AGENDA
FENNER VALLEY WATER AUTHORITY
BOARD OF DIRECTORS’
REGULAR BOARD MEETING
SANTA MARGARITA WATER DISTRICT BOARD ROOM
26111 ANTONIO PARKWAY, RANCHO SANTA MARGARITA, CA 92688
January 31, 2019
8:30 a.m.
Upon Request, this agenda will be made available in appropriate alternative formats to persons
with disabilities, as required by Section 202 of the Americans with Disabilities Act of 1990. Any
person with a disability who requires a modification or accommodation in order to participate in
a meeting should direct such request to Kelly Radvansky, at (949) 459-6642 at least 48 hours
before the meeting if possible.
ITEMS DISTRIBUTED TO THE BOARD LESS THAN 72 HOURS PRIOR TO MEETING
Pursuant to Government Code section 54957.5, non-exempt public records that relate to open
session agenda items and are distributed to a majority of the Board less than seventy-two (72)
hours prior to the meeting will be available for public inspection in the lobby of the Authority’s
business office located at 26111 Antonio Parkway, Rancho Santa Margarita, California 92688,
during regular business hours. All documents available for public review are on file with the
Authority’s Secretary located at 26111 Antonio Parkway, Rancho Santa Margarita, California
92688.
1.

CALL MEETING TO ORDER

2.

PLEDGE OF ALLEGIANCE

3.

ORAL COMMUNICATIONS
Persons wishing address the Board of Directors on matters not listed on the Agenda may
do so at this time. “Request to be Heard” forms are available at the entrance to the Board
Room. Comments are limited to three minutes, unless further time is granted by the
Presiding Officer. Please submit the form to the Secretary prior to the beginning of the
meeting.
Those wishing to address the Board of Directors on any items listed on the Agenda should
submit a “request to be Heard” form to the Secretary before the Presiding Officer
announces that agenda item. Your name will be called to speak at that time.
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4.

CLOSED SESSION
4.1

5.

6.

PRESENTATIONS
5.1

Geochemical Peer Review by David K. Kreamer, Ph.D. of Studies Regarding
Recharge and Water Sources of Mojave Desert Springs Near Cadiz Water Project.
Page 4

5.2

Update by Lee Odell, CH2M Hill, on Cadiz Pilot Project.

CONSENT CALENDAR
6.1

7.

8.

CONFERENCE WITH LEGAL COUNSEL – ANTICIPATED LITIGATION
Significant exposure to litigation
Pursuant to Government Code Section 54956.9(d)(2) Potential Cases: 1

Consideration and Action on the Minutes of the December 4, 2018 Board Meeting.
Page 38
Recommendation: Approve the Minutes.

TREASURER ITEM
7.1

Presentation on Fenner Valley Water Authority Audited Financial Statements for
the Fiscal Year 2017/2018. Page 43

7.2

Interim Financial Statements as of December 31, 2018. Page 56

7.3

Treasurer’s Report.

ACTION ITEMS
8.1

Consideration and Action on California Groundwater Coalition Membership.
Page 58
Recommendation: Apply for membership.

9.

INFORMATION ITEMS
9.1

Cadiz Valley Water Conservation, Recovery and Storage Project Update.

9.2

Executive Director Report (verbal or written reports may be provided and shall be
included in the record/minutes).

9.3

Directors’ Reports of Outside or Other Meeting/Events (verbal or written reports
may be provided and shall be included in the record/minutes).

Fenner Valley Water Authority Agenda
January 31, 2019
Page 3
10.

ATTORNEY’S REPORT

11.

ADJOURNMENT
The next Regular Board of Directors’ meeting is scheduled for 8:30 a.m. on February 28,
2019 at the Santa Margarita Water District, 26111 Antonio Parkway, Rancho Santa
Margarita, California.

FENNER VALLEY WATER AUTHORITY
MEMORANDUM
TO:

Board of Directors

DATE: January 31, 2019

FROM:

Dan Ferons

SUBJECT:

Geochemical Peer Review by David K. Kreamer, Ph.D. of Studies Regarding Recharge and Water Sources of Mojave Desert Springs Near Cadiz Water Project

SUMMARY
Issue: Dr. David Kreamer, a professor of hydrology and geosciences at the University of
Nevada Las Vegas, has prepared two papers critiquing the methodology and conclusions of
two 2018 studies that speculate natural springs in the upper elevations of the watershed tributary to the Cadiz Valley Water Conservation, Recovery and Storage Project (“the Project”)
could be harmed by Project operations.
Recommendation: Information only; no action required
Fiscal Impact: None
DISCUSSION
Extensive studies undertaken during preparation of the Environmental Impact Report (“EIR”) for
the Cadiz Valley Water Conservation, Recovery and Storage Project (“the Project”) concluded
that Project operations in the Fenner Valley aquifer system would have no significant adverse
impact on desert springs, which occur in the higher elevations of the mountains in the surrounding
watershed. For the avoidance of doubt, the EIR and the Project’s Groundwater Monitoring, Management and Mitigation Plan require quarterly monitoring of Bonanza Spring and two additional
springs, already ongoing, as well as other monitoring and mitigation features for the entire watershed system. Bonanza Spring is found in the Clipper Mountains at 2,100 feet elevation. It is the
nearest spring to Project operations yet over 11 miles from and 1,100 feet above the Cadiz Water
Project wellfield.
In April 2018, Dr. Miles C. Kenney, PG and Terry Foreman, PG, ChG, who had participated in
springs evaluation for the EIR, released, “Updated Assessment of Cadiz Water Project’s Potential
Impacts to Bonanza Springs,” a peer-reviewed paper that finds that Bonanza Spring is hydraulically separated from the Fenner Valley aquifer by two intersecting faults and is supported by
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natural recharge from a 2,350 acre catchment area in the upper elevations of the Clipper Mountains. Dr. Kenney and Mr. Foreman previously made presentations to the Authority on their work.
Also in 2018, two papers were published regarding selected Mojave Desert springs in the Project
area watershed: (1) “Understanding the source of water for selected springs within the Mojave
Trails National Monument, California (June 2018)” by Andy Zdon, M. Lee Davisson and Adam
H. Love, published in the journal Environmental Forensics, and (2) “Use of Radiocarbon Ages to
Narrow Groundwater Recharge Estimates in the Southeastern Mojave Desert, USA, (September
2018)” by Zdon and Love, published in the journal Hydrology. The two papers were funded by
Mojave Desert Land Trust, an organization opposed to the Project.
Relying on water chemistry analysis, the first paper speculates that Bonanza Spring is connected
to the Fenner Valley aquifer and could be impacted by the operation of the Cadiz Water Project.
The second paper, also relying on chemical analysis of groundwater, alleges a connection between
Project operations and additional springs in the surrounding mountains. The second paper also
makes an assessment of natural recharge to the Project area relying on spring flows.
At the request of the Fenner Valley Water Authority and the Santa Margarita Water District, Dr.
David K. Kreamer, a Professor of Hydrology & Geosciences at the University of Nevada Las
Vegas who specializes in research on groundwater quality and chemistry, reviewed the two papers
by Zdon et al. Dr. Kreamer’s two reviews, “Evaluation of ‘Understanding the source of water for
selected springs within Mojave Trails National Monument, California’ by Andy Zdon, M. Lee Davisson and Adam H. Love,” (June 2018) and “Review of September 2018 Love and Zdon Publication” (Memorandum to FVWA and SMWD, January 2019), point out several methodological errors in the Zdon et. al. studies and find the Zdon et al. theory of water chemistry analysis proving
a hydraulic connection between springs and the Fenner Valley aquifer “inconsistent and incompatible with the field evidence.”
Dr. Kreamer’s papers outline a number of factors contributing to the inconsistencies and deficiencies, including methodological errors, and conclude that the findings of the EIR and more recent
work of Kenney/ Foreman presents the more reasonable conclusion about area springs.
Dr. Kreamer’s reports are attached.

Page 5

Memorandum

DATE:

January 2, 2019

TO:

Fenner Valley Water Authority
Santa Margarita Water District

FROM:

David K. Kreamer, Ph. D.

RE:

Review of September 2018 Love and Zdon publication. Enclosed are my findings.

Review of “Use of Radiocarbon Ages to Narrow Groundwater Recharge Estimates in the
Southeastern Mojave Desert, USA” by Adam H. Love and Andy Zdon in Hydrology MDPI 1
By
David K. Kreamer, Ph.D.

In the publication, Love and Zdon 2018, the authors attempt to critically review and improve and
constrain estimates of groundwater recharge in the Southeastern Mojave Desert by use of
radiocarbon dating. The conclusions reached in this paper rely on previous published work in
non-journal publications, and one round of radiochemical measurements made at five (5) selected
springs.
Understanding groundwater recharge, subsurface water balance volumes, and average
groundwater residence time is a crucial aspect in defining the sustainability of springs throughout
the world, and particularly in the Mojave Desert. Springs in arid lands are precious and are the
focus of ecologic system health, cultural heritage, drinking water supply, and regional stability,
and therefore have attracted much scientific study (LaMoreaux et all 2001; Chapelle et al. 1997;
Manga 2001; Kreamer et al. 2015; Meinzer 1927; Kreamer and Springer 2008). Environmental
studies in this sensitive, vulnerable region need to be robust, based on solid literature, and
quantitatively define uncertainties in their conclusions and interpretation.
While the publication by Love and Zdon in Hydrology MDPI adds data to study of springs in the
Mojave Desert, the conclusions reached by the authors are seriously flawed, contain both citations
and self-citations from non-refereed work, do not adequately describe limitations or uncertainties
1

https://www.mdpi.com/2306-5338/5/3/51.
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in their work, fail in some cases to consider the possibility of local spring recharge beyond surface
catchments, use different areas and basins for their comparison of annual recharge volumes, and
neglect the incorporation of standard methodologies to interpret their data.
The conclusions articulated by the authors are tenuous at best. Problems with the publication’s
format, methodologies, omissions, and interpretations, (many of them major flaws), include:
1. Springs are very poor locations to attempt to calculate average groundwater residence
time.
2. The authors, Love and Zdon, confuse the concept of the generally accepted “average
groundwater residence time” with their use of the more misleading term “apparent
groundwater age.”
3. The paper’s “Site Description” and “Geologic and Hydrogeologic Setting” sections
contain no citations of literature, except a self-citation addressing their previous
characterization of the source of Bonanza Spring.
4. The paper does not adequately map or quantitatively define “Southeastern Mojave Desert”
in the article’s title and appears to use different, non-equivalent areas and basins when
comparing annual recharge volumes.
5. The work compares five annual recharge estimates, with three estimates from Technical
Memoranda or Reports. Two other estimates are veiled, apparently not externally refereed,
self-citations in letter and report form, and in one instance is self-congratulatory. This is
generally considered a poor practice in cited literature. Memoranda and Reports are often
not readily available for external review, and the rigor of their peer review is not always
apparent. The obfuscation exhibited by unclear referencing exhibited in the self-cited work
is also considered a poor practice in cited literature.
6. The publication does not indicate correction of tritium values with helium-3 analysis.
7. The authors do not use any of the standard methodologies to correct carbon-14 values for
interaction with “dead” geologic inorganic carbon, not atmospherically derived.
8. The publication does not consider the effect of groundwater’s interaction with organic
carbon.
9. Concerning Love and Zdon’s (2018) tritium and 14C analyses of spring water, the authors
fail to report duplicate or replicate analyses critical to establishing the limits of uncertainty
in their findings.
10. For their tritium and 14C analyses of spring water, there is poor reporting of the sampling
date, exact location of the sampling points, ambient air temperatures and other
meteorological conditions, antecedent precipitation, and many other factors which could
influence radiological measurements – these are not detailed in the manuscript.
11. The authors do not report additional sampling or results from local wells or springs to
support their findings.
12. Other indicators of average groundwater travel time to springs and recharge (e.g. chloride
mass balance studies, chloroflourocarbons (CFCs), trace elements) are not fully
investigated.
2
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13. The authors make a refutable, a priori presumption that Bonanza Spring is “in hydraulic
communication with the basin-fill aquifer system surrounding the Clipper Mountains”.
14. The publication does not consider or analyze the possibility of fracture flow.
15. The publication lacks an associated quantitative groundwater transport model.
These weaknesses in the publication are elaborated below.
1. Springs are poor locations to attempt to calculate average groundwater residence
time.
According to the International Atomic Energy Agency’s (IAEA) “Isotope Methods for Dating Old
Groundwater” (2013), “Springs probably are the least desirable sources for sampling ‘old’
groundwater because their discharge can represent a mixture of many waters of generally
unknown origin (and age).” Wells are considered far superior. This is a caution about over
interpretation of estimates of average groundwater residence time for spring flow.

