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Introduction
Using a construction practice known as “dewatering”, in which very large amounts of
groundwater are pumped to build basements when construction site soils are saturated
with water, residential basements have been permitted and constructed in Palo Alto at a
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rapidly increasing rate, from an average 5 per year from 2006 to 2008 to 14 in 2015
(Attachment A).
In 2015, it is estimated that approximately 126 million gallons, or 16.8 million cubic feet,
of water were pumped from the area’s shallow aquifer for residential basement
construction in Palo Alto. This is enough water to supply one average Palo Alto
residence for 1,500 years, based on average July 2015 residential consumption of 226
2
gallons per day , or more than 50 times the amount of water stored for Palo Alto’s
emergency water in the El Camino Park Reservoir.
An estimated 98-99% of this extracted groundwater is discharged directly into City
storm drains despite regulations mandating “fill stations” for public use of the
groundwater at each site. Only 1-2 % of the extracted groundwater is beneficially used.
We believe aquifers and groundwater are an unseen public trust resource and play an
important role in supporting the geological foundation for Palo Alto’s infrastructure,
public and private structures, providing moisture for our canopy and plants, recharging
aquifers supplying water to public and private wells, and handling storm water.
The nearly 300% increase in approved dewatering permits and over 100 million gallons
of groundwater extracted during the 2015 do not appear to have been anticipated by the
authors of the City’s existing dewatering policies and regulations. Current dewatering
regulations do not accurately address localized impacts of dewatering, including, but not
limited to: potential ground settling; reduced soil moisture for trees and vegetation;
public compensation for the private use of community groundwater; potential impacts on
public and private water supplies; and necessary changes in public policy in an era of
climate change. Additionally, the longer-term and cumulative impacts of basements on
aquifer flows and storm water drainage are ignored.
Although the winter of 2015-2016 is expected to benefit from “El Niño” with above
normal rainfall, NOAA’s long range forecast for January to February 2017 is a 30%
chance of below normal precipitation. (Attachment B)
For these reasons, which are discussed in greater detail below, we believe City policies
and regulations regarding dewatering should be immediately and significantly
revised.
Specifically builders should be required to achieve performance-based
outcomes using best-practice construction methods. These include practices such as
restricting the pumping duration and quantity of groundwater that can be pumped
maximizing re-use of pumped groundwater for purposes where it can substitute for
potable water (such as irrigation) or replacing the groundwater into the aquifer nearby.
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Background
A number of residents, especially those in neighborhoods where dewatering has
occurred, are very concerned about the effects of dewatering, as well as the waste of
groundwater, an increasingly scarce and vital community resource. While dewatering
has been a community concern for over 13 years, the level of concern has intensified
because of the unexpected increase in dewatering projects in 2015 and the global focus
on the limited supply and value of groundwater, especially during periods of prolonged
drought.
The Palo Alto City Council is planning to discuss City policies related to basement
construction dewatering at its February 1, 2016 meeting.
City policies regarding dewatering are based primarily on the 2004 EIP Associates
report, http://www.cityofpaloalto.org/civicax/filebank/documents/13500. This report was
last reviewed by City staff in 2008 in response to citizen complaints and in consideration
of Green Building policies.
Staff analysis, discussion and final report, which were reviewed at the September 24,
2008 Planning and Transportation Commission meeting may be viewed at:
http://www.cityofpaloalto.org/civicax/filebank/documents/13737
Additional relevant facts not accounted for in Palo Alto’s current dewatering policies are
summarized below:
Staff memo 13500 includes a 7/19/2008 letter of expert written testimony from Dr. David
Stonestrom (Attachment C), a Palo Alto resident and professional hydrologist (Ph.D.,
Hydrology, Stanford University). His letter provides an analysis of the issues related to
dewatering including ground settling, impacts of basements on groundwater flows
during rainfall, and the importance of soil moisture for plants. Dr. Stonestrom concluded:
“basements must be restricted to areas that have adequately thick unsaturated
zones – not all areas of Palo Alto are suitable. Large-scale dewatering should not
be permitted. Groundwater is a City resource so precious that no one should be
permitted to squander it on grand scales.” Three other local hydrologists (Dr. Leah
Rogers, Dr. Allen Moench, retired from the US Geological Survey, who focused on
developing analytical methods for well hydraulics and stream/aquifer interaction, and
provided analysis for the Palo Alto Baylands, and Roger Pierno, a civil and
environmental engineer professionally familiar with the aquifers in Palo Alto) have also
provided written commentary (Attachments D, E, F) on expected impacts of dewatering,
including spatial extent of the lowering of the groundwater; settling; deep aquifer
recharge; soil moisture; and groundwater flows.
The amount of groundwater being removed by dewatering is substantial. Per City staff,
the amount of groundwater extracted per basement issued a dewatering permit is
3
typically 8 to 10 million gallons over a 3- to 6-month period . For any specific basement,
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the quantity of water pumped may be more or less than this estimated range. For the
14 single-family residential basement dewatering permits issued in 2015, at an average
of 9 million gallons per basement, the total amount of groundwater extracted equals 126
million gallons, approximately 16.8 million cubic feet or nearly 400 acre-feet of
groundwater, and excludes dewatering for other construction. This quantity of
groundwater water pumped is visualized in Figure 1. There are currently no limitations
on either the depth of the basement or the amount of community groundwater that can
be removed, or any requirement to measure the amount of water pumped.

Figure 1. Height of groundwater water extracted during residential basement construction
in Palo Alto in 2015, assuming an average of 9 million gallons per basement, if placed on
2
an 8,000 ft lot and compared to the height of One World Trade Center.

Alternatively, this same amount of water is equivalent to:


More than 50 times the amount of water in Palo Alto’s El Camino Emergency
Water reservoir



50,400 full 2500-gallon water tank trucks;



Enough water to fill a football field including end zones to a depth of 275 feet ;



Enough to lower the existing water table by 14 inches over an area of two and
one-half square miles (1600 acres) assuming a soil porosity of 20% and no
inflow;



4,200 gallons per Palo Alto household, or



More than the current 2016 Santa Clara Valley Water District allocation of
untreated, non-potable water from the State Water Project (10,000 acre-feet
for 1.9 million persons) 5 on a per capita basis.
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A typical 10-foot-deep, 2500 square foot basement with a 3-foot-thick foundation on an
8,000 square foot lot will require dewatering to a depth of 15 feet, per current City
regulations6. Assuming the extractable groundwater is 20% of the soil volume, the
maximum amount of water attributable to the lot to be pumped would be 24,000 cubic
feet. (8,000 ft2 x 15 ft. x 0.2 = 24,000 ft3). In contrast, the City estimates the typical
amount of groundwater pumped per basement to be 9,000,000 gallons or 1.2 million
cubic feet. Therefore, at most, 2% (24,000 / 1,200,000 x 100% = 2%) of the
groundwater extracted is from the property being dewatered up to a depth of 15 feet.
The remaining 98% is either from surrounding properties, or from a much deeper depth
than required by current building regulations.
Dewatering has the potential to affect plants, especially trees, unless compensated for
by surface watering. In the areas where most residential dewatering has occurred, the
groundwater is typically between 7 to 13 feet below the surface, with a seasonal
variation of 1 to 2 feet. (City map supplied, Attachment G). While the roots of most
trees in Palo Alto extend 7 feet or less below the surface 7, capillary action in soils
typically brings moisture several feet above the level of saturated soils, and therefore
into the root zone of some plants. In addition, the open trench for basement
construction dries the surface soils on adjacent properties.
All extracted groundwater discharged into a storm drain is required to be tested for
contamination per City and Regional Water Quality policies. If contaminant levels are
below accepted standards, it may be dumped into the storm drains without treatment
other than sediment removal. This groundwater is usable for irrigation and other
beneficial uses8. Moreover, with routine treatment, or perhaps simply boiling, water of
this quality is potentially potable.
The City charges the applicant approximately $634 for a 6-month dewatering project,
which includes the dewatering permit ($142) plus $82/ month 6. The Santa Clara Valley
Water District (SCVWD) specifically exempts payment of fees for groundwater
extraction for construction projects. By comparison a resident who installed a well and
extracted the same amount of non-potable, untreated groundwater to irrigate their
garden would be charged approximately $24,585 by the SCVWD9, and moreover are
prohibited from extracting groundwater from depths less than 50 feet10 !
The amount of extracted community groundwater diverted into the storm drain system
during a residential basement dewatering project is equivalent to approximately 480
years of discharge into the storm drain system from one residence.

