SURVEY ORDERS OF ACCURACY

TYPE OF WORK

ORDER OF SURVEY

FIRST ECOND THIRD |LOWER

MAPPING

PRIMARY CONTROL

////

MAJOR STRUCTURES

MINOR STRUCTURES

.

CENTERLINE SURVEY
(HIGH-DENSITY URBAN AREA)

_

FINAL LOCATION SURVEY

//

PRELIMINARY LOCATION SURVEY

ADVANCE PLANNING SURVEY

/

Exhibit 1
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Classification-

Relative accuracy be-
tween directly connected
adjacent points (at least)

Recommended uses

Classification

Relative accuracy
between direcily con-
nected points or bench-
marks (standasd crror)

Recommended uses

TABLE §.—STANDARDS FOR THE CLASSIFICATION OF GLODETIC CONTROL AND PrINCIPAL RECOMMENDED Uses

First-Order

) part in 100,000

Pcimary National Network.
Metropolitan Arca Surveys.
Scientific Studies

First-Order
Class 1 Cluss 1
05 mm VK 0.7 mm vK

Basic framework of the
National Network and
metropolitan area control.
Regional crustal movement
studigs.

Extensive engineering
projects.

Suppon for subsidiary
surveys.

tiorizontal Control
Second-Order
Class 1 Class Il
) part in 50,000 I part in 20,000

Area control which steength-  Area control which contrib-
ens the National Network. utes 1o, but is supplemen-
Subsidiary metropolitan tal 10, the National Network.
control.

Vestical Control
Second-Order
Class 1 Class Il
10 mm VK 1.3 me VK

(K is the distance in kilometers between points.)

Secondary framework of the Densification within the
National Network and metro- National Network.
pulitan area control. Rapid subsidence studies.
1 ocal crustal movement studies.  Local engineering projects.
Large cogincering projects. Topographic mupping.
‘Tidal boundary reference.

Suppornt for lower order

strveys.

1 part in 10,000

Third-Order
Class | Class 11

Ocuni control surveys sefereaced to
the National Network.
Local control surveys.

Third-Order

20 mm VK

Small-scale topographic
mapping.

Establishing gradients in
mounlainous areas.

Small engineering projects.
May or may aol be adjusted
1o the National Network.

1 part in 5,000
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TasLE 2.—CULASSIPICATION, STANDARDS OF Accuracy, AND GENERAL SPECIFICATIONS Foa Homzontar ContaoL

Classification

’

Recommended spacing of
principal siations

Strength of figure
R, betweea bases
Desirable limit
Maximum limit
Single figure
Desirable limit
R,
R,
Maximum limit
R,
R,
Base measurement
Standard error®

Horizontal directions?
Instmiment
Number of positions
Rejection limit from mean
Triangle closure
Average not to exceed

Maximum seldom to cgcecd
Side checks

In side equation test, average
correction to direction
not (o exceed

Astro azimuths ®
Spacing-figures
No. of obs./night
No. of nights
Standard error

Veriical angle observations *
Number of and spread
between observations

First-Order

Network stations scldom
less than IS km. Metropoli-
tan surveys 3 km to 8 km
and others as required.

20
25

10
15

) part in
1,000,000

0°.2
16
e

1”0
3*0

0°.3

6-8
16

. 2

0”.45

3 D/R—10"

TRIANGULATION

Second-Order

Class 1

Principal stations seldom
less than 10 km. Other sur-
veys | km 10 3 km or as
required.

10
30

25
60

1 part in
900,000

0.2

0".4
6-10
16

2
0" 45

3 D/R—10"

Class 1

Principal stations sel-
dom less thma § km
or as required.

80
120

135
70

23
100

1 part in
800,000

0°.2) { 1v0

8 }or{n2

5" , l §~

2.0
5:0

0.6

s-10
16
1

0°.6

2 D/R—10"

Third-Order
Class | Class it
As required As required
100 125
130 178
23 25
80 120
40 50
120 170
1 pant ia § part Ia
500,000 250,000
1.0 1.0
4 2
[ [ &
o 5“0
s*0 10°0
08 r
10-12 12-18
] 4
1 1
(i o ] 3”0
2 D/R—40" 2 D/R—20"
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Number of figures between
known ¢levations

Closure in lengih *

(also position when applicable)
afier angle and side conditions

have been salisfied,
should not exceed

Recommended spacing of
principal stations

Geomerric configuration *
Minimum angle contained
within, not less than

Length measurement
Standard ersor®

Vertical angle observations *

Number of and spread between

observalions
Number of figures between
known clevations

Astro azimuths *
Spacing-figures
No. of obs./night
No. of nighis
Standard esror

Closure in position *
after geometric conditions
have been satisfied should
not exceed

See notes (1)-(8), p. 7.