2. The authors confuse the concept of the generally accepted “average groundwater
residence time” with their use of the misleading term “apparent groundwater age”.
Groundwater scientists have generally agreed for many years that the concept of “groundwater
age” is flawed. Fontes (1983) notes “Owing to dispersion, the ‘age’ of a groundwater sample
corresponds generally to a time distribution of many elementary flows. Thus, except in
the theoretical case of a pure piston flow system, or of stationary waters entrapped in a geological
formation, the concept of groundwater age has little significance.”

3. The paper’s “Site Description” and “Geologic and Hydrogeologic Setting” sections
contain no citations of literature, except a self-citation addressing their previous
characterization of the source of Bonanza Spring.
It is typical in publications to do comprehensive literature searches, from extensive source
material. Love and Zdon (2018) describe the region’s geologic and hydrogeologic features in
detail without citation of a single source. However, notable is an absence of specific description
of geologic structures, exact locations of faults, orientation of geologic contacts, rock porosities
and permeabilities, and other characteristics crucial to interpretation of spring flow.
Three figures are shown in this section with sources cited in the captions; one figure is a small
portion of a much larger, generic map of California’s surface geology from a State government
website (Geological Map of California. California Geological Survey, Geologic Data Map No. 2.
2010. Available online: https://maps.conservation.ca.gov/cgs/gmc/). A second figure is a
conceptual geologic cross-section drawn from another publication on the hydrogeology
underlying White Pine County on the northern Utah-Nevada border about 350 miles away and
distant from the Mojave Desert (U.S. Geological Survey. Water Resources of the Basin and Range
Carbonate-Rock Aquifer System, White Pine County, Nevada, and Adjacent Areas in Nevada and
Utah. Scientific Investigations Report 2007–5261; Welch, A.H., Bright, D.J., Knochenmus, L.A.,
3
18502045

Page 8

Eds.; U.S. Geological Survey: Reston, VA, USA, 2007; Figure 16; p. 37.) The third is a small
portion of a California state website map of groundwater basins (California Department of Water
Resources. Groundwater Basin Boundary Assessment Tool. Division of Integrated Regional
Water Management. 2018. Available online: https://gis.water.ca.gov/app/bbat/).

4. The paper does not adequately map or quantitatively define “Southeastern Mojave
Desert” in the article’s title, and appears to use different, non-equivalent areas and
basins for comparison of annual recharge volumes.
One of the key elements of this publication is comparison of groundwater volumes in five annual
recharge estimates. These values are compared in the paper’s Figure 6. It is not reported,
however, that the location and areal extent/ boundaries that are the basis for these recharge
estimates are vaguely described and from dissimilar areas. The five recharge estimates compared
in this publication are from: the Geoscience Support Services (1999), the U.S. Geological Survey
(2000), the Lawrence Livermore National Laboratory which is the Davison and Love (2000)
including a personal communication, CH2M Hill (2011), and Johnson Wright Inc. (2012) by A.
Zdon.
According to the publication’s authors Love and Zdon, Geoscience Support Services (1999) and
the USGS (2000) estimates are for the area comprised of the Bristol, Cadiz and Fenner Basins.
The “Lawrence Livermore National Laboratory (2000)” (by Davisson and Love) recharge
estimate contains anecdotal personal communication, with the recharge area under consideration
being the Fenner Watershed. The Fenner Watershed includes the Clipper Valley according to the
California Department of Water Resources. CH2M Hill (2011) also bases its estimate on only
Fenner and the Orange Blossom Wash. In the Love and Zdon (2018) publication, the Johnson
Wright (by Zdon letter) recharge estimate is unclear about the area which it represents. The
current publication only mentions the Bristol and Cadiz playas.
Also, some of the comparisons in Love and Zdon are between quantities of dissimilar (a.)
“recoverable” water and (b.) groundwater recharge. Comparisons should be made between similar
parameters and study areas.
5. The work compares five annual recharge estimates, with three estimates from
Technical Memoranda or Reports. Two other estimates are veiled, apparently not
externally refereed, self-citations in letter and report form, and in one instance is selfcongratulatory. This is generally considered a poor practice in cited literature.
Memoranda and Reports are often not readily available for review, and the rigor of
their peer review is not always apparent and often not critically externally reviewed.
The obfuscation exhibited by unclear referencing exhibited in the self-cited work is
also considered a poor practice in cited literature.
The first three Technical Memoranda and Reports are from Geoscience Support Services (1999),
CH2M Hill (2011), and the USGS (2000). Of the remaining two, one of the self-citations is from a
seven page government report (Davisson and Love, 2000) listed in the MDPI Hydrology
4
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publication as Lawrence Livermore National Laboratory (2000), the other from a non-refereed
letter written by one of the authors (Zdon), listed as Johnson Wright Inc. (2012). The authors use
anecdotal information from the first (personal communication) and self-congratulate the quality of
their own recharge estimate from the second. For the latter self-citation, Love and Zdon (2018)
present, without support, that Zdon’s (Johnson Wright Inc.) non-refereed recharge estimate,
“resulted in more consistent and generally improved estimates of groundwater discharge than in
previous studies”. It should be noted that the Johnson Wright Inc. (2012) letter by Zdon only
suggests a single value with no error bars in Figure 6, not a range of values, and Zdon’s letter
based evaporation estimates on interpretation of data from the topographically lower, hotter Death
Valley, CA and may not represent all evaporation values for the study area near the Cadiz, Bristol
basins.
In fairness to the authors, there are not an abundance of recharge estimates in the Eastern Mojave
Desert, and their choices for comparison are limited. Even so, annual groundwater recharge
comparisons should normalize to equivalent areas, self-citation should be made more transparent,
and it is suggested that authors should refrain from self-promotion.

6. The publication does not indicate correction of tritium values with helium-3 analysis.
Tritium was measured in this study at five springs and used to represent apparent groundwater
age. There are natural limits to this method because the atmospheric tritium bomb pulse caused by
nuclear testing and associated tritium in the atmosphere, precipitation, infiltrating waters, and
groundwater has been greatly reduced in recent decades because of: (a.) lower amounts of tritium
in precipitation in the Mojave Desert relative to points further inland and other locations in
California (Stewart and Farnsworth 1968; Harms 2015), (b.) tritium decay, which has brought
tritium levels in precipitation close to pre-bomb levels for several decades, and (c.) dispersion and
mixing of groundwater of different ages. Because of tritium’s short half-life it has been
increasingly difficult to identify a “bomb peak” in groundwater and distinguish between pre-bomb
pulse and post-bomb pulse waters. These challenges can be overcome by measuring tritium
concentrations in concert with its decay product helium-three or 3He (3Hetrit) as first suggested by
Tolstykhin and Kamensky (1969) and experimentally confirmed by Torgersen et al. (1979).
Measuring tritium and tritiogenic 3He together supports identification of the tritium peak as the
sum of tritium and (3Hetrit), even if most of the tritium has decayed. It also allows direct
calculation of average groundwater residence time from the mother/daughter ratio (tritium/3He).
This is advantageous because it removes the requirement to ascertain the exact time-dependent
tritium delivery to the aquifer (Clark et al. 1976). 3H/3He analysis can also be compared to studies
of chlourofluorocarbons and krypton-85. 3He analysis was not presented in the current paper by
Love and Zdon.
Through radioactive decay, post bomb pulse tritium levels in precipitation have approached prebomb levels since the 1980s around the world, and the mean tritium concentration in California
precipitation is 11.4 pCi/L, or 3.5 Tritium Units (TU) (Harms 2015). With even lower than
average tritium in the precipitation in Mojave Desert relative to inland and mountainous areas in
California and on the West Coast, for as much as approximately 35 years or almost 3 half-lives,
some groundwater which originated as post-bomb precipitation contains tritium concentrations

5
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now approaching detection limits of analytical equipment. This diminishment reduces the strength
of conclusions in Love and Zdon (2018) based on single measurements of tritium alone.
Without helium-three analysis the tritium result of Love and Zdon (2018) are less useful. Also,
there is only one value of tritium measurement for each spring listed in the Hydrology MDPI
publication. This lack of confirmatory replicate sampling will be discussed further below.

7. The authors do not use any of the standard methodologies to correct carbon-14
values for interaction with “dead” geologic inorganic carbon, not atmospherically
derived.
Probably one of the greatest flaws is the radioactive carbon-14 (14C) “age dating” work by Love
and Zdon (2018) and their inadequate discussion of, and correction for, groundwater interaction
with carbonate geologic materials. These carbonate rocks have been in the ground millennia and
have totally depleted 14C (sometimes referred to as “dead” carbon), thus reducing the radioactive
carbon signal in the adjacent and interacting groundwater and producing a false indication of a
lengthy average groundwater travel time to a spring.
According to Phillips and Castro (2003), “Natural radiocarbon was first detected by Libby in the
mid-1940s (Arnold and Libby, 1949; Libby, 1946), but the first applications to subsurface
hydrology were not attempted for another decade (Hanshaw et al., 1965; Munnich, 1957;
Pearson, 1966). These early investigators discovered that radiocarbon shows clear and systematic
decreases with flow distance that can be attributed to radiodecay, but also exhibits the effects of
carbonate mineral dissolution and precipitation reactions. Quantification of residence time is not
possible without correction for additions of nonatmospheric carbon.” (My emphasis).
It is a major error in the Hydrology MDPI manuscript that the authors do not adequately correct
their data for interaction with “dead” carbonate species. These adjustments can be major. From
IAEA (2013), “the extent to which recharge waters evolve in isotopic equilibrium with soil gas
(open system evolution) or react with carbonates following recharge (closed system evolution)
(Clark and Fritz 1997; Deines et al. 1974) can lead to uncertainties in 14C model age of old
groundwater.” Love and Zdon do not include uncertainty analysis in their publication.
Not only do Love and Zdon (2018) not adjust for non-atmospheric carbon, they make no
distinction between dissolved inorganic carbon (DIC) and dissolved organic carbon (DOC) or
address other complicating factors. Along these lines the International Atomic Energy Agency
describes inorganic carbon and its effects, “The two most significant geochemical processes are
dilution of dissolved inorganic 14C (DI14C) from dissolution of carbonates and formation of DIC
from microbial degradation of old organic carbon within the aquifer. Thomas et al. (2001) found
unadjusted 14C model ages of DIC in groundwater from Nevada as much as 20 ka, that, when
corrected on the basis of δ13C for carbonate rock recrystallization in this tectonically active
aquifer, were in the range of 1–7 ka and similar to 14C model ages of DOC in the aquifer.”
Other typical chemical reactions, such as de-dolomitization (Plummer et al. 1990) or weathering
of feldspars, cause chemical precipitation of calcium carbonate which leads to an isotopic
fractionation influencing the concentrations of both 13C and 14C. Also, noted by IAEA (2013),
6
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“uptake of magnesium and/or calcium on exchangers, such as clay minerals, permits additional
dissolution of carbonate minerals (calcite and/or dolomite), which dilutes the 14C reservoir in
groundwater. If not corrected for cation exchange, the ‘adjusted’ C model age is too old.” Love
and Zdon make no such correction.
It is clear that calcium carbonate exists in rocks, fractures and groundwater in the study area. In
the upgradient Clipper Mountains Mine, according to Minedata.org, the rock contains “small, thin
lenses of limestone in the schist” and “limestone near the quartz diorite contains small,
discontinuous bodies of friable, granite-rich tactite.” Limestone is largely calcium carbonate rock
in which 14C is absent, and whose interaction with groundwater would artificially increase the
apparent average groundwater travel time – “apparent age”. There are also documented calcium
mine prospects in the study area (e.g. Unnamed Prospect at 34° 48' 8'' North , 115° 22' 25'' West).
Importantly, Zdon et al. (2018) in major ion analysis show 30% to 70% carbonate and bicarbonate
species in water from many springs and wells in and around the study area. The serious omission
of 14C adjustment for non-atmospheric carbon in Love and Zdon (2018) is unexplained.
8. The publication does not consider the effect of groundwater’s interaction with
organic carbon.
Love and Zdon (2018) do not make clear distinctions between the impact of inorganic carbon and
organic carbon, or many of the other complicating factors in 14C analysis of groundwater.
Although organic material is sparse in the present Mojave Desert, past climate supported abundant
plant life which could be incorporated into the study site’s subsurface. Discussing the impact of
DOC on 14C in groundwater, IAEA (2013) notes, “Owing to the many geochemical interactions
that can lower the 14C content of DIC and, if not quantified, limit the usefulness of radiocarbon
dating of DIC in groundwater, the feasibility of radiocarbon dating of DOC in groundwater was
investigated in a series of studies (Drimmie et al. 1991; Hendry and Wassenaar 2005; Long et al.
1992; Murphy et al. 1989; Murphy et al. 1989; Purdy et al. 1992; Tullborg and Gustafsson 1999;
Wassenaar et al. 1989; Wassenaar et al. 1991).”
IAEA (2013) continues, “Many more geochemical and isotopic reactions occur in groundwater
systems that are not considered by any of the traditional adjustment models. The most important
of these pertain to the presence of organic carbon”, and “old organic carbon is oxidized in the
aquifer, which dilutes the 14C reservoir, and if not accounted for, the adjusted age is too old.”
IAEA concludes. “There are two main sources of DOC in groundwater: (i) particulate organic
carbon (POC) in the soil zone and unsaturated zone that can have radiocarbon ages of zero to at
least several thousand years; and (ii) sedimentary organic matter (SOM) such as lignite, peat or
other forms of POC buried with the aquifer sediment that typically is radiocarbon-‘dead’. Both
sources of DOC can dilute the 14C content of DOC in an aquifer.”
The net result of decades of research and study on the use of dissolved 14C to assess average
groundwater residence time is that adjustments must be made to any calculation of “apparent age”
for the contribution of non-atmospheric carbon.
These indispensable and fundamental
adjustments are not included in Love and Zdon (2018). Love and Zdon acknowledge these
possible complications but take no steps to correct their data.

