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JERRY MAHUN, PLS

715-896.3178
JERRYMAHUN@GMAIL.COM
JERRYMAHUN.COM

Standards and Specifications

Upcoming FS/PS sessions
Mar 9 Survey Standards
Apr 6 Basic Riparian Concepts
May 6 Map Accuracy Standards
Jun 8 GIS Concepts
Jul 13 Photo: Single Vert Photos
Aug 10 Photo: Stereo Photos
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I. DEFINITIONS 
A. Standard: a goal or level to be achieved.

Science & Engineering: expressed as a tangible number

B. Specification:
Procedures to achieve a standard.

Structured and repeatable measurement methodology.

Evaluation methodology
Systematic way to verify standard has been met

C. Work together
Everyone shoots for the same identifiable goal and uses the same rules to achieve 
and verify.

I. DEFINITIONS 
Engineering Example

Engineer specifies concrete with a 4000 psi compressive strength and maximum 2-
inch slump for a bridge deck - two standards.

Specifications: American Society for Testing and Materials (ASTM) 
C150-24 Std Spec for Portland Cement
C1611-21 Std Test Method for Slump Flow of Self-Consolidating Concrete
C470-23 Std Spec for Molds for Forming Concrete Test Cylinders
C873-23 Std Test Method for Comp Strength of Concrete Cylinders
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I. DEFINITIONS 
D. Surveying Standards: Positional Certainty

Expressed either in relative or absolute terms.

Standards only applicable where project has specific formal accuracy needs.
Highway construction corridor vs Lot drainage plan

"Classic" standards were derived from long-used measurement types: angles, 
distances, elevations.

Standards levels refined as instrumentation accuracies increased.

I. DEFINITIONS 
D. Surveying Standards

Different measurement technologies 
developed and rapidly adopted.

Didn’t fit in existing standards 
framework.

Increased digital data collection, 
transmittal, integration.

Surveying role expansion; 
diversification; specializatrions.
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I. DEFINITIONS 
D. Surveying Standards

Different measurement technologies developed and rapidly adopted.
Didn’t fit in existing standards framework.

Increased digital data collection, transmittal, integration.

Surveying role expansion; diversification; specializations.

“Simple” Standards & Specifications (S&S) had to evolve.

Presentation emphasis on Control Survey S&S

II. EVOLUTION
A. Pre-1970s

1921: Special Publication No. 26 
General Instructions for the Field Work 
of the U.S. Coast and Geodetic 
Survey

Evolved as instrumentation improved.

1957: Electronic Distance 
Measurement.

Huge impact.
Replaced time-consuming taping.
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II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

Formally organized in early 1974.

Representatives from federal agencies, eg,
National Geodetic Survey
US Geological Survey
US Forest Service
US Department of Transportation
etc.

Developed the Standards and Specifications for Geodetic Control Networks.
Last issued in 1984.

Initially developed for expansion and densification of the Federal control network

II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

1. Content; Organization
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II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

1. Content; Organization
Specifications are divided into categories

PurposeSection

General layout to ensure geometric strength 
and adequate coverage.

Network geometry

Types and characteristics of equipment of 
necessary to meet requisite measurement 
precisions.

Instrumentation

Nature and frequency of equipment 
calibration; Tolerance levels.

Calibration 
procedures

Appropriate methods of observations; 
measurement frequency and tolerances.

Field procedures

Data analysis, testing, and adjustments.Office procedures

II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

2. Standards
a. Horizontal

Standard expressed in relative terms;
minimum accuracy between directly connected points

Third OrderSecond Order

First Order Class IIClass IClass IIClass I

1/5,0001/10,0001/20,0001/50,0001/100,000Accy: 1/a
Provide greater accessibility 

for lower accuracy local 
survey needs.

Further 
densification, 
Supplemental 

control.

Additional control 
to strengthen and 

densify primary 
network.

Primary national 
network, Metro 
area networks, 

Scientific studies.

Use

distance between pointsd

std dev between pts; min const’d ls adjS
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II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

2. Standards
a. Horizontal

Example:
Maximum allowed error for Second Order Class I triangulation stations 10 km apart? 

