2013 Vertical Datum (SFVD13)

and

2013 Coordinate System (SFCS13)

BSM/DPW Represented by Bruce Storrs, PLS,
City & County Surveyor and Michael McGee, PLS
michael.mcgee@sfdpw.org
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RECORD of SURVEY #8080
posted on the City Website (11 Pages )

SURVEVORS STATEMENT CITY AND COUNTY OF SAN FRANCISCO
THIS MAR CORRECTLY REFRESENTS A SURVEY MADE BY ME OR REGIONAL AND HIGH PRECISION NETWORK CONTROL SURVEY cE suBJECT

LINDER MY DIRECTION IN CONFORMANCE WITH THE REQUWREMENTS
OF THE PROFESSIONAL LAND SURVEVORS ACT AT THE REQUEST VICINITY MAP PROJECT DATUMS. REFERENCE SYSTEM
OF THE SAN FRANCISCO BUREAY OF STREET LSE AND MAPPNG SCALE 1= 20,000" m:mumrﬂwmmLmsnmmacm
DEPARTMENT OF PLIELIC WORKS N NOVEMEER, 2012, NETWORK DESC! a er.!‘rs . s
ADUUSTMENTS & ANAL YSIS: NADBNZ0TT) EPOCH 2010.00
GEQUD MODEL ANAL VSIS
& 3 - DATA COLLECTION, PROCESSING AND FQUIPMENT

NETWORK
MICHALL 2 MCGEE AL [ Y ¢ 1098 KAD8J (1991) SPC TONADES 2011 2010.00 500
NADE3 (1991) SPC TO NADE2 (2011) 2010.00 CCSF.C5
_ WAL COS Nuﬂ\r.mm.m‘sr.wmwu!m
BERKELEY - HP"ME\FMHWMS

GECDETA
NADSX2011) STATE MME MATE!
- v - : NADENZ071) CCEF COMRIMNATE SYSTEM
SURVEYOR'S STATEMENT - | STATION DESERIPTIONS

THIS MAR CORRECTLY REPRESENTS A SURVEY MALE BY ME OR ’ E | CITY & COUNTY OF SAN FRANCISCO
LINDER MY DNRECTION IV CONFORMANCE WITH THE RED " 1 b 2013 HIGH PRECISION NETWORK SURVEY
OF THE PROFESSIGNAL LAND SURVEYORS ACT AT THE REQUEST . - 3 | OVERVIEW
OF THE SAN FRANCISCO BUREAL GF STREET USE AND MAPFING \
DEPARTMENT OF PUELIC WORKS (N NOVEMAER, 2012, i i \ : ] THIS RECORD OF SLIRVEY SUMUARIZES THE CITY AND COUNTY OF SAN FRANCISCD
" 2013 FIGH PRECISION NETWORK 6 ORDGER CONTROL SURVEY (2013 COSF-HPNL A
. DFTALED REFORT 5 ON FILE WITH THE COUNTY SURVEYOR' OFFICE, THIS SURVEY
; v ‘ ESTABLISHED 20 PERMANENT HiGH PRECISION CONTROL PONTS M JULY 2073
&y DATE o 7AE : san X REFERRED T0 AS THE 2013 COSF-HPN. THIS NETWGRK PROVIDES THE FRAUEWORK FOR
3 = - FRANCISCO . 4 ESTABLISHING A DENSIFICATION NETWORK T0 SUPPORT GENERAL SURVEY ACTIVITIES,
FRELA FEICKERT BLE 8428 i Mrs i, 1 | IS, AND FOR NINLIAL AND EPISOON EARTH 5 THE FIELD
" & | SURVEYS WERE FLANNED AND COORDINATED I8 A JOINT EFFORT BY CCSF, MICHAEL
S4N LEANDRO { MCGEE, Pt 55545 AND F3 & ASSOCIATES, ING, MICHAFL MEGEE, PLS WAS RESPONSIELE
- FOR THE FINAL PROCESEING CF THE OBSERVATIONS, NETAORK ACILS TMENTS,
™ LB ANAL YSIS AND REPORTS. THE GLOBAL MAVIGATIOW SATELLITE SYSTEM (GNSS| WAS
. — USED TO DETERMINE POSTIONS BASED ON THE NORTH AMERICAN DATLIM OF 1653
Harwhp vy 18 REFEREMEED T FOUR NATIONAL GEGBETIE SUFYEY (WS EONTINIDUSL ¥
\ i i T S
T Y vt Lanm & M CPERATEL REFERENCE STATIONS (CORS) N THE REGION. THIS SURVEY COMFORMS 10/
SURVEVDRS'ACT THE REQUIREMENTS GF CALIFORNIA PUBLIC RESOURCES OOOF SECTION 8801 THROUGH
R 815 AND 8950 THROUGH 8080,