7
18502045

Page 12

9. Concerning Love and Zdon’s (2018) tritium and 14C analyses of spring water, the
authors fail to report duplicate or replicate analyses critical to establishing the limits
of uncertainty in their findings.
An essential element of almost all scientific studies is to evaluate the representativeness of
sampling, the extent of uncertainties in results and conclusions (error bars), and to identify and
quantify sensitivities in parameters used for calculation. Core to this are duplicate and replicate
analyses, to determine the accuracy and precision of measurements. These standard methods were
not reported by Love and Zdon, and goodness and validity of their “one shot” tritium and 14C
analyses remain in question.
10. For their tritium and 14C analyses of spring water, there is poor reporting of the
sampling time of day, exact location of the sampling points, ambient air temperatures
and other meteorological conditions, antecedent precipitation, and many other
factors which could influence radiological measurements – these are not detailed in
the manuscript.
For an external reviewer to determine the representativeness of a sampling regimen, important
information, such as ambient and preceding meteorological conditions, aids in interpretation. The
authors briefly describe their sampling and analytical methodologies, but leave out important
details on the actual field sampling, chain-of-custody protocols, exact location of sampling, and
other important details. The exact location of sampling is important in this case as Bonanza
Spring is actually two springs, Upper and Lower, and has a long surface flow above ground in
between where ambient air temperatures could affect water temperatures and chemistry. The “one
shot” nature of the sampling, coupled with a paucity of field information make further
interpretation of seasonal or diurnal variation particularly difficult. The authors speculate on
seasonal variability for Theresa Spring, but provide no overwhelming evidence of temporal
variation. It should be noted that the study/sampling area receive scant to no rain in the many
months preceding sampling.
This problem could be easily resolved. Attendant field information could be made available in
either an Appendix or via a publicly accessible URL.

11. The authors do not report additional sampling or results from local wells or springs
to support their findings.
Zdon et al. (2018) and other literature sources provide hydrochemical information from many
wells and springs in the same study area as this publication, but Love and Zdon (2018) make very
few, and in some instances, no comparisons with this available water quality information. For
example, trace elements, measured by the authors previously for this study’s five springs, are not
reported or interpreted. Also, as mentioned above, the past information on the carbonate
concentrations in the five springs sampled in the current publication are directly relevant to
interpretation of 14C, and many other parameters are germane. Past spring water temperatures,
major ions, stable isotope similarities between spring water and precipitation all are applicable to
current interpretation. The lack of complete and holistic treatment of available data can lead to
8
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erroneous interpretations, if they are just based on the small body of field measurements presented
in Love and Zdon (2018).

12. Other indicators of average groundwater travel time to springs and recharge (e.g.
chloride mass balance studies, chloroflourocarbons (CFCs), trace elements) are not
fully investigated.
There are many other ways to ascertain groundwater recharge volumes and average groundwater
travel time to springs. These include many environmental tracers in soil and groundwater. Some
of these proven methodologies include chloride mass balance techniques, measurement of
chlorofluorocarbons (e.g. Freon CFC-12, SF6, Halon 1301, CFC-11, CDC-113) and sulfur
hexafluoride (SF6), trace element analysis, and other indicators. Multivariate analysis of these
many parameters, including techniques like Principal Component Analysis (PCA) serial
correlation, are often fundamental in interpretation.
Several authors stress the importance of using more than one approach for estimating recharge,
and underscore the need to employ various techniques (Scanlon et al. 2002). Concerning the use
of chloride balance in arid lands IAEA notes that, “In semi-arid to arid regions, the distribution of
recharge is usually quite heterogeneous, occurring mainly in the mountains or along mountain
fronts or ephemeral streams during intermittent runoff events. Local measurement techniques can
be useful in areas of focused recharge. In broad areas between mountain ranges or away from
streams, recharge can be nearly zero or essentially zero, as can be determined by
the accumulation of solute tracers within the unsaturated zone which occurs through continued
conditions where evaporation removes the water but not the solutes. The chloride mass balance
technique (Wood and Sanford 1995) is one method that has proven useful under such conditions.”
Use of CFCs, SF6, 85Kr, and 3H/3He to date and track subsurface fluid flow has proven valuable in
many studies (Busenberg and Plummer, 1992; Dunkle et al, 1993; Kreamer et al. 1988; Busenberg
et al., 1993; Plummer et al., 1993; Ekwurzel et al., 1994; Reilly et al., 1994; Katz et al., 1995;
Cook et al., 1995, 1996; Cook and Solomon, 1995, 1997; Szabo et al., 1996; Oster et al., 1996;
Johnston et al., 1998; Plummer et al., 1998 a,b). The U.S. Geological Survey (2018) notes, “The
feasibility of using CFCs as tracers of recent recharge and indicators of groundwater age was
first recognized in the 1970s (Thompson et al., 1974; Schultz et al., 1976; Randall and Schultz,
1976; Thompson, 1976; Hayes and Thompson, 1977; Randall et al., 1977; Thompson and Hayes,
1979; Schultz, 1979).” Love and Zdon (2018) did not investigate these approaches.
The use of trace elements, rare earth element, and statistical analytical interpretation (including
multivariate analysis) has also been used to great advantage to understand groundwater flow and
recharge, including in the desert Southwest (Kreamer et al 1996; Johannessonn et al. 1997; Asante
et al. 2018; Asante and Kreamer 2018; Asante and Kreamer 2015). Multivariate analysis was not
included in the Love and Zdon (2018) publication.

13. The authors make a refutable a priori presumption that Bonanza Spring is “in
hydraulic communication with the basin-fill aquifer system surrounding the Clipper
Mountains.”
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Love and Zdon (2018) state that Bonanza Spring is sourced from regional groundwater distantly
sourced and in direct connection with basin groundwater that, immediately below, is over one
thousand feet lower than the elevation of the spring’s issuance. The basis for this assertion, that
Bonanza “has previously been identified as being in hydraulic communication with the basin-fill
aquifer system surrounding the Clipper Mountains [2]” is a self-citation (Zdon et al 2018). This
speculative assertion by the authors is unlikely and refutable based on field measurements, some
made by the authors themselves. Love and Zdon (2018) rule out the possibility that recharge to the
spring could be locally sourced from higher elevations in the Clipper Mountains themselves, and
assert that any local recharge contribution to spring flow could only come from a small surface
water catchment immediately above the spring.
The authors acknowledge that recharge to springs can come from areas outside surface water
catchment basins but assume a priori that Bonanza Spring is sourced from deep subsurface basin
water, derived from alluvial fill thousands of feet lower. The authors never explain the
mechanism that raises water from depth. They assume that local recharge contribution to the
spring could only come from its relatively small surface catchment, rather than the simpler, more
likely explanation that the bulk of the recharge to Bonanza Spring flows from the fractured rocks
and higher elevations in the Clipper Mountains immediately above the spring. The reasons for
this assumption by Love and Zdon are articulated in Zdon et al. (2018) but are refutable.
The reasons given in Zdon et al (2018) include Bonanza Spring’s temperature, discharge, major
ion concentrations, trace metal concentrations, stable isotopes of hydrogen and oxygen, and one,
single tritium value. These interpretations by the collective authors have other different
explanations and conclusions.
Temperature
One reason the authors (Zdon et al 2018; Love and Zdon 2018) assume Bonanza spring water is
sourced from deep basin fill water (and not the upgradient Clipper Mountains directly above the
spring) is the water’s temperature. Zdon et al. (2018) state that “Bonanza Spring water
temperature is indicative of waters that have been at depths of greater than 750 feet below the
spring vent and risen to groundwater surface despite being in such a small catchment.” This is
based on the author’s reporting a temperature of 27.5 (or 81.5°F) for the water at Bonanza Spring
in the manuscript, which they assume is geothermally influenced. This value, however, directly
conflicts with a value of 14.2°C (57.6°F) reported by Andy Zdon and Associates (2016) for
Bonanza Spring. This measured spring water temperature documented by Andy Zdon and
Associates is less than the yearly average air temperature calculated by Zdon et al. (2018) at
21.0°C (69.8°F). Cool water documented at the spring by Andy Zdon and Associates (2016) is
inconsistent with a deep source; rather this variation is indicative of a more local source,
influenced by seasonal or diurnal variation.
Discharge
Another reason the authors (Zdon et al 2018; Love and Zdon 2018) give for the assumption of a
deep, consistent groundwater source is their assertion of stability of spring discharge and flow.
Zdon et al. (2018) reached the conclusion, “Bonanza Spring flow has been consistent for more
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than 100 years despite multi-year wet periods and longer periods of drought (as indicated by the
literature).” This is demonstrably untrue. Although Zdon et al (2018) give no numerical values for
Bonanza Spring discharge in their publication, they do state, “Thompson (1929) noted the
presence of Bonanza Spring as a spring that yielded about 10 gallons per minute (similar to what
it produces currently) that was piped to the community of Danby for use at the railroad.” In Andy
Zdon and Associates (2016) the flow of Bonanza Spring is recorded as less than 1 gallon per
minute (gpm) - significantly less than the 1929 value. On June 1, 2018, the flow of Bonanza
Spring was also estimated at less than 1 gpm. This variability does not indicate “consistent” flow.
Further, Rose (2017) reports an entirely different, higher flow value for Bonanza Spring. The
reported flow at Bonanza Spring varies by at least an order of magnitude. Inconstant flow
(particularly coupled with inconstant temperature readings) is not compatible with an assumption
of a constant, sustainable deep groundwater source which is a conclusion of both Zdon et al.
(2018) and Love and Zdon (2018). Additionally, the vegetation around Bonanza Spring has
apparently changed in the past, sometimes dramatically, when viewing Google Earth imagery or
from on the ground observations at the spring. This could be another indicator of inconstant
discharge and flow at the spring, or alternatively periodic destruction of vegetation from localized
flash flooding events.
Major Ions
Zdon et al. (2018) presents a Piper diagram of regional waters including selected springs, USGS
wells, and Cadiz wells, showing the measured major ion aqueous chemistry of those sources.
Trace element analysis of the waters was not reported. The authors state, “Spring water at
Bonanza Spring is a Na-HCO3 type (this is consistent with water at Lower Bonanza Spring as
well). This is similar to most waters in the region except those waters at Hummingbird Spring
(Ca-HCO3 type).” Inspection of these data reveals that Bonanza Spring is dissimilar in its major
ion chemistry from any well water sources, which primarily draw water from basin fill
environments. This is particularly true with regard to major cations. The waters of Bonanza Spring
are uniquely different than the surrounding regional well water with less than half the dissolved
calcium of any well in the area and in some cases more than 4.5 times less. This difference is not
supportive of the opinion put forth in Zdon et al. (2018) that Bonanza Spring issuance has a
similar source to basin-fill well water and Cadiz wells. The discussion in Zdon et al. (2018) on this
topic includes the statement “The Bonanza Spring water is also similar in type to waters from the
basin fill in the Fenner and Cadiz Valleys...”.
Independent analysis of Bonanza Spring samples, collected February 2013 and March 2018 do
show that the most abundant cation and anion are sodium and bicarbonate, respectively, similar to
most basin fill well samples in the area. However, a sodium-bicarbonate chemistry is a generally
common chemistry given the compositions of both local and regional source rocks, and
therefore does not necessarily link the spring water to a regional source. Closer examination of
the Bonanza Spring chemistry shows that this spring (and the associated Little Bonanza Spring)
has a significantly higher sodium percentage than any of the other samples, as shown in the Piper
diagram on Figure 4 in Zdon et al. (2018), and from other available well data surveyed among
Fenner Valley and Cadiz Valley. The sulfate percentage for Bonanza Spring (approximately 30%
of anions from Figure 4) is also higher than all nearby springs and wells.
Independent data from Bonanza Spring show the water to be undersaturated with respect
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to calcite, while all other regional aquifer groundwater samples from Fenner and Cadiz Valley
show saturation with this common mineral. This characteristic further supports the Bonanza
Spring water reflecting a more localized source, such as the more calcite-poor rocks of the Clipper
Mountains. The notably high percentages of sodium and sulfate in Bonanza Spring, along with its
undersaturation with calcite, suggest a more localized source rather than a regional source, since
this combination of major ion chemistry does not appear in wells of the flow regime proposed by
the authors.
Trace Metals
The authors mention that trace metal analysis was carried out but no results are reported. Sample
preparation was made by addition of nitric acid, but sample filtration and use of ultra pure nitric
acid, which is necessary for trace analysis, is not mentioned. Trace element analysis has proven
useful in source analysis of springs in Death Valley (Kreamer et al. 1996). Why the results of trace
analysis were left out of the Zdon et al. (2018) publication is not explained.
Stable Isotopes
Zdon et al. (2018) presents stable isotopic data showing aqueous hydrogen and oxygen at Bonanza
Spring is uniquely different than any other spring they evaluate regionally (their Figure 8). The
isotopic signature is lighter (more negative) at Bonanza Spring (δD -82.1, δ18O -10.25) which
typically indicates water is sourced from a colder and/or higher elevation source. Surprisingly, the
authors attribute this to a recharge source considerably distant (20 to 45 miles) to the north and
northwest, the Providence and New York Mountains, and not to the surrounding Clipper
Mountains where Bonanza is located. The authors do note, however, that previously a different
assumption was made (including by one of the co-authors of Zdon et al. 2018): “Of note is that
Davisson and Rose (2000) assumed the local catchment for Bonanza Spring as being the whole of
the Clipper Mountains …”. The Clipper Mountains surround the spring rising up several thousand
feet higher to the north (with the spring downslope), are in close proximity and receive substantial
rainfall, but the authors speculate that the spring water is sourced instead tens of miles away in
more distant ranges. Without discussion or justification Zdon et al. (2018) state, “isotopic
signatures of precipitation collected in the Clipper Mountains are much higher than those at
Bonanza Spring (Rose, 2017).” The authors use this statement as part of a justification to exclude
the adjacent, upgradient Clipper Mountains as potential recharge areas contributing to Bonanza
Spring discharge. Inspection of the data from Rose (2017) does not support the authors’ assertion.
The authors state that precipitation measurement in the Clipper Mountains are isotopically heavier
and infer that this invalidates these surrounding mountains as a recharge source, supplying the
Bonanza Spring. As noted in Zdon et al. (2018), these same stable isotopes of hydrogen and
oxygen were measured in precipitation near Bonanza Spring from 2001 to 2005 by T.P. Rose
(2017) (labeled “Clipper Mountains”). According to the latitude and longitude given, the sampling
point was approximately 1000 ft north of the spring and about 300 ft higher in elevation. The
“winter” (October to April) precipitation measured by Rose accounted for about 79% of the yearly
rainfall summed over those years and ranged in isotopic values from δD -59.3 to δD -91.0, and
from δ18O -7.2 to δ18O -12.6. When these values are weighted with the seasonal rainfall for each
individual year, the weighted “winter”, October to April, 6 month averages are δD -77.55, and
δ18O -10.75. These delta values are very close to the values recorded in nearby Bonanza Spring
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discharge by Zdon et al. 2018 (δD -82.1, δ18O -10.25), indicating that the spring could very well
be in large part fed by local recharge in the Clipper Mountains.
Tritium
Tritium analysis reported in Love and Zdon (2018) for Bonanza Spring is apparently the same
information reported information published on selected samples in Zdon et al. (2018). Zdon et al.
states, “Tritium (3H) analysis was conducted using the tritium enhanced enrichment (TEE)
method to obtain lower reporting limits.” The authors also state that, “3H was not detected at
reporting limits of 0.56 TU in the water samples from Bonanza (and Lower Bonanza) and
Hummingbird Springs.” The only laboratory for isotopic analysis mentioned in the manuscript is
Isotech Laboratories for stable isotopic analysis. On the Isotech website, it is reported that they
conduct liquid scintillation counting with or without electrolytic enrichment, having a detection
limit of 1 Tritium Unit (TU), not 0.56 TU. Tritium electrolytic enrichment available at Isotech
Laboratories, called “enhanced enrichment (TEE)” in the manuscript, allows lower reporting
limits. Because the laboratory for tritium analysis was not specified in Zdon et al. (2018) and
because of the discrepancy in detection limits, it is slightly unclear which laboratory was used for
tritium analysis, nor are the number of duplicates, spiked samples, field or laboratory controls, or
chain of custody procedures specified in the publication. Sampling dates, times, exact locations,
antecedent rainfall are also not specified in the manuscript.
If one assumes the lack of detection of 3H in the single, “one shot” sample taken Bonanza and
Lower Bonanza Spring, without 3He comparison (Zdon et al 2018; Love and Zdon 2018), is a
valid value and does not have a post bomb pulse component, this would support the authors’
contention that the average residence time for groundwater emerging at the springs is more than
65 years. However, these data are not incompatible with flow from fractured Tertiary volcanic
rocks immediately upgradient of the surface water catchment for these springs, in the Clipper
Mountains. Flow through fractured rock can include not only fracture flow, but matrix flow which
has much longer average residence time. A combination of slow flow through the vadose zone,
and consequent imbibition of water into the rock matrix during groundwater flow can extend
average groundwater travel and residence time, and is consistent with the geological materials
upgradient of the catchment area of the springs in question. Geologic data indicate that the
recharge area for the spring is much larger than the topographic surface drainage area. Tritium
ages exceeding 65 years are common in saturated fractured media, which contains a mixture of
transmissive fractures and very narrow micro-fracture networks that can have very slow transport
velocities.