Deficiencies of 2004 EIP Associates Report
We believe the 2004 EIP Associates report used by the City as the basis for current
policy is inadequate and inaccurate when viewed under current conditions. Also of
concern is the concentration of the 14 permitted residential dewatering sites within an
area of about one square mile in 2015.
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The EIP Associates report, while offering a general overview of the basic geology and
aquifers in Santa Clara County, had many deficiencies, as it:


Did not provide geological maps covering the detailed geology and hydrology of
Palo Alto or quantitative groundwater modeling.



Primarily considered only the long-term effect of groundwater pumping due to
“one or several simultaneous dewatering operations” on groundwater stored
within the entire Santa Clara Valley Sub-Basin. This basin extends from the
Coyote Narrows in southern Santa Clara County into San Mateo County.



Did not accurately analyze the local impacts of dewatering. It did not consider
the pumping depth or duration, groundwater extraction rate, or include local
analysis of site soil characteristics. (The report did acknowledge dewatering
would cause “temporary and local effects.”)



Stated, incorrectly, that the shallow and deep aquifer are not connected, when in
fact a 2013 groundwater model prepared for the Bay Area Water Supply and
Conservation Agency (Figure A5) indicates that Palo Alto groundwater is a
significant source of water for recharge for the deeper aquifer. Todd Engineers
also modelled sources in the shallow aquifer and surface soils within Palo Alto as
a significant contribution to sustainable supply of groundwater available for wells
into the deeper aquifer (Attachment H). See also Supplementary Materials A for
a discussion of Palo Alto hydrology.



Did not provide a quantitative analysis of the expected impacts or cumulative
effects from multiple simultaneous dewatering operations in Palo Alto.



Assumed single year impacts from dewatering would automatically be corrected
the following year, regardless of extended drought conditions or the amount of
dewatering.



Assumed incorrectly that the total amount of water pumped was negligible
compared to the local recharge rate of the aquifer system and capacity (i.e.
implied that the aquifer system is an infinite resource).

Impacts of Dewatering
Impacts from dewatering for basement construction are both “local”; i.e., primarily affect
locations near the dewatering site, and “global”; i.e., affect the aquifers more generally.

Local Impacts
Local impacts occur primarily within the dewatering site’s zone of depression, the region
where the water table is lowered due to the groundwater extraction. The zone of
depression may extend well beyond the dewatering site and depends upon the duration
and rate of groundwater extraction, local soils characteristics, such as buried gravel
beds and channels and/or the cumulative effects of multiple dewatering sites occurring
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in the same geographical area. Reducing the depth or duration of pumping, or both,
reduces the extent and depth of the zone of depression. The zone of depression may
be spatially asymmetrical (i.e. not conically-shaped) depending upon soil structures and
pumping conditions, and pumping from multiple sites may interact, but are potentially
significant 1,000 feet from the pumping site.. In general, to determine the zone of
depression accurately, field measurements are required. See comments from Dr.
Rogers, Attachment D.
The three main local impacts of dewatering are ground settling; effects on vegetation,
especially trees; decrease of the amount of soil available to absorb and associated risks
of flooding during storms.
1. Ground Settling. The soils in Palo Alto expand and contract depending upon
their water content, as they contain smectite clays. There are normal seasonal
fluctuations in the soil moisture, i.e. doors may be tighter in one season than
another due to uneven soil expansion and contraction. When dewatering lowers
the water table below the normal seasonal range, soil that has historically been
saturated becomes unsaturated and may contract. This contracted soil may not
re-expand even when water returns, possibly resulting in permanent settling.
Since water is removed faster from soils closest to the dewatering site, the
reduction in soil moisture may not be uniform across the property (and
neighboring properties), resulting in uneven settling and possible cracking of
foundations, walls and masonry. The potential impacts of uneven ground settling
are likely to be exacerbated during periods of drought when the water table is
already abnormally low.
Save Palo Alto’s Groundwater is concerned because:


Careful analysis with measurements of settling of ground supporting loads
such as buildings, caused by dewatering has not been made.



Neither estimates nor measurements of the rate of water table recovery at
and around dewatering sites have been made.



Possible impacts on public and private infrastructures have not been carefully
considered. Even temporary settling can cause permanent damages.



The cumulative effects of multiple, nearby dewatering sites in a single
“season” are not considered, either locally or area wide? How much water
can be pumped in total per year, and is that figure dependent upon the yearly
precipitation or aquifer levels?

2. Effects on Vegetation, Especially Trees.
The 2008 Planning and
Transportation Commission’s report stated tree roots can extend up to 7 feet
below the ground. Soils wick moisture several feet from the water table due to
their capillary action. Tree roots are not “in” the aquifer, but instead benefit from
moisture in the soil from the aquifer pulled up by capillary action. Trees including
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City street trees and other vegetation benefit from the water normally occurring in
soils.
Normally, residential irrigation (using potable water) provides an additional
source of moisture for trees. The effects of mandated residential watering
restrictions suggest trees are more dependent upon soil moisture to meet their
water needs in times of drought.
City Memo 13500 report stated: “A Planning Arborist reviews all basement
construction projects to determine if the proposed basement will adversely
impact an adjacent tree’s root system and plans would need to be identified if
6
adverse impacts are identified …”. However, we believe without accurate sitespecific measurements of soil moisture and groundwater levels, it would be
difficult for an arborist to make the required review; we further believe that
planning arborist reports are currently generally pro-forma.

Area-wide Impacts of Dewatering
As California’s Water Action Plan11 states, “historically, inconsistent and inadequate
tools, resources and authorities have made managing groundwater difficult in California
and have impeded our ability to address problems such as overdraft, seawater intrusion,
land subsidence, and water quality degradation. Pumping more than is recharged
lowers groundwater levels – which makes extracting water more expensive and energy
intensive. Under certain conditions, excessive groundwater pumping could mobilize
toxins that impair water quality and cause irreversible land subsidence which damages
infrastructure and diminishes the capacity of aquifers to store water for the future.”

