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1. Introduction
The Niles Cone Sub‐basin 2‐09.01 (Niles Cone Groundwater Basin) geographically comprises a 105
square‐mile region that includes areas in the Cities of Fremont, Hayward, Newark, and Union City.
Figure 1‐1 provides a map of the region, and major aquifers are depicted in cross‐section in Figure 1‐2.
Alameda County Water District (ACWD) replenishes and manages the Niles Cone for the benefit of all
users of groundwater pumped from the basin.
Through artificial recharge (managed aquifer recharge), planning, and other vital programs, ACWD has
ensured sustainable operation of the Niles Cone over the last five decades, including the most recent 10‐
year period from 2005 to 2015. To support this analysis, the following is provided:




A description of the Niles Cone and its sustainable yield.
A summary of ACWD programs that ensure that total pumping does not exceed the sustainable
yield.
Data on basin conditions over the last 10 years.

This document is based on existing and publically available information, including the Survey Report on
Groundwater Conditions (published annually), the Groundwater Monitoring Report (published annually),
Bulletins published by the California Department of Water Resources (DWR), reports of hydrogeologic
investigations conducted by ACWD and financially supported by DWR, ACWD integrated planning and
operations reports, and other studies which are specifically cited in this report. To maintain focus, this
report does not attempt to exhaustively re‐produce all the detail in these sources. However, citations
are provided should the reader be interested in pursuing additional specific information.
2. Niles Cone Sustainable Yield and Sustainability Criteria
2.1 Sustainability goal
The sustainability goal, from a general policy standpoint, is to continue to carry out the purposes of the
Replenishment Assessment Act of the ACWD (ACWD, 1974) and ACWD’s Groundwater Management
Policy (ACWD, 2001) which are to protect and improve groundwater resources for the benefit of
ACWD’s customers and private (non‐ACWD) well owners by taking actions designed to meet the
objectives outlined in ACWD’s Groundwater Management Policy adopted by ACWD’s Board of Directors
in 2001, which clearly articulates the existing policy direction of the Board and summarizes the current
objectives and ongoing programs required to implement the policy. These objectives and programs
have ensured adequate pressurization of aquifers, reserve storage to augment dry year supplies,
importation of purchased water when needed to supplement local water, basin‐wide monitoring,
mitigation of legacy saltwater intrusion, metering and administration of a replenishment assessment
program as part of a basin management framework which has resulted in operation and management of
the Niles Cone within its sustainable yield over the last five decades.
From an engineering standpoint, the operating goal for the Niles Cone is to maintain groundwater water
levels in their current established range. This will allow ample use of the basin for beneficial use while
slowly flushing brackish groundwater back to San Francisco Bay. The physical attributes of the
groundwater basin are discussed in detail in Section 3, and a 10‐year water balance is provided in
Section 5. A brief introduction is provided here to explain this objective.
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The Niles Cone consists of two sub-basins, the “Above Hayward Fault” (AHF) and “Below Hayward Fault”
(BHF) (Figure 1-1)1. The larger of the two, the BHF sub-basin, is a coastal aquifer system which had
suffered saltwater intrusion due to overdraft prior to the mid-1960s. Subsequently, through actions that
required significant financial expenditure, artificial recharge capabilities were greatly increased, and
levels in the upper aquifer were returned above sea level by 1972. Levels have remained above sea level
ever since, except for a brief period in 1990 (to accommodate construction at the recharge facilities)
(ACWD, 2016e). Therefore, the Niles Cone has been sustainably operated since the early to mid-1960s,
when water levels began to climb from historic lows. The initial sustainability goal of restoring levels
above sea level was achieved in 1972. ACWD is now maintaining this sustainability status, operating the
BHF sub-basin in a relatively thin band of levels between 0 feet MSL and the maximum practical
operating level of +20 feet MSL. Therefore, over the long-term, discharge is essentially balanced by
recharge, and no additional accumulation of water storage is effectively possible.
Within the last 10 years, levels fluctuated within this range of 0 to +20 feet MSL, including during the
recent drought. Most of the time, levels are in the upper part of the range to enable a margin of storage
for use in dry years, and to repulse remaining brackish water (legacy saltwater intrusion) in the upper
aquifer back toward San Francisco Bay.
In the AHF sub-basin, which is smaller than the BHF, water levels (ACWD, 2016b, 2016e; WRIME, 2005)
have historically been maintained high enough to ensure against undesirable effects. Since 1965, the
typical range of levels has been from +20 to +40 feet MSL (see Figure 3-2). In response to feedback from
owners and operators of private wells during the when levels reached +10 feet or lower (which occurred
over very short durations), ACWD determined a minimum operating level of +15 feet MSL for the AHF
sub-basin.
2.2 Sustainable yield
The long-term average sustainable pumping yield of the Niles Cone, like any other groundwater basin, is
determined by the amount of recharge to productive aquifers less natural (non-pumping) sinks from
these aquifers. In the calculation of sustainable yield, recharge may include both natural sources and
artificial recharge. ACWD’s artificial recharge operation has significantly augmented the sustainable yield
of the Niles Cone. With artificial recharge included, the sustainable pumping yield of the Niles Cone over
the last 10 years has ranged from 19,000 acre-feet per year to 32,000 acre-feet per year, with an
average of 25,000 acre-feet per year. This is equivalent to the average annual pumping amount over the
last 10 years (see Table 5-1). This pumping average is a reasonable analogue for sustainable yield
because recharge exceeded pumping in that period, and thus replenished both pumping and natural
outflows. Moreover, groundwater levels at the end of this period (and as they are now in 2016) were

1

The Niles Cone is divided by the Hayward Fault, which is a relatively impermeable barrier that impedes the lateral
flow of groundwater. Large differences in water levels on either side of the fault demonstrate the relatively
impermeable nature of the fault. To distinguish differences in management, ACWD has referred to the portion of
the Niles Cone on the east side of the Hayward Fault as the "Above Hayward Fault Sub-basin" and the portion on
the west side of the Hayward Fault as the "Below Hayward Fault Sub-basin." Per DWR terminology, the Niles Cone
is a “sub-basin” and the AHF and BHF are “management areas”. However, to stay consistent with cited documents,
this report henceforth refers to the Niles Cone as a “basin” (i.e., the “Niles Cone Groundwater Basin”) and the AHF
and BHF portions as “sub-basins”.
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substantially higher than thresholds for avoiding undesirable results (Table 5‐1). ACWD anticipates that
through Year 2020, the sustainable yield will continue to be approximately 25,000 acre‐feet and will be
ample to meet pumping demand (ACWD, 2016f; City of Hayward, 2016). Groundwater demand and
supply scenarios through Year 2040 have been prepared in ACWD’s Urban Water Management Plan,
which includes various supply alternatives to address whatever demands may be placed on the basin
(including non‐ACWD pumping) over this longer term planning period. Such alternatives include recycled
water for indirect potable reuse.
2.3 Sustainability criteria
Sustainable yield is generally discussed in terms of a long‐term average. On a short‐term basis, such as a
dry year, withdrawal from storage may compensate for reduced availability of recharge water, provided
such withdrawal does not lower groundwater levels below critical minimums for a prolonged period,
such that undesirable results could ensue. Potential undesirable results applicable to the Niles Cone are
summarized in Table 2‐1 below, and associated sustainability indicators and thresholds are listed in
Table 2‐2. The rationale for the values in Tables 2‐1 and 2‐2 are further explained in Section 3.
As can be seen from Table 2‐1, all potential undesirable results are expected to be addressed in the Niles
Cone provided that new saltwater intrusion is prevented in the Below Hayward Fault sub‐basin, and
sufficient water is provided to enable operation of shallow private wells in the Above Hayward Fault
sub‐basin. Therefore, Sustainability Indicators and Thresholds have been established as listed in Table 2‐
2.
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Table 2‐1. Applicability of Potential Undesirable Results to Niles Cone
Potential
Undesirable Result

