 equipped with a I-minute micrometer 
drum, the two direct micrometer readings are meaned, and 
the two reverse micrometer readings are meaned. 
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(18) Mean the direct and reverse sums. Where rounding 
off is necessary, round to the nearest even tenth. 

(18a) For a T3 equipped with a I-minute micrometer 
drum, the direct and reversed means are measured. 

(19) Underline the mean D and R seconds answer arrived 
at for the initial station. Subtract this amount from the 
mean D and R seconds computed for each other station 
observed upon during that position to determine their di
rection as though the initial were 0 second. 

(20) For the first, fifth, ninth, and thirteenth positions, 
subtract the degrees and minutes from the initial station 
from each of the stations observed upon to determine the 
direction in degrees and minutes for all stations. 

(21-23) Enter degrees, minutes, and micrometer units 
in the reverse positions for each station observed upon for 
the next circle setting. 

(24-26) Record the direct readings for all stations from 
the last station back to the initial. 

(27) Continue with steps (17-20.) 
NOTE: It is no longer necessary to change initials on 

the last position when taking the 4 or 8 positions. 
6. Abstract of Directions (NOAA Form 76-46). An 

abstract shall be completed for each station occupation as 
described in Special Publication 247 (pp. 126-128, 150-
151). The rules for rejecting observations are modified as 
follows: 

a. Once an observation is rejected it remains rejected, 
even though it may return within the accepted limits. 

b. If multiple observations of a position were made before 
rejecting any observations, the mean of the multiple 
observations shall not be entered on the abstract as a sin
gle value for the position. Instead, the multiple observations 
shall be treated as additional positions. 

2.2.7.4 Astronomic Azimuth 
The observation of astronomic azimuths presents prob

lems which are more critical than in the observation of hori
zontal directions. Errors caused by inaccurate determi
nations of the inclination of the standing axis increase in 
direct ratio with the tangent of the altitude of Polaris; thus, an 
accurate azimuth is harder to achieve at 48 • latitude than 
it is at 30". 

There are two prime requisites in an astronomic azimuth: 
The target must be a circumpolar star (Polaris in northern 
latitudes) except near the equator where east and west stars 
are used; and the observing instrument must have a level 
vial sensitive enough to enable the bubble to repeatedly 
assume a position perpendicular to the plumb line at the 
station. The bubble readings must reflect that position as 
accurately as possible. 

To meet the second requisite, all first- or second-0rder 
astronomic azimuths will be observed with the Wild T3 or 
T4 theodolite unless otherwise instructed. As the T3 has 
no striding leve~ the standing axis inclination must be deter
mined by the plate level. For recording purpa;es, the major 
graduations of the plate level should be numbered "()", "5", 
" 10", "15", "20", "25", reading Left to right with the zero 

at the vertical circle end of the vial. If the theodolite has a 
vial numbered in any other manner, the method of mark
ing shall be carefully sketched in the record book. If the 
value of the plate level vial is not available or is in doubt, 
it must be determined in the field as described in Special 
Publication 247. 

The inclination of the standing axis of a theodolite, in 
the plane perpendicular to the azimuth of the observed star, 
can be any readable amount for any position. However, if 
the inclinations are large and of the same sign throughout 
an azimuth observation, a secondary systematic error enters 
into the final azimuth. This error is the result of uncertainties 
in the value (in seconds) of one division of the level vial. 
Each division of a vial corresponds to an angular tilt in 
seconds of arc. This value of one division can be determined 
experimentally. Therefore, it is important that the sum of 
the inclinations for any complete azimuth observation should 
approach zero. Take special care to maintain the standing 
axis of the instrument as nearly vertical as possible through
out the azimuth observations. This requires keeping the 
bubble within ~ division of its "reversing point," or the 
point at which the bubble remains stationary when the 
alidade is rotated. This condition is achieved entirely by 
adjustment of the foot-screws and is independent of the 
plate Level adjustment. The latter adjustment merely con
trols the position of the bubble reversing point and is not 
critical to the observations as long as the reversing point is 
fairly centered. See section 2.2. 7. l, subsection 2 for in
struction on how to determine the "reversing point." If 
necessary, the bubble can be brought close to its reversing 
point after each position by a slight "touching up" of the 
f ootscrews. CtU1tion: Do not relevel the instrument during 
the observing of any one position. 

Bubble readings will be recorded after each pointing on 
the star and also on the initial or mark stations if the line
of-sight departs more than 1 from the horizontal plane. 
Allow 1 minute for the bubble to settle. Careful control of 
the standing axis as outlined above will render unnecessary 
the recording of bubble readings on inclined sights of Jess 
than 1. 

The level vial should be read with a line-of-sight 
perpendicular to the vial. Doing this should eliminate the 
worst of the apparent changes in length of the bubble 
between direct and reverse readings. Some of the changes 
that have been recorded are as much as two divisions. This 
is an obvious impossibility in the short time between the 
direct and reverse pointings. A one division error in read
ing one end of the vial for the direct or reverse position can 
affect an azimuth by more than 3 seconds. 

The observer's professional pride should be directed 
toward the observation of accurate azimuths rather than 
fast azimuths. In the past the primary objective in observing 
horizontal directions for triangulation seemed to be the 
development of speed, with a consequent sacrifice of some 
positions as rejections. These rejections could be immedi
ately reobserved with no harm done. In the case of an astro
nomic azimuth, erroneous results may not be detected until 
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the office computations are completed. Therefore, speed 
should be sacrificed for improved accuracy of pointing on 
the star, allowing time for the bubble to stabiliz.e, and reading 
the level vial accurately so the computation of the inclination 
correction for the standing axis will be correct. 

The reobservation of an azimuth can sometimes be 
necessary as a result of bad weather, but this should be the 
only reason. There have been a few cases where reobser
vations have been necessary due to a computational blunder 
that was checked by a second person. Occasional com
puting errors are unavoidable, but a checker must make it 
a point not to accept, without checking, any figures set 
down by the computer, particularly when a night's work 
is in jeopardy. 

The following items are taken from various circulars and 
memoranda. They are taken from the words of many experi
enced people and contain the elements of successful azi
muth observing at any latitude. 

I . Make certain the instrument is in good operating condi
tion, checking for plate slippage by spinning the alidade, 
and making repeated micrometer readings of the pointing 
on a target. Check for looseness of any prisms or screws, 
check tangent screws for wear, and check the focusing ring 
and parallax adjustment. Use the 40 power eyepiece. 

2. Make certain that all parallax is removed from the 
telescope optics by first pointing to the sky and turning 
the parallax adjustment until the ~ hairs appear sharply 
defined. Then point at a distant object and tum the focus
ing ring until the object is clearly seen. Test for remaining 
parallax by moving the sighting eye, adjusting as neces.wy 
until the object is stationary and clearly defined. 

3. Focus the micrometer-viewing eyepiece for a sharp 
image of the micrometer and circle. Check to make cer
tain that both appear stationary when the eye position is 
changed. If the image of the circle appears to quiver when 
the instrument is touched, there is a loose or a damaged 
prism in the system, and the instrument should not be used 
for astronomic observations. 

4. The observations on Polaris should be made with care 
at all latitudes. This includes timing the direct and reverse 
pointings in a rhythmic sequence, with sufficient time before 
each of the timed pointings to allow the plate level bubble 
to resume its proper position. The star should be centered 
between the double Cl"O.§ hairs, close to the center of the 
telescope and its position should not change abruptly when 
the hands are removed from the tangent screws. The bub
ble must be read carefully and as accurately as possible 
after each pointing. Care should be taken to keep the direct 
beam of the flashlight off the bubble vial in an attempt to 
eliminate possible beat transfer. 

5. In order to ensure sufficient time for the bubble to 
stabilize, at least I minute of time should be allowed prior 
to the bubble reading after the first pointing on Polaris. 
Then after reversal, at least l minute should be allowed 
prior to the bubble reading after the second pointing on 
Polaris. Note: If the astronomic azimuth is to be hand com
puted, the time between the direct and reverse points should 
not exceed 5 minutes. 

6. The time of the observation may be determined by 
"tipping" when a whole minute is broadcast, or by read
ing a chronometer when the observer calls "tip." If a 
chronometer is used, radio-chronometer comparisons must 
be made by the same person who determines the time dur
ing the observations. The radio-chronometer time check 
is to be determined to Y4 second, since this operation is to 
establish a comtant for the rate of change per minute. Before 
doing so, the minute hand of the chronometer is to be syn
chronized with the second hand because ma;t blunders are 
made in recording the minute. Since there is no adjustment 
for the second hand, stop the second hand where desired 
by allowing the balance wheel to strike a single, flexible 
piece of paper, then move the minute hand in a clockwise 
direction to synchronize it with the second hand. 

The recorder should watch the rhythm of the second hand 
of the chronometer for several seconds before the "tip" is 
called. The observed time of the "tip" must be accurate to 
~ second. 

Some field units have been supplied with Azimuth Ttme 
Modules. These self-contained modules were developed 
by the Instrumentation and Equipment Section and con
tain au the timing equipment needed for obtaining first
order azimuth observations in the field . Operating in
structiom are supplied with the module and are also in sec
tion 2.2.5.5. 

7. Emphasis must be placed upon making observations 
of directions as accurately as possible. The telescope should 
not be tilted after the tip for ease in reading the micrometer 
by permitting direct view of it, because it might shift the 
weight of the instrument to the extent of disturbing the 
bubble. 

8. Minimize readjusting the bubble to a new reversing 
point, because the adjusting mechanism works against a 
spring which may not readily accommodate to the new 
position. If the bubble is far out of adjustment, it is better 
to use it that way if possible, and readjust it after the night's 
work. If the bubble must absolutely be readjusted before a 
night's work, tap the adjusting end block in all four direc
tions with a pencil eraser or with your fingernail after the 
adjustment is made. This should release any buildup of strain 
in the spring. 

2.2. 7.5 Two-Station Traverse Angles 
Unless otherwise noted in the project instructions, it is 

not necessary to switch initial stations when only two sta
tions are being observed for first- and second-order sur
veys. Use the number of positions specified in Classifica
tion, Standards of Accuracy, and General Specifications 
of Geodetic Control Surveys for the order and class sur
vey being conducted. 

2.2 7.6 Observer's Check.list 
l. Leveling. The theodolite should be leveled according 

to instructions in section 2.2.7. l , subsection 2. Constant 
adjustment of the level vials causes the threads of the adjust
ing screws to wear unnecessarily. 
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2. Focus. Parallax exists when the image of an object is 
not focused in the plane of the reticle. The image appears 
to move relative to the reticle. Parallax may be removed 
from the instrument by focusing the telescope on a light, 
uniformly colored surface such as the sky, and adjusting 
the eyepiece so the reticle shows darkest and sharpest The 
parallax should then be checked by pointing on a distant 
object, focusing for the clearest image, and moving the eye 
laterally to determine if the reticle moves with respect to 
the object sighted. If there is movement, the eyepiece focus 
and telescope focus should be slightly readjusted until there is 
no apparent motion between the reticle and the distant object 
and they both have sharp images. Preferably, the telescope 
focus should not be changed during observation of a pcx;ition. 
If focusing at short distances, it is better to sacrifice focus 
rather than continually readjust the eyepiece. 

Similarily, parallax must be removed from the micrometer 
eyepiece. The focus on the micrometer eyepiece should be 
adjusted so that the scale image appears sharp. 

3. Circle Setting and Reading. The circle settings must 
conform to those in section 2.2.7.3. 

In bringing the graduated circle (plates) into coincidence, 
the coincidence knob on the T3 should always be turned in 
the same direction. Studies of the optical micrometer sys
tem show that this procedure eliminates certain systematic 
errors. Every effort should be made to eliminate any bias 
in reading the horizontal and vertical circles. If the two 
micrometer readings deviate by more than three divisions 
on the micrometer, the observer should reread the scales 
until proper agreement is reached. 

4. Pointing. Pointings should be made as smoothly and 
expeditiously as possible. For horizontal directions, the dou
ble hairs are often better to center with than the single hair. 
The size of the target is the determining factor. Center the 
target close to the horizontal hair and either on the single 
vertical hair or between the double vertical hairs. 

5. Collimation. The collimation of an instrument will 
probably not change unless the instrument receives a severe 
blow. Instruments received from storage, or those which 
have been recently serviced, should have a low collimation 
(10 seconds or less). If this collimation changes radically, 
the cause of this change should be investigated. More than 
likely the instrument has been jolted, and it should be re
turned for repair. 

6. Reticle. THE RETICLE SHOULD NOT BE AD
JUSTED BY FIELD PERSONNEL. In the past, constant 
adjusting of reticles by observers has damaged them. Also, 
the reticle should rarely, if ever, require cleaning. The reticle 
has a coating that is easily scratched, and may be damaged 
by unnecessary cleaning. Generally, any dirt or moisture 
visible in the telescope will be either on the objective lens 
or on the eyepiece. This may be cleaned with a soft, clean 
chamois or cloth, lens paper, or a camel hair brush. 

7. Zenith Distance. The index mark should not be used 
when reading zenith distance. Count the 4-minute grad
uations from the upright degree number on the left to the 
corresponding inverted number on the right and multiply 
this number by 2 to obtain the proper minute value. When 

the upright degree number is on the right, count the 4-minute 
graduations to the corresponding inverted number on the 
left, multiply by 2, and subtract from 60 to obtain the cor
rect minute value. 

8. Heights of Instrument and Objects. For all surveys, 
the height of towers, stands, and tripods should be measured 
to the nearest millimeter. Do not rely upon the designated 
height of a tower or a height of light plate above the welded 
section-measure them. This procedure is necessary to 
obtain accurate results from the vertical adjustment prcr 
gram. In addition, all linear measurements should be made 
independently in feet and meters and compared in the field. 

For precise three-dimensional surveys, such as those 
performed at radicrtelescope observatories, the instrument 
and target height measurements are extremely critical. 
Instrument height should be measured after each relevel
ment and recorded to the nearest millimeter. Never rely 
on generalized heights (0.290 meter for height of telescope, or 
0.100 meter for the No. 1 light and 0.250 meter for the 
No. 2 light}-measure them. 

2.2.8 Lightk.eeping 

Lightkeeping is an important duty on a horizontal con
trol party. The collected data can only be as good as the 
accuracy at which the lights or mirrors are positioned over 
the mark and pointed. Special Publication 65, Instructions to 
Lightkeepers on First-Order Triangulation, contains 
much of the information and instructions pertinent to 
lightkeeping. It is no longer printed. The duties of the 
lightkeepers are outlined in Special Publication 247 (p.137). 

I . Equipment List. The lightkeeper should be properly 
trained and equipped to do the job. The following is a list 
of items needed for lightkeeping: 

a. Station Description. The station description should 
be used to reach the station. It should be checked for accura
cy. The field office should be notified of any omissions or 
discrepancies. The reconnaissance description should be 
used if the station description is not yet available. 

b. Sketches. Sketches of the reconnaissance and refer
ence marks are very useful in quickly orienting the light
keeper. Distant towers may not be discernible when they 
are cla;e to the horizon or located among trees. The recon
naissance sketch has all main scheme points and landmarks 
plotted. The sketch of the reference marks is a simple line 
drawing graphically depicting the list of directions from 
one station. 

c. Magnetic Compass. The compass is very useful for 
orienting sketches, locating towers, and checking descrip
tions. A compass direction from the tower may be in error 
because of attraction between the compass needle and the 
steel tower. Locate magnetic north from the ground using 
the com~ well away from the tower. Pick a distant object 
that is approximately north. Locate several towers or 
landmarks to verify the direction to the correct tower. 

d. Signal Lamps. Signal lamps and show lights are syn
onymous terms for the lamps used in horizontal mea-
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surements. Several different types of lights exist (See section 
2.2.5.6.) The lightkeeper should be thoroughly familiar with 
each type of light. replacement parts, and accessories. Aro::s
sories needed for lights are lamp cord (used to make the 
electrical connection between the tower, lights, and bat
teries), bolts and thumb-screws, extra bulbs, and dry cell 
batteries. The lightkeepers should always carry extra lights 
and acces.sories. This precaution may prevent the loss of a 
schedule or long delays in establishing a usable signal. 

e. Col/imators. Tower collimation should be checked each 
time a tower is used for lightkeeping. The lightkeeper should 
be familiar with the use of vertical collimators and the colli
mation techniques outlined in Special Publication 247 (pp. 
42-101). 

f. Tripods. The lightkeeper should have one tripod for 
the collimator and a sufficient number of tripods for set
ting up lights over any auxiliary statiom. All tripods should 
be in good condition and equipped with plumb bobs. 

g. Radio. The lightkeeper should be familiar with the 
operation and transmission procedures for two-way ra
dios. (See section 1.9.) Although NGS does not use Morse 
Code regularly, the lightkeeper should be familiar with 
it as a back-up tool in case radio transmission is impos
sible. (See fig. 2.2.8-1.) 

INTERNATIONAL MORSE CODE 

A._ 
B _ ... 
c _ ._. 
D_ .. 
E . 
F .. _. 
G __ , 

H .. .. 
I.. 

ALPHABET 

J ·--
K _ ,_ 
L._ . . 
M __ 
N_. o __ _ 
P . __ . 

0 -- ·
R . _ . 

NUMERALS 
I . __ _ 6 _ ... . 
2 .. __ _ 7 __ .. . 
3 ... __ g ___ .. 

4 .. .. _ 9 ____ , 

s ... 
T_ 
u .. _ 
v ... _ 
w . __ 
x_ .. _ 
y_, __ 
z __ .. 

5 .... . Q ____ _ 

INSfRUcnONS FOR USE OF CODE 

BT_ ... _used between angles in place of "stop." 
Question (?) .. __ .. 
Transmit all angles by numerals. 
Before sending numerals send "NF' to signify "Numerals 

follow." 
When finished transmitting numerals send "LF', meaning 

"Letters follow." 

Figure 2.2.8-1.-Intemational Morse Code 

A series of one-half-second dots mean "I have made a 
mistake and will begin again." 

A series of one-second dots mean "I understand your 
message." 

"R" means "Repeat your message, I could not get it." 

SIGNALS TO BE USED BY O~ERVERS 
TO UGHTKE.EPERS 

A Wait a while. 
AA Stand by. Will need you soon. 
N Your light is too faint. Brighten it. 
M Your light is too bright. Moderate it. 
Z The distinctive letter of the 0-party. It meam, 

"We are about to start observing on you." The 
lightkeeper on receiving a Z ( __ .. ) will ack
nowledge it by answering to the 0-party in 
reverse ( .. _ _ ). 

ZZ The letter of the 00-party. It is returned as 
follows: .. __ . __ 

ZZZ The letter of the 000-party. 
Returned: . . __ .. __ .. __ 

4-0 The letter of the 4-0 party. 
Sent as follows: .... ___ _ 
Returned:_ ___ ... . 

DONE You can turn off your light to this observing 
party. Continue to show to other parties until 
they signal you that they are finished. However, 
you must continue to look for calls and must 
not leave station until DG is sent you. 
<- .. ---- . .) 

DG The finished signal for the night. It means all 
observing parties are through and everyone may 
return to camp (_ .. __ .) 

Figure 2.2.8-1.-Intemational Morse Code-Continued 

h. Tools. The lightkeeper should have wrenches and screw 
drivers to set the light plate on towers and connect the light 
cords to the tower. The lightkeeper should also have an ax 
or saw for clearing lines of sight. 

i. Pack. A sturdy pack is necessary for carrying the 
equipment. 

j . Binoculars. 
k. Flash or signal mi"or. 
I. lightkeeper's Report. This can be a form similar to 

the one shown in Speda/ Publication 247 (p. 140). If c:ccm
tric lights are shown. the lightkeeper's report must include a 
labeled drawing of the eccentricity. All measurements must 
be read and recorded to the nearest millimeter. Because 
additional assistance is needed to measure eccentric dis
tances and angles, if a light is shown from an eccentric 
position, the eccentric point should be marked in the most 
permanent manner possible for future angle and distance 
measurements. 

m. Instructions for use of code. Dots should be short. 
just long enough to permit the light to be seen clearly. For 
dashes, the light should shine for about 2 seconds. 
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The duration of darkness between elements of letters 
should be l second; between letters, 3 seconds; and between 
words, 5 seconds. It is not important that these periods 
be absolutely observed, but the relative period should be 
maintained. Moreover, a uniform speed should be main
tained in sending because varied speeds make receiving 
messages difficult. 

2.2.9 Trigonometric Leveling 

Trigonometric leveling is discussed in Special Publica
tion 247 (pp. 4, 15-16, 103-106, 123, 139, 143-144, 148, 
184-189, 275-276, and 285-287). Moot of that infonnation 
is still valid. Computational and recording procedures for 
the Wild T3 theodolites are included in section 2.2.7.2. 
Supplemental information is included here. 

Zenith distance observations will be made between all 
interconnected stations on a horizontal control scheme. 
Zenith distance observations or third-0rder, class I differen
tial level ties wiJI be made to bench marks and other near
by stations as outlined in section 2.2.19. 

The heights of instruments, lights, and other targets should 
be measured above stations as outlined in sections 2.2.7.2 
and 2.2.7.6. 

Modem calculators make the reduction of zenith distance 
observations simple. For this reason, and to assure that blun
ders do not exist in field records, all zenith distance 
observatiorn taken on a project will be computed. The "min
ute check" discussed in Special Publication 247 (p. 15) 
should be made by parties without computer terminals. 

If accurate elevations are to be expected, one of the moot 
important factors to be carefully weighed is timing the 
observations. When plotted, the intensity of refraction vs. 
local apparent time roughly approximates a sine curve; the 
minumum occurs from noon to 3 p.m. and the maximum 
occurs from 9 p.m. to midnight. It is during these periods 
that refraction remains relatively constant, a condition 
essential to the best results. The worst periods for obser
vations are between 8 and 9 a.m. and 6 and 7 p.m. (sunrise 
and sun.set). It is then that refraction is changing moot rapidly 
and is least predictable. The early afternoon period is best 
since refraction is nearly constant then and probably returns 
closer to the same value from day to day than at any other 
period. Following are combinations of technique and local 
apparent time listed in order of decreasing accuracy of 
results: 

A Simultaneous reciprocal observations, noon to 3 p.m. 
8. Reciprocal observations, noon to 3 p.m., different days. 
C. Simultaneous reciprocal observations, 9 p.m. to mid

night. 
D. Reciprocal observations, 9 p.m. to midnight, different 

days. 
E. Simultaneous reciprocal observations at any other time. 
F. Reciprocal observations with no coordination in time. 
G. onreciprocal observations, 

I. oon to 3 p.m. 
2. 9 p.m. to midnight 
3. At any other time. 

Item (A) is the best, but it is difficult to arrange the 
simultaneous feature and to use targets that can be seen 
over Jong distances. At this time, however, it is better to 
point on a hilltop or an 0.tent, than to observe under con
dition (F). Combinations (8), (C), and (D) are acceptable 
in that order of preference, although (C) may be better 
than (B) at times. Item (D) is probably the most commonly 
used and has the great advantage of making ~ible the 
observation of vertical angles, usually after the horizontal 
angle program is completed. In case the horizontal angle 
observations are not completed by 9 or 10 p.m., these can 
be resumed after the vertical angles are measured. How
ever, item (D) should not be seized upon to the complete 
exclusion of the better combinations. If the observing party 
must stay more than one night on a station, or if it arrives 
early, every effort should be made to observe from the 12 
to 3 p.m. period. Combinations (F) and (G), especially (G) 
3, should be avoided on main scheme lines if at all poosible. 

If case (A) or (8) is used and there is uncertainty as to 
the object pointed upon, it would be well to employ also 
(C) or (D) as a check. If the uncertainty is not resolved, 
reject the doubtful observations. 

2.2.10 Trilateration 

Trilateration is an alternate method of establishing 
horizontal control. In trilateration, all sides in a figure are 
measured with few angles observed. EDMI makes this p~ 
cedure economical. 

Trilateration does not have the various internal checks 
inherent to arc and area triangulation as practiced by the 
National Geodetic Survey. Since the so-called "braced" 
quadrilateral and central point polygon have been adopt
ed as the conventional geometric figure for trilateration, 
certain requirements with respect to the standard errors 
of length determinations and the size of the angles contained 
within the figures must be rigorously adhered to when a 
project is specifically undertaken to satisfy higher geodetic 
requirements. These restrictions are given in Classification, 
Standards of Accuracy, and General Spedfications of Geo
detic Control Surveys (table 2, trilateration). 

2.2.11 Traverse 
Taped traverse procedures are discus.5ed in Special PuJr 

/ication 247 (pp. 115, 122, 235). Updated material is con
tained in section 2.2.6. l. 

2.2.11.1 EDMI Traverse 
During the past few years, major advancements have 

been made in the field of distance measuring equipment. 
Although it is now ~ible to measure longer lines quick
ly and accurately, traversing does not provide the checks 
that are inherent in triangulation. Traversing may be used 
to establish second- and third-0rder supplemental stations 
when a strong first-0rder network is present. 

Accuracy requirements are given in Classification, 
Standards of Accuracy, and General Spedfications of GtUr 
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detic Control Surveys (p. 6). Requirements for EDMl are 
given in Specifications to Support Classifications, Stan
dards of Accuracy, and General Specifications of Geodetic 
Control Surveys. 

2.2.11.2 High Precision Traverse 
The history, configuration, requirements, and general 

specifications for conducting a high precision traverse are 
contained in Specifications to Support Classification, Stan
dards of Accuracy, and General Specifications of Geodetic 
Control Surveys. 

2.2.l l.3 Computations and Adjustments 
Geographic pa;ition computations should be completed as 

outlined in Special Publication 247 (pp. 245-248). Pr<r 
grams and documentation for the HP-97 and HP-41CV 
programmable calculators are available from the National 
Geodetic Information Center, N/ CG174. Field parties 
equipped with computer terminals should compute posi
tions and make adjustments using the WRKGPN and 
ADJNET commands. 

2.2.12 Azimuth Marks 

2.2.12.1 General 
Wherever possible, establish azimuth marks at all main 

scheme and supplemental stations. Valid information about 
azimuth marks is contained in Special Publication 241 
(pp. 14, 89, 106, 108, 122, and 237). Sections 2.1.1, 2.1.2.5, 
2.1.2.9, 2.1.2.10, 2.2.4, 2.2.7, and 2.2.19.l contain in
formation about setting, naming, observing, and descrilr 
ing azimuth marks. 

2.2.12.2 Procedures 
Azimuth marks should be positioned to second-order, 

class II specifications. The procedures outlined in section 
2.2.13.2 for using the single-leg, open-ended traverse meth
od should be used. Where pa;.sible, the azimuth mark should 
be occupied to observe positioned landmarks or other 
visible from ground (VG) stations to provide a stronger 
solution. 

Separate descriptions (NOAA Form 75-82) should be 
submitted for each positioned azimuth mark. Descrip
tions should be written and submitted as outlined in sec
tion 2.2.4.4. 

2.2.13 Supplemental Control 

Information about establishing supplemental control is 
contained in Special Publication 241 (pp. 3, 13, 110, and 
235). The following paragraphs update the requirements 
and specifications for observing and pa;itioning supplemen
tal stations. 

2.2.13.l Specifications 
Project instructions will indicate the order and class to 

which supplemental control will be established. Jn most 

projects, supplemental control must meet second-order, 
class I specifications. 

Supplemental stations should be spaced and observed 
such that the 20-percent rule is not violated (section 2.2.20). 

2.2.13.2 Methods 
Supplemental stations may be located by triangulation, 

trilateration, or traverse methods. Traverse methods are 
most commonly used by NGS. Recent developments in 
EDMI have made traversing more accurate than before 
and faster to accomplish. 

Single-leg, open~nded traverse (also called a side shot 
or spur traverse) is an acceptable method of positioning 
supplemental stations. However, this method produces a 
"ncrcheck" position. A stronger solution can be obtained 
by observing single triangles or closed loop traverses. 

2.2.14 Intersection and Landmark Statiom 

Prominent landmarks should be intersected as part of 
all horizontal control projects unless otherwise direct
ed by the project instructions. Information about geomet
ric requirements, observing procedures, and computations is 
contained in Special Publication 247 (pp. 4, 13, 106-109, 
158, and 163). Information about choosing landmarks for 
intersection stations during reconnaissance is contained 
in section 2.2.3.4. Naming intersection stations and cod
ing descriptive text are given in Input Formats and Specifi
cations of the National Geodetic Survey Data Base (pp. 
18-22). 

NOTE: Historically, NGS has used the term "intersection 
station." The terms "landmark" and "intersection station" 
are used synonymously in this manual. "Landmark" is 
defined in Input Formats and Specifications of the NGS 
Data Base as an "unrnonumented recoverable horizontal 
control point (usually an intersection station) such as a flag
pole or church spire." Special Publication 247 defines inter
section station as "prominent objects such as church spires, 
water tanks, standpipes, towers, beacons, tall chimneys, 
and prominent mountain peaks." 

Intersection stations shall be observed from at least three 
main scheme stations to third-order, class I specifica
tions. Although three lines to an intersection station are 
sufficient to obtain a check, four lines observed from diver
gent compass directions will ensure a stronger solution. 
Observations should be made from the stations nearest the 
intersection station. Whenever a landmark is close to a 
triangulation station and a distance measurement needs 
to be performed, that measurement should be made on the 
ground to a point directly below the top of the landmark 
that is observed from the distant triangulation stations. 

field parties should be careful and thorough when iden
tif ying landmark stations, especially when observing from 
a station that is not included in a triangle with the land
mark. (See fig. 2.2.14- l.) Geodetic inverse computations 
should be computed and the difference in azimuths should 
agree with the observed angle to within I 0 seconds. 
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A 

D 

c 8 
Figure 2.2.14-1.-Verifying the identification of an intersection station 

When observing from a station that does not fonn a direct 
triangle with the intersection station, special care must be 
taken to assure proper identification of the intersection 
station. Observations from stations C and D are used to 
compute the position of intersection station E. Station A 
is occupied to check that position, but triangle ACE is not 
observed. Compute azimuth between A and B and between A 
and E. If the difference between these azimuths is not within 
IO" of the observed angle at A, station E may have been 
misidentified. To avoid a return trip, this check should be 
completed while still in the field. 