14. The manuscript does not consider or analyze the possibility of fracture flow.
As stated above, a likely source for groundwater supply to springs on mountain slopes in arid
regions is precipitation, infiltration and recharge in the mountains immediately above the springs
and gravity fed flow downward to the spring. This would require subsurface fracture flow
through the hard rocks above the spring. (Note that even in Love and Zdon’s (2018) presumption
that Bonanza Spring is not fed from mountain recharge immediately above, but fed from
groundwater in the alluvial fill basin up to and over 1000 feet below, constrained fracture flow
would likely be required or there would be many springs along the mountain front of the Clipper
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Mountains). But fracture flow is not addressed by the authors, nor tectonic structural analysis of
study area conducted.
14

C analysis can be mathematically analyzed in fracture flow systems, but was not presented by
Love and Zdon. These analyses consider both fracture flow, and flow within the rock matrix for
calculation of average groundwater residence time. Several authors have modeled radiocarbon
fate and transport in fractured systems, correcting for diffusion in carbon-14 dating of
groundwater. For simulation of fracture flow with matrix effects work has been done by
Neretnieks (1980); Neretnieks (1981); and Tang et al. (1981), then for transport through a parallel
set of fractures with transverse diffusion into the intervening rock matrix Sudicky and Frind
(1982); and Sudicky and Frind (1984). Also, as noted by IAEA (2013), “A more general 3-D
analysis for fractured rock media was provided by Therrien and Sudicky (1996). Although Tang et
al. (1981) recognized early on the application of their analytical solution to radiocarbon dating of
groundwater in a thin aquifer bounded by thick confining beds, Sanford (1997) provided an
elegant analytical derivation and solution for a parallel series of stagnant and flow zones,
applicable either for porous or fractured rock media.”

15. The study lacks an associated quantitative groundwater transport model.
Many representations of groundwater flow in arid regions are supported by robust numerical
modeling (Belcher et al. 2017). Love and Zdon (2018) present no mathematical modeling effort
to support their conclusions.
Conclusions
The publication by Adam H. Love and Andy Zdon (2018), “Use of Radiocarbon Ages to Narrow
Groundwater Recharge Estimates in the Southeastern Mojave Desert, USA” published in
Hydrology MDPI, is an interesting study of groundwater recharge and selected spring radiocarbon
analyses in the Mojave Desert, but suffers from critical weaknesses which undercut and invalidate
some of the conclusions of the paper. The publication only makes general statements on the
geological setting, location of faults, and the hydrogeologic environment, without complete
referencing or justification. Annual recharge is compared from apparently dissimilar geographical
areas with dissimilar data sets. The exact sample times, number of samples, measurement error
bars, ambient air temperatures, antecedent rainfall, spring discharge and other important factors
which could influence results are not documented in the publication. The number of duplicates,
spiked samples, field or laboratory controls, or the chain of custody procedures are not specified.
Springs in the Mojave Desert are clearly a precious resource in the region and must be protected,
and estimates of groundwater recharge are important factors in predicting their sustainability.
Conceptual models which support recharge estimates and help populate water balance calculations
must consider all alternative explanations. However, the omission of data and misinterpretation of
hydrogeology based on selective information, lead the authors of this manuscript to dubiously
ascribe groundwater recharge that sustains some of these springs to far-flung areas.
The questionable speculation in the Zdon et al. (2018) manuscript supported by Love and Zdon
(2018), that recharge for springs like Bonanza occurs in the distant New York or Providence
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Mountains, then moves tens of miles through basin alluvium and then resurges upward over a
thousand feet through undefined mechanisms, is inconsistent and incompatible with the field
evidence. In the Bonanza Spring example, they do not rigorously address the likelihood of nearby
recharge in the Clipper Mountains immediately upgradient of the spring surface catchment area.
These closer, sustainable recharge sources for Bonanza Spring and other springs in the Clipper
Mountains are the most probable explanation of subsurface flow to springs and are consistent with
published, investigatory results.
Importantly, Love and Zdon (2018) contains serious methodological omissions in interpretation of
recharge and average groundwater residence time, which ultimately influence their interpretation
for the hydrogeology of the study area.
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This is an external peer review and evaluation of the publication by Andy Zdon, M. Lee
Davisson and Adam H. Love (2018), “Understanding the source of water for selected springs
within Mojave Trails National Monument, California,” published in Environmental Forensics,
19:2, 99-111, DOI: 10.1080/15275922.2018.1448909. Throughout this review the publication
will be referred to as Zdon et al. (2018).
In preparing this review and evaluation, information was considered which appears in the
references at the end of this report. Further, on June 1, 2018, a field study of Upper and Lower
Bonanza Spring, identified in Zdon et al. (2018), and its watershed and surrounding area was
conducted.
Generally, Zdon et al. (2018) contains information pertaining to water quality and
isotopic relationships for springs, wells and groundwater in the southeast Mojave Desert. This
information, however, is poorly referenced and the conclusions drawn in Zdon et al. (2018),
particularly with respect to the purported connection between Bonanza Spring and the Fenner
and Cadiz Basins which are unsupported by the evidence cited. In fact, there is disagreement
between the data presented in Zdon et al. (2018) and data published elsewhere. Whether these
conflicts arise from reporting errors in the manuscript, or from the presentation of selective
information from a larger data set, cannot be determined. In sum, a complete interpretation of all
available data supports completely different and sometimes opposite conclusions reached in
Zdon et al. (2018).
The Journal
The manuscript is published in the journal Environmental Forensics.1 The publishers of
the journal Environmental Forensics make the following statement: “Taylor & Francis, our
agents, and our licensors make no representations or warranties whatsoever as to the accuracy,
completeness, or suitability for any purpose of the Content. Any opinions and views expressed in
this publication are the opinions and views of the authors, and are not the views of or endorsed
by Taylor & Francis. The accuracy of the Content should not be relied upon and should be
independently verified with primary sources of information.” Of the 27 references listed in Zdon
et al. (2018), many are reports, some unpublished, which have not gone through documented
1

