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A. Introduction 
 
Looking to the future, BioMarin is proposing to expand their campus within the downtown area of San 
Rafael, CA. This Preliminary Investigation presents the results of research to determine potential impacts 
that might be result from flooding according to the Federal Emergency Management Agency (FEMA) 
and the projected range of sea level rise to this property. 
 
The property to undergo re�development for this expansion is located at 999 3rd Street, San Rafael, CA.  
The property is bounded by 3rd Street to the north, 2nd Street to the south, Lindaro Street to the east and 
Brooks Street to the west.  The property has been developed and in its current condition is paved with 
asphalt and concrete as part of the site remediation completed by Pacific Gas and Electric Company’s 
site closure efforts.  
 
The water level in the surrounding municipal storm drain system and the site has the potential to be 
affected by flooding due to storm overflows from San Rafael Creek, from encroaching tide waters and 
the combination of storm overflows and encroaching tide waters. 
 
The FEMA Flood Insurance Rate Map for the project location indicates that the site is in Zone AH with 
inundation to Elevation 11 feet NAVD88.  Areas of flooding shown in the FIRM are typically impacted 
by insufficient capacity of the surrounding storm and creek systems to convey peak flows generated by 
the 1 percent annual chance (100�year storm) event. 
 
The primary driver of the water level with respect to sea level rise is the water level of San Rafael Bay 
and just beyond San Rafael Bay, the San Francisco Bay.  San Rafael Bay is located approximately 1.9 
miles to the east of the project site.   Current mean higher high water elevations in the bay are around 5.8 
NAVD881.   With elevations along the curb of the streets bounding the property ranging from 8.0   
NAVD88 at the southeast corner of the property to 10.0 NAVD88 at the northwest corner, the project 
site is in a relatively low�elevation area near sea level.  Even without the occurrence of a storm, the 
capacity of the surrounding storm drain systems may already be partially or fully filled with water due to 
high�tide events. 
 
The most recent Federal Emergency Management Agency (FEMA) maps account for sources of 
flooding due to wave surge from San Rafael Bay and San Francisco Bay but do not include sea level rise 
projections.   To investigate flooding due to sea level rise, an alternative source of information was used 
and is discussed in the next section. 
 
B. Investigation 
 
FEMA 
 
According to the Flood Insurance Study for Marin County, Volume 12 
 

• “The floods in Marin County are normally of short duration, lasting only 3 or 4 days.  Floods 
may develop within 24 hours after the beginning of a flood�producing storm and will normally 

                                                 
1 National Oceanic Atmospheric Administration 
2 Flood Insurance Study, Volume 1 of 3, FEMA Flood Insurance Study No. 06041CV001D 
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recede within 1 day after the end of the storm.  Tributaries rise rapidly, so that flooding begins a 
few hours after the occurrence of heavy rainfall.  Sheetflow flooding is caused by inadequate 
channel capacity and poor drainage in areas close to streams.” 
 

• “Storm centers from the southwest produce the type of storm pattern most commonly 
responsible for the majority of the serious coastal flooding.  The strong winds and high tides that 
create storm surges are also accompanied by heavy rains.  In some instances, high tides back up 
riverflows, which causes flooding at the river mouths.” 
 

• “In general most of the City of San Rafael is designated as either shaded or unshaded Zone X on 
the FIRMs.  The limited capacity of the storm drainage system will subject a large portion of 
downtown City of San Rafael to shallow sheet flow during the 1�percent annual chance flood as 
floodwaters in excess of the storm drain capacity flow down the streets.” 
 

• “The shallow flooding zones (Zone AH) adjacent to San Rafael Creek were caused by overflows 
from the channel near D Street which flow west along the channel.  The ponding areas were 
caused by the constricted section between A and B Streets and by the channel levees near the 
Southern Pacific Railroad.  The channel levees cause the water to pond up to elevation 11 before 
it can spill back into the channel near Lincoln Avenue.” 