Seawater Intrusion

Sub‐basin

Undesirable
Result
Applicable?
Yes

Reduction of
Groundwater Storage

No

Land Subsidence

No

Effects on Surface
Water Ecosystems

No

Impacts on
Neighboring
Groundwater Basins

No

Degraded Water
Quality

No

Below Hayward Fault (BHF)
(west of Hayward Fault)
Reason

Newark Aquifer in contact with San Francisco
Bay
Maintaining sufficient storage so that
groundwater levels are high enough to
prevent new seawater intrusion precludes
other potential undesirable results.
According to information reviewed by ACWD
to date, the Niles Cone does not appear very
prone to inelastic subsidence. Only minor
subsidence was recorded during years of
historic lows in water levels from 1920s to
1969, and ACWD is not operating at such
levels now, and is not planning to do so in
future.
Fishery needs in Alameda Creek Flood Control
Channel will be met by completion of
installation of fish screens and fish passage
facilities at recharge facilities, and allowance
of a certain bypass of surface water flow from
the upstream watershed. ACWD is unaware
of any other ecosystem‐related issues
involving its groundwater operations.
Artificial recharge operations to prevent new
saltwater in the Niles Cone will preclude the
potential for Niles Cone operations to cause
undesired results in neighboring groundwater
basins that hydraulically interact with the
Niles Cone .
Known plumes from chemical spills are being
managed through water quality programs so
that they do not cause shutdown of existing
water wells. See “Water Quality Protection
Programs” under Section 4: “ACWD Actions
that Sustain the Niles Cone”.
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Above Hayward Fault (AHF)
(east of Hayward Fault)
Undesirable
Reason
Result
Applicable?
No
Hayward Fault
provides barrier
Yes
Some private wells
are relatively
shallow
No

Same reason as for
the Below Hayward
Fault Sub‐basin

No

Same reason as for
Below Hayward
Fault Sub‐basin

No

Hayward Fault
provides barrier

No

Same as for Below
Hayward Fault Sub‐
basin

Table 2‐2: Sustainability Indicators and Thresholds for Applicable Potential Undesirable Results
Applicable Undesirable Result

Saltwater Intrusion

Reduction of groundwater
storage (declining yield in
certain shallow private wells).

Sustainability Indicators

Number and Frequency
of Measurement*
Below Hayward Fault Sub‐basin

Flow direction in the Newark
Aquifer (to or from San
Francisco Bay)

Up to 100 wells
semiannually, with
contour maps provided
once per year.
Chloride concentration in the Up to 60 wells
Newark Aquifer
semiannually, with
contour maps provided
once per year.
Water levels in the Newark Up to 100 wells
Aquifer
semiannually; 15 wells
monthly; and 2 wells
weekly, with well 4S/1W‐
29A06 as the primary
indicator well
Above Hayward Fault Sub‐basin
Water levels

Threshold

Shift from westerly to
easterly flow direction

250 ppm

0 ft. MSL (0 ft. 1929 NGVD)
as a default minimum
operating value, and ‐5 ft.
MSL for a critical multi‐year
drought**

Up
to
15
wells +15 ft. MSL.
semiannually, 2 wells May be lowered in the future.
monthly, 1 well weekly,
with well 4S/1W‐27D08 as
the weekly and primary
indicator well
*Only the necessary measurements to address applicable undesired results per Table 2‐1 are listed; i.e., quantities are listed
only for the AHF and Newark Aquifers. However, to ensure ample and comprehensive basin management, ACWD collects
numerous water level measurements for the other aquifers (Centerville Fremont and Deep) on a semiannual, monthly, and
weekly basis. Similarly, chloride samples are collected from a large number of wells from the Centerville‐Fremont Aquifer and
Deep Aquifer. For more information, see the Groundwater Monitoring Report (e.g., ACWD 2016b).
**The datum of “MSL”, as used in this document and previous ACWD reports, equates to 0.0 feet National Geodetic Vertical
Datum (NGVD) of 1929. ACWD is aware that the mean level of the southern portion of San Francisco Bay is slightly higher than
0.0 ft. 1929 NGVD. Data reported for a NOAA tidal station that the local mean sea level at the San Leandro Marina was +0.6 ft.
(1929 NGVD) over the 1983‐2001 epoch for calculating such an average (NOAA, 2016). Adjustment of this value to an
equivalent freshwater head does not appreciably alter the elevation from a rounded value of +0.6 ft. This value is comparable
to the seawater boundary condition for the IGSM model, which was assigned a value of +1.1 ft. (WRIME, 2005) based on levels
of monitoring wells near the bay shoreline. ACWD’s use of 0 feet MSL as the default, or nominal, minimum will not cause
undesired results because it is still sufficiently high to trigger the time‐weighted average groundwater level to be substantially
higher than the mean level of San Francisco Bay. Therefore, this default minimum is consistent with ACWD’s objective to
continue the trend of repulsing existing brackish water in the Newark Aquifer back to San Francisco Bay. Per this same
rationale, conditions in a severe multi‐year drought that cause the level in the BHF indicator well to drop several feet below the
mean level of San Francisco Bay would not be expected to lead to undesired results, provided the occurrence of such a level
would be limited in duration, sufficiently infrequent, and followed by an acceptably quick rebound. Previous planning by ACWD
has indicated that the level in the indicator well could be down to ‐5 ft. MSL by the end of a multiyear drought, and hence, ‐5 ft.
MSL is recognized in the Integrated Resources Plan (ACWD, 2006a) (and this document) as the minimum value for a severe
multiyear drought. It should be emphasized that during the recent dry period, between 2012 and 2015, ACWD was able to
maintain levels above +1 ft. MSL. ACWD plans additional analysis (e.g., modeling) to test hypothetical water level patterns of
drought and recovery, as well as sea level rise. The results of such studies will be evaluated for possible undesired results and
will be considered in future refinement of threshold values.
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As explained in Section 4.3, ACWD uses up to 280 wells for semi‐annual basin wide water level and
water quality (chloride) sampling. Contour maps of groundwater levels and chloride concentrations for
each of the aquifers (AHF, Newark, Centerville‐Fremont, and Deep) are generated based on the late
summer/early fall monitoring event (generally the time of year when water levels are at or near their
lowest). The maps appear in the annual Groundwater Monitoring Report, which is published each year
in February, and posted on ACWD’s website (ACWD, 2016b). If any undesirable results were to occur,
even those not considered applicable per Table 2‐1, these maps would be invaluable for interpreting the
influence of regional groundwater levels in explaining such results.
The comprehensive monitoring discussed above is not practical or cost‐effective to undertake more
frequently than semiannually. However, ACWD requires representative water level data on a more
frequent basis for decisions on imported water and groundwater recharge, and to look out for any
unusual and unexpected phenomena. Therefore, frequent water levels are provided from a smaller set
of wells; i.e., approximately 50 wells for monthly measurement and 7 for weekly measurement. Each of
the major aquifers is represented in the monthly and weekly measurements. However, of the several
weekly wells, one from each sub‐basin, 4S/1W‐29A06 and 4S/1W‐27D08 for the BHF and AHF,
respectively, are screened in unconfined aquifers and located in the greater proximity of the recharge
facilities (Figure 1‐1). Through correlation and multiple decades of data, these wells have been found to
be reasonable indicators or predictors of: basin storage, incipient saltwater intrusion (BHF) and
inadequate supply (AHF) at the low end of water level ranges, and diminishing return of additional
artificial recharge at high ends of water level ranges. Consequently, these wells are designated as the
primary indicator wells for their respective sub‐basins. Although ACWD plans to continue full
comprehensive monitoring through a large suite of monitoring wells (with results reported in the Survey
Report and Groundwater Monitoring Report), data from the two primary indicator wells are ample for
indicating compliance with the water level threshold criteria in Table 2‐2. Additional support for the
validity of these two wells as primary indicators is given in Section 5.
The long‐term critical minimum operating levels, as measured in ACWD’s two primary indicator
monitoring wells, are +15 feet MSL for the AHF sub‐basin and 0 feet MSL for the BHF sub‐basin. A
short‐term level of ‐5 feet MSL at the BHF indicator well is the expected worst case for a multi‐year
critical drought. To ensure that realization of the low end of the range is rare, ACWD replenishes the
basin and controls operation of ACWD production wells (ACWD pumping is explained in Section 3.4) so
that actual levels are usually well above of critical minimums. This is accomplished through: 1)
procurement of sufficient water supplies, 2) water supply planning, and 3) adjustment of artificial
recharge and ACWD pumping per current basin levels (ACWD, 2006a) in relation to rule curves
illustrated in Figures 2‐1 and 2‐2. In addition, ACWD requires metering of private wells (ACWD, 1974),
and considers private well pumping trends for planning purposes (ACWD, 2016e and 2016f).
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FIGURE 2-1: BELOW (WEST OF) HAYWARD FAULT GROUNDWATER LEVEL
TRIGGERS FOR ACWD OPERATIONS
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Notes:
1. 1996-2005 Average Groundwater Conditions represents current average, end of month levels. This 10-year period is
characterized by normal to wet local conditions.
2.

