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1.0 INTRODUCTION 

The San Mateo Midcoast area is a scenic stretch of California coastline extending along 
US Highway 1 from north of Half Moon Bay in the south to north of the town of Montara 
(Project Area Map, Plate 1).  The study area encompasses the communities of Montara, 
Moss Beach, Seal Cove, Princeton, El Granada, and Miramar.  The land surface rises 
from the Pacific Ocean along wave-cut terraces, slopes gently upward to the east, then 
steepens along the granitic slopes of Montara Mountain.  Surface topography is 
interrupted at several places in its assent upslope by geomorphic features created by 
tectonic (fault offset) and fluvial (stream erosion) processes.   
 
The lower, flatter portions of the Midcoast area consist predominately of marine terraces 
deposited during the last oceanic high-water stand during the Sangamon interglacial 
period of the Pleistocene Age (11,000 to 1.6 million years ago, see Geologic Time 
Scale, Appendix, Plate A-1).  As the ocean has withdrawn from its higher elevations 
during Holocene time (the latest 11,000 years), streams flowing from the highlands of 
Montara Mountain have eroded narrow valleys into the mountain’s granite slopes and 
into the marine terrace deposits.  The alluvium within the valleys and the terrace 
deposits generally consists of loose, unconsolidated, coarse- and medium-grained sand 
eroded from the granitic rocks of Montara Mountain.  These sediments are the storage 
reservoirs for most groundwater in the Midcoast area.  Most groundwater in the 
Midcoast area is derived from the alluvial and coastal terrace deposits and weathered 
granite that are recharged by rain falling on the coastal plains and in the mountains to 
the east.  
 
The San Mateo County Board of Supervisors has determined that because of the rapid 
growth within the Midcoast area of the county and the potential limited groundwater 
source in the area, a new comprehensive study of the hydrogeologic conditions of the 
area should be conducted.  The Midcoast groundwater study was proposed to be 
conducted in phases.  The Board contracted with Balance Hydrologics, Inc. to conduct 
the Phase I portion of the Midcoast Groundwater Study.  The Phase I study consisted of 
a literature and data review (Balance, April 2002).   
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The purpose of Balance’s Phase I report was to provide a base-line list and review of 
publications, reports and other documents pertaining to the hydrogeologic conditions of 
the Midcoast area.  The report gives a summary of regional hydrogeology and 
conditional aquifer boundaries, generalized groundwater occurrence by subbasin and a 
list of data sources and possible data gaps.  Using a “broad-reaching watershed 
approach,” Balance separated out four subbasins in the Midcoast area watershed.  The 
subbasins were designated 1) Martini Creek south to Dean Creek, which includes 
Montara Creek; 2) San Vicente south to Denniston Creek, including the airport aquifer; 
3) El Granada area; and 4) Arroyo de en Medio south to Frenchmans Creek. 
 
1.1 PURPOSE AND SCOPE OF SERVICES 

The San Mateo County Board of Supervisors retained Kleinfelder to conduct the Phase 
II portion of the San Mateo County Midcoast Groundwater Study.  The purposes of the 
Midcoast Groundwater Phase II Study are to evaluate groundwater conditions and to 
assess the suitability, long-term and sustainable water supplies within the study area.  
The County has requested this hydrogeologic evaluation of the Midcoast area to assist 
in long-term basin and watershed planning.  It is anticipated that this hydrogeologic 
study will aid in forming appropriately controlled and efficient permitting of new water 
wells in the study area. 
 
Beginning with the subbasins defined by Balance, Kleinfelder refined the basin 
boundaries and defined subareas within the subbasins based on consideration of 
geologic structural and stratigraphic relationships, topography, known or inferred 
hydraulic characteristics, and watershed boundaries.  In most cases, the subareas are 
shown to possess distinct hydrogeologic characteristics that should prove useful in 
future groundwater management.  The watershed areas previously defined by Balance 
Hydrologics have been modified and will be distinguished from smaller areas 
established in our study, which are referred to herein as “subareas.”  As noted in this 
report, the subareas described do not necessarily follow only the margins of watersheds 
but also include other boundaries such as lithologic contacts and fault traces.   
 
This final report for the Phase II Midcoast Groundwater Study consists of previous 
memorandum and communications with the County that have been compiled with our 
analysis of water-level measurements and aquifer pumping tests to provide a 
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hydrogeologic assessment to be used by the County in managing groundwater 
resources in the Midcoast Study Area.  The general scope of the Midcoast 
hydrogeologic investigation was developed to follow the County’s original request of 
project approach.  The scope of the project was modified from its original concept (in 
conference with the County) based in part on the general condition and quantity of well 
data provided by the County.  This study also included developing Excel worksheets 
that have been designed to assist County personnel analyze well database information 
to show proximity of a proposed well to other pre-existing wells in the Midcoast area and 
to provide well-production information of nearby wells. 
 
1.2 INVESTIGATIVE METHODS 

The following are descriptions of Kleinfelder’s research program that have been used to 
conduct the San Mateo County Midcoast Groundwater Study.  
 
Data used in groundwater studies are generally estimates made circumspectly but are 
nonetheless estimates and generally subject to some range of error.   Throughout this 
study, data are rounded for practicality and may not exactly match every listing of that 
data.     
 
1.2.1 Report and Document Review 

Our hydrogeologists reviewed readily available published reports, maps, and other 
technical documents, which are listed in the attached References section.  Research for 
this hydrogeologic assessment included compiling documents that relate to the 
Midcoast Study Area.  Additional documents reviewed include selected meteorological 
and agricultural sources.  Stereo-paired aerial photographs of the Midcoast area were 
analyzed for landforms and as an aid in geologic interpretation.  Our senior engineering 
geologist and hydrogeologist conducted mapping of some areas to verify local geologic 
conditions based on published maps that were relevant to the study.  The map data 
were checked against existing published maps where available to assist in our 
hydrogeologic interpretations.     
 



 
 

26848/4RPT (SJO8R430)/es Page 4 of 83 October 2008 
Copyright 2007 Kleinfelder 

1.2.2 Data Management 

Kleinfelder received information regarding wells and septic tanks from the San Mateo 
County Health Services Agency.  The data sets included Graphic Information System 
(GIS) layers and data tables.  The well data came from the County in several data sets 
over an extended period.  These data sets included well locations, ownership, 
correspondence information, and well construction information that the County 
considered all of their readily available data.  The usefulness of the original data was 
limited because there was no unique identifier for each and every well.  In some cases, 
information about individual wells was in more than one County data set but lacked any 
consistent link between the related records.  Consequently, Kleinfelder created a new 
field and assigned a unique identification number to each well.  To find the related 
records in the smaller datasets provided by the County, Kleinfelder searched for fields 
common to both datasets and used fields for latitude and longitude that occurred in both 
sets.  Kleinfelder compared the values in both fields of each record of one dataset with 
the values in each record of the other.  The combination of latitude and longitude proved 
to be useful in identifying the related records.  The remaining records represented cases 
where two or more wells had the same latitude and longitude.  Kleinfelder reviewed the 
data for each of these groups to determine if duplicate records existed.  In cases where 
duplicates existed, the duplicate was removed from the dataset.  In cases where there 
was clearly more than one well which shared the exact same latitude and longitude, 
Kleinfelder assigned a unique Well identification number to each and changed the value 
of latitude by 0.0000001 decimal degree.  For all practical purposes, the two wells still 
plot to the same place on the map but are otherwise treated as unique. 
 
The larger datasets were also edited to separate out records for wells that do not occur 
in the study area or within the watersheds above the study area.  The data were not 
deleted because they will be returned to the County and may be useful in later studies.  
Kleinfelder did not field verify data provided by the County except in a very small 
number of cases.  Other that the adjustments made as described above, we used the 
data as provided by the County.  Any inherent errors in the original data remain. 
 
1.2.3 Geographic Information System (GIS) 

GIS is a software application that combines the benefits of detailed maps and 
databases.  It allows the organization of data in layers, each containing a set of 
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geographic features and information associated with them.  Each layer contains the 
location and information relating to a single subject such as well locations or geologic 
formations.  The layers used in this study include wells locations, septic tanks, 
precipitation, topography, land use, soils, and geology.  Additional layers were added as 
appropriate to aid in the hydrogeologic analysis.  Each feature in a layer has a unique 
position on the map represented by a point, a line or a two-dimensional shape.  
Information about the feature is stored in associated tables of data.  Wells, for example, 
are shown on the maps as points.  Information about how the wells are constructed, 
including total depth, diameter, date drilled, and static water level, is stored in a related 
data table. 
 
The GIS allows layers to be stacked, like sheets of clear film, over a map.  The features 
of one layer can be used to query or categorize features in another layer.  For example, 
Kleinfelder has delineated hydrogeologic subareas based on criteria given above.  We 
then use these subareas as controls to analyze relationships.  For example: how many 
and where are the wells in a given area that have a depth greater than 100 feet, which 
wells in a given subarea produce more than 5 gallons per minute, how much rain falls 
annually in the El Granada Subarea? 
 
The value of the GIS is that we can collect and map data about single subjects in the 
manner most appropriate for that subject.  Then, by overlaying features from many 
layers on a map, we can explore the special relationships between the attributes of 
different datasets. 
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2.0 GEOLOGIC SETTING 

The following descriptions of geologic conditions were derived from published reports 
and from our area investigations.  To assist with the definitions of Geologic Time Scale, 
Plate A-1 is included in Appendix A. 
 
2.1 REGIONAL GEOLOGIC SETTING 

The Midcoast Study Area lies within the Coast Ranges Geomorphic Province, which is a 
discontinuous series of northwest-southeast trending mountain ranges, ridges, and 
intervening valleys characterized by complex folding and faulting.  The general geologic 
framework of the Central Coast Area of California is illustrated in studies by Jennings 
and Strand (1958), Page (1966), California Geological Survey (2002) included as the 
Regional Geologic Map (Plate 2), and Brabb, Graymer, and Jones (1998) included as 
the Subbasins and Geologic Map (Plate 3).    
 
Geologic structures within the Coast Ranges Province are generally controlled by a 
major tectonic transform plate boundary defined by the San Andreas fault system.  This 
right-lateral strike-slip fault system extends from the Gulf of California, in Mexico, to 
Cape Mendocino, off the coast of Humboldt County in northern California and forms a 
portion of the boundary between two global tectonic plates.  In this portion of the Coast 
Ranges Province, the Pacific Plate moves north relative to the North American Plate, 
which is located east of the transform boundary.  Deformation along this plate boundary 
is distributed across a wide fault zone that is referred to as the San Andreas fault 
system.  The general trend (about N30-45W) of the faults within this system is 
responsible for the strong northwest-southeast structural grain of most geologic and 
geomorphic features in the Coast Ranges Province.  
 
The large wedge of geologic rock west of the San Andreas fault, which generally is 
underlain by Cretaceous Age (about 140 to 65 million years old) basement of granitic 
and high-grade metamorphic rock, is referred to as the Salinian Block (Regional 
Geologic Map).  This is a tectonic sub-province defined as a northwest trending, 
elongate slice of the Coast Ranges.  The Salinian Block is bounded by the San Andreas 
fault on the east and on the west by tectonic features off the coast of California, 
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including the Nacimiento fault zone (Page, 1966).  The basement rock crops out in the 
mountainous portion of the Midcoast Study Area. 
 
2.1.1 Lithologic Units 

Lithologic associations in San Mateo County have been divided into ten assemblages 
by Brabb, Graymer, and Jones, (1998).  The assemblages are large, fault-bounded 
blocks that contain unique stratigraphic and lithologic sequences.  Each stratigraphic 
sequence differs from that of neighboring assemblages by containing different rock 
units, or by different stratigraphic relationship among similar rock units.  The current 
adjacent location of the different assemblages reflects the juxtaposition of basins or 
parts of basins by large offsets along the faults that bound the assemblages.  In 
general, in San Mateo County, the Tertiary strata rest with angular unconformity on 
complexly deformed Mesozoic rock complexes.  West of the Pilarcitos fault, the Salinian 
complex, which is composed of granitic plutonic rocks and inferred gabbroic plutonic 
rocks at depth, overlain in places by Cretaceous strata, forms the Mesozoic bedrock.  
These plutonic rocks are part of a batholith that has been displaced northward by offset 
on the San Andreas fault system (Brabb, Graymer, Jones, 1998). 
 
2.1.2 Structure 

Faults of San Mateo County are characterized by both strike-slip and dip-slip 
components of displacement.  There are three major fault systems in the County that 
display large right-lateral offsets, the San Andreas, the Pilarcitos, and the Seal 
Cove/San Gregorio fault zones, Plate 2.  These fault systems trend roughly N30°W and 
include several fault strands in a broad zone.  Offset is distributed on the various faults 
in the zones, and the locus of fault movement associated with a fault zone has changed 
through geologic time.  The Seal Cove/San Gregorio fault zone, which lies near the 
base of the terrace adjoining the west side of the Half Moon Bay airport, has strands 
that display Holocene offset and are, therefore, considered by the State of California to 
be part of an active fault system.   
 
Pleistocene age terraces are not observed to be folded, but are tilted and uplifted in 
several places.  Late Pleistocene and Holocene surficial deposits retain most of their 
original depositional shape, but the Pleistocene alluvium and marine terrace deposits 
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have been uplifted as much as several tens of feet in places throughout the County 
(Brabb, Graymer, Jones, 1998). 
 
2.1.2.1 Airport Graben 

The land lying west of US 1 and north of Half Moon Bay is bounded by faults that have 
displaced the ground surface.  The area of the Half Moon Bay Airport is dropped down 
between an east-bounding fault, which extends on land at Montara Point, and the west-
bounding Seal Cove / San Gregorio fault (Plates 2 and 3).  The down-dropped land 
between these two faults is geologically described as a “graben.”  The strip of raised 
coastside west of the Half Moon Bay Airport and west of the Seal Cove / San Gregorio 
fault where Pillar Point and the community of Seal Cove are located is geologically 
referred to as a “horst.”  This area has been tectonically uplifted west of the Seal Cove / 
San Gregorio faults.  The barrier caused by earthquake forces along the Seal Cove / 
San Gregorio fault, to some extent, has hydrogeologically isolated this uplifted land west 
of the fault from the mainland groundwater sources.  Because the Seal Cove / San 
Gregorio fault acts as a partial groundwater barrier, only minor quantities of water are 
believed to flow from the Airport Subarea to the uplifted block west of the fault.  
Likewise, the fault barrier impedes seawater from intruding significantly into the Airport 
Subarea along this block boundary.  Section 7.2.3.3 Change in Storage describes 
groundwater conditions near Pillar Point Marsh and how it may be affected by saltwater 
intrusion. 
 
2.2 MIDCOAST GEOLOGIC SETTING 

2.2.1 Midcoast Stratigraphy 

Mapped geologic units and formations within the Midcoast area as described by Brabb, 
Graymer, Jones (1998), and depicted on the Subbasins and Geology Map, Plate 3, are 
presented below. 
 
Qcl - Colluvium (Holocene)--Loose to firm, friable, unsorted sand, silt, clay, gravel, rock 
debris, and organic material in varying proportions.  This material veneers steeper 
slopes in the County and is deposited by slow downslope movement of soil mixed with 
weathered rock.  Colluvium generally exists as a thin (a few feet thick) veneer on slopes 
and generally is not considered as a groundwater source. 
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Qyf - Younger (inner) and Qyfo Younger (outer) alluvial fan deposits (Holocene)--
Unconsolidated fine- to coarse-grained sand, silt, and gravel, coarser grained at heads 
of fans and in narrow canyons.  These deposits can store comparatively large quantities 
of water. 
 
Qmt - Marine terrace deposits (Pleistocene)--Poorly consolidated and poorly indurated 
well- to poorly-sorted sand and gravel.  Thickness variable but usually are less than 90 
feet.  Marine terrace deposits in the Midcoast area have historically been a predominate 
source of groundwater. 
 
Tp - Purisima Formation (Pliocene and upper Miocene)--Predominantly gray and 
greenish-gray to buff fine-grained sandstone, siltstone, and mudstone, but also includes 
some porcelaneous shale and mudstone, chert, silty mudstone, and volcanic ash.  
Water quantity and quality from these deposits has been found to be marginal, at best. 
 
Tm - Monterey Formation (middle Miocene)--Grayish-brown and brownish-black to very 
pale orange and white, porcelaneous shale with chert, porcelaneous mudstone, impure 
diatomite, calcareous claystone, and with small amounts of siltstone and sandstone 
near base.  Monterey closely resembles parts of Purisima Formation.  Thickness ranges 
from about 300 to 1300 feet at the surface and up to 1800 feet in the subsurface west of 
the Seal Cove/San Gregorio fault.  The porcelaneous and indurated nature of the 
Purisima and Monterey Formations generally make these rock formations poor sources 
of water.  In addition, groundwater sourced from Tertiary formations is generally of lower 
quality than that from Quaternary units in the Midcoast Area. 
 
Kgr - Granitic rocks of Montara Mountain--Very light gray to light brown, medium- to 
coarsely-crystalline foliated granitic rock, largely quartz diorite with some granite.  These 
rocks are highly fractured and deeply weathered.  Foliation is marked by an alignment 
of dark minerals and dark dioritic inclusions.  Tabular bodies of aplite and pegmatite 
generally parallel foliation.  Narrow valleys incised in the granite of Montara Mountain 
rise from the base level of the Pacific Ocean to nick points within the pluton.  Fractured 
crystalline rock is not generally considered a source rock for groundwater.  Water stored 
in fractures is generally unreliable over long-terms.  However, recently drilled wells in 
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the Upper Montara Subbasin have reportedly tapped large sources of good quality 
water. 
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3.0 HYDROGEOLOGY 

3.1 HYDROGEOLOGIC SETTING 

For groundwater resource evaluation, geologic formations in the Midcoast area have 
been grouped into the following four units: 1) alluvium in the valley troughs and 
overlying low-lying terrace deposits, 2) marine terrace deposits, 3) Tertiary Age 
Purisima and Monterey Formations and 4) granitic bedrock.   
 
Where sufficiently thick, Quaternary Age deposits are the better-quality long-term 
sources of groundwater in the Midcoast area.  The Quaternary units are not as lithified 
or naturally cemented as the older Tertiary and Mesozoic rocks and contain abundant 
interconnecting pore spaces that act as reservoirs that store and easily give up water to 
wells.   
 
