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City & County of San Francisco

Contractor’s Workshop

BSM: Surveying, Processing & 
Reporting Requirements

Bruce Storrs, PLS City & County Surveyor 
Marilyn Lopes, PLS Chief Surveyor - Bill Blackwell, PLS Chief Surveyor

Neil King,PLS - Jim MacCallum, LSIT - Michael McGee,PLS

Workshop Theme

The intent of this Workshop is to provide all 
contractors with the same information and 
understanding of what is needed to be in 
compliance with the methods and procedures 
for surveying, processing and reporting BSM 
survey projects. 

We are resolved to improve communications 
and minimize loss time on both ends. 

2

BSM Survey Division

Vertical & Horizontal Reference 
Systems, Resources & Procedures, 

and 
How They Relate to Surveys 

Performed by Contractors
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City Website
Survey Reports, Coordinate Lists, Reference Documents, 
KMZ Files and Documents generated for this Workshop

(Google “HPN Survey”)

http://sfpublicworks.org/ccsf-geodetic-network
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“CCSF BSM Projects: Surveying, Processing & 
Reporting Requirements” Reference Document
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“CCSF BSM Projects: Surveying, Processing & 
Reporting Requirements”

Documents Emailed to Contractors on 5/24/2018, to be updated
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“Datum-H-V Simplified CCSF Version 4.31.docx”
Available on the CCSF Web Site & Supporting Document
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Acronyms: City Reference Systems

 HPN  =  “High Precision Network” of 20 control
points established in 2013 and expanded 
to 28 points in the 2018 HPN Re-Survey
to reference the City coordinate systems.

Known as “Primary Control” - Accuracy of
5 x 5 mm at 95% - ID Range 101-199

 HPND = “High Precision Network Densification” of 
285+ control points set for control on
City projects since 2014. 

Known as “Secondary Control” – Accuracy 
of 10 x 15 mm at 95% - ID Range 200-1999 8
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Acronyms: City Reference Systems

 TND  =   “Tertiary Network Densification” points
set for control on City projects
beginning in late 2017.

Known as “Tertiary Control” - Accuracy of
2 x 3 cm at 95% - ID Range 6000-8999

Used to establish control on-site in real-time 
utilizing the Smartnet RTN as referenced
to a special SF “Mount Point”
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Acronyms: City Horizontal & Vertical 
Coordinate Systems

 CCSF-CS13 = “City & County of San Francisco Coordinate

System of 2013”: The City’s official 

horizontal grid coordinate system is a low

distortion projection centered in the City

unlike the CA State Plane Coordinate

System a project centered on the State. 

 CCSF-VD13 = “City & County of San Francisco Vertical 

Datum of 2013”: The City’s official 

orthometric height system based on the

recovery of NAVD88 in the City
10
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2013 City Coordinate System

City & County of San Francisco 
Coordinate System of 2013 

“CCSF-CS13”

 Custom coordinate system designed for and centered on 
the City & County of SF

 A “Low Distortion Projection” that converts NAD83(2011) 
Epoch 2010.00 geodetic coordinates to grid coordinates 
(plane coordinates). 
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CCSF-CS13: Low Distortion Projection

Designed to Minimize the Difference 
in Grid verses Ground Distances,
The Distances are not Ground.

 SFSF-CS13 provides a grid scale distortion 
of less than 1:100,000 (10 ppm) in most 
parts of CCSF

 On average, a ground distance of 1000.00 feet is 
equal to:

1000.00 feet in the CCSF-CS13
Verses

999.93 feet in State Plane Coordinates Zone 3 
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CCSF-CS13: City Coordinate System

 CCSF-CS13 is a local coordinate system created 
coincidental with the City’s 2013 HPN Survey and 
based on NAD83(2011) Epoch 2010.00. 

 Prior to the creation of CCSF-CS13, most 
surveys were based on a scaled to ground 
version of NAD83(1992) Epoch 1991.35  CA 
State Plane Coordinates. 

 CCSF-CS13, like CA State Plane Coordinates, is 
a grid projection but there is no relationship. 
SPC’s is just another coordinate system. 
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CCSF-CS13 - A Low Distortion Projection,

 The projection surface height where the 
Combined Scale Factor is 1.0 (no distortion) is 
positioned vertically above the GRS Ellipsoid so 
as to minimize the distortion across the City. 