Descriptions of intersection stations shall be submitted 
on NOAA Fonn 75-82A. The descriptive text shall clearly 
state what feature on the landmark was intersected. 

Computation of positions shall be done as outlined in 
Special Publication 247 (pp. 158-159). Field parties with 
computers should use appropriate programs. 

2.2.15 Eccentric Stations 

2.2.15.1 General 
At times it may be impractical to occupy or to show lights 

from a station. An eccentric set-up is necessary. The use 
and measurement of eccentricities are given in Special 
Publication 247 (pp. I 00, 114, 134, 139, and 151. The 
computations for reduction to center are explained in 
Special Publication 247 (pp. 154-157), Special Publication 
138 (pp. 7-8, 18-24), and OAA Fonn 76-158, Reduction 
to Center. 

2.2.15.2 Use 
Eccentric stations are sometimes necessary when a ground 

set-up is used for measuring directions and simultaneously 
showing lights, or when old marks can no longer be observed 
from or built upon (because of powerlines, new buildings, 
property owner's request, etc.) Occasionally a station on top 
of a building may need an eccentric set-up close to the 

edge of the roof when making a connection to a station on 
the ground near the building. 

Unnecessary eccentricities will not be tolerated and can be 
avoided by collimating the light plate and instrument prior 
to their use. The occupation of a reference mark is pre
f erred to the use of unmonumented eccentrics. If a reference 
mark is not occupied, the eccentricity should be marked 
by a temporary hub. 

2.2.15.3 Measurements and Observatiom 
When an eccentric station or light must be used, extreme 

care should be taken in measuring and recording the eccen
tricity. A sketch showing directions and distances should 
be recorded in the Observation of Horizontal Directions 
book. The instructions, given in Special Publication 247 
(p. 114), for measuring eccentricities are hereby amend
ed. Measurements of 100 meters or less will be performed 
using two standardized 3(}.meter tapes and traverse pro
cedures. Distances in excess of 100 meters should be 
measured with a short-range EDMI, using the same pro
cedures for measuring distances to azimuth marks. (See 
sections 2.2.12.2 and 2.2.13.2.) 

2.2.15.4 Computatiom 
The equation c = Sin ·1 (d sin a/s), 

where 
c = the reduction to center in degrees, 
d = the distance from center to the eccentric, 
s = the distance between the true stations involved, 
a = the clockwise angle from the true station to the 

distant station as measured at the eccentric, 
gives the required reduction to center. This computation 
can be done on hand-held calculators without the use of 
logarithms. 

The resulting correction, c, is to be applied to the observed 
direction as discussed in Special Publication 247 and Special 
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Publication 138. The correction should be entered on the 
appropriate Abstract of Directions. 

2.2.16 Air Navigation Facilities and Hazards 

The horizontal control parties shall establish a station 
at all commercial airports within the project area. In 
addition, the parties shall also determine the geodetic 
position of certain classes of aids to air navigation. Aero
nautical aids of types other than those listed in this sub
chapter need not be located unless indicated in the project 
instructions. 

Each party will be furnished with aeronautical charts 
of the project area. Existence of new or revised aids should 
be determined by consulting with local Federal Aviation 
Administration (FAA) officials. Authority to enter FAA 
property should be obtained at the same time. 

The positions of the following classes of aids to air navi
gation will be determined to third-order, class I speci
fications. Elevations should be detennined using trigonomet
ric leveling techniques. 

a. Very High Frequency Omni-Direcriona/ Range (VOR 
and VORT AC). The VOR is the primary radio facility for 
guiding aircraft along the Federal airways. It has a verti
cal antenna located in the approximate center of the 
transmitting building. 

If the VOR and VORT AC were previously positioned, 
use the name exactly as listed in the data base. If not listed 
in the data base, the facility should be identified by type, 
charted name, and three letter code as listed in the box 
adjacent to the facility symbol on the chart. For example: 

VOR TERRE HAUTE RADIO HUF 
VOR SCOTLAND SCJ 

In accordance with Input Formats and Specifications 
of the National Geodetic Survey Data Base, volume I, 
names of facilities are limited to 30 letters and spaces. 
The word "RADIO" in the name indicates voice on the 
transmitting frequency of the facilities. 

b. Radio Beacons (RBN). The design of this type of anten
na varies considerably. Frequently the antenna cannot be 
seen for any great distance. It usually consists of two ver
tical poles with an antenna wire strung between the two 
poles and a small building. The position of either pole may 
be determined. These facilities should be named similar 
to the VOR. For example: 

RBN CHERRY POINT NKT 
RBN NEWBURN RADIO EWN 

c. Obstructions. The position and elevation of obstructions 
near the airport greater than 200 feet above ground should be 
determined to third-order, class I specifications. Radio 
masts, television and microwave relay towers, tall smoke
stacks, etc., are important as obstructions since they are 
often constructed on high points and in areas adjacent to 
airports. 

2.2.17 Photogrammetric Control 

Photogrammetric control is used to densif y the NGS hori
zontal control network and to support hydrographic survey 
operations. Project instructions shall indicate when control is 
to be established in support of phot.ogrammetric operations. 

Control established in support of photogrammetry 
shall meet second-order, class I specifications. Required 
specifications shall be given in the project instructions. 

2.2.18 Positioning Marks of Other Agencies 

Whenever possible, marks of other agencies shall be tied to 
the NGS network. The marks shall be positioned to second
order, class I specifications. Measurements of 100 meters 
or less shall be perf onned using two standardiz.ed 30-meter 
tapes as outlined in section 2.2.6.1. Distances in ex~ of 
100 meters will be measured with short-range EDMI using 
the procedures outlined in section 2.2.6.2. 

Marks of other organizations that need repairs shall be 
repaired but not replaced. Descriptions shall be written and 
submitted on NOAA Form 76-82 as outlined in section 
2.2.4.4. 

2.2.19 Ties to Bench Marks 

2.2.19.l General 
When making a connection to a bench mark of any 

organization to bring vertical control into a project, hori
zontal directions will be observed in addition to the verti
cal angle (zenith distance) observations and distance 
measurements. This subsection outlines the procedure for 
horizontal positioning of bench marks. Pertinent information 
may be found in Special Publication 247 (pp. 3, 4, 14, and 
89). 

Reconnaissance and horizontal control parties involved 
in a project in the proximity of previously established level 
lines will consider bench marks to be supplemental stations, 
and will position these marks with the current scheme of 
work. Bench marks are used to provide elevation ties in 
order to meet the minimum requirement for the number 
of stations between known elevation for observing vertical 
angles. (See Classification, Standards of Accuracy, and 
General Specifications of Geodetic Control Surveys.) El<> 
vation ties shall be made to allow for more accurate reduction 
of EDMI lines. 

2.2.19.2 c:riteria 
1. Bench marks in a given project area need not be 

positioned more frequently than one every 2 miles along 
the level line. 

2. Only bench marks that have an existing ground-visible 
(VG) azimuth reference will be positioned. This reference 
may be an intersection station (landmark) or a previously 
positioned horizontal or vertical 2300 control station. 

3. Do not set reference or azimuth marks at bench marks 
unless the bench mark is part of a main scheme network. 
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4. Bench marks between 400 and 3,200 meters from a 
main scheme station may be used as an azimuth mark. For 
distances less than 400 meters, the bench mark can be used as 
an additional reference mark and should be positioned by 
precise traverse methods. 

5. Towers are not to be built for positioning bench marks. 
Only bench marks that require tripods or 1.2-meter stands 
shall be positioned. 

2.2.19.3 Procedures 
Bench marks should be positioned by triangulation, trilat

eration, traverse, or methods for positioning azimuth marks 
outlined in section 2.2.12. The difference in elevation must 
also be determined. This may be accomplished either by 
observing reciprocal zenith distances or by third-order 
differential leveling. 

2.2.20 Connection Between Nearby Stations 

2.2.20.1 General 
This section outlines the procedure for determining the 

minimum acceptable distance between two triangulation 
stations without direct connection. 

2.2.20.2 Twenty-Percent Rule 
Make direct observations between two stations whenever 

the distance between them is less than 20 percent of the 
shortest distance as measured over the proposed and/ or 
established survey lines. The only exception to this rule is 
a situation where topographic or man-made conditions make 
the connections impos.5ible or highly impractical. Such situa
tions can usually be avoided during the reconnaissance by 
proper selection of station sites. All departures from the 
2(}.percent rule should be discussed in the project report. 

2.2.21 Field Computations and Checks 

This section describes the computations and data checks to 
be done by horizontal control parties. These computations 
and data checks are n~ to ensure that specifications 
are met. 

2.2.21.1 Field Records and Abstracts 
I. General. The observer should check all recorded data 

and abstracts before submitting them for processing. The 
observer or recorder should double check all arithmetic, 
mark ( y or X) all verifications, and initial each page of 
the Qook or abstract. The checker should strike out (do not 
erase, obliterate, or write over) any incorrect original record
ed value and write the correct value above it. A second person 
should recheck all corrections. 

The observer or recorder should check all data transcribed 
from field records to abstracts to detect blunders. 

2. Obsm'<ltion of Horizontal Directions. As observations 
are made, the recorder should compare the direct and reverse 
readings taken on each target. The direct and reverse read
ings should differ by 180' . The recorder should compute 

and record the degrees and minutes for the first, fifth, ninth, 
and thirteenth positions (fig. 2.2. 7-2). For lines-of-sight 
inclined more than 5 ·, the plate level readings should be 
recorded, and the inclination correction computed as 
outlined in section 2.2.7.3. 

All observations which are summed and meaned in the 
field that do not meet specifications should be rejected and 
reobserved that night. Upon completion of the night 
schedule, the observer should check all arithmetic in the 
recording volume and on the abstract (NOAA Form 76-46). 

3. Observations of Zenith Distances. Zenith distance 
observations should be checked as shown in figure 2.2.7-l. 
The first observation (CL and CR) to each object should 
be checked for closure. The sum of CL and CR must equal 
180' ±IO". The height of the instrument and height of 
the objects should be doublechecked. 

4. Taped Distances. Measurements should be made inde>
pendently in both feet and meters. The conversion of the 
measurement in feet to meters should not differ from the 
metric measurement by more than 3 mm. The conversion 
factor of 0.3048 m/ ft should be used to complete this conver
sion. The conversion should be recorded in the description 
book, checked, and initialed. 

5. Electronic Distance Measurements. Parts per mil
lion (ppm) and humidity correction computations should 
be checked and initialed. The units for temperature and 
pressure should be changed to the units required in the for
mulas. Check all conversions. All input to the programmable 
calculator for the reduction of distances obtained with the 
Model 4 or 8 geodimeters should be checked and initialed. 

6. Differences in Elevation. The level rods used by most 
horizontal control field parties are graduated in meters on 
one face and feet on the reverse. The differences in eleva
tion, not differences in English and metric rod readings, 
should compare within 3 mm when the conversion from 
feet to meters is made. Differences between the English 
and metric rod readings should not be used as a check 
because it is pos.5ible for the rod readings to compare within 
3 mm but the difference in elevation for a single setup to 
differ by as much as 6 mm. All conversions and checks 
will be shown in the record book. 

7. Descriptions. The recorder should check the description 
as it is written. When visiting a station after the descrip
tion has been written, an observer or lightkeeper should 
recheck the description for errors and gross omissions. 

8. Terminal InpuL The party computer or delegate should 
check the "hard copy" from all data transmitted on the 
computer terminal. All typographic and transmission errors 
should be corrected using the appropriate program to alter 
the data files. 

2.2.21.2 Computations 
I. General. The availability of programmable calcula

tors and the ability to transmit and manipulate data with 
remote computer terminals have made the field computa
tions easier. Special Publication 247 and Special Publication 
138 discuss the computations to be done in the field. Howev-
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er, most of the material is outdated only because it is no 
longer necessary to use logarithms to do the calculations. 
All computations can easily be done using the natural func
tion keys on modem calculators. All new programs devel
oped in the field should be sent to the Horizontal Network 
Branch, N /CG 12, for approval before using. 

Parties with computers have been supplied with program 
documentation, input formats, and examples of data input. 
Any questions should be directed to the Operations Branch, 
N/CG16. 

2. Triangle Computations. Upon completion of a schedule 
where the observations close a triangle, the closure should 
be checked. Triangle closure is equal to 18 • plus the spherical 
ex~. minus the sum of the observed angles of the trian
gle. Spherical ex~ can be approximated as outlined in 
Special Publication (p. 274). Permissible closures are listed 
in Classification, Standards of Accuracy, and General Spec
ifications of Geodetic Control Surveys. If these speci
fications are not met, the station should be reobserved. 

Accurate triangle computations should be done in the 
field office. Personnel without computer terminals should 
use programmable calculators or the method outlined in 
Special Publication 247 (pp. 159-164). Forms 24A and 
25 were renumbered after Special Publication 247 was 
published. These forms are now NOAA Form 76-72 and 
NOAA Form 76-102 respectively. 

3. Forward and lllVmt Position Computations. Forward 
position computations and inverse position computations 
are ~ in Special Publication 247. Both types of com
putations may be completed with progranunable calculators. 

4. Elevations from Zenith Distance Observations. The 
computation of elevation differences from zenith distance 
observations is outlined in Special Publication 247 (pp. 
184-189), Special Publication 138 (pp. 159-175), and Pub
lication G-56, Elevations from Zenith Distances. 

5. Eccentric Reductions. Reduction-to-center compu
tations for eccentric lights and/ or instruments must be 
completed using a calculator and the methods outlined in 
sections 2.2.15.l and 2.2.15.4, and entered on the Abstract 
of Directions as eccentric corrections. 

6. Taped Traverse. The procedure for entering and 
computing taped traverse data reductions is given in sec
tion 2.2.6.1. 

2.2.21.3 Data Cbecks 
l. General. Data checks are necessary to ensure that 

observations meet the specifications in Classification, Starr 
dards of Accuracy, and General Specifications of Geodetic 
Control Surveys and Specifications to support Classifi
cation, Standards of Accuracy, and General Specifications 
of Geodetic Control Surveys. These checks indicate 
which observations may be in error. Explanations and worked 
examples are given in Special Publication 247. The examples 
are done using logarithms. The checks can now be done on 
the computer terminals and hand-held calculators using 
natural functions. 

2. Triangle Closure. Triangle closure is the first check 
that can be made on the observed data. Triangle closure is 
discussed in section 2.2.21.2. 

3. Length Tests. The lengths of common sides of trian
gles in the figures as computed through various chains must 
agree within the limits specified in Classification, Standards 
of Accuracy, and General Specifications of Geodetic Control 
Surveys. An additional explanation is given in Specifica
tions to Support Classification, Standards of Accuracy, 
and General Specifications of Geodetic Control Surveys 
(p. 10). 

4. Side Equation Tests. Side equation tests are ~ in 
Special Publication 247 (p. 165). Additional material is 
included in Specifications to Support Classification, 
Standards of Accuracy, and General Specifications of Geer 
detic Control Surveys and Classification, Standards 
of Accuracy, and General SpecifLCations of Geodetic Control 
Surveys. 

5. Base Comparisons. Bases from previous surveys should 
be remeasured and comparisons listed in the project report. 
Base measurements must check to 1 part in 1,000,000 for 
first-Order and 1 part in 900,000 for second-Order, class I 
surveys. 

6. Check Angles. Work accomplished during current pr<r 
jects should be checked against historic data when occupying 
recovered stations. All comparisons should be shown in the 
project report. If the new observations fail to check the 
previously observed value by more than 2 seconds, the 
observations should be repeated. Also, all field conditions 
that might cause such changes (grazing lines, instrument 
and light or target collimation, old station disturbed, 
incorrect eccentric distance or computation, etc.) should 
be investigated. (See Specifications to Support Classi
fication. Standards of Accuracy, and General Specifica
tions of Geodetic Control Surveys.) 

2.2.21.4 Adjustments 
1. General. Special Publication 138 discusses the the<>

ry and mechanics of triangulation adjustments. These 
adjustments help isolate problems that exist in the field 
data. The methods in Special Publication 138 accomplish 
the adjustments by using logarithms. Although these 
methods are still valid, the same calculations can be made 
using natural functions on modern calculators and com
puters. 

2.2.22 Data, Records, and Reports 

This section deals with data, records, and reports that 
apply specifically to horizontal control. More general 
information on data, records, and reports can be found in 
chapter 1.7. Special Publication 247 (pp. 16-146, 18~192) 

contains some applicable information on this topic. How
ever, as methods of computation have ~ from long
hand to programmable calculators to the use of computer 
terminals, many of the references to certain forms have 
become outdated. 
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2.2.22.1 Automated Oat.a 
The ability to access complex computerized systems 

through remote terminals has given rise to new methods 
of data management. The intermediate and end products 
of geodesy have already taken on a new form. Soon, raw 
data may also be collected in new ways. Due to these in
novations, data that can be forwarded over telephone lines 
will be transmitted daily /regularly. 

2.2.22.2 Protection of Oat.a 
All field records transported with the party during party 

moves must be protected from unrecoverable loss or dam
age by duplication or separation of data. The Project Director 
has full responsibility for assuring that the data are pro
perly protected. 

2.2.22.3 Submission of Oat.a 
Project data other than that forwarded daily via com

puter will normally be submitted to the Quality Control 
Section, N/CG164, within 30 days after completion of the 
project (or season's work). This will include the project 
report, sketch, observation data, abstracts, and computer 
printouts specified in section 2.2.22.1. Progress in meeting 
this requirement must be reported in the remarks section 
of NOAA Form 76-92, Field Party Monthly Report and 
Journal, which will also include the percent completion 
of processing for any backlogged projects. 

When first- and second-0rder leveling is performed in 
conjunction with horizontal control activities, the leveling 
data should be submitted under a separate transmittal letter. 

Sufficient information must be included with the data 
to determine the elevation of all horizontal control points 
in the project area including those not observed. This will 
provide input necessary for future adjustments, and will 
aid in determining the present status of the network. The 
data required to determine elevations of stations not observed 
include the following: 

(1) An outline map depicting the area for which recov
ery was performed. This map may be a simple grid show
ing the completed 7-1/i minute quadrangle areas. 

(2) Recovery information for all marks in the area unless 
the marks were recovered within the preceeding year. 

(3) Topographic maps (preferably 7-1/i minute USGS 
quadrangles) on which all stations have been plotted within 6 
seconds of the correct position. For marks not recovered, 
or destroyed, the most probable location should be plotted. 

2.2.22.4 Sketches 
Instructions for preparing reconnaissance and progress 

sketches may be found in Special Publication 247 (pp. 
6-191). The following guidelines are to be followed when 
drafting sketches to ensure that reproductions and film 
reductions of tracings maintained by NGS Headquarters 
continue to be of optimum quality. Figure 2.2.22-1 shows 
a typical progress sketch. 

1. Tracing Medium. The preferred medium for all sketch
es is linen tracing cloth (Federal Stock Number 7510-

00-257-3413). Second and third choices are Mylar and 
vellum. Folded tracings which were drawn on linen more 
than 80 years ago are still in good shape, but vellum tracings 
10 years old are already brittle and tear at the folds. Mylar 
cannot be folded and unfolded without tearing. Storing 
Mylar tracings in tubes is inconvenient. Blueprints and 
diazo processed paper copies are unacceptable. 

2. Size. No individual sketch should be larger than 36" 
x 48". A 36" x 48" tracing will yield a resulting reproduc
tion 48 percent of original size when reduced at NGS Head
quarters. Sketches on standard plan size 24" x 36" are 
preferred. 

Use multiple sheets to cover an area that would result in 
a sketch larger than 36" x 48" (preferably 24" x 36") using 
"neat lines" to show where the sketches join. 

If more than two stations are clustered so closely that 
the station symbols overlap, observations between the 
clustered stations should be clarified by the use of an 
enlarged inset. 

3. Symbols. Symbols and notations explained in Special 
Publication 247 (pp. 6 and 191) will continue to be used. 
Progress sketches will not be drawn on maps. However, 
reconnaissance sketches should be drawn on rood or county 
maps, but precautions must be taken to ensure that lines, 
symbols, and descriptive text are at least as dark as the map 
base. To aid in the identification of material drawn on the 
map, the map will be masked out for at most 1.5 mm (1/16 
inch) on each side of a drafted line, symbol, or text. Inter
section stations will be masked at least 1.5 mm (1/16 inch) 
from the intersection station symbol. Intersection station 
symbols, on both progress and reconnaissance sketch
es, require short rays or ticks to indicate the direction to 
the stations from which the intersection stations were or 
should be positioned. 

4. Title Blocks. Title blocks of progress sketches shall 
be mechanically lettered (e.g., Leroy) using standard black 
drafting ink. The blocks of reconnaissance sketches may 
be neatly hand lettered. The format shown in Special Publi
cation 247 (pp. 6 and 192) has been revised to reflect 
organizational changes. The typeface on the title block 
should be approximately the same size as shown in figure 
2.2.22-2. 

Title Block shall include a graphic scale. Note: On all 
sketches submitted by NGS field units, the agency conduct
ing the survey shall be listed as Charting and Geodetic 
Services. The name of the current director of Charting 
and Geodetic Services shall be listed below the agency. 

5. Tick Marks. Tick marks indicating latitude and lon
gitude should be used and labeled along the borders of the 
sketch. It is suggested that 30-minute intervals be shown 
on sketches of 1 :250,000 scale, l 0-minute intervals on 
sketches of 1: 125,000 scale, and 5-minute intervals on 
sketches of l :62,500 scale. 

6. Names. The names of main scheme stations will be 
placed adjacent to the station symbol. Main scheme sta
tions will not be numbered and then cross-referenced by a 
list of names. Intersection stations may be numbered for 
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reference to a list of names placed elsewhere on the sketch. 
Long lists of intersection points do not have to be lettered 
by Leroy or other mechanical means. Neat hand lettering 
using standard black drafting ink is acceptable. Horizon
tal guidelines can be easily provided by placing graph paper 
under the linen where the lettering is to be done. Typing 
directly on the tracing linen should be discontinued unless 
clear black typing can be achieved. 

2.2.22.S Project Report 
The project report is an important historical document. 

These reports provide the only summary available of the 
field operations for a project and are circulated to apprcr 
priate management personnel. Then, they are circulated 
to the concerned areas. The reports are constantly used 
as references to resolve problems and clarify why a par
ticular approach or method was taken. 

Figure 2.2.22-3 illustrates a typical cover for a horizontal 
project report. 

PROJECT REPORT OlITLINE 

I. Introduction 
A. Authority 
B. Purpose 
C. Scope 
D. Time Period 

II. Location 
B. Area Covered 
C. Limits 
D. Junctions 

Ill . Conditions Affecting Progress 
B. Climate 
C.ConcurrentProjects 
D. Equipment Failures 

fV. Organization of Party 
A. Party Personnel 
B. Liaison and State Personnel 
C. Equipment Available 
D. Transportation 
E. Trailers 
F. Towers Available 

V. Field Work 
A. Chronology 
B. Specifications 
C. Methods 

l. Angulation 
2. EDMI 

VI. Discussion of Results 
A. Changes from Reconnaissance 
B. Status of Records 
C. Computations 
D. Deviation from Specifications 

VII. Statistics 
A. Monumented Stations Positioned/ Tied (This can 

be a simple table.) 
l. New main scheme stations 
2. Old main scheme stations 
3. Old main scheme stations not occupied 
4. New first-order station (non-main scheme) 
5. Azimuth marks positioned 
6. Long reference marks positioned 
7. Bench marks positioned 

B. Landmarks Positioned 
C. Triangles Clo.5Cd 

l. Main scheme first-order triangles 
a. Average closure 
b. Maximum closure 

2. Non-main scheme first-order triangles 
a. Average closure 
b. Maximum closure 

3. Total of first-order triangles 
a. Average closure 
b. Maximun closure 

4. A similar summary for all other order and classes 
of work subdivided by order. 

D. Bench Mark Ties (give elevation and source) 
1. USC&GS or NGS 
2. USGS 
3. State 

E. Astronomic Azimuth Determinations 
1. First order 
2. Second order 

F. Reoccupations 
1. Theodolite reoccupations 

a. For triangle closure, side and pole checks 
b. For astronomic azimuth 
c. For additional lines 
d. For blocked lines 
e. For other reasons 

2. EDMI Lines remeasured 
a. First order 
b. Second order 
c. Azimuth, reference, bench marks 
d. Other 

G. Types and Numbers of Structures Used 
1. Bilby towers 

a. 37 Foot 
c. 64 Foot 
d. 77 Foot 
e. 90 Foot 
f. 103 Foot 
g.116Foot 

2. Number of super structures erected 
3. Truck mounted observing tower (TMOT) 
4. Trailer mounted tower (TMT) 
5. Number and height of Pek towers 
6. Number and height of signal poles 
7. 1.2-meter wooden stands 
8. Tripods (at azimuth, reference, and bench 

marks) 
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9. Total number of structures (not including 
tripods) 
a. Average height of Bilby towers 
b. Average of signal poles 

10. Other 
H. Check Angles 

I. List all check angles giving differences 
(new-0ld) 

2. Average difference 
3. Maximum difference 

I. Check Distances 
J. Position Closures 

(List of stations and type of tie) 
K. Instrument Calibrations and Frequency Counts 

VIII. Recommendations & Special Features 

IX. Project Instructions/ Supplemental Instructions 

X. Photographs Of Project 

XI. Location Diagram 

XII. Project Sketch 

XIII. Miscellaneous 

G .. 16499 

U.S. DEPARTMENT OF COMMERCE 

NATIONAL OCEAi~IC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL OCEAN SERVICE 

Charting and Geodetic Services 
Rear Admiral John D. Bossler, Director 

Pr oject Report 

Horizontal Party NB161F 

West Litchfield - Stamfor d, Connecticut 

Lower Half Sketch Number 7 

Task Number 8K6DlB00 

May 1983 - November 1983 

/ - ' 
1 >~I l- A '71.n,-rtit.,, 
Verlin D. Novak 
Project Director 
Party NB161F 

Figure 2.2.22-3.-Example of cover for project 
report involving borizont.al survey 



2.3. VERTICAL CONTROL 

2.3.1 ~ificatioo, Standards of Accuracy, and 
General Specifications 

The Federal Geodetic Control Committee (FGCC) has 
published the classifications and standards for vertical 
control in Classification. Standards of Accuracy, and Gen
eral Specifications of Geodetic Control Surveys. Addi
tional information about the classes of vertical control 
surveys and geodetic leveling instruments is contained in 
Specifications to Support Classification, Standards 
of Accuracy, and General Specifications of Geodetic Control 
Surveys and in NOAA Manual NOS NGS 3, Geodetic 
Leveling. 

2.3.2 Party Structure 

Each position in a vertical field party is described in 
NOAA Manual NOS NGS 3. Chapters 2, 3, and 5 of the 
leveling manual describe mark setting personnel, leveling 
personnel, and project office personnel. The Field Operations 
Section, N /CG 161, maintains a file with up-to-date job 
descriptions of all field party positions. 

2.3.3 Recovery 

Bench mark recovery procedures are given in NOAA 
Manual NOS NGS 3 (section 2.4.1 ). 

The mark setting units should recover all vertical and 
horizontal control stations on the 7-1/i minute topograph
ic quads through which the level Lines run. The mark setters 
should use the correct description forms for each mark as 
follows: 

I. Use OAA Form 76-1 86, Bench Mark Description, 
to describe all bench marks and all horizontal control sta
tions that have been or will be leveled to. 

2. Use NOAA Form 75-82 or 75-82A, Station Descrip
tion, to describe all horizontal control stations and those 
bench marks that have been previously connected to the 
horizontal control network. 

NOTE: Use both OAA Form 76-186 and NOAA Form 
75-82 or 75-82A to describe bench marks and horizontal 
control stations that have been tied to both the horizontal 
and vertical control networks. 

It is not necessary to submit recovery descriptions for 
any mark if: ( 1) the mark is not part of the present leveling 
project has been recovered within the past 2 years, or (2) 
the mark requires more than I staff-day to recover. 

2.3.4 Bench Marks 

NOAA Manual NOS NGS I, Geodetic Bench Marks, 
explains how and where to set bench marks for maximum 
stability and calls attention to the factors that can lead to 
vertical instability. 

2.3.4.1 Location of Level lines and Monuments 
I . Level Lines. Recommended line spacings are listed 

in Classification, Standards of Accuracy, and General S~ 
ifications of Geodetic Control Surveys (table 3). Routing 
specifications are given in NOAA Manual NOS NGS 3 
(section 2.3.3). Project instructions will list proposed line 
locations and any deviation from these specifications. 

2. Monuments. The spacing of monuments along level 
lines is given in Classification, Standards of Accuracy, and 
General Specifications of Geodetic Control Surveys 
(table 3). The location of junction points and requirements 
for spacing between Quality A monuments are given in 
NOAA Manual NOS NGS 3 (section 2.3.3). Project in
structions will authorize any deviation from these speci
fications. 

2.3.4.2 Specifications for Monuments 
Specifications for mark setting are given in NOAA Man

ual NOS NGS I. This section lists the design modifications 
for class B rod marks and the monumentation quality codes 
to be entered in the bench mark description. 