Because of the fine-grained nature and cementation of the Monterey and Purisima 
Formations and the intergrown crystalline structure of the Montara granite, little primary 
porosity and water storage is expected in the unfractured bedrock.  Fractured bedrock 
holds water in its cracks that have formed from folding and faulting of the brittle rock.  
Water enters the fractured bedrock by means of off-site through-flow and downward 
percolation of surface water.   
 
Groundwater dynamics of fractured bedrock aquifers are not well understood and it is 
challenging to solve water-resource problems in bedrock settings.  Flow and storage 
occurs primarily in bedrock fractures, joints, and foliation planes.  The matrix porosity 
and permeability is very low or close to zero, with higher permeability in the fractures. 
 
Many groundwater issues are amplified in fractured-rock aquifers because responses to 
pumping stresses and contamination can be more rapid than in alluvial aquifers.  
Significant features of fractured-rock aquifers include: 1) flow of groundwater across 
surface-water divides is rarely observed; 2) aquifer parameters like storativity and 
transmissivity often show erratic variations over small distances; 3) the saturated portion 
of the mantle of weathered rock or alluvium overlying the fractured rock often makes a 
significant contribution to the yield obtained from a well; 4) only a modest quantity of 
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groundwater is generally available in any one well; and 5) drawdown in a pumping well 
is often almost equal to the total saturated thickness of the aquifer. 
 
The volume of water stored in fractured hard rock is generally estimated to be less than 
two percent of the rock volume (DWR, 1991).  This percentage decreases with depth as 
fractures become narrower and farther apart.  The total amount of water in storage in 
the rock surrounding a hard rock well is small, so that the groundwater level and the 
well's yield can decline dramatically in response to pumping or drought.     
 
The available volume of water stored in many alluvial soils can amount to 10-15 percent 
of the volume of the alluvium (DWR, 1991).  In areas where alluvium overlying the hard 
rock is saturated with water, the alluvium provides additional water storage for nearby 
hard-rock wells.  This situation most often occurs in valleys.  
 
Groundwater sourced from fractured bedrock generally is limited by a finite 
interconnected system of open spaces.  The interconnected fractures form a reservoir 
for water storage and migration.  Water may flow freely (even turbulently) from such a 
reservoir and may be pumped for a limited duration but may not have a sustainable 
yield.  
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4.0 DESCRIPTION OF THE CONCEPTUAL-MODELING PARAMETERS 

4.1 HYDROGEOLOGIC UNITS OF THE MIDCOAST STUDY AREA 

A hydrogeologic conceptual model generally includes, among other things, a graphic 
representation of the hydrogeologic flow system in the form of plan maps and geologic 
cross-sections (Plate 4) and block diagrams (Plate 5).  These graphic representations 
are used to identify and describe the relationships between various components of a 
hydrogeologic flow system.  The purpose of a conceptual model is to simplify the field 
problem and organize the field data such that the system can be analyzed more readily.  
Simplification is necessary because complete reconstruction of the field system is not 
feasible.     
 
For the San Mateo County Midcoast study, Kleinfelder used a GIS to develop plan 
maps for the conceptual model.  The process was carried out as follows: 
 

• Published and open-file reports were reviewed to draw from previous work in the 
study area, assess known hydrogeologic relationships, and evaluate the amount 
of usable data available.   

• The County’s well database was acquired and reviewed, culled of references that 
could not be adequately located or contained no significant data, and sorted for 
parameters of interest. 

• A plan map was prepared using the GIS to delineate the entire Midcoast Study 
Area and the major hydrogeologic units and their contributing watersheds.   

• Starting with the broad-scope evaluation by Balance Hydrologics (2002), the 
Midcoast Study Area was divided into eight distinct Subbasins. 

• Within each Subbasin, Subareas were defined, as appropriate.  For this present 
study, six of the eight Midcoast Subbasins were subdivided into Subareas 
(terraces, uplands, and stream valleys) based on hydrogeologic information 
(similar geologic units through which groundwater flows, with similar groundwater 
behavior, and considering structural features), available well data, topography, 
and other controlling features. 
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The nomenclature of the hydrogeologic study units used in this report and locations of 
each of these units is as follows: 
 

• Midcoast Study Area (shown enclosed in a blue line on Plate 3) 

• Subbasins (shown enclosed in red lines on Plates 3 and 6) 

• Subareas (consisting of terraces, uplands (watersheds), and stream valley 
numbered and color highlighted on Plate 6). 

Below is a listing of the Subbasins and component Subareas: 
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Table 1 
Midcoast Subbasins and Subareas 

 
Subbasins / Subareas 
Frenchmans Subbasin 
1 Frenchmans Terrace Subarea 
2 Frenchmans Upland Subarea 
3 Frenchmans Stream Valley Subarea 
Arroyo de en Medio Subbasin 
4 Miramar Terrace Subarea 
5 Arroyo de en Medio Upland Subarea 
6 Arroyo de en Medio Stream Valley Subarea 
El Granada Subbasin 
7 El Granada Terrace Subarea 
8 El Granada Upland Subarea 
Airport Subbasin 
9 Airport Terrace Subarea 
10 Denniston  Upland Subarea 
11 Denniston  Stream Valley Subarea 
13 San Vicente Upland Subarea * 
14 San Vicente Stream Valley Subarea * 
Moss Beach Subbasin 
12 Lower Moss Beach Subarea 
13 San Vicente Upland Subarea * 
14 San Vicente Stream Valley Subarea * 
15 Dean Creek Subarea 
19 Upper Moss Beach Subarea 
20 Lighthouse Subarea 
Montara Creek Subbasin  
16 Portola Subarea 
17 Montara Knob Subarea 
18 Lower Montara Creek Subarea 
21 Wagner Valley Subarea 
22    Montara Subbasin 
23    Martini Creek Subbasin 

 
Notes:  Numbers in the left column refer to Subareas shown on Plate 6. 
* Although San Vicente upland and stream valley is shown as a separate subbasin 
defined by watershed boundaries on Plate 3, because its water flows to both Moss Beach 
and Airport Subbasins, it is treated in this report as parts of the adjacent subbasins.  
 
The Subbasins listed above and shown on the Plate 3 are generally consistent with 
those described by Kleinfelder (1988, 1989), Balance Hydrologics (2002), and California 
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DWR (1999).  Lowney-Kaldveer (1974) studied the Denniston Creek area adjacent to 
the airport in 1974.  In their investigation, they distinguish three subareas in the airport 
aquifer: San Vicente fan area, Denniston Creek fan area, and the Half Moon Bay airport 
area.  These subdivisions were not made in the current study because these fan areas 
are relatively small, not easily distinguishable and are an integral part of the Airport 
Aquifer Subarea.  Further subdivision of this area may be made in the future, as 
necessary, following further assessment of the area. 
 
Defined Subareas used in this study listed by category of hydrogeologic unit, along with 
selected physical parameters and attributes from the County’s database or otherwise 
provided by the county (parcels available to build-out) are listed in the following table.  
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Table 2 
Subarea Data 

 

Hydrogeologic 
Units (Subareas) 

Number 
of wells 

Number 
of 

Septic 
tanks 

Area  
(acres) 

Ocean 
Frontage 

(ft) 

Potential 
New 
Residential 
Wells*  

1 Frenchman 7 2 313 3,318  
4 Miramar 93 4 264 3,684 230 
7 El Granada 260 2 453 7,280 590 
9 Airport 91 2 871 3,616 61 

12 
Lower Moss 
Beach 54 2 189 3,640 160 

19 
Upper Moss 
Beach 20 1 71 ------ 83 

20 Lighthouse 0 0 17   
2 Frenchman 7 0 2556 ------  

5 
Arroyo de en 
Medio 7 1 703 ------  

8 El Granada 103 5 1056 ------  
10 Denniston  0 0 9018 ------  
13 San Vicente 1 1 1001 ------  
15 Dean Creek 55 31 25 ------ 9 
16 Portola 35 18 157 ------ 51 

17 Montara 
Knob 3 2 506 ------ 2 

22 Montara 184 11 438 4,726 304 
23 Martini 6 5 991 3,943  
Stream valleys 
3 Frenchman 0 0 132 ------  

6 Arroyo de en 
Medio 1 1 52 ------  

11 Denniston 1  10 ------  
14 San Vicente 1 1 14 ------  

18 

Lower 
Montara 
Creek 

8 3 58 ------  

21 
Wagner 
Valley 9  79 ------ 13 

 Totals: 946 92 18,9746 30,207 30,207 
Numbers in left column refer to Hydrogeologic Units depicted on Plate 6. 
* Estimates of potential new residential wells provided by Steve Monowitz (San Mateo 
County) on 5/29/08 and 7/8/08. 
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The data above include numbers of wells, septic tanks, developed and undeveloped lots 
that were provided by the County of San Mateo.  The number of wells above reflects a 
modified database provided by the County.  The original number of wells was pared 
down, based on confidence of measurements, to about 500 for use in our analysis.  
Later, the wells not considered accurately located were added back to the database to 
show a reasonable, full accounting (i.e. potential pumping demand) of wells in the study 
area.  The sources of other parameters above are described in this report.   
 
4.2 PRELIMINARY EVALUATION OF AVAILABLE DATA  

Kleinfelder reviewed the County’s well database to determine what information was 
available from this source, and assessed the usefulness of the data.  Beginning with 
1087 well records for the Midcoast area, 539 were deemed useable for the purposes of 
this study (See Section 1.2.2).  Records were generally eliminated if the location of the 
wells could not be determined with any reasonable degree of certainty.  After the list 
was pared down, the wells were plotted using the GIS to observe the distribution of the 
wells.  Plate 6 shows the distribution of the reduced set of wells in the County’s 
database in the Midcoast area.  The plot indicates generally good coverage in the areas 
of interest. 
 
After grouping the well data by each aquifer-study area, the relevant hydraulic data from 
the County records were tabulated (Table 2) and assessed.  Well depth and depth to 
water frequency distributions of wells were plotted for portions of the Montara Subbasin 
(further subdivided as Montara Terrace and Montara Heights1), and Moss Beach, 
Airport, El Granada, and Miramar Subbasins.  These frequency distribution plots are 
included in Plates 8 and 9.   
 
4.3 EVALUATION OF DEPTH TO WATER AND PUMPING RATE INFORMATION 

A USGS digital elevation model (DEM) with 10-meter accuracy was used with the GIS 
in an attempt to assess the depth to water and water-elevation data in the County’s 
database.  This assessment was performed by first estimating with the DEM the 
wellhead elevation of each of the wells (since little actual elevation data are available for 
the wells), then calculating the groundwater surface elevations using the depth-to-water 
                                                           
1 Previous investigations subdivided the Montara Subbasin into Montara Terrace and Montara Heights.  
Due to the limited aerial extent and lack of data, this subdivision is not carried further in this study.   
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data.  The resultant groundwater surface elevation data were graphically displayed by 
plotting color-coded well groundwater surface elevation ranges (e.g. –25 to 0 feet 
elevation, 1 to 25 feet elevation etc.).   
 
The DEM-based wellhead plot showed that the predicted elevations have increasing 
error with increasing elevation in upslope areas.  In addition, the subsequent plots of 
water-surface elevation show significant scatter in the data.  Some scatter in the 
generated water-surface elevation data was expected because the depth-to-water data 
from which it was derived were collected at different times of the year, in different years, 
and it is not known whether the measurements were made following periods of 
pumping.  However, the plots showed groundwater elevation in such extremes that the 
data were considered inappropriate and were not used in this analysis.  The depth to 
water data, although qualitatively interesting, for the reasons stated above was deemed 
not reliable for detailed assessment. 
 
The County data also contains limited information on pumping rates, availability of 
boring logs, water quality etc.  Where depth-to-water data were available for a well, 
there generally is pumping rate information available.  Collectively, these data were 
used to estimate the specific capacity (gallons per minute / feet of drawdown) of wells 
with sufficient data.  Specific capacity has been used by investigators to derive a rough 
estimate of an aquifer’s transmissivity.  The parameter of transmissivity is important in 
assessing the volumetric rate of groundwater flow to a well, and an estimate of 
drawdown at the well during pumping.  In a few cases, actual long-term pumping test 
data are available, reported with the well logs or found in Midcoast area reports.  The 
specific capacity data are useful for generalizing groundwater production.   
 
4.4 DISTANCE TO SURROUNDING WELLS SPREADSHEET 

Included with this report is an Excel spreadsheet titled “Distance to Surrounding Wells.”  
A disk with the spreadsheet is contained in a pocket at the end of this report.  A 
description on the use and modification of the spreadsheet is included in Appendix B.  
This spreadsheet can be used by County personnel to search for wells contained in the 
database and within a given distance from the approximate center of any APN in the 
Midcoast area.   
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5.0 FIELD DATA COLLECTION 

To assist in evaluating hydrogeologic conditions in the San Mateo County Midcoast 
area, Kleinfelder conducted water-elevation monitoring in 26 selected wells.  In 
preparation for measuring depths to groundwater in the Midcoast area, over 400 letters 
were mailed to well owners in the Midcoast area requesting use of their wells for water-
depth monitoring.  Twenty-six wells were selected from the approximately 50 positive 
responses for the groundwater measurement program.  The selection of wells to 
monitor was in part based on distribution throughout the study area, on each wells 
possible representation of aquifers, accessibility, and other related factors.  Access to 
each well was verified and a measurement point was marked at the top of each well 
casing.  Muir Consulting, a civil engineering survey firm, was contracted to survey the 
locations of the wells and to determine the elevation of each wellhead.  The survey was 
conducted by means of GPS to a horizontal and vertical accuracy of 0.01 foot.  Wells 
that were not accessible for GPS measurement were surveyed by conventional sight 
techniques to the same degree of accuracy. 
 
The groundwater-elevation monitoring program extended over a period of about one 
year from September 2004 to October 2005.  Nine water level measurement events 
were conducted in most of the wells during that time.  Generally, measurements were 
concentrated during the winter and spring months and spaced out more in the summer 
months because the response to rain predominately in the winter would be important to 
the study.  Some measurements were missed at some wells due to access problems. 
 
The results of the water level monitoring program are displayed graphically in Plates 10, 
11, and 12 and discussed in Section 7 of this report. 
 
During the period of the water-level measurements, Kleinfelder sent letters to the 26 
well owners to request authorization to conduct pumping tests on their wells.  From the 
approximately 10 positive responses received, four of the wells monitored for water 
elevations were selected for conducting pumping tests.  Where possible, the test well 
was selected based on it being representative of one of the Subbasins.  The general 
locations of the wells tested are shown on Plate 6.  Due to limitations imposed by well 
owners, the pumping tests were conducted for 24 hours only.  The test at each well 
consisted of installing transducers in the casing to measure the change in water level 
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during pumping and attaching an electronic meter to the discharge pipe.  The 
transducers and discharge monitor were linked to a laptop computer secured at the 
well-head site to collect the data in real time.   
 
Before the pumping test was run, a short-term step-drawdown test was conducted to 
estimate the rate that the well could be pumped at a constant discharge.  After the step-
drawdown test, the wells were pumped continuously at a constant discharge when 
possible.  However, the primary limitations to the continuous pumping phase of the tests 
were caused by some of the wells going dry even at very low pumping rates. 
 
A discussion of the pump testing work and results of the tests are presented in 
Section 6.0. 
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6.0 HYDROGEOLOGIC ANALYSIS 

6.1 PUMPING-TEST ANALYSIS  

Constant-rate discharge pumping tests can be used to calculate the transmissivity and 
storativity values of aquifers.  Once these factors are obtained, well and aquifer 
performance under different pumping regimes can be modeled (predicted).  Four 
selected wells were used to analyze well and aquifer characteristics in the Midcoast 
Study Area.  The wells used in our pumping tests were selected based on a limited 
number of wells made available for testing by well owners in the area and locations that 
were considered most beneficial to our study.  We attempted to locate wells that were 
close enough together so that one could be monitored during pumping of the other.  
However, due to the limited permission to allow access to wells in the study area the 
four pumping tests were conducted without the benefit of a monitoring well.  The lack of 
monitoring wells means that storativity was not calculated in this study.  The 
approximate locations of the pumped wells are shown on Plate 6. 
 
Aquifer characteristics were evaluated using the pumped well-test data (Plates 13 and 
14) by applying approximations of the Theis equation.  The Theis equation relates 
drawdown or recovery of groundwater head to the rate of discharge or addition of water 
and to the hydraulic characteristics of an aquifer.  Standard assumptions of the Cooper-
Jacob approximation of the Theis non-equilibrium well equation were adopted 
(Kruseman and DeRidder, 1983; Todd, 1980) for use in the analyses presented here.  
The Cooper-Jacob approximation of the Theis equation can be used to calculate aquifer 
transmissivity.  It can also be used to estimate aquifer storativity, if an observation well 
is present. 
 
To apply the Cooper-Jacob equations, several assumptions of pumping systems have 
to be met.  Three of the Cooper-Jacob assumptions that warrant specific consideration 
for the wells in the Midcoast area are: 
 

• The aquifer is confined; 

• Well diameters are small such that well casing storage can be neglected; and 
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• The pumped well fully penetrates and is screened over the entire aquifer 
thickness resulting in assumed laminar horizontal flow to the well during 
pumping. 

Well logs were not available for the wells tested in the Midcoast study area.  
Stratigraphic control of possible confining layers, therefore, was not well understood.  
The upper surfaces of the terrace deposits, into which most of the Midcoast wells 
extend, are exposed to the air and are therefore not confined.  Gevin the nature of the 
relatively young groundwater sources and geologic activity of the area, we have 
assumed that the zones tested in the wells are unconfined. 
 
Casing storage becomes a concern for wells with relatively low aquifer transmissivity 
and associated low well yields relative to well-casing diameter.  This was the case for 
the four wells tested.  Although the casing diameters in the wells at the site are small, 
the transmissivity generally is also low.  Therefore, analysis of pumping-test data 
requires consideration of the critical time after which casing storage no longer affects 
drawdown in the pumped well, i.e. when discharge from the well is effectively all from 
the aquifer and not partially from water stored in the casing.  Use of data prior to the 
critical time in any given well typically results in artificially high values of transmissivity.  
The equation used to calculate the critical time for casing-storage removal (tc in 
minutes) is given by Shafer (1978): 

tc = [0.6 (dc
2 - dp

2)]/(Q/s) 

where 
dc = inside diameter of well casing (in.) 
dp = outside diameter of pump column (in.)  
Q = constant pumping rate (gpm) 
s = drawdown at time tc  

 
This equation provides the minimum time expected to generally exceed casing-storage 
effects.  Calculations of aquifer transmissivity described below are based on time-
drawdown data recorded after the minimum critical time for casing-storage removal. 
 