Relationship between Shallow Groundwater and Potable
Water
Aquifers are underground layers of water-bearing permeable rock, rock fractures or
unconsolidated materials (gravel, sand, or silt) from which groundwater can be
extracted by using water wells. Aquifers store and transport water, but they do not
create water. The Bay Area Water Supply and Conservation Agency (BAWSCA)
utilizes a four-layer model for the aquifers around Palo Alto. There is the upper waterbearing zone (the “shallow aquifer”) and two lower water bearing zones (the deep
aquifer), separated in some areas by a layer of clays which are relatively, but not
completely, impermeable.
The deeper aquifer is used for Palo Alto’s Emergency Water supply (Carollo
12
Engineers) and is currently being studied for new municipal supply wells in East Palo
13
Alto (Todd Engineers) , and as a source of brackish water for desalination
14
(BAWSCA) . In addition, both the deeper and shallow zones of the aquifer currently
supply public and private wells in Palo Alto, East Palo Alto, Menlo Park, Atherton and
other cities15 (See also Attachment H, Table 9, and Figure A5) .
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City staff and others have stated that the groundwater removed during dewatering is
non-potable. Additionally, it is said that as this groundwater is extracted from the
shallow aquifer, all or most of it would normally flow into the Bay, and therefore,
dewatering has no impacts on water available for beneficial uses, including potable
water. However, these assertions are misleading for several reasons:
1) Groundwater in the shallow aquifer is generally suitable for irrigation of most
plants without any treatment, and can partially or completely substitute for
potable water for this purpose. Groundwater removed during dewatering can be
used for irrigation, replacing and reducing the use of potable water. This
extracted groundwater is too valuable to waste and not reuse.
2) The shallow aquifer is the source of most of the water that recharges the deeper
aquifer. It is this deeper aquifer that currently supplies active and emergency
wells13, 14.
The shallow and deep aquifers underlying Palo Alto are connected. Relying on the EIP
Associates 2004 report, Palo Alto’s staff has long held that the shallow aquifer’s water
did not recharge the deeper aquifer. However, all other studies evaluating the
quantity of groundwater sustainably available for municipal supply wells,
including Palo Alto’s, have modelled the shallow aquifer in Palo Alto as the
source of most of the freshwater recharge to the deeper aquifer12,13,14. Most
relevantly, the recent groundwater model prepared by BAWSCA details extensive
extraction and use of water from the shallow aquifer and models flows both within the
shallow aquifer and to the deeper aquifer. See Supplementary Materials A.
The flows of water in the shallow aquifer are similar to other water flows in Palo Alto,
such as those in the San Francisquito Creek. Water flow rates are highest during and
after the rainy season and this period accounts for most of the shallow aquifer water
flows into the Bay. Yearlong, including during the dry season, water flows are slower
and occur mainly from the shallow aquifer by percolation into the deeper aquifer, or are
extracted by pumping. However water remains year around in the shallow aquifer
section, including water trapped in pockets (“perched groundwater”) that never naturally
flows to the Bay. Supplementary Materials A includes a discussion of aquifer
hydrogeology and a map of the estimated aquifer recharge rates.

Permanent Impacts of Basements on Amount of
Water-Absorbing Soils and Associated Risks of Storm
Flooding
None of the above referenced reports consider the impacts of new basement
construction on the lot’s absorption of storm water runoff or the potential impacts of
basements on neighboring homes. Palo Alto staff and the public have both expressed
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concerns regarding existing storm drain capacity and increased risks of flooding from
severe rainstorms.
Several of the streets identified as requiring storm drain
improvements are in the same areas as basements are now being constructed,
16
including Lincoln Avenue and Clara Drive (Attachment I) . The City Council is
considering a ballot measure for additional storm drain funding after the current storm
drain fees expires in 2017.


The soil which is removed and replaced by a basement is no longer available to
absorb water, thereby reducing the total amount of rainwater that is absorbed. Palo
Alto and the SCVWD provide rebates to encourage residential use of permeable
paving materials to reduce the load on storm drains. This program assumes soil can
absorb rainfall allowing for slow percolation into the aquifer and flow to the Bay.



Basements are dams in the unseen “river” flowing through the soils and aquifers
beneath Palo Alto. (Figure 2.) The majority of new residential constructions which
include basements may cover one-half or more (of the width) of the property. A
basement requires groundwater to flow around it. If the groundwater cannot flow
along its natural pathway, it becomes elevated by basement “dams,” and may flow
into older non-watertight utility basements or into the storm drain system. If the storm
drain capacity is exceeded, this redirected and unabsorbed rainfall may flood City
streets and properties, potentially causing serious damage.
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House without a basement

House with a basement extending
into the aquifer showing water flow
blockage

House with a basement bottom
constructed ABOVE the aquifer

House with a basement constructed in
the aquifer showing the overflow of
subsurface water during heavy rain

Direction of water flow

Figure 2. Illustrations of the interaction of homes with basements and the aquifer.
Without appropriate engineering, basements extending into the aquifer block groundwater
flow and, like a boulder in a river, cause “upstream” elevated water levels.
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Lower Impact Construction Alternatives
Palo Alto’s policies regarding dewatering for basement construction provide no
incentives for builders to minimize the amount of groundwater extracted. As a result,
community groundwater is treated as a construction waste, not as a valuable resource.
We believe use of construction best practices could significantly reduce the amount of
groundwater pumped during basement construction. Methods of reducing the amount of
groundwater extracted during basement construction include:


Minimize the allowed pumping duration. The amount of groundwater removed is
approximately proportional to the pumping duration. Limit pumping to the shortest
duration consistent with construction best practices. Dewatering occurring over a 4week period, instead of 16 weeks, could reduce the amount of groundwater
extracted to approximately 1/4th of amount extracted in 16 weeks.



Reduce the placement and the depth of the dewatering pumps. In Palo Alto soils,
flow rates are highest through the gravel layers of former stream beds. Avoiding
these stream beds would reduce the groundwater flow rate. Usually groundwater
nearer the surface is at a lower pressure than deeper groundwater, and flows more
slowly. Placing the dewatering pumps closer together would reduce the pumping
depth required to achieve the required drawdown. Using horizontal, perforated pipes
with a few pumps could achieve the same outcome.



Sheet piles could reduce and/or block groundwater flow into the construction site
and allow for faster construction. Additionally, sheet piles can be used to create a
watertight basement wall and support vertical loads, i.e. they become the foundation
of the home. They can also be used to anchor the basement to the soil, and prevent
the house from “floating.” Doing so greatly reduces (70 – 80%) the amount of
concrete required, greatly reducing greenhouse gas emissions from concrete. It is
commonly, but incorrectly, believed that installing sheet piles are noisy and involves
either large shocks and/or vibrations. “Silent” hydraulic sheet pile installation
equipment, available since 1975 from Giken and others is a viable alternative.
(https://www.giken.com/en/. A short video of the method is available at
https://www.youtube.com/watch?v=66cD5xyOFqo. Construction services for press-in
pilings are available in the Bay Area from Blue Iron, Inc. http://www.blueironinc.com/).
When used as the foundation for the building, the costs of sheet pile – based
basement construction are comparable to that of conventional construction, but with
the additional advantage of significantly faster construction.

Recommendations
In consideration of the potentially significant impacts cited in this document and ongoing
citizens’ concerns regarding dewatering, we respectfully request Palo Alto’s City Council
Save Palo Alto’s Groundwater
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and staff consider and implement modifications to the City’s basement construction and
dewatering policies in two phases following the guidelines set out in the City’s
Sustainability Policy to use performance-based guidelines:
“Use performance based, rather than prescriptive approaches, to building and energy
conservation regulations in order to encourage innovation focused on the outcomes the
community wants, not necessarily on the pathways to achieve those outcomes. Consider the
same approach for planning and development, such as programmatic mitigation measures
requiring outcomes and impacts, while being as flexible as possible on the best ways to achieve
those outcomes."
Effective prior to the issuance of 2017 dewatering permits. A program that does not
permit any water to be discharged into the storm drains from construction dewatering,
with some limited possible exceptions for public buildings.
1. Remove restrictions on pumping duration. Pumping can continue as long as
necessary, consistent with best-practices construction methods and contingent
upon meeting the requirements for total water pumped and zero-discharge into
the storm drains.
2. R-1 Residential basement construction requiring dewatering shall be
subject to Individual Review, as is the currently the case for multi-story homes.
Such Individual Review shall encompass the site-specific dewatering plan.
3. All extracted groundwater shall be metered and accurate measurements of
such extracted groundwater and monitoring well data kept in a City
managed electronic data base. This will provide information the City can use
for monitoring, analysis and sustainability purposes.
4. Applicants issued dewatering permits shall pay all costs incurred by City
dewatering policies, including, but not limited to, collection of monitoring
well data and costs associated with reuse and/or recycling of the extracted
groundwater.
5. Groundwater pumped and not recharged on-site shall be limited to no more
than 5 cubic feet (37.5 gallons) per square foot of lot, i.e. 50,000 cubic feet
or 375,000 gallons for a 10,000 square foot R-1 residential lot. This amount
is derived from criteria which take into account sustainability and the amount of
groundwater extracted from surrounding properties and is possible with
appropriate design and construction methods, such as the use of sheet piles or
slurry clays..
6. All groundwater removed during construction shall be used in a manner
that substitutes for potable water use, such as irrigation, and/or used to
recharge the aquifers and such uses and method of replacement into the aquifer
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shall be described in the submitted Site Specific Plan. Directing extracted
groundwater into any storm drain shall be prohibited.
7. Require designs for basements that do not impede the flow of water
through the surrounding soils during periods of exceptional rainfall.
8. Strictly require and enforce provisions to ensure that basement leakage
does not result in groundwater depletion, for example by strict inspection of
construction to ensure that basements are actually leakproof and requiring any
basement drainage pumps to discharge to highly pervious soils.
9. Data in soil studies and associated hydrology reports prepared for
basement construction will be public domain and not subject to copyright
restrictions for non-commercial use.