PROJECT DATUMS. REFERENCE SYSTEM

BRUCE R, STORRS, CITY AND COUNTY SL i’ 2 . T GEQMETRIC DATUMS: NORTH AMERSCAN DATLI DF 1983 - NADBX(Z011) EPOCH 2010.06
SITY AND COUNTY OF SAN FRANCISCO d r REALIZATION AND NGS02008) EPOCH 201084 (JLLY 17, 2003 AVERAGE DATE OF FIELD
SURVEY)

CITY AND COUNTY SURVEYOR'S STATEMENT

THIS DAY OF.

Wl B T \ REFERENCE NETWORK: THE SURVEY 5 REFERENCED TO FOUR NG5S CORS STATIONS
L L — e ——— Y Nt £ VERTICAL DATUM: CCOSF 2013 NAYDRS VERTICAL DATUM NOTE, THIS SURVETY
BRUCE R, STORRS L5 f574 \ 4 Y EVALLATED THE USE OF GNSS TECHNOLOGY FOR ESTABLISHING ACCURATE
: . ORTHOMETRIC HEIGHTS ANC MODELED THE GRTHOMETRIC HEIGHT OF LICSF,
REFERENCE NETWORK: CCSF 2013 LEVELING NETWORK
PRONCTIONS: THE PLANE CODROINA TES PLILISHED N THE SURVEY ARE 04 LN TS OF
METERS AND FEET, AND W TWO FROUECTIONS. COOROMNATES ARE PROVIDED IN THE
CALIFORNA STATE PLANE COORMANATE SYSTEM (SPCS) ZONE INAND IN A LOCAL
CUSTOM COORMINATE 5 YSTEM CREATED BY THIS SURVEY AND REFERRED TD AS THE
CITY & COLNTY OF SAN FRANCISCO COORMINATE SYSTEM (COSF.CS)L

RECORDER'S STATEMENT

FILED FOR RECORD THIS, DAY F

RECORD OF SURVEY #8080

OF SURVEY MAPS, ATIAGES_____, WCLUSIVE. GRICHAL RECORDS OF THE Y AND OF THE SAN FRANCISCO HIGH PRECISION GNSS NETWORK SURVEY
CouN A FRANG STATE OF CALIFORNIA AT TH
YOF SANFRANGISED, SIATE OF EALIFORNA ATTHE CITY AND COUNTY OF SAN FRANCISCO,
REQUESTOF _______ ) e ol A < STATE OF CALIFORNA
- AVERAGE : METERS : - PVIERy .
AZLTH M NORTH . - ARED Y .
T AN COUNTY OF SAN FRANGISCO ‘ F3AND ASSOCIATES, BENICIA, CALFORNIA
DELTA EASTING = NATIONAL GEDDETIZ SURVE Anp
DISTANGE PID POINT DENTIFCATION LI LT MoCEE SURVEYING CONSLETING, SANTA RARRARS, CALIFORNIA
DEGREES MNUTES SECENDS PRECISION e e FOR
STATE OF CALIFORNA T o _
Eetai=a e ;‘;—5?:;5,‘“ CoOREmATES 1 za000 BUREAL OF STREET LISE AND MAPFING DEPARTMENT OF PUBLIC WORKS,
ELLPSOI HEIGHT :ris CITY AND COUNTY DF SAN FRANCISS, CALIFORNA
GLORAL NAVIGATION SATELLITE SYSTEM
DENTIFICATION 35 CORE 5 SCALE AS NOTED
CALIFGRNEA CEPS STATION
PRIVATE RTN STATION
HIGH FRECISION NETWORK (HEN) MONUMENT
SECONDARY CONTROL