The third assumption of the Cooper-Jacob approximation is that the pumped well fully 
penetrates and is screened over the entire aquifer thickness, resulting in horizontal flow 



 
 

26848/4RPT (SJO8R430)/es Page 24 of 83 October 2008 
Copyright 2007 Kleinfelder 

to the well during pumping.  For the Midcoast wells, the standard Cooper-Jacob method 
could not be used for appropriate calculation of storativity because the well screens only 
partially penetrate the aquifer and observation well data is not available. Partial 
penetration induces significant vertical flow components, which violate the assumption 
of horizontal flow.  For this reason, a modified Cooper-Jacob method that accounts for 
the effects of partial penetration (Kruseman and DeRidder, 1983) was used in this 
study.    
 
6.1.1 Transmissivity 

Transmissivity (T) is the rate at which water flows in gallons per minute through a one 
foot wide, saturated vertical section of an aquifer under a hydraulic gradient of 1.  In this 
report, units of Transmissivity are given in gallons per day per foot of aquifer (gpd/ft).  
Generally, if an aquifer has a transmissivity of less than 1,000 gpd/ft, it may be only 
sufficient to supply water for domestic wells (Driscoll, 1986).   
 
The graphs of drawdown against log of pumping time for the pumping test for the four 
tested wells are presented on Plates 13 and 14.  These graphs are used to estimate 
Transmissivity (T) and hydraulic conductivity (K).  Transmissivity is estimated from the 
pumping rate and the slope of the time-drawdown graph using the following relationship 
(Driscoll, 1989): 

s
QT

∆
=

264  

where: 
 T = coefficient of transmissivity, in gpd/ft. 
 Q = pumping rate, in gpm 
 ∆s = change in drawdown measured over one log graph cycle of time 
 
6.1.2 Hydraulic Conductivity 

Hydraulic conductivity is a measure of the capacity of a porous medium to transmit 
water.  Higher values of hydraulic conductivity represent a greater ease of water 
movement through the medium.  Hydraulic conductivity is estimated by dividing 
transmissivity by screen length.   
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6.2 PUMPING TESTS 

The following sections describe details of the pumping tests conducted on four wells in 
the Midcoast Study Area.  Log time/drawdown plots of the pumping tests are presented 
on Plates 13 and 14.  Pumping durations were limited by requirements of the well 
owners.  When possible, the pumping test was run for a minimum of 24 hours.  At each 
well head, the pumping-piping system to the residence was temporarily disconnected 
and a flow meter was attached to the discharge piping.  An Instrumentation Northwest 
PT2X submersible pressure/temperature Smart Sensor containing a built-in datalogger 
was placed in the well to maximum possible attainable depth.  No nearby wells could be 
located for use as observation wells.  The pumped water was discharged down-slope 
into drainages at least 100 feet from the well. 
 
6.2.1 Well 1342, Dean Creek Subarea 

The well is located approximately 100 feet from the apex of a low hill.  The well is the 
primary source of water for the residence, as well as three horses on-site.  An initial 
assessment of the well/pump revealed dual safety cut-off switches for the well pump 
and an external pump used to refill the horse watering troughs. 
 
Due to a lack of information regarding the well/aquifer parameters before the test was 
begun, an initial flow rate of 7.9 gpm was selected.  At this pump rate, the water column 
within the well drew completely down to the top of the pump within 10 minutes.  The 
water was allowed to recover completely to its pre-pump level.  A second flow rate of 
1.5 gpm was then tested with complete drawdown of the water column within 90 
minutes.  The water was again allowed to recover to pre-test level.  A minimum possible 
flow rate of 0.65 gpm (constrained by the pump and safety cut-off switch) was applied 
for the duration of the pumping test.  The test was started at 2:15 pm with negligible 
variations in flow rate throughout the test.  The pump was shut-off at 2:45 pm the 
following day and permitted to recover until the initial water level returned to 67.88 feet. 
 
6.2.2 Well 342, Airport Subarea  

Well 342 is located in the Airport Subarea near the border of the El Granada Subarea.  
Well 342 is located beneath the patio behind the primary residence, approximately 200 
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feet from a seasonal stream channel.  The well is situated in the center of the yard and 
is used for irrigation only.  The home is connected to the city water system. 
 
An initial assessment of the well/pump revealed a safety cut-off switch for the well 
pump.  A flow meter was attached to the piping and the transducer datalogger was 
placed in the well to the maximum possible attainable depth.  A nearby well was located 
on the adjacent property for possible use as an observation well but after several 
attempts, the cover could not be removed.  The pumped water was discharged into the 
concrete rain gutter approximately 100 feet from the well. 
 
County well information regarding the well/aquifer parameters indicated a sustainable 
flow rate of 6.5 gpm and an earlier aborted 24-hour test the prior week showed the well 
could perform at a significantly higher level of at least 10 gpm.  The test was started at 
3:15 pm with negligible variations in flow rate throughout the test.  During the test, the 
water was extracted at the maximum possible flow rate of the pump (15 gpm) for a 
minimum of 24-hours.  The pump was shut-off at 2:42 pm the following day and 
permitted to recover until the water level stabilized.  
 
6.2.3 Well 1347, Moss Beach Subarea 

Well 1347 is located in an open field south of the primary residence, approximately 100 
feet east of an actively flowing stream.  The well is used for irrigation only; the home is 
supplied by city water. 
 
An initial assessment of the well/pump revealed frayed wiring and a damaged control 
box leading to the pump.  A flow meter was attached to the piping and the transducer 
with datalogger was placed in the well to the maximum possible attainable depth.  No 
nearby wells could be located for use as observation wells.  The pumped water was 
discharged into a large storage tank approximately 75 feet from the well.  Throughout 
the test, the storage tank was continually emptied by an external pump supplying water 
to the far side of the property for irrigation.   
 
County well information regarding the well/aquifer parameters indicated a sustainable 
flow rate of 1.5 gpm but based on the location of the well within the watershed and 
knowledge of the subsurface materials, a significantly higher flow rate was selected.  
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The test was started at 11:20 am with negligible variations in flow rate throughout the 
test.  During the test, the water was extracted at the maximum possible flow rate of the 
pump (7.6 gpm) for a minimum of 24-hours.  The pump was shut-off at 11:35 am the 
following day and the well was permitted to recover until the water level stabilized.  
 
6.2.4 Well 163, El Granada Subarea 

Well 163 is located along the side of the primary residence, approximately 75 feet from 
a non-flowing ephemeral stream.  The residence is on city water and the well is 
currently not used as a source of water.   
 
An initial assessment of the well revealed that the well was without a pump and 
available power source.  After speaking with the owner, we were granted permission to 
use electricity from the home.  A flow meter was attached to the piping and a 
transduced with a datalogger was placed in the well to the maximum possible attainable 
depth.  In addition, a submersible pump was placed in the well for the duration of the 
test.  No nearby wells could be located for use as observation wells.  The pumped water 
was discharged into the creek channel 100 ft. from the well. 
 
Based on County well information regarding the well/aquifer parameters and an initial 
test, a sustainable flow rate of 5.8 gpm was selected.  The test began at 8:30 am with 
an initial flow rate of 5.8 gpm.  Due to unknown characteristics of the well and aquifer, 
after continued monitoring for three hours, the flow rate was decreased to 5.2 gpm in 
order to prevent pumping the well dry during the test.  After an additional five hours of 
monitoring, the flow was decreased to 4.5 gpm to prevent pumping the well dry.  The 
pump was shut-off at 8:30 am the following day and the well was permitted to recover 
until the water level stabilized. 
 
6.3 SUMMARY OF PUMPING TEST RESULTS 

The following table presents a summary of results from pumping tests conducted for this 
study.   
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Table 3 
Pump Test Analysis Results 

 

KA Well ID No. Well location ∆s Q (g/min) T (g/da/ft) 

1342 Dean Creek 21.5 0.65 8 
342 Airport / El Granada Terrace 0.8 15.00 4,950 
163 El Granada Terrace / Uplands 24 4.50 50 

1347 Moss Beach 1.2 7.60 1,672 
 
If an aquifer has a transmissivity of less than 1,000 gpd/ft., such as seen at the tested 
wells in the Dean Creek and El Granada Terrace Subareas (Plate 6), it can supply only 
sufficient water for domestic wells or other low-yield uses.  Pumping tests that show low 
yield might be the result of a clogged annular pack or screen or by poor construction or 
poor development.  Such low-yield wells may not be indicative of actual aquifer 
conditions and may be improved by re-development.  The pumping-test results show 
that aquifers tapped by one of the wells in the Airport / El Granada Terrace Subareas and 
one in the Moss Beach Subarea have relatively high yields and may be marginally 
adequate for municipal, or irrigation purposes. 
 
For the four wells from which we could obtain pumping test data, the value of hydraulic 
conductivity (K) ranged from of 0.05 to 11.5 gpd/ft2.  The range of hydraulic conductivity 
is considered low for natural aquifer material (Driscoll, 1989) and is generally consistent 
with terrace deposits encountered at the site by others.    
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7.0 SUBAREA WATER-BALANCE ASSESSMENT 

A hydrologic budget (or water budget) describes the balance of atmospheric moisture, 
surface water, and groundwater in a defined area over a time frame of interest under 
inferred or measured conditions.  For the Midcoast hydrogeologic study, hydrologic 
budgets were developed for subareas within the seven subbasins (Plate 3) and the 
urban limit lines shown on Plate 1. 
 
The generalized groundwater budget equation is: 
 
 
 
Where dt

dSg  is the change in volume of groundwater over the period of interest, I is 
infiltration rate, Gin and Gout are groundwater flow rates in and out of the control volume 
over the period of interest, Qg is groundwater rate of flow into or out of surface streams, 
Eg is surface evaporation rate, Tg is plant transpiration rate of surface moisture.  The 
equation is expressed in terms of volumes per unit time.  Using net mass exchanges 
and simplifying for the project conditions, the equation can be presented as: 
 

Where S∆  is the change in total water volume storage over the period of interest, Qp is 
pumpage, P is the precipitation (Plate 15), Ro is the combined effect of water flow 
across and through the area of interest, ET is a combined evapotranspiration term that 
represents an estimate of evapotranspiration, and Qs is any return flow from pumpage.  
The following sections generally describe the methods used in the hydrologic budget for 
the Midcoast Study Area.   
 
7.1 METHODOLOGY OF THE HYDROGEOLOGIC ANALYSIS 

After data collection described in Section 4.3 above, the hydrogeologic analysis of the 
Midcoast Study Area moved to the development of conceptual models and water 
balance assessment.  The water balance assessment involves assembling available 
information of water quantities that enter and exit the groundwater reservoir system and 
aquifer geometry.  The difference between the volumes of water entering and water 
leaving the system gives the quantity retained in storage.  Over time this provides rates 
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of storage depletion or storage increase.  The complexity of each subarea assessment 
is dependent upon the extent and quality of the available data upon which the 
assessment was based, aquifer geometry, and subarea interconnection.  With the 
exception of the Montara Subbasin, to conduct our analysis, the groundwater Subbasins 
were divided into two general areas:  
 

• Upland areas where shallow bedrock consists primarily of granite and where 
groundwater is stored and flows in rock fractures and weathered granite. 

• Terrace / alluvial areas where significant groundwater that is available to wells 
is stored in coarse-grained marine terrace deposits and alluvial deposits 
along the margins of the terraces.   

Due to the significant slopes and generally rapid water drainage and the relatively 
limited storage capacity (and lack of data to define it) it is assumed that the storage of 
percolated water in the weathered and fractured granite is relatively short lived and that 
water travels as underflow to the terrace deposits where it accumulates.  Difficulties of 
analyzing groundwater conditions in fractured bedrock are described in the 
Hydrogeologic Setting, Section 3.1.  Water is lost from the terrace areas primarily by 
pumpage, outflow to the ocean, and evapotranspiration.  The rate of outflow generally is 
dependent on the volume of water in storage.  For our water-balance model, it was 
assumed that groundwater inflow from the terrace deposits of adjacent groundwater 
basin areas to the north and south is negligible and that no groundwater flows across 
the topographic watershed divides.   
 
In the Montara Subbasin, an upland area does not exist; therefore, a more simplistic 
approach was taken as described in this subbasin’s respective section. 
 
7.1.1 Water-Balance Models 

7.1.1.1 Rainfall-Runoff-Percolation (Soil Moisture Accounting) Model 

The amount of water available to percolate into the upland and terrace areas was 
estimated using a rainfall-runoff-percolation soil-moisture accounting model.  The model 
was developed using 55 years (1950 – 2005) of monthly rainfall data from a measuring 
station located in Half Moon Bay about two miles to the south of the Midcoast Study 
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Area.  The Half Moon Bay rainfall data were adjusted to account for orographic effects 
using the parameter–elevation regression on independent slopes model (PRISM) 
(USDA-NRCS, 1998).  Rainfall runoff and the volume of water available to percolate to 
groundwater were estimated using the Soil Conservation Service (now NRCS, Natural 
Resource Conservation Service) curve-number method (USDA-NRCS, 2004).  Curve 
numbers were selected based on hydraulic properties of local soils reported by the 
NRCS.  Available soil moisture was tracked on a monthly basis through 55 years 
assuming an available soil-moisture holding capacity within the root zone estimated 
from NRCS soil data.  In the soil-moisture-accounting model, soil moisture in excess of 
the available water holding capacity of the soil and evapotranspiration demand is 
available to percolate to groundwater.  Evapotranspiration data used were unadjusted 
average monthly potential evapotranspiration data taken from U.C. Berkeley 
Cooperative Extension Leaflet 21426 (1986). 
 
7.1.1.2 Terrace Aquifer Water-Balance Model 

The terrace aquifer water-balance model was developed for use in the El Granada, 
Miramar, and Lower Moss Beach subareas as described below. 
 
After the annual percolation amounts for both the upland and terrace areas were 
derived using the rainfall-runoff-percolation model described above, these amounts 
were combined on an annualized basis to yield the total input into the groundwater 
system2.  Annual pumpage from wells was then subtracted from the percolated water 
totals.  The amount of pumpage was estimated based on the number of known / 
permitted wells obtained from San Mateo County records and using an average-
connection usage value developed by the Coastside County Water District (Todd, 
2003).  The Coastside County Water District value (244 gallons per day per connection) 
was rounded up to 250 gallons per day in the model.  The net amount of water 
(percolation minus pumpage) provides an estimate of the annual input of water to the 
terrace area aquifer. 
 

                                                           
2 It should be noted that the time lag from when the precipitation hits the ground to when it enters the 
groundwater body of interest is assumed to be zero.  This lag can be substantial, but no data are 
available to estimate this lag. 
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Channel and pond seepage of runoff water was set at three percent, consistent with 
values used by others (Todd, 2003).  The seepage values were added to the estimated 
total aquifer inputs prior to ocean discharge. 
 
The average annual amount of water in storage in the terrace aquifer above sea level 
was calculated on an annual basis by adding the annual input of water (after accounting 
for pumpage) to the preexisting amount of water in storage, then subtracting the amount 
of water that flows to the ocean.  The amount that flows to the ocean was estimated for 
each water year assuming Darcian flow.  The outflow was projected using a calculated 
hydraulic gradient; transmissivity estimates obtained from previous studies and 
Kleinfelder pumping test results; and the horizontal distance along the coastline.  The 
hydraulic gradient was evaluated for each water year using an average hydraulic head 
value in the terrace for each modeled water year and the measured horizontal distance 
between the coast and approximately half way up the terrace (vicinity of the wells 
monitored by Kleinfelder).  The hydraulic-head values used were the average of head 
values based on the total annual input plus the pre-existing amount of water in storage, 
and the head value from the preexisting storage amount of water.  The average 
hydraulic-head values were also calculated based on a specific yield of 0.08 (Balance 
2003); and the measured area of the terrace. 
 
7.1.2 Calibration / Validation 

Groundwater surface elevations measured by Kleinfelder in selected wells were used to 
calibrate the terrace aquifer water-balance model to the extent possible.  Calibration 
was performed by adjusting hydraulic parameters (principally transmissivity and curve 
number) within an expected / reasonable range of values until the final groundwater 
surface elevations (hydraulic-head values) and average hydraulic gradients matched or 
came as close as possible to the measured data. Water levels measured by Kleinfelder 
during the 2004-2005 water year were used to “calibrate,” to the extent possible, the 
water-balance model.  The wells that were selected for this purpose were those that 
exhibited similar behavior and similar water-surface elevations over the 2004-2005 
water year (see Hydrographs, Plates 10, 11, and 12) and are located approximately half 
way up the terrace from the ocean.  “Validation” was accomplished by comparison of 
available water-level data from previous years to the predicted hydraulic head in each of 
those respective years.   
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Adjusting the transmissivity within the range of expected values is reasonable given that 
transmissivity estimates for the terrace aquifers vary from place to place, given the 
observed heterogeneity of the water-bearing sediments, and because transmissivity 
varies proportionally with saturated thickness of the water-bearing zone.  Also, the 
saturated thickness varies seasonally and from year to year.  Most estimates of 
transmissivity for the marine terrace have been made based on specific capacity of the 
wells, because few formal pumping tests have been performed in the Midcoast area.  
Where possible, transmissivity rates from our 24-hour pumping tests were used to 
supplement the transmissivities estimated from specific capacity. 
 
Based on NRCS soil data for the area, and assuming Type II conditions (antecedent 
soil-moisture conditions) curve numbers (CN) were estimated between 11 and 13 for 
the upland areas and 1 and 2 for the coastal terrace areas.  Best fit with the coupled 
rainfall-runoff-percolation and terrace aquifer water-balance models was achieved with 
a CN of 11 for the El Granada upland area, which resulted in an average runoff of about 
20 percent over the 55-year model period.  This runoff estimate compares well with 
observations made by others for the San Mateo coast area (Todd, 2003; Kleinfelder, 
1988, Balance 2002).  The runoff in the coastal terrace area averaged about 65 percent, 
which is largely due to the proportion of impermeable surfaces (structures, roads, etc.). 
 