Conclusion
Many Palo Alto residents are deeply concerned about dewatering during the
construction of residential basements in their community. Reasons for their concerns
range from personal experience and observations of damage to their properties and
public infrastructures that correlate with nearby dewatering to firm beliefs that shunting
millions of gallons of extracted groundwater into the storm drain is simply wasteful and
inconsistent with sustainability. Residents believe the City and the property developer
each have the responsibility to ensure current dewatering practices are not harming
neighboring properties or the environment. For many residents, their current home is
truly their “dream house.”
The 2004 EIP report upon which the City has relied upon to justify current policies for
dewatering is simply inaccurate and inappropriate to support policy in the current
context. To support our recommendations for policy revision, this White Paper includes
statements and references from four professional geo-hydrologists, including a civil
engineer familiar with the local area providing scientific and technical bases that support
resident’s concerns.
Appreciation of the value of groundwater as a resource, and as an (emergency) water
supply has greatly increased as a result of the recent drought, and this White Paper
includes a discussion of the relationship between water pumped for dewatering and
water supplies. Summaries and references to multiple studies performed to analyze the
potential of groundwater as a municipal supply source for Palo Alto, East Palo Alto and
in San Mateo County show that rainfall percolation, irrigation and leaking pipes within
Palo Alto (separate from Stanford) are the main sources of aquifer recharge, including
recharge to the deeper aquifer levels. Specifically, the recent groundwater model
prepared by Bay Area Water Supply and Conservation Agency17 clearly shows Palo
Alto's shallow groundwater as a major source of deep aquifer recharge, and contradicts
the assertion that (all) water pumped for dewatering would “flow into the Bay anyway.”
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Simply put, dewatering removes water from the sources that recharge the aquifers
which we and nearby cities are designating as our emergency water supply as well as a
possible supplemental water source during droughts.
Mature, proven, economically practical technologies that greatly reduce the need for
dewatering, such as the use of sheet piles with “silent” driving technology are available,
and contractors working in this area can provide the required construction services.
Finally, we have provided recommendations for modification to City policies in two
phases: Phase 1 to be implemented prior to the issuance of dewatering permits for
2016, and Phase 2 to be implemented prior to issuance of dewatering permits for 2017.
These policies simply require the adoption of best practices for basement construction
that treat groundwater as a valuable resource, and not as construction waste.
Future groundwater sustainability includes the need to consider predicted severe
droughts, severe rainfall events and flood risks expected because of global climate
change in planning18. To quote the California Water Foundation: “When it comes to
water, one could say that right now California [and Palo Alto] has 19th century laws and
19
20th century infrastructure to deal with 21st century challenges.” (Italicized text added.)
We look forward to working with the City Council and Staff on this vital issue and may
be contacted at info@savepaloaltogroundwater.org.
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Supplementary Materials A
Summary of Groundwater Studies and Geology Reports
The hydrogeology of Palo Alto has been studied by the US Geological Survey and several
engineering firms; the latter to evaluate the potential for using groundwater as a water supply
source and to better understand the risks of salt water intrusion from the Bay into the aquifer.
Every study12,13,14 has modelled sources in the shallow aquifer in Palo Alto (east of El Camino
Real) as the major source (>80%) of water to recharge the aquifer system. This is the aquifer
that is drained by dewatering. The following summarizes the studies and the collective
conclusions.
I.

Hydrogeology

Palo Alto lies within the Santa Clara Valley Groundwater Basin, which is defined by the
California Department of Water Resources (DWR). The Santa Clara Valley Basin is divided by
the DWR into four sub-basins: San Mateo Plain, Niles Cone, East Bay Plain and Santa Clara subbasins.
The US Geological Survey (somewhat) arbitrarily defines the San Francisquito Cone as a
groundwater sub-basin within the Santa Clara sub-basin. The report by Metzger (2002)20
includes a detailed description of the hydrogeology of the area. This San Francisquito Cone subbasin encompassed 22 mi2 in southern San Mateo and northern Santa Clara Counties under the
alluvial fan formed by San Francisquito and smaller creeks, and is bisected by San Francisquito
Creek.
A four-layer model14 is used by the Bay Area Water Supply and Conservation Agency (BAWSCA).
A representative cross-section along a line extending from southwest to northeast from near
Junipero Serra Blvd and Sand Hill Road (Stanford) to Coyote Hills in the east bay, roughly along
the Dumbarton Bridge is shown in Figures A1 and A2. The layers of the model are:
Layer 1: The uppermost layer (layer 1) represents the shallow (or upper) water‐bearing zone
(the shallow aquifer). It is from this layer that water from basement construction is pumped.
Water from this layer is also used by a large number of private wells, especially in San Mateo
County, but also Palo Alto, primarily for landscape irrigation. Beneath the Bay Plain, this zone is
about 70 feet thick and is overlain by recent bay mud.
Layer 2: Layer 2 is about 50 feet thick, and represents primarily the regional confining bed
beneath the Bay Plain and interior valley areas. The confining bed restricts the vertical
movement of water between the shallow and deeper water‐bearing zones. Upslope from the
Bay Plain, where fine-grained beds are less continuous, layer 2 represents an intermediate zone
between shallow and deep water‐bearing zones.
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Figure A1 Approximate location of transect for representative cross-section of BAWSCA
four-layer groundwater model
Layer 3: The upper part of the deep water‐bearing zone (the deep aquifer) is represented by
layer 3. This primary or “main” production zone, which includes Palo Alto’s Emergency Water
Supply wells, is being investigated as a source of water intake by East Palo Alto for new wells21.
Layer 3 is 450 to 750 feet thick and located beneath the regional confining bed. The thickest
portions of this main zone occur beneath the central part of the Santa Clara Valley.
Layer 4: The lower part of the deep aquifer is represented by layer 4. This deep lower part
underlies the screen intervals of most extraction wells. The layer extends from the bottom of
layer 3 to bedrock, and can be up to 780 feet thick.
Note that the aquifers go under the Bay and, on the west side, end at bedrock approximately
along Junipero Serra Boulevard along the western edge of the Stanford Campus.
Prior to 1963, when Palo Alto and Stanford received greatly increased allocations of water from
the San Francisquito Public Utilities District, including water from Hetch Hetchy, it is estimated
that Palo Alto and Stanford used approximately 6,500 acre-feet yearly (AFY) of groundwater,
and a total of 7,500 AFY from the San Francisquito Cone. This resulted in a decline of greater
than 160 feet in the deep aquifer water level used to supply the wells12, and was clearly
unsustainable. Documented adverse impacts include land subsidence of more than two feet in
Palo Alto and salt water intrusion of 2 to 3 miles inland21. In the mid-1970’s, the chloride
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4-Layer Model
Representative Model Cross-Section
West to East Near Dumbarton Bridge
Junipero
Serra /
Pulgas
Fault

10 miles
Middlefield

0.95 mi.

Figure A2: Representative Groundwater model cross-section, from BAWSCA14 , Fig 4-2.
Notations for Junipero Serra / Pulgas Fault, Middlefield and distances added.
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concentration of Palo Alto’s Hale well peaked at 215 mg/l in 1958 and the chloride
concentration of Rinconada Well peaked at 250 mg/l in 1972, but has since declined as
improved fresh water flows have displaced the saline water21.
II.