I. Modification of Class B rod marks. The design of 
the C~ B Rod Mark is explained in NOAA Manual NOS 
NGS I (p. 25). This design has been modified for improved 
reliability and quality. 

Discontinue the use of 4" PVC pipe, 4" PVC plugs, and 
bench mark disks with class B rod marks. Instead, crimp a 
stainless steel datum cap to the top of the rod. Use a 5" 
PVC pipe set in concrete, topped with an aluminum logo 
cap as a surface casement. This is identical to the surf ace 
configuration for a class A rod mark. (See NOAA Manual 
NOS NGS I, step 10, page 18 and steps 13 through 15, 
page 19.) 

Before crimping the datum cap to the top of the rod, stamp 
the datum cap with the bench mark designation. This will 
serve as backup identification in case the logo cap is dam
aged or removed. Stamp the designation around the top of 
the datum cap, just below its rounded portion. The cap must 
be attached to the rod by means of a definite indentation 
of the cap into the rod. The recommended method is to use 
the cutter head on the hydraulic crimper and make a firm 

8/83 2.3 Vertical Control 2.3-1 



2.3-2 2.3 Vertical Control 8/83 

impression about half way down the cap after it has been 
slipped over the rod. 

2 Monumentation Quality Codes. Published descriptions 
of bench marks contain the codes for monumentation quality 
which indicate the probable stability of the various types 
of bench marks. The code is needed by users of vertical 
control data who must know how well individual bench 
marks can be expected to hold their published elevation. 
This section describes the basis for assigning monumentation 
quality codes at NGS Headquarters and explains how field 
personnel can override the office-assigned code when 
necessary. 

The setting classification code (*26* Code) is used to 
determine one of four monumentation quality codes. The 
four monumentation quality codes are: 

A- Monuments of the moot reliable nature (are expected 
to hold their elevations very well). Generally these 
monuments are affected only by crustal motion or 
widespread subsidence. 

B-Monuments that probably hold their elevations well. 
C-Monuments that are commonly subject to surf ace 

ground movements, such as froot heave or the shrink
ing and swelling of certain clays. 

D-Monuments of questionable or unknown reliability. 
Table 2.3.4-1 shows the "default" monumentation quality 

codes corresponding to the various benchmark setting 
classifications. 

Override the default monumentation quality code 
when this code is incorrect For example, an unsleeved class 
A rod mark (setting classification 24) would be given a 
default monumentation quality code of "B" because it is 
identical in appearance to the class B rod mark. The default 
monumentation quality code for an unsleeved class A rod 
mark must therefore be overridden, changing the code from 
"B" to "A" For another example, a tower foundation (setting 
classification 45) would be given a default monumentation 
quality code of "C." If the mark setter knows the founda
tion rests directly on solid bedrock, it would be more cor
rect to assign a quality code of "B" or possibly "A." Do 
not deviate from the standard code without ample reason. 

The procedure for overriding the default monumentation 
quality code is to note the required change on NOAA Form 
76-186 by writing "Quality A" or "Quality B," etc., in 
the space below the *27* code on the form. Then, when 
the description is entered into the terminal, a corresponding 
"A," "B," "C," and "D" is typed when prompted for the 
override. (Strike the skip key if the quality code is not to 
be overridden.) 

2.3.4.3 Designations 
Input Formats and Specifications of the National Geo

detic Survey Data Base (Annex D) lists the guidelines for 
vertical control point names and designations. The desig
nations should be unique in each State. See sections 2.3.4.4 
and 2.4.4.5 for designations of tidal and water level bench 
marks and tide or water level staffs. 

I. Designations of Bench Marks Previously Leveled. For 
bench marks with previously established elevations, use 

Table 2.3.4-1-Default monumentation quality codes 
for variom bench mark chwifications 

Selling Classification 
Monumentation 

Quality Code 

00-Unspecified .......... .................... ............................. ...................... D 

SHALLOW SEITINGS (less than 10 ft): 
IO-Unspecified Shallow ........................... ........................................ D 
I I- Metal Rod with Base Plate ..................... .................................... C 
12-Concrete Post ......... ....... ..... ......... ....... ... .. ............................. ....... C 
13-Shallow-set Pipe .......................................................................... D 
14-Shallow-Set Metal Rod (without base plate) ............................. D 

U SLEEVED DEEP SETI! GS: 
20-Unspecified Deep ..................................... .................................... C 
21-Copper-Clad Steel Rod ............................................................... B 
22-Galvanized Steel Pipe ................................................................. B 
23-Galvanized Steel Rod ................................................................. B 
24-Stainless Steel Rod ..................................................................... B 
25-Aluminum Alloy Rod .................................................................. B 

ROCK AND BOULDERS: 
30-Unspecified Rock ........................................................................ B 
31-Rock Outcrops, Rock Ledge, Rock Cut, or Bedrock ................. A 
32-Boulder ........................................................................................ C 

LIGHT STRUCTURES: 
40-Unspecified Light Structure ....................................................... D 
41- Pavements Such as Streets, Sidewalks, Aprons, Curbs, etc ...... D 
42- Retaining Walls and Bulkheads, including Headwalls and 

Wingwalls of Culverts and Small Bridges ...... ....... .................... C 
43- Piles and Poles (e.g., spike in utility pole) .. .. ............................. D 
44-Footings and Foundation Walls of Small or Medium Size 

structures .................................................................................... C 
45-Mat Foundations (bearing surface same size as structure) 

Such as Landings, Platforms, Steps, Floors, Tower 
Foundations, Bases of Semaphores, etc. ................................... C 

MASSIVE STRUCTURES: 
SO-Unspecified Massive Structure ......................................... ........ B 
51- Massive Retaining Walls, Including Headwalls and 

Wingwalls of Very Large Bridges .............................................. B 
52- Abutments and Piers of Very Large Bridges, Including 

Overpasses and Underpasses ............. .. ...................................... B 
53-Tunnels .............. .. ............................................................... ......... B 
54-Massive Concrete, Masonry, or Steel Structures with 

Deep Foundations ....................................................................... A 
55-Large Concrete, Masonry, or Steel Structures with 

Foundations On Bedrock ...................................................... ..... A 

SLEEVED DEEP SEIT! GS: 
60-Unspecified Rod/ Pipe in Sleeve ................................................. B 
61-Copper-Clad Steel Rod in Sleeve ............................................... B 
62-Galvanized Steel Pipe in Sleeve ................................................. A 
63-Galvanized Steel Rod in Sleeve ....................................... .......... A 
64-Stainless Steel Rod in Sleeve ...................... ...................... ........ A 
65- Aluminum Alloy Rod in Sleeve .................................................. A 

the designation listed in the data base. Use a corrected desig
nation if an error is found in the data base or if additional 
infonnation is needed. (See Annex D of Input Formats and 
Specifications of the National Geodetic Survey Data Base). 
For newly established bench marks, use the designations 
assigned by the computer program "BMDESIG." 

2. Ordering New Bench Mark Designations. The program 
"BMDESIG" helps to prevent the duplication of bench 
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mark designations within a State. BMDESIG prompts the 
field party for n~ry information and creates the job 
control language (JCL) needed to submit the job to the 
computer. The field party must follow these procedures 
after logging onto the computer system: 

1. Type in the command: BMDESIG 
2. Answer the following prompts: 

a. YOUR TWO INITIALS = 
Ex: RT (CR) 

b. CHIEF OF PARTY-ROCKWALL BIN= 
Ex: WILLIAMS-51 (CR) 

c. REQUESTING FIELD PARTY= 
Ex: G-37 (CR) 

d. TYPE IN AME OF MARKSEITER AS FOL
LOWS: LAST,FIRST INITIAL. NAME = 
Ex: TAYLOR,RONNIE L. (CR) 

e. INPUT THE STATE FOR WHICH DESIGNA
TIONS ARE NEEDED 
Ex: MASSACHUSETTS (CR) 

f. HOW MANY SERIES OF DESIGNATIONS 
WOULD YOU LIKE? 
Ex:3 (CR) 

A series consists of 24 designations: A-Z, excluding I 
and 0. Request a maximum of three series per mark set
ter. Resubmit the request as needed. 

g. DO YOU NEED TO REQUEST DESIGNA
TIONS FOR ANOTHER STATE? 

Respond by typing YES or NO. If YES, the program 
will repeat prompts d, e, f, and g. Enter the name of the 
next mark setter, State, and request up to three series. 

3. The terminal will print the input under a column 
number heading. It will also print the following 
statements. 

LISTED ABOVE IS THE INPUT INFORMATION 
PROVIDED. IF THERE ARE ANY ERRORS PLEASE 
CORRECT THEM, MAKING SURE THAT THE DATA 
REMAIN IN THE CORRECT COLUMNS AS OUT
LINED. TO SUBMIT THE JOB TO THE COMPUTER, 
ENTER "GO". 

Correct any errors by using the line editor. Ensure that 
the input is in the proper columns. 
Columns ( 1-20)-Name (left justified) 
Columns (22-25)-Field Party (use all 4 columns) 
Columns (3145)-Full State Name (left justified) 
Columns (54-55)-Number of Series Requested 

(right justified) 
The example would print out as follows: 

123456789Al 23456789B l 23456789Cl 23456789D 
123456789El23456789F 
TA YLOR,RONNIE L. G-37 MASSACHUSETTS 3 
MCCREADY.MAX G-37 VERMONT 2 

4. After making corrections (if needed) and verifying 
the input, enter "GO". This will provide a job number 
and run the job. 

5. Fetch the job by typing "FET.BMDESIG". The termi
nal will list the requested designations. 

6. Print the job immediately after it has been run. The 
output of the job will be a permanent record kept at 

Headquarters. If an error is detected after the job 
has been executed, contact the Scientific Applications 
Section, N / CG 151. After the files are corrected, rerun 
the job. Never purge a job after it has been executed. 

7. The final printout will list the designations reserved 
for the field party. The party should retain the ter
minal printout and submit it with the project report 
at the close of the project. 

Ex: 
THE STATE FOR WHICH THE REQUEST WAS 

MADE IS: MASSACHUSETTS 
THE SERIES ASSIGNED DURING THIS EX& 

CUTION ARE: 
A 51-Z 51 
A 52-Z 52 
A 53-Z 53 

EXCLUDING I AND 0 
EXCLUDING I AND 0 
EXCLUDING I AND 0 

3. Duplicated Bench Mark Designations. Make every 
effort to ensure that bench mark designations are not dupli
cated within a State. If the duplication on a disk is discov
ered before it is leveled to, stamp an "X" after the desig
nation and correct the description. If the duplication is not 
discovered prior to leveling, note the duplication in the 
description and provide sufficient infonnation in the •13• 
code designation to make the designation unique. Add (in 
order of importance) the year or county name or name of 
the nearest town to the •13• code designation. 
Examples: 

( 1) Bench mark M 109 was set in 1979 and the same 
designation used again in 1980. If the duplication was 
discovered after the leveling was done, the • 13 • code in 
the description for the 1980 mark should include the year, 
"M 109 1980", and the duplication should be noted in the 
description text. 

(2) Bench mark F I 09 was set in Carbon County. Later 
the same year the same designation was used in Centre 
County. If the duplication was discovered after the level
ing was done, the •13• code designation should be changed to 
"F 109 CENTRE CO" and the duplication noted in the 
description text. Under no circumstances should a mark 
be restamped after it has been leveled to. 

In the case of a mark with a logo cap, the cap should be 
restamped prior to submitting the project data to Headquar
ters. The description must be corrected to reflect the change 
in stamping. 

2.3.4.4 Tide and Water Level Bench Mark Designation 
In 1976, the National Ocean Service (NOS) initiated a 

new system for designation of tide and water level stations. A 
unique seven-digit station number is now assigned to 
each tide and water level station operated by NOS, where 
the first three digits indicate the State or body of water in 
which the station is located. (See table 2.3.4-2.) Tide and 
water level bench marks established after 1976 have the 
last four digits of the station number stamped on the disk. 
A letter A, B, C, etc., is stamped after the four-digit number 
to identify individual marks at a station, e.g., 8912 A In 
order to make designations for tidal and water level bench 
marks leveled by NGS compatible with the NOS system, 
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Table 2.3.4-2-Numbering system for NOS tide 
and water level bench marks 

Cbanoek 
St .. Lawrence River 831 lxx.x 
Niagara River 906 3xx.x 
Detroit River 904 4xx.x 
St. Clair River 901 4xx.x 
Saginaw River 901 XXJU 

Grand River 908 XXJU 

Chicago River 896 1111 
Fox River 902 Olxx 
Milwaukee River 903 03xx 
St. Marys River 907 6xx.x 
Rainy River 911 05xx 

Lakes 
Lake Champlain 843 lxx.x 
Lake Ontario 905 2xxx 
Lake Eric 906 3xx.x 
Lake St. Clair 903 4xx.x 
Lake Huron 907 5xx.x 
Lake Michigan 908 7xx.x 
Lake Wincbago 902 02xx 
Lake Superior 909 9xx.x 
Rainy Lake 911 Olxx 
Lake of the Woods 911 09xx 

Country Code 
United States 83 

State Code State 
Alabama 873 Montana 
Alaska 945 Nebraska 
Ariz.ona 938 Nevada 
Arkansas 881 cw Hampshire 
California 941 New Jersey 
Colorado 934 New Mexico 
Connecticut 846 New York 
Delaware 855 North Carolina 
District of Columbia 859 North Dakota 
Florida 872 Ohio 
Georgia 867 Oklahoma 
Hawaii 161 Oregon 
Idaho 932 Pennsylvania 
Illinois 896 Rhode Island 
Indiana 895 South Carolina 
Iowa 912 South Dakota 
Kansas 925 Tennessee 
Kentucky 883 Texas 
Louisiana 876 Utah 
Maine 841 Vermont 
Maryland 857 Virginia 
Massachusetts 844 Washington 
Michigan 901 West Virginia 
Minnesota 91 1 Wisconsin 
Mississippi 874 Wyoming 
Missouri 884 

Code 
931 
924 
936 
842 
853 
937 
851 
865 
922 
892 
927 
943 
854 
845 
866 
923 
882 
877 
935 
843 
863 
944 
864 
902 
933 

NGS will use the following standardiz.ed designations when 
describing these bench marks: 

1. Ti<k Stations. At old tide stations (built before approx
imately 1976), the designation for tidal bench marks shall 
~ of the seven-digit station nwnber, the wcrcl 'TIDAL," 
and the stamping (without the year unless reset). 

For example: At old tide station 872 8912, a bench mark 
was stamped BASIC 1937. In the NGS description for this 
bench mark, the designation would be 872 8912 TIDAL 
BASIC. 

2. "Old" Water U>el Stations. At old water level sta
tions, the designation for water level bench marks shaJl con
sist of the seven-digit station number and the stamping 
(without the year unless reset). 

For example: At old water level station 906 3000, the 
bench mark was stamped POOL 1937. In the NGS descrip
tion for this bench mark, the designation would be 906 3000 
POOL. 

3. "New" Tide Stations. At new tide stations (built after 
the new NOS system was implemented in 1976), the des
ignation for tidal bench marks shaJl consist of the first three 
digits of the station nwnber, the stamping (without the year 
unless reset), and the word "TIDAL." 

For example: At new tide station 872 8912, a bench mark 
was stamped 8912 A 1977. In the NGS description for this 
bench mark, the designation would be 872 8912 A TIDAL. 

4. "New" Water Level Stations. At new water level 
stations, the designation for water level bench marks shall 
consist of the first three digits of the number and the stamp
ing (without the year unless reset). 

For example: At new water level station 896 1111, a bench 
mark was stamped 111 1 A 1978. In the NGS description, 
the designation would be 896 111 lA. 

5. Unstamped Bench Marks at Tide and Water Level 
Stations. If an old tidal or water level bench mark is 
unstamped, its designation should consist of the seven-digit 
station number and the old (published) designation. 

For example: At tide station 872 0576, a chiseled square 
used as an old tidal bench mark and previously designated 
as "TIDAL 5" should be designated "872 0576 TIDAL 
5." 

6. When an existing bench mark, established f or other 
than gage control purposes, is selected for a tidal or water 
level bench mark, an alias designation should be added to 
the regular t:fesignation. The a.Lias will include the seven
digit number and, in the case of a tide station, the word 
TIDAL following the seven digit number. 

For example: At tide station 872 0587, a USN bench 
mark disk stamped "H 322 1939", which was later used as 
a tidal bench mark, should be designated as "H 322 USN" 
with an alias of "872 0587 TIDAL." 

If adding a seven-digit station number to a designation 
causes it to exceed 25 characters including imbedded spaces, 
then either (1) abbreviate and/or edit the designation to 
meet this limit or (2) use the stamping (without the year 
unless reset) as the designation and indicate the seven-digit 
station number in an alias. 

For example: At tide station 872 4392, a C&GS tidal 
disk stamped "SUGARLOAF GUAGE BM 2" was des
ignated "SUGARLOAF GUAGE 2" with an alias of "872 
4392 TIDAL 2." 

See Input Formats and Specifications of the National 
Geodetic Survey Data Base, Volume II, Vertical Control 
Data (annex D). 
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2.3.4.S Tide or Water Level Staffs 
All staffs and electric tape gage reading marks shall be 

considered to be temporary bench marks (TBM). This 
section outlines the procedure for writing the descriptions 
for these marks. 

Prepare bench mark descriptions on NOAA Form 
76-186. Complete only the SPSN, the approximate lati
tude, and the approximate longitude entries of the • 1 o• 
code. Do not complete the DRC entry. In addition to the 
• 10• code, complete the • 13 • code. No other data should 
be entered in the description. 

The •13• code must have 'TBM," as the first three char
acters of the designation as shown in the following examples: 

1. Designation for a staff located at tide station 941 8568; 
leveling rod held at the 6-foot mark: 

TBM 941 8568 STAFF 6 Ff 
2. Designation for an electric tape gage reading mark at 

tide station 941 8568: 
TBM 941 8568 ETG READ MK 

3. Designation for a staff located at water level station 
905 2076; leveling rod held at the 6-f oot mark: 

TBM 905 2076 STAFF 6 Ff 
4. Designation for an electric tape gage reading mark at 

water level station 905 2076: 
TBM 905 2076 ETG READ MK 

Note: For all bench marks at a station, a hyphen (minus) 
should not be placed anywhere in the designation (except 
as its first character when indicating a negative elevation). 
Also, "TIDE" should not be used as part of the designa
tion for a staff or electric tape gage reading mark. However, 
do not eliminate "TIDAL" from the tidal bench mark 
designations. 

Because there are only two lines of entries, key all TBM 
descriptions directly into the computer by adding them to 
the end of the HA file instead of using the prompt programs. 

2.3.4.6 Descriptiom 
All vertical oontrol stations must be described on NOAA 

Form 76-186. Description writing is discussed in detail in 
NOAA Manual NOS NGS 3 (section 2.4.4) and in Input 
Formats and Spedjications of the National Geodetic Survey 
Data Base (chapter 7) which includes the following changes 
to past description procedures: 

1. In reference to the • 18 • code, indicating the distance 
and direction from the nearest city or town, whenever a 
distance is indicated in metric units (km), the English 
equivalency must immediately follow in parentheses. For 
example: 
CXXX>4Q•11•ROCKVILLE •18•3.4 KM (2.1 MI) EAST 
Notice that the direction follows the distance specified in 
English units. 

2. Another field has been added to the •26•, •27• record. 
This field will be known as the "origin" field which is defined 
as: 'The acronym or abbreviation of the agency wha;e name 
is precast on the monument." This information will be oon
tained in columns 55-80 of the •26•, •27• record. Note 
that column 54 has been left blank. In the event the agen-

cy's name cannot be determined, indicate this by placing 
'UNK' in columns 55-57. 

The DESC program will prompt the terminal operator 
for this new field as described below. 

After the terminal operator is prompted for: 
MON QUALITY CODE= 

The operator will enter either A, B, C, D, or press the skip 
key. Next, the operator will be prompted with: 

ORIGIN= 
Here the operator will enter the agency's abbreviated name 
as listed in Input Formats and Spedfications of the National 
Geodetic Survey Data Base (annex C) that is precast on 
the monument. The •26•, •27• record may look like this: 
000010•26•12; •21•oorn NGS 
If the field for the monumentation quality override is left 
blank, then two blanks would exist between •21•Do1 and 
NGS. 

Please be aware that the •26•, •27• record is required 
for all original and recovery descriptions. 

3. Summary of Specifications for Descriptions 
a. For all recovered marks with archive numbers which 

are "recovered as described," the minimum codes required 
are: • 10•, • 13•, •23•, •24•, •25•, •26•, •21•, •28•, and 
•30•. 

b. For marks which are not recovered (disk is NOT 
FOUND), the •26•, •27•, and •28• codes should not be 
entered because the requested information cannot be 
verified. 

c. For recovered marks, the DESC program will not allow 
the origin field to be left blank. Enter UNK where the agen
cy's name cannot be determined. 

d. Use Input Formats and Spedjications of the National 
Geodetic Survey Data Base (annex C) for the agency abbre
viations used on the • 20•, •23•, and •27• codes. 

e. The "origin" may not be the same agency indicated 
in the designation or in the •20• code. For example, a USGS 
mark reset by NGS using a NGS disk might be as follows: 
000020•1 3•3000 USGS Reset 1976 
000030•20• 1 / NGS 
000040•26• 12/ •27•001 NGS 
or a NGS disk set by another agency may be as follows: 
000020• 13 •A 17 6 
000030•20•9 /GSC 
000040•26•62/ •21•001 NGS 

f. The RUNJOB program (vertical description edit 
program) has been modified to conform to these changes. 

2.3.4. 7 Plotting and Scaling Positiom 
The location of bench marks must be plotted accurately 

on USGS 7~-minute (or best available) topographlc maps 
and the coordinates scaled to the nearest second of latitude 
and longitude. These geographic coordinates are used in 
processing and publishing the vertical control data. This 
section lists the guidelines for plotting and scaling bench 
marks. See NOAA Manual NOS NGS 3 (section 2.4.3). 

1. Plotting Bench Mark Location. Plot the position of 
the bench marks while at the bench mark sites. Have the 
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maJli independently checked by a second person, when avail
able, to ensure that blunders were not made in plotting the 
locations. 

2. Scaling and Reporting Positions. From the smooth 
maps, scale the coordinates for each bench mark to the 
nearest second. Use the published coordinates instead of 
the scaled position for marks previously located by hori
zontal control survey methods. Record the position in the 
•10• code on NOAA Form 76-186, Bench Mark De
scription. The coordinates reported in the description will 
supersede any published scaled coordinates. 

Do not record coordinates for marks searched for but 
not found. Instead, record the quad number in the • 11 • 
code of the description. 

3. Checking the Data. Have the leveling units compare 
the log maJli with actual field locations and report any dis
crepancies to the field office on NOAA Fonn 77-82 (back
up recording sheets). 

At the field party office, rescale the positions of all marks 
without archive numbers. Compare these scaled positions 
with the positions listed in the HA-file as a check. Make 
any corrections listed by the level units on NOAA Fonn 
77-82. 

Use CKSPSN to check the scaled position against 
po;itions listed in the SYNOPTIC file. After checking the 
scaled positions of the questionable bench marks, note all 
discrepancies in a letter submitted with the project data. 

The final check is made using program ABSTRA 
(EXABS). This program compares the observed stadia 
distance with the computed (inverse) distance between bench 
marks. Resolve all "**" flags by rechecking the plotted 
and scaled positions. 

2.3.5 Imtrumentation and Equipment 

The instruments and equipment used by NGS field units 
are discussed in NOAA Manual NOS NGS 3, Geodetic 
leveling (chapter 3). 

2.3.6 Observing and Recording 

Observing and recording procedures are discussed in 
chapter 3 of NOAA Manual NOS NGS 3. The following 
sections either emphasize or list any changes to those pro
cedures. Recording procedures for systems other than the 
Monroe recording system will appear in a new section (sec
tion 2.3.6.4) as they are developed. 

2.3.6.1 Specificatiom and Technical Comiderations 
1. Specifications. Except as modified by the project 

instructions and in section 2.3.6.2, leveling shall be per
fonned according to first-<lrder, class II standards set forth 
in Classification, Standards of Accuracy, and General 
Specifications of Geodetic Control Surveys (1974) and in 
Specifications to Support Specifications of Geodetic Control 
Surveys (1975, revised June 1980). 

Tolerance limits are given in table 6 (hereafter called 
the Table of Tolerances) of Specifications to Support Classi
fication, Standards of Accuracy, and General Specifica
tions of Geodetic Control Surveys. For the NI002, the toler
ance limits (in millimeters) for low-high scale elevation 
differences are relaxed as follows: 

First-0rder, First-Order, Sccond-0rdcr, 
Class I Class 11 Class I 
0.40 1.00 1.00 

Sccond-0rder, 
Class II 

2.00 

Third-0rdcr 

2.00 

The direction of the running on single-run lines must be 
reversed on alternate workdays to reduce the accumulation of 
small systematic errors. When more than 10 km of level
ing is observed per day, reverse the direction of running at 
midday. 

Spur lines shall be run in both directions (forward and 
backward). Lines forming loops shall be run in one direc
tion only. If the loop closures exceed the allowable limit 
given in the Table of Tolerances, follow these procedures: 

{I) Verify the new leveling by comparing elevation dif
ferences between the old and the new surveys at common 
bench marks. (See NOAA Manual NOS NGS 3, chapter 
3). If additional verification is needed, rerun th~ sections 
which are suspected for error or which were observed under 
bad or unusual conditions. 

(2) Call the NGS P1uject Manager for instructions. 
2. Other Technical Considerations. The following con

siderations also apply to all leveling operations: 
a. Observing sequence: Level observations are to follow 

the sequence: ( 1) backsigbt low scale, (2) backsight low
scale stadia, (3) foresight low scale, ( 4) foresight low-scale 
stadia, (5) then reverse the compensator for Ni 002 instru
ments or off level and relevel other compensator instruments 
with the foot screws, (6) foresight high scale, and (7) 
backsight high scale. These observing procedures minimize 
the effects of rod and tripod settlement during setupi, errors 
caused by changes in refraction, and the accumulation of 
small compensation errors caused by hysteresis. 

The observations for each section are to begin and end 
with rod A on the bench mark (i.e., an even number of set
UJli). (For exceptions, see section 2.3.6.2.) With unmatched 
rods, rod A is the rod with the smaller constant between 
high and low scales. If this procedure is not followed, rod 
index errors from sections with an uneven number of set
UJli can accumulate over long distances. A single setup sec
tion is permitted only on spurs when the distance between 
bench marks is less than 100 meters. 

After a setup is completed, the instrument and back rod 
are moved forward. "Leap-frogging" eliminates accu
mulation of systematic errors caused by index errors, etc. 

b. The last two digits of the rod readings are read from 
the optical micrometer (nearest 0.1 mm for full<entimeter 
rods and nearest 0.5 mm for half-<:entimeter rods). 

c. The maximum disagreement allowed between low
and high-scale elevation differences Mb for each setup 
listed in the Table of Tolerances has been changed to 0.4 
mm for first-0rder, class I, and to 1.0 mm for first-Order, 
class II surveys, without applying a collimation error cor-
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rection. The complete setup is to be reobserved when this 
requirement is not met The length of sight is to be reduced as 
necessary to avoid reobserving setups frequently (section 
2.3.6.2). 

d. Backsight and foresight distances are to be balanced. 
Maximum differences allowed are given in the Table of 
Tolerances. 

e. The line of sight should not be nearer to the ground 
than 0.5 mat any point. 

f. Tabulated factors to be multiplied by the square root 
of K for computing the maximum tolerances of forward 
and backward runnings of a section (f + b) are given in 
the Table of Tolerances. (K is the section length in kil<r 
meters.) For sections less than 100 meters, or those having 
one setup, the maximum tolerance is computed by multi
plying 0.316 by the tabulated factor. 

When multiple runnings are required to achieve agree
ment between backward and forward leveling in a section, 
the "factors from simple mean" given in the Table of Tol
erances will be used to determine the allowable difference 
from the simple mean. That is, the number given in the 
Table of Tolerances multiplied by the square root of the 
section length (in km) gives the maximum limit (in mm) 
any running can differ from the indiscriminate mean of 
all forward and backward runnings. 

g. Rod turning pins with driving caps will be used where 
the ground is suitable. Turning pins will be driven verti
cally into the ground to provide a firm support for the rods. 
Heavy (at least 7 kg) turning plates ("turtles'') will be used 
only on concrete and hard-packed gravel surfaces where 
pins cannot be driven. When soft or marsh ground cannot 
be avoided, wooden stakes should be driven to a firm depth, 
and a double-headed nail should be driven into the top of 
each stake to provide a turning point. 

h. Steel tape measurements are not to be substituted for 
normal level rod observations; however, level observa
tions are permitted with I-meter, double-scale, invar tapes 
when necessary to level to bench marks set vertically in 
walls, bridge abutments, etc. When ohiervatiom are made on 
a hanging (upside down) tape, subtract the micrometer read
ing from the rod reading and change the sign of the result 
to " - " before recording the reading on the Monroe re
cording system. 

i. The leveling instrument's collimation error "c" is to 
be determined daily for the Nil , Ni2, N3, and NI 004 and 
weekly for the NI 002 and NiA31 using the method outlined 
in "Documentation for Monroe Recording Programs 
7811 and 7812." Collimation error is to be recorded in 
millimeters/ meter. 

j. A weekly compensation check is to be made on instru
ments with compensators, using the method outlined on 
the reverse side of NOAA Form 77-81. No compensation 
check is required for the NI 002. 