 The elevation of the projection surface where the 
scale = 1, is 253 feet on CCSF-VD13 = NAVD88 
Shown as the purple contour on next slide.  

CCSF-CS13: “Combined Scale” Contours 
Yellow= -10 ppm, Purple= 0 ppm (Scale=1),  Green= +10 ppm
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CCSF-CS13 Coordinate System

 Coordinates are properly referred to as

NAD83(2011) Epoch 2010.00 CCSF-CS13

 North coincides with NAD83 Geodetic North at the Central 
Meridian near the center of the City

 Convergence Angle from North varies +/- two minutes 
east-west across the City 

 The County Surveyor has mandated that all projects are 
to be referenced to CCSF-CS13 with a few exceptions for 
legacy projects 
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New CCSF-CS13 Coordinate System

 Projection specifications for input in user’s software: 

Projection: Transverse Mercator

Ellipsoid: GRS-80

Scale: 1.000007 (sets the surface above the ellipsoid)

Latitude of Origin: 37º45’00” (37.75º)

Central Meridian: -122º27’00” (-122.45º)

False Northing: 24000 meters (78740 feet)

False Easting: 48000 meters (157480 feet)

18

VERTICAL DATUMS in SF 

Old “City Datum”

National Geodetic Vertical Datum of 1929 
(NGVD29)

North American Vertical Datum of 1988 

(NAVD88) 

19

Vertical Datum Relationships

Old City Datum, NGVD29, NAVD88 = CCSF-VD13

 ---- 0.00 -- Old “City Datum” (Zero) -------------
 |                                                        
 |                                                    
 |                                                       
 |                                                      
 |                                                      
 |                                                       

 8.6’ +/- (varies with location}
 |                                                        
 |                                                          
 |      
 |                                                          
 |                                                        

 ----0.00 --- NGVD29 ~ Mean Sea Level ~ NAVD2022
 |                                                    

 2.7’ +/-(varies with location)
 |                                                      

 ----- 0.00 --- NAVD88 = CCSF-VD13 ~ MLLW not by design
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VERTICAL DATUMS in SF 
 Old “City Datum”

 The SF legacy datum primarily is use until 2013

 National Geodetic Vertical Datum of 1929 (NGVD29)
 Zero is approximately mean sea level 

 The North American Vertical Datum of 1988 
(NAVD88) 

 The current national datum superseded the NGVD29 in 
1991. 

 Zero is approximately at mean lower low water (not by 
design)

 Zero is about -11.35 feet on the Old City Datum 
 CCSF-VD13 is based on NAVD88 as recovered in the City 

in 2013

 New National Datums coming in 2022?
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2013 & 2014-2015 High Precision Leveling Network
142 Miles of Leveling - Average Closures <0.01’

21 22

RECOVERING THE NAVD88 DATUM 
• The NAVD88 Datum is realized by NGS Benchmarks

• All NGS BM’s are shown below; the brown are Vertcon

• NAVD88 network (green & yellow) were leveled 1977-
1989, adjusted 1991 and published

23

NAVD88 DATUM RECOVERY: 
 The 2013 Precise Leveling Network including 35 NGS, of 

which 26 were “Adjusted” NAVD88 Benchmarks

CCSF-VD13 = NAVD88 in the City
 “CCSF-VD13” is a realization of the NAVD88 Datum, in 

the City, as a result of the 2013 leveling surveys

• Based on the best fit of the published heights on 25 

• “Adjusted” NGS NAVD88 Benchmarks and a subset 
of 12 Stability A/B. The datum was recovered with a 
standard deviation of 0.008 feet. 

 This realization improved the relative accuracy of the 
NGS benchmarks having been in the ground for 30 
years since the original leveling and supersedes the 
published heights on the NGS Data Sheets

 Report, Specifications & Benchmark List are on the 
City Web Site 24
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CCSF-VD13 verses the Old City datum

 CCSF-VD13 supersedes the old “City Datum” 

WHY?
Not Maintained, 

Subsidence, 

Benchmarks in same intersection can differ 0.2’, 

Many are lost - most will be in a few years

25

Old City Datum Benchmark Sheet

26

Many are lost - most will be in a few years

Old City Datum Benchmarks
BM’s in the same intersection do not agree!