Sustainable groundwater yield in Palo Alto

Sustainable fresh groundwater yield is the maximum long-term quantity of water that can be
withdrawn annually without causing an undesirable result, such as lowering of groundwater
levels, reduction of groundwater storage, saltwater intrusion, degraded water quality, land
subsidence, and surface water depletions with adverse effects on beneficial uses.
Water balance is a key element for determining sustainable yield, and is simply water
accounting: Change in storage = inflows – outflows. Sustainable yield requires that the change
in storage be positive or zero over the long term, and that “natural” outflows are adequate to
protect the aquifer and environment.
The East Palo Alto Groundwater Management Plan (2015)21 summarizes some knowledge of
the water balance in the San Francisquito Creek Cone sub-basin, although the BAWSCA
groundwater model provides additional information and detail (emphasis ours):
[Section 3.9 Water Balance]
“. . . .the Groundwater Feasibility Study (Todd, 2012), [which] provided a general water
balance with rough estimates on an average annual basis. A detailed evaluation of the
San Francisquito Cone Subbasin water balance has not yet been conducted that accounts
for average, wet and especially dry years . . . . “
[3.9.3. Change in Storage]
. . . .This suggests that the low estimate of inflows may be more reliable and/or that
subsurface outflow is greater to the bay and to the lower portions of streams.
Review of the water balance reveals the following:
• Review of the recharge estimates indicates that municipal water supplies,
providing recharge as landscaping return flows and pipeline leakage, account for
about half of the total recharge. Local municipal supplies are predominantly SFPUC
water (BAWSCA, 2014, Table 3c) and represent importation to the groundwater
system.
• The importance of return flows suggests that substantial water conservation in
recharge areas potentially could have an adverse impact on groundwater supply.
Replacement of imported water with other sources (e.g., recycled water or gray
water) should be considered, with due consideration of water quality impacts.
• Review of the discharge estimates indicates that natural outflows to the bay and
streams are not well known; understanding these outflows as they occur along miles
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of bayshore is critical in developing groundwater supply while preventing saltwater
intrusion.
• Review of the [freshwater] recharge and discharge reveals the importance of
human activities(e.g., importing water and pumping groundwater) in the
groundwater system.
• The water balance estimates are uncertain and could be improved with additional
monitoring data and a detailed water balance investigation. Hydraulic gradients in
the deep aquifer zone accounting for tidal influence could be evaluated, and rates of
groundwater outflow estimated. Given the uncertainty of subsurface outflows (and
their importance in preventing saltwater intrusion) development of a subbasin-wide
three-dimensional groundwater flow model would be most useful.”
Although there are significant uncertainties in estimates of both fresh water recharge and use
of groundwater, and therefore the net amount available, it is clear that sustainable fresh
groundwater supplies are currently quite limited, and that freshwater recharge of aquifers is
primarily from sources within in the shallow aquifer. Additionally, both municipalities and
private interests desire to increase their use of groundwater. Longer-term macro factors
adversely affecting groundwater resources include increasing population (and associated
reductions in the availability of imported water), and uncertainties associated with climate
change. Although the precise impacts of groundwater pumping for basement construction and
discharge are not known, the amount of groundwater pumped and discharged is significant
compared to total estimated recharge (dewatering in Palo Alto alone is 5 – 10% of the
estimated recharge for the entire San Francisquito Cone; dewatering in Menlo Park, Atherton
and other cities increases this amount and most likely reduces the amount of groundwater
available for other uses in both the shallow and deep aquifers). In any case, we can think of no
reasons that pumping increases the availability of groundwater.
III.

Groundwater (aquifer) flows and recharge

Conceptual water and groundwater flows in the shallow aquifer are shown in Figure A3.
Inflows of water include precipitation, imported water (irrigation, leaking water supply pipes
and leaking sewer pipes) along with surface water (streams), groundwater inflows and inflow
from the Bay. Inflow from the Bay of course, is saline and detrimental to water quality.
Outflows include runoff, evaporation, transpiration (by plants), groundwater pumping, surface
flows, subsurface outflows to other areas of the shallow aquifer, and subsurface flows out of
the shallow aquifer, either to the deep aquifer or the Bay.
As can be seen from historical well level records shown on the Palo Alto shallow groundwater
depth map, (graphs in Attachment G), the seasonal fluctuation of the water level in the shallow
aquifer is only 1 – 2 feet at most locations, and somewhat more for Well 4 located near El
Camino Real and Matadero. The aquifer does not drain completely during the year. As argued
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in the main text, dewatering removes enough water from the shallow aquifer to lower the
water table level by more than one foot over a large area, and is therefore likely to lower the
water level over an extended area below the historical “low” levels, especially during drought
periods when replacement from irrigation is significantly reduced.

Stream inflows

Leaking sewer pipes

Leaking
Supply Pipes

Irrigation

The rates of flow for each component will vary seasonally and with aquifer status, likely in a
manner analogous to flows in San Francisquito Creek. During rainy periods, San Francisquito
Creek discharges a significant amount of water into the Bay, while during the summer months,
San Francisquito Creek “dries up” upstream from El Camino Real as water flows into the shallow
aquifer levels, and potentially from there into the deeper aquifer levels. We know of no direct
natural recharge routes to the deep aquifer.

Subsurface outflow

Subsurface inflow
Shallow Aquifer Storage

Outflow to Bay

To deep aquifer

Evaporation &
Transpiration

Runoff & surface water

Inflow from Bay
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Figure A3: Shallow aquifer water balance conceptual diagram. Only 5 – 15% inflows from
irrigation and precipitation are estimated12 to enter the aquifer system. The remainder
becomes runoff, surface soils water or evaporates. Note that aquifer water could either leak
into or out of the aquifer into sewer pipes. Inflows from the Bay are dependent upon the water
table level.
Todd Engineering (2012) estimates of San Francisquito Creek Cone Sub-basin total (shallow and
deep) aquifer recharge by source and extraction are tabulated in Attachment H, and
summarized in Figure A4, based upon the midpoints of the estimate ranges, and total recharge
of 7,670 AFY. Sources within Palo Alto provide about one half of the total recharge. As noted in
Section B-II, it is likely that inflows are towards the lower end of the range. Groundwater
pumping estimated at 7,500 AFY unsustainably depleted the aquifer.

Subsurface Inflow
(Uplands), 898,
12%

Inflows
Irrigation, 1891,
25%

Precipitation
Percolation,
1320, 17%

San Francisquito
Creek, 950, 12%
Sewer Pipeline
Leakage, 622, 8%

Water Pipeline
Leakage, 1990,
26%

Figure A4. Estimated inflows (in AFY) and sources of groundwater in the San Francisquito Cone
using midpoints between low and high ranges of the estimates Blue shadings indicate sources
within the shallow (surface) aquifer level. Total recharge: 7,670 AFY. For this water to be
useful for municipal supplies, it must enter the deeper aquifer levels. Data from Todd
Engineering.
More than half (59%, light blue shading) of the estimated aquifer recharge is due to imported
water (irrigation, leaking water pipes and leaking sewer pipes), and all sources except sewer
and water pipeline leakage are at risk, during periods of drought [66% of the total supply].
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Note also that 88% of the deeper aquifer recharge is from shallow aquifer sources; only 12% is
from sub-surface inflow from the uplands. For water to be available for municipal production
wells, water must flow into the deep aquifer levels (Levels 3 and 4) when they are not full.
BAWSCA has studied the spatial distributions of aquifer recharge as part of the Strategy
Groundwater Model Study14. Figure A5 provides detail of figures covering the Palo Alto area
showing geographical reference, water pumping and aquifer recharge areas. Note that
recharge occurs in almost all of Palo Alto and Stanford. Furthermore, just as water can flow
from an impermeable section of pavement into adjacent soils that absorb water, water can
flow in and through the surface soils and shallow aquifer to areas where recharge occurs, and
conversely, water pumped from areas where recharge rates are low can be replaced by flow
from areas where recharge rates are high, thereby reducing flows into the deeper aquifer
levels..
Removing water from any water-bearing zone lowers water levels and groundwater storage.
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a) Geographical reference for (b) and (c), from
BAWSCA, Figure 3-1. The area outlined in black is the
“Southern Focus Area.”

b) Simulated spatial distribution of aquifer recharge
showing recharge in most of Palo Alto southwest of
highway 101. Water in the shallow aquifer aquifer can
flow to areas of higher deep acquired recharge if the
water level in the high deep aquifer is lowered. Also,
pumping can cause water to flow from above high
deep aquifer recharge areas to replace pumped water,
reducing deep aquifer recharge rate; from BAWSCA
Figure 4-2.
c) Map showing locations of groundwater pumping.
Note the large number of (mostly private) wells in
Palo Alto, Atherton and Menlo Park, from BAWSCA
Figure 4-3. BAWSCA estimated that private wells, on
average extract about 1.9 acre-feet per year.
Construction dewatering is not included.