46

| part in
100,000

Network stations scldom
less than 10 km. Other sus-

" veys scldom less than 3 km.

25°
1 part in
1,000,000

3 D/R—10"
4-6
6-8
16

2
0”.45

I part in
100,000

68

1 part in
50,000

TRILATERATION

Principal stations seldom
less than 10 km. Other sus-
veys seldom less than 1 km.

25°

1 part in
750,000

3 D/R—10"
6-8

6-10
16
2
0°.45

1 part in
50,000

$-10

1 pant in
20,000

Principal stations sel-
dom less than $ km
For some surveys a
spacing of 0.5 km be-
tween stations may be
satisfactory.
20°
1 part in
450,000

2 D/R—10*
8-10
8-10

16

1
0".6

1 part ia
20,000

10-1$

| part in
10,000

Priacipal stations
scidom less than
0.5 km.

20°

1 part in
250,000

2 D/R—10°

10-18

10-12
]
!
0"s

{ part in
10,000

15-20

i part in
5,000

Principal stations
scldom less than
0.25 km.

.15

1 part ia
150,000

2 D/R—20°
1520

12-13
3°0

| part In
5,000
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Classification

’

Recommended spacing of
principal siations

Horizonual directions or angles *

Instrument

Number of observations

Rejection limit from mean
Length measurements

Siandard error*

Reciprocal vertical angle
observations *

Number of and spread
betwecn observations

Number of stations between
knowan elevations

Asiro azimuihs

Number of courses
between azimuth checks®

No. of obs./night
No. of nights
Standard error

Azimuth closure at azimuth
check point not 10 exceed *

Position closure**®
afier azimuth adjustment

First-Order

Network stations 10-15 km
Other surveys scldom Jess
than 3 km.

0°.2
16
4"

1 part in
600,000

3 D/R—10"

46

5-6

16

2
0".45

1.0 per
station or

2" YN~

004m VK or
1: 100,000

® May be reduced 10 8 and 4, respectively, in metropolitan arcas.

‘TasLE 2.—Continued

TRAVERSE
Second-Order
Class 1 Class

Principal stations scldom less  Principal stations sel-
than 4 km except in metro- dom less than 2 km
politan area surveys where  except in metropoli-

the limitation is 0.3 km. lan area  surveys
where the limitation
is 0.2 km.

Third-Order’
Class § Class Nl

Scldom less than 0.1 km in tertiary sur-
veys in metropolitan area susveys. As

tequited for other surveys.

0*2) [ 1”0

8 }or {120
) s

| part in
300,000

3 D/R—10"

68

10-12
16
2
0°.45

0.08m VK or

1:50,000

0-.2) {10
6 jor{se
4° ' ‘s-

1 part in
120,000

2 D/R—10°

15-20
12
!
1”5

1°.5 per station or 3* VNI  2°.0 per station or 6"
Mectropolitun  area surveys
seldom 1o exceed 27.0 per

station or 3" VN

VN, Metropolitan

arca surveys scldom

to exceed 4°.0 per
siation or I'JE

0.2mvK or
1:20,000

o
’“

1 part in
60,000

2 D/R-—10"

10-13

20-28
8
1
30

3°.0 per station or
10~ VN, Metro-
politan area surveys
seldom (0 exceed
6~.0 per station or

15" VN~
0.4m VK or
1:10,000

1 pant in
30,000

2 D/R—120°

15-20

30-40

8“ per station or

30" VN

0.8m VK or
1:5,000
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NOTE (1)
The standasd ersor Is 10 be estimaited by

on = ,)‘ v whese o. Is the standasd error of the mesn, v Is &
A (n — 1) scsidual tohat s, the diffesence between 8 messused
tengrh and the mean of all measured leagihy of a line),

and a is the numbes of measurcments.
The term “standatd erroi™ used here Is computed undes e sssumption that all
errors are suicily sundom in aature. The 1ruc o scival ceror Is a quantity that
cannot be oblained exacily. It Is the difference between the true value and the
measused value. Ny corsccting each measucement for every known sousce of
systematic error, however, une may approach the true eror. It is mandatory los
any practitioner using these tables 10 seduce 10 » minimum the clicct of all
sysiematic and consiant ¢rrors so that geal accuracy may be obtained. (Sce pags
267 of Coast and Geodetic Survey Special Fublication No. 247, “Maaual of
Geodeilc Trisngulation,” Revised edition, 1939, fug delinition of “aciuul esror.”)