7.1.3 Results 

The rainfall-runoff-percolation (soil moisture accounting) model was used to assess 
groundwater conditions in each subarea evaluated in this study.  The terrace aquifer 
accounting model was only used where applicable or where data were available to 
support it. 
 
Plates 16 through 19 show plots of annual precipitation (derived from data shown on 
Plate 15) vs. predicted groundwater-surface elevation for the El Granada, Miramar and 
Moss Beach Subarea terrace deposits.  The predicted groundwater-surface elevations 
in each plot represents “average” annual water level throughout the respective terrace 
area.  In actuality, water levels will vary significantly from location to location in the 
terrace areas due to differences in the density of pumping wells and natural variations in 
aquifer characteristics.  Also, groundwater surface elevations in wells will generally be 
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higher near the upland area where primary recharge of the terrace aquifer occurs and 
lower near the ocean where discharge to the ocean occurs. 
 
Plate 19 shows plots of annual precipitation (derived from data shown on Plate 15) vs. 
the change in available groundwater storage (estimated percolation minus pumpage) for 
the Montara subbasin and Portola subarea.  
 
Details of the analysis in each subbasin are described in Section 7.2 
 
7.2 SUBBASIN ANALYSIS 

The following sections describe the results of our Subbasin analyses.  The order in 
which the analyses are presented generally follows a progression from the least 
complex model to the more complex models. 
 
7.2.1 El Granada Subbasin Water Balance 

The El Granada Subbasin includes the subareas of El Granada Uplands and El 
Granada Terrace.  The water balance methods described in Section 7.1.1 were used to 
estimate (model) the volume of groundwater in storage in the El Granada terrace over 
time. 
 
7.2.1.1 El Granada Subbasin Water Balance Calibration / Validation 

As observed by Kleinfelder in 2004-2005 the water levels in monitored wells tended to 
be lower in the northern end of the El Granada Terrace Subarea and higher in the 
central and southern end of the terrace.  Because the water balance was calibrated 
using data primarily from the northern half of the terrace area, the model likely under 
estimates the total volume of water in storage terrace-wide. 
 
Following the calibration phase, the model derived 2004-2005 hydraulic-head value was 
23.3 feet above sea level, while the average of the four selected well-water surface 
elevations was 23.5 feet.  The model estimated hydraulic gradient was 0.022 and the 
average hydraulic gradient from the selected wells to the ocean was 0.021.  For 
purposes of validation, the final hydraulic head in 1986 was estimated by the model to 
be 20 feet and the average hydraulic head of the two monitored wells constructed in 
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that year was 23 feet.  The model hydraulic head in 1987 was 12 feet and the average 
hydraulic head of the two monitored wells measured in that year was 19 feet.  
Collectively the comparison data suggest that the water-balance hydraulic head 
predictions are within +/- 7 feet in a given year in the area of the terrace where this 
calibration / validation process was possible (northern end of terrace). 
 
Specific-capacity estimates have resulted in an estimated average transmissivity of 
1,700 gpd/ft.  Kleinfelder’s pumping test near the edge of the El Granada area resulted 
in an estimated transmissivity of about 4,950 gpd/ft.  Accordingly, for calibrating the El 
Granada water-balance model, the transmissivity was varied between 500 and 5,000 
gpd/ft, and the best fit with the actual data was achieved at 3,450 gpd/ft. 
 
7.2.1.2 Water Balance Results 

The El Granada terrace aquifer water-balance spreadsheet is included on Plate 16.  
The water balance includes pumping demand from 97 upland and 237 terrace area 
wells over the 55 year period of precipitation record. Given this pumpage the model 
suggests that over the 55 year period, the average terrace-area water table would have 
ranged from about -1 to 44 feet above mean sea level (MSL) with an average 
groundwater surface elevation of about 15.5 feet above MSL.  The annual volume in 
storage in the terrace aquifer Subarea above MSL ranged from about 0 to 1,583 acre 
feet (ac-ft) with an average of about 561 ac-ft.  This compares well with the estimate of 
876 ac-ft made by Kleinfelder using a different approach in 1988 (Kleinfelder, 1988).  
Outflow to the ocean is estimated to vary from about 49 to 1,563 ac-ft per year with an 
average ocean outflow of about 610 ac-ft per year. 
 
Table 4 includes a summary of the El Granada Subbasin water balance results. 
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Table 4 
El Granada Subbasin Water Balance 

 

 

Very Dry Year1

(1976 / 77) 
Dry Year1 
(1987 / 88) 

55 Year1 
Average 

(1950-2005) 
Half Moon Bay Precipitation2,3 (Inches) 14.61 20.02 26.43 
Water Budget Inputs    
Precipitation4     
          Upland5  (acre feet) 1486 2036 2751 
          Terrace6  (acre feet)  568 778 1051 
Water Budget Input Total 2054 2814 3802 
Water Budget Outputs    
Runoff    
          Upland  (acre feet) 20 206 526 
          Terrace  (acre feet)  227 445 677 
Evapotranspiration     
          Upland  (acre feet) 1467 1472 1525 
          Terrace  (acre feet)  340 333 375 
Pumpage    
          Upland  (acre feet) 27 27 27 
          Terrace  (acre feet)  66 66 66 
Ocean Outflow 49 407 610 
Water Budget Output Total 2196 2956 3806 
Balance    
Change in Storage (acre feet) -142 -142 -4 
Estimated Groundwater Surface Elevation    
in Terrace Area (feet MSL)7  -0.7 8.4 15.5 
Estimated Volume in Storage Above Sea    
Level in Terrace Area (acre feet)  -26 303 561 
Notes:         1  Water year defined as October to September.   

2  Missing data during water years 2001/02 and 2002/03 were estimated using data from San 
Gregorio recording station. 

3  NOAA recording station in Half Moon Bay   
4  Precipitation amounts estimated using Half Moon Bay precipitation data and adjusting for 

orographic effects. 
5  El Granada watershed (Upland) acreage estimated at 1043.2 acres 
6  El Granada terrace acreage estimated at 452.9 acres. 
7  For a hypothetical well 1100 feet from the ocean. 

 
The model results suggest that each year about as much groundwater flows from the El 
Granada aquifers to the ocean as is stored in the terrace area.  This would indicate that 
water moves rapidly through the terrace deposits.  Although water levels fluctuate 
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significantly, groundwater nonetheless appears to be currently in general long-term 
balance3 in the El Granada Terrace Subarea. 
 
The estimated model groundwater levels suggest that on six occasions during the last 
55 years, groundwater-surface elevations in the El Granada Terrace Subarea may have 
approached or dropped below sea level.  These occasions include the water years 
1960-1961, 1971-1972, 1975-1977, and 1989-1991.  This assessment is made 
assuming that all of the known and permitted wells in existence today were operational 
and productive over the period of the rainfall record, which may not be the case.  The 
model indicates that the most severe drops in water levels occur after two or more 
consecutive dry years.  In the identified dry years, wells located near to the coast may 
have had water levels below sea level and the El Granada Terrace aquifers may have 
been intruded to a limited extent by seawater. 
 
Kleinfelder’s water-balance model found that about 560 ac-ft of groundwater may 
remain in storage above sea level in the terrace aquifer following an “average rainfall 
year.”  Following a dry year (e.g. 1987 / 88) and very dry year (e.g. 1976 / 77) 
groundwater in storage above sea level was estimated to be about 300 ac-ft and 0 ac-ft, 
respectively. Under current pumping demands (about 94 ac.-ft./year), the water balance 
model suggests that average terrace-wide groundwater levels would have dropped near 
(within five feet) or below sea level six times during the 55-year period of rainfall record 
used in this analysis (representing a 11 percent return frequency).  For comparison 
purposes, if pumpage were to almost triple or increase to about 259 ac-ft per year (to 
buildout, increase of 590 domestic wells, with sewer connections at each new site), the 
frequency of groundwater falling to levels near or below sea level would increase to 
about 24 percent.  A prolonged drop in groundwater levels in the El Granada terrace 
area to levels below sea levels may have detrimental impacts due to salt-water 
intrusion.   
 
The model assumes that wells are evenly spaced throughout the area and reflects 
conditions in the aggregate.  However, water levels lower than the “average” elevation 
should be assumed in areas of high well density.   

                                                           
3  “General long term balance” is used here to mean that no specific long-term trends were consistently 
indicated in this study.  That is over time, groundwater surface levels may fluctuate and my move 
downward for a period of time but will generally return to previous levels.  Between periods of average 
water levels, groundwater levels may drop to levels that may be detrimental for a period of time. 
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The model does not indicate water levels in the upland area.  Water levels in the upland 
are quite variable as indicated by Kleinfelder’s 2004-2005 water level data (wells 42, 
116, 138, 163, 171, and 305, Plate 10) and storage in the upland area is not quantifiable 
based on current information. 
 
7.2.2 Arroyo de en Medio / Frenchmans Subbasins Water Balance 

Because the Arroyo de en Medio and Frenchmans Subbasins drain to the terrace at 
Miramar, these two subbasins and associated subareas are both discussed in this 
section.  The Subbasins include the Subareas of Frenchmans Terrace, Frenchmans 
Upland, Frenchmans Stream Valley, Miramar Terrace, Arroyo de en Medio Upland and 
Arroyo de en Medio Stream Valley.  The Frenchmans Subbasin was not modeled in 
detail due to the limited information in that area (e.g. lack of wells).  Given the 
similarities in the two areas, the general conclusions included in Section 8.2 for the 
Arroyo de en Medio Subbasin may be applicable to the Frenchmans Subbasin. 
 
Given the structural and hydrologic similarities of the Arroyo de en Medio Subbasin and 
the El Granada Subbasin, the Arroyo de en Medio water balance was developed using 
the same general methods as for the El Granada Subbasin.  The model consists of a 
soil-moisture accounting model to estimate rainfall runoff and percolation for both the 
upland and terrace areas coupled with a terrace-aquifer groundwater-storage 
accounting model.  See Section 7.1 of this report for a more detailed description on the 
model.  Plate 17 contains the model spreadsheet for the Arroyo de en Medio Subbasin 
water-balance model. 
 
As with the El Granada model, 55 years of monthly precipitation data (1950-2005) from 
Half Moon Bay were adjusted for orographic and other affects and used as the historic 
input to the model.  The mean annual rainfall in the Arroyo de en Medio Upland 
Subarea was estimated to be approximately 31.9 inches.  The mean annual rainfall in 
the Miramar Terrace was estimated at 27.8 inches. 
 
Agricultural acreage was estimated using aerial photography, California Department of 
Water Resources (DWR) land-use data, and the GIS.  Crop patterns and sources of 
water for agricultural crops were determined using the DWR land-use data (Plate 20).  
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Applied water demand was estimated by assuming un-met potential ET, as determined 
in the soil-moisture accounting model, was satisfied by irrigation.  In practice, applied 
water to field / truck crops generally exceeds ET, but the majority of this applied water is 
assumed to return to groundwater.  In the Arroyo de en Medio Stream Valley Subarea, 
irrigation water is assumed to come from surface water sources as indicated by the 
DWR (Plate 20).  In the terrace area, irrigation water is assumed to be primarily derived 
from groundwater pumping. 
 
Based on San Mateo County well records, it is assumed six wells are active in the 
upland area and 80 wells (other than agricultural wells) are active in the terrace areas.  
Pumpage rates for these wells are assumed the same as for the El Granada Subbasin. 
Other model input factors as used in the El Granada Subbasin such as soils (runoff 
curve numbers), specific yield, and surface-water return flow are used in the Arroyo de 
en Medio model.  
 
The major assumptions made in the Arroyo de en Medio model are the same as those 
used in the El Granada model.  Key assumptions include: 1) a single average 
groundwater-surface elevation in the terrace aquifer and 2) upland groundwater storage 
is limited and is in relatively rapid-flow connection with the terrace area, recharging the 
terrace aquifer (i.e. there is no lag in recharging the terrace aquifer).  The long and 
narrow alluvial areas along Arroyo de en Medio act to slow the migration of water to the 
Miramar Terrace Subarea from the upland watershed, however no data are available to 
adequately characterize these areas for incorporation into the model.  This assumption 
(rapid inflow into the terrace aquifer) will tend to make the annual results (groundwater 
surface elevations and estimates of groundwater in storage) during wet years more 
extreme than they might otherwise be.    
 
7.2.2.1 Arroyo de en Medio Subbasin Calibration / Validation 

Calibration of the model was performed in the same manner as the El Granada 
Subbasin model.  Water level data collected in the 2004/2005 water year by Kleinfelder 
in three wells (lower figure on Plate 10) were used to calibrate the model.  An average 
groundwater surface elevation in the terrace at the end to the 2004/2005 water year 
was assumed to be 30.5 feet.  Hydraulic gradients from the three wells monitored to the 
ocean ranged from 0.02 to 0.03 during the water year.  Data from well 1453 were used 
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to calibrate the model as it was assumed to represent mid-terrace conditions.  The 
calibration process was carried out until the resultant average hydraulic head and 
hydraulic gradient was achieved in the terrace aquifer.   
 
Best fit to the measured data was achieved with the transmissivity set at 3,975 gpd/ft 
and a specific yield of 0.09.  The transmissivity and specific yield values are within the 
ranges of expected values in the Arroyo de en Medio Subbasin.  
 
Validation of the model was not possible due to the lack of reliable historic data from 
which to compare and assess the performance of the model.  Given the similarities in 
the hydrogeology and the good results of the model in the El Granada Subbasin 
suggests that the model will adequately describe the general behavior of the terrace 
aquifer in the Arroyo de en Medio Subbasin.  However, as noted for the El Granada 
model, the model is unconstrained by aquifer geometry (i.e. the thickness of the aquifer) 
and the curve number rainfall-runoff method underestimates extreme precipitation 
events, consequently groundwater predictions from the peak water years are probably 
not realistic. 
 
7.2.2.2 Arroyo de en Medio Results 

The results of the water-balance model are summarized in following table.  The overall 
behavior of the subbasin as predicted by the model is illustrated on Plate 17 and 
summarized below in Table 5. 
 



 
 

26848/4RPT (SJO8R430)/es Page 41 of 83 October 2008 
Copyright 2007 Kleinfelder 

Table 5 
Arroyo de en Medio Subbasin Water Balance 

 

 Very Dry Year1 Dry Year1 55 Year1 
Average 

 (1976 / 77) (1987/ 88) (1950-2005) 
Half Moon Bay Precipitation2,3 (Inches) 14.61 20.02 26.43 
Water Budget Inputs    
Precipitation4     
          Upland5  (acre feet) 1062 1455 1965 
          Terrace6  (acre feet)  331 453 612 
Water Budget Input Total 1393 1908 2577 
Water Budget Outputs    
Runoff    
          Upland  (acre feet) 15 150 380 
          Terrace  (acre feet)  132 259 394 
Evapotranspiration    
          Upland  (acre feet) 1047 1046 1083 
          Terrace  (acre feet)  192 167 200 
Pumpage    
          Upland  (acre feet) 2 2 2 
          Terrace  (acre feet)  167 167 167 
Ocean Outflow 47 261 331 
Water Budget Output Total 1602 2052 2557 
Balance    
Change in Storage (acre feet) -209 -144 20 
Estimated Groundwater Surface Elevation -2 13 21 
in Terrace Area (feet MSL)7     
Estimated Volume in Storage Above Sea -37 309 502 
  Level in Terrace Area (acre feet)     
Notes:      1  Water year defined as October to September.   

2  Missing data during water years 2001/02 and 2002/03 were estimated using data from San 
Gregorio recording station. 
3  NOAA recording station in Half Moon Bay   
4  Precipitation amounts estimated using Half Moon Bay precipitation data and after adjusting for 
orgraphic effects. 
5  Miramar watershed (Arroyo de en Medio, Upland) acreage estimated at 739 acres 
6  Miramar terrace acreage estimated at 264 acres. 
7  For a hypothetical well 1300 feet from the ocean. 

 
The table above provides a summary of results for the Arroyo de en Medio water-
balance model.  Listed in the table are water-balance component estimates for the 
driest water year in the last 55 years (1976/77), a dry year (1987/88), and the 55-year 
average for comparison.  Both of the dry years listed in the table were the second of two 
consecutive dry years and hence the change in storage value indicated in the table is 
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negative.  As can be seen in the table, there are indications that groundwater surface 
levels fell below sea level during the very dry years of 1976 / 77 and groundwater 
surface levels in other dry years were close to sea level.  Given that the model assumes 
that all of the known and permitted wells in existence today were operational and 
productive over the period of the rainfall record, subbasin water levels in actuality may 
not have approached sea level at that time.  However, in the identified dry years, wells 
located nearer to the coast than the hypothetical average well simulated in the model 
may have had water levels close to or below sea level and some seawater intrusion 
may have occurred. 
 
Under current pumping demand (about 169 ac.-ft./ year), the model suggests that 
average Miramar Terrace subarea-wide groundwater levels would have dropped to near 
(within five feet) or below sea level four times during the 55-year period of rainfall record 
used in this analysis (representing a seven percent return frequency).  For comparison, 
if pumpage were to increase 40 percent (increase of 230 domestic wells) to about 235 
ac-ft per year (buildout with sewer connections at each new site), the frequency of 
groundwater falling to levels near or below sea level would increase to about 18 
percent. 
 
The model predicts that the groundwater in the Arroyo de en Medio Subbasin is in 
general long-term balance.  A linear regression trend line is included in the precipitation 
plot on Plate 17, which indicates that precipitation rates have increased over the last 55 
years.  The 55-year average precipitation balance is positive which may correspond to 
the long-term general increase in precipitation noted with the Half Moon Bay 
precipitation data. 
 
The peak water levels predicted in the model are likely not realistic because the model 
is not constrained by actual physical conditions in the aquifer, and the curve-number 
method for estimating rainfall runoff under-estimates rainfall from intense rain events, as 
observed, for example in the 1982/83 water year.   
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7.2.3 Airport Subarea Water Balance 

7.2.3.1 Location 

The Airport Terrace Subarea covers about 871 acres, which is generally bounded by 
faults on the east and west, a groundwater divide near San Vicente Creek and Half 
Moon Bay to the south.  The down-dropped graben that constitutes the Airport Terrace 
Subarea is described above in Section 4.1.  Although the land area ends in the south at 
Half Moon Bay, the earth materials that make up the Airport Terrace Subarea (marine 
terrace deposits) continue to the south under the bay.  Watersheds contributing water to 
the Airport Terrace Subarea include the San Vicente watershed at 1,012 acres and the 
Denniston Creek watershed at 2,424 acres.  Pillar Point marsh and the community of 
Princeton are at the south end of the land area that extends north to the vicinity where 
San Vicente Creek enters the graben. 
 