 
The project site is located in the shallow flooding zone mentioned in the last bullet point above.  The 
FIRM shows the site to be in the Zone AH with elevation 11, close to San Rafael Creek and “upstream” 
of the location where the floodwaters spill back into the channel near Lincoln Avenue.  See Appendix II 
for an annotated version of the FIRM (FIRMette) discussing the relationship of the site to the described 
features of the flooding. 
 
It is important to note that the flood conditions in the FEMA report represent current conditions.  Some 
areas of San Rafael are subject to inundation due to wave action brought about by wind conditions over 
Bay waters.  But the flooding in the FIRMs does not account for sea level rise.  Future FEMA studies, 
reports and mapping may be updated as the impacts of sea level rise progress and possibly the rate of 
rise becomes predictable with greater accuracy. 
 
Sea Level Rise 
 
Since the purpose of the investigation is to provide BioMarin with parameters to determine future 
flooding risk as a result of sea level rise, we have created a range of outcomes using a number of 
assumptions which are presented in the following discussion.   As outlined in the Marin Shoreline Sea 
Level Rise Vulnerability Assessment by Marin County dated June 2017, sea level rise projections for the 
San Francisco, California region are as follows in Table 1, below: 
 
Table 1:  Sea Level Rise Projections for San Francisco, CA Region 
Time Period Time Range Projected Range of Height of Sea Level Rise 
By 2030 Near Term 4.1 � 30.0 cm 1.6 � 11.8 inches 
By 2050 Medium Term 11.9 � 61.0 cm 4.7 � 24.0 inches 
By 2100 Long Term 42.2 � 167.1 cm 16.6 � 65.8 inches 
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Inundation maps reflecting sea level rise projections can be found from sources including, but not 
limited to, the U.S. Geological Survey’s Coastal Storm Modeling System (CoSMoS), Marin County’s 
MarinMap Map Viewer and the San Francisco Bay Conservation and Development Commission 
(BCDC) Adapting to Rising Tides (ART) Program. 
 
CoSMoS was used in this investigation because it is the model of reference for the County of Marin, as 
described in the County of Marin’s “Marin BayWAVE” Project Sea Level Rise Model Comparison 
Memo dated December 2015. The CoSMoS model can be viewed through the Our Coast Our Future 
(OCOF) website which is available via link through the Marin Bay Waterfront Adaptation Vulnerability 
Evaluation (BayWAVE) program.  Note, throughout this report documents available through the 
CoSMoS model are commonly titled with the OCOF name and the term “CoSMoS model” is 
interchangeable with the term “OCOF model”. 
 
One of the advantages of the OCOF model is the ability to overlay the varying heights of sea level rise 
with wave events such as the King Tide and 20�year and 100�year Storm Surge events.  The King Tides 
are exceptionally high tides which occur occasionally throughout the year and currently impact roads and 
properties in Marin County and throughout the San Francisco Bay Area.  As sea level rises, the extent of 
impact of the King Tides will increase.    In the OCOF model the 20� and 100�year storm events are 
storm�driven wind events producing wave surges, which travel across the bay toward the shore and are 
driven by wind� and atmospheric pressure conditions.  The 100�year storm event in the OCOF model is 
different from the 100�year storm event flooding in the FEMA FIRMs.  The flooding shown in the 
FEMA maps is caused by peak runoff from the surrounding watershed travelling downstream toward 
the Bay. 
 
Thus, a limitation of the OCOF inundation maps listed above is that flooding due to runoff generated by 
precipitation events are not included in the OCOF model simulations.  Therefore, flooding due to high 
flow in streams and storm drain systems is not included.  This means that in some scenarios, even 
though properties may appear “dry” for the displayed combination of events, flooding could still occur 
due to insufficient capacity of streams and storm drain systems to convey storm flows.  Large amounts 
of runoff in the surrounding storm drain systems will also impact the ability of the surrounding systems 
to drain as sea level rises and wave inundation increases. 
 