2.3.6.2 Changes to Micrometer Leveling Observation 
Procedures 

The leveling rods listed in table 2.3.6-1 have been cali
brated at every graduation by the National Bureau of Stan-

dards. When leveling with these rods, use the procedures 
listed in section 2.3.6.1, but with the following change: 

Table 2.3.~ 1-Serial numbers of rocb calibrated on 
every division 

119351 269722 277920 
120898 269723 277921 
121176 2707 11 277922 
129481 2707 12 277923 

132181 2707 13 277924 
241600 2707 14 277925 
241601 270715 277926 
241603 270716 277927 

269718 2707 18 277928 
269719 270719 277929 
269720 277918 277931 
269721 277919 277932 

Start each section with rod A {rod 1) on the bench mark. 
However, it is not necessary to have an even number of 
setups between bench marks. 

The following changes in procedure apply to all leveling 
with the NI002 instrument, regardless of whether or not 
the rods have been calibrated at every division. 

Modify the Monroe recording program to allow Mb 
checks of 0.4 mm for first-Order, class I and 1.0 mm for 
first-0rder, class II surveys, without applying a correction for 
collimation error. Remove the Q-factor subroutine from 
the program, and do not compute and enter a Q-factor. 
Also, modify the program to allow imbalances of 5 m per 
setup and 10 m per section for first-Order, class II surveys. 

2. If Mb checks cannot be obtained, even after short
ening the sight lengths, check the collimation errors. If 
the range between C1 and C2 exceeds ± 0.20 mm/ m (40") 
the instrument should be adjusted. However, until another 
instrument is available, continue leveling but balance the 
sight distances within 2 m. 

3. The current limit on mean collimation error remains 
in effect. 

2.3.6.3 Air Temperature Measurement 
Systematic refraction errors on the order of 1 cm/ km 

have been detected by NGS refraction tests. They can cause 
failure of section checks if proper correctiom are not applied. 
To obtain the moot reliable refraction correctiom, it is neces
sary to observe multiple temperature measurements at each 
setup, at the same time the leveling observatiom are made. 

This section gives the sensor check procedures, sensor 
locations, the observing and recording procedures for air 
temperature measurement, and the equation for determining 
the approximate refraction correction. The air temperature 
sensors are described in NOAA Manual NOS NGS 3, 
Geodetic leveling (Chapter 3). 

I. Sensor Check Procedlll'eS. To check the SC!l.501"S, mount 
them at the same height and point them in the same direc-
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tion. Turn on the aspirator fans and allow them to run for 
at least 3 minutes. Read the temperature from both sen
sors in degrees Fahrenheit. If the readings do not agree 
within 0.2 • F, check to make sure the aspirator fans are 
moving air past the thermistors at about the same velocity. 
This can be done by holding your hand in front of the aspi
rators. Replace the aspirator fan batteries if their voltage 
drops below 4.5 voe as indicated by the built-in voltmeter. 
Replace the entire sensor if necessary. Record the results 
of these sensor checks on NOAA Form 77-82 (back-up 
recording sheets). 

The digital display unit contains its own internal battery. 
The display unit monitors the condition of the internal 
battery and indicates when the battery should be replaced 
by displaying 'LOW BATTERY' or a similar message. If 
this occurs, or if the display begins to fade, replace the display 
unit's battery immediately. A 'low' display unit battery can 
cause the readout of the temperature sensors to be in error 
by several degrees. This would ultimately lead to errone
ous corrections being applied to the observed leveling data. 

If the sensors do not check, and replacements are not 
available, continue leveling without recording temperatures 
at each setup. 

2. Sensor Locations. Set up the tripod at the normal 
observing height. Adjust the sensors so they are 0.3 meter 
and 1.3 meters above the ground. If the observer and recorder 
share the observing, mark on the tripod leg the seroor loca
tions for each person observing. If the tripod must be set 
at other than a normal height while observing, reset the 
tripod at the normal height after making the observations 
and allow the sensors to stabilize for 1 minute before reading 
the temperatures. The sensors must be at 0.3 meter and 
1.3 meters above the ground for all temperature obser
vations. 

3. Observing and &cording Procedures. A gradual appar
ent movement of the reading line or wedge with respect to 
rod graduations sometimes occurs when performing leveling 
operations. The apparent movement is such that reading 
checks can be satisfied and an error is not detected. The 
error often occurs when the temperature gradient is positive, 
i.e., the air temperature near the ground is less than the air 
temperature above, as indicated by the tripod-mounted 
sensors. This situation is not as serious in double-run lev
eling because checks are made between forward and 
backward runnings under different atm()')pheric conditions, 
although it may increase the number of reruns. The error 
is potentially serious in single-run leveling, where such 
checks are not available. 

General guidelines to minimize this source of error are 
listed here: 

a. Attempt to schedule the observing of level lines for 
times when the ground is not likely to be frozen or covered 
with snow. 

b. If practical, delay the start of the daily work sched
ule to avoid leveling when temperature gradients are m()')t 
likely to be positive. Generally avoid observing within the 
first l ~-hours after sunrise or within I ~-hours before sun
set, especially if the ground becomes very cold at night. 

NOTE: Make "C value" determinations only when the 
temperature of the lower sensor is greater than the tem
perature of the upper sensor. 

c. When planning reruns because of poor loop or line clcr 
sures, treat sectiom that were obsetved with many positive or 
zero temperature gradients with suspicion. Rerun the 
sections where more than 50 percent of the setups were 
observed with positive or zero temperature gradients 
(e.g., double-run bridges which have to be leveled in the 
early dawn because of daytime traffic or safety consider
ations). 

While leveling, let the sensor fans run continuously. 
Observe and record the temperatures in degrees Fahren
heit Record the temperature sea.le used (F=code 6) in the 
•40• record. Fahrenheit is used because one negative and 
one positive temperature (as might occur, near freezing, 
with Celsius units) cannot be recorded on the Monroe system. 

Allow the sensors to stabilize at least I minute while 
observing each setup. After completing the leveling ob
servation and reading check (zero flag on Monroe record
er), the observer will read the top and bottom sensors. The 
recorder will enter four digits for the top temperature, then a 
decimal, then four digits for the bottom temperature. For 
example, if temperatures from the top (l.3 m) and bottom 
(0.3 m) sensors are 98.3 and 99.3 • F respectively, record 
them on the Monroe system as 983.0993. (It is not neces
sary to record the leading zero for the top temperature; it 
is neces.sary to include the leading zero for bottom tempera
tures less than lOO "F.) 

At the beginning and end of each section, record the air 
temperature from the top sensor in the •41 • record, unlC$ 
another sensor is available to measure the actual invar 
temperature. 

4. Equation. The refraction correction is computed for 
the data in the RECOMP program. The approximate ref rac
tion correction for a single setup is: 

r= - 0.000033 s2 dt db 

where 
r = refraction correction in millimeters, 
s=sight distance in meters, 
dt=temperature difference (top minus bottom) in "F, and 
dh=elevation difference in meters. 

2.3. 7 :Uveling Errors 

Leveling errors are discussed in detail in NOAA Man
ual NOS NGS 3 (chapter 3). Any changes or additions 
will be listed in that manual. 

2.3.8 Computations 

Computations are discussed in detail in NOAA Manu
al NOS NGS 3 (chapter 5). Any changes or additions 
will be listed in that manual. 
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2.3.9 Releveling for Oosure 

Releveling for clnsure (rerun) is discussed in NOAA Man
ual NOS NGS 3, chapter 3. 

2.3.10 River Crossings 

Detailed instructions for river crossings are given in 
NOAA Manual NOS NGS 3, chapter 4. 

2.3.11 Data, Records, and Reports 

2.3.11.1 Transmittal and Security of Vertical Control Data 
General instructions for the transmittal and security of 

data are given in chapter 1.7, field Records and Data. This 
section lists additional requirements for handling vertical 
control data. 

1. The following data will be accumulated at the party 
(on a line or project basis) and transmitted to the Quality 
Control Section, N / CG 164, within 30 days of completion 
of the line or project. All data transmitted to the Rockville 
office must be documented by a Letter Transmitting Data 
(NOAA Form 61-14). A copy of the letter is to be sent to 
N/ CG161. 

a. Bound rod reading printouts for each HG file. 
b. Bound NOAA Form 77-82 (40-41 back-up re

cording sheets). 
c. Miscellaneous band-recorded rod readings. 
d. Field records and computations from river 

crossings. 
e. Bound compensation check records. 
f. Bound original (hand-recorded) field descriptions 

for each HA file. 
g. Rough plots and smooth bench mark plots on USGS 

topographic maps. 
h. "New minus Old" tabulations. 
i. Project report, any supporting supplemental sketch

es, any supporting computations (such as loop closure 
computations), and a copy of the original project 
instructions. 

2. Printouts of the following computer data ftles will be 
accumulated in a specified bin on a project or line basis. A 
release letter from the field party to / CG164 will pre
cede the release of these files. The release letter will con
tain the exact designations (DSN) of all files to be released. 
N /CG 164 will transfer the released files from the field 
party's work space to the office work space. N/ CG164 will 

advise the Vertical Network Branch, N/ CG 13, by letter 
of those files released and transferred. 

a. The printout of the HA file (descriptions) generated 
by RUNJOB (only one per file). 

b. The printout of the observations (books) and field 
abstracts generated by RECOMP and ABSTRA programs. 

3. Original raw data tapes are to be retained by the field 
office and protected against accidental destruction until 
their composite back-up tape has been completed, dumped. 
and checked by the RECOMP program, after which time 
the tapes may be reused. 

4. The composite backup data tapes (ITXOFF data tapes) 
are to be retained by the field office and protected against . 
accidental destruction until written notification is re
ceived from N /CG 164 stating that the tapes are no longer 
necessary, after which time the tapes may be reused. 

5. All data transported by the field party during a party 
move shall be protected from any unrecoverable loss by 
ensuring that hard copy (i.e., rod reading printouts and 
original fie ld description drafts) are transported in a dif
ferent vehicle than the vehicle transporting data tapes. 
Original data tapes that are being retained because their 
composite backup data tapes have not yet been verified 
should be transported separately from either the bard copy or 
the composite tapes. All the above ite~ are extremely s~ 
ceptible to heat damage and should be protected accordingly. 

6. No material should be sent through the U.S. mail unless 
a backup copy exists either at the party location or at NGS 
Headquarters. Hard copy should be sent only if composite 
data tapes are still retained by the party or if written proof 
exists that the tapes have safely arrived at NGS Head
quarters. The only exception to the above is that original 
data tapes may be mailed from remote unit locations without 
any back-up as long as the tapes are enclosed in specially 
made aluminum cases. When data tapes are mailed from 
the remote unit, no more than one tape should be sent per 
day. 

7. The Project Director has full responsibility for ensuring 
that requirements for transmittal and security of data are 
met. See Chapter 1.2, Project Director's Responsibilities. 

2.3.11.2 Project Reports 
Prepare and submit a project report for each project or 

season's work. This report should accompany the data when 
they are transmitted to NGS Headquarters. See NOAA 
Manual NOS NGS 3 (chapter 5.2.4) for details. Figure 
2.3.11-1 shows an example of a project report cover. 
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U.S. DEPARTMENT OF COMMERCE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL OCEAN SERVICE 

Charting and Geodetic Ser vices 

Rear Admiral John D. Bossl er , Direc t or 

Project Repor t 

Vertical Control Par ty G- 36 

San Lorenzo Via Union City to Warm Springs, CA 

124743 

First-order, cl ass II levels 

January 1983 to Mar ch 1983 

Bob W. Martine 
Project Director 

Figure 2.3.11-1.-Example of cover for project report 
involving vertical survey 
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2.4 SATELLITE GEODESY 

This chapter lists the requirements for Doppler satellite surveys. 

2.4.1 Party Structure 

NGS has two parties that perform Doppler observations. 
Party G-01 is staffed by one surveying technician at the 
POLARIS Richmond, Florida station. Party G-02 is staffed 
by geodetic technicians who perform Doppler and global 
positioning system surveys. 

The Field Operations Branch, N/ CGl61 , maintains a 
file with up-to-date job descriptions. 

2.4.2 Station Site Requirements 

2.4.l.1 General 
Site requirements are briefly discus.sed in Specifications to 

Support Classification, Standards of Accuracy and Gen
eral Specifications of Geodetic Control Surveys (1975, 
revised June 1980). These requirements are repeated in 
more detail here. Project instructions will list any special 
site requirements for certain projects. 

2.4.2.2 Terrain 
The satellite signal is an electromagnetic wave which 

can be absorbed or refracted if objects block the ray path 
between the satellite and the ground receiver. Therefore, 
the antenna must be located where there are no obstructions 
10· above the horizon. 

The antenna should be positioned at normal tripod height 
to avoid ground reflection of the satellite signal. 

Under special circumstances, the antenna may be ele
vated above trees and other obstructions by mounting it 
on a mast. Successful observations are possible by using 
such a mast, provided the antenna ground plane is eff ec
tive in minimizing multipath problems. 

The antenna must not be placed near metal structures. 
A metal structure may reflect the signal, causing the receiver 
to receive two signals wha;e phase relationship would change 
during the observation and produce poor quality data. 

The antenna may be placed on a flat-roofed building if 
it is placed at least 2 meters from the edge of the building. 

2.4.2.3 Electronic Interference 
The antenna should be located where there will be a mini

mum of radio interference. Areas with radio transmissions at 
150- and 400-MHz frequency ranges must be avoided. 
Medium frequency radar and high power transmission ~ 
tennas must be avoided because they may emit sufficient 
radio energy to damage receiving equipment. High voltage 

power lines and transformers, microwave relay towers, or 
excessive noise from automotive ignition systems, must also 
be avoided. A gain reading higher than 10 when no satel
lite signals are being received indicates a potential problem 
with electronic interference. 

2.4.2.4 Geodetic Control 
Each Doppler station shall be monumented with a 

standard NGS monument and disk and described on NOAA 
Form 75-82 or 75-82A The description shall include the 
Doppler station number. At least two reference marks shall 
be located within 30 meters of the station monument. 
Distances, horizontal angles, and differences in eleva
tions must be measured to facilitate future recovery and 
verification of the Doppler station. 

If the Doppler station is to be tied to local geodetic con
trol, the Doppler station monument must be located so that 
local survey marks are intervisible. When ties to local 
geodetic control are performed, include a written report 
with the survey data and sketches. This report will describe 
the survey(s), stations occupied, methods and procedures 
used, and, when pertinent, reasons certain observations could 
not be performed, e.g., Polaris observations could not be 
made due to cloudy weather. 

2.4.2.5 Electrical Power 
Each model receiver has its own power requirements. 

See the manufacturer's instruction manual for each 
instrument. Follow the instructions exactly to prevent 
damage to the receiver. 

Additional power may be required for heating, lighting, 
air conditioning, etc. Use heavy gauge wire (No. 14 or larger) 
to connect the receiver to the power outlets. 

As a precaution, check power outlets with a voltmeter 
to ensure that the equipment is properly grounded. Many 
twcrwire systems have been replaced with threo-prong boxes 
without connecting the third prong to ground. If a three
wire hookup is not available, connect the ground wire to a 
separate ground potential such as a water pipe, radiator, 
or ground rod. 

2.4.2.6 Security 
The receiver assembly, antenna, and other equipment 

must be protected at all times from theft, vandalism, and 
curious people. 

8/83 2.4 Satellite Geodesy 2.4-1 
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2.4.3 Imtruments and Equipment 

NGS has two different models of Doppler receivers: the 
Magnavox Geoceiver and the Magnovox MX 1502. See 
the manufacturer's instruction manuals for operating proco
dures. (Note: For the MX 1502 receivers, use Report 
R-5807C (No. 60029) for receivers with software version 
0151, and Report R-6245 (No. 60025) for receivers with 
software versions l 041 or l l 3J. 

l. Equipment Log and Failure Report. Form NGS 
CI52-4, Equipment Log, shall be maintained for each 
MX 1502 Doppler receiver. This log will be kept with the 
receiver at all times. Appropriate entries will be made at 
the beginning and ending of a station occupancy and once 
about every 3 days for each occupation. (See fig. 2.4.3-1.) 

An MX 1502 Equipment Failure Report must be com
pleted whenever a problem occurs that affects the Dopp
ler observations. (See fig. 2.4.3-2.) This same fonn may be 
used for reporting failures of the Geoceiver. 

2. Meteorological and Survey Instruments. NGS teams 
are equipped with devices that measure meteorological 
data. These include psychrometers, hygrometers, barom
eters, thennometers, etc. The teams are also equipped to 
make survey ties to the local control networks. 

2.4.4 Observing and Field Data Processing 

2.4.4.1 Setup 
I. General Upon arrival at the station site, monument 

the station if necessary and set up the equipment as described 
in the manufacturer's instruction manuals. 

2. Antenna. Mount the antenna on a T2/T3 or similar 
type tripod using the special adapter that connects to the 
base of the antenna. It should be leveled and plumbed to 
within I mm of the center of the mark. The antenna must 
be vertical to ensure that no eccentricity is introduced. Guy 
the antenna in place and recheck that it is plumbed over 
the mark. Measure the antenna height to the nearest I mm 
and record it on figure 2.4.4-1. Submit this fonn with the 
Station Occupation Report. The antenna height must not 
be changed for any reason during the observing period. 
CAUfION: If it is necessary to reoccupy a station during 
a project, setup and plumb the antenna within 5 mm in 
height of the first occupation Contact N /CG 142, Astrono
my and Space Geodesy Section, concerning any deviation 
from these requirements. 

3. Obstruction Survey. Sketch the horizon on Form NGS 
Cl52-7. Figures 2.4.4-2 and 2.4.4-3 show how this is done. 

2.4.4.2 Reference Frequency Standards 
To achieve optimum quality for the Doppler observations, 

it is important that a stable reference frequency standard 
be used during the station occupation. If the intemal crystal 
oscillator is used for the reference, power must be applied 
to the oscillator at least 72 hours before commencing 
observations. An internal 5-ampere-hour battery is pro
vided in the receiver to maintain power to the oscillator 
for up to 24 hours during transportation between sites. 

The date and time that power is applied to the oscillator 
shall be recorded on Form NGS CI52-2, Observation Log. 
(See fig. 2.4.4-4.) 

A precise or ultra stable frequency standard may be speci
fied for some projects. These standards may be a rubidi
um, maser, or high performance cesium systems. 

2.4.4.3 Equipment Tests 
After the receiver has been set up, perform the equip

ment tests as outlined in the manufacturer's instruction 
manuals. Moot receivers have a self-test feature which simu
lates a satellite pass to test all parts of the circuitry. The 
test must be performed at the commencement of the 
observations at a station and daily at manned stations. 

2.4.4.4 Piw Selection 
See Specifications to Support Classification, Stan

dards of Accuracy, and General Specifzcations of Geodetic 
Control Surveys. 

Observe all operational satellites of the TRANSIT system. 
The Astronomy and Space Geodesy Branch (N/ CG142) 
will notify the observing teams if any satellites should be 
deleted from the observing schedule. With the MX 1502, 
all observations will be performed in the automatic mode 
of operation on a continuous basis, 24 hours per day, and 7 
days of the week. 

Observe all passes that are 10' or above the horizon at 
closest approach. (Note: Unless the MX 1502 receiver 
software bas been modified, only passes at elevations greater 
than 15 • can be observed). In order to clear obstructions 
above 10', it will be acceptable to mount the antenna on a 
tower or mast. 

The number of acceptable passes will depend on the distri
bution of the passes about the observer's meridian (rea
sonable balance between passes east and west of the meridian 
and north- and south-going passes to achieve a minimum 
of two passes in each quadrant). 

2.4.4.S Loading MX 1502 
When loading the cassette in the MX 1502, DO NOT 

FORCE. This will help to prevent breaking any of the 
sprocket teeth on the cassette. 

Before removing the cassette from the MX 1502, rewind to 
beginning of tape. Use Code 49. 

2.4.4.6 Meteorological Data 
See Specifications to Support Classification, Stan

dards of Accuracy, and General Specif zcations of Geodetic 
Control Surveys. 

Weather data shall be recorded for each pass or at 1- or 
2-hour intervals at each base station. The data may be 
entered and recorded on the data cassette or recorded on 
Form CI52-l , Record of Meteorological Observations. 
(See fig. 2.4.4-5.) 

Weather data collected on a continuous chart record
ing device should be extrapolated and recorded on Fonn 
NGS 152-1. Data should be recorded at I-hour intervals. 
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ORM NGS Cl52-4 (9-27 -81) 

RECEIVER S.N. -----
PREAMP S N . . 
TIME DATE RECEIVER CODE 56 
U.T. MO/ DY/ YR TOT.OP . HRS READING 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

2.4 Satellite Geodesy 

EQUIPMENT LOG 
MX-1502 

SELFTEST CODE 16 
CODE 54 CODE 94 
READING READING 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 
I I 

I I 

I I 

I I 

ANTENNA S.N . -----
YEAR 

RECEIVER BATTERY DESICCANT OPERATOR 
TEMP.READ. INT/EXT CHECKED INITIALS 

(CIC) 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Figure 2.4.3-1.-Form NGS Cl52-4, EqiApmmt Los, for MX 1502 Doppler receiver 
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MX 1502 
Equipment Failure Report 

Receiver Serial No. _____ Antenna Serial No. ____ _ 

Preamp. Serial No. Year _ ___ _ 

Failure Date Equip. Op. Time/Down Time This Failure 

Description of Failure: 

Act ion Taken : 

Remarks: 

Dow n Time Interval UT Day Hr. To UT Day 

Signature 

Sta. No. 

Figure 2.43-2.- Form med for MX 1502, Equipment Failure Report 

8/83 

Report No. 

Hr. 
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ANTENNA MEASUREMENTS 

Station # Station Loca tion - --- --- -----------------~ 

oat e Station Name ------- ---------------------
Period for when measurements are applicable (Time- UT/Day/Date): 

From: To: 

Measur ements: A = meter --- -- B ------- meter 

Tota l height of electrical center(reference point for position information): 

A + (constant) = ____ + - ---- meter 

(GEOCEIVER 
ANTENNA) ELECTRICAL 

CENTER ~ 

(Mx-1502 OR 
OTH ER ANTENNA 

(Center of red band) 

t 
0 .918 met er 

0.483 meter 

f-
A 

~ 
B 

Dis tance "A" is f r om top of stat ion mark to t he bo t tom surface of the preamplifier, 
not including the ' adapter ' plat e . 

Dista nce "AA" is from top of station mark to the bottom surface of the 'adaptor ' 
plate attached to the preampli fie r . 

Dis t ance "B" is the height of the pier or monument above ( or below) t he gr ound 
s urface. 

Figure 2.4.4-1.-Form used to record relation of antenna to bench mark dish 



Form NGS Cl52-7 (ll-19-81) 

210• 

OBSTRUCTION SURVEY 

Station Number ~~~~~ (NORTH) 
oo 

180° 

Height of theodolite (Telescope) 

Height of antenna phase center 

Attachment # 

Location 
Date 

= 
= 

rn 

rn 

Fiaw'e 2.4.4-2.-Form NGS C152-7, Obstruction Suney 
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270° 

2.4 Satellite Geodesy 

1 
North 

Radar Antenna~ 

" Sample" 
Obstruction Survey 

Station: 51120 
Patrick AFB, FL 
November 1979 

Storage Boxes 

.\ 
Station 51120 

MOBLAS 7081 1976 

/ 

/ 
/ -~----

180° 

Height of Telescope = 1.655 m 
Height of Antenna Electrical Center = 1.960 m 

F'agure 2.4.4-3.-Example of Form NGS ClS~ 7 completed for a satellite survey 
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Form NGS Cl52-2 (Rev. 9-27-81) PAGE I YEAR I LOCATION I STATION NUMBER 

DOPPLER STATION OBSERVATION LOG STATION NAME 1 BASE STATION 1 SITE NUMBER (Code 20) 

MX-1502 RECEIVER 
DYES 0 NO © 

PROJECT 1SOFTWARE TYPE 'SOFTWARE VERSION 
(Code 8:ADDR 46)__ (Code 8:ADDR 47) __ 

RECEIVER S. N. 'PREAMP S.N. 'ANTENNA S.N. IANT. HT. (Code 28:SP2)1 AGENCY CODE (Code 27:SPl)f DATE/GMT REC/OSC on PWR. 
(Code 26) -- (Code 84:VAR1) __ (Code 85:VAR2) __ @ (m) G) ~ 

EST . LAT. (Code 21) 

I 
EST. LONG. (Code 22) I EST. ELEV. (Code 23) l DATUM SHIFTS (SATELLITE to LOCAL) (Code 100) 

N/S 0 I .. E/W 0 ' .. (meters) 6X = (m) 6Y = (m) 6z"' (m) 

STAT ION OBSERVATION RECORD 
CODE DISPLAY (i) INITIAL or 

INTERMEDIATE (D INTERMEDIATE CD INTERMEDIATE (D INTERMEDIATE (D 
I.~ I ATE 

or FINAL(!) 
Observer (Initials) 

an Met. Data (mb/ ,c /RH) ------------- ---------- ---- -- (F.nt-.. r ;n MY1 en">\ ------------------- -----------------
Battery Ext./Int. I I I I I 
Internal Temp. of Rec. (°C) 

16/5C SELF TEST PERFORMED/STATUS I I I I I I I I I / 
18/l~ SATS ALRTD/SATS DSRD I I I I I 

24 GMT 

25/3~ GREENWICH DATE/JULIAN DAY - - I - - I - - I - - I - - I 
48 TAPE USED (m) (LIMIT < 75m) 
54 400 TUNE/SIGNAL LEVEL/GMT 32kHz/ I 32kHz/ I 32kHz/ I 32kHZ/ I 32kHZ/ I 
94 150 TUNE/SIGNAL LEVEL/GMT I I I I I 7 7 l I I 
66 PASSES (TOTAL/2D/3D) I I I I I I I I I I 

"2D" PASSES/TP #/TP C.N. rc'I I I I I I I I I I I 
63 3D PCS. (STATUS/PASSES/D) I I I I I I I I I I 

LATITUDE - - - - - - - - - -
LONGITUDE - - - - - - - - - -
GEODETIC HT . (m) 
S . D. LAT/LONG/HT (m) I I I I I I I I I I 
N- WE/S-WE - I - - I - - I - - I - - I -

53 2D CS/EL /ITER/OOPCTS/SAT # I I I I I I I I I I I I I I I I I I I I 
GEOMETRY/S.D. of RES. I I I I I 
GMT/DATE I - - I - - I - - I - - I - -

56 REF. OSC. FREO. OFFSET (Hz) 
ANT. CHKD. (PLUMB & LEVEL) ? 

NOTES~ Cl) Make entries for each station visit and after troub1eshootin error codes. 12 Last 4 di its of Do g g pp ler Sta. Nr. 
(3) Height of antenna ref. point (ctr. of red band) above sta. mark; use 0.918 m. as constant for ctr. of red band to bottaa of 
preamp. Enter in millimeters. (4) First digit of Doppler Sta. Nr. (5) If external frequency standard used, indicate trpe and 
s.N. (6) Record approx. number of passes on cassette; tp. number for occupation; and, control number (C.N.) found on 'S de B'. 
(7) Some information may not be available depending on software version. 

"REMARKS : (OVER) " 

Figure 2.4.4-4.-Form NGS C152--2, Doppler Station Observation Log, MX 1502 Receiver 
QO -~ 
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Form NGS Cl52-l (Revised 11-20-81) ~AGE YEAR STATION NUMBER 

RECORD OF METEOROLOGICAL OBSERVATIONS STATION NAME 

FOR 
SATELLITE DOPPLER STATION LOCATION 

TYPE OF INSTRUMENTS USED FOR SITE MEASUREMENTS 

If data obtained from source other than station site measurements, complete followinq: 
SOURCE (AGENCY) 

I 
LOCATION 

I 
LATITUDE LONGITUDE ELEVATION 

TIME CD STAT IO~ TEMPERATURm RELATIVE WATER VAPOR (g. 
DATE DAY (GMT) PRESSURE WET DRY HUMIDITY PRESSURE @ REMARKS 

(LOCAL) (MB) ( OC) ( OC) (\) (MB) 

(in of HG) (OF) (oF) (in . of HG) 
(mm of HG) (mm of HG) 

!Notes : (1 ) If local time, indicate once in Remarks the correction for local to GMT time . 
(2) Indicate units of measurement . (3) Data obtained in lieu of Relative Humidity data 

Figure 2.4.4-5.-Form NGS ClS~l, Record of Meteorological Observations for Satellite Doppler Station 
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If practical, weather measurements should be obtained 
at the secondary stations occupied during a project. These 
data may be augmented with data obtained from any avail
able source located nearby (preferably within 50 km) such as 
from a National Weather Service station, military base, 
or other scientific observing facility. The pooition and eleva
tion of these observing stations must be included with the 
data. 

So that weather data obtained from other sources can 
be adjusted to be reasonably consistent with actual station 
conditions; weather ·measurements should be recorded when
ever the station site is visited. 

The units for the meteorological data should be in • C 
for temperature, millibars for station pressure, and percent 
for relative humidity. It will be acceptable for data to be 
submitted in alternate units: ·F for temperature and inches 
of HG or millimeters of HG for station pressure. lnstead 
of relative humidity in percent, the wet-bulb/ dry-bulb tem
peratures may be submitted or the moisture content may 
be given as water vapor pressure in any of the units accept
able for station pressure. 

Copies of the meteorological observing records from 
the observing stations may be submitted in the original for
mat or transferred to Form NGS Cl52-l. 