3.

Level 1 Operating Conditions represent lower extent of ACWD’s annual put/take operation for conjunctive use.
Operation below this line begins to draw on dry year groundwater reserves. The following operating assumptions are
assumed if BHF groundwater elevations drop below these levels:


No non-desalination ARP pumping (i.e., all ARP pumping is routed to the Desalination Facility, no direct
discharge of ARP water to the Bay); and



Increase recharge imports to sustain groundwater production capacity and remain above the Level 1
Conditions.

Level 2 Operating Conditions reflect continued lowering of the groundwater basin, representing below normal year
conditions. The following operating assumptions are assumed if groundwater elevations drop below these levels:






4.

5.

Keep Desalination Facility offline to minimize concentrate discharge (all ARP wells off);
Increase surface water treatment plant production;
Fully utilize available imported water supplies;
Produce groundwater only as needed and only from the wellfields; and
Further increase recharge imports including during the diversion season (i.e., winter/spring months).

Level 3 Operating Conditions represent dry year operating conditions. For planning purposes, this line also
represents the target minimum groundwater levels during the first year of a drought. However, groundwater levels
may drop lower if available groundwater storage (above level 3 conditions) is less than 10,000 AF during the first
year of the drought. In addition, the following operating assumptions are assumed:


Base load surface water treatment plants to extent possible; minimize use of groundwater; and



Maximize use of all available imported water including Semitropic supplies.

The Minimum Groundwater Elevation (-5 feet msl) represents the minimum temporary operating elevation that can
occur without inducing long-term damage to the groundwater basin, provided it is a temporary and an end-of-drought
end point.
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FIGURE 2-2: ABOVE (EAST OF) HAYWARD FAULT GROUNDWATER LEVEL TRIGGERS
FOR ACWD OPERATIONS

Notes:
1.

2.

3.

Level 1 Operating Condition: Minimum water levels needed to provide sustained full production of 14.5 million gallons per
day (mgd), May through October, and remain above 15 ft MSL without import of supplemental water for recharge
(recharge import). Assumes average precipitation and runoff. The following operating assumptions apply if AHF
groundwater drops below these levels:

If recharge imports are available:
o Increase recharge imports and refer to AHF Level 2 operation condition.
o If availability of recharge imports is insufficient, reduce AHF groundwater production and use alternative
supplies in order to ensure minimum annual groundwater elevation remains above 15 ft MSL to ensure full
PT production.

If no recharge imports are available, decrease AHF groundwater production and use alternative supplies in order to
maintain Level 1 conditions.
Level 2 Operating Condition: Minimum water levels needed to provide sustained full production of 14.5 mgd, May through
October, and remain above 15 ft MSL with sustained import of at least 25 cfs. The following operating assumptions apply if
AHF groundwater drops below these levels:
1. If available, increase recharge imports to maintain Level 2 condition.
2. If available recharge imports are insufficient, decrease AHF groundwater production and use alternative supplies in
order to maintain Level 2 conditions.
Minimum level to avoid declining yield in private wells is 15 ft MSL.

10

3. Basis of Sustainable Criteria: Characteristics of the Niles Cone
3.1 Sub‐basins (management areas) and aquifers
Situated adjacent to the southeasterly shoreline of San Francisco Bay, and bordered to the east by the
hills of the Diablo Range, the Niles Cone Groundwater Basin is recognized by the California Department
of Water Resources (DWR) as Sub‐Basin 2‐9.01 within the greater Santa Clara Basin (DWR, 2003). The
Niles Cone is geologically and hydrologically distinct from other DWR‐identified sub‐basins in the Santa
Clara Basin: it features primarily, but not exclusively, the alluvial fan formed by ancient Alameda Creek
and its tributaries (DWR, 1967). The Hayward Fault, which runs southeast to northwest through the
region, imposes a strong barrier to lateral groundwater flow (DWR, 1967), thereby hydraulically sub‐
dividing the Niles Cone into two smaller sub‐basins referred to as the Above Hayward Fault (AHF) sub‐
basin, situated east of the Hayward Fault, and the Below Hayward Fault (BHF) sub‐basin situated west of
the Hayward Fault (Figure 1‐1). ACWD operates pumping wells and recharge facilities in both sub‐basins.
Because the need for artificial recharge in one sub‐basin relative to the other can fluctuate from year to
year, it is more meaningful to discuss the sustainable yield as a combined value for the entire Niles Cone
instead of a separate sustainable yield for each sub‐basin individually.
A general cross‐section of the Niles Cone is provided in Figure 1‐22. The AHF sub‐basin is comprised of
the AHF Aquifer, which is conceptualized as one thick aquifer from ground‐surface to bedrock. It is
essentially bordered on all sides with no‐flow or low‐flow boundaries, including the Hayward Fault to
the west, the Diablo Range Hills to the east and north, and low‐permeable sediment to the south. The
BHF sub‐basin, which is geographically larger than the AHF, consists of a vertically arranged stack of four
principal aquifers sandwiched between intervening aquitards (DWR, 1967). By order of depth, they are
identified as the Newark Aquifer, Centerville Aquifer, Fremont Aquifer, and Deep Aquifer (see Figure 1‐
2). To the east they are bounded by the Hayward Fault. To the north and south, they transition to clay
and silt, except that the Deep Aquifer appears to share a substantial degree of hydraulic interconnection
with its counterpart in the East Bay Plain Basin to the north (East Bay Plain Deep Aquifer) (LSCE, 2003).
To the west, the aquifers appear to extend under San Francisco Bay (and hence extend beyond the
boundaries of the Niles Cone). However, hydraulic effects on the Niles Cone from activities on the San
Francisco Peninsula have not been apparent, possibly because groundwater pumping on the Peninsula
in recent decades has been limited. Further study is needed to understand the potential for flow under
the bay. To the extent that future impacts on the Niles Cone could occur from the Peninsula, they would
be seen through the Centerville, Fremont, and/or Deep Aquifers, but would not likely be seen in the
shallower Newark Aquifer. Instead, San Francisco Bay essentially imposes a constant head in the part of
the Newark Aquifer under the bay, an effect attributed to apparent significant vertical interconnections
through bay sediment (DWR, 1967; JMM 1991; WRIME, 2005).
3.2 Influence of San Francisco Bay
San Francisco Bay, via the Newark Aquifer, may be either a natural sink for Niles Cone groundwater, or
alternatively, a source of saltwater intrusion, depending on whether Newark Aquifer groundwater levels
in the Niles Cone are above sea level or below sea level.