Sea Level Rise depths are measured above Mean Higher High Water (MHHW).  According to the 
National Oceanic Atmospheric Administration (NOAA), MHHW at Point San Quentin is 5.61 feet 
based on the North American Vertical Datum of 1988 (NAVD88).   
 
Point San Quentin is approximately 1.9 miles south of the location where San Rafael Creek discharges 
into San Rafael Bay.  For the purpose of this investigation, it is assumed that MHHW for San Rafael 
Creek at San Rafael Bay is the same as MHHW for the Point San Quentin at the southern tip of San 
Rafael Bay. 
 
For this investigation, within CoSMoS, screenshots of the area were printed for the combinations 
presented in Table 2, below: 
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Table 2:  Combinations of CoSMoS Results included in Appendix II  
Sea Level Rise Height Present Day 

MHHW 
Elevation 

Future 
MHHW 
Elevation 
(Baseline) 

Wave Event 
(Tide or 

Storm Surge 
Severity) 

Timing 
Near Term (by 2030), 

Medium Term (by 2050), 
or Long Term (by 2100) 

centimeters inches Feet, 
NAVD88 

Feet, 
NAVD88 

25 9.8 5.6 6.4 King Tide Near to Medium 
25 9.8 5.6 6.4 20 Year Near to Medium 
25 9.8 5.6 6.4 100 Year Near to Medium 
50 19.7 5.6 7.2 King Tide Medium to Long 
50 19.7 5.6 7.2 20 Year Medium to Long 
50 19.7 5.6 7.2 100 Year Medium to Long 
75 29.5 5.6 8.1 King Tide Long 
75 29.5 5.6 8.1 20 Year Long 
75 29.5 5.6 8.1 100 Year Long 
100 39.4 5.6 8.9 King Tide Long 
100 39.4 5.6 8.9 20 Year Long 
100 39.4 5.6 8.9 100 Year Long 
125 49.2 5.6 9.7 King Tide Long 
125 49.2 5.6 9.7 20 Year Long 
125 49.2 5.6 9.7 100 Year Long 
150 59.1 5.6 10.5 King Tide Long 
150 59.1 5.6 10.5 20 Year Long 
150 59.1 5.6 10.5 100 Year Long 

 
 
C.  Impacts 
 
FEMA 
 
Based on the FEMA FIRM, flooding is anticipated at the project site for the 100�year storm event.  This 
flooding is due to the peak flow of runoff from the surrounding watershed and incapacity of the 
municipal storm system to convey stormwater to the Bay.  The site and surrounding areas are expected 
to be flooded to an elevation of 11 NAVD88.  During this storm event, the ground surface and 
infrastructure of the site and surrounding neighborhoods are anticipated to be inundated if left at current 
elevations. 
 
Sea Level Rise 
 
Impacts at ground level due to sea level rise at 999 3rd Street and surrounding neighborhood in San 
Rafael are anticipated to begin appearing in the near� to medium terms, or within the next 12 to 32 years.  
Impacts within the surrounding municipal storm drain systems may already be occurring. 
 
A table of potential impacts according to Sea Level Rise scenario for the project site is available within 
Appendix V of this Report. 
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D. Planning / Recommendations 

As is evident from the preceding report, improvements to 999 3rd Street in San Rafael should be 

constructed with the expectation that area�wide flooding will occur in the lifespan of the project.   