AT _ MNLTES PAST

LATITUDE
LREAL O STREET LBE ANE HAPPING
WRkE

T STREE
AN FRANTASCO, CA ST SHEET 10F 11

ASSESSOR'S BLOCK 5999, LOT 5559 ALL STREETS




A comprehensive, accurate and cohesive
horizontal and vertical coordinate system for the
City of San Francisco

Bruce Storrs, City & County Surveyor

A Vision for San Francisco for the next 150 Years
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TERMINOLOGY

= A mathematical model with parameters that define its
origin, scale, and orientation

s Used to describe the spatial relationship of points.

s A datum can be 1, 2, 3 or 4 dimensional.

4/11/2018



TERMINOLOGY

= A datum is realized by establishing coordinates on points
(monuments) in the world which provides physical access
to the datum.

= The introduction of new measurements and adjustments
IS a new realization of the datum.

= New adjustments are used to improve the accuracy of
points in an absolute sense relative to the datum, and
locally relative to other points.

4/11/2018 8



City Approved Acronyms

HPN = High Precision Network which
references the new coordinate systems

SFCS13 = San Francisco Horizontal Coordinate
System Established in 2013

SFVD13 = San Francisco NAVYDS88 Vertical Datum
as Recovered in 2013



SFVD13 High Precision Vertical Network



VERTICAL DATUMS in SF

s Old “City Datum”: The SF legacy datum still in use today.
= “Zero” is about 11.35 feet above zero on NAVD88

= National Geodetic Vertical Datum of 1929 (NGVD29):
National datum is use between about 1930 and 1991.
= 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 mean lower low water
= Zero is about -11.35 feet on the Old City Datum.

11



Vertical Datum Relationships

NAVD88, NGVD29 and old City Datum

0.00 old City Datum Zero --------—--—-—"-——-—"————

|
|
|
|
|
|
8.6’ +/- (varies with location)

———— 0.00 National Geodetic Vertical Datum 1929 Zero

2.7" +/-(varies with location)

I
0.00 North American Vertical Datum 1988 Zero
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North American Vertical Datum of 1988

 NAVD88 network leveled 1977-1989, adj’d and published in 1991
 Datum is realized by recovering NAVD88 Benchmarks

13



NAVD88 2013 DATUM RECOVERY:

= NAVDS88 Datum was recovered by including 35 NGS
benchmarks in the in the City’s precise leveling network

14



CCSF 2013 NAVD88 Vertical Datum
(SFVD13)

x “SFVD13” is a new realization of the NAVD88 Datum
based on the 2013 leveling surveys

« Based on the best fit of the published heights on
35 NGS Benchmarks (fit +/- 0.06’)

= Updates the published heights on NGS
benchmarks

5/1/2014 15



CCSF 2013 NAVDS88 Vertical Datum
(SFVD13)

= SFVD13 supersedes the old “City Datum”

WHY?
Not Maintained,
Subsidence,
Many are lost, most will be in a few years,
Benchmarks in same intersection disagree 0.2’

16



Old City Datum
Benchmark Sheet

MISSION ST: 11TH ST intersection [ 24421000]

subdivision & mapping

EI benchmark
bench id location date of survey surveyor | book page | box | comments