NOTE (1)

The Agure for “Instrument™ describes the theodolite secommended In tesme of
the smalless seading of the hoslzontal citcle. A position is one measure, with the
telescope both dJirect and reversed, of the hosizontal disection from the infiial

stutivn 10 each of the others sutions Sce FGCC “Netailed Specifications™ for

numbes o obiervalions und scjection limits whea wsing transis.

NOTE (3)

The standasd essor for nstronomic azimuihg Is computed with all observasions
considercd equal in weight (with 13 pefcent of the 10131 number of obscevations
tequited on » single night) sficr npplicution of & 3-sccond sejection limit from
the nmican for First- and Sceond -Osdes obscrvations.

NOTE (4)

Sce FGCC "Detailed Specifications™ oa “Elevation of Moclzontial Coatsol Polats™
lor fuither details. These elevations are intended to suffics for computations,
adjustinents, and broad mapping snd control projects, mol mecessarily fos vertical
nciwork elevations.

NOTE (3)

Unless the survey Is In the form of a loop closing on kisell, the posliion closures
would depend largely on the constraints or established contsal la the adjusiment.
The catent of constsainis and the actual selationship of the surveys can be
obtained theough cithesr a seview of the compuiations, or & misimally coa-
steained adjustmient of all wosk involved. The propostionst accusacy or closure
{ic. 17100,000) can be ablsined by computing the diffcrence between the com-
puted vulue and the fixed vulue, snd dividing this quantity by the leagth of the
luop connecting the two points.

NOTE (6)
Sce FGCC "Detalted Specifications™ oa "Trilatesstion™ fos furthes detalls.

NOTE (7)

The aumber of srlmuh courses for First-Order traverses are between Lyplace
szimuths. For other survey accuracies, the number of courscs may be between
Luplace azimuths and/or adjusied aaimuths,

NOTE (8)

The expressions for closing erross In traverses are glven la Iwe forms. The
exptession contalning the squase 0ol s designed for longes lnes whese higher
propostional accusacy s sequised.

The fosmula that glves the smallest permissible closure should be used.

N s the numbee of statlons for carrying saimuth,
K Is the distance in kilomeless.
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Vertical Control

First-Order

Leveling of this order is used in developing the
basic framework of the national vertical net in the
United States (Basic Nets A and B) so that few
points in the country will be more than 50 km
from an established First-Order bench .mark. All
lines close wpon First-Order leveling to form cir-
cuits. The lines are divided into sections 1 to 2
km in length, and each section is leveled forward
and backward. The difference in the two levelings
must not exceed 3.0 mm (K)*/? for Class I (Basic
Net A), or 4.0 mm (K)'/* for Class IT (Basic Net
B), where K is the distance in kilometers. The same
criteria are recommended for use in establishing
primary networks of leveling in metropolitan areas,
except that the lines should be closely spaced.

Actual gravity values at the bench marks are
needed to compute geopotential differences. If the
gravity is not already available with the required ac-
curacy, it shall be measured at sufficient number of
bench marks so that the gravity uncertainty com-
puted for any interval will not affect the accuracy
of the geopotential difference by more than 0.2 x
10-3gpu’.

Second-Order, Class 1

Leveling of this class should be used in developing
the secondary net of the national vertical network
and in densifying precise control in metropolitan
areas. The leveling should connect 1o leveling of
equal or greater accuracy to form closed circuits.
All lines should be divided into sections 1 to 2
km in length, and each section should be run for-
ward and backward, the two runnings of a section
not to differ more than 6 mm (K)'/?, where K is
the length of the section in kilometers.

Second-Order, Class 11

This class should be used in subdividing loops of
First-Order and Second-Order, Class 1 leveling to
establish general area coverage. The leveling should
form closed circuits with leveling of equal or greater
accuracy. and should rarely extend more than 50
km unsupported in this manner. Single-run leveling
for short distances is acceptable, but for distances
greater than 25 km double-run leveling is recom-
mended. For double-run leveling, the line should be

8 1 peopotential unit (gpu). = 1 kilogaimeter (108 cm? sec™?)
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divided into sections of 1 to 3 km, and the forward
and backward running of each section should differ
by not more than 8 mm (K)'/, where K is the
distance in kilometers.