This journal has a relatively low impact factor of 0.850 (2016), and a 5-year impact factor of 0.845. Impact factor
is a measure of the frequency with which the average article in a journal has been cited in a particular year, and is
used to measure the importance or rank of a journal. (For comparison, the journals “Science” and “Nature” have
Impact Factors of 37.205 and 40.137, respectively).
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external peer review. Included in the references are a personal communication, general subject
area book chapters, an oral presentation by one of the authors, 6 self-citations, reports and
manuscripts from areas not in the Mojave Desert field area, and sources that do not come from
refereed journals subject to peer review. Over a quarter of the references are more than 30 years
old, and more current references (e.g. on recharge area estimation methods and other more recent
field approaches) are not included.
Temperature
In Zdon et al. (2018), the authors reach a major conclusion, in part based on water
temperature readings, that, “water within Bonanza Spring is from a basin-fill water source,
deriving its water from recharge north of the Clipper Mountains, such as the Providence and
New York Mountains, and could be impacted if groundwater levels decrease at, or near, the
spring.” As supporting evidence, they further assert that, “Bonanza Spring water temperature is
indicative of waters that have been at depths of greater than 750 feet below the spring vent and
risen to groundwater surface despite being in such a small catchment.” This is based on the
author’s reporting a temperature of 27.5 (or 81.5°F) for the water at Bonzana Spring in the
manuscript, which they assume is geothermally influenced. This value, however, directly
conflicts with a value of 14.2°C (57.6°F) reported by Andy Zdon and Associates (2016) for
Bonanza Spring. This measured spring water temperature documented by Andy Zdon and
Associates is less than the yearly average air temperature calculated by Zdon et al. (2018) at
21.0°C (69.8°F). A different value for water temperature is reported by Rose (2017) of 26.5°C
(79.7°F) for the spring. It is unclear if the value reported in the Zdon et al. (2018) is a mistake, if
an independent measurement was made, and/or if the spring temperature varies greatly as is
indicated. Supporting information for the single value of 27.5 (or 81.5°F) is not given in the
manuscript.
The date and time of year, time of day, location of the sampling point (Bonanza has a
long surface flow above ground where ambient air temperatures could affect water
temperatures), meteorological conditions, preceding precipitation, and many other factors
associated with the temperature measurement are not reported in the manuscript, making further
interpretation difficult. Ambient air temperatures in the area, reported by weatherbase.com,
show that annually temperatures in the region may vary as widely as 100°F, and the average high
temperatures in summer can be about 65°F different than the average low temperatures in winter.
The location, altitude, and timing of water sampling can then particularly affect both aqueous
temperature, and stable isotopic values whose fractionation can be strongly affected by
temperature. This is particularly true of hydrogen and oxygen isotopic values referred to in the
manuscript from T.P. Rose (2017) for precipitation in the “Clipper Mountains” which were
measured less than a quarter mile from Bonanza Spring. The significance of the potential for
isotopic variation is discussed below.
Cool water documented at the spring by Andy Zdon and Associates (2016) is inconsistent
with a deep source. Giving the authors of Zdon et al. (2018) the benefit of the doubt and
assuming the temperature reported in the manuscript of 81.5 °F represents a single, accurate
independent measurement, but not the full range of measurements available in the literature, the
spring water temperature at Bonanza Spring is at the very least must be considered variable;
2
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again, this is inconsistent with a deep source and connection to the basin waters which are
vertically far below the spring. Available data clearly demonstrate that the temperature of
Bonanza Spring water varies greatly, indicating a local source. Additional data would need to be
collected from a precisely documented, consistent location over time to demonstrate otherwise.
Flow of Bonanza Spring
Zdon et al. (2018) reach the conclusion, “Bonanza Spring flow has been consistent for
more than 100 years despite multi-year wet periods and longer periods of drought (as indicated
by the literature).” This is demonstrably untrue. Although the authors give no numerical values
for Bonzana Spring discharge in their publication, they do state, “Thompson (1929) noted the
presence of Bonanza Spring as a spring that yielded about 10 gallons per minute (similar to
what it produces currently) that was piped to the community of Danby for use at the railroad.”
In Andy Zdon and Associates (2016) the flow of Bonanza Spring is recorded as less than 1
gallon per minute (gpm) - significantly less than the 1929 value. On June 1, 2018, the flow of
Bonanza Spring was also estimated at less than 1 gpm. This variability does not indicate
“consistent” flow. Further, Rose (2017) reports an entirely different, higher flow value for
Bonanza Spring. The reported flow at Bonanza Spring varies by at least an order of magnitude.
Inconstant flow (particularly coupled with inconstant temperature readings) is not compatible
with an assumption of a constant, sustainable deep groundwater source which is a conclusion of
Zdon et al. (2018). Additionally, the vegetation around Bonanza Spring has apparently changed
in the past, sometimes dramatically, when viewing Google Earth imagery. This could be another
indicator of inconstant discharge and flow at the spring, or alternatively periodic destruction of
vegetation from localized flash flooding events.
Catchment Size and Water Balance for Bonanza Spring
Zdon et al. (2018) reach a conclusion regarding Bonanza Spring that, “site field
conditions related to large size of the spring and associated small watershed size indicate that
the spring flow observed is not compatible with its watershed and the low volume of
precipitation anticipated in that watershed.” The authors do not present a water balance,
however, to justify or illustrate this point, nor do they justify their presumption that any recharge
area in the Clipper Mountains for the spring would be restricted to a small surface water
catchment immediately above the spring.
Importantly, Zdon et al. (2018) do not consider a full range of recharge scenarios, and
neglect to fully evaluate the most likely scenario of groundwater recharge from an extensive area
of fractured and faulted volcanic geology, immediately above Bonanza Spring in the Clipper
Mountains. They present only two possibilities for groundwater recharge that would supply the
spring: either that recharge could only occur from a small, restricted surface water catchment
immediately above the spring, or that recharge occurs over a vast area flowing down into the
alluvial basin over a thousand feet below the spring (and then through some unexplained or
geologically supported mechanism water rises to the spring).
A water balance calculation or water budget is an accounting of water movement into and
out of, and storage change within, an aquifer surrounding a spring. Water-budget methods can be
3
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used to estimate the sum of both diffuse and focused recharge, and account for the sum of many
phenomena such as preferential flow paths along faults and fractures. Accurate estimations of
the components of water balance, including groundwater recharge area, are extremely important
for properly understanding the source of spring flow.
Using very conservative values, a water balance may be calculated, and shows that even a
very small recharge area could provide enough water to generate Bonanza Spring flow, while a
more likely, larger local recharge area (not even considered in Zdon et al.) would produce much
more sustainable flow observed at the spring. The worst case, conservative estimate can be
carried out to determine if, by using a high value for spring discharge and a low value for
catchment area and rainfall/recharge (solely to that small catchment), minimum rainwater could
provide enough input to supply the spring. Zdon et al. (2018) do not quantify Bonanza Spring
discharge, nor do they quantify recharge supplying the spring.
For calculating a worst case scenario for very high spring flow and low recharge area,
and using a conservative (high) 10 gpm historic 1929 value that Zdon et al. (2018) state is
“similar to what it produces currently,” the annual high flow for Bonanza Spring would be about
702,625 ft3/yr. This yearly volume, equivalent to 10 gpm, is considered a higher, conservative
value because it is a greater discharge than the sum of what is reported by Andy Zdon and
Associates (2016) for both Bonanza and Lower Bonanza springs combined, and is more than ten
times higher than that measured on June 1, 2018. The surface catchment according to the
manuscript in Zdon et al (2018) is “approximately 50 acres” (2,178,000 ft2), although the source
of this estimate is not given, and review of topographic maps, local geology, and Google Earth
Pro reveal this being an estimate of a recharge area is an underestimate; (a larger value for
surface catchment area would collect more annual rainwater volume, therefore using the
following 50 acre estimate for a smaller catchment area is conservative).
The annual rainfall depth versus altitude estimated by Davisson and Rose (2000) for the
nearby Fenner Valley would give a value of about 110 mm for the 641 m elevation of Bonanza
Spring Using 110 mm (0.36 ft) for the estimate of annual volume of water over the minimum
catchment of 2,178,000 ft2, the volume of potential annual input would be 748,080 ft3, more than
enough to supply spring flow to Bonanza. If a less conservative four year average precipitation
of 130mm (5.12 inches/yr) for the Clipper Mountains near Bonanza Spring, actually measured
and reported by Rose (2017), is used in the same calculation, the potential average rainfall
annual input to the smaller, less likely recharge area would be about 884,095 ft3/yr, or over 125%
of what would be needed to supply high spring flow at Bonanza, and over 200% of what would
be necessary to supply the lesser spring flow for both upper and lower Bonanza reported by
Andy Zdon and Associates (2016). This measured average rainfall input would be over 12.5
times the water input necessary to supply the smaller flows observed by several researchers at
Bonanza Spring, and if a more probable, larger recharge area was used for this calculation, the
surplus water potentially supplied to the spring would be even greater. It should be noted that
this excess in water supplied to the catchment by rainfall relative to spring flow does not account
for some abstraction by evapotranspiration, which varies greatly seasonal and with elevation
throughout the Mojave Desert.
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Importantly, it should be noted that Zdon et al. (2018) do not robustly consider the
possibility of a local recharge area including the Clipper Mountains at topographically higher
elevations directly up gradient from the spring, (other than the very small, restricted area they
define as the approximate 50 acre, surface water catchment area). They state, “In the case of
Bonanza Spring, the assumption of local recharge is problematic in that this model requires very
slow movement of groundwater from the point of recharge to the spring given the small
watershed. For example, the distance from the crest of the watershed to the source is
approximately 1,000 feet.” However, it is very likely that the groundwater recharge area
supplying the Bonanza Spring is much larger than the small, immediate surface watershed
catchment noted in the manuscript. The fractured volcanic geology, local surface topography,
and stable isotopic values suggest that this probable, potentially larger recharge zone would be
topographically, directly up-gradient in the Clipper Mountains above the spring’s surface
catchment.
The authors of the manuscript do not rigorously address this likelihood of nearby
recharge in the Clipper Mountains immediately up gradient of the Bonanza Spring surface
catchment area. Their speculation that recharge occurs in the distant New York or Providence
Mountains leaves only two very unlikely possibilities – that either recharge in these far flung
ranges comes directly south or southeast through Lanfair and/or Clipper valley alluvium and then
flows through the bulk of the Clipper Mountain massif to Bonanza Spring (a possibility which
they themselves partially discount), or alternatively flows into the alluvium at the base of these
distant ranges into the Fenner Valley, winding a tortuous pathway as much as 50 miles plus, and
then is somehow pumped over a thousand feet vertically upward to Bonanza Spring.
Major Ions
Zdon et al. (2018) presents a Piper diagram of regional waters including selected springs,
USGS wells, and Cadiz wells, showing the measured major ion aqueous chemistry of those
sources. Trace element analysis of the waters was not reported. The authors state, “Spring water
at Bonanza Spring is a Na-HCO3 type (this is consistent with water at Lower Bonanza Spring as
well). This is similar to most waters in the region except those waters at Hummingbird Spring
(Ca-HCO3 type).” Inspection of these data reveal that Bonanza Spring is dissimilar in its major
ion chemistry from any well water sources, which primarily draw water from basin fill
environments. This is particularly true with regard to major cations. The waters of Bonanza
Spring are uniquely different than the surrounding regional well water with less than half the
dissolved calcium of any well in the area and in some cases more than 4.5 times less. This
difference is not supportive of the opinion put forth in Zdon et al. (2018) that Bonanza Spring
issuance has a similar source to basin-fill well water and Cadiz wells.
The discussion in Zdon et al. (2018) on this topic includes the statement “The Bonanza
Spring water is also similar in type to waters from the basin fill in the Fenner and Cadiz
Valleys...”.
The actual concentrations of major and minor constituents are not provided for the reader’s
review. Independent analysis of Bonanza Spring samples, collected February 2013 and March
2018 do show that the most abundant cation and anion are sodium and bicarbonate, respectively,
similar to most basin fill well samples in the area. However, a sodium-bicarbonate chemistry is a
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generally common chemistry given the compositions of both local and regional source rocks, and
therefore does not necessarily link the spring water to a regional source. Closer examination of
the Bonanza Spring chemistry shows that this spring (and the associated Little Bonanza Spring)
has a significantly higher sodium percentage than any of the other samples, as shown in the Piper
diagram on Figure 4, and from other available well data surveyed among Fenner Valley and
Cadiz Valley. The sulfate percentage for Bonanza Spring (approximately 30% of anions from
Figure 4) is also higher than all nearby springs and wells.
Independent data from Bonanza Spring show the water to be undersaturated with respect
to calcite, while all other regional aquifer groundwater samples from Fenner and Cadiz Valley
show saturation with this common mineral. This characteristic further supports the Bonanza
Spring water reflecting a more localized source, such as the calcite-poor rocks of the Clipper
Mountains.
The notably high percentages of sodium and sulfate in Bonanza Spring, along with its
undersaturation with calcite, suggest a more localized source rather than a regional source, since
this combination of major ion chemistry does not appear in wells of the flow regime proposed by
the authors.
Trace Metals
The authors mention that trace metal analysis was carried out but no results are reported.
Sample preparation was made by addition of nitric acid, but sample filtration and use of ultra
pure nitric acid, which is necessary for trace analysis, is not mentioned. Trace element analysis
has proven useful in source analysis of springs in Death Valley (Kreamer et al. 1996). Why the
results of trace analysis were left out of the Zdon et al. (2018) publication is not explained.
Stable Isotopes
Zdon et al. (2018) presents stable isotopic data showing aqueous hydrogen and oxygen at
Bonanza Spring is uniquely different than any other spring they evaluate regionally (Figure 8).
The isotopic signature is lighter (more negative) at Bonanza Spring (δD -82.1, δ18O -10.25)
which typically indicates water is sourced from a colder and/or higher elevation source.
Surprisingly, the authors attribute this to a recharge source considerably distant (20 to 45 miles)
to the north and northwest, the Providence and New York Mountains, and not to the surrounding
Clipper Mountains where Bonanza is located. The authors do note, however, that previously a
different assumption was made (including by one of the co-authors of Zdon et al. 2018): “Of note
is that Davisson and Rose (2000) assumed the local catchment for Bonanza Spring as being the
whole of the Clipper Mountains although this is very unlikely as it would require substantial
volumes of water to flow laterally across the distant range-front of the Clipper Mountains and
across several geologic northwest-trending geologic structures, instead of following the path of
least resistance down-slope toward the basin fill.” The Clipper Mountains surround the spring
rising up several thousand feet higher to the north (with the spring downslope), are in close
proximity and receive substantial rainfall, but the authors speculate that the spring water is
sourced instead tens of miles away in more distant ranges.
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The time and date of this single isotopic spring measurement in Zdon et al. (2018) was
not recorded in the manuscript, nor is there any mention of the number of duplicate samples,
traveling spiked standard samples or field (trip) blanks. The exact location of the sampling point
is not mentioned (fractionation could occur along the long surface flow between Bonanza Spring
and lower Bonanza Spring), preceding precipitation is not mentioned, and many other factors
associated with the stable isotopic measurement are not reported in the manuscript, making
further interpretation difficult. Of note is some supportive evidence - Bonanza Spring was also
sampled by T.P. Rose (2017) on 2/2/2000, finding stable isotopic values of δD -83.1, δ18O 10.65, similar to those reported by Zdon et al. in their present publication.
Without discussion or justification Zdon et al. (2018) state, “isotopic signatures of
precipitation collected in the Clipper Mountains are much higher than those at Bonanza Spring
(Rose, 2017).” The authors use this statement as part of a justification to exclude the adjacent,
upgradient Clipper Mountains as potential recharge areas contributing to Bonanza Spring
discharge. Inspection of the data from Rose (2017) does not support the authors’ assertion.
The authors state that precipitation measurement in the Clipper Mountains are
isotopically heavier and infer that this invalidates these surrounding mountains as a recharge
source, supplying the Bonanza Spring. As noted in Zdon et al. (2018), these same stable isotopes
of hydrogen and oxygen were measured in precipitation near Bonanza Spring from 2001 to 2005
by T.P. Rose (2017) (labeled “Clipper Mountains”). According to the latitude and longitude
given, the sampling point was approximately 1000 ft north of the spring and about 300 ft higher
in elevation. The “winter” (October to April) precipitation measured by Rose accounted for
about 79% of the yearly rainfall summed over those years and ranged in isotopic values from δD
-59.3 to δD -91.0, and from δ18O -7.2 to δ18O -12.6. When these values are weighted with the
seasonal rainfall for each individual year, the weighted “winter”, October to April, 6 month
averages are δD -77.55, and δ18O -10.75. These delta values are very close to the values
recorded in nearby Bonanza Spring discharge by Zdon et al. 2018 (δD -82.1, δ18O -10.25),
indicating that the spring could very well be in large part fed by local recharge in the Clipper
Mountains.
Because winter temperatures are significantly cooler in the Mojave Desert compared to
summer temperatures, evaporation from soil and transpiration rates from plants are appreciably
less in the winter months, and a larger proportion of the precipitation is available in the winter
for aquifer recharge compared with summer. According to Neff et al. (2017), “Contributions of
winter precipitation to annual recharge vary from 69% ± 41% in the southernmost Río San
Miguel Basin in Sonora, Mexico, to 100% ± 36% in the westernmost Mojave Desert of
California.” According to these authors winter precipitation makes up the majority of annual
recharge throughout the region, and North American Monsoon (NAM) precipitation has a
disproportionately weak impact on recharge. Zdon et al. (2018) apparently agree, citing studies
by Freidman et al. (1992) and stating: “Accordingly, the implication is that spring water sources
in the Mojave reflect less of a mean annual precipitation source, but rather wintertime
precipitation having the greater influence overall.”
The less effectual “summer” (April to October) precipitation measured by Rose over
those years accounted for about 19% of the yearly summed rainfall over that time, not counting
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abstraction during the hotter months through evapotranspiration. As could be expected,
“summer” precipitation values were heavier during the months of April to October, and ranged
from δD 5.3 to δD -51.0, and from δ18O 9.3 to δ18O -7.2. The heaviest isotopic values were
observed in the extremely dry 6-month “summer” period of 2002. In that year the location only
received 0.23 inches of rain over the 6 months of April to October. Conversely, the lightest
isotopic values occurred in the 6 month “summer” period that received the most rain (2.99
inches) in 2004. When these values are weighted with the seasonal rainfall for each year, the
weighted average “summer” averages were δD -37.9, and δ18O -4.7. These “summer” values
probably have de minimis effect on groundwater, as recharge is likely dominated by winter
precipitation which has stable isotopic delta deuterium and delta oxygen-18 values very similar
to water issuing from Bonanza Spring, indicating that the Clipper Mountains are a likely
recharge source.
Zdon et al. (2018 state, “isotopic signatures consistent with past studies…indicating
waters derived from sources north of the Clipper Mountains such as the New York Mountains or
Providence Mountains” Similarity of two deuterium samples from Bonanza Spring to those of
selected well samples from regional fill aquifers several miles to the north does not constitute
proof of the spring having a regional source. This must be supported by hydraulic evidence and
a more complete isotopic data set that accounts for seasonality and spatial distribution of rainfall.
Tritium (3H)
Tritium Analysis was conducted on selected samples in Zdon et al. (2018) and the
manuscript states, “Tritium (3H) analysis was conducted using the tritium enhanced enrichment
(TEE) method to obtain lower reporting limits.” The authors also state that, “3H was not detected
at reporting limits of 0.56 TU in the water samples from Bonanza (and Lower Bonanza) and
Hummingbird Springs.” The only laboratory for isotopic analysis mentioned in the manuscript is
Isotech Laboratories for stable isotopic analysis. On the Isotech website, it is reported that they
conduct liquid scintillation counting with or without electrolytic enrichment, having a detection
limit of 1 Tritium Unit (TU), not 0.56 TU. Tritium electrolytic enrichment available at Isotech
Laboratories, called “enhanced enrichment (TEE)” in the manuscript, allows lower reporting
limits. Because the laboratory for tritium analysis was not specified in Zdon et al. (2018) and
because of the discrepancy in detection limits, it is slightly unclear which laboratory was used for
tritium analysis, nor is the number of duplicates, spiked samples, field or laboratory controls, or
chain of custody procedures specified in the publication. Sampling dates, times, exact locations,
antecedent rainfall are also not specified in the manuscript.
The lack of detection of 3H in Bonanza and Lower Bonanza Spring indicates that the
average residence time for groundwater emerging at the springs is more than 65 years. These
data are not incompatible with flow from fractured Tertiary volcanic rocks immediately
upgradient of the surface water catchment for these springs, in the Clipper Mountains. Flow
through fractured rock can include not only fracture flow, but matrix flow which has much
longer average residence time. A combination of slow flow through the vadose zone, and
consequent imbibition of water into the rock matrix during groundwater flow can extend average
groundwater travel and residence time, and is consistent with the geological materials upgradient
of the catchment area of the springs in question. Geologic data indicate that the recharge area for
the spring is much larger than the topographic surface drainage area. Tritium ages exceeding 65
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years are common in saturated fractured media, which contains a mixture of transmissive
fractures and very narrow micro-fracture networks that can have very slow transport velocities.
Conclusions
The publication by Andy Zdon, M. Lee Davisson and Adam H. Love (2018),
“Understanding the source of water for selected springs within Mojave Trails National
Monument, California,” published in Environmental Forensics, 19:2, 99-111, is an interesting
study of selected spring flow in the Mojave Desert, but suffers from critical weaknesses which
undercut and invalidate some of the conclusions of the paper. The Zdon et al, (2018) publication
speculates that, , “Future groundwater development in the region, should it occur, should be
cognizant of the likelihood of a hydraulic connection between recharge in the Fenner Valley, and
Fenner Valley itself with Bonanza Spring. Based on the existing source characterization of
Bonanza Spring, a reduction in groundwater level could result in an uncertain, but potentially
substantial decrease in free-flowing water from the spring source.” This statement is directly
contradicted by available spring temperature and flow data, the concentration of major ions in
spring water, stable isotopic data, and the geological environment surrounding the spring. Zdon,
Davisson, and Love do not deal with or present any physical hydrogeology (numerical modeling,
geologic cross sections etc.) to demonstrate there is any hydraulic connection between the
alluvial aquifer and the spring, and the data indicate otherwise.
In particular, the publication only makes general statements on the geological setting,
location of faults, and the hydrogeologic environment, without complete referencing or
justification. The exact sample locations, times, dates, number of samples, measurement error
bars, ambient air temperatures, antecedent rainfall, and other important factors which could
influence results are not documented in the publication. The number of duplicates, spiked
samples, field or laboratory controls, or the chain of custody procedures are not specified.
Incomplete data on water temperature and spring discharge is presented, whereas on the other
hand, more complete data sets available elsewhere are inconsistent with the authors’ conclusions.
The stable isotopic precipitation values from the “Clipper Mountains” in a previous study are
mischaracterized in this publication as “high” which is key in the authors’ misinterpretation of
groundwater recharge potential in the Clipper Mountains. Some data, such as trace metals which
were collected and analyzed, are not reported. Divalent calcium cation concentrations, and
sodium and sulfate concentrations, which exhibit significantly different values between Bonanza
Spring and other springs and well water, are not addressed or explained by the authors.
Bonanza Spring is clearly a precious resource in the region and must be protected.
However, the omission of data, and misinterpretation of hydrogeology based on selective
information, lead the authors of the manuscript to dubiously ascribe groundwater recharge which
sustains this spring to far-flung areas. The questionable speculation in the Zdon et al. (2018)
manuscript, that recharge occurs in the distant New York or Providence Mountains, then moves
tens of miles through basin alluvium and perhaps the whole of the Clipper Mountain massif, and
then perhaps resurges upward over a thousand feet through undefined mechanisms, is
inconsistent and incompatible with the field evidence. They do not rigorously address the
likelihood of nearby recharge in the Clipper Mountains immediately upgradient of the Bonanza
Spring surface catchment area. These closer, sustainable recharge sources for Bonanza Spring in
9
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the Clipper Mountains are the most probable explanation of subsurface flow and is consistent
with published, investigatory results. The nearby upgradient recharge sources in the Clipper
Mountains that supply the spring would, in all likelihood, be unaffected by pumping activity in
wellfields screened in basin fill sediments thousands of feet lower and many miles away.
Recharge sources in close proximity to the spring catchment and upgradient are the most credible
hydrogeologic interpretation within a reasonable degree of scientific certainty.
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MEMORANDUM