Figure A5. Maps from the Strategy Groundwater Model, Bay Area Water Supply and Conservation Agency (2014).14
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The BAWSCA study includes a water balance for the Southern Focus Area, as shown in the table
from the study, reproduced below:

The Southern Focus area is a portion of the San Francisquito Creek Sub-basin generally just
northeast of Palo Alto (shown in black outline, Figure A5a). Note that even though the
Southern Focus Area includes very little area with high recharge rates (Figure A5c), the Strategy
Groundwater Model shows both flow down to the deeper aquifer and flow to the Bay. The
major water source is inflow from surrounding area, with a large fraction likely from Palo Alto.
Note also that the outflows to the Bay and pumping are roughly equivalent. It is likely that
significant pumping of groundwater for basement construction would reduce the flow from
Palo Alto into the Southern Focus Area, thereby reducing the groundwater flows both to the
Bay and to the deeper aquifer, assuming that pumping remains constant. Reducing
groundwater flows to the Bay generally increases the risk of saltwater intrusion into the aquifer.
IV.

Summary

There have been multiple studies of the geohydrology in Palo Alto and the San Francisquito
Creek sub-basin. Three studies (Carollo, Todd Engineering, and BAWSCA) are intended to
quantitatively estimate the sustainable yield of groundwater for municipal supply for Palo Alto,
East Palo Alto and brackish groundwater desalination in San Mateo County, respectively.
Of these, the Strategy Groundwater Model prepared by Hydrofocus, Inc. for BAWSCA is the
most comprehensive and quantitative, and uses a 4-layer groundwater model with an upper
water-bearing layer (shallow aquifer), a confining layer, and two deeper water-bearing layers.
Using data from wells and drilling logs, maps with reasonably high spatial resolution (better
than 1 city block) were constructed of the vertical and horizontal soil conductivities (that is, the
rates at which water flows vertically and horizontally through soils under a pressure gradient).
The key points of these studies are:



Historically, Palo Alto has over-drafted groundwater, resulting in subsidence of 2 to
4 feet in Palo Alto and salt water intrusion 2 – 3 miles inland to the Rinconada well.
Sustainable, unallocated fresh groundwater in the San Francisquito Creek sub-basin
area is quite limited, especially during droughts. For example, East Palo Alto’s
Groundwater Management Plan states “the importance of return flows suggests
that substantial water conservation in recharge areas potentially could have an
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adverse impact on groundwater supply. Replacement of imported water with other
sources (e.g., recycled water or gray water) should be considered, with due
consideration of water quality impacts.”
Subsurface outflows are important for preventing saltwater intrusion
Surface sources within Palo Alto, separate from sources within Stanford or San
Francisquito Creek are the major contribution to aquifer recharge.

It is precisely these sources that dewatering for basement construction depletes, thereby
increasing the risk of saltwater intrusion and reducing deeper aquifer recharge.
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ATTACHMENTS

Attachment A: Dewatering Site Map
Attachment B: NOAA Long Term Precipitation forecast for January – March, 2017
(made January 21, 2016)
Attachment C: Letter from Dr. David Stonestrom to Council and Planning and
Transportation Commission, from Attachment I of the City Manager’s Report 13500.
Attachment D: Letter from Dr. Leah Rogers to the Palo Alto City Council summarizing
her comments to Council
Attachment E: Communication from Dr. Allen Moench, US Geological Survey (retired) to
Dr. Keith Bennett
Attachment F: Statements from Roger Pierno on Nextdoor.com for Palo Alto and Palo
Alto Online (www.paloaltoonline.com)
Attachment G: Groundwater depth map supplied by the City of Palo Alto. Graphs show
temporal variation in groundwater depth at wells corresponding to the numbers on the
map.
Attachment H: Todd Engineering aquifer recharge model
Attachment I: Proposed storm drain capital improvement map (2005 ballot measure)
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Dewatering_Map

ATTACHMENT A: 2015 DEWATERING SITE AND CITY WELL MAP

Basement dewatering sites
2133 Webster St
2130 Byron St
713 Southampton Dr
897 Southampton Dr
736 Garland Dr
684 Wellsbury Way
804 Moreno Ave
1812 Bret Harte St
1210 Newell Rd
51 Jordan Pl
2230 Louis Rd
1405 Harker Ave
3832 Grove Ave
1950 Newell Rd

Emergency Water Supply Wells
Rinconada Well
Hale Creek Well
Peers Park Well
Matadero Well
Fernando Well
Eleanor Pardee Park Well
Library Community Gardens
Well
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Attachment B
Long Term Precipitation Forecast from NOAA
for January – March, 2017

As of January 21, 2016, NOAA is predicting a 30% chance of below normal precipitation
in California, including Palo Alto and the Sierra for the primary months of rainfall for the
winter of 2016 – 2017.
From:
http://www.cpc.ncep.noaa.gov/products/predictions/long_range/seasonal.php?lead=12
(retrieved 1/21/2016)
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ATTACHMENT C: DR. STONESTROM LETTER
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ATTACHMENT D
Dear All:
Below is my effort to put in writing what I said in the Oral Comments period of the October 5 2015 City
Council Meeting. I have also included some references at the request of Greg Schmid. Thanks you for
your time and listening to these thoughts about the dewatering issue.
Sincerely, Dr. Leah Rogers
(Ph.D. from Stanford in Hydrogeology)
The 2004 EIP report suggests the range of influence on the water table aquifer is on the order of tens of
feet from the dewatering well. The amount of water table drawdown necessary in construction of
basements in Palo Alto is approximately 15 feet (i.e. drawing down the water table from 10 ft below
ground surface to 25 ft below ground surface. If we consider standard calculations of radial flow
applications of Darcy’s Law (Freeze and Cherry, 1979 (note Eq 8:12-8:15); Manning, 1997; Bennett et al.,
1990), a lowering of the water table level approximately 15 feet an unconfined aquifer in alluvial
deposits may create a cone of depression that spreads out towards a few hundred feet in any direction.
This assumes some general hydraulic conductivities and other aquifer parameters that could be in
alluvial deposits in this area. Note regional studies suggest hydraulic conductivity values may range
between 260 and 6000 gpd/ft2 (McCloskey and Finnemore, 1996). There are many major factors that
influence the drawdown of the water table: thickness of the water table aquifer, interfingering of layers
that may inhibit flow (aquitards in which case coefficients would have to be assumed to account for
leaky aquifers), and whether or not steady-state is reached. Precise predictive modeling would require
to collection of data from time dependent well testing. However, we may say qualitatively where there
were more sands and gravels the cone of depression would reach further than if there were tighter silts
and clays.
When several of these projects going on in the same neighborhood, which is the case in Palo Alto, cones
of depression may interact cumulatively. As the dewatering effect from multiple projects are cumulative
and interact with reduced irrigation, it is difficult to assign “responsibility” for damages to property or
landscaping to specific dewatering projects.
The drying out of soils is often not perfectly reversible. This is called hysteretic soil compaction. For
example, wet clay worked into a dry piece of pottery cannot simply be put back into it’s original state by
submerging it in water. Imagine over a 3-4 month dewatering project that particularly the interfingering
clays in the subsurface will cause unequal rewetting. It is quite plausible that the scale of these
dewatering projects are responsible for the additional cracks in walls and foundations which neighbors
in the area have noted. For example, the 2008 City Manager’s Report includes a letter from Steve
Broadbent raising such issues.
Overall, it would seem that the City of Palo Alto would do well to require dewatering projects to provide
specific characterization and predictions of groundwater impact during the course of the proposed
project before approving any dewatering especially in times of drought and water-conservation. Even
better would be adoption of construction practices and project designs that significantly reduce the
need for dewatering, especially considering reduced irrigation in the area during droughts.
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ATTACHMENT E
Written Communication to Keith Bennett
November, 2015
Dr. Allen Moench
Dr. Moench earned a B.S. degree in physics from the University of Massachusetts, a M.S. degree in
geophysics from Penn State University, and in 1969 a Ph.D. in Hydrology from the University of
Arizona. He worked for a couple of years as a groundwater hydrologist for the Illinois State Water
Service and in 1972 joined the USGS where he focused primarily on developing analytical methods for
well hydraulics and stream/aquifer interaction. Amongst other works, Dr. Moench provided hydraulic
analysis for “ Injection of Treated Wastewater for Ground-water recharge in the Palo Alto Baylands,
California, Hydraulic and Chemical Interactions –Final Report,” Scott N. Hamlin, U.S. Geological Survey,
Water-Resources Investigations Report 84-4152
Dr. Moench retired in 2007.
Dr. Moench provided written permission to quote his of the comments, which are below.