2

More detailed cross‐sections appear in ACWD, 2006b, 2010a, 2016c; DWR, 1960; LSCE, 2003; and SFPUC, 2008.
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Consequently, ACWD’s primary basin management objective has been to maintain Newark Aquifer
levels above sea level as the prevailing operating condition. The Niles Cone must therefore be
recognized as a coastal basin, and that some groundwater must discharge to San Francisco Bay.
Groundwater outflows to the bay are saline, as the portion of the Newark Aquifer west of Interstate 880
is still brackish due to saltwater intrusion that occurred in the early to mid‐20th century. In that historical
period, agricultural and other private demand was heavy, and ACWD did not have the infrastructure,
supply, or institutional means to perform the modern groundwater replenishment and management
that it does today. Consequently, the basin was severely over drafted and well levels in the BHF sub‐
basin were tens of feet below sea level, allowing influx of saltwater (Figure 3‐1). Inland moving saltwater
in the Newark Aquifer ultimately reached the Hayward Fault and moved downward through abandoned
wells, and through natural connections in the eastern portion of the sub‐basin (DWR, 1960, 1967, 1968,
1973, 1975).
Recovery from saltwater intrusion began in the 1960s, as ACWD commenced importation of water for
groundwater recharge and direct use, and gained new powers to manage the basin through the
Replenishment Assessment Act of Alameda County Water District (ACWD, 1974). In the 1970s, a
successful lawsuit enjoined quarry operators from wasteful dewatering, and ACWD ultimately acquired
former quarry pits and converted them into groundwater recharge ponds. Further enhancements to the
artificial recharge operation were made in the 1970s, 1980s, and 1990s.
As a result of these corrective actions, Newark Aquifer levels were raised back to within a natural range,
reaching sea level in 1972. Since then, they have remained above sea level, except for a very brief period
in 1990 (when a lower groundwater level was needed to accommodate deep subsurface construction in
the recharge ponds). With the consequential reversal of saltwater intrusion in favor of subsurface
brackish water outflow, significant progress has been made in restoring water quality in inland areas of
the groundwater basin. Pumping of Aquifer Reclamation Program wells has further helped to improve
basin water quality. Virtually all pumped Aquifer Reclamation Program water is routed to ACWD’s
Newark Desalination Facility for potable use. Additional detail on historical groundwater levels and
water quality is provided later in this document under Section 5: “Data Indicating Sustainable
Operations and Meeting Sustainable Yield.”
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FIGURE 3‐1: HISTORICAL BHF INDICATOR WELL WATER LEVELS AND MILESTONES

13

Groundwater Elevation (Feet, Mean Sea Level)

40

20

1961
ACWD
Replenishment
Assessment Act
was adopted
which formalized
ACWD’s
groundwater
replenishment and
management
authority

1972
Water level in the
Newark Aquifer
returned to above
sea level,
restoring the
natural bay‐ward
flow in the
aquifer, and
commencing the
process of
reversing
saltwater
intrusion

1974
Start of Aquifer
Reclamation
Program (ARP) to
augment the
removal of
saltwater from
the
groundwater
basin

1989
Rubber Dam
#3 installed to
improve
recharge
operations

1999
Completed Quarry
Lake
Rehabilitation
Project to
enhance artificial
and natural
groundwater
recharge

2010
Completed
Phase 2
expansion of the
Newark
Desalination
Facility

0

-20
1972
Installed
Rubber Dam
#1 to improve
recharge
operations

-40

-60
1962
Start of State
Water Project
deliveries

1975
Completed Mission
San Jose Water
Treatment Plant
which reduced
demand on the
groundwater basin
and installed
Rubber Dam #2 to
improve recharge
operations

1993
Completed
Water
Treatment
Plant #2 which
reduced
demand on
the
groundwater
basin

2003
Completed
Phase I of The
Newark
Desalination
Facility, which
converted
brackish
groundwater
from the ARP
into potable
water

2014
Shin Pond re‐
diversion
construction

1964
Contract with San Francisco for
water delivery from the Hetch –
Hetchy Reservoir, thereby reducing
demand on the groundwater basin

-80
1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

FIGURE 3‐2: HISTORICAL AHF INDICATOR WELL WATER LEVELS

50

14

Groundwater Elevation (Feet, Mean Sea Level)

45
40
35
30
25
20
15
10
5
0
1960

1965

1970

1975

1980

1985

1990
Year

1995

2000

2005

2010

2015

3.3 Recharge (inflow)
The principal source of recharge to the Niles Cone is the westerly flowing Alameda Creek, which drains
the 633 square‐mile (approximate) Alameda Creek Watershed east of the basin. In the 1970s, the U.S.
Army Corps of Engineers constructed the Alameda Creek Flood Control Channel to re‐channelize
Alameda Creek drainage through the geographic area of the Niles Cone. The channel extends through
the AHF and then the BHF, before finally reaching San Francisco Bay. Recharge of channel flow into both
sub‐basins is greatly enhanced by ACWD’s artificial recharge operation, enabling ACWD to maximize
capture and percolation of Alameda Creek Watershed drainage (a local source), and to percolate
imported State Water Project water when needed to supplement local water for groundwater recharge.
The amount of recharge routed through ACWD’s recharge facilities over the last 10 years averaged to
approximately 20,000 acre‐feet per year (see Table 5‐1). Additional detail on the ACWD’s artificial
recharge operation is provided in this document under Section 4.1 (“Artificial Recharge and Imports”).
The balance of recharge to the Niles Cone is attributed to percolation from non‐managed sources,
including direct rainfall, applied water, hillside drainage, and water in smaller creeks and flood control
channels (Table 5‐1).
3.4 Groundwater pumping and other sinks (outflows)
In addition to protecting the Niles Cone (the original purpose of ACWD’s formation in 1914), ACWD
distributes potable water to a population of 344,000, principally in Fremont, Newark, and Union City
(ACWD, 2016f). Groundwater pumped from the Niles Cone accounts for approximately 40% of the
supply to this distribution system. Although ACWD’s wells presently account for roughly 90% of all
groundwater pumped from the Niles Cone, ACWD’s replenishes and manages the Niles Cone for the
benefit of all its users. Over the last 10 years, annual pumping averaged 25,000 acre‐feet, with 22,300
acre‐feet from ACWD production wells and 2,300 acre‐feet from private wells (ACWD, 2016e). In FY
2014/15, ACWD production was 17,100 acre‐feet, and non‐ACWD production was 2,000 acre‐feet,
totaling to 19,100 acre‐feet. FY 2014/15 pumping is further broken down in Table 3‐1, below:
Table 3‐1: Fiscal Year 2014/15 Groundwater Pumping in the Niles Cone (acre‐feet)
ACWD (municipal)
Private (non‐ACWD)
Agricultural
Municipal Recreation
Non‐municipal recreation
Industrial
Total Private*
Total Pumping

17,100
200
600
100
1,100
2,000
19,100

*Does not include unrecorded pumping from various small wells, which is estimated to
amount to relatively small quantity. The Replenishment Assessment Act requires meters for
all wells producing groundwater within the District, except as may be exempted per
conditions specified in the Act.