Second Order Class I Min Accy is 1/50,000

II. EVOLUTION

Horizontal Control
Network,1984
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II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

2. Standards
b. Vertical

Maximum elevation difference to other points based on distance

Second OrderFirst Order
Third OrderClass IIClass IClass IIClass I

2.01.31.00.70.5dElev rate, b

Local 
control

Control 
Densification

Secondary Nat’l
& Mertro control

Basic framework of the National 
Network and of Metro area 

control; Extensive engr projects
Use

constant rate;b

dist between points; kmK

std. dev of elev diff between pts from min const’d ls adj; mmS

II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC) 

2. Standards
b. Vertical

Example:

Second Oder Class I level run between two points 2.0 km apart.
What is maximum allowable elevation difference between them?
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II. EVOLUTION

Vertical Control
Network,1986

II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

3. Specifications
Triangulation

Existing Control
New Control
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II. EVOLUTION
B. Federal Geodetic Control Committee (FGCC)

4. Augmenting Specifications
Additional descriptive information

Reconnaissance
Network design
Monumentation detail

Error control
Some limited alternative equipment use
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II. EVOLUTION
C. Transitive Technologies

1. Digital Levels & Barcode Rods

Digital levels and bar code scales added to the Vertical FGCC-S&S.
Required massaging of Instrumentation and Calibration sections

Network Geometry and Field Procedures were modified.

Still around due to
NGS Height Modernization and GPS on Benchmark initiatives 
GPS vertical (in)accuracy

Carl Zeiss Jena NI 002

II. EVOLUTION
C. Transitive Technologies

2. GPS - Relative
First appeared in early 1980s.
Despite only a partial SV constellation and long static obs time, could routinely 
achieve 1/300,00 accy

Geometric Geodetic Accuracy Standards and Specifications for Using GPS 
Relative Positioning Techniques 1985-1988

Fundamentally changed surveying and S&S.
Macrometer V-1000

Earliest commercially available 
GPS relative receiver.

1/100,000,000AA Order

1/10,000,000A Order

1/1,000,000B Order
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II. EVOLUTION
D. Federal Geodetic Control Subcommittee (FGCS)

1. What's in a Name?
Fundamental shift in S&S development

Bringing together other related spatial fields
S&S development & implementation across specialties
More emphasis on analysis

Federal Geographic Data Committee: Umbrella
Facilities Working Group
Subcommittee on Marine and Coastal Spatial Data
Subcommittee for Base Cartographic Data
Federal Geodetic Control Subcommittee (FGCS) - reconstituted FGCC

FGCC became the FGCS under the FGDC - got it?

II. EVOLUTION
D. Federal Geodetic Control Subcommittee (FGCS)

2. Integrated Approach to Spatial Standards

Geo-Positioning Standards
Part 1: Reporting Methodology, FGDC-STD-007.1-1998
Part 2: Standards for Geodetic Networks, FGDC-STD-007.2-1998
Part 3: National Standard for Spatial Data Accuracy, FGDC-STD-007.3-1998
Part 4: Standards for Architectural, Engineering, Construction, and Facility 
Management, FGDC-STD-007.4-2002
Part 5: Standards for Nautical Charting Hydrographic Surveys, FGDS-STD-
007.5-2005

FGCS is responsible for Part 2
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II. EVOLUTION
D. Federal Geodetic Control Subcommittee (FGCS)

3. Survey Standards

II. EVOLUTION
D. Federal Geodetic Control 
Subcommittee (FGCS)

3. Survey Standards
“Section 2.2.1 Accuracy Standards

Note that the following accuracy 
standards supersede and replace the 
accuracy standards found in FGCC 
1984 and FGCC 1988 (see Section 
2.3). The classification standard for 
geodetic networks is based on 
accuracy. Accuracies are 
categorized separately according to 
Table 2.1 for horizontal, ellipsoid 
height, and orthometric height. Note: 
although the largest entry in Table 2.1 
is 10 meters, the accuracy standards 
can be expanded to larger numbers 
if needed.”
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II. EVOLUTION
D. Federal Geodetic Control Subcommittee (FGCS)

3. Survey Standards

Sec 2.2.2 Accuracy Determination

l. Measurements, et al, examined to verify compliance with specifications of 
the intended accuracy.
2. Minimally constrained least squares adjustment to ensure correct 
observation weighting and freedom from blunders.

3. Local and network accuracy measures computed by random error 
propagation to determine the provisional accuracy.  

4. Accuracy checked by comparing minimally constrained adjustment results 
against established control; must meet a 95 percent confidence level.