503 11TH ST: MISSION ST intersection MARCH 1991 SCOTT 492 16 ‘4 ‘NONE

strCORNER strBENCH strELEVATION destroyed
crow cut outer rim SWI |29.4?6
+ cut E rim MRY MH in walk 30.475 |
crow cut outer rim SWI  |29.627 |
+ cut S rim MRY MH in walk 30.294 |
+ cut top conc fdn. 1' up  |31.051 |

17



Old City Datum Benchmarks

BM DESCRIPTION NAVDSS CITY DIFF
SE 3 cuts low stop cock fire hydrant 18.036 6.777
SE crow cut outer rim SW1I 15.767 4.494
SW crow cut outer rium SWI 15.883 4.582
Sw +cut ASW @ bldg 16.930 5.608

AVERAGE DIFF

INTERSECTION: 16TH ST & CONNECTICUT ST (Book 482, Page 37, Record No. 588)

BM DESCRIPTION NAVDSS CITY
SE 3 cuts low stop cock fire hydrant 17.278 6.103
SW crow cut outer rim SWI 15.010 3.747
SW +cut ASW (@ bldg 15.968 4.700
CC30'N £ cut cong cess 15.553 4.362

AVERAGE DIFF

INTERSECTION: 16TH ST & MISSOURI ST (Book 482, Page 36, Record No. 582)

BM DESCRIPTION NAVDSS CITY DIFF
SW crow cut outer rim SW] 14.526 3.224 11.302
SW 35w +cut E end low conc step 17.174 5.829 11.245
SE 3 cuts low stop cock fire hydrant 17.142 5.850 11.292

< 0.06'+/-

<0.10°+/-

18



CCSF 2013 NAVDS88 Vertical Datum
(SFVD13)

The City & County Surveyor has determined
that the conversion from the SFVD13 to
estimate elevations in the old City Datum
henceforth shall be:

SFVD13 - 11.35 feet = City Datum

City Datum +11.35 feet = SFVD13

19



High Precision Leveling Network
142 Miles of Leveling - Average Closures 0.01’

20



1454 New Benchmarks

(kmz file available for Google earth)

21



5/1/2014

Zoom in to an area of interest in Google

22



5/1/2014

Benchmarks, Routes & Photos available
on CCSF Website (kmz files)
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631 Benchmarks Established in 2013

2013 Benchmark Monument



3823 Benchmarks Established in 2014-15

2014-15 Benchmark Monument

5/1/2014



Benchmark Descriptions
Available on the CCSF Website

26



SFVD13 Benchmark List

(Blue Document)
Available on the CCSF Web Site

Listed below are the SFVD13 orthometric heights of NGS Benchmarks
utilized in the recovery of NAVD88 by the City in 2013. NGS PID’s were
assigned “99+last 4 digits” of its PID (see Survey Report referred to
above for details).

aka NGS PID Feet Meters

990515 HTO0515 300.285 91.527

990516 52,723
550517 50.078
530604 4691
950687 3.780

990692 HT0692 15.528 A4.733 The City & County of San Francisco (CCSF) completed 72 miles of precise leveling
surveys in 2013 and established 631 benchmarks. The survey recovered the North

990697 5.023 American Vertical Datum of 1988 (NAVD88) based on a best fit of 35 National Geodetic

990698 HT0698 4.248 Survey (NGS) Benchmarks and established a vertical control reference frame known as

990700 | gTn700 | 13 894 4 the “CCSF 2013 NAVD88 Vertical Datum” (referred to as SFVD13) described in detail in

the February 28, 2014 Survey Report titled “CCSF 2013 Second Order Leveling Network

Survey and the CCSF 2013 NAVD88 Vertical Datum” on file with the County Surveyor

and posted on the City web site. In 2014, a densification effort established 823

City & County of San Francisco benchmarks adding 70 miles to the network. The 2014 densification surveys were

2013 NAVDS8 Vertical Datum (SFVD13) Benchmark List constrained to the 2013 network. The accuracy of the network is indicated by the loop
closures. The pre-adjustment closures of the 2013 loops were generally 0.01 feet