2.4.4.7 Obsenation 1-0g 
When using an MX 1502 Doppler receiver, complete 

Form NGS Cl52-2, Doppler Station Observation Log, 
(fig. 2.4.4-4), for each station occupied. 

2.4.S Data and Reports 

2.4.5.1 Data 
l. General. Two types of data are collected at Doppler 

sites. These are the Doppler observation data and the ground 
survey tie data. The Doppler data are recorded on magnetic 
tape or punched paper tape depending on the type of receiver. 

Ground survey tie data consists of the horizontal and 
vertical control survey observations necessary to connect 
the Doppler station with the local control network. 

2. Data Transmittals. The collected data should be 
forwarded to the Quality Control Branch, N/ CGl64, on 
a regular basis. All data should be forwarded by registered 
mail-return receipt requested to: 

Quality Control Branch, N/CG164 
National Geodetic Survey, NOAA 
Rockville, MD 20852 

NOAA Form 61-29, Letter Transmitting Data, must 
accompany all data. See chapter 1.7. 

F.ach tape cannister or ~tte must be labeled as follows: 
Staftl _(1)_ 1n Date __ (2)_ _ GMT_ 
Loe. (3>-------
SN _(4)_ Out Date __ (5)__ GMT_ 
Ant. Ht. _(6)_ m Tape _(7)_ of __ _ 

(I) Station Number: The Doppler station number ~igned 
to the occupied station. 

(2) 1n Dato---GMT: The date and Greenwich Mean Tune 
of the first data entry on the tape. 

(3) Location: The name of the State, nearest city or town, 
or other geographic name. 

(4) SN: Serial Number of the receiver. 
(5) Out Date-GMT: The date and Greenwich Mean 

Time of the last data entry on the tape. 
(6) Antenna Height. 
(7) Tape Number. 

2.4.5.l Reports 
I. Monthly Report and Journal. NOAA Form 76-92 

must be submitted to and received by the Field Operation 
Branch (N/CG161) by the tenth of each month. 

In block 15, "Remarks and Recommendations," list 
the satellites which were tracked, the number of passes 
recorded for each satellite, and the total number of ~-

2. Station Occupation Report. NOAA Form NGS 
C152-6, Station Occupation Report (fig. 2.4.5-1), must 
be completed for each occupation of any Doppler station. 
A copy of the first two pages of this report (items 14) 
must accompany data tapes. If additional space is needed, 
use blank paper and reference the item, e.g., 1 c, etc. If 
more than one receiver is used simultaneously at the same 
site as in collocation, complete a Station Occupation Re> 
port for each receiver. 

For reoccupations where there have been no significant 
changes to the information in the original Station Occupation 
Report, or for secondary satellite Doppler stations of a rela
tive pooitioning project, only a "short-fonn" version needs to 
be completed for each station. (The "short-fonn" version 
includes items I through 4 only.) 
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Fonn NGS Cl52-6 (Revised 11-19-81) 

STATION OCCUPATION REPORT 
SATELLITE DOPPLER 

The Stauion Occupation Report (SOR) will be completed for each occupation of a Doppler station. 
A copy of the page of this report must accompany data tapes. If additional space is needed, 
use blank paper and reference the item, e.g. l.c., etc. 

When there hasn't been significant changes to the information given in the original SOR for 
stations reoccupied, or for secondary stations of a relative positioning project, only a 
"short-form" version needs to be completed for these stations. The "short-form" version 
includes items 1 through 4 only. 

1 . STATION INFORMATION 
a. Station II Station Location 

Station Name (as stamped or designated) 

DATE 

b . Is t he station on established geodetic control? Yes No __ ; If no, will it be 
tied t o established geodetic control? If yes, give details . 

c . was the station a base station for simultaneous observations? Yes No 
If yes, list by phase , the station numbers observed simultaneously with the 
station on a separate attachment. Attachment II 

d. Geodetic Position : Lat . Long. Elev. 

Source for geodetic infonnation: 

e. Agency and names of party personnel who occupied station: 

f. Name, mailing address, and phone number for Chief of Party: 

g . Name, address, and telephone number f or owner of site: 

h . Total occupation period: 

Day No . / Time (UT) / Sat # : (1st Obs. ) , (last Obs.) 
---------~ 

If a base station, list period of occupation for each phase of simultaneous 
observations on attachment for Item l.c . 

2. EQUIPMENT INFORMATION 

a. Type o f Tracking equipment: Model ----------- Serial II ------
If applicable, give serial numbers for the following: Recorder 

Antenn a ---------' and, Preamp -------------

base 

b. Was an external frequency standard used: Yes 
make, model and serial number. 

No If yes, give type, ---
-1-

Fagure l.4.5-1.-Form NGS Cl52-6, Station ~don Report 

m 
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2. EQUIPMENT INFORMATION (Cont'd) 

c . Height of antenna electrical center (reference point) above mark: m. -------
Geoceiver antenna: Station mark to base of preamp ---- m + 0.483 m -----
.MX1502 antenna: Station mark to base of preamp m + 0.918 m ----- ------

(see Page 6) 

d. Was the antenna move from original location during the period of occupation? 

Yes No If yes, explain and give dates and applicable 
satellite numbers and times. 

e . Equipment down time during this occupation. List time and period of each failure . 

f . Have any other satellite observation teams had equipment in the vicinity? 

Yes -----' No ----- If yes, give details. 

3. LOCAL GEODETIC SURVEY TIES 

a. Include a sketch showing (proposed) (completed) site survey of monuments , antenna, 
photo points, and their relationship to local control. Attachment # ___ _ 
(This sketch is not r equired for established stations that do not require add
itional survey work by the Doppler team). 

b. What agency (will perform) (performed) survey? 

4. THE FOLLOWING DESCRIPTIVE DATA ARE ATTACHED: 

a. Station (Description) (Recovery Note) , Attachment # 
b. Vicinity sketch (showing location of all monuments and photo points) , 

Attachment # 
c. Photo of Doppler station mark: Attachment # 
d . Photographs of horizon from station mark: (Optional for secondary or reoccupied 

stations) , Attachment # 
e. Obstruction Survey (showing angle above horizon of obstructions around horizon): 

(Use form NGS Cl52-7) Attachment # 
f. Photographs of station from cardinal points from about 50 meters: 

Attachment # 
g . Report any circumstances that may prevent reoccupation . (If antenna occupies a 

monumented point such as the roof of a building, provide a detailed sketch 
including distances from the edge of the roof, etc., so the antenna could could 
be replaced in exact location) . Attachment # 

h. Report circumstances that prevented acquisition of any of the above items if 
not attached. Attachment # 

5. COMMUNI CATIONS AND POSTAL SERVICES AT SITE: (Are all the facilities basically standard 
U.S. Services? Yes No If yes , proceed to Section 6. If no , des-
cribe only those aspects which differ from standard services) . 

a. Local (Type of Communication, Quality and Cost, etc): 

b. Overseas 

(1 ) Telephone, radio telephone, or radio (Operating hours, cost, local regulations , 
etc. ) : 

(2) Teletype (Operating hours, cost , etc): 

m 

m 

(3) Mail (frequency of delivery, type service, weight/ dimension limits, costs, etc.): 

-2-

Figure 2.4.5-1.-Form NGS C152--6, Station Occupation Report-Continued 
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6 . TRANSPORTATION: (Type of service available with any special addresses, phone numbers 
and names of contactes ) . 

a . Air (Government and Civil) : 

b. Ground (Government and Civil) : 

c . Transportation used during occupation and its acceptability. 

7. LOCAL CONTACTS (Names, titles, address, p hone numbers, of individuals p roviding 
assistance; list type of assistance provide): 

2.4-13 

8. POWER: (Were batter ies used as the sole power sources? Yes No 
generators required? Yes No If yes to either, proceed to 

Or wer e 
Section 9.) 

a. Type AC Power (indicate voltage variance and frequency stability) : 

b. Distance from power sour ce to location of tracking equipment : 

c. Connection, service requirements, and costs: 

d. Special equipment (such a s provided by installing firm) : 

e. Installing Firm: 

9. HOW WAS TRACKING EQUIPMENT PROTECTED FROM WEATHER AT SITE? 

Government vechicle ; _ ___ Other (specify) 

10 . ARE OFFICE AND STORAGE SPACE AVAILABLE AT THE SITE (Excluding use of Govenment vehicl e) ·. 

____ Yes No. If no, give i nformation on any other arrangments made . ---

11. ARE REPAIR, MAINTENANCE, AND SERVI CES AVAILABLE AT SITE (i.e., construction, materials, 

electronic , rentals, etc . )? Yes No----

12. HOUSING (Are housing and subsistance facilities adequate? Yes No 
Are costs of above facilities about average? Yes No 
Comment on inadequate facil ities about average? Yes No ----

Figure 2.4.5-1.-Form NGS C152-6, Station Occupation Report-Continued 
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13 . MEDICAL FACILITIES: (If important) 

Distance to nearest medical. facilities 
Emergency evacuation procedures: 

Other conunents: 

14. MILITARY INSTALLATIONS THAT CAN BE OF ASSISTANCE (If applicable). 

15. GROUND ENVIRONMENT: List abnormal weather conditions peculiar to the station site 
and any temperature extremes which may affect personnel or equipment. 
(Do notconunent on normal seasonal variations.) 

16. OTHER PERTINENT AND USEFUL INFORMATION: 

a. Banking Facilities: (Location and Distance) 

(1) Wi ll the bank cash Government checks? Yes 
(2) Will the bank c ash personal checks? Yes 

No ----No 

8/ 83 

b. Community Customs (Pertinent to the occupation of the site and related activities ) : 

c . Regulations, Conditions, Practices, Customs, etc (That could adversely affect 
ope rations and suggested procedures for reducing or eliminating their impact) : 

d. Precautions (Required by station personnel for local sanitation, drinking water , 
diseases, wild animals, etc.): 

e. Ot her Information (Of an unusual nature which would assist in the efficie nt 
operation of the station.): 

Figure 2.4.S.1.-Form N~ C152-6, Station Occupation Report-Continued 



2.5 ASTRONOMIC SURVEYS 

Astronomic surveys performed by NGS are used in conjunction with gravity and leveling surveys to 
maintain correct scale and orientation of the National Geodetic Horizontal Network. For a detailed 
discussion on the objectives of geodetic astronomy, see Coast and Geodetic Survey Special Publication 
237, Manual of Geodetic Astronomy. 

Section 2.2.7.4 covers specifications and observing procedures for astronomic azimuth. 

2.S.1 Party Structure 

NGS has one astronomic field party, consisting of two 
surveying technicians who perform astronomic observations 
for the conterminous States. Responsibility for so vast an 
area necessitates a highly mobile party, rarely located at 
one site longer than 2 weeks. Both party members, namely 
the Project Director and the senior observer, share equal
ly in the observation program at each site. The party size 
is increased for special projects and training programs as 
the need arises. 

A file of current job descriptions is maintained by the 
Field Operations Section, N /CG 161. 

2.S.2 Station Site Requirements 

2.5.2.1 General 
Specific triangulation stations requiring astronomic 

determinations are generally designated in the project 
instructions. Vehicular accessibility is a basic prerequisite in 
the station selection process. Special site requirements 
involving portage will be explicitly covered in the project 
instructions. 

2.5.2.2 Instrument Site Selection 
Astronomic observations require an unobstructed view 

of the sky in the plane of the local meridian. This line-of
sight should extend 30 to 45 degrees, both north and south 
of the zenith. The ground must be firm enough to support 
the weight of the instrument and the observer. 

Generally the instrument will be positioned over the 
station mark. With property owner approval this may 
require some pruning and removal of other obstacles. If 
the station mark is not suitable for occupation, one of the 
existing reference marks may be utilized. As a last resort, 
an unmonumented point can be established. 

2.5.2.3 Eccentric Setups 
Eccentric setups will be used only when conditions make it 

im~ible to occupy the station directly or would adversely 
affect the quality of the observations. The distance between 
station and eccentric point should not exceed 30 meters. 

The eccentric measurements should be made immediately 
after the instrument has been set up, adjusted, and oriented to 
the local meridian. 

Distance measurements will be made independently in 
both meters and feet. The distance will be remeasured if 
the two measurements disagree by more than 1 centimeter. 

The horizontal direction is to be measured from true north 
to the station mark. A single direct and reverse measure
ment is sufficient for obtaining the 1 arc-minute accura
cy required. 

A vertical angle will be required if the taped distance is 
not measured in a horizontal plane. Again, a single direct 
and reverse measurement is adequate. 

All eccentric measurements are entered in the proper 
columns on the longitude record and coding form. (See fig. 
2.5.2-1). Computation of the eccentric reduction need not be 
made in the field. 

2.S.3 Station Specifications 

The specifications for latitude determinations by the 
Horrebow-Talcott method are given in Special Publica
tion 237. This subchapter gives the specifications for lati
tude determinations by the Stemeck method and longitude 
determinations by the meridian transit method. 

2.5.3.1 General Specificatiom 
Azimuth orientation of the theodolite with respect to the 

local meridian should not exceed 15 arc-seconds. 
The theodolite eyepiece will remain in the longitude 

position for all observations. 
Temperature and barometric pressure should be carefully 

recorded at approximately 30 minute intervals, beginning 
immediately before and ending immediately after the 
observation program. 

Periodic calibration of barometers and thermometers, 
not to exceed 120 days, will be made at local (National 
Weather Service) weather stations. Be sure to use correct 
terminology when requesting pressure information from 
the weather station. A request for STATION PRESSURE 
will ensure that the value furnished has not been reduced 
to sea level. 

8/ 83 2.5 Astronomic Surveys 2.>1 
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LONGITUDE RECORD & CODING FORM 

t 2 l , ~ I 1' t t tO 1t '1 IJ 1• IS 16 I~ I I I f 20 tt Z1 23 2• ZS 21 11 2t ZI lO )1 l1 l3 lot l6 ll ] J • • tC) 'f '1 4J .. "6$ .. 411 .. 41 50 

STATE NO. 
STATION NAME CODE INSTRUMENT NO. CHRON. NO. SETS 

ii I I I I I I I I I I I I [i] I Tl 4 I · I I I I I I I I I I I I I [L) 
OBSERVER ACCESSION NO. DISTANCE DEG MIN REJ-FACT 

21 I I I I I I I I I I I I I I I I I I l I I I UJJ [ii] [LJJ 
LATITUDE LONGITUDE LEVEL 

::: DEG MIN SECONDS ::: DEG MIN SECONDS r FACTOR VALUE {ARC) UTl-UTC X Y 

3ITiJ [JJ I 1 l ! IIl1 I I [i] I 111 I I I 1 1I 111I1 1 II1III1 I 1 I 

LOCAL DATE GCD TRANSMIT RADIO CHRONOMETER 
YR MO DAY YR MO DAY STATION HR MIN SECONDS HR MIN SECONDS 

: §t§ §t§ fil§ § § fil§ § § fil§ 
LEVEL READINGS TRANSIT TIME 

STAR w E W" E" HR MIN SECONDS REMARKS A FACTOR 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

ECCENTRIC STATION GENERAL REMARKS 
N 

r:. TEMP. 

PRESS. 

TEMP 

PRESS. 
,.) ECC. 

RECORDER: 

Figure 2.5.2-1.- Longitude record and coding form 
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Dete~tions of. the mean width of contact strips and 
~ motion of the micrometer screw will generally be made 
every 4 months. Additional determinations will be made 
immediately following any repairs made to the microme
ter in the field. 

Observations should be spaced no less than 3.5 minutes 
of time apart so that adequate time is available for read
ing micrometer, levels, etc. 

2.5.3.2 Latitude Specificatiom 
Observations will consist of stars equally distributed north 

and south of the zenith. Star selection will be taken from 
the Apparent. Places of Fundamental Stars (APFS), pre
pared by Heidelberg Astronomisches lnstitut under aus
pices of the Int Astronomical Union (publishe;, Gro5sohaus 
Wagner and Co., Hamburg, P.R.G.), except when a com
puter generated list of candidate stars is provided by the 
Astronomy and Space Geodesy Section, N/ CG142. The 
stars selected for observation must meet the condition that 
the algebraic sum of the zenith distances is no greater than 
twice the total number of stars observed. In addition, zenith 
distances should be less than 35 degrees, but in no case 
can they exceed 45 degrees. 

The zenith distance of a star will be measured in both 
ocular initions. Observations should be made approxima~ 
ly 10 arc-minutes before and after star transit to allow suffi
cient time for instrument reversal. This is equivalent to mak
ing the observations at the sixth and fourteenth line of the 
Wild T4 theodolite. 

Timing records are to be obtained for each zenith dis
tance measurement by incorporating a momentary con
tact switch in the transit circuit of the digital recorder. The 
time event should be made by the observer at the instant 
of stellar bisection. 

A first-order latitude determination will depend on 
observations of a minimum of 32 stars. These observations 
can be obtained in a single night by one observer. The stan
dard error of the mean latitude shall not exceed 0. 15 arc
seconds. 

A modified first-order latitude determination will depend 
on observations of a minimum of 24 stars. The standard 
error of the mean latitude shall not exceed 0.20 ~nds. 

2.5.3.3 Longitude Specificatiom 
A set of six to eight time stars, bracketed within two radicr 

chronometer comparisons, will constitute a longitude 
determination. Additional time comparisons will be made 
if the longitude set exceeds I hour. Every effort should be 
made to observe eight stars per set, divided equally north 
and south of the zenith. A three-four combination will be 
used when seven stars comprise a set. 

A time star is here defined as one with an azimuth fac
tor less than 0.75. Preference should be given to stars with 
azimuth factors less than 0.50. 
~ch star. s~d be tracked through three complete revcr 

luuons, begmrung at the fifth (or fifteenth) line and end
ing at the eighth (or twelfth) line. Figure 2.5.3-1 illustrates 
the reticle pattern as seen through the telescope eyepiece. 

Up 

~ . 
F==========~---4-H++-l-~~o~+-~--J ~--

' I 

+ 

Figure 2.5.~l.-Eyepiece reticle pattern 

The inclination or dislevelment of the theodolite axes 
must be kept as small as possible so that errors in the level 
value are minimized. A running sum of the inclination mea
surements should be maintained by the notekeeper to facili
ta te releveling, if necessary. Leveling adjustments must 
be between sets, never within a set. To further reduce the 
effect of inclination errors on the longitude, the sum of the 
inclinations should be as small as possible (ideally zero). 

A first-order longitude determination will consist of a 
minimum of five sets, two of which must be observed on a 
different night Every effort will be made to obtain six sets, 
three per night. Both observers should make observations 
each night using a 2 to 1 and I to 2 combination to mini
mize errors associated with personal bias and fatigue. 

A modified first-order longitude determination will 
generally consist of three longitude sets which can be 
obtained in a single night. A minimum of two longitude 
sets will be acceptable under unusual conditions; howev
er, the party chief should consult with the Astronomy and 
Space Geodesy Section before moving to a new location. 
Both observers will participate in the observation program in 
the same manner as specified for first-order determinatiom. 

The standard error of the mean longitude should rarely 
exceed 0.15 arc-seconds for first-order stations and 0.20 
arc-seconds for modified first-order stations. 

2.5.4 Instrument and Equipment 

2.5.4.l Theodolite Specificatiom 
NGS currently uses the Wild T4 universal theodolite 

exclusively for astronomic position determinations. 
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The Wild T4 theodolite of bent (or broken) telescope 
design weighs approximately 107 kilograms including acces
<;A)rj and traraport boxes. The telescope is traraported sepa
rately from the instrument base. 

The following technical data have been taken from the 
"Wild T4 Universal Instrument Instructions," published 
by Wild Heerbrugg, Ltd. 

''Telescope: Clear objective aperture ... 60 mm ; Field 
of view ... 46 arc-seconds; Magnification ... 70x; vocal length 
... 540 millimeters; Shortest focusing distance ... I 00 m; 
Eyepiece micrometer range ... 30 arc-minutes. 

"Horiwntal circle: 360 degrees; Graduation interval ... 
2 arc-minutes; optical coincidence micrometer with gradua
tion interval ... 0.1 arc-seconds; Circle settings by means 
of drive knob. 

"Horizontal setting circle: Graduation interval ... I degree; 
Reading by estimation ... 0.1 degree. 

"Vertical circle: 360 degrees; Graduation interval ... 4 
arc-minutes; Optical coincidence micrometer with grad
uation interval ... 0.2 arc-seconds; Circle settin~ by means of 
drive knob. 

"Vertical circle index level (Sterneck): I arc-second per 2 
mm run; Reading by estimation ... 0.1 - 0.2 arc-seconds. 

"Zenith angle setting circle: Graduation interval ... I 
degree; Reading by scale micro;cope; Graduation interval ... 
10 arc-minutes; Reading by estimation ... I arc-minute. 

"Suspension (cl'O)S) level: Sensitivity ... l arc second per 2 
mm run. Reading by estimation ... 0.1 - 0.2 arc seconds. 

"Voltage requirements: 3 - 6 volts maximum, varied by 
rheostat." 

NGS modifications include: Telescope pointing light; 
Stemeck level assembly; counterweight for the Stemeck 
level assembly. 

2.5.4.2 Theodolite Adjustments 
After the theodolite is set up on the observing stand, the 

bearing surfaces of both instrument and levels should be 
cleaned with light machine oil The surfaces are then wiped 
dry with soft tissue paper to avoid dust accumulation. Check 
carefully to ensure that there is no rust or other foreign 
matter on these surfaces. Any surface rust should be removed 
with fine emery cloth only. If the bearing surfaces become 
pitted or scored, the theodolite should be returned to the 
Instrument and Equipment Section, N / CG 163, for repair. 
The various exposed lenses should be periodically cleaned 
and tightened as needed. Only a soft camel hair brush or 
special lens paper should be used for lens cleaning. 

Not all of the following adjustments are required at each 
station site; however the observer must examine and cor
rect all of these adjustments as often as neces.sary to en.sure 
that the errors are always within allowable limits: 

I. Eyepiece focus: The eyepiece should be focused by 
turning the telescope to a light surface such as the after
noon sky, and rotating the milled eyepiece adjusting ring 
until the most distinct image of the reticle pattern is ob
tained. 

2. Objective f ocusing: The objective is focused by point
ing the telescope to a well defined object, not less than 2 

kilometers away, and sliding the eyepiece micrometer draw 
tube in and out until there is no perceptible relative 
movement (parallax) of the reticle and the target image 
when the eye is shifted in front of the eyepiece. The final 
focusing must be done at night using a faint (4-5 magni
tude) star. 

3. Micrometer focusing: The vertical and horizontal cir
cle micrometers are focused by rotating the milled eyepiece 
adjusting ring until the ma;t distinct image is obtained and 
all parallax has been removed. Lighting for the circles should 
be adjusted for uniform brightness for this purpose. 

4. Reticle cross-line centering: Normally this adjustment 
will only be done in the NGS Instrumentation and Equip
ment Section, which has the necessary equipment for this 
task. For general information, the test for cross-line 
eccentricity is accomplished by centering the reticle 
cross-line on a well defined object such as a collimator or 
theodolite focused at infinity and rotating the eyepiece 
through a half circle. During this rotation, the target should 
remain centered on the cross-line; if this does not happen, 
then an adjustment is made using the four capstan screws 
located on the draw tube collar. 

5. Horizontal rollimation adjustment: The center fixed 
line is set in the line of collimation by the customary method 
of first making direct and reverse poin~ on a well defined 
distant object and then correcting for half the error (sum 
of D & R readings minus 360). The axial mirror, located 
at the intersection of the telescope and horiwntal axes, is 
adjusted using the two opposing capstan screws. Acces.s to 
the mirror is obtained by removing the cover plate attached 
by two milled screws. No adjustment is necessary if the 
error is 5 arc-seconds or less. 

6. Zenith point adjustment: The zenith point is the cor
rected reading of the vertical circle when the lin0-0f-sight 
of the telescope stands vertically. If the zenith point error 
(the vertical collimation) is greater than five arc-seconds, 
an adjustment is made in the following manner. The zenith 
distance of a distant-fixed object is observed in both cir
cle right and circle left positions and the mean zenith dis
tance computed. The index (Stemeck) level is centered for 
the two measurements. Next, the mean zenith distance is 
set on the reading micrometer and then coincidence of the 
vertical circle graduations is etTected by means of the vertical 
circle fine-adjustment screw. Finally the level bubble is 
centered in the vial using the level adjusting capstan screw 
located at the base of the level fixture. 

7. Setting circle adjustment: This adjustment should 
be made, if neces.wy, immediately after the zenith point 
adjustment, utilizing the vertical circle. Set the vertical 
circle to read some arbitrary value, preferably an even 
degree. Bring the setting circle to the same zenith reading 
as the vertical circle and then adjust the setting circle level 
bubble to the center of the vial. This completes the ad
justment. 

8. Horizontal axis adjustment: The horizontal axis must 
be perpendicular to the vertical (standing) axis. One bearing 
support (ocular side) is adjustable in height for achieving 
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this objective. With the alidade firmly clamped, the incli
nation of the horizontal axis is measured by reversing the 
hanging level. If the inclination is within two level vial gradu
ations, no adjustment is necessary. 

9. Hanging leiiel adjustnw11t: If the hanging level is not 
parallel with the horizontal axis, the level is said to have 
"wind." Wind falsifies the inclination correction and 
therefore must be removed. To test for wind, a cad is firmly 
attached to the level housing and the level lmembly is sJowly 
raised from the normal at-rest position. If the level bu~ 
ble moves in excess of two divisiom when the level is raised, 
an adjustment is required. The two laterally <>ppemng capstan 
screws located at one end of the level assembly are used 
for this purpose. 

10. Reticle adjustme111: The three center mart lines (Cl, 
C2, C3, fig. 2.5.3-1) define two paths an equatorial star will 
follow if the reticle is properly adjusted. If an equatorial 
star does not move parallel to these lines as it cros.a the 
field-of-view, an adjustment is made by mcam of the small 
capstan screw and the draw tube locking clamp. 

11. Tracking micrometer adjllStmalt: When the movable 
(tracking) line is in coincidence with one of the fixed reti
cle lines, the micrometer drum should read :zero, and the 
zero reference strip on the contact drum should just touch 
the spring loaded contact point. These adjustments, if 
required, are best made with the eyepiece micrometer 
removed from the telescope. To adjust the contact drum, 
first remove the round nut which secures the measuring 
drum using the spanner wrench from the tool box. Next 
the protective cover is opened and the small screw, locat
ed between the drum and the casing, is loosened by half a 
turn. With the movable line still in coincidence with the 
fixed (5th or 15th) line, the contact drum is rotated to the 
proper position and the screw tightened. The measuring 
drum is then set to read zero and the retaining nut is replaced. 

CAUTION: Excessive force must never be used in making 
any instrument adjustment. Screws should be tightened 
only to the point where moderate resistance is encountered; 
otherwise stresses are induced or, even worse, damage to 
the instrument may result. 

2.S.4.3 Determination of Instnunent Constants. 
The following procedures are used to determine instru

ment constants. 
l. Determination of equatorial wdw of tM mictomem: 

The approximate equatorial value of one revolution of the 
Wild T4 micrometer screw is 10.2 seconds of time. For both 
latitude and longitude observations it is not necessary to 
know this value more accurately because it is not used in 
the computations. A more precise value required for some 
special purpose may be obtained directly by a linear fit of 
the longitude observations using the method of l~t squares. 

2. Determination of nwtur widtlr of COttUICt strips: The 
contact strips and the associated contact point have a 
physical width which must be taken into account when 
reducing the longitude observatiom. The total eff cctivc width 
is understood to be the combined surf ace width of point 

and strip. It is further assumed that electrical contact is 
always made at the same place on the strip, independently 
of turning speed. The measurements for the determination of 
the contact strip widths are then made as follows: An 
ohmmeter is first attached to the outer two poles of the 
three-poled socket of the eyepiece micrometer. The 
ohmmeter function switch should be set to the highest re
mtancc range available. (NEVER USE EXTERNAL BAT
TERIES AND A VOLTMETER FOR THIS PURPOSE.) 
The micrometer screw is turned very slowly and is stopped 
at the instant that the meter needle deflects toward the 
low (zero) end of the scale. The micrometer drum is then 
read and recorded. Continue turning the micrometer screw in 
the same direction and again stop at the instant that the 
meter needle deflects toward the high (infinity) end of the 
scale. The micrometer drum is again read and recorded. 
The difference between these two readings gives the total 
width of the contact strip in temlS of divisiom of the microm
eter drum. This is repeated by always turning the screw in 
the same direction for all ten strips, and constitutes one 
determination. The two identification strips are not included 
iri the measurements. The mean of 10 such determinations 
will define the adopted mean strip width. It should be noted 
that this prescribed method for determining the width of 
the contact strips supersedes the method outlined for the 
Bamberg tramit, given in Omt and Geodetic Survey Spe
cial Publication 237, Manual of Geodetic Astronomy. 

3. Ddmttilllltioft of lost motion of the micrometer SCM11: 

A screw, such as used in the Wild T4 micrometer, has a 
certain amount of play when the direction of screw travel 
is reversed. Ideally, this lost motion should be measured 
at tracking speeds normally obtained in the stellar obser
vatiom. This requires elaborate equipment not usuaJly avail
able in the field; therefore, a simpler method of determin
ing the so-called static lost motion is employed. If the true 
lost motion is relatively small, then the static lost motion 
should provide a reasonable approximation of the desired 
quantity. 