Update by Lee Odell, CH2M Hill, on Cadiz Pilot Project
PRESENTATION TO BE PROVIDED AT THE MEETING
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MINUTES
FENNER VALLEY WATER AUTHORITY
BOARD OF DIRECTORS’
SPECIAL BOARD MEETING
SANTA MARGARITA WATER DISTRICT BOARD ROOM
26111 ANTONIO PARKWAY, RANCHO SANTA MARGARITA, CA 92688
December 4, 2018
8:30 a.m.
ATTENDEES

Betty H. Olson
Charles T. Gibson
Natasha Raykhman
Daniel R. Ferons

Director-Chair
Director-Vice Chair
Director
Executive Director

Robert Grantham
David Pierucci
Kelly Radvansky
Don Bunts
Jim Leach
Erica Castillo
Christine McIlrevey
Russell McGlothlin
Roy Wolfe Ph.D.

Treasurer/FVWA
General Counsel/Best Best & Krieger
Secretary to the Board of Directors/FVWA
Deputy General Manager/SMWD
Director of External Affairs/SMWD
Controller/SMWD
Accounting Supervisor
Brownstein Hyatt Farber Schreck
Consultant

1.

CALL MEETING TO ORDER

2.

PLEDGE OF ALLEGIANCE
Dan Ferons, Executive Director, led the Pledge of Allegiance in honor of our past
United States President, George H.W. Bush.

3.

ORAL COMMUNICATIONS
There were no requests to speak.

Page 38

Fenner Valley Water Authority Minutes
December 4, 2018
Page 2
4.

CONSENT CALENDAR
Motion: Approve the Consent Calendar as recommended.
Moved by: Charles T. Gibson
Seconded by: Natasha Raykhman
Ayes: Gibson, Raykhman, Olson
Unanimously approved
4.1

Consideration and Action on the Minutes of the October 5, 2018 Board Meeting.
Recommendation: Approve the Minutes.

4.2

Consideration and Action on Approving Resolution No. 18-12-01; Establishment
of Time and Place of Regular Board Meetings for 2019.
Recommendation: Approve Resolution No. 18-12-01.

5.

TREASURER ITEM
5.1

Treasurer Report and Financial Presentation.
Robert Grantham, Treasurer, highlighted the Authority’s financial position through
October 31, 2018, noting that SMWD was reimbursed for all fiscal year 2018
FVWA expenses, which were primarily consultant and professional services; actual
to budget expenses are under budget; and reimbursement of FVWA to SMWD
occurs within 30 days of invoicing. Mr. Grantham also noted that the Authority
incurred approximately $133k in expenses, which is 22% of the Authority’s budget.
Vice Chair Gibson asked if there are any anticipated changes this fiscal year in
terms of chart of accounts. Mr. Grantham responded the Authority is on track and
that the big anticipation is when the Authority starts spending money on
engineering services.