II. EVOLUTION
D. Federal Geodetic Control 
Subcommittee (FGCS)

3. Survey Standards
Accuracies are based on a 
correctly weighted, minimally 
constrained, least squares 
adjustment.

Weights are based on measurement, 
equipment, and setup errors.
Less error, greater weight.

A priori estimates
Can up date based on 
adjustment results
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II. EVOLUTION
D. Federal Geodetic Control 
Subcommittee (FGCS)

3. Survey Standards
Accuracies are based on a 
correctly weighted, minimally 
constrained, least squares 
adjustment.

Vertical Network

Unknown
Vertical, free
Vertical, fixed

One
Elevation

Unknown
Horizontal, free
Horizontal, fixed

Horizontal Network
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II. EVOLUTION
D. Federal Geodetic Control Subcommittee (FGCS)

3. Survey Standards
Local and Network Accuracy

Local – point position uncertainty relative to other directly connected 
adjacent points at the 95% confidence interval, a.k.a. Relative

Network - point position uncertainty relative to the geodetic datum at the 95% 
confidence interval, a.k.a. Absolute

East
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Local

Network

Relative
Absolute
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II. EVOLUTION
E. So Are the FGCC-S&S Dead and Buried?

No, they exist as legacy

FGCC-S&S created in 1974
Replaces by FGCS-GS2 n 1998
In between:

NAD 1927
NGVD 29
NAD 1983 (86) - All observations plus new terrestrial
NAD 1983 (xx) - State HARNS individually added
NAD 1983 (NSRS 2007) - Only GPS observations
NAD 1983 (2011) - Only GPS observations
NAVD 88

Legacy Data
Passive points

No Legacy Data

II. EVOLUTION
E.1. NAD 27 Datasheet
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II. EVOLUTION
E.1. NAD 83 Datasheet

NH1309 ***********************************************************************
NH1309  DESIGNATION - YAHARA
NH1309  PID         - NH1309
NH1309  STATE/COUNTY- WI/DANE
NH1309  COUNTRY     - US
NH1309  USGS QUAD   - COOKSVILLE (2018)
NH1309
NH1309                         *CURRENT SURVEY CONTROL
NH1309  ______________________________________________________________________
NH1309* NAD 83(1991) POSITION- 42 51 47.40667(N) 089 07 55.72846(W)   ADJUSTED
NH1309* NAVD 88 ORTHO HEIGHT - 277.66  (+/-2cm)      911.0   (feet) VERTCON3
NH1309  ______________________________________________________________________
NH1309  GEOID HEIGHT    - -34.155 (meters)                     GEOID18
NH1309  LAPLACE CORR    - -0.02  (seconds)                    DEFLEC18
NH1309  HORZ ORDER      -  THIRD
NH1309  VERT ORDER      -  THIRD ? (See Below)
NH1309
NH1309.The horizontal coordinates were established by classical geodetic methods
NH1309.and adjusted by the National Geodetic Survey in November 1991.
NH1309
NH1309.The NAVD 88 height was computed by applying the VERTCON shift value to
NH1309.the NGVD 29 height (displayed under SUPERSEDED SURVEY CONTROL.)

NH1309                          SUPERSEDED SURVEY CONTROL
NH1309
NH1309  NAD 83(1986)- 42 51 47.39576(N)    089 07 55.72916(W) AD(       ) 3
NH1309  NAD 27      - 42 51 47.37660(N)    089 07 55.32410(W) AD(       ) 3
NH1309  NGVD 29             277.68   (m)          911.0    (f) LEVELING    3

II. EVOLUTION
E.1. NAD 27 Datasheet
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II. EVOLUTION
E.1. NAD 83 Datasheet