The lost motion is determined at three different parts of 
the screw for each of three different z.enith distance set
tings. Measurements will be made at the fifth, tenth, and 
fifteenth line for zenith settings of 0, 45, and 315 degrees. 
The lost motion is measured in terms of the micrometer 
drum graduations by first bringing the movable line down 
(fig. 2.5.3-1) until centered between the double fixed lines. 
The micrometer is read and recorded, and after the mov
able line has been moved (down) past the the fixed lines 
the screw motion is reversed and coincidence is made from 
the opposite (up) direction. The micrometer is again read 
and recorded, and the difference between these two read
ings in the sense "down minus up" is the lost motion. Ten 
determinations of lost motion for each of the three fixed 
lines should be made at each zenith distance setting. 

2.5.4.4 Deternnation of Level Value 
The angular value of one division of the theodolite level 

vials should be determined by the Instrumentation and 
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Equipment Branch as part of the annual eqwpment main
tenance program. These determinations are made under 
controlled environmental conditions using a precision 
level trier. For a full discus.5ion of level trier determinatio~ 
see Special Publication 237 (p. 23). 

Field determinations of the level vials are currently 
restricted to the Sterneck level only. These determina
tions are made nightly, either inunediately before or inunedi
ately after the latitude observations. Figure 2.5.4-1 shows 
the proper arrangement of the field determinations. Fig
ure 2.5.4-2 shows the method of recording the level bub
ble position and the corresponding vertical circle reading. 
Temperature and barometric pressure must be recorded 
during the time of the determinations. Computations for 
the level value need not be made in the field. 

2.S.S Obsening Lists 

2.5.5.1 Latitude Star List 
Generally, the Astronomy and Space Geodesy Section 

provides a computer-generated star list from which suit
able stars can be selected. The field party should request 
needed lists no later than 3 weeks prior to their expected 
use. The request, in the form of a telephone call, should 
include the station name, approximate latitude, date 
of planned site occupation, and length of list in hours. Nor
ma!Jy a 6- to 8-hour list is adequate. 

Figure 2.5.5-1 is a sample list, similar to that used for 
field observations. The stars are grouped in pairs, giving 
the FK4 star numbers, magnitudes, times of local transit, 
direction of star (north or south) and eyepiece (east or 
west), circle settings for both ocular positions, and the 
difference in declinations of the star pair. 

As seen in the sample list, a particular star may be paired 
with more than one other star. Caution must be used to 
ensure that all pairs selected for observation are unique. 
Since each pair of stars will not generally fo!Jow one after 
the other in time, the notekeeper should use some means 
of identifying the stars so that they may be quickly found. 

2.5.5.2 Longitude Star List 
These lists are genera!Jy compiled by the field party in a 

form similar to figure 2.5.5-2. Columns I through 4 con
tain information taken directly from the Apparent Places 
of Fundamental Stars. Columns 5 and 6 contain the zenith 
distance and A factor, respectively. 

2.S.6 Obsening Procedures 

2.5.6.1 General 
The quality of astronomic observations depe~ on many 

factors, most of them contro!Jable by the observer. Data 
of the highest quality can be obtained only by taking all 
precautions needed to ensure that the instrument is correctly 
adjusted and firmly supported for maximum stability, and by 
following correct observing procedures. The observer's phy
sical and mental attributes are equally important in 
maintaining the high level of concentration and dexterity 
required for the observations. 

2.5.6.2 Equipment Setup 
The equipment should be removed from the vehicle and 

the transport boxes opened upon arrival at the station site. 
This will allow adequate time for the equipment to adjust 
to ambient temperature before beginning the observations. 

I \ 

I I 
,) 

I th-~ ~ --i--- ~ ~~ I I I I I 
I 
I 

50 40 30 20 10 0 110 120 130 140 150 

Arrangement of Level Vial Determinations 
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25.0:!: 1 
20.0:!: 1 
15.0:!: 1 
10.0:!:1 
05.0:!:1 
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22.5 :!: 1 
17.5 :!: 1 
12.5 :!: 1 
07.5 :!: 1 

Read 
(div) 

up H 

105.0 :!: 1 
110.0 :!: 1 
115.0 :!: 1 
120.0 :!: 1 
125.0 :!: 1 

up 3) 

107.5 :!: 1 
112.5 :t 1 
117.5 :!: 1 
122.5 :!: 1 

Bubble Moves from 
Right to Left 

Read 
(d iv) 

Read 
(div) 

(Group 2) 

125.0 :!: 1 05.0:t 1 
120.0 :t l 10.0 :!: 1 
115.0 :!:1 15.0 :!: 1 
110.0:!:1 20.0 :!: 1 
105.0:!: 1 25.0 :!: 1 

(Group 4) 

122.5 :!: 1 07.5 :!: 1 
117.5 :!: 1 12.5:!: 1 
11 2.5 :!: 1 17 5 :!: 1 
107.5 :!: 1 22.5 :!: 1 

Figure 2.5.4-1.-Collimation level as viewed from imtrument eyepiece. 
(Tabular data show the proper arrangement of the field determination) 
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DETERMINATION OF LEVEL VALUE WITH VERTICAL CIRCLE 
(NOTE: INITIAl. BUBBLE LENGTH SHOULD BE APPROXIMATELY 30 DIVISIONS) 

I 2 3 4 5 6 1 e 9 1 o 11 12 13 14 15 16 11 18 19 20 21 22 23 24 2s 26 21 28 I 
LOCAL DATE 

STATION NAME M D y 

OBS. REC. INST. TYPE & SIN 

TEMP (1ST) PRESS (1ST) TEMP (2ND) PRESS (2ND) 

LEVEL READINGS CIRCLE READS 

LEFT RIGHT MIC(2) 

I 2 3 4 s 7 8 9 10 11 13 14 15 16 18 19 20 21 23 24 2s 26 21 28 I 

Figure 2.5.4-2.- Form used to record the level bubble position 
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725 
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4.25 18 54 45.32 
3.24 19 29 57.23 

4 . 25 18 54 45.32 
5.45 19 42 55.43 

3.30 18 58 13.86 
4.46 19 15 42.41 

3.30 18 58 13.86 
5.02 19 43 35.38 

4.21 18 58 45.53 
6.46 19 25 26.04 

3.02 19 4 32.1 2 
6.46 19 25 26.04 

5.13 19 6 37.32 
4.8~ 19 31 3.84 

!.13 19 6 37.32 
4e03 19 55 35.50 

3 .24 19 12 33.0 9 
3.44 19 24 32.34 

4.46 19 15 42.41 
4.85 19 31 3.84 

5.14 19 16 55.40 
6.46 19 25 26.04 

3.98 19 16 39.73 
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SE 357 7 
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SE 358 .5? 
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SE 341 53 
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SW 7 36 
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NE 2 33 
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SW 20 29 
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SW 21 41 
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NE 0 32 
SW l 7 

NE 0 32 
SW 0 30 

NE 32 5 
SW 32 27 

NE 2 33 
SW l 7 

s w 2 3 58 
NE 2 2 27 

NE l 7 47 
sw 18 6 

Figure 2.5.5-1.-Example of computer-generated latitude star list 
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After selecting the instrument site (section 2.5.2.2), the 
adjustable aluminum tripod is temporarily positioned 
over the mark with the flat side north. After marking the 
location of the tripod legs, remove the tripod and dig three 
boles approximately 6 to 12 inches deep (the depth depends 
on soil conditions), and approximately I 0 to 12 inches in 
diameter. If spiked metal plates are used, they are to be 
firmly implanted in the holes, using a heavy maul; otherwise, 
a wet mix of plaster of paris is used to provide the neces
sary tripod base by filling each hole with a minimum of 4 
inches of plaster. The tripod is then repositioned over the 
mark within 1 centimeter or l~. The tripod le~ are bonded 

to the bases by pouring liberal amounts of plaster around 
each leg. If a plaster base is used, allow adequate time for 
curing before the final positioning of the tripod. 

The weight of an observer moving about the instrument 
can seriously affect the stability of the instrument; there
fore, duckboards must be used whenever possible to min
imize this effect. Generally three boards, capable of safe
ly supporting 250 pounds, are used in a triangular pattern 
around the instrument tripod. Three cross beams, ap
proximately 3 to 4 feet in length with 4-inch square blocks 
attached at each end are used to support the duckboards. 
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Figure 2.5.5-2.-Example of longitude observing list as compiled in the field from Apparent Places of Fundamental Stars 

After setting up the instrument and making the neces
sary electrical connections, all circuits should be checked 
for proper operation. The required theodolite adjustments 
(section 2.5.4.2) are checked and corrected as necessary. 
Make sure all bearing surf aces are clean and the oil film 
removed. Attach the hanging level so that it is centered on 
the telescope axis and is ~itioned to the observer's left 
when facing the micrometer eyepiece. The Stemeck level 
assembly is mounted firmly by hand tightening the two cap
tured milled screws. The high numbered graduations on 
the vial should be to the observer's right when facing the 
micrometer eyepiece. 

2.5.6.3 Setting the Otronometer 
There are two timing systems required for the proper 

operation of the astronomic party: a standard mechanical 
sidereal chronometer for providing the approximate times 
of local stellar transits and a Datametrics time printer system 
for the precise timing of the lat itude and longitude ob
servations. 

The mechanical chronometer is set by the customary 
method of computing the local sidereal time for a selected 
instant of mean solar time and then setting the chronome
ter to this sidereal value. 

The following example gives the steps for computing the 
local sidereal time (I.SI) given the date and the observer's 
longitude. If necessary, the longitude scaled from a suitable 
map will suffice for this purpose. 

It is desired to compute the lST corresponding to a urc 
of Q2h 33m ()(}S on October 2, 1982, at 77 • 32' 41" west 
longitude. 

02h 33m 00' UTC 

25.134 Cor., sol. to sid. time (APFS, table Ill). 
()() 41 32315 Sid. time at 0 hr U.T. (APFS, table II) 

03 14 51. Grccnwich sid. time (round to second) 
05 10 11. longitude in time (round to second) 

22 04 46. LST 
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Although it is not essential to the accuracy of the ob
servations, it is recommended that the Datametrics time 
printer system be set (or synchronized) to the radio time 
signal using the following procedures: 

1. Postion power switch S l to + 24 VDC and the power 
switch S2 to ON. Power lamp 11 should be on. If it is not, 
check cables for proper connections. 

2. Paiition display switch SlO to ON and preset the desired 
UTC hours, minutes, and seconds on the display using 
switches SS thru S9. Seconds are set to read zero. 

3. Position control switch S3 to OFF. 
4. Connect the radio cable to input plug Jl l. 
5. Set switch Sl 1 to WWV SYNC position. TICK lamp 

will flash on receipt of 1-second time pulses. 
6. While listening to the time announcements, turn control 

switch S3 to EXT during the last (59th) second preceding 
the p~t time. On receipt of the next I-second pulse, the 
time system will automaticaJJy start. 

2.5.6.4 Placing Imtrument in the Meridian 
There are two general methods for placing the instrument 

in the local meridian with an accuracy of l second of time 
or better. The most expedient method utiliz.es the pole star 
tables in the Astronomical Almanac (figure 2.5.6-1) pre
pared by the U.S. Naval Observatory, Washington, D.C. 
These tables give data for obtaining the altitude and azi
muth of Polaris for all hour-angles and northern lati
tudes. The azimuth is measured from north, positive to the 
east and negative to the west The six tabulated quantities, 
aO, al, a2, referring to the correction to altitude, and bO, 
bl , b2, to the azimuth, are given to a precision of 0.1 arcr 
minute. The altitude and azimuth are obtained by the fol
lowing expressions using local sidereal time, latitude, and 
month of year in the same vertical column of the appro
priate pole star table. 

Altitude=latitude-(aO+al +a2) 

Azimuth=(bO+bl + b2) secant (latitude) 

The instrument is first accurately leveled and adjusted 
for collimation. If the pole star cannot be identified by the 
naked eye, then it will be necessary to search for it with 
the aid of the instrument. In this case compute the star's 
altitude from the tables and obtain the zenith distance by 
subtracting the altitude from 90 degrees. Set the zenith 
distance in the setting circle and center the setting circle 
level by elevating or depressing the telescope. Clamp the 
telescope after centering the level bubble and scan the north
ern sky by slowly rotating the theodolite until the star is 
located. Bisect the star, recording the local sidereal time 
at the instant of bisection and compute the azimuth from 
the pole star tables. Without moving the telescope, set the 
computed azimuth on the horizontal circle and then rotate 
the instrument until the horizontal circle reads zero. The 
instrument should be in the meridian within 15 ~nds. 

nm is verified by again pointing on the pole star, this time 
measuring the horizontal direction with the theodolite 

and comparing the measured and computed values. Repeat, 
if necessary, to achieve the 15 arc-second requirement. 

The following procedure should be used to place the 
instrument in the meridian when the pole star cannot be 
utilized. Select from the APFS catalog a bright star, pre
f erably 2.0 magnitude or less, that is near upper transit 
and record the mean time of transit. The tabulated mean 
place in right ascension is adequate for this pUI'J)aie. Locate 
the star in the telescope I or 2 minutes prior to the time of 
local transit. Keep the star bisected with the cross-lines 
until the instant of transit by rotating the theodolite in 
azimuth with the slow motion tangent screw. The instru
ment should be in the meridian within an accuracy of 5 to 
10 seconds of time. The final placement of the instrument 
in the meridian is made as follows: Select two stars, with 
azimuth factors of 0.5 or greater, one north and one south 
of the zenith, that will transit l to 5 minutes apart. Record 
the time of transit for each star. Write the following equa
tion for each star: 

T + Aa-(a-t)=O, 

where 

T =chronometer correction, 
A=azimuth factor, 
a=azimuth of collimation axis in seconds of time, 
a=right ascension of star 
t=chronometer time of transit. 

By subtracting one equation from the other, T cancels 
out and the azimuth [a] may be computed directly. If the 
computed value of [a] is positive, the telescope pointing 
north is too far to the west and if negative, too far to the 
east Follow the same circle setting and instrument rota
tion procedures given for the pole star method. Repeat the 
observations until an azimuth of l second of time or less 
has been obtained. 

2.5.6.5 Radio-Cbrooometer Comparisom 
Radio transmissions from the National Bureau of 

Standards' stations WWV and WWVH are the most often 
utilized for these comparisons. Time signals are broadcast 
on standard frequencies of 2.5, 5, 10, l 5, 20, and 25 MHZ 
by WWV and 2.5, 5, l 0, and 15 MHZ by WWVH. These 
broadcasts are continuous through 24 hours, except for short 
silent periods. The silent period for WWV begins at 45 min
utes l 5 seconds after each hour and ends at 49 minutes 15 
seconds; that of WWVH begins at 15 minutes and ends at 
19 minutes after the hour. Other radio stations that broadcast 
coordinated standard time, such as CHU in Canada, may 
be used if conditions warrant. 

The Datametrics chronometer comparison is made by 
tuning the radio receiver to one of the above frequencies, 
adjusting the volume to the proper level and depressing 
the PRINT WWV switch S 15. Fifteen or twenty usable 
1-second time records should be obtained, beginning a few 
seconds before the 60th 1-second pulse. Upon receipt of 
the 60th pulse, mark the printed chronometer time by brack-
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1356 POLE STAR TAGLE, 1981 
L.S.T. o• ,. 2• ,,. ... s• 

an hn no hn no ho no "" no "" "n ho 
m 
0 -41·1 1-27·2 -46 ·8 ~ IS ·S -49· I I 2·6 -48· 1 - 10·4 -4J ·8 -:?2-7 - .16·4 -33 ·3 
J 41 ·S 26·6 47·0 14 ·8 49·2 2·0 48 ·0 11 ·0 4J·S :?J "' JH JH 
6 41 ·8 26· I 47 · I 14·2 49 ·2 I ·3 47 ·8 11 ·7 4J · I 23 ·11 JS ·S 34·3 
9 42·2 2S ·S 47·J 13·6 41)·2 • 0 ·7 47.7 I 2·J 42-H 24 ·4 JS-0 JH 

12 42-S 2S·O 47·S 12·9 49·2 O·O 47· s 12"J 42· s :?S ·O 34 ·6 H ·2 

IS -42-8 ... 24 ·4 -47·7 •· 12·3 -49·2 - 0·7 -47'3 - IH -42·2 · - 2S·S -J4·1 -Js-7 
18 43 · I 2H 47·8 11 ·7 49·2 I ·3 47· I 14·2 41 ·8 26· 1 JH J6· I 
21 43-S 2J·3 48·0 11 ·0 49·2 2·0 47·0 14 ·8 41 ·S 26·<> 33-2 36·5 
24 43'8 22'7 48 · I 10·4 49·1 2·6 46·8 I S·S 41 ·I 27·2 J2'7 37-0 
27 44·0 22· I 48 ·2 9-8 49·1 3·3 46·S 16·1 40·8 27-7 JN JN 

JO -44·3 +21·S -48·4 .. 9·1 -49·0 - 3 9 -46·3 -16·7 -40·4 - 28·3 -31·7 -37-8 
JJ 44·6 20·9 48·5 8-S 49·0 4·6 46·1 17-3 40·0 28·11 JI ·2 38-2 
J6 44·9 20·J 48·6 H 48·9 Vi 45 ·9 17'9 J9 ·7 29".l J0·7 JB-6 
J9 4S· I 19'7 48·7 7·2 48·9 H 4H IM J9·J 29·8 30·2 J9·0 
42 45·4 19·1 48·8 6·5 48-8 6·5 45·4 19·1 J8 ·9 30·4 29·7 J9·4 

4S -45 ·6 + 18-S -48·9 ... S·9 -48 ·7 - 7-2 -45· 1 -19·7 -JM -30·9 -29·2 - 39-8 
48 45·9 17·9 48·9 Vi 48 ·6 H 44·9 20·3 J8·1 J 1-4 28 ·6 40·2 
Sl 46·1 17'3 49·0 4·6 48-S 8·5 44·6 20·9 JM JI ·9 28· 1 40·6 
S4 46·J 16·7 49·0 H 48·4 9· 1 44·3 21 ·5 JM 32-4 27-6 40·9 
S7 46·5 16· 1 49·1 Jo) 48·2 9-8 44 ·0 22· I 36·8 32-9 27·0 41 ·3 
60 -46·8 +15·5 -49· 1 ..I... 2·6 -48· 1 -10·4 -43'8 -22'7 -36·4 -33'3 -26·S -41 ·6 

Lat. a, b, a , b, a, b, a, h, a, b, a1 b, 
0 

0 - · I - ·J ·O -·2 ·O +· l ·O .,...3 - · I -·4 - ·2 ' - ·4 
10 - · I -·3 ·0 -·l ·O +· I ·0 "- ·2 - · l -·J -·2 -·4 
20 -·I - ·2 ·O - · I ·O ·O ·O "-·2 -·I -·3 -·2 -·) 

JO ·O -·2 ·0 - · l ·O ·O ·O +· I - · I - ·2 - · I -·2 

40 ·0 - · I ·0 ·0 ·O ·O ·0 -·I ·O -·I -·I - · l 
4S ·O - · l ·0 ·0 ·O ·O ·O ·O ·0 - · I ·0 -'- · l 
so ·0 ·0 ·0 ·O ·O ·O ·O ·0 ·O ·0 - .o ·0 
SS ·0 +·I ·O ·O ·O ·O ·0 - · I ·0 -·I ·0 - · I 

60 ·O + ·I ·0 +· l ·O ·O ·O - · I .,- · I - ·2 - · I -·2 
62 ·O +·2 ·0 -'-·I ·O ·O ·O - ·2 "-· l - ·2 - · I -·2 
64 +· l +·2 ·0 + · I ·O ·O ·0 - ·2 - · I - ·3 - ·2 - ·J 
66 + ·I + ·3 ·0 +· I ·O - · I ·0 -·2 -·I -·) - ·2 -·4 

Month Oz bi 02 bi 02 bi 112 b: a: bi Oz b! 

Jan. +·2 +·2 + · I +·2 +·I +·3 ·O "- ·J - · I - ·3 - · I - ·2 
Feb. +· I ·O +· I +· l +·I +·l +· I "-· I ·0 - · l ·O - · I 
Mar. ·O ·O ·O ·O ·O ·0 ·O ·0 ·O ·O ·O ·O 

Apr. -·2 ·O - · I -·I - · I -·I - · I -·I -·I - · I ·O - ·2 
May -·) + · I -·) ·0 -·3 - · I -·2 - · I -·2 -·2 -·I - ·2 
June - ·3 +·2 -·4 + · I - ·4 ·0 - ·4 - · I -·3 - ·2' - ·3 - ·3 

July -·) + ·4 - ·4 + ·3 -·4 -'- ·2 -·S -'-·I - ·5 -·I - ·4 - ·2 
Aug. -·2 + ·5 - ·3 + ·4 - ·4 + ·l -·5 -'-•2 -·S - · I - ·S ·O 
Sept. ·0 +·6 - · I + ·S -·l +·S - ·4 -'-•4 - ·S -·3 - ·S -'-·2 

Oct. + ·2 +·6 ·O +·6 - · I + ·6 -·) "-· S - ·-4 -·S -·5 +·l 
No.,, +·4 + ·S +·2 +·6 +· I +·6 - · I -'-·6 - ·2 -·6 - ·4 -'- ·S 
Ore. +· 5 +·4 +·4 +·S +·2 -'- ·6 -'-·l "-•6 -·I -·6 -·2 -'- ·6 

Latitude - Corrected observed altitude or Polaris -'- ao -'- 01 -'- a: 
Azimuth or Polaris • (bo + bi + bz} sec: (l;uitudc) 

Fagure 2.5.6-1.-A sample pole star table taken from the Astronomic"1 Almanac, 
published by the us. Nam Observatory 
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eting the seconds and note on the record the lITC time as 
given by voice announcement. 

Figure 2.5.6-2 shows a sample record of a radio-chron
ometer comparison. The chronometer time, corresponding to 
the announced radio time, is obtained by simply averag
ing the fractional part of the seconds. Any recorded extra
neous signals, such as static, should be lined through to 
minimize the chance of inadvertently using them in the 
averaging process. 

2.5.6.6 Directions for Obsening Latitude 
After the necessary theodolite adjustments have been 

made and the theodolite placed in the meridian, a radio-

Star 

0450 
0 4 !5 8 

e • s:e 
0.4' ~ 
o 4 , -e 
0458 
0459 
0458 
0 4 c; 8 
o 4 5 ·0 
0450 
0 4 5 0 
0 4 ; 8 
0458 
0458 
0458 
0458 
6450 
0458 
0458 
0458 
0458 
0458 
04~8 

0458 
o' 5·e 
0458 
0458 
0459 
0458 
0458 
0458 

day hr min seconds 0,.., 
•"' '+lr A,-. i11- . "·'" r <' '- · 

1 1 9 0 2 ·5) 1 0 .9 5 3 

1 1 9 02 §J 1 0 •• 0 7 

1 1 9 02 93 0 9 .9 1 * 
1 1 9 02 53 
1 1 9 
1 1 9 
1 1 9 

02 53 
02 5) 

02 53 

0 9 .o 0 1 

0 8 .o 0 ' 
0 7 .o 0 1 

1 1 9 0 2· ' 3 0 6 .o 0 1 

1 1 9 0 2 

1 1 9 0 2 

1 1 9 0 2 
1 1 9 0 2 

1 9 0 2 
1 1 9 0 2 

1 1 9 0 2 
1 1 9 0 2 
11 9 0 2 
1 1 9 0 2 
11 9 0 2 
11 9 0 2 

1 1 9 0 2 

5 J 0 5 .o 0 1 

5 3 0 4 .o 0 1 
5 3 o 3 .a o 1 

5 3 0 0 w?? '7 
5 3 0 0 .J 8 9 L. 
53 (oo .001)s~,. 
5 2 5 8 .o 0 0 
5 2 5 7 .o 0 0 
5 2 s ~ .a o 1 
5 2 5 5 w3 9 3 
5 2 5 5 .o 0 0 
'2 5 4 .o 0 1 
5 2 5 3 .o 0 1 

1 1 9 0 2 ' 2 5 2 .o 0 1 
1 1 9 0 2 . ' 2 5 0 .9 9 9 

1 ' 9 0 2 ' 2 4 9 .7 4 ' 
1 1 9 0 2 5 2 4 9 .o 0 0 

1 1 9 o 2 5 2 ' e .o o o 
1 1 9 0 2 5 2 4 7 .o 0 0 

1 1 9 0 2 ' 2 4 6 .o 0 0 
1 1 9 0 2 5 2 4 5 .o 0 0 

1 1 9 0 2 5 2 4 4 .o 0 0 

119 02 52 

1 1 9 0 2 3 2 

ol 

SJ 

4 3 .o 0 0 

4 2 .o 0 0 

oo. 

00, UOOS" 

Figure 2.5.~2.-Sample record of 
radi~onometer comparison 

chronometer comparison is made. Ten I-second print 
records are sufficient. 

The zenith distance for the first star to be observed is 
set in the setting circle and the telescope tilted until the 
setting circle level bubble is centered. The telescope is 
clamped and then the setting circle is reset to locate the 
star after theodolite reversal. The movable line is positioned 
at the sixth or fourteenth turn, depending on the position 
of the eyepiece. As the star approaches the movable line, 
carefully bisect the star with the fixed vertical line, using 
the vertical slow motion screw. As the star Cros.5eS the mov
able line, record the time of crossing on the time printer 
system by depressing the hand held transit switch. 

Read the Stemeck level, left and right ends of the bub
ble as seen from the micrometer eyepiece, and then read 
the vertical circle. The theodolite is then reversed precisely 
180 degrees and the observational sequence repeated on 
the same star after meridian transit. 

These observational procedures are repeated until the 
required number of stars have been observed. 

The pooition of the movable line must never be changed 
during the observations on a particular star. 

2.5.6. 7 Directions for Observing Longitude 
Before beginning the observation program, check to see 

that all electrical connections are functioning proper
ly. Check the micrometer transit circuit for proper operation 
by turning the tracking wheel through a partial revolution. If 
the circuit is functioning correctly, a series of time records 
will be printed by the Datametrics time printer. Make sure 
synchroniz.ation switch S 11 is in the DC pooition for this 
purpose. Check the theodolite for level and verify that all 
adjustments are within acceptable limits. 

Begin the observation program by making a radio
chronometer comparison. Twenty usable I-second print 
records should be obtained. 

The zenith distance, or the explement of the zenith dis
tance, depending on the eyepiece position, is set on the setting 
circle and the telescope is tilted until the setting circle level 
bubble is centered. The telescope is clamped in pooition 
and the zenith setting, oppooite to the first setting, is set 
on the setting circle so that the setting is ready for the 
reversed position of the theodolite. The movable line should 
be moved to a pooition slightly below the fifteenth line for 
eyepiece west, or slightly above the fifth line for eyepiece 
east. The star's image will enter the field of view from the 
apparent bottom for eyepiece west and from the apparent 
top for eyepiece east. As the star enters the field of view, 
approximately 1.5 minutes before upper transit for an equa
torial star, pooition the image near the center fixed line 
using the telescope's vertical slow motion screw. When the 
star reaches the movable line, begin tracking the star, always 
bisecting the image, through three complete turns of the 
micrometer. The hanging level is then read, west end of 
the bubble first and then the east end. The theodolite is 
reversed 180 degrees. When the star reaches the movable 
line it is tracked through the same three turns in reverse 
order. The hanging level is again read as before. This pro-
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cess is repeated until the required number of star sets have 
been observed. 

At the end of each set of observations, a radicrchron
ometer comparison should be made and the theodolite 
releveled, if necessary. Never relevel the theodolite with
in a set of observations because this could introduce an error 
in the set longitude. 

2.5. 7 Field Records 

2.5.7.1 General 
Two NGS fonns, figures 2.5.2-1 and 2.5.7-1, have been 

developed for astronomic observations, providing both an 
orderly arrangement for recording the observational data 
and a rigid structure for the expedient conversion of these 
data to machine readable fonn for processing. 

Data fields are delineated by heavy lines and each field 
Labeled for specific data entry. As a general rule, alpha
numeric data, such as station name and instrument serial 
number, are entered left justified and tOO;e for numeric data 
are right justified. Left justified means that data entry must 
begin in the first column of the designated field and right 
justified means that data entry must end in the last column of 
the designated field. The use of leading zeros simplifies 
entry of right justified data. For example, a zenith distance of 
6' 4' 5."2 would be recorded as 006 ' 04' 05."2, which fills 
all columns of the field and automatically provides right 
justification. 

The importance of accurate and legible data records can
not be overemphasized. Sloppy and poorly fonned numbers 
can render the ma;t precise observations useless. All record
ing should be done in ink, preferably using a fine-line ball 
point pen. As the observer reads the data, the notekeeper 
should record this infonnation and then read the recorded 
values back to the observer for verification. Errors are 
corrected by lightly striking through the erroneous entry 
and entering the correct value directly above the one marked 
through. Even though the recording forms are essentially 
self-explanatory, the following comments should provide 
additional clarity. 

It will be necessary to abbreviate the station name if it 
is longer than 25 characters. The accession number and 
level value fields, which are not usually available to the 
field party, should be left blank. The space for recording 
the eccentric measurements should never be left blank. 
(Enter zeros if there is no eccentricity.) Be sure that cor
rect unit codes are assigned to the temperature and pres
sure readings. A "C" or an "F' for Centigrade or Fahren
heit and an "I" or an "M'' for inches or millimeters. Remarks 
concerning any unusual conditions should be made at the 
bottom of the fonns. 

2.5.8 Computations 

2.5.8.1 General 
The computational requirements for the astronomic party 

have been greatly reduced with the advent of high speed 
computers, improved timing systems, and rapid communica
tions between office and field. 

2.5.8.2 Latitude Computations 
The only computations required in the field for latitude 

detenninations are those discussed in this chapter. 