At a minimum, according to the City of San Rafael Municipal Code, the proposed development shall 

either have to “be elevated to the base flood elevation shown on the FEMA FIRM plus predicted 30 

years settlement or together with attendant utility and sanitary facilities provide the following: 

a.  Be flood proofed below the elevation recommended under Section 18.50.010 C.1 so that 
the structure is watertight with walls substantially impermeable to the passage of water; 
 
b.  Have structural components capable of resisting hydrostatic and hydrodynamic loads and 
effects of buoyancy; and 
 
c.  Be certified by a registered professional engineer or architect that the standards of this 
section (18.50.010 C.2) are satisfied. Such certification shall be provided to the floodplain 
administrator.”3 

 
In our opinion, the elevation of the first floor of the buildings at 999 Third Street should be set at a 
minimum elevation of 13.0 NAVD88.  While future sea level rise might suggest higher elevations, given 
the fact that the entire area between 999 Third and the San Rafael Creek channel, including the Bio 
Marin Campus at Lindaro and Lincoln, is lower than elevation 13, the likely hood of an area wide 
protection plan to implemented in the future is high. 
 
Setting the first floor elevation of the buildings to 13.0 NAVD88 satisfies the municipal code 
requirement to be at or above the FEMA base flood elevation and provides 2 feet of additional height 
above the base flood elevation to protect the building in anticipation of “30�years settlement” and to 
protect the building within the Near�Term (within the next 12 years) and Medium�Term (within the next 
32 years) time ranges of sea level rise. 

 

  

                                                 
3 City of San Rafael Municipal Code Section 18.50.010 – Standards of Construction 
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APPENDIX I 

Vicinity Map 
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APPENDIX II 

FEMA FIRMette 
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OCOF Results for Sea Level Rise and Wave Model Combinations 
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Sea Level Rise 25cm (= 9.8") with King Tide  -  Near Term by 2030 or Medium Term by 2050
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Sea Level Rise 25cm (= 9.8") with 20-Year Storm Surge  -  Near Term by 2030 or Medium Term by 2050
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Sea Level Rise 25cm (= 9.8") with 100-Year Storm Surge  -  Near Term by 2030 or Medium Term by 2050
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Sea Level Rise 50cm (= 19.7") with King Tide  -  Medium Term by 2050 or Long Term by 2100
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Sea Level Rise 50cm (= 19.7") with 20-Year Storm Surge  -  Medium Term by 2050 or Long Term by 2100
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Sea Level Rise 50cm (= 19.7") with 100-Year Storm Surge  -  Medium Term by 2050 or Long Term by 2100
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Sea Level Rise 75cm (= 29.5") with King Tide  -  Long Term by 2100
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Sea Level Rise 75cm (= 29.5") with 20-Year Storm Surge  -  Long Term by 2100
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Sea Level Rise 75cm (= 29.5") with 100-Year Storm Surge  -  Long Term by 2100
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Sea Level Rise 100cm (= 39.4") with King Tide  -  Long Term by 2100
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Sea Level Rise 100cm (= 39.4") with 20-Year Storm Surge  -  Long Term by 2100
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Sea Level Rise 100cm (= 39.4") with 100-Year Storm Surge  -  Long Term by 2100
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Sea Level Rise 125cm (= 49.2") with King Tide  -  Long Term by 2100
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Sea Level Rise 125cm (= 49.2") with 20-Year Storm Surge  -  Long Term by 2100

H
W

Y
 1

01
 S

O
U

T
H

H
W

Y
 1

01
 N

O
R

T
H

FRANCISCO BLVD W

RITTER ST

LI
N

D
A

R
O

 S
T

R
E

E
T

ANDERSEN DR

3RD STREET

B
R

O
O

K
S

 S
T

R
E

E
T

2ND STREET

A
  S

T
R

E
E

T

4TH STREET

LI
N

C
O

LN
 A

V
E

PROJECT
LOCATION

PROJECT LOCATION



Sea Level Rise 125cm (= 49.2") with 100-Year Storm Surge  -  Long Term by 2100
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Sea Level Rise 150cm (= 59.1") with King Tide  -  Long Term by 2100
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Sea Level Rise 150cm (= 59.1") with 20-Year Storm Surge  -  Long Term by 2100
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Sea Level Rise 150cm (= 59.1") with 100-Year Storm Surge  -  Long Term by 2100
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APPENDIX IV 

