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Survey Adjustments and Reporting

CCSF Primary Coordinate Survey Systems:

CCSF-CS13

NAD83(2011) Epoch 2010.00, GRS-83 Ellipsoid.

Transverse Mercator, “Low Distortion Projection.

Grid coordinates (plane coordinates).

Scale is not 1.

CCSF-VD13

Realization, (Recovery), of the NAVD88 Datum   
in 2013 from leveling surveys.
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Horizontal Datum Parameters 

NAD83(2011)       |                           Ellipsoid: GRS-80
Epoch 2010.00     |  Equatorial (Semi Major): 6378137.0 m   

|          Polar (Semi Minor): 6356752.31414

Horizontal Projection Parameters

|               Projection:   Transverse Mercator
|                      Scale:   1.000007

CCSF-CS13  |   Latitude of Origin:   37º 45’ 00”
|     Central Meridian: -122º 27 ’00”
|        False Northing:  24,000 m
|          False Easting:  48,000 m
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CCSF Primary Coordinate Survey System

Best way to develop CCSF-CS13 Coordinates for your 
projects is to utilize a survey adjustment application that 
accommodates datums and projections.

BSM uses MicroSurvey’s STAR*NET software application.

Vendors can use any adjustment software it chooses 
provided the adjustment software accommodates the 
datum and projection parameters for CCSF-CS13 outlined 
in the previous slide.
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Traverse Adjustment Software

The “Guide-StarNet v8-CS13 Install Instructions-082617” 
document outlines how to set the CCSF-CS13 projection in 
STAR*NET. Works with STAR*NET v9.

The datum and projection parameters are listed above in 
Slide 4 and they are also listed in the “Guide.”

A sample data set is listed at the bottom of the “Guide.”

If you use STAR*NET and are unable to set up the CCSF-
CS13 projection correctly in STAR*NET contact us and we 
will make every effort to get you up and running.
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Traverse Adjustment Software

If you use a different adjustment application let BSM know 
what you are using.  

Should we need to review in detail or advise with respect to 
your adjustment we will need your project work files.

BSM can assist in producing results consistent with BSM 
procedures if you provide a copy of the following StarNet files: 

*.pts (plane coordinates and elevations), 
*.pos (geodetic coordinates), 
*.lst (listing), 
*.snproj (StarNet project file) and the 
*.dat (StarNet constraints and observations files). 
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Traverse Adjustment Software

In any adjustment the point ID must be correct other wise 
funny things happen and it is very hard to debug.

Correct Point ID’S Incorrect Point ID’s

Traverse Adjustments 
using Least Squares

To Least Squares or Not To 
Least Squares?

If a traverse is not required and only a 
Short Form Survey Report is necessary 

then there is no adjustment
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Step One: Minimally Constrained Adjustment
 Fix one horizontal point and a bearing (called the constraints), or fix 

two horizontal points (for a backsight). Fix one point for elevation 
and run a 3D adjustment (always) for redundancy and integrity. The 
vertical constraint does not have to be the same as the horizontal. 
Set other known points free in their n, e & elevation. 

 The least squares adjustment will best fit all observations 
mathematically so as to minimize the residuals (note, multiple 
redundant observations or points with redundant occupations will 
result in residuals. The traverse is treated like a solid object 
anchored to the fixed coordinate(s) and the differences between the 
calculated positions and the known coordinates at other ‘set free’ 
points are listed. 

 If the residuals and closures on the other known points are 
acceptable then compute the Constrained Adjustment to develop 
final coordinates. If the residuals are not acceptable, then go into 
blunder detection mode and try to identify the problem observations 
or control points. 9

Step Two: Free-Weighted Constrained Adjustment

 Free-Weighted Constrained Adjustment is very useful for blunder 
detection. All known horizontal & vertical control points (constraints) 
are assigned an arbitrary weight of 1 foot i.e. n=1, e=1, elv=1. 

 The computed solution attempts to best fit the traverse to all the 
known points as opposed to holding or fixing any points. This results 
in differences at all points. 

 Because least squares attempts to minimize the sum of the square 
of the residuals, larger difference will likely appear at or near the 
problem. These larger than expected differences may indicate a 
problem with a control point’s position or a traverse observation. The 
problem may be using the wrong coordinate, or the wrong point 
number. Additional analysis is necessary to identify the problem. 
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Step Three: Constrained Adjustment

 After any bad observations are identified and removed, re-run the 
‘Minimally Constrained Adjustment’ as previously described to 
demonstrate and document the acceptable closures on other know 
control points. 