“Well, it is a matter of willful denial that shallow (i.e., water-table) aquifers are totally
disconnected from deep-seated aquifers. No geological materials are completely
impermeable. Interlayered fine and coarse-grained materials deposited by meandering
streams on alluvial fans provide connections throughout the sedimentary profile. In
addition, intervening low-permeability materials like clay layers are often breached by
deep wells that have been improperly abandoned. This, of course, leads to a short-circuiting
between deep and shallow aquifers.
The USGS document by Loren Metzger is a good find to bolster your points. You should use it
to confirm the existence of a hydraulic connection between deep and shallow aquifers. …..
I was wondering why the White Paper seemed to focus only on residential dewatering
projects. All dewatering projects should be of concern and I am sure you must agree.
The radial extent of a “cone of depression” in a shallow aquifer is a function of the permeability
of the aquifer, the pumping rate and the duration of pumping. Of course, it’s a matter of "how
remote" the area of concern is.
Incidentally, as you no doubt know, excessive pumping from deep-seated aquifers can lead to
land-surface subsidence as water is extracted from “confining" clay layers. This has happened in
both Central Valley and Santa Clara Valley. Recovery of subsided areas to their original
elevations in response to recharge of the deep-seated aquifers does not, in general, occur and
what recovery does occur may be uneven. This is because the elastic range of the “virgin” clay
layers was exceeded due to over pumping.”
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And, for those of you considering installing a well to water your gardens, which do exist in Palo Alto, you
should know that you will be charged for the water you pump, paid to the Santa Clara Valley Water
District, and that you will need a permit for your well which will need to be installed by a licensed well
driller. You should also know that the electricity to run your water pump adds up quickly. Unfortunately,
construction dewatering, which includes basement construction dewatering, is exempt from the
water pumping fee.
Edited on 28 Aug
I actually said that construction dewatering, which includes basement construction dewatering, is exempt
from the groundwater charges the District assesses. Regarding groundwater recharge, there is no
actively managed groundwater recharge in Palo Alto; all the recharge in Palo Alto is from natural local
sources, meaning infiltration of rain and creek water. The deep drinking water aquifers below Palo Alto do
benefit from the pressure maintained by the active recharge done in other areas of the County.
Roger Pierno from College Terrace5d ago
Hi Keith your understanding " ... pumping of the shallow aquifer takes at least [some] water from
the active recharge area...." is correct.
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ATTACHMENT F
The following is copied from a discussion on Nextdoor.com on a thread titled “Draining
the Midtown Water Table started by Geri McGilvray
Roger Pierno states “I have first-hand knowledge of groundwater levels in Palo Alto.”
Roger Pierno from College Terrace30 Jul
I have first-hand knowledge of groundwater levels in Palo Alto. In that area the depth to water is 6 to 8
feet below ground surface. But that is using a well. Water in the soil actually rises above the water table
by capillary action and depending on the soil grain size the capillary rise can be many feet and be within
reach of tree and bush roots. Therefore, the lowering of the water table from 7 feet below ground
surface (bgs) to 15 or 20 feet bgs, as is done for these basement dewatering sites, would likely
lower the capillary water level so that it is out of reach of the trees.

Roger Pierno from College Terrace4 Aug
I am surprised there is not more concern about permanent differential settling of the houses adjacent to
the basement pumping. With the water table drawn down for an extended period, months, the bay mud
(clay) that is pervasive in the shallow soil of Palo Alto east of El Camino will dewater beyond its elastic
range, resulting in permanent settling. This settling will be greater the closer one gets to the site of the
pumping. For a house this means one side will settle more than the others (differential settling)
causing cracks, sloped floors, and jammed doors. Since clay soils dewater slowly they may continue
to dewater and settle after the pumping has ceased, because the pressures in the clay take a long time to
equalize, and therefore the settling may not be noticed until well after the pumping has stopped.
Obviously, what I describe here is a general case scenario and each site is unique with the amount of
settling occurring based on many factors. Nonetheless, I believe the potential for settling of neighboring
houses should be studied and reported on by qualified soil engineers during the permit process to ensure
all harm to neighbors is mitigated.