27

< Diff’s vary up to 0.06’

< Diff’s vary up to 0.10’

The differences between CCSF-VD13 and the Old 
City Datum varies 10.9 to 11.8 feet City wide

< Xn-Xn Diff’s vary 0.14’

Converting CCSF-VD13 Heights to Old City Datum

 In 2013, the City & County Surveyor approved a 
conversion to be applied to CCSF-VD13 heights 
that estimates elevations in the Old City Datum 
as follows: 

CCSF-VD13 - 11.35 feet = Old City Datum

City Datum + 11.35 feet = CCSF-VD13 

Converting from the Old City Datum 

to CCSF-VD13 is UNDEFINED

 Do Not Use the Old City Datum 
Unless it is Job Specified

28
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Methods to Recovering the Old City Datum

Recover Generically: Apply the approved conversion  
CCSF-VD13 - 11.35 feet ~ Old City Datum
Accuracy probably a ½ foot across the City.

Recover Locally: Include the nearest Old City 
Datum Benchmarks in the survey. 
Accuracy probably a 0.1 feet locally.

29

2013 & 2014-2015 High Precision Leveling Network
142 Miles of Leveling - Average Closures <0.01’
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2013-2015 Established1454 CCSF-VD13 
Benchmarks in San Francisco

KMZ File for Viewing in Google Earth (below), 
Benchmark Descriptions, Photos on Website 
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Destroyed Benchmarks & HPND Mon’s
Please Email Geodesy if aware of any monument 

type found to be destroyed. 
geodesy@sfdpw.org

32
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Load the various KMZ’s in Google Earth
Zoom in to an area of interest

33

View Benchmark Description & Photos

34

631 Benchmarks Established in 2013

35

2013 Benchmark Monument

823 Benchmarks Established in 2014-15

36

2014-15 Benchmark Monument
&

HPND and TND (stamped with ID)
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2013 Leveling Report (below), 
Survey Specifications and  Benchmark 

Elevation List Available on the Web Site

37

Benchmark Descriptions 
Available on the CCSF Website
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CCSF-VD13  2013-2015 
Benchmark List (Blue Doc)
Available on the CCSF Web Site

Supporting Document

39

Horizontal, 3D Regional and 
City Control Network 

40
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HORIZONTAL DATUMS & REALIZATIONS 

 North American Datum of 1927
“NAD27”

 North American Datum of 1983
“NAD83(1986)”

Newer Realization of NAD83

 NAD83(1992) Epoch 1991.35

 NAD83(2011) Epoch 2010.00
42

NAD27 - HORIZONTAL DATUM
North American Datum of 1927

• National Datum superseded by NAD83

• Constrained to a single point in Kansas (Meade's 
Ranch) 

• Based on old measured triangulation   

• Some BSM projects are based on NAD27 State Plane 
Coordinates (SPC)  

• Referenced by the legacy NGS Triangulation Stations 
in the City with a relative accuracy of about ½ foot

Legacy NGS Triangulation Stations in SF
Source for Recovering NAD27 & NAD83(1986) Datums

43 44

NAD83 - HORIZONTAL DATUM
North American Datum of 1983 Adj’d 1986

 NAD83 was based on the old NAD27 triangulation 
measurements and some EDM measurements 

 Constrained to the global Very Long Baseline 
Interferometry Network (VLBI) at Epoch 1984.0. 

“NAD83(1986) Epoch 1984.0”. 

 The difference between an NAD83 coordinate and a 
NAD27 coordinate on the same monument is about 300 
feet from NAD27.  

 NAD83(1986) is referenced by the legacy NGS Tri-
Stations with a relative accuracy of about ½ foot. 
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North American Datum of 1983
“NAD83(1992) Epoch 1991.35”

 The accuracy and precision of NAD83 was upgraded with 
a new realization in 1992 after satellite based 
measurement systems (GPS) became available 

 The 1992 adjustment is a high precision realization of 
NAD83, independently constrained to the VLBI Network 
and physically referenced by the High Precision Geodetic 
Network (HPGN) in California. 