Third-Order

Third-Order leveling may be used in subdividing
loops of First- and Second-Order leveling, where ad-
ditional control is required for local development.
Third-Order lines may be single-run, but must al-
ways bz loops or circuits closed upon lines of equal
or higher order with a check of 12 mm (K)'/3, or
better, where K is the length of the line in kilometers.
It is recommended that single-run lines be limited
to 10 km in length, and double-run, to 25 km. Ex-
ceptions would be control for topographic mapping
at a scale of 1:24,000 or smaller, and leveling in
mountainous areas, where accuracy requirements
may permit Third-Order lines 50 km long.

Leveling of Lower Order

Trigonometric leveling, barometric leveling, and
fly leveling may be considered as Fourth-Order,
or less; standards for these surveys are not included
in these classifications. Elevations are normally pub-
lished as part of other data.

Instruments and Procedures

For First-Order leveling, an automatic or tilting
level with parallel plate micrometer, or equivalent,
should be used. It shouid have horizontal sensitivity
of 0.25 second of arc, or better, and should have
high-quality optics that will permit repeat reading
of 0.2 mm on a geodetic rod at a distance of S0 m
under normal atmospheric conditions. The instru-
ment should remain stable in = moderate breeze (up
to 20 km/h), and should be temperature compen-
sated. The rod should be composed of an invar
scale under tension on a wood or metal frame
equipped with a bull's-eye bubble. The scale should
be accurate overall to 0.1 mm. The rods are used
in pairs, each rod alternating as the forward and
backward rod, "and the same rod is aiways read
first regardless of position. That is, one rod will
be used for the back readings on odd-numbered in-
strument stations, and for the forward readings on
even-numbered stations. The lengths of sights should
not exceed the criteria given in table 3, and should
be shortened if refraction or scintiliation is trouble-
some. Balancing of forward and backward sights

also shall conform to the limits given in table 3. ‘




Classification

Principal uses
Minimum standards; higher accu-
racies may be used for special
purposes ’

Recommended spacing of flines
National Network

Metropolitan control;
other purposes
Spacing of marks along lines
Gravity requirement®
Instrument standards

Field procedures
Section length
Maximum length of sight

Fleld procedurest
Max. difference in lengths
Forward & backward sights
per setup

pes section (cumulative)
Max. length of line
between connections
Maximum closurest
Section; fwd. and bkwd,

Loop or line

TasLe 3.—CurassiFicATION, STANDARDS OF Accurac,,

First-Order

Class 1, Class Il

Basic framework of the National
Network and of metropolitan area
controf

Extensive engineering projects
Regional crustal movement
investigations

Determining geopotential values

Net A; 100 to 300 km
Class 1
Net B; 50 to 100 km
Class Il
2108 km
As needed
1103 km
0.20 x 10 -*gpu
Automatic or tilting levels with
parsllel plate micrometers; invar
scale rods
Double-run; forward and back-
ward, each section
1102 km

S50mClass I; 60 m
Class 11

2mClass ;S m
Class Il
4mClassI; 10m
Class Il
Net A; 300 km
Net B 100 km

Imm K Class I
4 mm VK Class I
4 mm VK Olass I}
Smm K Class 11

® See text for discussion of instruments.

t The maximum length of line between connections may be Increased to 100 km
in those areas where the First-Order control has not been fully established.

Class |

Secondary control of the National
Network and of metropolitan area
control

Large engineering projects

Local crustal movement and sub-
sidence investigations

Support for lower-order control

Secondary Net; 20 to 50 km

05 10t km
As needed
t103 km
Automatic or tilting levels with
oplical micrometers or three-wire
levels; invar scale rods
Double-sun; forward and back-
ward, each section
1t 2km

60m

Sm

50 km
6 mm VK
6 mm VK~

1

$ Check between forward and backward runnings where K s the distance in kilometers.

Class 11

Control densification,
usually adjustied to the
Nationat Net. Local
engineering projects
Topographic mapping
Studies of rapid sub-
sidence

Support for local sur-
veys

Area Control; 10 (o
25 km

As needed
As needed
Not more than 3 km

................

Geodetic levels and
invar scale rods

Double- or single-run
1 to 3 km for double-

mn
0m

50 km double-run
25 km single-run

8 mm VR
8 mm VK

Third-Order

AND GENERAL SPECIFICATIONS FOR VERTICAL Conreot
Second-Order

. Miscetlaneous local control;
may not be adjusted 10 the
National Network. Smail en-

gineering projects

Small-scale topo. mapping
Drainage studies snd gradi-
ent establishment in moun-

thinous areas

As needed

As needed
As needed
Not more than 3 km

................

Geodetic levels and rods

Double- or single-run

! 10 3 km (or double-run

25 km double-run
10 km single-run

12 mm VK
12 om VK

for double run for Second-Order, Class 1L, and to 50 km for double sun for Third-Order
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