The hydrologic study areas of the Airport Subbasin are shown in Plate 6.  Subareas 
included in the Airport Subbasin are Airport Terrace, Denniston Upland, and Denniston 
Stream Valley.  Also, the San Vicente Creek Watershed contributes to the Airport 
Subbasin as discussed below. 
 
7.2.3.2 Water Balance 

7.2.3.2.1 Precipitation / Runoff / Deep Percolation 

Precipitation that falls directly on the Airport Terrace Subarea directly recharges the 
basin.  Based on the 55-year Half Moon Bay rainfall record and adjusting for orographic 
and other affects (using methods described in Section 7.1) the average annual rainfall in 
the Airport Terrace Subarea is estimated at 26 inches.  Over the past 55 years, that 
precipitation is estimated to have ranged from about 14 inches (1976 -1977 water year) 
to 50 inches (1982 - 1983 water year).  Using Airport Terrace Subarea soil data from the 
NRCS and using the soil-moisture accounting model to estimate runoff and percolation 
(described in Section 3.1) we estimate that an average of about 600 ac-ft of water 
derived from precipitation runs off and about 120 ac-ft percolates to groundwater each 
year.  The balance of the rainfall evaporates.    
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Using the same 55-year precipitation record and adjustment methods, we project 
weighted average annual precipitation in the Denniston Creek watershed (above the 
Airport Subarea) at 35 inches.  Over the 55 years of record, the precipitation in the 
watershed ranged from about 19 inches to 68 inches.  Using the soil-moisture 
accounting model, water potentially available to enter the Airport Terrace Subarea from 
the Denniston Creek watershed (deep percolation plus runoff amount; considering 
evapotranspiration losses, but not surface diversion of other consumptive use) is 
estimated to have averaged about 3,450 ac-ft and has ranged from about 220 ac-ft to 
9,450 ac-ft over the 55-year period.   
 
The weighted-average precipitation in the San Vicente watershed is estimated at about 
32 inches and the annual average precipitation ranged from about 17 inches to 62½ 
inches over the last 55 years.  The volume of water that could potentially leave the 
watershed and enter the Airport Subarea (deep percolation plus runoff amount; 
considering evapotranspiration losses but not diversion of other consumptive use) is 
estimated at about 1,225 ac-ft and ranges from 45 ac-ft to 3,485 ac-ft.  However, of 
these totals, none of the San Vicente Creek channel flow and only a small fraction of the 
groundwater inflow is believed to enter the Airport Subarea as discussed below.   
 
7.2.3.2.2 Airport Subbasin Ground- and Surface-Water Inflow 

Groundwater flows into the Airport Subbasin from a number of sources.  North of the 
Half Moon Bay airport subsurface water from San Vicente Creek watershed enters the 
Airport terrace graben.  Most of this groundwater is believed to flow north through the 
Moss Beach Subarea.  However, some of the groundwater flow in the alluvium from the 
San Vicente watershed also flows south into the graben.  In 1974, Lowney-Kaldveer 
Associates drilled eleven borings in and around the Airport Terrace Subarea, installed 
piezometers in the borings, and created a groundwater-surface-elevation contour map 
of the basin to assess groundwater flow patterns.  The contour map indicated that a 
groundwater divide exists in the vicinity of where San Vicente Creek enters the Airport 
Terrace Subarea.  Based on the Lowney-Kaldveer Associates map and flow-net 
analysis, Kleinfelder estimates that roughly about 15 percent of the groundwater that 
enters the Airport graben from the San Vicente watershed flows south into the Airport 
Terrace Subarea, and the remaining approximately 85 percent flows north to the Lower 
Moss Beach Subarea. 
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Groundwater flow through the mouth of San Vicente Creek watershed may be limited by 
a geologic-controlled structural constriction. The constriction, if it exists, could be due to 
more resistance rocks uplifted along an unmapped fault.  Groundwater flow in excess of 
the physical capacity of the alluvium to transmit water appears as surface water in the 
creek channel.  Assuming a cross-sectional area of 300 feet by 75 feet, we estimate 
groundwater flow from San Vicente Creek may be limited to about 250 ac-ft per year in 
this location.  Based on these factors, the volume of groundwater that flows into the 
Airport Terrace Subarea from the San Vicente watershed area is estimated to be about 
38 ac-ft per year (15 percent of 250 ac-ft per year). 
 
Surface water from San Vicente Creek is diverted by local landowners for irrigation 
purposes in the Airport Terrace Subarea.  This diverted water is pumped to a series of 
ponds and from there it is used to irrigate fields.  Some groundwater from the San 
Vicente watershed may be used to supplement this supply.  Land owners in the San 
Vicente / Airport Terrace Subareas have retained rights to divert and store up to 49 ac-ft 
in the ponds (Department of Water Resources, 1999).  Some water stored in the ponds 
seeps into the ground and recharges the groundwater in the Airport Terrace Subarea.  
Also, excess applied irrigation water (water applied in excess of evapotranspiration 
demands and the infiltration capacity of the soil) in the Airport Terrace Subarea may 
also recharge the aquifer.  This excess applied water percolates past the rooting zone 
to groundwater or runs off from the fields (tail water) and finds its way into ditches or low 
areas and percolates to groundwater (Luhdorff and Scalmanini Consulting Engineers, 
Earth Science Associates, 1991).  Kleinfelder estimates that the volume of water that 
infiltrates in this manner is about ten percent of the applied demand or about 5 ac-ft / 
year.  Little or no groundwater is estimated to flow from the west out of consolidated 
rocks across the Seal Cove/San Gregorio Fault, nor is groundwater assumed to flow 
west from the Airport Terrace Subarea across the fault. 
 
The volume of groundwater that flows to the Airport Terrace Subarea from upland areas 
to the east is not known but is considered small in comparison to that which flows from 
Denniston Creek alluvium and/or infiltrates from Denniston creek below the point at 
which it enters the Airport graben.  Denniston Creek is perennial upstream of the Airport 
Terrace Subarea but because of diversions; the creek is ephemeral as it crosses the 
Subarea boundary (Luhdorff and others, 1991).  Stream gauging data are limited, but 
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data that are available suggest that recharge from creek infiltration can be considerable.  
In March 1989, stream-flow measurements made by Luhdorff and Scalmanini / ESA 
indicated a recharge rate of about 29 ac-ft/day and Luhdorff and others (1991) suggest 
that potential recharge could exceed 2,000 acre feet / year.  At that time, they noted that 
more than half the observed recharge occurred below the Highway 1 Bridge where the 
creek is flatter and the stream bed is more permeable.  On another occasion, the 
California Department of Water Resources reported a measurement of Denniston Creek 
flow near Highway 1 on January 28, 1998 at 6.62 cfs or 13.1 ac-ft/day which could 
potentially recharge the aquifer.  
 
Coastside County Water District (CCWD) diverted between 300 and 900 ac-ft / year 
from Denniston Creek for area distribution between 1975 and 1985 (Luhdorff and 
others, 1991).  In the later part of the 1980s, diversions were small due to drought 
conditions.  Since 1992, CCWD has diverted an average of 540 ac-ft/yr (CCWD, 2003) 
from channel flow in Denniston Creek. 
 
7.2.3.2.3 Airport Subbasin Outputs 

Groundwater outflow from the Airport Subbasin occurs as pumpage, outflow to the 
ocean, and evapotranspiration.  Evapotranspiration was accounted for in the soil-
moisture accounting model in the estimation of the volume of water available for deep 
percolation referenced above.  The annual evapotranspiration from the San Vicente 
watershed is about 1,480 ac-ft, from the Denniston Creek watershed about 3,620 ac-ft, 
and from the Airport Subarea about 1,165 ac-ft. 
 
Both the CCWD and Montara Water and Sanitary District (MWSD) have production 
wells in the Airport Subarea.  CCWD’s wells are located near Denniston Creek and 
elsewhere in the Airport Subarea.  Between 1987 and 1996, the DWR estimated that 
CCWD pumped an average of 137.41 ac-ft (DWR, 1999) from its Airport Subarea wells.  
Recently CCWD reports that normal yield from CCWD wells in the area is about 169 ac-
ft (CCWD, 2003).  This water is generally exported from the subbasin and distributed to 
customers in the Midcoast Area. 
 
The MWSD has three production wells along Highway 1 and near the airport.  DWR 
reported that between 1987 and 1996, Citizens Utility Company of California (CUCC), 
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predecessor to the MWSD, pumped an average 224.47 ac-ft from the Airport Subarea.  
This water is generally exported from the subbasin. 
 
Review of San Mateo County well-log data indicates that there are 122 well permits in 
the Airport Subbasin.  Of these, 25 well permits are for wells owned by CUCC and 
CCWD, six are for agricultural wells, and three are listed as abandoned.  Not all of these 
wells are believed to be active.  Luhdorff and others (1999) state that all irrigation in the 
area was carried out with surface water, principally from San Vicente Creek.  However, 
the DWR 1987 land use maps (Plate 20) for the area indicate that the majority of the 
irrigated acreage is supplied from both surface and groundwater sources.  It is believed 
that the agricultural wells are used to supplement the surface water supply.  The 
remaining 87 wells are domestic or other wells.  If it is assumed that each of these 
domestic wells is pumped at a rate of 250 gallons per day the total annual pumpage is 
about 24 ac-ft / year.   
 
Groundwater from the Airport Subbasin discharges to the ocean at Pillar Point Harbor 
and Pillar Point Marsh.  The rate of groundwater outflow to the ocean is dependent on 
the hydraulic gradient near the ocean.  Luhdorff and others (1999) reviewed 
hydrographs for water-level measurements made by the DWR in one well (5S/6W-10J1) 
dating back to 1953 and 25 other wells in the area.  Luhdorff and others (1999) 
estimates an outflow hydraulic gradient of 0.0077 during the period they monitored 
groundwater conditions (1987 to 1990), a period of below normal rainfall on the 
Midcoast.  Based on this hydraulic gradient estimate, transmissivity estimates from 
pumping tests performed by Earth Sciences Associates in 1989 and Luhdorff and 
Scalmanini in 1990 (T=700 ft2/day), and the estimated ocean frontage length (3,000 ft.), 
Luhdorff and others estimated that outflow during that below normal rainfall period was 
about 136 ac-ft.  In Kleinfelder’s analysis, we estimate an average year outflow of about 
507 ac-ft.  This estimate of average year outflow is based on long-term average 
precipitation conditions.  Precipitation was approximately 40 percent lower during the 
years Luhdorff and others (1999) used to estimate hydraulic conditions.  
 
7.2.3.3 Change in Storage 

Lowney-Kaldveer and Luhdorff and Scalmanini / Earth Sciences Associates concluded 
that the Airport Subbasin was in general long-term balance.  More than 50 years of 
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water-level data from the DWR well, as well as groundwater surface elevation data from 
25 other wells led them to this conclusion.  During drought years, water levels have 
been observed to drop, particularly in the vicinity of the CCWD production wells.  
However, during those years the outflow to the ocean also lessens, reducing the impact 
of drought conditions.  In contrast, water-table conditions were observed to rebound 
relatively rapidly during wet years.  Luhdorff estimated that during the period from May 
1987 to December 1990 total storage depletion in the Airport Basin Aquifer was about 
246 ac-ft or about 69 ac-ft per year.  Despite that drop, Luhdorff noted that hydraulic 
gradients at the Pillar Point Marsh continued to be upward during those dry years.  The 
observation that even in dry years groundwater appears to discharge to the ocean 
would suggest that seawater intrusion under current groundwater withdrawal conditions 
is not likely.  Groundwater quality in the Pillar Point area should be monitored to 
evaluate quantities of water that may be removed from the local aquifers without 
detrimentally affecting the source. 
 
 Although water levels were observed to drop during the period of time Luhdorff 
monitored them, Luhdorff like Lowney-Kaldveer, concluded that additional groundwater 
could be pumped from the Airport Subbasin without detrimental impacts.  Luhdorff’s 
estimated additional safe yield was less than Lowney-Kaldveers, at 45 to 87 ac-ft / year.  
Both investigators recommended that any increases in pumping be carried out in a 
phased manner and monitoring be performed to assess the impacts of that increased 
pumping. 
 
Kleinfelder monitored water levels in two wells in the Airport Subbasin.  One of the wells 
was located near the approximate border between the Airport Subbasin and the El 
Granada Subbasin and the other in the Princeton area (Plate 3).  Kleinfelder’s data 
were collected during an above normal precipitation year.  Hydrographs for these wells 
are shown in the upper figure of Plate 11.  The seasonal recharge is evident in the 
hydrographs, particularly near the border between the Airport Subbasin and the El 
Granada Subbasin in which water levels rose about 12 feet, but water levels returned to 
near pre- water year levels by the end of the year.  
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7.2.3.4 Water Balance 

Based on the data discussed above, a long-term general water balance for the Airport 
Subbasin was estimated.  The overall balance is based on the observation that the 
Airport Subbasin appears to be in long-term hydrologic balance.  The estimated input 
and outputs of the balance are summarized below: 
 

Table 6 
Airport Subbasin Water Balance 

 
 Acre-Feet / Year 
INFLOWS 

 
Precipitation in Airport Subbasin 1880 
Groundwater and runoff inflow from 
Denniston Creek watershed 

790 

Groundwater inflow and pond seepage 
From San Vicente watershed 

110 
 

TOTAL  2780 
  
OUTFLOWS 

 
Evapotranspiration from Airport Subbasin  1160 
Runoff from Airport Subbasin to the ocean 600 
CCWD pumpage and export 169 
MSWD pumpage and export 224 
Other domestic pumpage 24 
Agricultural pumpage 96 
Groundwater flow to the ocean 507 
TOTAL 2780 
  
CHANGE IN STORAGE 0 
  

 
The balance above was developed based on the 55 year precipitation record for the 
area, runoff estimates based on soil-moisture curve-number accounting model, and 
information included in preceding sections of this report.  However, the most significant 
recharge factor in the Airport Subbasin is infiltration recharge from Denniston Creek and 
groundwater inflow derived from the Denniston Creek watershed.  Denniston Creek flow 
data are limited to measurement on a handful of days and do not provide any 
information on the overall seasonal magnitude of this hydrologic input much less the 
response of the watershed to rainfall.  Kleinfelder’s estimates of inflow from Denniston 
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Creek are based on Luhdorff’s March 16, 1989 flow measurements and opinion that 
potential recharge from Denniston Creek that year may be about 2000 ac-ft.  Kleinfelder 
recommends a long-term stream flow gauging program be implemented to better define 
the hydrology in the area. 
 
7.2.4 Moss Beach Subbasin Water Balance 

7.2.4.1 Location 

The Moss Beach Subbasin is located north of the Half Moon Bay Airport and south of 
the community of Montara (Plate 3).  In this study, the Moss Beach Subbasin was 
divided into Lower Moss Beach (or Moss Beach Terrace), Upper Moss Beach, and 
Dean Creek Subareas, based on hydrogeologic characteristics (Plate 6).  The San 
Vicente Creek Subarea contributes to the Moss Beach Subbasin.  Lower Moss Beach 
Subarea is the low-lying northern extension of the Airport graben and covers 
approximately 187 acres.  Upper Moss Beach Subarea is the hill area separating Lower 
Moss Beach from Lower Montara Creek and covers and area of approximately at 70 
acres.  Both Dean and San Vicente Creeks flow through the Lower Moss Beach 
Subarea.  The watersheds for Dean and San Vicente Creeks are about 270 acres and 
1,012 acres in size, respectively.  Upper Moss Beach Subarea and the Dean and San 
Vicente watersheds each contribute water to the Lower Moss Beach Subarea aquifer. 
 
7.2.4.2 Hydrogeology 

Groundwater in Lower Moss Beach Subarea occurs in terrace deposits that are 
underlain by granite north of Highway 1 and in the Purisima Formation south of Highway 
1.  The terrace deposits are reported to be about 50 to 70 feet thick.  Water contained in 
the terrace deposits primarily comes from local precipitation, groundwater that flows in 
from Upper Moss Beach Subarea and the Dean and San Vicente watersheds and 
surface water infiltrating in the channels of Dean and San Vicente Creeks.   
 
The Upper Moss Beach Subarea has a surficial cover of marine terrace deposits 
(perhaps 40 feet thick) that is underlain by granitic bedrock.  Wells located in Upper 
Moss Beach Subarea draw water from weathered and fractured granitic rock.  Water 
contained in the weathered and fractured bedrock underlying Upper Moss Beach 
Subarea originates as precipitation that falls directly on the Upper Moss Beach 
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Subarea.  Groundwater in the Dean Creek watershed similarly originates as 
precipitation and is contained in weathered granite. 
 
The San Vicente Creek watershed is a long alluvial valley extending from the crest of 
Montara Mountain at an elevation of over 1,500 Feet.  The lower west end of the 
watershed subarea is a constricted valley opening into the Airport Terrace Subarea 
graben.  The valley constriction is probably caused by fault movement. 
 
Kleinfelder monitored water levels in four wells in Lower Moss Beach Subarea: one well 
in the Dean Creek watershed and one well in Upper Moss Beach Subarea during the 
2004/2005-water year.  Plate 6 shows the approximate location of the wells.  The lower 
figure of Plate 11 contains hydrographs for the wells.  Groundwater surfaces in the 
Dean Creek (well 1342) and Upper Moss Beach Subarea well (well 1201) are 80 to 100 
feet higher in elevation than Montara Creek located to the north and northwest and over 
100 feet higher in elevation than groundwater surface at Lower Moss Beach, indicating 
distinctly different aquifer sources. 
 
Collectively, water-surface elevations in the Lower Moss Beach Subarea during the 
2004 / 2005 water year indicated consistent groundwater flow from the vicinity where 
San Vicente Creek enters the subarea to the ocean.  The water surface elevations in 
the Lower Moss Beach Subarea wells during the 2004 / 2005 water year show some 
variation but no significant trends. 
 