 This realization has a relative accuracy of several 
centimeters and is referred to as 

“NAD83(1992) Epoch 1991.35” 
46

Recovering “NAD83(1992) Epoch 1991.35”

 The legacy triangulation stations (based on legacy 
conventional measurements) were later re-adjusted and 
constrained to the 1992 HPGN Adjustment; however, they 
have no ellipsoid heights because they are not based on 
GPS and the relative  accuracy is still about ½ foot

 The recovery of NAD83(1992) Epoch 1991.35 should be 
based on the HPGN or stations with ellipsoid heights, not 
the legacy triangulation stations even though their 
positions are listed in the NGS Data Sheets as 

“NAD83(1992) Epoch 1991.35” 

Compare a GPS measured position with the 
position derived from a re-adjustment of legacy 
triangulation measurements at Epoch 1991.35 

NGS PID

HT0613   =  “Hunter West 1” Triangulation Sta.

Latitude Longitude         Source

37 43 41.93549   122 21 43.69289   HPGN

37 43 41.93343   122 21 43.68924   Tri-Station

Diff ~ S 0.2’ x  E 0.3’     

47

CCSF 1992-1999 Control Networks
GPS Control Networks were established in SF between 
1992 and 1999 as shown on a seven page map; 
coordinates agree 0.05 feet with the “NAD83(1992) Epoch 
1991.35” positions on the HPGN Data Sheets. Not Used

1991-1999 GPS Surveys (Page 4/7) Available on the CCSF Web Site

48
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NAD83(2011) Epoch 2010.00, 
Epochs & Velocities in SF 

 Numerous re-adjustments of NAD83 have resulted 
in newer realizations 

 The latest is “NAD83(2011) Epoch 2010.00” 

which is the reference frame for all coordinates 

in SF since 2013. 

 The difference in the coordinates of a point 
measured and published on the 1991.35 Epoch 
and the current 2010.00 Epoch is about 2.08 feet. 
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NAD83(2011) Epoch 2010.00, 
Epochs & Velocities in SF 

 “Epochs” are necessary because SF is moving NNW’ly
with a velocity of N 33-54-31 W  0.111 feet per year;

Therefore, the actual position (physical location) is changing 

relative to the fixed North American Plate, but we retain the

NAD83(2011) Epoch 2010.00 positions in the City. 

Expect SF to remain on the 
NAD83(2011) 2010.00 Realization

 Why? 2018 Re-Survey Findings! (see next slide)

No Differential Movement within the City,

no rotation or scale change, 

City moving as a block (see next slide)

 What about the upcoming 2022 Datums? 

Everything shifts 6 feet horizontal & 0.8 feet vertical

51

2D Conformal Transformation of the 2013 HPN 
Coordinates to the 2018 HPN Coordinates

52
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HPN–CGPS-RTN-CORS
2018 Network

53

CCSF 2018 High Precision Network (HPN) 
of 28 Points (8 New Points)
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HPN Monuments in Rock Outcrops

55

HPN-101 top of Corona Hts Park
(North Central Radial Base)

HPN-102 off Marietta Drive
(South Central Radial Base)

HPN Monuments Set in Stable Structures
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HPN 116 at San Francisco City College

HPN 103 at Lands End
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HPN Monuments

57

Set HPN 108 Monument

Existing NGS Monument 
Used for HPN 104

HPN Station Recovery-Obstruction Diagrams, 
Photos and KMZ Files 

Available on the CCSF Web Site
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2013 GNSS Survey Report and Coordinate Lists
Available on the CCSF Web Site
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2013 HPN Coordinate List 
Available on the CCSF Web Site - Supporting Document

60

Soon to be updated with the 2018 HPN Re-Survey results 
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HPND & TND Ongoing Densification of the HPN

285+ HPND Points Set in Support of Projects Since 2014

61

HPND Coordinate List (Red Doc)
2014-2017  

Available on the CCSF Web Site - Supporting Document
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Conventional Checks & Tie Points

63

Researching CCSF Control

64

Load the Benchmark, HPN & HPND kmz’s into 
Google Earth

Zoom in to the area of interest
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Click & View Control Point 
Description & Photos

65

2D Transformations

NAD83 1991.35 Epoch SPC to CCSF-CS13

NAD83 2010.00 Epoch SPC to CCSF-CS13

NAD83 1991.35 Epoch SPC to 2010.00 Epoch SPC

Available on the CCSF Web Site (soon to be updated)