NH1608 ***********************************************************************
NH1608  DESIGNATION - JOHNSON
NH1608  PID         - NH1608
NH1608  STATE/COUNTY- WI/GREEN
NH1608  COUNTRY     - US
NH1608  USGS QUAD   - BLANCHARDVILLE (2018)
NH1608
NH1608                         *CURRENT SURVEY CONTROL
NH1608  ______________________________________________________________________
NH1608* NAD 83(2011) POSITION- 42 50 34.33689(N) 089 46 56.35673(W)   ADJUSTED
NH1608* NAD 83(2011) ELLIP HT- 317.474 (meters)        (06/27/12)   ADJUSTED
NH1608* NAD 83(2011) EPOCH   - 2010.00
NH1608* NAVD 88 ORTHO HEIGHT - 351.1   (meters)     1152.    (feet) VERTCON3
NH1608  ______________________________________________________________________
NH1608  GEOID HEIGHT    - -33.788 (meters)                     GEOID18
NH1608  NAD 83(2011) X  - 17,795.734 (meters)                     COMP
NH1608  NAD 83(2011) Y  - -4,684,039.461 (meters)                     COMP
NH1608  NAD 83(2011) Z  - 4,314,935.105 (meters)                     COMP
NH1608  LAPLACE CORR    - 0.56  (seconds)                    DEFLEC18
NH1608
NH1608  Network accuracy estimates per FGDC Geospatial Positioning Accuracy
NH1608  Standards:
NH1608         FGDC (95% conf, cm)     Standard deviation (cm)     CorrNE
NH1608            Horiz  Ellip           SD_N   SD_E   SD_h      (unitless)
NH1608  -------------------------------------------------------------------
NH1608  NETWORK    3.90   3.98           1.05   1.88   2.03     -0.25097645
NH1608  -------------------------------------------------------------------
NH1608  Click here for local accuracies and other accuracy information.

II. EVOLUTION
E.1. NAD 83 Datasheet

NH1608  ACCURACIES  - Complete network and local accuracy information.
NH1608  DESIGNATION - JOHNSON
NH1608  PID         - NH1608
NH1608  Horiz and Ellip are the horizontal and ellipsoid height accuracies
NH1608  at the 95% confidence level per Federal Geographic Data Committee
NH1608  Geospatial Positioning Accuracy Standards.  SD_N, SD_E and SD_h are
NH1608  the standard deviations (one sigma) of the coordinates (NETWORK) or
NH1608  of the difference in the coordinates (LOCAL) in latitude, longitude
NH1608  and ellipsoid height.  CorrNE is the (unitless) correlation
NH1608  coefficient between the latitude and longitude components of either
NH1608  the coordinate (NETWORK) or coordinate difference (LOCAL).  Dist is
NH1608  the three-dimensional straight-line slope distance, in km, between
NH1608  station NH1608 and the corresponding local station.  Local stations
NH1608  are stations processed simultaneously in a session regardless of
NH1608  distance.
NH1608  Accuracy and standard deviation values are given in cm.
NH1608  Type/PID  Horiz Ellip Dist(km)  SD_N   SD_E   SD_h CorrNE
NH1608  -------------------------------------------------------------------
NH1608  NETWORK   3.90   3.98             1.05   1.88   2.03    -0.25097645
NH1608  -------------------------------------------------------------------
NH1608  LOCAL (007 points):
NH1608  NH0943    2.02   2.23     4.12    0.56   0.97   1.14    -0.22477372
NH1608  NH0939    1.87   3.14     5.24    0.95   0.13   1.60    +0.04331544
NH1608  NH0941    2.02   2.12     6.84    0.55   0.97   1.08    -0.23580162
NH1608  NH0936    1.48   2.61     8.21    0.75   0.16   1.33    -0.08955868
NH1608  NH0937    2.06   3.55    10.47    1.05   0.17   1.81    +0.02575059
NH1608  NH0934    2.74   2.90    11.94    0.74   1.32   1.48    -0.23214961
NH1608  NH0932    2.84   2.96    16.41    0.82   1.35   1.51    -0.26168730
NH1608
NH1608  MEDIAN    2.02   2.90     8.21
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III. SUMMARY
FGCC Standards and Specifications for Geodetic Control Networks

Superseded by

FGCS Standards for Geodetic Networks,

FGCC - Legacy standard
On NSRS passive points
Adopted by Sta and Local level and may still be in use there

Control, PLS remonumentation, etc
Can still be useful in other applications

FGCS - current NSRS standard

Easy to do, but don't confuse the two:
FGCC:  Orders & Classes FGCS: Local & Network Accuracy

Questions?

WILD T-4 The Ultimate Theodolite
Used for astronomic observations.
"Broken back" telescope: eyepiece 
on horizontal axis

Weight: 60 kg (132 lbs), 
Circle resolution: 0.1"H, 0.2" V
22-1/2 inch focal length
Shortest sight distance ~100m