2.5.8.3 Longitude Computations 
In addition to the longitude computations discussed in 

this chapter, the mean transit times of the stellar observations 
must be computed and entered on the longitude record and 
coding fonn (fig. 2.5.2-1). 

The Datametrics chronometer records are first marked 
for each star as illustrated in figure 2.5.8-1. Note that the 
"before transit" times are numbered in ascending order 
and the "after transit" times are numbered in descending 
order. This numbering sequence should be followed with
out exception. 

Referring to the chronometer times as "breaks," select 
21 breaks before transit and 21 corresponding breaks after 
transit; then compute the mean time of transit and enter 
this on the longitude fonn. In practice it is easier to com
pute separate means of the "before" and "after" transit 
times and then divide the sum of the two means by 2. 

All computations must be independently checked by a 
different party member. 

2.5.9 Data, Records, Reports 

2.5.9.1 General 
Routine reports that are required of all field parties are 

discussed in chapter 1.6. General procedures covering data 
transmittals are discussed in chapter 1.7. 

2.5.9.2 Station Descriptions 
A recovery description (NOAA form 75-82) is required 

for each station visited by the astronomic party. The con
dition of the station and reference marks should be noted, 
and any other inf onnation pertinent to the preservation of 
the monuments should be recorded. 

2.5.9.3 Data 
All data relative to the site observations should be for

warded to headquarters as soon as possible. The station 
name and date of occupation must be written on each record 
submitted. A rubbing of the station disk should be made 
on bond paper and submitted with the data. 

2.5.9.4 Monthly Report and Journal 
The Monthly Report and Journal (NOAA fonn 76-92) 

must be completed and received by N/CG161 no later than 
the 10th of each month. The report should give the number of 
stations observed and the number of days loot due to travel 
time, bad weather, illness, and other reasons. 

2.5.9.5 Projects Report 
An annual project report is submitted at the end of each 

fiscal year by the astronomic party to N/ CG161. See Special 
Publication 247 for details. Figure 2.3.11-1 shows an ex
ample of a project report cover. 
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LATITUDE RECORD & CODING FORM 

I 1 l • s • , I t ,. 11 11 11 t • tS •• ,, , , , , 10 21 lZ D 14 2' 2' 11 • ll lO ,, » :a 3t l!t JI J7 .. .. 40 <111 4.2 4.3 .. u ,.. •1 .. • 50 

STATION NAME 
STATE 
CODE INST. NO. CHRON. NO. 

1 I I I I I I I I I I I I I I I I I I I I I ......_._~_..._.__._-----_..........._..........--...__.__.__. ............... I [i] I I I II I I I I I I I I I I 
OBSERVER RECORDER ACCESS.NO. DISTANCE 

AZI (North) 

2 I I I I I I I I I I I I I I I I I I I 1 I I 
LEVEL 

<b • • /\ VALUE 

31.-:-l[i]~ WJl.11 11111 
~D ~D ~ ...........__._ UTC CHRONOMETER 
YY MMDD YY MMDD ~ h m s 

4 11 111· 11 I I LLuJ ww~l1 ............ 1 ........... 

h m s 

[i] [i] l..._._1 ............ 1 ......._. 

[j] w _I 1_1~ [i] [LJ _I 1_1~ 
CIRCLE READING LEVEL TIME OF OBSERVATION 

STAR II NIS EJW L R h m s TEMP/PRESS 

5 

6 

5 

6 
....................... -t 

5 
~ .................... 

6 
.................... -! 

s ........................... 
6 
~ .................... 

5 
~ .................... 

6 
.................... -! 

s ............................. 
6 

.................... -t 

s 
~ ..................... 

6 
~ .............. -! 

s 
.................. -I 

6 

5 

6 
................... -I 

5 
.................. -I 

6 ............................ 
s 

......... ...._._-4 

6 

Figure 2.5.7-1.- Latitude record and coding form 
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1 2' 8 I 2 1 0 0 :J 1 I 7 .6 7 4 · 

t 2 ' a 1 2 1 o o ) 1 ' ' ,e • "~o 
12'8 1 2 I C 0 ) 1 1 6 .) 2 Uo 

1 2' 8 1 2 1 0 0 ) ·1 ' ' c9 4) ~A 
1 2 5 8 1 2 I 0 0 ) 1 1 5 •. 2 8 6 z.' 
1 2 5 8 I 2 I 0 0 ) 1 I 4 .o 4 4 i, t 
1 2 5 8 1 2 I 0 0 ) 1 I 2 .a ) ) l.7 

1 2 5 8 1 2 1 0 0 ) 1 1 I .6 8 8 l<.. 
1 2 5 8 1 2 1 0 0 ) I I 0 .4 I 7 Ir 
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1258 121 00 )I 06 .768Z~ 
125S 121 00 )1 05 .520l.I 

' 1258 121 · 00 )1 84 u7:34Z.O 

1 2 5 8 1 2 I 0 0 ) 1 0 4 .4 0 6 l • 
1 2 5 s 1 2 1 o o J 1 e J ,9 s t 7 o 
1 2 ' 8 1 2 1 0 0 ) 1 0) .2 1 1 ,, 

1 2 5 e .1 2 1 o o ' 1 o 1 .9 6 s 18 
1 2 5 8 1 2 1 0 0 ) 1 0 0 .8 I 7 /? 
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125 8 1 2 1 0 0 ) 'O 4 1 ,9·; 6 'ZA 

1258 121 00 3_.o_· 51 ~>1~!' 
I 2 5 8 1 2 I 0 0 3 0 4 9 .9 5 2 i 
1258 121 00 )0 48 .703"7 
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1 2 ,.8 1 2 1 o o :Jo· 4 6 ·' 2 J s 
1258 121 00 )0 ,, .1)9~J 
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1 2 5 8 I 2 I 0 0 3 2 ) 7 .8 1 4 

I 2 5 8 1 2 I 0 0 3 2 ~ 7 u I • • ~o 
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I 2 5 8 I 2 1 0 0 ) 2 ) 6 12 2 e '7~ 
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I 2 5 8. 1 .2 I 0 .0 ) 2 2 8 .3 l 9 "'7 
12,8 121 00 )2- 27 .1888 
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1 2 ' 8 1 2 1, 0 0 ) 2 2 ' u2 2 }' %1> 
1258 121 00 )2 24 .78)/0 
1258 121 00 )2 i4 1)91.r~ 
1 2 5 8 1 2 1 0 0 ) 2 2 ) .4 8 6 I/ 
1 2 5 8 1 2 1 0 0 l 2 2 2 .J 1 0 It 
1 2' e 1 2 1 o o '2 2 1 .1 J 9 /l 

2.S-15 

1 2 5 a I 2 1 0 0 ) 2 I 9 .9 2 5 /'f 
1 2 5 B 1 2 1 0 0 l 2 I 8 .6 J 2 IS 
1258· 121 00. )2 17 .517/, 
1258 121 00 )2 16 .10217 

1 2 5 e 1 2 1 o o ' 2 1 ' .o • o 18 
1 2 5 a 1 2 1 o o ::s 2 1 ' .a 5 5 11 
1 2 ' e 1 2 , o o J 2 • J ,e ' r ro 
1 2' 8 1 2 ' 0 0 ) 2 1 2 .6 ' 2 l• 
., 2 ~ 8 ' 2 1 0 0 ) 2 • t • , 9 .. 3 b 

t25B 1 21 do )_2 11 •. 506tl 
1 2 ' 8 1 2 , 0 0 ) 2 1 0 .2 5 .) u 
1 2 5 8 . 1 2 ; 0 0 ' 2 0 8 .9 9 .6 u 
1 2 58 1 2 ; 0 0 '2 0 7 .s ) 5 i11 
' 2 5 8 t 2 t 0 0 ) 2 0 6 .6 ' 9 tf 
.1 2 5 e 1 2 1 0 0 ) 2 0 5 .3 9 J H, 

1 2 ' s 1 2 1 o o ' 2 o • . • 2 2 o n 
t 2 5 0 1 2 1 o o J 2 o 2 .9 e 1 t t 
125 e 1 2; o o J 2 0· 1 .161 l' 
t 2' 8 1 2 1 o o i 2 ~ e ,o o rlO 
, 2 5 8 1 2 1 0 0 j 2 0 o, ., 7 ' t 0 

1258 121 00 )1 •P 19'P .. J'O 
t 2 5 8 1 2 1 0 0 ) 1 5 9 .5 6 I 

IH>ofT£P 

o o ~Z. )7 .'i13 

00 !• .S7. 177 

Figure 2.S.8-1.-Star tracking record 



2.6 GRAVITY SURVEYS 

NGS performs gravity surveys to aid in the computation of the undulation of the geoid and the 
deflection of the vertical, to maintain the vertical network, to provide space system support, to satisfy 
outside requests for point gravity values, and to monitor surf ace motion due to phenomena such as ground 
water withdrawal. Discrepancies caused by gravity anomalies can be minimized by using observed or 
interpolated gravity values. 

This chapter gives the party structure, spacing requirements, instruments and equipment, observing 
procedures, field computations, data, records, and reports. Use of gravity data is discussed in Specifica
tions to Support Classification. Standards of Accuracy, and General Specifications of Geodetic Con
trol Surveys (revised 1980). 

2.6.1 Party Structure 

NGS has one gravity survey party consisting of one 
surveying technician. This technician is responsible for 
observing gravity along designated leveling lines and 
performing field computations on the observed data. 

2.6.2 Accuracy Requirements 

2.6.2.l Gravity Base Stations 
The primary purpose of a gravity base station is to prcr 

vi de an accurate absolute gravity reference on which to 
base relative regional gravity surveys. 

1. Geographic Position Accuracy. Scale geographic 
positions as accurately as pa;sible from available large-scale 
maps. The position should be scaled to within 180 meters 
(about 6 seconds) and entered on the "Bench Mark Descrip
tion" (NOAA Form 76-186). Use published positions if 
available. 

2. VertiCIJI Accuracy. If published elevations are not avail
able, scale the elevation from available maps. The eleva
tion should be accurate to 3 meters when scaled from 
7\.7-minute or 15-minute topographic maps. 

3. Gravity Accuracy. All gravity base surveys must be 
related to the National Gravity Base Network (NGBN) 
or to base nets that are adjusted to the NGBN. If these 
specifications are not met, contact the Gravity Section, 
N/ CGl41. 

a. Ties between NGBN stations. All ties between NGBN 
stations must be accurate to within ± 0.02 ( I er) milliga1 
(mgal) with respect to the selected NGBN stations. Make 
sufficient observations to establish statistically that this 
accuracy is obtained. NGBN base station descriptions will be 
supplied to the observing unit for all projects. 

b. Base Networks Established From NGBN. Gravity base 
networks must be planned and observed so that all stations 
are accurate to within ± 0.03 (1 er) mga1 with respect to 
the originating NGBN bases. A gravity base network must 
be established before any regional gravity survey is started. 

2.6.2.2 Regional Gravity Stations 
Regional or anomaly gravity surveys are performed for 

the purpose of defining the variations of the gravity field 
in detail over the project area. 

I. Geographic Position accuracy. Sarne as section 2.6.2-1. 
2. Vertical Accuracy. If published elevations are not avail

able, the scaled elevations must be accurate enough to pro
vide a 1 mgal poi.nt-ru10maly accuracy (usually ± 3 meters of 
elevation). All elevations must be referred to sea level. Eleva
tions scaled from USGS 7\.7-minute quadrangles are 
acceptable. 

a. For areas adjacent to the ocean that do not have ade
quate vertical control, a local datum may be used, provid
ed corrections for marine tides are available. 

b. Barometric leveling may be used as a last resort. 
Permission and instructions must be obtained from the 
Gravity Section, N/ CGl41. 

3. Gravity Accuracy. Regional gravity stations must have 
an observed gravity value accurate to within ±0.05 (1 er) 
mgal with respect to the originating gravity base net. If 
these specifications cannot be met, contact the Gravity Sec
tion, N/CGJ41. 

2.6.3 Instruments and Equipment 

2.6.3.1 Gravity Meter 
NGS uses two models of the LaCaite and Romberg gravi

ty meter. For ~t gravity measurements, NGS uses a pair of 
Model G meters. These gravity meters read to O.Dl of a 
unit For projects which require readings to 0.001 of a unit, 
NGS uses the Model D meter. A simplified diagram of 
the basic LaCoste and Romberg gravity meter is shown 
in figure 2.6.3-1. The gravity response system consists of 
a weight on the end of a horizontal beam supported by a 
zero-length spring. The shock-eliminating springs form a 
floating pivot, thus eliminating any friction in the moving 
system. 

The lever system and measuring screw shown in figure 
2.6.3-1 are accurately calibrated over their entire range. 
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US PATENT NOS - 2.293.437-2.377,889 

LEVER 

LEVER SHOCK ELIMINATING 
SPRING 

Figure 2.6.3-1.-Simplified diagram of the basic LaCoste 
and Romberg gravity meter 

Calibration factors depend only on the quality of the measur
ing screw and the lever system, not upon auxiliary springs. 
For this reason, the calibration factors of LaCaite and Rom
berg meters do not change perceptibly with time. This elimi
nates the need for frequent checks of calibration. Figure 
2.6.3-2 shows an example of the image that is viewed through 
the reading microscope. Project instructions will list the 
area or the leveling lines along which gravity must be 
observed. The project instructions will also give any changes 
to the observing procedures listed here. 

Figure 2.6.3-2 shows an example of the image that is 
viewed through the reading microscope. 

2.6.4 Gravimeter Evaluation Procedure 

Once a year, in a gravimetrically stable area, perfonn 
the following tests on each gravity meter. 

2.6.4.1 Determination of Meter Performance 
Without changing any of the meter settings perf onn the 

following tests: 
1. Displacement sensitivity test. 
a. Level meter. 
b. Unclamp beam. 
c. Turn on reading lights. 
d. Observe position of cross hair. 
e. Tum dial (measuring screw) to locate upper and lower 

stops (or motion limits of cross hair). 
f. Position cross hair by means of the measuring screw 

about one scale division above lower stop. 
g. For a G meter, tum measuring screw dial clockwise 

one revolution, which is 10 units on the counter, or approxi
mately 1 milligal. For a D meter, turn measuring screw 
dial clockwise 10 revolutions, which is l 00 units on the 
counter, or approximately l milligal. 

h. Observe the number of units the cross hair moves in 
the eyepiece. This number is the displacement sensitivity 
of the meter. 

EXAMPLE 
READING LINE • 2 .3 

CROSS HAIR 

1111 111111'11 11 1111 1 f1 I 111 111'1111 11111r11 11I1 11 i' 
SCALE 

VI EW AS SE EN IN EYEPIE CE 

Figure 2.6.3-2.- lmage as viewed through the 
reading microscope of the LaCoste and 
Romberg gravity meter 

i. Record the displacement sensitivity. 
This test should be repeated several times for an accu-

rate determination of the sensitivity. 
2. Cross level test. 
a. Level meter. 
b. Unclamp beam. 
c. Turn on the reading light. 
d. Null the meter using the cross hair. 
e. Move the cross level 1 division off-level in one direc

tion. The long level may need to be recentered. 
f. Record the eyepiece reading. 
g. Move the cross level 1 division off-level in the other 

direction. The long level may need to be recentered. 
h. Record the eyepiece reading. If the cross level setting 

is correct, the cro;s hair should move upscale approximately 
an equal amount for each tilt. 

This test should be repeated several times for an accu
rate determination. 

3. Galvonometer zero position and sensitivity setting 
test. 

a. Level meter. 
b. Unclamp beam. 
c. Tum on reading light. 
d. Null the meter using the cross hair. The galvonmeter 

needle should now be in the center. Record the galvonometer 
reading. 

e. Move the cross hair 1 eyepiece division. Record the 
gatvonmeter reading. The galvonometer sensitivity should be 
about two galvonometer divisions per one eyepiece division. 

4. Magnetic Field Effect Test. 
This test may be conducted in the field of a Helmholtz 

coil. If a Helmholtz is not available, this test should be 
made outdoors in an area free of electromatnetic fields. 
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a. Orient the meter in the north direction. 
b. Level the meter carefully, null the meter, and record 

the reading. 
c. Change the azimuth of the meter 45 degrees clockwise. 
d. Repeat 8 and C eight times, closing on the north 

direction. 
After drift has been removed from the readings, there 

should not be a difference in the readings at different 
orientations. 

Repeat the test several times. A true magnetic field effect 
will be systematic. 

5. Meter observation standard e"or tesl 
a. Observe at least one-half period of the lunar-solar 

gravitational attraction (about 7 hours). Observations will be 
made every 15 minutes in the mode in which the meter has 
been used, i.e., with leveling and unclarnping/ clamping if 
the meter is a field meter. 

b. Reduce the observations and compute the standard 
error using program SENS. 

The barometric p~ure and temperature will be observed 
at the beginning and end of the test. 

6. lnterna/ mechanism standard error tesl 
a. Observe at least one-half period of the lunar solar gravi

tational attraction. Observations will be made every 15 min
utes without releveling and unclamping/ clarnping. 

b. Reduce the observations and compute the standard 
error using program SENS. 

If the meter shows a sensitivity to its orientation in the 
Earth's magnetic field (test 4), it may be neces.sary to return 
the meter to the manufacturer for degaussing. 

Enter results of the above tests in the meter log book. 

2.6.4.2 Standardization of Meter Performance 
l. Adjust meter cross level if necessary. If the results of 

the cross level test show that the cross level is not cen
tered then: 

a. Level the meter so that the cross level is off center 
approximately on~half of the distance in the direction which 
gave the lower eyepiece reading in the above experiment. 

b. Using the level wrench adjust the cross level so the 
bubble is in the center position. 

c. Repeat the cross level test to check the correctness of 
the adjustment. 

2. Adjust meter sensitivity if necessary. 

Sensitivity readings: 
field meter (G meter) 10-12 EU/ IO CU 
field meter (D meter) 10-12 EU/100 CU 
high sensitivity meter (D meter) 10 EU/ 50 CU 

a. lf the sensitivity test (section 2.6.4.1) is found to be 
low: 

(I) Ttlt gravity meter using the right hand leveling screw, 
so that the right end of the meter is lowered. (Bubble moves 
away from the eypiece stalk.) Adjustments should be made in 
small increments. Usually about Y-4 to ~ bubble division is 
all that will be required. 

(2) Adjust the long level by using the level wrench, so 
the bubble is in the center position. 

(3) Repeat the displacement sensitivity test to determine 
the new sensitivity. 

b. If the sensitivity is too high: 
(!)Raise the right end of the meter. (Bubble moves toward 

eyepiece stalk.) 
(2) Adjust the long level by using the level wrench, so 

the bubble is in the center position. 
(3) Repeat the displacement sensitivity test to detennine 

the new sensitivity. 
The reading line should be checked whenever the long 

level (displacement sensitivity) has been adjusted. 
3. Check reading line location. 
a. Level the meter carefully. 
b. Set the cross hair on reading line as specified for the 

meter. 
c. Tilt the long level I division, keeping the cross level in 

the level position, first in one direction and then in the other, 
and record the eyepiece readings. Repeat several times to 
be sure reading is accurate. 

d. Check the cross hair in the eyepiece; if it moves upscale 
approximately the same for each tilt, then the cha;en reading 
line is correct. If the cross hair moves up scale appreciably 
more when the meter is tilted to lower the right end (the 
end with the single leveling screw), the assumed reading 
line is too high. If the cross hair does not go as high for this 
tilt, the assumed reading line is too low. 

e. Check reading line; if incorrect line was cha;en in step b., 
then the cross hair should be shifted I eyepiece division 
with the dial (either up or down, depending on the results 
of step d., and the tilting procedure in step c. repeated). 

4. Adjust galvonometer if necessary. 
a. Check the reading line; if line was redefined in item 

3, then it will be necessary to align the galvonometer zero 
with the new reading line. This is done with a small screw 
driver through a hole in the top of the gravity meter. 

b. Adjust galvonometer sensitivity through a hole in the 
top of the gravity meter. The galvonometer sensitivity should 
be 2 galvonometer divisions per eyepiece division. 

5. Clean and lubricate leveling screws. 
a. Clean leveling screws with a lint-free cloth. Lubricate 

with thin oil. 
b. Turn the measuring screw through its entire length to 

asure that the screw bas an even distribution of lubricants. 
6. Clean optics. 
Record in the meter log book any adjustments made to 

the meter. Give both the magnitude and direction of the 
adjustment along with the date. 

2.6.4.3 Computlltion of Operational Standard Error 
I. Detennine new meter observation standard error (s.e.) 
a. Observe two half periods of the lunar-solar gravita

tional attraction. Observations will be made every 15 minutes 
in the mode in which the meter will be used, i.e., with 
releveling and unclamping/ clamping if the meter is a field 
meter. 

b. Compute the drift rate and the standard error for each 
half period using program SENS. 
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c. Run an additional set if the difference is greater than 
10 percent. 

Acceptable s.e.: 
field meter, model G 
field meter, model D 
high sensitivity D meter 

<20 µgal 
< 10 µgal 
< 5 µgal 

The barometeric pressure and temperature will be ob
served at the beginning and end of each set of ~rvations. 

2. Enter the results of above tests and the date in the 
meter log book. 

2.6.4.4 Meter Calibration 
1. Rlln tM meter over tM Blu Ridge Calibration Base 

Liu (312 milligal range). 
a. A calibration run consists of beginning at the north

east end of the line (DULLES) and going to the southwest 
end (SKYLAND) making observations at each mark and 
returning to the beginning, making observations in reverse 
order. 

b. Barometric pressure and temperature will be observed 
at the northeast end, at the base of the mountain, at the 
top of the mountain, and at the southwest end of the line. 

c. If the meter is a model D, then a circular error cali
bration will also be done. A circular error calibration con
sists of three sets of observations on the milligal Calibra
tion Base Line. The sets are taken at three segments of the 
measuring screw. (lbe reset screw is used to change pa;ition 
on the measuring screw). 

(I) Set the gravimeter on the bottom station of the mil
Ligal range. 

(2) Set the gravimeter dial units to 190.00 using the 
micrometer. 

(3) Null the meter approximately, using the reset screw. 
Wait 20 minutes for spring length to stabilize. 

(4) Null the meter precisely, using the micrometer. 
(5) Observe and record, up and back, the 10 stations in 

the milligal range. 
(6) Set the gravimeter dial units to 105.00 using the 

micrometer. 
(7) Null the meter approximately, using the reset screw. 

Wait 20 minutes. 
(8) Null the meter precisely, using the micrometer. 
(9) Observe and record, up and back, the I 0 stations of 

the milligal range. 
(10) Set the gravimeter dial units to 020.00 using the 

micrometer. 
(11) Null the meter approximately, using the reset screw. 

Wait 20 minutes. 
(12) Null the meter precisely, using the micrometer. 
(13) Observe and record, up and back, the 10 stations of 

the milligal range. 
2. Observe barometric pressure and temperature at tM 

beginning and end of tM calibration run. 
Enter the date of the calibration run in the meter log 

book along with any comments, i.e., signal quality, time 
since last heavy rain, etc. 

2.6.4.5 Automation of Test Results 
The results of the tests performed in section 2.6.4 shall 

be entered in the data base "meter performance file." 

2.6.5 Observations 

2.6.5.1 General 
All gravity observations supporting the North American 

Vertical Datum (NA VD) releveling program must be refer
enced to NGBN stations or to junction sub-bases that were 
previously tied directly to NGBN stations. 

Project instructions will specify station spacing. 
Make every effort to establish the gravity interval between 

the base stations to an accuracy of ±0.02 (1 u) mgal. Take 
special care to (I) level the instrument, (2) record the height 
of the bottom of the instrument relative to the top of the 
bench mark with an accuracy of ± 1 cm, (3) always bring 
the reading line in from the same direction, and (4) mini
mize vibration of the instrument when it is transported in 
a vehicle or carried by hand. 

As the observations are collected and analyzed by the 
Gravity Section, N/CG141 , the high-gradient sections will 
be identified, and additional observations between speci
fied bench marks will be assigned. 

Immediately preceding or upon completion of project, 
an A-B-A-B direct tie (see section 2.6.5.2) is required 
between NGBN stations that encompass the project range. 
This tie will be accomplished for meter scale factor deter
mination. 

2.6.5.2 l.oop ~uence 
The basic design of a gravity survey is the loop. This procc> 

dure is required in order to remove gravity meter drift 
computationally; it also provides additional observations 
to recognize misreadings or tares. All observations will be 
carried out using two LaCoite and Romberg gravity meters. 
Project instructions will specify the sequence. The obser
vational loop sequences follows: 

1. Ladder Sequnce Loop. Given base station A with a 
known gravity value (or a station that has been tied directly to 
a station with a known gravity value), and stations I, 2, 
and 3 to be observed, the sequence A-1-2-3-2-1-A is pre
f erred. This is known as the ladder sequence loop (fig. 
2.6.5-1 A). The ladder sequence loop is required for direct 
ties between base stations. 

2. Modified Ladder Sequenc.e Loop. Difficult field condi
tions encountered while base ties are being observed may 
require a modified ladder sequence loop. Given stations 
A, I, 2, and 3 as above, the sequence A-1-2-3-1-A is exe
cuted, where at least one of the new stations is observed 
twice during this sequence. This loop method is permissible 
for all regional surveys (fig. 2.6.5-IB). 

3. Line Sequence Loop. Often in the observing of regional 
surveys, it is not pa;sible to return to the starting base. Given 
bases A and B with known gravity values and stations l, 2, 
and 3 to be observed, the line sequence A-1-2-3-2-B may 
be used (fig. 2.6.5-IC). As with one modified ladder 
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Sequence Loops 

1 2 3 

~~~ 
[i] 0 0 0 ....______..... ..._______..... ....____,., 

6 5 4 

A. Ladder Sequence Loop (A-1-2-3-2-1-A for lines, A-8-C-B-A for 
base station ties) 

1 2 3 

~~~ 
0 © 0 0 ....______..... 

5 4 
Reobserve at least 1 intermediate station. 