In addition to pumping, sinks include boundary saline outflows and other outflows. The mechanism for
outflow to San Francisco Bay was introduced in Section 3.2 and further discussed below. According to
past Survey Reports, estimated boundary outflows (called “Saline Outflow” in the Survey Report, but
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includes non‐saline inter‐basin flow to the East Bay Plain Basin via the Deep Aquifer, in addition to true
saline outflow to San Francisco Bay via the Newark Aquifer), ranged from 300 acre‐feet per year to 7,400
acre‐feet over the past 10 years, averaging to approximately 5,000 acre‐feet per year (see Table 5‐1).
The discharge location for true saline outflow is not known precisely, but the dredged shipping channel
under San Francisco Bay, where the clay layer (Newark Aquiclude) separating the Newark Aquifer from
the bay water column is thin (DWR, 1967; SFPUC, 2008), and is suspected as a principal pathway for
prior saltwater intrusion, and hence, a principal pathway for present discharge of Newark Aquifer
groundwater. Structures in the bay, such as abandoned wells and the piers of the San Mateo and
Dumbarton bridges have also been postulated as possible vertical conduits for such communication.
Discharge of some Newark Aquifer groundwater to saltwater wetlands and ponds is plausible, but the
presence of the thick and low‐permeable Newark Aquiclude (explained in DWR, 1967; cross‐section
provided in SFPUC, 2008) does not support the notion of geographically extensive discharge of Newark
Aquifer groundwater within the salt pond area. However, inland of I‐880, the Newark Aquiclude thins
and appears to be penetrated by the incised Alameda Creek Flood Control Channel. In this reach,
inland discharge of Newark Aquifer groundwater is possible under very high groundwater heads, as
explained in the next paragraph.
When the water level in the Newark Aquifer indicator well is near the BHF maximum operating limit,
attempted recharge results in little additional storage, suggesting extra losses which may not necessarily
be boundary outflows (estimated quantities are provided in the Survey Report as “other extractions and
outflow”). At such times, some water may be short‐circuited out of the recharge ponds via a short
segment of aquifer and back to the adjacent Alameda Creek Flood Control Channel. Additional discharge
into the upper remaining reach of Old Alameda Creek near the confluence with the Alameda Creek
Flood Control Channel is also plausible. In addition, Caltrans operates a groundwater dewatering pump
station at the sag vertical curve at I‐880 and Thornton Avenue. This high capacity facility has been
known to operate when the phreatic surface of the Newark Aquifer rises sufficiently close to grade level
at this location. Similarly, when AHF groundwater reaches a maximum limit, AHF groundwater appears
to escape to BHF recharge ponds via surface water flow from AHF recharge ponds. Upwelling of AHF
groundwater into the Alameda Creek Flood Control Channel is also possible under such extreme
groundwater head. Artificial recharge is not practical when AHF and BHF groundwater levels reach these
overfill pathways.
3.5 Ranges of groundwater operating levels
The default operating ranges of groundwater levels, as measured in the two primary indicator wells are
+15 to +50 feet MSL in the AHF Aquifer, and 0 to +20 feet MSL in the Newark Aquifer. The maximum
values for the two sub‐basins are practical limits above which recharge appears to result in little
additional groundwater storage, suggesting a diminishing benefit of attempted further artificial recharge
(see previous paragraph). Hydrographs of BHF and AHF indicator wells for the last 10 years are provided
in Figures 5‐1 and 5‐2.
The lower limit for the AHF sub‐basin; i.e., +15 feet MSL, has been set to prevent declining yield in
shallow private wells sub‐basin. In the future, the minimum value for the AHF sub‐basin may be
lowered as remaining shallow private wells are replaced by either deeper wells or connections to the
ACWD distribution system. The default lower limit for the BHF sub‐basin, 0 feet MSL in the Newark
Aquifer, has been set to prevent new saltwater intrusion (see footnote in Table 1‐2 for further detail).
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However, ACWD has determined that the level during a rare, critically severe drought could be allowed
to go 5 feet below sea level (ACWD, 2006a). This would not cause an undesirable result (e.g., long‐term
salt impacts to the basin), provided that the incidence of such a low groundwater level is infrequent and
short‐term.
In the BHF sub‐basin, the Newark Aquifer recharges the underlying Centerville Aquifer. The Centerville
Aquifer replenishes the Fremont Aquifer, which in turn, recharges the Deep Aquifer (DWR, 1967).
Accordingly, the water levels in aquifers beneath the Newark Aquifer are usually lower than those in the
Newark Aquifer. Unlike in the Newark Aquifer, they frequently drop below sea level, even in normal to
wet years. However, only the Newark Aquifer is directly connected to San Francisco Bay, so no new
saltwater intrusion occurs in the Niles Cone if the level in the Newark Aquifer is above sea level, even if
levels in the Centerville, Fremont, and Deep Aquifers are below sea level.
Because of significant vertical flow from the Newark Aquifer to deeper aquifers, ACWD’s replenishment
activities to prevent saltwater intrusion in the Newark Aquifer also addresses concerns of subsidence,
adverse impacts on other groundwater basins, and other potential undesirable results. As can be seen
in Figure 5‐1, the (Newark Aquifer) BHF indicator well levels in the last 10 years did not drop below the
threshold minimum of 0 feet MSL; instead they stayed within a range of +1.3 to +20 feet MSL, with a
median value of +10.8 feet MSL and standard deviation of 4.5 feet. The beginning and ending values
from the beginning of July 2006 to the end of June 2016 were +16.9 and +18.1 feet MSL, respectively.
Consequently, water levels in the deeper aquifers also remained in a desirable range, as was observed in
indicator wells for those aquifers.3
In contrast, during the saltwater intrusion era prior to the mid‐1960s, levels were sustained for long
periods below ‐60 feet MSL in the Newark Aquifer and ‐75 feet MSL in the Centerville, Fremont, and
Deep Aquifers. According to geotechnical studies of the Santa Clara Valley, subsidence in the Niles Cone
was relatively minimal during those times (Poland and Ireland, 1988; LSCE et al., 2014). Water levels
under current operating criteria are appreciably above those historic lows. Hence, ACWD is confident
there is little risk of subsidence in the AHF and BHF sub‐basins under the current and projected future
operating ranges of groundwater levels.
To ACWD’s knowledge, the range of groundwater levels in the regional aquifers have not adversely
impacted aquatic ecosystems, and ACWD is not aware of any ecosystem that requires groundwater
levels in the regional aquifers to be above a certain minimum level. However, ACWD’s recharge
structures in the Alameda Creek Flood Control Channel have been identified as impediments to
migration of Steelhead Trout upstream into the Alameda Creek Watershed. Accordingly, in compliance
with regulatory directives, ACWD has embarked on a substantial capital improvement program for the
recharge facilities, including installation of fish screens on large creek‐to‐recharge ponds diversion pipes,