Roger Pierno from College Terrace28 Aug
Marc is wrong on two counts. First, the water in the shallow aquifer is the water that replenishes the
deep aquifer. Even in the area of current interest, where there is an aquitard blocking flow directly to the
deep aquifer, the water in the shallow aquifer provides pressure that works its way upgradient to the
unconfined recharge area of the deep aquifer. If you lower the water elevation of the shallow aquifer
you increase the gradient and drain the water from the recharge area. I state all this to clear up the
misconception that shallow and deep aquifers are not connected but I agree that the amount of water
pumped for small basements is insignificant.
The second point that needs correction is that land subsidence only occurs in deep aquifers. Land
subsidence occurs when the clayey soils are dewatered, regardless of their depth. If the 10 feet of clay
below your house is dewatered by a neighbor’s pumping and that clay has not been dewatered since your
house was built you may very likely experience some settling of your house. And that settling won’t
be uniformly distributed around your house since the pumping is causing a cone of depression of
groundwater pressure.
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@waterwater, do you live near an active dewatering site? If not then what does your 1 foot drop
in water level have to do with the 25 foot drop produced at a basement dewatering site???
Regarding trees not having roots down 7 feet: The clay soil below us causes a phenomenon
called capillarity, which is the rising of water higher than it would other rise in an open well. So
standing water in a well at 7 feet will actually rise many feet higher and reach the roots of trees
and bushes (I am surprised the City Arborist does not understand this). But when the water level
drops to 30 feet bgs capillary action cannot make up for that and the trees are out of water.
The Library well is over 100 feet deep and the Rinconada well is about 500 feet deep so as I said
previously their water levels don't relate to the shallow water at 0 to 30 feet.
My credentials for making these statements are that I have a Master's degree in Civil Engineering
and Hydrogeology and I have been studying groundwater flow and subsidence in Santa Clara
County for over 20 years.
I am not against basements, but the irresponsible way some are constructed allows the
basement builders to externalize some of the costs, like investigation and mitigation, to
their neighbors. Because there is a real risk to neighbors of differential settlement of their
houses and the loss of trees, the basement builders should be required to do a geologic study of
the potential for settlement of neighboring houses and also do a land survey of the neighboring
properties to detect settlement. They should also be required to conduct frequent tree monitoring
during construction. These seem to me like the minimum requirements and relative to the cost of
building a house these measures will add only a few percent to the total house cost.
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Posted by Roger
a resident of College Terrace
Posted on Palo Alto Online, December 14, 2015
http://paloaltoonline.com/square/2015/12/11/guest-opinion-groundwater-in-palo-alto-is-avaluable-resource-not-construction-waste
Roger has a Master's degree in Civil Engineering and Hydrogeology has been studying
groundwater flow and subsidence in Santa Clara County for over 20 years.
The science is clear and incontrovertible: pumping groundwater in predominantly clayey
soils of the type we have below us, and thereby lowering the water pressure in those clays,
will result in a collapse of the soil structure and cause settlement. The amount of settlement
depends on the amount of the pressure drop, its duration, and prior settlement caused by previous
dewatering. And based on my study of the shallow water levels in Palo Alto, there has not been
much, if any, water level change in the shallow groundwater, 0 to 50 feet below ground surface,
over the last 50 years. Also, based on comparisons I performed of the shallow and deep
groundwater levels, they appear to be isolated from each other in areas East of Middlefield,
although they do interact in areas closer to the hills where recharge occurs. Thus, the lowering
of water levels in deep drinking water wells prior to 1972 likely did not affect shallow
groundwater levels significantly. Therefore, there appears to be a significant potential for
land settlement due to prolonged basement dewatering since the shallow clay soils have not
been dewatered historically. The fact that this settlement has not been seen may be because
no one has done a before and after study at a dewatering site.
The EIP report makes some seriously flawed assumptions about the geology in the high
groundwater areas of Palo Alto. The first is that the basement pumping is being conducted
from aquifers open to the surface. Even a cursory review of well borehole logs in Palo Alto
reveals that there is mainly clay with small layers of porous material from near the ground
surface to well below the pumping zones of the basements, which are generally around 30 feet
below ground surface (bgs). The shallow aquifer the EIP report describes actually only exists in
the Palo Alto area of concern from 0 to at most 5 feet bgs. The second flaw is that water in this
shallow area flows to the Bay, which I refute below. The third flaw is the stated opinion,
without supporting evidence, that the water table is only drawn down locally (“within tens
of feet of the excavation)" is not supported by science. My work using basic groundwater
equations like Darcy's law and with groundwater models shows that the zone if influence
will be much greater than 20 feet and can be hundreds of feet from the wells.
Regarding groundwater flowing to the bay, the fact is that very little groundwater flows into
the Bay via the aquifers, as these aquifers, even the shallow ones are overlain by bay mud
clays that dip below the Bay bottom, not dump into the Bay. These clays (aquitards) restrict
vertical flow and thus don't provide an outlet of the groundwater to the bay; the main
groundwater flow path to the Bay is seepage to creeks and seepage into storm drains, both well
above the 30 foot depth of pumping. Therefore, the basement pumping is actually pumping
water to the Bay that would otherwise remain in the soil and help maintain the soil
pressusre and groundwater levels.
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ATTACHMENT G
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ATTACHMENT H
Table 8.
Estimated Annual Groundwater Recharge
San Francisquito Groundwater Subbasin
LOW
Irrigation
Return Flow
Redwood City 1
CWSC -Atherton
and Menlo Park 3
Private
Menlo Park MWD
East Palo Alto
Palo Alto
Santford

Annual Water2
Importation
(AFY)
5,383

Surface 2
Water
(AFY)

8,426

834

Groundwater
(AFY)

9,260
880
3,574
1,935
12,311
3,547

880
3,574
1,935
12,311
2,396

809

342

Sewer Pipeline
Leakage
Redwood City 1
CWSC -Atherton
and Menlo Park 3
Private
Menlo Park
East Palo Alto
Palo Alto1
Stanford
Surface Water
Infiltration
San Francisquito Creek

Recharge from
Precipitation
Alluvial Basin

2,778
4,630
264
440
1,072
1,787
580
967
3,693
6,156
1,064
1,774
Irrigation Percolation Total

Total Water
Use
(AFY)
9,689

Water Pipeline
Leakage
Redwood City 1
CWSC -Atherton
and Menlo Park 3
Private
Menlo Park MWD
East Palo Alto
Palo Alto
Stanford

HIGH

30% Used
50% Used
Total Water for Irrigation for Irrigation
Use (AFY)
(AFY)
(AFY)
5,383
1,615
2,691

16,668
1,584
6,433
3,482
22,160
6,385

Total Water
Use
(AFY)
9,689

Percolation to Groundwater
LOW
Low x 10%
(AFY)
161

HIGH
High x 15%
(AFY)
404

278

695

107
268
58
145
369
923
106
266
1,080
2,701
Leakage to
Groundwater
LOW - 3%
HIGH - 5%
(AFY)
(AFY)
291
484

48
79
193
322
104
174
665
1,108
192
319
Water Pipeline Leakage
1,492
2,487
Leakage to
Groundwater
HIGH - 2%
LOW - 0.5%
(AFY)
(AFY)
48
194

16,668
1,584
6,433
3,482
22,160
6,385

8
32
32
129
17
70
111
443
32
128
Sewer Leakage
249
995
Recharge to Groundwater
(AFY)
(AFY)
Surface Water Infiltration
950
950
Rainfall Percolation to
Rainfall on
Annual
Basin
Groundwater
Basin Area
Rainfall
Area
LOW - 5%
HIGH - 10%
(acres)
(feet)
(AFY)
(AFY)
(AFY)
14,080
1.25
17,600
880
1,760
Subsurface Inflow to
Rainfall on
Percolation
Annual
Watershed
to Upland
Alluvial Basin
Rainfall
Area
5%
LOW - 25%
HIGH - 50%
(feet)
(AFY)
(AFY)
(AFY)
(AFY)
2
47,872
2,394
598
1,197
5,001
10,089
CWSC - California Water Service Company

Watershed
Subsurface
Area
Inflow
(acres)
Uplands
23,936
Total
AFY - acre-feet per year
MWD Municipal Water Distict
1
SFPUC use reduced by half since only approximately half of city within
San Fancisquito Subbasin.
2
FY 2009-10 usage reported in BAWSCA Annual Summary
3
Assume 70% of CWSC Bear Gulch SFPUC Purchases go to Atherton and Menlo Park

City of East Palo Alto
Gloria Way Water Well Production Alternatives
Analysis and Water Security Feasibility Study

Todd Engineers
November 2012
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Table 9.

Estimated Annual Groundwater Discharge

San Francisquito Groundwater Subbasin

Groundwater Pumping
and Consumptive Use
Atherton Private and Institutional
Wells
Private Wells Redwood City, Menlo
Park, East Palo Alto, and Palo Alto
O'Connor Tract Cooperative Water
Company
Palo Alto Park Mutual Water
Company
USGS, St. Patricks Seminary, Menlo
College, and Veterans
Stanford

Estimated
Existing
Use
(AFY)

Consumption
95%
(AFY)

710

675

170

162

84

80

523

497

500
342

475
325
Total
Consumption

Subsurface Outflow
Q = L x T x dh/dl

Shallow Aquifer
Deep Aquifer

2,213

Width

T

dh/dl

Outflow

(feet)

(gpd/ft)

(ft/ft)

(AFY)

29,800

2,000

0.0005

29,800

10,000

0.002

33
668

Total Subsurface
Outflow

701

Total Groundwater Discharge (AFY)

2,914

City of East Palo Alto
Gloria Way Water Well Production Alternatives
Analysis and Water Security Feasibility Study

Todd Engineers
November 2012
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ATTACHMENT I
1. NEW PUMP STATION @
SAN FRANCISQUITO CK
($4.5 MILLION)
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4. EXTEND GAILEN/BIBBITS
STORM DRAIN TO
ADOBE PUMP STATION
($650 THOUSAND)
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5. EXTEND CLARA DRIVE
STORM DRAIN TO
MATADERO PUMP STATION
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6. IMPROVE MATADERO PUMP STATION
& FEEDER STORM DRAINS
($3 MILLION)
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Palo Alto
mraschk, 2004-12-15 08:32:23
PROPOSED PROJECTS - MRICS (\\cc-maps\gis$\gis\admin\Personal\mraschk.mdb)

Proposed
Storm Drain
Capital Improvements
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