B. Modified Ladder Sequence Loop (A-1-2-3-1-A) 

1 2 3 

~~~ 

0 0 0 0 0 
~ 

5 

C. Line Sequence Loop (A-1-2-3-2-Bl 

KEY: 

3 

= Base station (known gravity value or is 
tied directly to a known station). 

= Intermediate stations on which gravity 
values are to be established. 

~=Observing sequence and direction. 

Figure 2.6.5-1.- Sequence of loops 

sequence loop, at least one of the new stations must be 
observed twice. 

4. Loop Time and Drift Observations. The observing 
schedule for a loop must be designed so as to be completed 
in the shortest ~ible time (not to exceed 48 hours including 
layover drift time). Transportation stops of I hour or more 
require that drift observations be made. This is accomplished 
by observing the gravity meter at the beginning of the stop 
and again at the same location at the tennination of the 
stop. Geographic positions for drift stations should be 
recorded to the nearest tenth of a minute. All observations 
in a loop sequence are performed in accordance with sec
tion 2.6.5.3. A base or regional station may be used for drift 
observations. 

5. Loop Closure. If no tares have occurred, and after 
Earth tide and linear drift corrections are applied, the differ
ence between fore- and back-leg observations at the base 
station in a loop must not exceed ± 0.03 (1 a) mgaJ. If these 
specifications are not met, contact the Gravity Section, 
N/CGl41. Field check computations must be made for 
base loops. Section 2.6.6.2 contains instructions for these 
computations. 

6. Time Keeping. Often in the p~ of observing a loop, 
two or more time zones are crossed. Keep loop observation 
times in Coordinated Universal Time (UTC) only. Record 
time to the nearest minute. 

2.6.5.3 Observing Procedures 
This section lists the observing and recording procedures 

for the LaCoste and Romberg gravity meters. 
l. lnstrumenl Setup. The gravity meter should be allowed 

to stabilize at its operating temperature for a minimum of 
2 hours before use. 

a. Disconnect the gravity meters from the vehicle bat
tery and connect them to their individual batteries in the 
carrying cases. 

b. Gently carry the meters in their cases to the bench 
mark or station. 

c. Set tribrach or trivet over the bench mark or station. 
It must be firmly seated to eliminate any movement while 
observations are made. If a tribrach is used, level it. 

d. Remove the first instrument from its carrying case 
and set the instrument on the tribrach or trivet. 

e. Level the instrument. Do not allow the sun to shine 
directly on top of the instrument because heat cai:i distort 
the level-vial assembly. If necessary, use an umbrella to 
shade the instrument. 

f. Measure and record the height of the trivet above ( +) or 
below ( - ) the station to the nearest centimeter. 

2. Observations 
a. Unlock the beam. CAUTION: NEVER DISTURB 

THE INSTRUMENT OR LEAVE IT UNAITENDED 
WHILE THE BEAM IS UNLOCKED. 

b. Turn on the reading light. 
c. Turn the measuring screw and align (null) the galva

nometer needle with the reading mark. 
d. Fine tune the gravity meter by turning the measuring 

screw to bring the left edge of the beam to the right edge 
of the reading mark. The beam and reading mark are viewed 
through the instrument's microscope (figure 2.6.3-2). To 
avoid backlash, always bring the beam to the reading mark 
from the same direction, either from the left or to the right If 
the reading line is pas.sed, back up and begin the approach 
again. 

For a LaCoste and Romberg model "G" meter, a row of 
five counters may be seen through a window in the top of 
the meter. The number of counter units is read from the 
four leftmost counters. The last counter on the right is in 
tenths of units and corresponds to the tenths of a revolu
tion shown on the dial. The dial has 100 division. There.. 
fore, the meter counter reading can be read to a hundreth 
and estimated to a thousandth of a counter unit. 

e. After aligning the reading mark and the left edge of 
the beam, record the counter and dial readings. The last 
two digits should be read from the scale on the dial. Also 
record the time to the nearest minute when the measure.. 
ment was taken. 

f. Recheck the reading, making certain the instrument 
is still level. 
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3. lnstrunumt Teardown 
a. Lock the beam in place before moving the instrument. 

Tum off the reading light. 
b. Place the gravity meter in its carrying case. 
Follow the above procedures for instrument setup, 

observation, and teardown for each gravity meter observed at 
a bench mark or station. 

2.6.5.4 Recording Procedures 
Record all gravity observations on NOAA Form 75-55, 

Gravity Meter Observations (fig. 2.6.5-2). Observations 
from two gravity meters may be recorded on one form. If a 
second meter is being used and the observing time is dif
ferent from the first meter, then record time and obser
vational data on the next line. All enJries must be completed 
in the field before transmitting the project data to the office. 

I. Date. Enter the Greenwich Civil Date of the first 
observation recorded. 

2. Chief of Party and Obsenoer. Enter the names of the 
chief of party and the observer. 

3. Location. Enter the general location of the work. The 
name of the state and the level line number are usually 
sufficient. 

4. Meter(s). Record the serial number(s) of the gravity 
meter(s) being used. Note: Only readings from two meters 
may be recorded per page. 

5. Station Number. Assign each station a number. Assign 
NGBN base: (numbers in the 900 series), junctions and 
subbases (numbers in the 800 series), and all other marks 
consecutively from I. Note: Use a separate line per station 
per gravity meter. 

6. Bench Mark or Station Name. Enter the name of the 
bench mark or station as it is listed in the NGS data base. 

7. G.C. Time. Enter the Coordinated Universal Time 
(UTC) of each observation. 

8. Dial Readings. Enter the dial readings from the gravity 
meters. M-1 and M-2 are the readings from the gravity 
meters listed as I and 2 in Item 4. 

9. M Record the height of the BOTTOM of the gravity 
meter above ( +) or below ( - ) the station, to the nearest 
centimeter. 

10. Elevation. Record the elevation of the station in 
meters. 

11. Latitude and Longitude. Record the approximate 
latitude and longitude of the station in degrees, minutes, 
and tenths of minutes. 

12. Remarks. 

2.6.6 Field Computatiom 

2.6.6.1 General 
Gravity field computations are only required for base 

net surveys, gravity meter checks, and (in some cases for 
regional surveys) to ascertain accuracy requirements of the 
survey. 

Items required for computation are as follows: 
I. Gravity survey computation form (fig. 2.6.6-1 ). 

2. Earth tide computer printout for survey area 
3. Gravimeter conversion tables 
4. Calculator 

2.6.6.2 Gravity Survey Computation Form 
Field computation instructions are referenced to the 

examples shown in figure 2.6.6-1 . Instructions are keyed 
to column headings on the form. Use a separate page for 
each instrument. 

I. Header and Trailer Blocks. Complete the blocks 
labeled Project, Location, Observer, Instrument Type & 
Number, Computed By, Checked By, Date, and Page 
Number. 

2. Station Column. Enter exact station designation. 
3. Date/ Time Columns. Enter the date based on Coor

dinated Universal Time (UTC) for the first observation 
on the sheet and for any date changes during the observing 
period. 

Enter the exact UTC for each observation as recorded 
on NOAA Form 75-55, Gravity Meter Observations. 

4. t:J/'L.T Column. L,T is the time difference between 
stations. LAT is the accumulated sum of 6 T. 

5. Counter/ Dial Reading Column. Enter the counter 
and dial readings for each station that were recorded on 
NOAA Form 75-55. (See example that follows.) Record 
the readings to the nearest thousandth, even though they 
may have been read only to the nearest hundredth. 

6. Counter/ Dial Factor Column. Obtain the Counter/ 
Dial factor from the calibration table provided with each 
instrument. (See fig. 2.6.6-2). Each instrument has its own 
calibration table. The table is used to convert the dial read
ings to milligals. 

Using the counter/ dial reading value, proceed to the col
umn in the table headed Counter Reading. Go down the 
column to the nearest value less than the counter reading. 
Read across to the column headed Value in Milligals and 
copy the number on the space provided in the form. Pro
ceed across to the column headed Factor for Interval and 
copy the number in the appropriate place on the gravity 
survey computation form. 

Example: 
Counter (35412) & Dial (25) Reading from L & R 

Gl30=3541.250 
Counter reading on table=3500. 
Value in mgal from table=3673.34 
Factor for interval= 1.05025 

Conversion formula: 
(3541.250-3500) (1.05025) + 3673.34 = 3716.663 mgals 

7. Corrections Columns. List the corrections for Earth 
tide, drift between trips and during trips, and tares in 
Correction Columns I through 4, respectively. 

a. Earth Tide Correction (Column 1 ). Using the Earth 
tide correction given on the computer printout (see fig. 
2.6.6-3 for example), locate the date corresponding to the 
date of observations. Move down to the hour of observation. 
The correction to be applied is based on the value (EDDEN) 
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Figure 2.6.~l.-A completed gruity suryey computation form 
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MUUgal Values for LaCoste & Romberg, Inc. Model G Gravity Meter *130 

Counter Value in Factor for Counter Value in Factor for 
Reading* Milligals Interval Reading* Mllligals Interval 

000 000 1.04980 
100 104.98 1. 04970 3600 3778.37 1.05025 
200 209.95 1.04960 3700 3883.39 1.05040 
300 314.91 1.04950 3800 3988.43 1. 05030 
400 419.86 1.04935 3900 4093.46 1.05040 
500 524.80 1.04925 4000 4198.50 1. 05045 
600 629.73 1.04915 4100 4303.55 1. 05055 
700 734.64 1. 04910 4200 4408.60 1.05065 
800 839.55 1.04905 4300 4513.67 1.05075 
900 944.46 1.04905 4400 4618.74 1.05080 

1000 1049.36 1.04905 4500 4723.82 1.05085 
1100 1154.26 1. 04900 4600 4828.91 1.05090 
1200 1259.17 1.04905 4700 4934.00 1. 05090 
1300 1364.07 1.04905 4800 5039.09 1. 05085 
1400 1468.97 1.04905 4900 5144.17 1. 05085 
1500 1573.88 1. 04910 5000 5249.26 1.05075 
1600 1678.7g 1. 04915 5100 5354.34 1.05080 
1700 1783.70 1.04920 5200 5459. 42 1. 05085 
1800 1888.62 1. 04925 5300 5564 . 50 1.05080 
1900 1993.55 1. 04940 5400 5669.58 1.05075 
2000 2098.49 1. 04950 5500 5774.66 1. 05060 
2100 2203.44 1.04955 5600 5879.72 1. 05050 
2200 2308.39 1. 04965 5700 5984.77 1.05040 
2300 2413.36 1. 04970 5800 6089.81 l. 05025 
2400 2518.33 1.04975 5900 6194.84 1. 05010 
2500 2623.30 L 04975 6000 6299.85 1.05000 
2600 2728.28 1.04980 6100 6404.84 1.04985 
2700 2833.26 1.04985 6200 6509.83 1. 04965 
2800 2938.25 1. 04995 6300 6614.79 1.04940 
2900 3043.24 1.05005 6400 6719.73 l. 04915 
3000 3148.25 1. 05010 6500 6824.65 1.04885 
3100 3253.26 1. 05015 6600 6929.53 1. 04855 
3200 3358.27 1. 05020 6700 7034.39 l. 04820 
3300 3463.29 1.05025 6800 7139.21 1.04785 
3400 ·.3568.32 1.05025 6900 7243.99 1.04750 
3500 3673.34 1.05025 7000 7348.74 

NOTE: Right hand wheel on counter indicates approximately 0. 1 milligal. 

10-18-66 
AWS 

Figure 2.6.6-2.-c.alibration table provided with LaCoste and Romberg model G gravity meter No. 130 
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LATITUDE 
LONGITUDE 
YEAR MON DAY 
1979 9 25 

1979 9 26 

37.40 (N) 

122.25 (W) 

TIDE (I.ONGIAN) 

o. - 0 .00920 
1. - 0.03899 
2. -0.06485 
3. -0.07897 
4. -0.07644 
5. - 0 . 05659 
6. - 0.02316 
7. 0.01670 
8. 0.05431 
9. 0.08157 

10. 0.09288 
11. 0.08638 
12. 0.06422 
13. 0.03188 
14. -0 .00321 
15. - 0.03346 
16. -0 . 05288 
l7. -0.05844 
18. -0.05069 
19. - 0.03357 
20. - 0.01329 
21. 0.00332 
22. 0.01070 
23. 0.00607 

o. - 0.00970 
1. - 0.03230 
2. -0.05513 
3. - 0.07110 
4. -0.07462 
5 . -0.06312 
6 . -0.03781 
7. -0.00330 
8. 0.03351 
9. 0.06523 

10. 0.08566 
11. 0 .091 23 
12. 0 .08160 
13. 0.05960 
14. 0.03036 
15 . 0.00008 
16. -0.02536 
17. -0.04174 
18. - 0 .04730 
19. - 0.04303 
20. -0.03234 
21. -0.02007 
22. -0 . 01118 

TIDE (EDDEN) 

-0 .01851 
-0.04577 
- 0.06882 
- 0.08022 
- 0.07537 
-o .05373 
-0.01900 
0.02183 
0.06027 
0.08836 
0.10058 
0.09501 
0.07365 
0.04178 
0 . 00663 

-0 . 02437 
-0.04532 
-0 . 05315 
- 0.04826 
-0.03430 
- 0.01713 
-0.00320 
0.00224 

- 0 .00336 

- 0.01912 
- 0.04085 
- 0.06223 
-0.07649 
-0.07833 
-0.06537 
-0.03883 
-0.00326 

0.03461 
0 . 06750 
0.08933 
0 . 0964 7 
0 . 08849 
0.06800 
0.03991 
0.01025 

-0.01529 
-0.03253 
-0.03968 
- 0.03764 
-0.02957 
- 0.02004 
-0.01369 

Figure l.6.6-3.-Earth tide correctiom at a 
specific geographical location 

shown acro;s from this time. Upon locating the time, interpcr 
late the correction to be applied corresponding to the number 
of minutes in observation time, using the correction 
difference between the hour before and the hour after the 
observation. 

Example: 
Date 9-26-79 Time of Observation 1448 
Time Earth Tide Correction (EDDEN) 
1400 + 0.0399 
1500 + 0.0102 
Interpolating to determine the correction at 1448: 

(1448-1400)/60 minutesx( +0.0102-0.0399)= 
-0.0238 mgal 

0.0399+(-0.0208)= +0.0161 mgal=correction. 

b. Static Drift Correction (Column 2). The drift char
acteristics of the gravity meter are different when it is under a 
static mode (i.e., a lengthy stop such as a lunch break or 
overnight). This drift must be eliminated from the dynamic 
drift (drift while transporting the instrument or observing). 
Referring to figure 2.6.6-1 {Column 2 of corrections), the 
static drift for the layover station C 211 RESET 1939 is 
+0.004 mgal. This is the difference between the two con
secutive readings at station C 211 RESET 1939. Notice 
that the Earth tide correction is applied before subtract
ing the two readings. 

Example: 
From drift reading on C 211 RESET 1939: 

Time observed mgals+Earth Tide Corr.=mgal 
1719 3726.021 +(-0.035)=3725.986 
1752 3726.021 +( -0.039)= 3725.982 

Static Drift Correction=Difference= +0.004 mgal 

The correction is applied in such a manner that the sec
ond drift reading is always corrected to agree with the first 
reading. Consequently, all readings obtained until the 
next stop in this loop will be corrected by the same amount 
Static drift corrections are cumulative. 

c. Dynamic Drift Coffection (Column 3). To compute 
dynamic drift, the Earth tide and static drift corrections 
are applied to the starting and ending Observed Mgals read
~· The dynamic drift is the difference between these two 
values. 

d. Tare (Column 4). This is not normally needed. 

Example: 
For San Francisco: 

Time Observed mgal +Correction 1 +Correction 2= mgal 
1448 3716.663 + 0.016+0=3716.679 
2028 3716.694+(-0.025)+0.004=3716.673 

3716.679- 3716.673= +0.006 mgal 
Elapsed time=307 min 

+0.006 mgal ±307 minutes=+0.00002 mgal/minutes 

The drift rate is then multiplied by the LAT at each of 
the stations within the loop. 

Example: 
Station W 1320 
Station M 1241 

84 minutes ( +0.00002)= +0.002 mgal 
201 minutes ( +0.00002)= +0.004 mgal 

8. Corrected Mgals Column. After all the indicated cor
rections have been applied to the observed mgals, the cor
rected mgal value is written in this column. 

9. t:i..G Column. t:i..G is the difference between each 
ob;ervation in succession within the loop or line. This compu
tation checks the accuracy of the observations by comparing 
the t:i..G of reobierved stations. If t:i..G compares within 0.04 
mgal. no reobservations are neces.sary. If the difference is 
greater than 0.04 mgal, the stations should be reobserved 
to identify the error. 
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2.6. 7 Data, Records, and Reports 

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

2.6.7.1 Data 
Data generated by gravity surveys con.5ist 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 NOAA Form 76-186, " Bench Mark Description." 
All entries may be handwritten. 
*IO* DRC Code-----enter "R" 
*13* Designation 
*14* State Code/ County 
* 17* Nearest City or Town-Enter name of city or town. 

Precede name by "IN" if bench mark is in the city 
or town. 

*18* Distance and Direction From N~t City or Town 
*22* Other Control-Enter "G" if gravity was observed 

at bench mark. 
*23* Code/Recovery by Agency- Enter " l /NGS" 
*24* Year station established and name of Chief of Party 
*25* Condition of Mark- Enter appropriate code from 

back of fonn 
*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 Fonn 76-92) 

must be completed and received at the Field Operations 

Section, N/CG161 , 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. 

2.6.7.3 Project Report 
A project report shall be submitted by each project din» 

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 
addressed in the report. 

I. 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. Purposo-As stated in the project instructions. 
C. Time Perod- The time period covered by the 

report. 

II. Location-Geographic location or the name and 
number of leveling lines covered. 

III. 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 



2.7 ESTABLISHMENT OF CALIBRATION BASE LINFS 

NOAA Technical Memorandums NOS NGS-8, Establishment of Calibration Base Lines, and NOS 
NGS-10, Use of Calibration Base Lines, contain information necessary to establish and use calibration 
base lines. They also give a brief history and a mathematical discussion of the reduction, analysis, and 
adjustment of base line data. Requests for the establishment of calibration base lines should be sent 
to the Chief, National Geodetic Survey, Attn: N/ CG lxlO. Requests for information or details of base 
line layout and mark setting should be sent to the Network Maintenance Section, N/ CG162. 

2.7.1 Party Structure 

At present, the National Geodetic Survey has one party 
establishing calibration base lines. This party consists of 
two surveying technicians. The party is assisted by the agency 
requesting the base line. 

2.7.2 Monumentation 

Specifications and instructions for base line site selec
tion, layout, monumentation, and stamping are contained 
in NOAA Technical Memorandum NOS NGS-8 (pp. 
4-12). The requirement for underground marks (pages 8-11 
of NOS NGS-8) is suspended. The underground mark is 
of little use for resetting a surface mark to base line accu
racy. Reference marks may be set for recovery purposes 
only. 

The requesting agency is responsible for selecting sites 
and setting monuments to specifications. Upon arrival at 
the base line site, contact the Chief, Field Operations Section 
if the monumentation, terrain conditions, or proximity of 
radio masts appear to be less than satisfactory for ensur
ing the reliability of the base line. Any variances from the 
design procedures which may effect the adequacy and/ or 
accuracy of the base line are to be brought to the attention 
of the Chief, Field Operations Section immediately. Perform 
no work if monumentation is substandard. 

Base line descriptions are to be submitted on NOAA Form 
75-82 or 75-82A, Station Description. 

2.7.3 wtruments and Equipment 

A list of suggested instruments and equipment for a base 
line party is given in NOAA Technical Memorandum NOS 
NGS-8 (pp. 14-15). 

2.7.4 Observations 

Observing procedures are outlined in N OAA Technical 
Memorandum NOS NGS-8(pp . 16-19, 21). General 

observing procedures, applicable to most EDMI, are 
described in NOAA Technical Memorandum NOS NGS-
10 (pp. 2-6). 

2.7.5 Base line Verification 

The party may be required to remeasure calibration base 
lines as part of a 5-year verification program. The mea
surement sequence for the standard base line layout is given 
in this section. Contact the Field Operations Branch, 
N/ CG161, for the proper sequence for any other layout. 

Measurements are to be made from each point of the 
calibration base line using two instruments (Tellurometer 
MAlOO). 

1. Use the following sequence and tolerances: 
a. Measure 0- to 150-meter, 0- to 430-meter, and O

to 1400-meter line segments with Instrument A 
b. Measure 0- to 150-meter, 0- to 430-meter, and O

to 1400-meter line segments with Instrument B. 
c. Correct all distances for refraction and reduce to hori

zontal. Compute the distances 150 to 430 meters, 150 to 
1400 meters, and 430 to 1400 meters by subtraction. 

d. The reduced distances from Instrument A and In
strument B must agree within 1.7 mm+ l ppm (in mm). 

2. Change the heights of all instruments and reflectors 
by approximately 0.1 meter. Recollimate. 

a. Measure 1400- to 0-meter, 1400- to 150-meter, and 
1400- to 430-meter line segments with Instrument A 

b. Measure 1400- to 0-meter, 1400- to 150-meter, and 
1400- to 430-meter line segments with Instrument B. 

c. Follow steps le and ld above. 
3. Compute the following: 
a. The mean distances of segments measured from the 

0-meter point. 
b. The mean distance of segements measured from the 

1400-meter point. 
c. The means of each segment of 3a must agree within 

1.5 mm + l ppm (in mm) of the means of each segment 
of 3b. 

4. If the above tolerances are not met, sufficient re
observations are to be made to meet these tolerances. 
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2.7.6 Field Computations 

The party reduces observations to a common datum 
and corrects them for meteorological conditions and gecr 
metric configurations. These computations are given in 
NOAA Technical Memorandum NOS NGS IO (pp. 6-14). 
See section 2.2.6. l for an example of taped traverse re
ductions. 

2. 7. 7 Data, Records, and Reports 

The base line party should submit data, records, and 
reports to the Quality Control Section, N / CG 164, as 
outlined in chapter 1.7 and section 2.6.7 . 

A project report is submitted once a year. (See fig. 
2.2.22-3 or 2.3.11-1 for an example of a project report 
cover.) 
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set marks. Use NOAA Forms 374 and 374A, Stores Req
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 
Staff, N/ CGlxlO. 

Table 2.1.1-1 gives the National stock numbers for each 
item stocked. Other items available from NLSC arc listed 
in the NOAA Stock Catalog. 

Table 2.1.1-1-National stock numbers for frequently 
tfied surveying equipment 

(Descriptions art givtn as stattd on NLSC irrvtlllory./istings. 
Information in pare111htsis further clarifies tht items.) 

Unit of 
Description Issue Stock Numbtr 

Marie Horizontal Rod ....................... Each 
Marie Horizontal Stem ................. ..... Each 
Marie Azimuth Rod ......................... Each 
Marie Azimuth Stem ........................ Each 
Mark Reference Rod ....................... Each 
Marie Reference Stem ...................... Each 
Marie Vertical Rod ........................... Each 
Marie Venical Stem .......................... Each 
Marie Survey (base line w/ cwss) ...... Each 
Marie Survey (base line w/ o Cross) .. Each 
Marie Blank ...................................... Each 
Rod, Intenncdiate Each 

6675-00-069-3196 
6675-00-069-3205 
6675-00-069-000().X 
6675-00-069-0001-X 
6675-00-069-3195 
667 5-00-069-3204 
667 5-00-069-3197 
6675-00-069-3206 
667 5-00-069-0002-X 
667 5-00-069-0003-X 
667 5-00-069-3209 

(stainless steel) .............................. (std. length) 5945-0().999-0008-X 
Studs, for SS Rod ............................ Each 5945-0().999-001().X 
Cap, Stainless St (datum cap) .......... Each 5945-0().999-0013-X 
Pipe, PVC I" Bcll ............................. Each 5945-0().999-0002-X 

(!Oft~) 
Coupling PVC (!") .......... ................ Each 5945-0().999-0004-X 
Fitting, PVC(!" to ~") .................... Each 5945-0().999-0005-X 
Female Adapter ............................... Each 5945-0().~X 

Cement, For PVC ............................ Quart 5945-0().99~X 

Petrolatum Fillcr ............................... 16-gal drum 5945-0().999-0011-X 
Grease .............................................. 16-gal drum 915()..()().53().7369 
Ring ................................................ .. Each 5945-0().999-0001-X 
Pipe PVC, 5" ............................... .... Each 5945-0().999-0003-X 

(!Oft~) 
Aluminum Logo Cap ....................... Each 5945-0().999-0012-X 
Sign Witness Post ............................. Each 9905-0().689-8327 
Sign Post .......................................... Each CFN-9905-0().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 
perf onning maintenance or contract work for NGS. They 
are not to be used by organiz.ations outside NOS for marking 
their own control points. 

2.1.2 Mark Maintenance 

2.1.2.1 Purpose, Scope, and Organization 
1. General This section is a guideline for mark mainte

nance field practices. It establishes objectives for the mainto-

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 neccs.sary for measuring dis
tances and directions but does rcinf orcc 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 perf onning 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. RequiretMnts. Field work consists of precise vertical 
and horiz.ontal 00scrvations and measurements made in order 
to 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 analysis 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. ln 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 figure 1.7.4-3. 

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

c. Within each State the data must be further separated 
by type (either horizontal or vertical). Both horizontal 
and vertical data can be submitted as part of the same tran.Y 

mittal but must be listed on separate sheets because hori
zontal and vertical data are accessioned separately by State. 

2.1.2.2 Horizon~ Vertical, and Astronomic Azimuth 
Obsenatiom and Expected Accuracy 

The geometry necessary to move a mark or to establish 
a new azimuth mark is discussed in sections 2.1.2.9 and 
2.1 .2. l 0. 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 contro~ 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 of ten by nonstan
dard methods, it is imperative that the specifications for 
observations be followed closely. 

The following standards apply for setups where the prima
ry lines 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 ihe circle for hor
izontal directions remain the same as specified in Classifi
cation. Standards of Accuracy, and General Specifications 
of Geodetic Co:.trol Surveys. Rejections will be made im
mediately in tht: 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 
angle by the following criteria: 

[(30 / S)2+(30 /S2) 2]1~- minutes of difference between 
new and old angle (rounded up 
to next minute), 

where 
S1 =Distance to RM l in meters 
S2 =Distance to RM 2 in meters 

Example: 
Distance to RM l = 15.6 meters 
Distance to RM 2 = 21. 7 meters 

[(30/ 15.6)2 +(30/21.7)2] ~- 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 !-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 
are 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
pletel y 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-

tion is greater than ± 2 degrees, bubble rea~ must also be 
taken after each pointing on it. Sufficient time must be 
allowed between each pointing and bubb1e reading, to ensure 
that the bubble has completely stabilized. When the level 
vial is progressively numbered from the vertical circle end 
to the other end, compute the corrections as follows: 

Correction=d/ 4 [(W)-(E)] tan h, where 
d =Bubble 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: 
d =7."567 
W=l9.5 
E = I8.9 

h =35 ° 4I' 56" 

Bubble readings 
W E 

05.6 24.8 
25.l 05.9 

W=I9.5 E=l8.9 
(W)-(E)= +0.6 

(7."567 / 4) (0.6) (0.7I8543)=0."82 

Even when bubble readin~ 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
fonnity of the graduations of the level vial. Bubble read
ings should be estimated to the nearest 0. I graduation. 

Pointings on Polaris can be made simultaneously with 
the I-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 (eight positions in this case), 
one each at the beginning, middle, and end. At least three, 
and preferably five, I-minute signals should be noted. The 
timepiece should be read and recorded to at least the pearest 
0.5 second and preferably to the nearest 0.25 second for 
the comparison. Owing the observations, it should 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 
observed reciprocally when the vertical angle exceeds I or 
if 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° ± I'. 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"belween 
the stations multiplied by 0.0277. Elevations computed from 
different points should agree within 10 cm per km. ZC~1h 
distances will consist of a minimum of three obserfations 
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out in the field at tq~ 'station site instead of writing descrip
tions in the .. Observation of Horiz.ontal Directions" volume. 
The completed forms are original field records and should 
be submitted with project data for archiving. 

NOAA Form 75-82 follows the format of program 
"HZfDES." It bas 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 
National Geodetic Survey Data Base (ch. 3, annex I). The 
"notes" listed in Special PublicaJion 247 are no longer 
u!M! 

Space is provided for a statement of general location, a 
"To Reach" statement (a concise 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. Input Formats and Specifications of the Na
tional Geodetic Swvey Data Base (ch. 3, annex I) 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 ronte traveled to 
reach it have changed and on the completen~ 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 pr~ 
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.t.:'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 marl<. 'l\bo, no explanation 
was given for establishing the number 2:sbition. 

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. .. " 

c. Some recovery descriptions have indicated discrepan
cies in directions and distances to ref ere nee 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 onvvhich stations are located. 
o~~,~ monuments contain magnets or ferrous metal. 
1!Wfo. was not indicated on the *12*/*13* M codes in the 
~qn Identification Record fields of the description. 
·n-~: 4utomated Descriptions. 

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

system, in addition to submitting NOAA Form 75-82 or 
75-82A. These units must use the latest progrrum for com
piling the descriptions. (AU 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 generated from files and used 
for the publication of project station descriptions. 

NOAA Forms 75-82 and 75-82A replace NOAA F~ 
76-39, 76-81, 76-96, and 76-165. 

When an occupied parent station bas pagtioned 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 positioned azimuth mark 
should be filled 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 write ups for its ref ere nee 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 t~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 Imtruments and Equipment 

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

2.2.5.1 Theodolites 
I. GeneraL NGS no longer uses the Parkhurst theodolite 

described in Special Publication 247. At present, NGS field 
parties use the Wild T3 theodolite. This instrument is avail
able in two different micrometer configurations. The old 
model is equipped with a half-scale (so called 2-minute) 
micrometer and the new model with a full-scale (so called 
I-minute) micrometer. (Actually both micrometers rotate 
through a full 2-minutes.) This section describes both the 
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-~«a.le and the full«a.le micrometer drums for the Wild 
T3 and two acceptable second-0rder theodolites. 
2. Wild T3 Theodolites. The half-scale model T3 is iden
tical to the instrument described in Special Publication 
247 (pp. 28-30, 141). On this model, two readings must be 
summed to determine the additive minutes and seconds. 
The full-scale model reads directly the additive minutes 
and seconds. Figure 2.2.5-1 shows Wild T3 readings for 

· half-scale and full-scale micrometer drums. 
- . - -

3. One-Second Theodolites. Other theodolites used by 
NGS units are the Wild T2 and the Kem DKM2. These 
Instruments should be read only to the nearest second. Figure 
2.2.5-2 shows examples of 1-second the.odolite circle 
readings. 

4. Maintenance and Fie/(J AdjustmenJS. All theodolites 
used in the field will be returned to the Instrumentation 
and Equipment Section every 18 months for maintenance. 
Therefore, only minor adjustments are required in the field. 
The effect of many maladjustments are compensated for 
by proper observing procedures. It is better to leave an 
instrument slightly out of adjustment than to continually 
adjust it in a vain attempt to make it perfect. The follow
ing are some routine tests and adjustments which should 
be made in the field. 

a. Focusing. The instrument mvat be correctly focused 
before observations are begun. Parallax and incorrect focus 
are not compensated for by the ~rving procedure. Instruc
tions for focusing the telescope and reading microscope 
are contained in section 2.2.7.6, subsection 2. 

b. Plate Level. By f otlowing the setup procedure outlined 
in section 2.2. 7 .1, subsection 2, observations will be unaf
fected by a level vial out of adjustment. Level vials more 
than 2 divisions out should be adjusted as follows: 

( 1) The instrument should be set up on a stable stand 
and shaded from the sun and wind. 

(2) Rotate the instrument so the plate level is parallel to 
any two foot screws. Center the bubble accurately by turning 
these screws equally in opposite directions. The bubble will 
move in the same direction that the left thumb moves while 
turning the screws. 

(3) Rotate the instrument 90° and center the bubble using 
only the third screw. 

( 4) Rotate the instrument back to the first position and 
recenter the bubble if necessary. 

( 5) Rotate the instrument 180 •. If off <enter, bring the 
bubble halfway back to center using the capstan screws 
recessed in the right standard. Completely center the bubble 
with the f ootscrews. 

(6) Rotate the instrument 90 ' and center the bubble using 
the third footscrew. 

(7) Rotate the instrument through 360 '. The bubble 
should remain within one division of center throughout. If 
not, steps (5) and (6) must be repeated. 

c. Reticle Verticality. A skewed reticle is compensated 
for by using the intersection of the reticle for sighting. The 
reticle used in modem theodolites consist of lines etched 
on a glass diaphragm. The horizontal lines are. etched pre-

cisely perpendicular to 1.he vertical lines in .. th.e rpanufac
turing p~. Do not adjust a skewed reticle .unless col
limation must be adjusted. 
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Figure 2.2.5-1-Examples of WiJd T3 circle readings. (a) 

vertical circle, half-scale micrometer; (b) horizontal circle, 
full-scale micrometer. Depending on setting of selector 
knob, horizontal and vertical circles appear separately 
in micrometer telescope. 

To test for verticality of the vertical hrur, carefully level 
the theodolite . and point' on ,a well~efined object such as a 