Benchmark Feet Meters Benchmark Feet Meters (3 millimeters). The pre-adjustment closures of the 2014 densification loops on the 2013

12.005 network were generally less than 0.01 feet (3 millimeters). The relative accuracy of

77 956 undisturbed benchmarks is expected to be 1-2 millimeters. The published NAVD88

Heights on NGS benchmarks were found to vary +/- 2 centimeters from a best fit solution

m for which their SFVD13 heights are listed below. The survey was performed in metric

105.411 . units carried to the nearest millimeter. The heights are provided below in meters and US

| survey feet. The units of feet are provided to three decimal places to preserve the metric

0
0
7]
T
=)

accuracy of 1 millimeter (0.003 feet). These heights supersede preliminary adjustments

of the 2014 densification benchmarks which may vary 0.01 feet.
SFVD13 supersedes the old City Datum. The difference between this SFVD13 and the
m old City Datum varies across the City. The conversion approved by the City & County
Surveyor to estimate the old City Datum follows: SFVD13 (feet) - 11.35 feet = old City
20.189 6.154 m Datum in feet. The actual differences on old City Datum benchmarks are found to vary

10 221 2 coc] [o50 ] between 11.2" and 11.5’ or greater due to subsidence and lack of maintenance. Old City
Datum Benchmarks are not acceptable for converting to SFVD13.




2013 High Precision Network (HPN)

and

2013 SF Coordinate System
(SFCS13)

BSM/DPW Represented by Bruce Storrs, PLS,
City & County Surveyor and Michael McGee, PLS
michael.mcgee@sfdpw.org 7
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HORIZONTAL DATUMS in SF

North American Datum of 1927 (NAD27)

* The old national datum in use since about 1930

e North American Datum of 1983 (NADS83)

 The current national datum superseded NAD27 in
1986

NADS83 is realized by the
1986 Adjustment 1984.0 Epoch (Triangulation Sta’s)
1992 Adjustment 1991.35 Epoch (CA GPS/ellipsoid hts)
2007 Adjustment 2007.00 Epoch, (National Adj)
2011 Adjustment 2010.00 Epoch (Comprehensive Adj)

30



HORIZONTAL DATUMS in SF
North American Datum of 1983 (NADS83)

= The 1992, 2007 and 2011 Adjustments are realizations
that improved the accuracy and precision of the
NAD83 Datum reference frame

= NADBSS3 is fixed to the North American Plate; however,
much of California sits on the Pacific Plate and is
moving 2-4 centimeters (0.06’- 0.13’) per year

= Thus, the necessity for assigning epochs to surveys
to determine a points position in time relative to the
N. American Plate

31



HORIZONTAL DATUMS in SF
North American Datum of 1983 (NADS83)

= San Francisco is moving north-northwesterly about
0.12° per year and the horizontal coordinates are
constantly changing relative to NAD83

= The difference in the position of a point published on
the 1991.35 Epoch and the current 2010.00 Epoch is
about 2.2°. (18.65 yrs x 0.12’ per HTDP)

32



HORIZONTAL DATUMS in SF
North American Datum of 1983 (NADS83)

= Prior to the creation of the San Francisco High
Precision Network and Coordinate System in 2013,
many BSM surveys were based on the State Plane
Coordinates on the 1991.35 Epoch (+/-5’)

= Since late 2013, City & County Surveyor has
mandated that all projects are to be referenced to the
2013 City Coordinate System with a few exceptions
for legacy projects.