Kleinfelder performed a pumping test in well 1347, located in the Lower Moss Beach 
Subarea in 2005.  Aquifer transmissivity derived from the well was 1,672 gpd/ft.  The 
transmissivity estimates is consistent with the 1,800 gpd/ft estimate made previously for 
marine terrace deposits in the Moss Beach and Montara Terrace Subbasins based on 
specific capacity data from wells (Kleinfelder 1989).    
 
7.2.4.3 Moss Beach Subbasin Water Balance 

7.2.4.3.1 Precipitation / Runoff / Deep Percolation 

Precipitation that falls directly on Lower and Upper Moss Beach Subareas directly 
recharges the basin.  Based on the 55 year Half Moon Bay rainfall record and adjusting 
for orographic and other affects (using methods described in Section 7.1) the average 
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annual rainfall in Moss Beach is estimated to be approximately 25.58 inches.  Over the 
past 55 years that precipitation is estimated to have ranged from about 13.82 inches 
(1976 / 77 water year) to 49.76 inches (1982 / 83 water year).  Using area soil data from 
the NRCS and using the soil-moisture accounting model to estimate runoff and 
percolation, Kleinfelder estimates that an average of 168 ac-ft of water derived from 
precipitation runs off and about 39 ac-ft may percolate to groundwater each year.  The 
balance of the rainfall in Moss Beach evaporates.    
 
Using the same 55-year precipitation record and adjustment methods, the weighted 
average annual precipitation in the Dean Creek watershed (above the community of 
Moss Beach) is 27.70 inches.  Over the 55 years of record, the precipitation in the 
watershed ranged from 14.97 inches to 53.90 inches.  According to the soil-moisture 
accounting model, water potentially available to enter the Moss Beach Subarea from the 
Dean Creek watershed (deep percolation plus channel runoff that may percolate) 
averages about 53 ac-ft and ranged from less than 1 ac-ft to 184 ac-ft over the 55-year 
period.    
 
The weighted average precipitation in the San Vicente watershed is 32.07 inches and 
the annual average precipitation ranged from 17.32 inches to 62.40 inches over the last 
55 years.  The volume of water that could potentially leave the watershed and enter the 
Lower Moss Beach Subarea (groundwater flow plus channel runoff that may percolate 
and not considering diversions) averages about 1220 ac-ft and ranged from 21 ac-ft to 
3483 ac-ft.    
 
7.2.4.3.2 Lower Moss Beach Subarea Ground- and Surface-Water Inflow 

As noted above, groundwater flows into the Lower Moss Beach Subarea from Upper 
Moss Beach Subarea, Dean Creek watershed, and the San Vicente watershed.  In the 
Upper Moss Beach Subarea, groundwater that is pumped is sourced from weathered 
and fractured granite.  Groundwater that accumulates in Upper Moss Beach Subarea is 
water that falls as precipitation less evapotranspiration and surface runoff.  Based on 
the soil data from the NRCS and the soil-moisture accounting model, the amount of 
water that annually percolates to groundwater in the Upper Moss Beach Subarea is 
about 21 ac-ft.  Of that amount, about six ac-ft is pumped for domestic use (assuming 
250 gpd per well).  The remainder either seeps toward Lower Montara Creek Subarea 
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or flows as groundwater toward the Lower Moss Beach Subarea.  Given the relatively 
long borders between Upper Moss Beach Subarea and Lower Montara Creek Subarea 
and Lower Moss Beach Subarea, we estimate that about half of the residual percolated 
water flows to the Lower Moss Beach Subarea and the other half flows toward Lower 
Montara Creek Subarea.  Therefore, resultant annual groundwater inflow to the Lower 
Moss Beach Subarea from Upper Moss Beach is about eight ac-ft. 
 
As in the Upper Moss Beach Subarea, groundwater in Dean Creek is also derived from 
percolating precipitation.  In this case, approximately 98 ac-ft of precipitation percolates 
to groundwater each year and about 15 ac-ft of this water is pumped for domestic or 
other purposes from 55 wells.  However, associated with many of these wells are 31 
permitted septic tanks and leach fields where a portion of the pumped water is returned 
to the subsurface.  Assuming about half of the pumped water from each well with an 
associated septic tank returns to the subsurface, the net pumpage in Dean Creek 
watershed is about 11 ac-ft.  Also, like the Upper Moss Beach Subarea, groundwater 
may flow out of the watershed to the north and northwest into Lower Montara Creek and 
the Portola Subareas.  For the purpose of this analysis, we assume about 60 percent of 
the groundwater that isn’t captured by wells in the Dean Creek Subarea flows toward 
the Lower Moss Beach Subarea.  Based on this assessment, annual groundwater inflow 
from Dean Creek Subarea to Lower Moss Beach is about 53 ac-ft. 
 
South of the Lower Moss Beach Subarea, San Vicente Creek enters the Airport graben 
and flows northwest toward the Lower Moss Beach Subarea.  Also, groundwater 
contained in alluvium in the San Vicente watershed flows into the graben.  As discussed 
previously in Section 4.1, Lowney-Kaldveer Associates (Lowney, 1974) drilled eleven 
borings and assessed groundwater flow patterns in the Airport Subarea.  Lowney 
reported that groundwater flowing out of the San Vicente watershed enters the graben 
then the flow divides; most of groundwater flows northwest and the remainder flows to 
the southwest toward the airport.  Based on our review of groundwater surface contour 
maps prepared by Lowney, we estimate that about 85 percent of the groundwater that 
enters the graben from the San Vicente creek watershed flows toward the Lower Moss 
Beach Subarea.  Also, the volume of groundwater that may enter the graben at that 
point may be limited by aquifer geometry (i.e. there is a constriction at the point of 
entry).  Assuming a width of about 300 feet and depth of about 75 feet, the volume of 
groundwater flow out of the San Vicente watershed may be limited to about 250 ac-ft 
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per year.  If this is the case, the volume of water leaving the watershed in excess of that 
amount will appear as surface water and discharge in San Vicente Creek.  Given this 
limitation and divergence of groundwater flow below the mouth of the watershed, the 
average annual groundwater inflow from San Vicente Creek to Lower Moss Beach 
Subarea is estimated at about 195 ac-ft. 
 
Kleinfelder in 1988 (Kleinfelder, 1988) estimated that given the perennial nature of flow 
in San Vicente Creek and an assumed channel area, about 65 ac-ft (less in drought 
years) of the water in San Vicente Creek infiltrates as the creek traverses the Lower 
Moss Beach Subarea.  
 
7.2.4.3.3 Outputs from Lower Moss Beach Subarea 

Groundwater outflow from the Lower Moss Beach Subarea occurs as a result of 
pumpage, ocean discharge, and evapotranspiration.  The estimated annual 
evapotranspiration from the San Vicente watershed is 1,485 ac-ft, from the Dean Creek 
watershed is it is 378 ac-ft, and from combined Upper and Lower Moss Beach Subareas 
it is 341 ac-ft. 
 
Review of San Mateo County well-log data indicates that there are 54 permitted wells in 
the Lower Moss Beach Subarea.  Of these wells, 33 are listed as domestic, nine 
agricultural, and 12 listed as other.  It is not known whether all of these wells are active.  
DWR 1987 land use maps for the area indicate no irrigated acreage in the area.  If it is 
assumed that each of these 54 wells is pumped as domestic wells, the average annual 
pumpage is about 15 ac-ft. 
 
Groundwater from the Lower Moss Beach Subarea discharges to the ocean to the 
northwest.  The rate of groundwater outflow to the ocean is dependent on the 
magnitude of the hydraulic gradient near the ocean.  Based on the calculated hydraulic 
gradient estimate, Kleinfelder’s transmissivity estimate from pump tests and other data 
(2500 gpd/ft), and the estimated ocean-frontage distance (3,528 ft.), the average out 
flow is about 323 ac-ft.  This estimate is based on a water balance performed using the 
55-year precipitation data set and estimated inflows and estimated groundwater surface 
elevations in the Lower Moss Beach Subarea. 
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7.2.4.3.4 Change in Storage in Lower Moss Beach Subarea 

No long-term water-level data are available for the Lower Moss Beach Subarea with 
which to assess long-term groundwater trends.  Kleinfelder monitored water levels in 
four wells (nos. 1220, 1282, 1323, and 1347) in the Lower Moss Beach Subarea during 
the 2004/2005 water year.  Over the course of the year, water levels fluctuated little and 
by the end of the water year water levels were only slightly higher compared with the 
beginning of the year in three of the four wells.   
 
Using the 55-years of precipitation data and assuming current pumping rates the water-
balance modeling indicates that water levels in the Lower Moss Beach Subarea will vary 
from year to year but have not approached sea level and currently is in general balance.  
Estimates of water in storage above sea level given current pumping rates include 719 
ac-ft for an average year, 332 ac-ft following two very dry years (1975/1976 and 
1976/1977). 
 
7.2.4.3.5 Lower Moss Beach Subarea Water-Balance Summary 

Based on the model data discussed above, Kleinfelder estimated the long-term general 
water balance for the Lower Moss Beach Sub area.  The estimated input and outputs of 
the balance are summarized below: 
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Table 7 
Lower Moss Beach Subarea Water-Balance 

 

INFLOWS Average Year 
Acre-Feet /Year 

Very Dry Year 
(1976 / 1977) 

Acre-Feet / Year
Precipitation on Lower Moss Beach Subarea 399 215 
Groundwater and runoff inflow from Dean Creek 
watershed 53 0 

Groundwater inflow from Upper Moss Beach 
Subarea 8 0 

Groundwater inflow and channel seepage from 
Saint Vicente watershed 260 0 

TOTAL INFLOW 720 215 
   
OUTFLOWS   
Evapotranspiration from Lower Moss Beach 
Subarea 245 197 

Runoff from Lower Moss Beach area to ocean 136 18 
Other domestic pumpage 15 15 
Agricultural pumpage 0 0 
Groundwater flow to the ocean 323 191 
TOTAL OUTFLOW 719 421 
   
CHANGE IN STORAGE 1 -206 
 
The water balance presented above for the Lower Moss Beach Subarea was developed 
using essentially the same methods used to develop water balances in the El Granada 
and Arroyo de en Medio Subbasins.  The balance is based on the 55-year precipitation 
record for the area and runoff estimates based on a soil-moisture accounting, rainfall-
runoff model.  According to this assessment, about 75 percent of the water that 
recharges the aquifer at Lower Moss Beach Subarea comes from the San Vicente 
watershed.  However, San Vicente Creek surface and groundwater flow gauging data 
are not available to validate the model.  Given that surface and groundwater flows from 
San Vicente Creek watershed appear to constitute the majority of water sources, 
Kleinfelder recommends a long-term stream flow and gauging program be implemented 
to better define the hydrology in the area. 
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7.2.4.3.6 Upper Moss Beach and Dean Creek Subareas Water Balance 

Groundwater available for pumping in the Dean Creek and the Upper Moss Beach 
Subareas is stored in weathered or fractured granite and comes from percolating 
rainfall.  According to the soil moisture accounting model the Dean Creek watershed in 
nine of the 55 years (16%) of precipitation record, percolation recharge was less than 
the total pumping volume.   However, on average the volume of recharge is about six 
times the pumping demand.  In the Upper Moss Beach Subarea, recharge was less 
than pumping demand in 14 out of the 55 years (25%).  In one eleven year period 
(1953-1964) in Upper Moss Beach Subarea, seven years are estimated to have had 
recharge rates at less than the pumping demand, but the average estimated recharge 
rate during that period was over double the pumping demand.  Given that natural 
groundwater discharge rates (groundwater outflow to surrounding areas or the creeks) 
from these areas are unknown, it is not possible to adequately assess long-term storage 
in these areas.   The data suggest that each of these subareas is in long-term balance.  
During extended droughts, water in these subareas may drop significantly. 
 
If buildout were to occur in the Dean Creek Subarea (increase of nine wells) the 
frequency of years with pumpage exceeding recharge remains about the same as it 
exists today.  If buildout were to occur in the Upper Moss Beach Subarea (increase of 
83 wells) the incidence of exceedence increases significantly to 65 to 67 percent.  
Under buildout conditions Upper Moss Beach would be out of long term balance.   
 
Hydrographs for the two monitored wells in the Dean Creek watershed and the Upper 
Moss Beach Subarea indicate net gains in the volume of water in storage during the 
above-normal (136 percent of normal) 2004 / 2005 water year.  Water levels rose 2.3 
feet in the Upper Moss Beach well and about 10 feet in the Dean Creek well.  Also, the 
water-level response pattern in each well indicates that current year rainfall percolates 
to the groundwater table.  These data suggest that the water bearing zones in each of 
these subareas can rebound from dry periods in a relative quick manner given sufficient 
rainfall and/or rainfall that occurs during relatively short periods so that it overcomes 
evapotranspirative demands.   
 



 
 

26848/4RPT (SJO8R430)/es Page 58 of 83 October 2008 
Copyright 2007 Kleinfelder 

7.2.5 Montara Subbasin Water Balance  

The community of Montara is located north of Moss Beach near the northern end of the 
MidCoast Study Area.  For the purposes of this study, the boundaries of the Montara 
Subbasin include the Pacific Ocean to the west, Kanoff Creek and the Martini Creek 
watersheds to the north, Montara Creek and Wagner Valley to the east and the deep 
ravine of Montara Creek to the south (Plate 6).  Within the Montara Subbasin, the top of 
the hill bounded by Montara Creek, 6th Street and Farallone Avenue has been referred 
to as Montara Heights in previous studies.  The area below Montara Heights is referred 
to as Montara Terrace.  These subdivisions are not shown on Plate 6 for reasons noted 
below. 
 
In the Montara Terrace area, many of the wells are believed to have been completed in 
the marine terrace deposits that overlie weathered granitic bedrock.  In the Montara 
Heights area, water in wells is derived primarily from the granitic aquifer.  Groundwater 
that exists in the Montara Subbasin is largely derived from infiltration and percolation of 
rainwater that falls on the area.  Because the groundwater within the Montara Terrace 
and Heights is from the same source, the transition between the granitic and marine 
terrace aquifers is not well defined and given the relatively small size of the Montara 
Heights area, the two units are treated together in this report. 
 
The marine terrace deposits tend to thicken down slope.  Along with the thickening of 
the deposits, the down-slope area may also have a higher volume of water in storage.  
Higher yields are found in the lower portions of the Montara Subbasin, near Highway 1 
and near the upper end of Montara near Cedar Street (Balance, 1999).  The higher 
yields in lower Montara may be due to the more water in storage there.  Higher yields in 
the vicinity of Cedar Street may potentially reflect some, yet undefined, connection with 
water contained in the alluvium along Montara Creek and Wagner Valley.  
 
7.2.5.1 Water Surface Elevations in Wells 

Kleinfelder monitored water levels in three wells in the Montara area during the 2004 / 
2005 water year.  The wells were located in lower Montara near Main Street (well 
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100014), Montara Heights area (well 10002), and northeastern Montara (well 1299).  
Hydrographs for the wells are included on Plate 12.  The three wells illustrate distinct 
hydrogeologic conditions discussed below.  
 
The lower Montara well (well 10001) showed generally stable water levels with a peak 
water-surface elevation occurring in April, at the end of the rainy season.  (The initial 
water level in the well is not believed to be representative as the measurement may 
have been made following pumping.) 
 
Water levels in the Montara Heights well (well 10002) peaked at the end of the 
monitoring period (October 2005).  The lowest water levels in the Montara Heights well 
were observed in December 2004 and January 2005.  The water level in well 10002 
rose about 25 feet between January 2005 and October 2005. The water-level pattern 
observed in the Montara Heights well and the depth to water (90 to 115 feet) suggests 
that there is approximately six-month lag in recharge to this well.  Also the rise in the 
water level may indicate that the water-bearing zone intercepted by the well is primarily 
contained in the secondary porosity of the granitic rocks it was drilled in (i.e. fractures). 
A rise of approximately 2 to 3 feet would have been expected following the rainy 
season, if the well were screened in alluvium. 
 
Water levels in the well in northeastern Montara (well 1299) peaked in March 2005; a 
rise of about 14 feet followed by a ten-foot drop a month later (April 2005).  Water levels 
are not available after April in the well.  The more rapid rise suggests closer connection 
to areas of recharge and the lesser rise, in comparison to the Montara Heights, 
suggests that this well may be screened in weathered bedrock as opposed to fractured 
rock.  
 
7.2.5.2 Water Balance 

The average annual rainfall in the Montara Subbasin is about 27 inches and has ranged 
over the last 55 years from about 14 inches (1976 / 1977 water year) to about 52 inches 
(1982 / 1983 water year).  Rain that falls on the area runs off, is lost to 
evapotranspiration, or infiltrates and percolates to groundwater.  The groundwater 
                                                           
4  Well numbers formatted as 1000X were not included in the list of wells provided by the County.  These 
wells were found in the field during our groundwater study and were offered for water-level measuring by 
their owners. 
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discharges to the ocean, discharges to Montara or Kanoff Creeks then discharges to the 
ocean, or is pumped (184 wells) and consumed.  Some of the water that is pumped 
returns to the subsurface via septic tanks (11 septic tanks).  
 
The volume of water that runs off, evapotranspirates or percolates in the Montara 
Subbasin was estimated using the soil-moisture accounting rainfall-runoff model and 
using 55 years of adjusted rainfall data is summarized below.  From the estimated 
annual percolation volume, pumpage is subtracted and the remainder is assumed to be 
available for groundwater storage and/or discharge to the ocean.  Assuming the 184 
wells area are all present and pumping 250 gallons per day and 11 septic tanks return 
half the water from 11 of the wells, it is estimated that about 50 ac-ft are consumed and 
the remaining groundwater either directly discharges to the ocean or discharges to 
Montara or Kanoff Creeks then discharges to the ocean.  Below is a summary of the 
results: 
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Table 8 
Montara Area Water Balance Summary 

 
 55 -Year Average

(ac-ft) 
Dry Year 
1987 / 1988 (ac-ft) 

Very Dry Year 
1976 / 1977 (ac-ft) 

INFLOW 
   Precipitation 963 713 520 
OUTFLOW 
   Evapotranspiration 600 563 507 
   Runoff  219 94 13 
   Net Pumpage 50 50 50 
GROUNDWATER SURPLUS / DEFICIT 
   Surplus  94 6 0 
   Deficit  0 0 -50 

 
The model-generated data from this assessment are summarized in Plate 19.   
Assuming all of the 184 permitted Montara Subbasin wells were pumping over the last 
55 years, the model estimates that in 14 (25%) of the 55 years of record there would 
have been a deficit where water would have to be drawn from storage and increased 
drawdowns in wells would occur.  If build-out were to occur (increase of 304 wells) the 
frequency of years with pumpage exceeding recharge is estimated to increase to 38 
percent (with septic tanks installed associated with each new well) and 53 percent (with 
sewer connections at each new well site). When pumpage exceeds recharge the 
magnitude of the drawdown would depend on the proximity of individual wells, localized 
hydrological characteristics (e.g. fractures or weathered bedrock), volume of water in 
storage prior to the dry years, and numbers of consecutive dry years.  Further, given the 
relatively step gradient of the Montara aquifer system wells at higher elevations would 
likely be at more risk of increased drawdown and going dry.  
 