 Once an acceptable ‘Minimally Constrained Adjustment’ is 
determined, process the ‘Constrained Adjustment’ fixing all  
acceptable known control points to develop the final coordinates for 
publishing. 
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Traverse Adjustment / Closure Expectations

Example: Mission Street Traverse:

Octavia St to the Embarcadero, over 2 miles of traversing.

8 HPND CCSF-CS13 and 9 CCSF VD-13 Control Points

60 setups

All angles measured 3 times direct and reverse
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Traverse Adjustment / Closure Expectations

Example: Mission Street Traverse

STAR*NET Instrument Standard Error Settings

Project Default Instrument Leica MS 60

Distances (Constant)                    :    0.003 FeetUS
Distances (PPM)                           :    1.000
Angles                                           :    2.000 Seconds
Directions                                      :    2.000 Seconds
Azimuths & Bearings                     :    2.000 Seconds
Zeniths                                          :    4.000 Seconds
Elevation Differences (Constant)  :    0.050 FeetUS
Elevation Differences (PPM)         :    0.000
Centering Error Instrument            :    0.005 FeetUS
Centering Error Target                   :    0.005 FeetUS
Centering Error Vertical                 :    0.005 FeetUS
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Traverse Adjustment / Closure Expectations

Minimally Constrained  3D Free Weighted Constrained 3D

Station dN  dE  dZ dN  dE   dZ

238 0.000 0.000 0.000 -0.016 0.024 -0.015

239 0.010 -0.007 0.015 -0.007 0.013 0.000

265 -0.002 -0.013 -0.016 -0.027 0.009 -0.031

266 0.000 0.000 0.022 -0.024 0.023 0.007

267 -0.035 -0.031 0.021 -0.058 -0.007 0.006

361 0.022 -0.051 0.038 -0.003 -0.023 0.023

364 0.035 -0.035 0.039 0.009 -0.007 0.024

10100 n/a n/a 0.025 n/a n/a 0.010

10312 n/a n/a 0.010 n/a n/a -0.005

10314 n/a n/a 0.032 n/a n/a 0.017

11770 -0.006 0.000 0.013 -0.026 0.021 -0.003

11771 -0.017 -0.013 0.000 -0.039 0.007 -0.015

11777 -0.013 -0.001 0.002 -0.035 0.022 -0.013

Example: Mission Street Traverse
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Survey Reports

Are a minimum requirement for all projects going forward.

They are to contain the information of the who, what, where, when and 
how.

They are to contain the results of the survey.

They are to contain the Quality of the survey.

They Supply the retracement of Your Survey.
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Survey Reports

Primary Importance for a Report:

Allows BSM to following in the foot steps of your 
survey.

Allows The Client to following in the foot 
steps of your survey.

Allows the down stream Design Consultants 
to following in the foot steps of your survey.
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Survey Reports

Two Types of Reports:

Short Form

Long Form

BSM will specify what type is required for each specific 
project. 
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Survey Reports

Short Form:

The “Short Form” Survey Report identifies the horizontal control points 
and the vertical control points with their coordinate values and the 
points and/or line(s) held for the basis of bearings. 

The differences between the published measured values are listed with 
a brief narrative of the methods employed for the survey.

Retracement.

(see “Form-SurveyRpt-ShortForm-Traverse”)
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Survey Reports

Short Form:
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Survey Reports

Long Form

The “Long Form” Survey Report is a more detailed version of 
the Short Report and includes a StarNet (preferred) 
minimally constrained adjustment and constrained 
adjustment listing (see “Guide-Traverse Adjustment-
Analysis”). 

The Report must employ the CCSF-CS13 Projection with the 
correct projection parameters, show what survey control 
point(s) were held, and how the field traverse fit the positions 
and elevations on control points and benchmarks. 

This information is essential for BSM to QA/QC the survey 
results and integrate into the BSM system. 
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Survey Reports

Long Form continued

The Survey Report will list all CCSF-CS13 Horizontal and CCSF-VD13 
Vertical Control Points with their coordinate values and a map of the 
control network.

Please provide the adjustment without the numerous topo side shots.

Retracement.

(see “Form-SurveyRpt-Long Form-Traverse”). 
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Survey Reports

Long Form continued
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Survey Reports

Long Form continued
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Survey Reports

Long Form continued