33



Regional Control
Network

Connected the City
to the National

Spatial Reference
System (NSRS)
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REGIONAL NETWORK

Four NGS CORS stations
provided the basis for
recovering the NAD83
Datum and establishing
coordinates on the City’s
High Precision Network.
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CCSF High Precision Network (HPN)

36



HPN Monuments

New Monument

Existing Monument
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HPN Monuments Set in Stable Structures

HPN-103 at Lands End

HPN-116 at San Francisco City College

38



Station Recovery & Obstruction Diagram, Photos
and KMZ Files are available on the Website

Mosie Com coukse CGGP

City & County of San Francisco

STATION RECOVERY & OBSTRUCTION FORM FIELD SKETCH
sTATIONID: ((% Setby: S8, RA Date: (,-13-13 De Yovasn Museoan
Monument Desc: 7" Cpme  Ephss ©iox ' @LJZ 0SS STReeE T>
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Densification of the HPN (Ongoing)
HPND Points (purple) Set in Support of Projects
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2013 City Coordinate System

City & County of San Francisco
Coordinate System of 2013 (SFCS13)

= SFCS13 is a “low distortion projection”
designed for and centered on the City &
County of San Francisco

» SFCS13 (like SPC) projects a latitude and
longitude coordinate onto grid surface
resulting in grid or plane coordinate

42



City & County of San Francisco
Low Distortion Projection

= The height of the projection surface was set at
the most common ground height in the City

= A grid distance is the same as a ground
distance when surveying at the height of the
projection surface

= The projection surface was set at 253 feet
(SFVD13) shown as the purple contour on
next slide
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SFCS13: PPM Scale Change Contours
, Yellow=-10 PPM,

Twin Peaks= +20 PPM (1/50,000)
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SFCS13 Coordinate System

s SFCS13 provides a scale distortion of less than
1:100,000 (10 ppm) In most parts of CCSF

s For the average of the 20 HPN points across the
City, a ground distance of 1000 feet is equal to:

s 1000.003 feet In the SFCS13

m \erses

. 999.925 feet In State Plane Coordinates Zone 3
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City & County of San Francisco
Low Distortion Projection

SFCS13 is referenced to the NAD83 (2011) 2010.00
Epoch reference frame.

Therefore: Coordinates are referred to as
NADS83 (2011) Epoch 2010.00 SFCS13 (see HO)

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

Convergence Angle from North varies +/- two minutes
east-west across the City
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City & County of San Francisco
Low Distortion Projection

s SFCS13 Projection specifications for user’s software:

Projection: Transverse Mercator

Ellipsoid: GRS-80

Scale: 1.000007

Latitude of Origin: 37°45°00” (37.75°)
Central Meridian: -122°27°00” (-122.45°)
False Northing: 24,000 meters (78,740 feet)
False Easting: 48,000 meters (157,480 feet)

(same idea as State Plane Coordinates
--much less local distortion)
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NADS83 1991.35 Epoch SPC to 2010.00 Epoch SFCS13

2D Transformation:

INPUT COORDINATES (Feet)
1999 NAD83(1991) 1991.35 SPC

NAD83( 2011) 2010.00 SFCsS13

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
0.9998615081 A2=

Al=

N2=A1*N1-A2*E1+A4

-0.0208347280 A3=

E2=A2*N1+A1*E1+A3
-5795833.91914 A4=

-2147359.74825
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2D Transformation Spreadsheet

TRANSFORMATION EQUATIONS: N2=A1*N1-A2*E1+A4

TRANSFORMATION CONSTANTS: Al= 0.9998615081 A2=

A3=

5/1/2014

-5795833.91914 A4=

E2=A2*N1+Al1*E1+A3

-0.0208347280
-2147359.74825
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REFERENCES

Documentation of the High Precision
Leveling Network and GNSS Network Surveys

Available At

http://www.sfdpw.org/index.aspx?page=1781
(Google “HPN Survey”)
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CCSF Web Site



CCSF Web Site

Superseded Old City Datum Benchmarks

= Benchmark Data Search - locate benchmark elevations at a specific intersection on the Old City datum

' target="_self">

Estimated Planetary K index (3 hour data) Begin: 2015 Nov 08 0000 UTC

Now 8 Nowv 9 Nev 10 Nav 11
Universal Time

Updated 2015 Nov 10 15:30:02 UTC NOAA/SWFC Boulder, CO USA.