Although there have been wide swings year-to-year between surplus and deficit in the 
Montara Subbasin, in general, the area appears to be in long term balance.  The water 
balance performed in this study would suggest that overall limited additional water could 
be pumped from groundwater overall, however there would be significant risk of  
localized well interference, large well drawdowns in dry years and the risk of individual 
wells going dry in dry and very dry years. 
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7.2.5.3 Water Balance Parameters 

A NRCS curve number of 55 was used to reflect soil series in the Montara Subbasin.  
Potential evapotranspiration (ET) rates used were derived from data available for the 
Half Moon Bay area.  Because the model accounts for available soil moisture, actual ET 
rates are predicted to be lower than potential ET.  Average ET was estimated to be 
about 17 inches.  Runoff averages about 23 percent of rainfall.  The ET and rainfall 
runoff estimates compare well with 17.5 inches ET and 24 percent runoff stated by 
Balance Hydrologics for a small watershed near Half Moon Bay (Balance, 1999).   
 
7.2.6 Portola Subarea Water Balance  

The Portola Subarea is located east of Montara Creek and Wagner Valley and north of 
the Dean Creek watershed (Plate 6).  The area covers approximately 155 acres.  
Groundwater that exists in the Portola Subarea is believed to be present in weathered 
and fractured granitic rocks.  Groundwater is recharged by the infiltration and 
percolation of rainwater that falls on the area.  Near the western edge of the area, 
groundwater from the Wagner Valley alluvium may also seep into the weathered granitic 
rocks to an unknown extent.  
 
The average annual rainfall in the area is estimated at about 29.17 inches and has 
ranged over the last 55 years from about 15.75 inches (1976 / 1977 water year) to 
about 56.74 inches (1982 / 1983 water year).  Rain that falls on the area runs off, is lost 
to evapotranspiration, or infiltrates and percolates to groundwater.  The groundwater 
either naturally discharges to the ocean by way of Montara Creek, or is pumped out and 
consumed.  Some of the water that is pumped returns to the subsurface via septic tanks 
and irrigation.  
 
The volume of water that runs off, evapotranspirates or percolates in the Portola 
Subarea was estimated using the same methods used for the Montara Subbasin.  In the 
Portola Subarea, it is assumed that the 35 permitted wells were pumped for the 55 
years of rainfall record.  These include two Montara Water and Sanitary District 
(MWSD) production wells pumping full time at their capacities as reported by 
Montgomery Watson (Montgomery Watson, 2000).  Also, it assumes that 18 permitted 
septic tanks have been actively returning about 50 percent of the pumped domestic 
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water.  Finally, soil properties are assumed to be similar to those found in the Montara 
area.  Below is a summary of the water balance results: 
 

Table 9 
Portola Subarea Water Balance Summary 

 
 55 –Year 

Average (ac-ft) 
Dry Year 

1987 / 1988(ac-ft) 
Very Dry Year 

1976 / 1977(ac-ft) 
INFLOW 
   Precipitation 377 279 203 
OUTFLOW 
   Evapotranspiration 220 210 197 
   Runoff   94 43 7 
   Net Pumpage 44 44 44 
GROUNDWATER SURPLUS / DEFICIT   
   Surplus 19 0 0 
   Deficit 0 -18 -45 

 
The model-generated data from this assessment are summarized on Plate 19.  
Assuming all of the 35 permitted Portola Subarea wells were pumping over the last 55 
years, the model indicates that in 20 of the 55 years (36%) of record there would have 
been a deficit where water would have to be drawn from storage and increased 
drawdown in wells would occur.  The magnitude of the drawdown would depend on the 
proximity of individual wells, localized hydrological characteristics (e.g. water generated 
from fractures or weathered bedrock), volume of water in storage prior to the dry years, 
and numbers of consecutive dry years.  Further, given the relatively steep gradient of 
the Portola aquifer system (groundwater flows toward Montara Creek), wells at higher 
elevations would probably be at more risk of increased drawdown or of going dry.  Also, 
wells located at the base of the subarea near Wagner Valley may be less susceptible to 
increased drawdown or going dry as they may intercept some water that may flow 
across the subarea boundary from Wagner valley. 
 
Although there have been wide swings year-to-year between surplus and deficit in the 
Portola Subarea, in general, the area currently appears to be in long-term balance. If 
build-out were to occur in the Portola Subarea (increase of 51 wells) the frequency of 
years where pumpage exceeds recharge is estimated to increase to 45 percent (if 
septic tanks would be installed associated with each new well) and 51 percent (if sewer 
connections would be made at each new well site).  Additional pumping in this area runs 
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the significant risk of localized well interference, large well drawdowns in dry years and 
the risk of individual wells going dry in dry and very dry years. 
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8.0 CONCLUSIONS 

Assuming the last 55 years of precipitation data are representative of future conditions, 
groundwater in the Midcoast marine terraces (Frenchman, Miramar, El Granada, 
Airport, Moss Beach) should remain relatively in balance under current and moderate 
increases in pumpage.  Additional pumping will lower the water table but long-term 
balance should be achieved assuming pumping is moderate.  This balance is attained 
because outflow to the ocean is variable, i.e., increased pumping will lower the water 
table, which will decrease outflow to the ocean.  However, increased pumping over long 
periods and during drier years will increase the number of years that the water table 
approaches or falls below sea level and this condition increases the risk of saltwater 
intrusion.   
 
Storage estimates for the subbasins have been made where data allowed (e.g. Arroyo 
de en Medio, El Granada, and Moss Beach Subbasins).  However, some areas do not 
have sufficient data to make these estimates.  These areas of insufficient data include 
the Airport Terrace, Montara, Portola, Dean Creek, and Upper Moss Beach Subareas. 
 
The following sections provide a review of the findings of the hydrogeologic 
investigation of the Midcoast Study Area and summarize the conclusions reached. 
 
8.1 EL GRANADA SUBBASIN 

If current pumping demand existed over the last 55 years, the hydrogeologic model 
developed for this study for the El Granada Subbasin suggests that the average water 
table in the terrace area would have ranged from about -1 to 44 feet above MSL with an 
average groundwater surface elevation of about 15.5 feet above MSL.  The annual 
volume in storage in the El Granada Terrace Subarea above MSL would have ranged 
from about 0 to 1,580 acre feet (ac-ft) with an average of about 561 ac-ft.  Outflow to the 
ocean would have varied from about 49 to 1,563 ac-ft. per year with an average ocean 
outflow of about 610 ac-ft per year. The data suggest that the El Granada Subbasin is 
currently in general long-term balance.   
 
The model estimated groundwater levels suggest that in the water years 1960-1961, 
1971-1972, 1975-1977, and 1989-1991 groundwater-surface elevations in the El 
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Granada Subbasin may have approached or dropped below sea level.  This result was 
found assuming that all of the known and permitted wells in existence today were 
operational and productive over the period of the rainfall record, which was not the 
case.  The model indicates that the most severe drops in water levels occurred after two 
or more consecutive dry years.  In the identified dry years, wells located near the coast 
may have had water levels below sea level and the El Granada Terrace Subarea may 
have been intruded to a limited extent by seawater. 
 
Kleinfelder’s water balance model found that about 560 ac-ft of groundwater may 
remain in storage above sea level in the terrace aquifer following an “average rainfall 
year.”  Following a dry year (e.g. 1987 / 88) and very dry year (e.g. 1976 / 77) 
groundwater in storage above sea level was estimated to be about 300 ac-ft and 0 ac-ft, 
respectively. Under current pumping demands (about 94 ac.-ft./year), the water balance 
model suggests that average terrace-wide groundwater levels would have dropped near 
(within five feet) or below sea level six times during the 55-year period of rainfall record 
used in this analysis (representing a 11 percent return frequency).  For comparison 
purposes, if pumpage were to almost triple or increase to about 259 ac-ft per year (to 
buildout, an increase of 590 domestic wells, with sewer connections at each new site), 
the frequency of groundwater falling to levels near or below sea level would increase to 
about 24 percent.  A prolonged drop in groundwater levels in the El Granada terrace 
area to levels below sea levels may have detrimental impacts due to salt-water 
intrusion.   
 
8.2 ARROYO DE EN MEDIO / FRENCHMANS SUBBASINS 

The Arroyo de en Medio and Frenchmans Subbasins are described in this report and 
consist of the Subareas of Frenchmans Terrace, Frenchmans Upland, Frenchmans 
Stream Valley, Miramar Subarea, Arroyo de en Medio Upland, Arroyo de en Medio 
Stream Valley as shown on Plate 6.  Hydrogeologic conditions in the Arroyo de en 
Medio Subbasin are similar to conditions in the El Granada Subbasin.  The watersheds 
contributing flow to the Arroyo de en Medio and Frenchmans Subbasins are larger than 
that contributing to El Granada.  The model predicts that the Arroyo de en Medio 
Subbasin is in general long-term balance.   
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The water-balance model suggests that the amount of groundwater remaining in 
storage above sea level in the Miramar subarea following each water-year during the 
modeled period of record averaged about 500 ac-ft.   Following a dry year (1987 / 88) 
and very dry year (1976 / 77) groundwater in storage above sea level was estimated to 
have totaled about 310 ac-ft and 0 ac-ft, respectively. Under current pumping demand 
(about 169 ac.-ft./ year), the model suggests that average Miramar subarea-wide 
groundwater levels would have dropped to near (within five feet) or below sea level four 
times during the 55-year period of rainfall record used in this analysis (representing a 
seven percent return frequency).  For comparison, if pumpage were to increase 40 
percent (increase of 230 domestic wells) to about 235 ac-ft per year (buildout with 
sewer connections at each new site), the frequency of groundwater falling to levels near 
or below sea level would increase to about 18 percent.  A prolonged drop in 
groundwater levels in the Miramar subarea terrace aquifer to levels below sea level may 
have detrimental impacts due to salt-water intrusion. 
 
Frenchmans Terrace Subarea is contiguous with the Miramar Terrace Subarea with no 
apparent groundwater divide separating the two areas.  Therefore, these two subareas 
should share the similar hydrogeologic properties and have similar quantities of water in 
storage.  However, the Frenchmans Upland Subarea is larger than the Arroyo de en 
Medio Upland Subarea and extends to higher elevation, and therefore should provide 
somewhat more water to the Subarea.   
 
8.3 AIRPORT SUBBASIN 

Using the soil-moisture accounting model, water potentially available to enter the Airport 
Terrace Subarea from the Denniston Creek watershed averages about 3,450 ac-ft and 
has ranged from about 220 ac-ft to 9,450 ac-ft over the 55-year period.  However, the 
actual amount of surface water that percolates to groundwater in the Airport Terrace 
Subarea (as opposed to runoff to the ocean) is not known, but is believed to be 
significant.  Groundwater contribution from San Vincent Creek is relatively small.  Little 
groundwater is estimated to flow from the west out of consolidated rock across the Seal 
Cove Fault. Percolation to groundwater from precipitation in the Airport Terrace is 
estimated at about 120 ac.-ft. per year. 
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Groundwater outflow from the area occurs as pumpage, outflow to the ocean, and 
evapotranspiration.  Groundwater from the Airport Terrace Subarea that discharges to 
the ocean at Pillar Point Harbor and Pillar Point Marsh is estimated to be about 507 ac-
ft per year.  This estimate of average conditions is based on long-term average 
precipitation conditions.  Pumpage from the Airport Terrace is estimated at about 513 
ac.ft. per year. 
 
Kleinfelder, as well as Lowney-Kaldveer (1974) and Luhdorf and Scalmanini / Earth 
Sciences Associates (1991), concludes that the Airport Terrace Subarea is in general 
long-term balance.  During drought years, water levels have been observed to drop, 
however during those years, the outflow to the ocean also lessens, reducing the impact 
of drought conditions.  However, water-table conditions have been observed to rebound 
relatively rapidly during wet years.   
 
Luhdorf and Scalmanini / Earth Sciences Associates and Lowney-Kaldveer, concluded 
that additional groundwater could be pumped from the Airport Terrace Subarea aquifer 
without detrimental impacts.  Luhdorf’s estimated additional safe yield was less than 
Lowney-Kaldveer’s at 45 to 87 ac-ft / year, respectively.  Kleinfelder monitored water 
levels in two wells in the Airport Subarea in an above normal precipitation year.  
Seasonal recharge is evident in the hydrographs for those wells, but water levels 
returned to near pre- water year levels by the end of the year.   
 
8.4 MOSS BEACH SUBBASIN 

South of the Lower Moss Beach Subarea, San Vicente Creek enters the Pillar Point 
Graben and then flows northwest toward Lower Moss Beach.  We estimate that about 
85 percent of the groundwater that enters the graben from the San Vicente Creek 
watershed flows toward the Lower Moss Beach Subarea.  Based on this estimate, 
annual Subarea inflow from San Vicente Creek to Lower Moss Beach is estimated to 
average about 195 ac-ft.  Groundwater inflow from Upper Moss Beach and Dean Creek 
Subareas is less, totaling about 61 ac.-ft. per year.  Surface water inflow is estimated to 
total about 65 ac.-ft. per year and percolation of precipitation totals about 18 ac.-ft. per 
year. 
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Groundwater outflow from Lower Moss Beach Subarea occurs as a result of pumpage, 
ocean discharge, and evapotranspiration.  Groundwater from the Lower Moss Beach 
Subarea discharges to the ocean to the northwest.  Based on the hydraulic gradient 
estimate, transmissivity, and about 3,528 ft. of ocean frontage, we estimate an average 
outflow of about 323 ac-ft.  Current pumpage in Lower Moss Beach is estimated at 
about 15 ac.-ft. per year. 
 
No long-term water level data are available for the Lower Moss Beach area with which 
to assess long-term Subarea trends.  Kleinfelder monitored water levels in four wells in 
the Lower Moss Beach Subarea during the 2004/2005 water year.  Over the course of 
the year, water levels fluctuated little and at the end of the water year water levels were 
only slightly higher compared with the beginning of the year in three of the four wells.   
 
Using the 55-years of precipitation data and assuming current pumping rates the water-
balance modeling indicates that water levels in the Lower Moss Beach Subarea will vary 
from year to year but have not approached sea level and currently is in general balance.  
The water balance model indicated that the amount of groundwater remaining in 
storage above sea level in the Lower Moss Beach subarea following each water-year 
during the modeled period of record would have averaged about 719 ac-ft.   Following a 
very dry year (1976 / 77) groundwater in storage above sea level was estimated to be 
about 332 ac-ft.  Assuming current pumping demand, the model indicates that average 
Lower Moss Beach subarea-wide groundwater would not have dropped lower than 
about 15 feet above sea level during the 55-year period of rainfall record used in this 
analysis.  Although there is much uncertainty in model parameters used in this analysis, 
model results suggest that additional groundwater may be available for pumping in this 
subarea without significant salt water intrusion.   Before additional pumping is carried 
out, estimates on the inputs and outputs to the groundwater basin should be refined and 
confirmed, particularly the volume of water that enters the subbasin from the San 
Vicente watershed. 
 
8.5 UPPER MOSS BEACH AND DEAN CREEK SUBAREAS 

Groundwater available for pumping in the Dean Creek and Upper Moss Beach 
Subareas is that which is stored in either weathered or fractured granite and comes 
from percolating rainfall.  Based on the 55-year precipitation record and soil-moisture 
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accounting model, rainfall recharge in the Dean Creek watershed was less than the total 
pumping volume in 9 of the 55 years (16%) of precipitation record.  However, on 
average, the volume of recharge is estimated to be about six times the pumping 
demand.  In the Upper Moss Beach Subarea, recharge was less than pumping demand 
in 14 out of the 55 years (25%).  In one eleven year period (1953-1964) in Upper Moss 
Beach, seven years are estimated to have had recharge rates at less than the pumping 
demand, but the average estimated recharge rate during that period was over double 
the pumping demand.  Given that natural Subarea groundwater discharge rates 
(Subarea outflow to surrounding subareas or the creeks) from these Subareas are 
unknown, it is not possible to adequately assess aquifer storage in these areas.  
However, the data suggest that these subareas are currently in general long-term 
balance.  During extended droughts, water in these subareas may drop significantly. 
 
If build-out were to occur in the Dean Creek Subarea (increase of nine domestic wells) 
the frequency of years with pumpage exceeding recharge remains about the same as it 
exists today.  If build-out were to occur in the Upper Moss Beach Subarea (increase of 
83 domestic wells) the incidence of pumpage exceeding recharge increases 
significantly to 65 to 67 percent.  Under build-out conditions Upper Moss Beach would 
be out of long term balance.   
 
Hydrographs for the two monitored wells in the Dean Creek watershed and Upper Moss 
Beach Subarea both indicate net gains in the volume of water in storage during the 
above-normal 2004 / 2005 water year.  Water levels rose 2.3 feet in the Upper Moss 
Beach well and about 10 feet in the Dean Creek area well.  These data suggests that 
the water-bearing zones in each area can rebound from dry periods in a relative quick 
manner given sufficient rainfall and/or rainfall that occurs during relatively short periods 
that it overcomes evapotranspirative demands.   
 
8.6 MONTARA SUBBASIN 

In the Montara Subbasin area many of the wells are believed to have been completed in 
the marine terrace deposits that overlie weathered granitic bedrock.  In the 
southeastern-portion of the Montara Subbasin (Montara Heights), water in wells is 
derived primarily from the granitic aquifer.  Groundwater that exists in the Montara 
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Subbasin area is largely derived from infiltration and percolation of rainwater that falls 
on the area. 
 