OCOF Results for Sea Level Rise and Wave Model Combinations 

Sea Level Rise and Scenario Report 
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APPENDIX V 

Table:  Site Specific Sea Level Rise Projections and Potential Impacts 
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Appendix V – Table:  999 3rd Street, San Rafael:  Near/, Medium/ and Long Term Impacts 

Sea Level 
Rise Height 

Present 
Day 

MHHW 

Future 
MHHW 

Storm 
Surge 

Severity 

Wave 
Height 
above 

MHHW 

Max Flood 
Elevation 

Proposed 
Lowest 

Finished Floor 

Lowest Adjacent 
Existing Grade 

Level of Inundation in 
OCOF Interactive Map 
Flood Probability Layers 

Timing 
Near Term (by 2030), 

Medium Term (by 2050), 
or Long Term (by 2100) 

Impacts 

cm inches 

Elevation in 
Feet based 

on  
NAVD88 

Elevation in 
Feet based 

on 
NAVD88 
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Elevation in 

Feet based on 
NAVD88 
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C
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R
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25 9.8 5.6 6.4 No Storm None 6.4 13.0 8.0 / Near to Medium     X     
25 9.8 5.6 6.4 20 Year None 6.4 13.0 8.0 None Near to Medium     X     

25 9.8 5.6 6.4 100 Year None 6.4 13.0 8.0 

Flooding in southern 
portion of site. Flooding in 
streets adjacent to the site 

on all sides. 

Near to Medium     X X X X X 

50 19.7 5.6 7.2 No Storm None 7.2 13.0 8.0 / Medium to Long     X X X X  

50 19.7 5.6 7.2 20 Year None 7.2 13.0 8.0 

Flooding in southern 
portion of site. Flooding in 
streets adjacent to the site 

on all sides. 

Medium to Long     X X X X X 

50 19.7 5.6 7.2 100 Year None 7.2 13.0 8.0 Flooding throughout site. Medium to Long     X X X X X 
75 29.5 5.6 8.1 No Storm None 8.1 13.0 8.0 / Long     X X X X X 
75 29.5 5.6 8.1 20 Year None 8.1 13.0 8.0 Flooding throughout site. Long     X X X X X 
75 29.5 5.6 8.1 100 Year None 8.1 13.0 8.0 Flooding throughout site. Long     X X X X X 
100 39.4 5.6 8.9 No Storm None 8.9 13.0 8.0 / Long   X X X X X X X 
100 39.4 5.6 8.9 20 Year None 8.9 13.0 8.0 Flooding throughout site. Long   X X X X X X X 
100 39.4 5.6 8.9 100 Year 0.8/3.4 9.7/12.3 13.0 8.0 Flooding throughout site. Long  X X X X X X X X 
125 49.2 5.6 9.7 No Storm None 9.7 13.0 8.0 / Long   X X X X X X X 
125 49.2 5.6 9.7 20 Year None 9.7 13.0 8.0 Flooding throughout site. Long   X X X X X X X 
125 49.2 5.6 9.7 100 Year 1.5/4.1 11.2/13.8 13.0 8.0 Flooding throughout site. Long X X X X X X X X X 
150 59.1 5.6 10.5 No Storm 1.0/3.6 11.5/14.1 13.0 8.0 / Long X X X X X X X X X 
150 59.1 5.6 10.5 20 Year 1.0/3.6 11.5/14.1 13.0 8.0 Flooding throughout site. Long X X X X X X X X X 
150 59.1 5.6 10.5 100 Year 2.3/4.9 12.8/15.4 13.0 8.0 Flooding throughout site. Long X X X X X X X X X 

Key: X Impact due to rising sea water levels 
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APPENDIX VI 

NOAA Datum Diagram – Point San Quentin 
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APPENDIX VII 

Topographic Map 
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APPENDIX VIII 

Preliminary Grading Plan " DRAFT 
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