3

Hydrographs of indicator wells for the Centerville Fremont and Deep Aquifer can be found in Plate 4 in the annual
Survey Report. These indicator wells are located outside the cone of depression of major pumping wells. In the 10‐
year period from July 2007 through June 2016, the beginning, median, and ending values levels for Centerville
Fremont indicator well, 4S/1W‐19L02, were ‐2.5 feet, ‐0.3 feet and +3.2 feet MSL, respectively, For Deep Aquifer
well, 4S/1W‐31B03, the beginning, median and ending values were ‐5.7 feet, ‐2.5, and +1.0 feet MSL, respectively.
The standard deviation for levels in each well was 5.2 feet.
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removal of one of the three inflatable dams, and construction of fish ladders at the remaining two dams
(ACWD, 2011a).
3.6 Storage
Although the Niles Cone geographically encompasses about 105 square miles, the area in which aquifers
are unconfined is significantly less. Mathematically, the amount of groundwater that can be stored for
conjunctive use is largely dictated by the unconfined area, specific yield, and range of operating well
levels in the AHF and Newark Aquifers. Based on IGSM (WRIME, 2005) model runs and previous
estimates, ACWD has estimated a storage volume of 150 to 650 acre‐feet per foot of piezometric head
change in the AHF Aquifer, and about 1,000 acre‐feet per foot of indicator well level change in the
Newark Aquifer. Thus, over the full default operating range of well levels, the combined amount of
storage from both sub‐basins is estimated to be approximately 30,000 acre‐feet. However, in any given
year, levels in each sub‐basin typically fluctuate over about half of its respective operating range. In
normal to wet years, ACWD typically operates each sub‐basin in the upper half of the range in order to
preserve a margin of usable storage that could be utilized in a critical dry period. Therefore, the net
amount of water entered into, or withdrawn from, storage within the Niles Cone rarely exceeds 10,000
acre‐feet in any given year. Hence, the Niles Cone is operated partially in conjunctive use mode and
partially put‐and‐take mode. The sustainable yield of the Niles Cone is thus heavily dependent on
ACWD’s artificial recharge operation.
4. ACWD Actions that Sustain the Niles Cone
4.1 Artificial recharge and imports
The recharge complex, commonly referred to as the Quarry Lakes, consists of two inflatable dams in the
Alameda Creek Flood Control Channel, and about 400 acres of adjacent recharge ponds (Figure 1‐1).
The complex spans the Hayward Fault, enabling directed recharge to either the AHF or BHF sub‐basin (or
both at the same time). The dams, when inflated, increase the rate of percolation in the impounded
channel segments, and enable diversion of impounded water to the recharge ponds. The inflatable
dams were constructed in the 1970s and 1980s to replace seasonally constructed earth dams. The
inflation‐deflation function allows ACWD to target acceptable water quality from the Alameda Creek
Watershed drainage for recharge, and allow bypass of intense initial stages of storm flow containing
debris and silt.
As previously noted, most of the water processed through ACWD’s recharge facilities is drainage from
the 633 square‐mile Alameda Creek Watershed, adjacent and east of the Niles Cone. The artificial
recharge operation maximizes percolation and storage of this local water in the Niles Cone. Through
water rights permits, ACWD is allowed to divert local watershed drainage into recharge ponds during
part of the year. In supplement of local water, ACWD imports State Water Project water for
groundwater recharge, which is released from the South Bay Aqueduct into a channel flows into
Alameda Creek. A relatively minor amount of State Water Project water is used for groundwater
recharge in normal to wet years; e.g., 300 acre‐feet in FY 2010/2011. A greater amount is imported in
dry years; e.g., 7,700 acre‐feet in FY 2014/15. In comparison, the amount of local water replenished
through ACWD’s recharge facilities was 26,000 acre‐feet in FY 2010/11 and approximately 14,000 acre‐
feet in FY 2014/15 (See Table 5‐1). Additional local water was percolated each year through non‐
managed sources; e.g., direct rainfall, hillside drainage, applied water, and smaller creeks. The amount
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of water imported for groundwater recharge is far exceeded by pumping; hence, State Water Project
water is effectively completely consumed by pumping demand; whereas, other sinks are completely
satisfied by local water. Local water also satisfies a large share of the pumping demand.
In addition to artificial recharge, a reduction in pumping demand made possible by in‐lieu delivery of
surface water into the distribution system has also helped sustain the Niles Cone. Although raw surface
water includes some Alameda Creek Watershed drainage released from Lake Del Valle, imports from the
San Francisco Public Utilities Commission and State Water Project comprise most of this surface water
supply (ACWD, 2016e and 2016f).
4.2 Water banking
ACWD maximizes the reliability of its State Water Project imports through a water banking agreement
with the Semitropic Water Storage District. Under this agreement, ACWD allows some of its State Water
Project allocation to be diverted to the Semitropic Water Storage District in wet years, in exchange for
water delivered in dry years and other times when most needed. Semitropic water helps sustain the
Niles Cone because it is used for either groundwater recharge and/or surface water supply in lieu of
groundwater (ACWD, 2016e and 2016f).
4.3 Groundwater Monitoring
Since its formation in 1914, ACWD has been monitoring groundwater within the Niles Cone. Monitoring
intensified over the decades with institution of programs to reverse saltwater intrusion and to improve
management of the groundwater basin. The scope of ACWD’s current monitoring of the Niles Cone is
extensive. A large of number of wells with long water level histories was particularly helpful in the
calibration of the IGSM model (JMM, 1991; WRIME, 2005). As shown in Table 4‐1, water levels are
measured from weekly to semi‐annually in sets of selected wells ranging from seven wells for the weekly
measurements and up to 280 wells for the semiannual measurements. Daily measurements are
performed to assist in day to day decisions on recharge operations when groundwater levels approach
the maximum practical operating limit (+20 feet MSL) in the BHF sub‐basin. More routine decisions on
basin operations are based on water levels obtained by weekly and monthly measurements. The two
primary indicator wells (see Section 2.2), 4S/1W‐27D08 and 4S/1W‐29A06, are relied upon as rough
gauges of water storage in the AHF and BHF sub‐basins, respectively (Figure 1‐1). Semiannual
monitoring includes not only water level measurements from an extensive suite of wells, but also
analysis of samples for chloride and Total Dissolved Solids (TDS) to update the status of brackish water
remaining in the basin. The results are published annually in ACWD’s Groundwater Monitoring Report
(ACWD, 2016b). In addition, groundwater levels for a large number of monitoring points are reported to
the State of California’s CASGEM system.
Sampling for nutrients (e.g., nitrogen) is not regularly conducted as part of ACWD’s semi‐annual
monitoring program, but is occasionally undertaken to support special studies. ACWD recently
monitored the Niles Cone for nitrate as part of an effort to prepare a salt and nutrient management plan
(which is currently being worked on and is in the early draft stage). In general, groundwater in the Niles
Cone was found to meet regulatory objectives for nitrate (45 ppm nitrate as nitrate), with exception of a
few wells in the Centerville‐Fremont Aquifer which had detections slightly higher than the drinking
water standard. At those locations, additional evaluation and sampling is necessary to determine if
occurrence of elevated nitrate is localized to individual monitoring wells, or alternatively, is
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representative of ambient Centerville-Fremont groundwater in that part of the basin. ACWD is not
aware of any water wells impacted by nitrates above regulatory limits for drinking water.

Table 4-1: Groundwater Monitoring Conducted by ACWD
Program/
Frequency

No. of Wells

Type of
Measurement

Purpose

Basin-Wide Monitoring Programs
Weekly

7

Water Levels

Monthly

50

Water Levels

CASGEM*
Spring

26
281**

Fall

281**

Water Levels
Water Levels (234),
Water Quality (TDS and
chloride) (106)
Water Levels (249)
Water Quality (TDS and
chloride) (189)

Indicate representative aquifer levels and basin
storage: used for weekly to monthly decisions
on basin operations (artificial recharge and
production well pumping).
Assess
groundwater
level
responses
throughout basin to phenomena that change
seasonally. Assist longer-term planning.
Comply with CASGEM requirements.
Provide high detail assessment of water levels
and quality when basin levels at highest and
lowest for the year. Create contour maps with
data from Fall monitoring event.

Other Groundwater Monitoring Programs/Studies
ACWD Production Wells
(various)
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Water Levels and Water
Quality

ACWD Emergency Wells
(various)

2

Water Level and Water
Quality

Special studies

Varies

Water Levels and/or
Water Quality

Comply with State and Federal drinking water
regulations and monitor the general status of
the wells.
Comply with State and Federal standby well
regulations and monitor the general status of
the wells.
Depends on objective of the particular study.

* California Statewide Groundwater Elevation Monitoring Program. The 26 wells are a subset of the 50 wells (see row
above) that are monitored monthly. Field work for CASGEM is incorporated into the Monthly Program.
** The number of wells is based on 2012 program data. Actual number varies from year to year, depending on
conditions in the field. For an updated tally, see the Groundwater Monitoring Report, available on ACWD’s website.

4.4 Integrated resources planning and modeling
Short and long-term planning decisions for ACWD’s artificial recharge operation, import schedules, and
groundwater production are integrated through the aid of optimization and planning models. These
models, in turn, are supported by IGSM, an integrated groundwater surface water flow model (ACWD,
2006a; JMM, 1991; WRIME, 2005). Values of minimum and maximum target groundwater levels in the
AHF Aquifer and Newark Aquifer are among the constraints considered in these models. Through this
approach, sustainable yield is planned for and systematically met. Medium and long-term planning is
publically communicated through the Integrated Resources Plan (ACWD, 2006a, 2014b), Urban Water
Management Plan (ACWD, 2016f), and annual Survey Report on Groundwater Conditions (ACWD,
2016e). The Survey Report includes the annual water balance for the Niles Cone. Short term planning
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and real‐time operations are performed based on conditions actually experienced, including daily to
weekly updated groundwater levels in comparison to rule curves on Figures 2‐1 and 2‐2.
4.5 Replenishment Assessment and well metering
In 1961, the State of California Legislature adopted the Replenishment Assessment Act of the Alameda
County Water District (ACWD, 1974). The Act bestowed to ACWD powers to manage the Niles Cone,
including the authority to meter private wells and impose replenishment assessment fees. The
replenishment assessment is the financial mechanism by which private (non‐ACWD) groundwater
pumpers help pay for their share of the costs to maintain the Niles Cone. On a quarterly basis, ACWD
reads private well meters and invoices private well operators/owners. Additional detail of this program
is documented in the annual Survey Report.
4.6 Conservation/public outreach
Conservation by ACWD’s distribution system customers has met or surpassed the target water use
conservation goals set by the State of California for the most recent drought. Consequently, demand on
the groundwater basin has been reduced since 2013. Achievement of this level of reduction is credited
to messaging by the State of California, media attention to the drought, and actions by ACWD’s public
outreach and adoption of a Water Shortage Emergency Ordinance. Conservation remains a vital ACWD
program.
4.7 Water quality protection programs
Only those programs that directly ensure sustainable yield of the Niles Cone were highlighted above.
Other vital programs protect basin water quality. They include the Aquifer Reclamation Program, well
ordinance, regulatory oversight of hazardous spill sites, and watershed monitoring and protection
(ACWD, 2001). These programs further support ACWD’s efforts to protect and improve the quality of
groundwater in the basin. The Aquifer Reclamation Program involves removal of brackish water from
the basin by well pumping to supplement natural subsurface saline outflow. Almost all pumped brackish
water is routed to ACWD’s desalination facility for potable use (ACWD, 2016e). Prior to the desalination
facility, pumped brackish water was discharged directly to the bay. Additional information on hazardous
spill case oversight and well ordinance can be found on ACWD’s website (Visit http://acwd.org. Select
“Developers and Consultants” and then “Groundwater Resources”. From there, relevant links include
“Groundwater Protection” and “Well Ordinance Information”.)
5. Data indicating Sustainable Operations and Meeting Sustainable Yield
In this section, the following is provided as evidence that ACWD has sustainably managed the Niles Cone
such that sustainable yield has been met for not only the last 10 years, but for many years prior.