66

Transformation:
NAD83 1991.35 Epoch SPC to CCSF-CS13

 INPUT COORDINATES (Feet)

 1999 NAD83(1991) 1991.35 SPC         NAD83( 2011) 2010.00 SFCS13
 PT#         North(1)      East(1)         PT#   North(2)    East(2)      
 CANDLESTICK 2085128.546  6013911.480       107  62778.214  173801.613  
 TIDAL       2121772.462  5993470.060       201  98991.152  152599.533  

 SLOAT       2095678.561  5984226.406       202  72708.341  143900.815  
 ARMY        2100667.364  6012652.104       203  78288.679  172218.652 


 TRANSFORMATION SOLUTION RESIDUALS (Feet)

 1999           2013      North     East    N.Azim & Dist
 CANDLESTICK     107     -0.020    +0.016     140° 0.026    
 TIDAL           201     -0.032    -0.009     195° 0.033    

 SLOAT           202     +0.034    -0.012     340° 0.036    
 ARMY            203     +0.018    +0.004      13° 0.018    


 Root Mean Square of the North and East Residuals   =  0.02

 Scale Factor =  1.00007856      Standard Deviation =  0.00000079
 Rotation     = -1° 11' 37.4"    Standard Deviation =  0° 00' 00.2"
 TRANSFORMATION EQUATIONS   N2=A1*N1-A2*E1+A4   E2=A2*N1+A1*E1+A3

 A1= 0.9998615081 A2= -0.0208347280 A3= -5795833.91914 A4= -2147359.74825

67

RECORD of SURVEY #8080
Available on the CCSF Web Site

68
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Monument falling in the traverse area of 
responsibility shall be tied according to BSM 
Procedures: i.e. City Monuments, Benchmarks, 
HPN, HPND & TND Control Points

69

Mon-u-mental Link (public)
https://bsm.sfdpw.org/subdivision/monumental/viewer.htm

70

Zoom In and Click on Mon.

71

Establishing CCSF-CS13 on City Monuments
160+ Mons Surveyed with GNSS to Tertiary Standards for 

future conversion of City Monumentation Maps to 
CCSF-CS13 in support of a City GIS

72
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ALL Vertical & HORIZONTAL 
MONUMENT SURVEYED 

SINCE 2013

5/1/2014 73

ALL Surveyed 3D Monuments Positioned in 
CCSF-CS13 Since 2013

74

ALL Surveyed 3D Monuments Positioned in 
CCSF-CS13 Plus CCSF-VD13 Benchmarks 

75

Example Map Note for Surveys 
Based on CCSF-CS13 & CCSF-VD13 

76

See Support Document 
“Datum-H-V Simplified CCSF Version 4.31.docx”
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Example Map Note for Surveys Based on CCSF-CS13
Horizontal Datum & Reference System

Basis of Survey

Horizontal Datum & Reference System

 The horizontal datum is the North American Datum of 
1983: NAD83 (2011) 2010.00 Epoch referenced by the 
CCSF-2013 High Precision Network (HPN) points 101 
and 102 shown hereon. Grid coordinates are based on 
the “City & County of San Francisco 2013 Coordinate 
System” (CCSF-CS13). See Record of Survey #8080 in 
Book EE of Survey Maps, 147-157 SFCR and the CCSF 
DPW Web Site. 

77

Example Map Note for Surveys Based on CCSF-VD13
Vertical Datum & Reference System  

Basis of Survey

Vertical Datum & Reference System

 The vertical datum is “CCSF 2013 NAVD88 Vertical 
Datum” (CCSF-VD13) as referenced by CCSF-VD13 
Benchmarks 10001, 10002 and 10003 shown hereon 
and described on the CCSF PW BSM Web Site. 

78

Workshop Theme

The intent of this Workshop is to provide all 
contractors with the same information and 
understanding of what is needed to be in compliance 
with the methods and procedures for surveying, 
processing and reporting BSM survey projects. 

What's Working - What's Not Working
Working Together For a Consistent & Complete Work 

Product

We are resolved to improve communications, 
minimize loss time and create a team effort. 

Win-Win
Increase Your Profit Margin and Expediate Delivery
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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

80
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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. 81

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. 

82

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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