6.

ACTION ITEMS
6.1

Consideration and Action on Ratification of Executive Director Approval of
Deposit with Three Valleys Municipal Water District (TVMWD) for Independent
Review of the County of San Bernardino Ground Water Monitoring, Management
and Mitigation Plan for the Cadiz Groundwater Conservation, Recovery and
Storage Project.
Recommendation: Ratify the deposit of $100,000 with Three Valleys Municipal
Water District.
Mr. Ferons, Executive Director, said that Three Valleys Municipal Water District
and Jurupa Community Services District have option agreements to buy water from
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the Cadiz Groundwater Conservation, Recovery and Storage Project, and have
arranged for an independent review of the approved Environmental Impact Report
(EIR), the Groundwater study, and Groundwater Monitoring Management and
Mitigation Plan. The focus of the review is based on the issues raised over the last
year by independent people regarding the Bonanza Springs. Mr. Ferons said it was
requested that Cadiz and FVWA fund the review, so Cadiz deposited $100k with
FVWA, and FVWA will forward the funds to TVMWD who is managing the
project. Mr. Ferons also noted that the study is underway, and we should have the
results back by approximately January 15th and anticipate a presentation of the
results at the February FVWA and SMWD Board meetings.
Motion: Approve as recommended.
Moved by: Charles T. Gibson
Seconded by: Natasha Raykhman
Ayes: Gibson, Raykhman, Olson
Unanimously approved
7.

INFORMATION ITEMS
7.1

Cadiz Valley Water Conservation, Recovery and Storage Project Update.
Russell McGlothlin, Brownstein Hyatt Farber Schreck on behalf of Cadiz,
presented a brief update on items related to the project. Mr. McGlothlin noted a
filing of a streambed crossing permit application with the Department of Fish and
Wildlife for a streambed alteration agreement, and another with the Regional Water
Quality Control Board for waste discharge permits. Mr. McGlothlin mentioned
discussions underway with the Antelope Valley East Kern Water Agency regarding
potential project participation.
Mr. McGlothlin updated the Board on discussions with the Bureau of Land
Management (BLM) on the pipeline route. The ESA project team met with two
representatives of the BLM on October 9th and discussions went well regarding the
use of approximately 40 feet of BLM property.
Mr. McGlothlin lastly updated the Board on two lawsuits against BLM, one filed
by Center for Biological Diversity in 2017 challenging BLM’s October 2017 letter
regarding the project’s proposed use of railroad right-of-way being well within in
the Railroad Act of 1875; and the other filed by the National Parks Conservation
Association in 2018 based on the Department of Interior’s M Opinion. Both cases
were consolidated as expected and are underway.
Chairwoman Olson requested future updates on the lawsuits.

Page 40

Fenner Valley Water Authority Minutes
December 4, 2018
Page 4
7.2

Executive Director Report (verbal or written reports may be provided and shall be
included in the record/minutes).
Mr. Ferons mentioned that Antelope Valley East Kern Water Agency (AVEK) is
interested in up to 18,200 AF of water to be delivered through the northern pipeline.
Cadiz purchased a natural gas pipeline located on the Cadiz property to Antelope
Valley, and AVEK is exploring a couple of options using the water for recharge and
for delivering water that is now being pumped from the State Water Project. Mr.
Ferons noted the EIR contemplated this as a future project, but it’s not fully
environmentally documented to use the pipeline. Cadiz has started testing of the
pipeline and design work. A discussion has started on what kind of environmental
documentation needs to happen; a term sheet is anticipated for consideration in
January. Mr. Ferons said to Vice Chair Gibson’s comment earlier, this may require
additional work that wasn’t planned.
Vice Chair Gibson asked if there is a name for the program, Mr. Ferons responded
no, but it will be looked into. Director Raykhman agreed with naming the work; she
said that it would provide a lot of data, which could be used for the overall big
project, similar to a small pilot, which would increase Board confidence. Director
Raykhman also noted that the monitoring data would be extremely valuable for
assessing the overall opportunity from larger pumping.
Mr. Ferons said there were also discussions with Mojave Water Agency regarding
their need for water supply in the next twenty years. They like the idea of using the
pipeline to store water in Cadiz during the wet years and get it back during the dry
years.
Roy Wolfe Ph.D., consultant, addressed the Board on the Cadiz pilot testing. Mr.
Wolfe said the Microvi nitrate removal system is up and running, and we are waiting
on the draft final report of the results for total chrome, chrome 6, arsenic, and iron
removal; and they are showing the average of chrome 6 removal at 99%, which
appears to be very effective. Mr. Wolfe also reported that iron removal was 95%,
arsenic removal was 98%, and total chromium 93%.
Chairwoman Olson asked what the arsenic levels are; Mr. Wolfe responded the
arsenic product levels are 0.2 micrograms per liter.
Mr. Ferons updated the Board on the Disadvantaged Communities Agreement,
noting the Authority is working with agencies to identify small systems and to come
up with criteria for accepting applications. Mr. Ferons also noted a meeting with a
group that is forming called the Community Water Systems Alliance; the agencies
include Santa Margarita Water District, Eastern Municipal Water District, Western
Municipal Water District, Mesa Water District, East Orange County Water District,
and other larger and smaller agencies looking at legislative proposals for funding
fixes to disadvantaged communities.
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7.3

Directors’ Reports of Outside or Other Meeting/Events (verbal or written reports
may be provided and shall be included in the record/minutes).
Vice Chair Gibson noted that he attended the Association of California Water
Agencies Conference to report on this year’s and coming year’s activities at the
federal level. Vice Chair Gibson said that there were three major pieces of legislation
over the last couple of years, two of which were authorizing policy level pieces of
legislation, which was an important appropriations measure to provide funds for
infrastructure projects. He mentioned he is going to send a report to the Executive
Director, so we can keep track of these things for specific applicability to the
Authority’s interest, because of the broad range of interests that qualify for both
federal and state funding.

8.

ATTORNEY’S REPORT
There was no report.

9.

ADJOURNMENT
The next Regular Board of Directors’ meeting is scheduled for 8:30 a.m. on December 19,
2018 at the Santa Margarita Water District, 26111 Antonio Parkway, Rancho Santa
Margarita, California.
The meeting closed at 9:18 a.m.
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FENNER VALLEY WATER AUTHORITY
MEMORANDUM
TO:

Board of Directors

DATE: January 31, 2019

FROM:

Robert Grantham, Treasurer

SUBJECT:

Presentation on Fenner Valley Water Authority Audited Financial Statements for
the Fiscal Year 2017/2018

SUMMARY
Issue: Annually, Fenner Valley Water Authority (Authority) is required to have an external
audit of its financial statements by an independent auditor.
Recommendation: Receive and file the Authority’s annual financial statements for the
Fiscal Year 2017/2018 audit.
Fiscal Impact: External audit costs totaled $11,700. The District includes audit costs as
part of the annual budget.
SUMMARY:
Fiscal Year 2017/2018 (FY 17/18) marked Fenner Valley Water Authority’s (Authority) first year
with significant financial activities. The Authority’s Board of Director’s approved a FY 17/18
budget of $706,420 prior to the year’s commencement, which included significant expenditures in
professional services for accounting, legal, and administration. As a result of financial activity, the
Authority was required to have an independent audit of the financial statements for FY 17/18. This
is the first independent audit since the formation of the Authority.
For FY 17/18, the Authority requested quotes from the four firms that had previously been
interviewed by the Santa Margarita Water District for its own audit. Based on the quotes received
and capabilities of the firm, Macias Gini & O’Connell LLP (MGO) was selected to perform the
FY 17/18 audit for the Authority. This selection was presented to the Authority Board of Directors
at the July 26, 2018 meeting.
The audit serves as a vital resource for financial information and fiscal transparency. MGO has
prepared an Independent Auditor’s Report, which includes its opinion that the financial statements
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are presented fairly and free of material misstatement. The opinion is included in the audited
financial statements (Attachment A).
The auditor’s opinion also includes a paragraph addressing the omission of the Management’s
Discussion and Analysis (MD&A). The MD&A serves a comparative look at the Authority’s
financials year-over-year. However, with no prior financial activities, the MD&A would not serve
as a valuable resource to its readers at this time. Consequently, MGO recommended that the
Authority omit the MD&A from the FY 2018 audit and possibly FY 2019 audit, until a reasonable
financial history can be established. Within the audit, MGO referenced this omission. The specific
language used in citing the omission is common for many government entities and the paragraph
is not a modification to our audit opinion or in any way diminishes the opinion over the financials
or the Authority. In future years, the Authority’s management intends to include the MD&A.
In addition to the Independent Auditor’s Report, MGO provided a report to those charged with
governance, commonly referred to as the SAS 114 report (Attachment B). This report includes a
summary of qualitative aspects of accounting practices, difficulties encountered in performing the
audit, if any, corrected misstatements, disagreements with management, and other audit related
information. MGO, as part of the Authority’s independent audit, has not identified any material
weaknesses or deficiencies in the Authority’s internal controls for FY 17/18. The financial
statements, auditors’ report, and all necessary documents were submitted to the County of Orange.
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Independent Auditor’s Report
To the Board of Directors
Fenner Valley Water Authority
Rancho Santa Margarita, California
We have audited the accompanying financial statements of the Fenner Valley Water Authority (the
Authority), as of and for the year ended June 30, 2018, and the related notes to the financial statements,
which collectively comprise the Authority’s basic financial statements as listed in the table of contents.
Management’s Responsibility for the Financial Statements
Management is responsible for the preparation and fair presentation of these financial statements in
accordance with accounting principles generally accepted in the United States of America; this includes the
design, implementation and maintenance of internal control relevant to the preparation and fair presentation
of financial statements that are free from material misstatement, whether due to fraud or error.
Auditor’s Responsibility
Our responsibility is to express an opinion on these financial statements based on our audit. We conducted
our audit in accordance with auditing standards generally accepted in the United States of America. Those
standards require that we plan and perform the audit to obtain reasonable assurance about whether the
financial statements are free of material misstatement.
An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the
financial statements. The procedures selected depend on the auditor’s judgment, including the assessment
of the risks of material misstatement of the financial statements, whether due to fraud or error. In making
those risk assessments, the auditor considers internal control relevant to the Authority’s preparation and
fair presentation of the financial statements in order to design audit procedures that are appropriate in the
circumstances, but not for the purpose of expressing an opinion on the effectiveness of the Authority’s
internal control. Accordingly, we express no such opinion. An audit also includes evaluating the
appropriateness of accounting policies used and the reasonableness of significant accounting estimates
made by management, as well as evaluating the overall presentation of the financial statements.
We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for our
audit opinion.
Opinion
In our opinion, the financial statements referred to above present fairly, in all material respects, the financial
position of the Authority as of June 30, 2018, and the changes in its financial position and its cash flows
for the year then ended in accordance with accounting principles generally accepted in the United States of
America.

Macias Gini & O’Connell LLP
4675 MacArthur Court, Suite 600
Newport Beach, CA 92660
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Other Matters
Management has omitted the Management’s Discussion and Analysis that accounting principles generally
accepted in the United States of America require to be presented to supplement the basic financial
statements. Such missing information, although not a part of the basic financial statements, is required by
the Governmental Accounting Standards Board, who considers it to be an essential part of financial
reporting for placing the basic financial statements in an appropriate operational, economic or historical
context. Our opinion on the basic financial statements is not affected by the missing information.

Newport Beach, California
December 21, 2018

2
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Fenner Valley Water Authority
Statement of Net Position
June 30, 2018

Assets
Current Assets:
Due from Cadiz, Inc.