Hydrographs of indicator well levels
A snapshot of water level contours showing direction of groundwater flow
Maps of the extent of brackish water in 2015 compared with 1962.
Table comparing amount of recharge to pumping
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5.1 Hydrographs of indicator well levels
Hydrographs of the two primary indicator well levels representing the BHF and AHF sub-basins appear in
Figures 3-1 and 3-2 (earlier in the report) and Figures 5-1 and 5-2 (ensuing pages). Figures 3-1 and 3-2
provide a long historical record; whereas, Figures 5-1 and 5-2 focus on the most recent 10 years. The
locations of current indicator wells are provided in the map shown in Figure 1-1. In the 1990s, wells
4S/1W-27D08 and 4S/1W-29A06 replaced wells 4S/1W-21R02 and 4S/1W-28D02 as primary storage
indicator wells. Hence, hydrographs in Figures 3-1 and 3-2 are composites of data provided by the older
and newer wells. The current, newer wells are screened in unconfined aquifers (as were the older); i.e.,
the AHF Aquifer is unconfined, and the BHF indicator well is screened in the Newark Aquifer within the
geographic location where the Newark Aquifer is unconfined and strongly interacts hydraulically with
deeper aquifers. Most of the useable storage in the basin can be gauged in terms of unconfined
storage, hence, water levels in the unconfined aquifers relative to the default critical minimum levels.
Geographically, the unconfined areas are not extensively large. Hence, these indicator wells have proven
to be acceptably representative of conditions in their respective sub-basins for decisions on artificial
recharge to avoid undesired results. In addition to their value for short-term planning, their water level
trends over multiple decades reflect outcomes of key actions taken by ACWD to sustain the
groundwater basin. This is particularly evident in Figure 3-1. Hence, hydrographs for these wells have
been selected for inclusion in this report. However, hydrographs of other wells are routinely included in
the Survey Report and quarterly presentations to the Board of Directors
As previously mentioned, default minimum values of +15 feet and 0 feet MSL have been established for
the AHF and BHF indicator wells, respectively, to ensure no undesirable results anywhere within the
Niles Cone. The basis of these values was explained in detail under Section 2 (“Niles Cone Groundwater
Basin Sustainable Yield and Sustainability Criteria”).
As can be seen in Figures 3-2 and 5-2, water levels in the AHF have been maintained above +15 feet MSL
over the most recent 10 years, and typically +20 to +40 feet since 1965. Figure 3-1 shows the recovery of
the BHF sub-basin beginning in the early 1960s, when ACWD began importing water to supplement local
sources, and further recovery in the 1970s through 1990s as ACWD made further improvements to its
artificial recharge operation. Levels in the Newark Aquifer (in the BHF sub-basin) were re-established
above sea level in 1972. They have remained above sea level ever since, except briefly in 1990, at which
time lowering of the levels in the BHF was necessary to accommodate construction work on the
recharge facilities. In 2012, ACWD allowed the BHF to drop to the low end of the operating range to
accommodate installation of a new diversion pipe between two recharge ponds. Although the project
was completed late that year, a severe drought ensued, and water levels could not easily be raised until
the wetter months of late 2014/early 2015. However, they did not drop below 1 foot MSL, and then
quickly rebounded. Successful sustainment of levels above sea level in the Newark Aquifer during this
most recent drought is attributed to ACWD’s groundwater management programs consisting of
conservation (and consequential reduced pumping demand) in conjunction with importation of State
Water Project water for groundwater recharge, including banked State Water Project water per ACWD’s
water banking arrangement with the Semitropic Water Storage District (ACWD, 2016e).
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FIGURE 5‐1: BHF INDICATOR WELL WATER LEVELS 2005‐2016
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FIGURE 5‐2: AHF INDICATOR WELL WATER LEVELS 2005‐2016
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5.2 Contour map of water Levels in the Newark Aquifer
A contour map of groundwater levels in the Newark Aquifer during the fall of 2013 (ACWD, 2014a),
when water levels were near their lowest point during the drought, is provided in Figure 5‐3. This figure
shows that the prevailing flow in the Newark Aquifer was maintained toward San Francisco Bay despite
the drought; i.e., no new saltwater intrusion occurred. This outcome was consistent with interpretations
of data from primary indicator well 4S/1W‐29A06, in which the level approached but did not reach sea
level. In normal years with higher groundwater levels, the gradient favoring westerly flow in the Newark
Aquifer is more developed. This can be seen in Figure 5‐4, which shows the contour pattern in the fall of
2010 (ACWD, 2011b). Contour maps of water levels in deeper aquifers are not provided herein, but are
included in the Survey Report and the Groundwater Monitoring Report (e.g., ACWD, 2016e and 2016b).
5.3 Progress in exporting brackish water back to San Francisco Bay
In 1972, water levels in the Newark Aquifer were returned to above sea level, marking the time when
saltwater intrusion was reversed in favor of saline subsurface outflow. Over time, the inland “clean”
water zone in the Newark Aquifer has expanded, as brackish water has been repulsed over a broad
front. The inland edge of the brackish water, which had reached the Hayward Fault in the early 1960s, is
now more or less at Interstate 880 (ACWD, 2016b). This can be seen in Figure 5‐5, which compares the
position of the 250 ppm chloride contour in 1962 to that in 2015. Pumping of Aquifer Reclamation
Program wells has helped export salt trapped in deeper aquifers. In the Centerville‐Fremont Aquifer,
cleanup progress is evident not so much as a reduction in the brackish water area, but more so in terms
of a reduction of mass within the brackish water zone since 1974. In the Deep Aquifer, the number and
configuration of monitoring wells in the 1990s and prior were not insufficient for comparison to the
current distribution of chlorides. Detailed contour maps showing the distribution of chlorides in the
major aquifers in the fall of 2015 are provided in the 2016 Groundwater Monitoring Report.
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5.4 Comparison of annual recharge and pumping volumes
Documentation that total recharge has exceeded total pumping in most years is also evidence of
operation of a groundwater basin within its sustainable yield. Although natural sinks (in addition to
pumping) must also be satisfied by recharge, such sinks are pressure‐driven and likely occur at very low
rates at critical minimum well levels (in the BHF sub‐basin), and conversely, relatively high rates at
maximum levels. Hence, sustainable yield is met provided there is at least some positive margin of
recharge over pumping.4
The water balance for the Niles Cone is prepared by ACWD each year and included in the annual Survey
Report on Groundwater Conditions. It indicates the amount of inflow and outflow that actually occurred,
or estimated to have occurred, over the most recent past fiscal year (July 1 to June 30). Values of
recharge and pumping from Survey Reports over the past 10 years are re‐printed in Table 5‐1 (ACWD,
2007b, 2008, 2009, 2010b, 2011c, 2012, 2013, 2014c, 2015b, 2016e). They show that recharge
substantially exceeded pumping over all of the last 10 years, except for a few years during the most
recent drought. Storage in the basin compensated for recharge to balance pumping in those years,
without causing well levels to drop below critical minimums. In 2015 and 2016, well levels recovered
and reached near maximum operating levels by the end of FY 2015/16.
As can be seen in Table 5‐1, the combination of pumping and natural outflows exceeded recharge
during the 10 year period spanning Fiscal Years 2005/06 through 2014/2015 (July 1, 2005 through June
30, 2015). This is because this period included a severe, multi‐year drought, requiring use of storage. It’s
important to distinguish between sustainable and unsustainable use of storage. Prior to the start of the
recent drought, ACWD filled the basin to close to maximum levels to provide a margin of storage for use
in ensuing dry years. This proved wise, as California has experienced a serious drought beginning in
2012. Between 2011 and 2014, utilization of storage was necessary (in part because ACWD had
required lowered levels in the Newark Aquifer to accommodate construction in the Quarry Lakes in
2012), resulting in a temporary drop in indicator levels in that period (see Figure 5‐1 and Table 4‐1).
However, the 10‐year average of recharge exceeded pumping, and basin levels were high enough such
that outflows were net positive each year; i.e., saltwater was repulsed from the basin instead of allowed
to flow into the basin. The levels in the basin stayed above the critical default minimum, and there were
no indications of undesirable results. In late 2014 to 2016, ACWD was able to surge artificial recharge,
and the margin of above‐sea level storage was replaced. Although the indicator water levels at the end
of FY 2014/15 were lower than the high values of FY 2005/2006, they were significantly above values
below which known applicable undesirable effects could occur. Moreover, water levels at the end FY
2015/16 were near maximum values (ACWD, 2016f). Clearly, the groundwater basin has been operated
sustainably over the last 10 years.