Source: http://www_swpc.noaa.gov/products/planetary-k-index
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General Survey Notes for Mapping

s See the Datums Simplified document (HO) for
examples of the proper terminology for
describing the basis for surveys on maps
referencing CCSF horizontal & vertical coordinate
systems.
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CCSF Datums, Coordinates Systems, Reference Frames and Acronyms
09/22/15 Version 3.4

City Approved Acronyms:

For consistency use the following acronyms when referring to these systems.

CCSF-HPN = City & County of San Francisco 2013 High Precision Network
HPN = High Precision Network
SFCS13 = City & County of San Francisco 2013 Coordinate System

SFVD13 = City & County of San Francisco 2013 NAVD88 Vertical Datum

Geometric & Horizontal Datums:

The City & County of San Francisco (the City) geometric and horizontal datum is the North American
Datum of 1983, 2011 Adjustment at the 2010.00 Epoch and referred to as “NAD83 (2011) 2010.00
Epoch”. This datum realization is referenced by the published latitudes, longitudes and ellipsoid
heights on the 2013 High Precision Network (HPN). A near ground system of plane coordinates was
created for the City in 2013 similar to the California State Plane Coordinate System. The System is
referred to as the “2013 City & County of San Francisco Coordinate System” (SFCS13). This System
is used for coordinating surveying and mapping projects and GIS. The coordinate system is a low
distortion mercator projection designed such that the combined scale factor is generally less than
1/100,000. The projection origin (Projection North = Geodetic North) is located near the center of the
City which minimizes the convergence of meridians to +/-3 minutes at the east and west edges of the
City. This projection is applied to NAD83 (2011) 2010.00 Epoch latitudes and longitudes to obtain
plane or grid coordinates which are properly referred to as “NAD83 (2011) 2010.00 Epoch City &
County of San Francisco Coordinates”. See Record of Survey #8080 and web site at
http://sfdpw.org/index.aspx?page=1781).

Vertical Datum:

The City vertical datum is the “CCSF 2013 NAVD@88 Vertical Datum” (SFVD13) based on NAVD88 as
recovered and modeled in the 2013 City high precision leveling surveys. This datum realization is
referenced by benchmarks in the “CCSF 2013 High Precision Leveling Network”.

Reference Networks:

The geometric datum “NAD83 (2011) 2010.00 Epoch” and the “2013 City & County of San Francisco
Coordinate System” (SFCS13) are referenced by the “CCSF 2013_High Precision Network” (HPN).
The “CCSF 2013 NAVD88 Vertical Datum” (SFVD13) is referenced by the benchmarks in the “CCSF
2013 High Precision Leveling Network”. A reference to the “HPN” is to the physical monuments
constituting the network not to the SFCS13 coordinate system.

(Summary of the above statements)

PROJECT DATUMS & REFERENCE SYSTEM

Geometric Datum: North American Datum of 1983: NAD83 (2011) 2010.00 Epoch

Reference Network: “CCSF-2013 HPN” (High Precision Network) (Record of Survey #8080)
Vertical Datum: “CCSF 2013 NAVD88 Vertical Datum” (SFVD13)

Projection: The plane coordinates are in a local custom coordinate system referred to as the City &
County of San Francisco Coordinate System (SFCS13). The SFCS13 is a low distortion grid
projection designed for CCSF to be a ground coordinate system with the origin near the center of the
City. See Record of Survey #8080 in Book EE at Page 147-157 SFCR.
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Example Survey Notes for Mapping

Basis of Survey - Horizontal Datum & Reference System

The horizontal datum is the North American Datum of 1983: NADS83
(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” (SFCS13). See Record of Survey #8080 in Book EE of
Survey Maps, 147-157 SFCR and the CCSF DPW Web Site.

Basis of Elevations - Vertical Datum & Reference System

The vertical datum is “CCSF 2013 NAVDS88 Vertical Datum”
(SFVD13) as referenced by SFVD13 Benchmarks 10001, 10002
and 10003 shown hereon and described on the CCSF DPW Web
Site.
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