Our analysis suggests that, averaged over the entire Montara Subbasin, groundwater 
that is available for additional pumping (with all known existing wells assumed to be 
providing water to residences) ranges from about 94 ac-ft. in average rainfall years to 
about 6 ac-ft or less in dry years.  However, our analysis also suggests that in very dry 
years, the area may have been over stressed by as much as 50 ac-ft. 
 
Assuming all of the 184 permitted Montara Subbasin wells were pumping over the last 
55 years, the model estimates that in 14 of the 55 years (25%) of record there would 
have been a deficit where water would have to be drawn from storage and increased 
drawdowns in wells would have occurred.  If build-out were to occur (increase of 304 
domestic wells) the frequency of years with pumpage exceeding recharge is estimated 
to increase to 38 percent if septic tanks would be installed associated with each new 
well and 53 percent if sewer connections would be made at each new well site.  
 
The magnitude of the drawdown in wells would depend on the proximity of individual 
wells, localized hydrological characteristics (e.g. fractures or weathered bedrock), 
volume of water in storage prior to a drought, and numbers of consecutive dry years.  
Further, given the relatively steep gradient of the Montara aquifer system, wells at 
higher elevations would be at more risk of increased drawdown or dewatering problems. 
 
Although there have been wide swings year to year between surplus and deficit in the 
Montara Subasin, in general, the area appears to be in long term balance.  The water 
balance performed in this study would suggest that, overall, limited additional water 
could be pumped from the Montara Subasin; however there would be risk of localized 
well interference, large well drawdowns in dry years, and some individual wells may go 
dry in dry and very dry years. 
 
8.7 PORTOLA SUBAREA  

If all of the 35 permitted Portola Subarea wells had been pumping over the last 55 
years, Kleinfelder estimates that in about 20 (36%) of the 55 years of record there would 
have been a deficit where water would decrease storage and increased drawdowns in 
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wells.  If build out were to occur (increase of 51 domestic wells) the frequency of years 
where pumpage exceeds recharge is estimated to increase to 45 percent if septic tanks 
would be installed associated with each new well and 51 percent if sewer connections 
would be made at each new well site. 
 
The magnitude of the drawdown would depend on the closeness of individual wells, 
localized hydrological characteristics (e.g. water generated from fractures or weathered 
bedrock), volume of water in storage prior to the drought, and numbers of consecutive 
dry years in a row.  Further, given the relatively step gradient of the Portola aquifer 
system (Subarea flows toward Montara Creek) wells at higher elevations would 
probably be at more risk of increased drawdown or dewatering problems.    
 
Kleinfelder’s analysis suggests that although there may be about 20 ac-ft of 
groundwater, (averaged over the entire Portola Subarea) that might be available for 
additional pumping, in average rainfall years during dry years the area may be over 
stressed by about 18 ac-ft. and as much as 45 ac-ft in very dry years.  Although the 
model data indicates there have been wide swings year-to-year between surplus and 
deficit in the Portola Subarea, in general, the area currently appears to be in long term 
balance.  Additional pumping in this area runs the significant risk of localized well 
interference, large well drawdowns in dry years and the risk of individual wells going dry 
in dry and very dry years. 
 
8.8 MARTINI CREEK UPLAND SUBBASIN, WAGNER VALLEY SUBAREA, AND 

MONTARA CREEK UPPER AND LOWER SUBAREAS 

Because of the absence of near-future, large-scale development and absence of 
sufficient water data, groundwater evaluations were not conducted for the Martini Creek 
Upland Subbasin, Wagner Valley Subarea, Montara Knob and Lower Montara Creek 
Subareas.  Although these areas are in the greater Midcoast area, they are not included 
in the study area as presented by the County and as shown on the Project Area Map, 
Plate 1. 
 
Kleinfelder was not permitted by well owners in the Seal Cove area to measure water 
levels or to conduct pump tests.  Because we could not measure groundwater 
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parameters in the Seal Cove area, and other hydrogeologic data were lacking, 
groundwater  conditions were not evaluated in this location. 
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9.0 RECOMMENDATIONS 

Many of the remedial actions that the County can apply to improve groundwater 
availability in the Midcoast Study Area have political implications and will need to be 
tailored and approved through political processes and evaluation of cost effectiveness.  
The following section presents recommendations that may be considered by the County 
of San Mateo to improve the long-term groundwater use is the area.   
 

• Because surface flows from upslope watersheds appear to constitute the 
majority source of water in the Midcoast Study Area, a long-term stream flow 
gauging program should be implemented to better define the hydrology in the 
area. 

• The well data in the County’s database should be carefully evaluated and 
corrected where possible.  A survey of well owners should be considered to 
upgrade existing databases.  Given that a majority of the more than 400 
letters that Kleinfelder sent to well owners listed in the database provided by 
the County were returned because of wrong addresses, a door-to-door 
canvas may be needed to correctly update the databases.  This would help in 
correctly locating wells, recording well characteristics, and assessing actual 
pumping demands. 

• Wells found during the survey that are not in use should be considered for 
destruction in compliance with County and State guidelines. 

• The County should select strategic index wells in each Subbasin or Subarea 
to be monitored on a long-term, periodic basis.  Consideration should be 
given for constructing monitoring wells in strategic areas in order to collect 
representative groundwater data. 

• In areas of marginal or limited groundwater production such as the Montara 
Subbasin and Upper Moss Beach, Dean Creek, and Portola Subareas, the 
County may consider metering water use and monitoring water levels. 

• Generally, fractured bedrock wells are unpredictable but may on occasion 
intercept reservoirs of interconnecting fractures and joints that can provide 
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reliable quantities of water.  Recently completed deep wells in granitic 
bedrock in the Montara Knob Subarea are reported to produce large 
quantities of good quality water in tests.  Based on the possible success of 
the Montara Knob Subarea test wells, continued assessment of fractured 
granitic rock sources in that area should be considered. 

• Updated well information should be incorporated in the Distance-to-Wells 
spreadsheet and the spreadsheet should be used along with well site 
observation to evaluate minimum distances between proposed and existing 
wells.  The Distance-to-Wells database can be upgraded to include 
complaints from well owners regarding instances of pumping interference. 

• Expanded distribution systems may be considered to even out groundwater 
supplies in the Midcoast area.  However, as noted in the report, even areas 
with considerable surplus water in average years can have a deficit in dry and 
very dry years.  In the event of extended lean rainfall years, alternative 
sources of water, including imported water, should be considered. 
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10.0 LIMITATIONS 

Our discussion, conclusions and recommendations presented in this report are based 
upon the following: 
 

• San Mateo County supplied well and GIS data. 

• Water-level measurements and pumping-test data from selected available 
private wells. 

• Limited site reconnaissance. 

• Referenced hydrogeologic documents.  

Kleinfelder prepared this report in accordance with generally accepted standards of care 
that exist in San Mateo County at this time. This report may be used only by the County, 
and made available for information purposes only to the County’s public.  The report 
can only be used for the purposes stated in the report within a reasonable time from its 
issuance, but in no event later than four years from the date of the report. All information 
gathered by Kleinfelder is considered confidential and will be released only upon written 
authorization of the County of San Mateo or as required by law. Non-compliance with 
any of these requirements by the County or anyone else, unless specifically agreed to in 
advance by Kleinfelder in writing, will release Kleinfelder from any liability resulting from 
the use of this report by any unauthorized party and the County of San Mateo agrees to 
defend, indemnify, and hold harmless Kleinfelder from any claim or liability associated 
with such unauthorized use or non-compliance.  
 
Kleinfelder offers various levels of investigative and engineering services to suit the 
varying needs of different clients. It should be recognized that definition and evaluation 
of geologic, hydrogeologic, and environmental conditions are a difficult and inexact 
science. Judgments leading to conclusions and recommendations are generally made 
with incomplete knowledge of the subsurface conditions present. Although risk can 
never be eliminated, more-detailed and extensive investigations yield more information, 
which may help understand and manage the level of risk. Since detailed investigation 
and analysis involves greater expense, our clients participate in determining levels of 
service that provide adequate information for their purposes at acceptable levels of risk. 
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More extensive studies, including subsurface investigations or field tests, may be 
performed to reduce uncertainties. Acceptance of this report will indicate that the 
County of San Mateo has reviewed the document and determined that it does not need 
or want a greater level of service than provided.  
 
Regulations and professional standards applicable to Kleinfelder's services are 
continually evolving. Techniques are, by necessity, often new and relatively untried. 
Different professionals may reasonably adopt different approaches to similar problems. 
As such, our services are intended to provide San Mateo County with a source of 
professional opinions and recommendations. Our professional opinions and 
recommendations are based on our limited number of field observations and tests, 
collected and performed in accordance with the generally accepted hydrogeologic 
practice that exists at the time and may depend on, and be qualified by, information 
gathered previously by others and provided to Kleinfelder. Consequently, no warranty or 
guarantee, expressed or implied, is intended or made.  
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Well 1342 Montera Heights (pump and recovery)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

1 10 100 1000 10000

Lasped time (log minutes)
D

ra
w

do
w

n 
(f

ee
t)

 

s = 21.5ft. 

t0 = 6.5 

Pumping Rate (Q) = 0.65 

Well ID # 342 (pump and recovery)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

0.00001 0.00010 0.00100 0.01000 0.10000 1.00000 10.00000 100.00000 1000.00000 10000.00000

Lasped time (log minutes)

D
ra

w
do

w
n 

(f
ee

t)

t0 = 0.000015 Pumping Rate (Q) = 15 gpm

s = 8.0 ft. 

PLATE

13
Pumping-Test Plots, Wells 1342 and 342
San Mateo County Midcoast 
Groundwater Study, Phase II
San Mateo County, CaliforniaCompiled by: M. Swank

Reviewed by: M. Clark PROJECT NO. 26848
Date:  02/22/06

Li
br

ar
y 

fil
e:

  L
:\2

00
6\

lib
ra

ry
\p

ro
je

ct
s\

26
84

8\
*.

pp
t

© 2006, by Kleinfelder, Inc.

2011 North Capitol Avenue
San Jose, California  95131

Phone: (408) 536-7611     Fax: (408) 536-7688



Well ID 163 (pump and recovery)
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Moss Beach Subbasin Water Balance
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B.1 Distance to Surrounding Wells Spreadsheet 

Included with Kleinfelder’s Midcoast Groundwater Study, Phase 2 report is an Excel 
spreadsheet titled “Distance to Surrounding Wells.”  A disk with the spreadsheet is 
contained in a pocket at the end of this report.  This spreadsheet can be used by 
County personnel to search for known wells within a given distance from the 
approximate center of any APN in the Midcoast area.  The spreadsheet contains four 
worksheets (tabs at the bottom of the spreadsheet) consisting of 1) a query-entry and 
table-output page titled “Well-Distance Table” shown below (Figure 1), 2) a more 
comprehensive output page (containing potentially sensitive well information) titled 
“County use only,” and two databases from which the well information is mined.  The 
two database worksheets consist of 3) “APNs” containing locations, sizes, and other 
criteria of the assessor’s parcels in the Midcoast area and 4) “Revised 2005 – Midcoast 
wells,” which is modified from data provided to Kleinfelder by the County.  The 
information presented on the “Well-Distance Table” is considered non-sensitive and, at 
the discretion of the County, can be printed out and given to the applicant/property 
owner. 
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B.2 Operation of the Spreadsheet 

Searching for known wells within a circle of a given radius in the Midcoast area is 
accomplished by entering a target APN and the desired search distance into two entry 
cells on the “Well-Data Table” worksheet.  The zoom of the spreadsheet may need to 
be adjusted (try 100% or 75%) so that all pertinent data is visible on the computer 
screen.  The two entry cells are the only two operational entries allowed in the 
worksheet (no entries are allowed in the other worksheets).  The APN must be entered 
with leading zeros and with no dashes or other punctuations (example 048116090).  
There is an area available to store APNs in a column to the right of the data entry 
portion of the spreadsheet.  APNs can be entered in the storage area and copied to the 

  The data presented in this table are dependent on information
  compiled at various times and  under differing conditions and may
  not be accurate or up to date.    These data are for general  
  information only.

 APN of the new well's location
047274310

Search Radius: 500 feet

Latitude: Longnitude: 
37.5035981887 N -122.464229431 W

Number of wells within 500 feet of the center of the APN:
9

Size of APN: 0.14  Appx. Acres

Type 
of Well Date Drilled

Total 
Depth (ft)

Depth to Water 
(ft)

Date 
Measured

Pump 
Rate 
(gpm)

237 SE D 03/20/86 95 82 03/20/86
239 NE D 8/3/92 73 55 8/6/92 2
240 NE D 1/25/88 140 38 2/4/88 3
300 SE D 8/23/86 377 36 8/23/86 3
359 SE D 11/6/85 140 32 11/15/85 3
379 SE D 8/16/86 300 40 8/16/86 3
412 SE D 11/8/85 80 20 11/15/85 10
498 SE D 11/11/85 190 40 11/29/85 3

Dist. (ft.) from 
center of APN

Latitude and Longitude of the center of the APN

Sort list of wells by distance

Drag and drop
APN Storage

047273380
047244040
047274310
048136190
037160100
048116090
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entry cell using the left mouse button while holding down the Control key.  The search 
should be limited to a radius of no more than 1,000 feet.  Larger radii are allowed but 
such distances may have no meaning with respect to well interference or expected 
groundwater conditions in the Midcoast area.  Based on the location of the target APN 
placed in the entry cell, the spreadsheet identifies all known wells within the given 
search radius and updates the table below the entry panel with up to 100 of the closest 
wells.  The order of listed wells in the table may be random but can be sorted (by 
increasing distance from the center of the target APN) by using the mouse to select the 
gray sort button near the bottom of the entry panel. 
 
The distances to wells are measured from the center of the target APN.  These 
distances are calculated from latitude and longitude included in the well database 
provided by the County.  The accuracy of the well locations and all other information 
about the wells are dependent on the accuracy of the data given in the County’s 
database and have not been verified by Kleinfelder.  Latitude and longitude in bold on 
the  “Revised 2005 – Midcoast Wells” worksheet have been measured in the course of 
this study using corrected GPS technology to within a few inches in both horizontal and 
vertical planes.   
 
When an APN is entered in the spreadsheet, not all expected data may be displayed in 
the accompanying tables because of absence of information in the database.  Some of 
the reasons that data may not appear in the spreadsheet tables are presented in the 
following table. 
 
Errors that may show up on the  “Well-Data Table” worksheet 
Error Possible cause 

Blank blue or yellow spaces Absence of data in the  “Revised 2005 – 
Midcoast Wells” worksheet 

#N/A 
Incoherent data or wrong data type in the  
“Revised 2005 – Midcoast Wells” 
worksheet 

Duplicate distances to two consecutive 
listings in the “Well-Data Table” after 
sorting. 

Duplicate well entries in the  “Revised 
2005 – Midcoast Wells” worksheet 

0 No data, but may be a real number such 
as 0 feet depth to groundwater. 
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If a known well exists on the target APN, two asterisks (**) will be displayed in the 
column showing the distance to the well.  The “Type of Well” column displays the 
County’s type designation consisting of the following symbols: 
 

Well Type Symbol Inferred meaning 
D Domestic, residential 
A Agricultural 
M Municipal 
DA Domestic and agricultural 
Blank No information 
I, O, S, T, X, Y, Z, Z/Y Unknown meaning 

 
The total depth, depth to water, and pump rate given for nearby wells may give an 
indication of what might be expected for a well drilled on the target APN.  Once the well 
information is displayed on the Well-Distance Table, the page can be printed out and 
given to the well permit applicant. 
 
The “County use only” worksheet contains much more information than does the “Well-
Distance Table.”  Included on the “County use only” worksheet is potentially sensitive 
information about surrounding wells.  In our opinion, this information should not be 
shared with the public, but can be useful information to help the County evaluate 
possible well sites and permits. 
 
Additional information about the wells can be found by going to the “Revised 2005 – 
Midcoast Wells” worksheet.  If the sort button has been activated on the “Well-Distance 
Table” worksheet, all of the wells on the “Revised 2005 – Midcoast Wells” worksheet will 
be listed by increasing distance from the target APN and the numbered records in the 
“Order” column will correspond to those shown on the “Well-Distance Table” worksheet. 
 
B.3 Modifying the Databases Spreadsheets 

The “Revised 2005 – Midcoast Wells” worksheet contains the well data used in 
Kleinfelder’s GIS modeling of the Midcoast area.  In an effort to use all possible data 
provided by the County in our study, only obvious duplications or errors found in the 
data were deleted from the database.   Incomplete data records were retained, but if an 
individual well record does not have latitude and longitude coordinates, it will not show 
up on the summary table (Figure 1).  We recommend that the “Revised 2005 – Midcoast 
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Wells” database be modified and updated as new well information becomes available to 
the County.    
 
There are seven hidden columns on the left side of the “Revised 2005 – Midcoast 
Wells” worksheet that should remain hidden and should not be modified.  The column 
headed “Order” shows the sequence of records displayed on the table (Figure 1); and 
the column headed “KA WellID” contains consecutive and unique numbers assigned to, 
and are used to identify, each well.  To add a new well record (row), the entire page 
should be selected by pressing the cell to the left of the H column, then the spreadsheet 
can be sorted with Headers row checked and by selecting the “KA WellID” column to 
sort by.  Information about a new well should be added to the bottom of the worksheet.  
Nothing should be entered in the “Order” column; the next higher consecutive number 
should be placed in the “KA WellID” column after the spreadsheet is sorted based on 
the well id column.  The remainder of the columns should be filled in with information 
about the new well.  However, if the latitude and longitude are not included with the new 
well information, the well will not show up on the summary table (Figure 1).  Once the 
new information is added to the spreadsheet, it should be saved.  There are a few 
empty columns that can be assigned new data names and used by the County as 
needed.  The order of the columns should not be changed and no new columns should 
be added between existing columns.  If the order of columns is altered, the information 
presented on the Well-Distance Table and County Use Only sheets will no longer be 
correct or complete.  If additional columns are need in the “Revised 2005 – Midcoast 
Wells” worksheet, they can be added without interfering with the data displayed on the 
tables by adding columns to the far right of the spreadsheet. 
 
All of the cells in the “APNs” worksheet are locked against modification and should not 
be changed. 
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