4

As previously noted, some degree of boundary subsurface outflow, a natural sink, is necessary for coastal basins.
Saline subsurface outflow is particularly beneficial for the Niles Cone because brackish water from legacy saltwater
intrusion is exported back to San Francisco Bay.
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Table 5-1. Water Balance for Niles Cone and Ending Water Levels (1000s of acre-ft) and Water Levels (ft, MSL)
Recharge(1)
Fiscal
Year

Nonmanaged(3)

Recharge Facilities
Local
water

Imported
water

Discharge(1)
Total
Pumping
nonACWD(2)
ACWD

Evap

Natural Outflows (3)
Saline

Total

Other

Indicator well
levels at end of
FY(5)
AHF

Sustainability
threshold
criteria met? (6)

BHF

AHF

BHF

2005/06

27.0

3.3

-1.4

15.4

44.3

29.1

3.0

8.4

2.8

43.3

+38.4

+16.9

Yes

Yes

2006/07

21.0

4.8

-1.4

8.3

32.7

28.4

3.0

6.8

0.3

38.5

+34.7

+13.4

Yes

Yes

2007/08

17.8

7.0

-1.4

8.5

31.9

21.4

2.2

7.4

0.3

31.3

+39.2

+15.7

Yes

Yes

2008/09

16.6

4.4

-1.4

8.9

28.5

19.1

2.1

7.4

0.0

28.6

+39.5

+16.1

Yes

Yes

2009/10

24.1

1.6

-1.4

9.3

33.6

22.3

1.9

6.8

1.2

32.2

+41.6

+16.8

Yes

Yes

2010/11

26.3

0.3

-1.4

10.3

35.5

23.4

2.0

6.1

1.6

33.1

+45.7

+18.7

Yes

Yes

2011/12

15.5

0.0

-1.4

4.1

18.2

22.5

2.6

4.7

0.0

29.8

+37.9

+12.1

Yes

Yes

19.9

1.9

3.6

0.0

25.4

+26.6

+5.8

Yes

Yes

2012/13

7.0

0.0

-1.4

7.4

13.0

(4)
(4)

30

2013/14

11.8

3.2

-1.4

3.7

17.3

19.7

2.0

0.3

0.0

22.0

+36.9

+6.4

Yes

Yes

2014/15

14.1

7.7

-1.4

10.6

31.0

17.1

2.0

2.2

0.0

21.3

+34.7

+12.4

Yes

Yes

10-yr
avg.

18.1

3.2

-1.4

8.7

28.6

22.3

2.3

5.4

0.6

30.6

+37.5

+13.4

Yes

Yes

+45.7

+18.1

Yes

Yes

2015/16

Will be provided in upcoming 2017 Survey Report

Footnotes:
(1)

Values are based on Plate 11 in 2007 to 2016 editions of the Survey Report on Groundwater Conditions.

(2)

Pumping from non-metered dewatering wells and certain low-flow domestic/irrigation wells is not considered. The combined production from low flow wells is not believed to be significant,
and is therefore ignored. Unknown dewatering, to the extent it actually occurs, is believed to be only significant when groundwater levels in the BHF approach the maximum operating level.
In ACWD’s groundwater model, it is accounted for along with other unknown internal loss mechanisms as a pressure-driven groundwater-to-creek outflow. In the analysis of sustainable yield,
it is reasonable to ignore this dewatering pumping because it is estimated to occur mainly when storage in the basin is abundant.

(3)

Non-managed recharge includes deep percolation from direct rain and applied water, hillside drainage, percolation from small flood control channels, and other non-managed sources. In the
Survey Reports, values are reported as percolation due to “direct rain” and “applied water”. Values of non-managed recharge and natural outflows are calculated by ACWD’s groundwater
model, and accordingly, carry greater uncertainty than measured values of pumping and (mostly-measured) values of artificial recharge.

(4)

All values in this column are reprinted from the annual Survey Report on Groundwater Conditions. However, in preparation of the 2016 Survey Report, extra recharge was introduced as added
input to the (IGSM) groundwater model in supplement of ‘measured’ artificial recharge and recharge calculated by the model’s surface water/soil moisture accounting routines. This extra
recharge was assigned to certain monthly stress periods in in FY 2012/13 through 2014/15 in order to reduce (but not necessarily eliminate) the model’s under-calculation of groundwater
heads at indicator wells during the last few years of the historical part of the simulation, coinciding with the recent drought and its immediate aftermath. The footnoted values, which are
consistent with the 2014 and 2015 Survey Reports, do not reflect this supplement. The supplement was introduced so that historical portion of the simulation would result in a more accurate
starting point for the future “what-if” portion, so as to avoid over-predicting the needed amount of imported water for artificial recharge in then-upcoming months in 2016 and 2017. The
supplement is tentatively attributed to a model-under-calculation of non-managed recharge during the height of the drought and its aftermath. However, other phenomena could have
contributed to the model’s under-calculation of groundwater heads during this period. This matter merits further study and is under review. Values of recharge during the drought and
aftermath are subject to further revision.
These are interpolations of actual weekly measurements in indicator wells 4S/1W-27D08 (AHF Sub-basin) 4S/1W-29A06 (BHF Sub-basin).

(5)
(6)

Primary indicator levels equal to or greater than +15 ft. MSL in AHF and 0 ft. MSL in BHF; general bayward flow direction in Newark Aquifer; and chloride concentration data indicates no new
saltwater intrusion.

Although ACWD could have provided information during any 10‐year range after 1962 to demonstrate
that it has operated within its sustainable yield, ACWD chose to utilize the most recent 10‐year period to
demonstrate that during the recent drought and uncertain state water allocations, pumping in
conjunction with natural outflows did not utilize storage in excess of that which may cause undesirable
effects, and the utilized storage was subsequently replenished, largely through ACWD’s artificial
recharge operation. Therefore, this analysis demonstrates that ACWD has operated the Niles Cone
within its sustainable yield. In summary: 1) the 10‐year average of recharge to regional aquifers
exceeded pumping, 2) basin levels were high enough such that outflows were net positive each year;
i.e., saltwater was repulsed from the basin instead of being allowed to flow into the basin, and 3) there
have been no indications of undesirable results.
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