$

100,820
100,820

Total current and total assets
Liabilities
Current Liabilities:
Accounts payable
Due to Santa Margarita Water District

3,645
97,175

Total current and total liabilities

100,820

Net Position
Unrestricted

$

See accompanying notes to the basic financial statements.
3
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Fenner Valley Water Authority
Statement of Revenue, Expenses and Change in Net Position
Year Ended June 30, 2018

Operating revenue:
Charges for services

$

Operating expenses:
General and administrative
Professional services

100,820
49,616
51,204
100,820

Total operating expenses

-

Operating income and change in net position
Total net position, beginning of year

-

Total net position, end of year

$

See accompanying notes to the basic financial statements.
4
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Fenner Valley Water Authority
Statement of Cash Flows
Year Ended June 30, 2018

Cash Reported in the Statement of Net Position:
Beginning of year

$

End of year

-

Reconciliation of Operating Income to Net Cash Provided By Operating Activities
Operating income

-

Adjustments to reconcile operating income to net cash provided by operating activities:
Increase in due from Cadiz, Inc.
Increase in accounts payable
Increase in due to Santa Margarita Water District

(100,820)
3,645
97,175
$

Net cash provided by operating activities

See accompanying notes to the basic financial statements.
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Fenner Valley Water Authority
Notes to the Basic Financial Statements
Year Ended June 30, 2018
(1) Nature of Business and Summary of Significant Accounting Policies
Nature of Business
The Fenner Valley Water Authority (Authority) was established on November 14, 2014 by a joint powers
agreement between the Santa Margarita Water District (SMWD) and Fenner Valley Mutual Water
Company, a California nonprofit mutual benefit corporation (FVMWC). The Authority was created for
the purpose of providing joint exercise of powers for the governance of the Cadiz Valley Water
Conservation, Recovery and Storage Project (the Project), a public private partnership designed to
appropriate groundwater from wells on certain property overlying the Orange Blossom Wash, Cadiz,
Bristol, and Fenner Valley aquifers and to deliver that groundwater for reasonable and beneficial uses via
the Colorado River Aqueduct and other facilities necessary to the Project participants.
The initial Members of the Authority are SMWD and FVMWC. SMWD is currently the Managing
Member of the Authority, responsible for the day-to-day operation of the Authority and will remain as
the Managing Member unless and until it withdraws as the Member of the Authority or there is unanimous
agreement of the Members to transition the role of Managing Member to a successor public agency. Any
new member of the Authority must be either a public agency as defined by the Joint Exercise of Powers
Act, set forth in Chapter 5 of Division 7 of Title 1 of the California Government Code Sections 6500 et
seq., or a mutual water company as defined by California Government Code Section 6525 and subject to
certain requirements in the joint powers agreement. The initial Board of Directors is comprised of 3
Directors and 3 Alternate Directors. Each Member shall appoint one Director and one Alternate Director
to the Board. The Managing Member shall appoint on additional Director and one additional Alternate
Director. Alternate Directors have no vote and shall not participate in any discussions or deliberations of
the Board if the Director is present. If a Director is not present, or if a Director has a conflict of interest
which precludes participation in any decision-making process, the Alternate Director appointed to act in
his or her place shall assume all rights of the Director, and shall have the authority to act in his or her
absence, including casting votes on matters before the Board.
Reporting Entity
Accounting principles generally accepted in the United States of America (U.S. GAAP) require that the
reporting entity include (1) the primary government, (2) organizations for which the primary government
is financially accountable and (3) other organizations for which the nature and significance of their
relationship with the primary government are such that exclusion would cause the reporting entity’s
financial statements to be misleading or incomplete. The Authority has considered all funds,
organizations, agencies and departments for which the Authority is financially accountable.
A summary of the Authority’s significant accounting policies is as follows:
(a) Financial Statement Presentation and Basis of Accounting
The accounting policies of the Authority conform to U.S. GAAP applicable to state and local
government agencies and, as such, the Authority is accounted for as a proprietary fund. The basic
financial statements presented are reported using the economic resources measurement focus and the
accrual basis of accounting. Under this method, revenues are recorded when earned and expenses are
recorded when the liabilities are incurred. This measurement focus emphasizes the determination of
the change in the Authority’s net position.
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Fenner Valley Water Authority
Notes to the Basic Financial Statements (Continued)
Year Ended June 30, 2018

Net Position
Net position represents the difference between assets and deferred outflows of resources less liabilities
and deferred inflows of resources. Net position is reported as restricted when there are limitations
imposed on their use, either through Authority resolution or external restrictions imposed by outside
parties for use for a specific purpose. There are no limitations on the use of net position at June 30,
2018.
(b) Use of Estimates
The preparation of financial statements requires management to make estimates and assumptions that
affect the reported amounts of assets and liabilities and disclosures of contingent assets and liabilities
at the date of the financial statements, and the reported amounts of revenue and expenses during the
reporting period. Actual results could differ from these estimates.
(c) Concentrations
The Authority’s costs incurred in connection with the development and construction of the Project
are funded primarily by Cadiz, Inc. as agreed to by Cadiz, Inc. through a Facilities Lease. Pursuant to
the Facilities Lease, the Authority will collect a Capital Recovery Charge from the Project
participants.
(2) Due from Cadiz Inc.
Due from Cadiz, Inc. of $100,820 represents the charges for service revenues owed by Cadiz, Inc. to the
Authority for Project costs incurred as of June 30, 2018.
(3) Due to Santa Margarita Water District
Due to SMWD of $97,175 as of June 30, 2018 represents various administrative and general expenses
incurred by SMWD on behalf of the Authority and will be paid to SMWD upon receipt of the amounts
owed from Cadiz, Inc.
(4) Subsequent Events
On July 26, 2018, the Authority passed Resolution #18-07-01 authorizing Opus Bank as the depository
bank that the Authority will establish an operating account. The account will be an interest bearing account
with a minimum balance of $2,500 and deposits will be collateralized consistent with the provision of the
California Government Code. The Authority has authorized its Executive Director and its Treasurer to
sign checks and make deposits on behalf of the Authority.

7
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December 21, 2018
To the Board of Directors
Fenner Valley Water Authority
Rancho Santa Margarita, CA 92688
We have audited the financial statements of the Fenner Valley Water Authority (FVWA), for the year ended
June 30, 2018. Professional standards require that we provide you with information about our
responsibilities under generally accepted auditing standards as well as certain information related to the
planned scope and timing of our audit. We have communicated such information in our letter to you dated
November 30, 2018. Professional standards also require that we communicate to you the following
information related to our audit.
Significant Audit Findings
Qualitative Aspects of Accounting Practices
Management is responsible for the selection and use of appropriate accounting policies. The significant
accounting policies used by FVWA are described in Note 1 to the financial statements. No new accounting
policies were adopted and the application of existing policies were not changed during fiscal year 2018.
We noted no transactions entered into during the year for which there is a lack of authoritative guidance or
consensus. All significant transactions have been recognized in the financial statements in the proper period.
Accounting estimates are an integral part of the financial statements prepared by management and are based
on management’s knowledge and experience about past and current events and assumptions about future
events. Certain accounting estimates are particularly sensitive because of their significance to the financial
statements and because of the possibility that future events affecting them may differ significantly from
those expected. We found that the FVWA financial statements for the year ended June 30, 2018 did not
contain particularly sensitive accounting estimates that required us to conclude on the reasonableness of
those estimates.
The financial statement disclosures are neutral, consistent and clear.
Difficulties Encountered in Performing the Audit
We encountered no significant difficulties in dealing with management in performing and completing our
audit.
Corrected and Uncorrected Misstatements
Professional standards require us to accumulate all known and likely misstatements identified during the
audit, other than those that are clearly trivial, and communicate them to the appropriate level of management.
We did not identify any misstatements during our audit.

Macias Gini & O’Connell LLP
4675 MacArthur Court, Suite 600
Newport Beach, CA 92660
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Disagreements with Management
For purposes of this letter, a disagreement with management is a financial accounting, reporting, or auditing
matter, whether or not resolved to our satisfaction, that could be significant to the financial statements or
the auditor’s report. We are pleased to report that no such disagreements arose during the course of our
audit.
Management Representations
We have requested certain representations from management that are included in the management
representation letter dated December 21, 2018.
Management Consultations with Other Independent Accountants
In some cases, management may decide to consult with other accountants about auditing and accounting
matters, similar to obtaining a “second opinion” on certain situations. If a consultation involves application
of an accounting principle to the FVWA’s financial statements or a determination of the type of auditor’s
opinion that may be expressed on those statements, our professional standards require the consulting
accountant to check with us to determine that the consultant has all the relevant facts. Based on discussions
with FVWA, we identified that they entered into a professional services agreement with Plante Moran,
PLLC on January 29, 2018 for consulting services related to initial set-up and configuration for FVWA’s
chart of accounts and general ledger, as well as recurring accounting assistance. Based on the scope review
of the executed professional services agreement, we did not identify any consultation services related to
applications of accounting principles or determination of audit opinion.
Other Audit Findings or Issues
We generally discuss a variety of matters, including the application of accounting principles and auditing
standards, with management each year prior to retention as FVWA’s auditors. However, these discussions
occurred during the normal course of our professional relationship as we are in the first year of our
agreement.
Restriction on Use
This information is intended solely for the use of the Board of Directors and management of the Fenner
Valley Water Authority and is not intended to be, and should not be, used by anyone other than these
specified parties.
Very truly yours,

2
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FENNER VALLEY WATER AUTHORITY
MEMORANDUM
TO:

Board of Directors

DATE: January 31, 2019

FROM:

Plante Moran, Accounting Consultants

SUBJECT:

Interim Financial Statements as of December 31, 2018

FINANCIAL SUMMARY HIGHLIGHTS

The Fenner Valley Water Authority (Authority) is halfway through its fiscal and budget year. For
the Authority’s six month period ending December 31, the total expenses incurred to date are
$155,925 (approximately 26% of the annual budget). Of this amount, the expenditures are
comprised of the following:
•

$100,000 for Consultant and Professional Services (40% of annual budget) for an
independent review of the groundwater management plan for the Cadiz Project
administered by Three Valleys Municipal Water District and Jurupa Community
Services District;

•

$29,077 for administrative services provided by SMWD (18% of annual budget so
far); and

•

The remaining expenditures are comprised up of legal, accounting, insurance, and
bank fees. All are trending below budget through six months and are expected to
finish the year below budget.

In addition to a small cash balance and accounts payable for bills not yet paid, the balance sheet
as of December 31, 2018 reports a receivable from Cadiz of $25,245, with a payable to SMWD
totaling $18,271 for previous invoices SMWD has paid on behalf of FVWA and SMWD’s
administrative services provided to FVWA as the manging entity. We anticipate the liabilities will
be paid within 30 days.
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Board of Directors
January 31, 2019
Page 2

Below are the details of both the Authority’s Balance Sheet and Income Statement through
December 31, 2018:
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FENNER VALLEY WATER AUTHORITY
MEMORANDUM
TO:

Board of Directors

DATE: January 31, 2019

FROM:

Dan Ferons

SUBJECT:

Consideration and Action on Applying for Membership in the California
Groundwater Coalition

SUMMARY
Issue: The California Groundwater Coalition (CGC) was formed to educate and inform
policy makers and the public about California’s groundwater resources. CGC is an
independent non-profit organization.
Recommendation: Apply for membership.
Fiscal Impact: The annual cost based on the projected groundwater production is $9,500.
DISCUSSION
From the California Groundwater Coalition’s website:
The CALIFORNIA GROUNDWATER COALITION was established based on the
success of a 2007 joint initiative of the Groundwater Resources Association of
California, the Association of Ground Water Agencies, and the American Ground
Water Trust. CGC members include public and private water suppliers who rely
upon groundwater to help meet the water supply needs of millions of California
residents and sustain our economy. The Coalition was formed at the urging of
California state and local elected officials who believe that increased efforts are
needed to educate and inform policy makers and the public about California’s
groundwater resources and the role groundwater plays in providing a safe and
reliable water supply for California.
To learn more about the organization, Board of Directors, Officers, and Members visit
http://california-groundwater.org/. Attached is last year’s informational brochure and a
membership application form for your review and consideration.
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CGC MEMBERSHIP APPLICATION
Section I – Membership Type
(See attached matrix for qualifications and membership category descriptions.)
Sustaining Membership
____ Category 1

Dues
$4,500

____ Category 2

$7,500

____ Category 3

$9,500

____ Membership Organizations

$9,500

Affiliate Membership (nonvoting)
____ Gold

Dues
$5,000

____ Silver

$2,500

____ Bronze

$1,000

New Groundwater Sustainability Agencies (nonvoting)
_____ New Groundwater Sustainability Agencies

Dues
$500

Institutional/Educational Members (nonvoting)
_____ Institutional

Dues
$-0-

_____ Educational

$-0Section II – Membership Information

Member Name:

_____________________________________________________

Contact Name/Title: _____________________________________________________
Address:

_____________________________________________________

Phone/Fax:

_____________________________________________________

Email:

_____________________________________________________
SECTION III – Member Signature

I hereby certify that I qualify for the class of Membership designated.
Date:_________________

Signature:________________________________

Please return this application and your dues check made payable to: California Groundwater
Coalition and mail to: California Groundwater Coalition, 725 North Azusa Avenue, Azusa, CA
91702, Attn: Tony Zampiello, Secretary-Treasurer

Updated February 2018
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Sustaining Membership Dues Categories
Agencies or organizations that Pump from, Replenish to or Manage Groundwater Basins
Pump from GW

Replenishment to
GW

Manage GW
(Basin storage)

Dues

Category 1

0 AF to 1,000 AF

1,000 AF to 10,000
AF

1 mil AF or less

$ 4,500

Category 2

1,000 AF to
10,000 AF

10,000 AF to
20,000 AF

1mil AF to 5 mil
AF

$7,500

Category 3

10,000 AF or
larger

20,000 AF or more

5 mil AF or
larger

$9,500

Membership Organizations (do not
1,000 or more members
$9,500
pump, replenish or manage basins)
 Select the category that best describes your organization/agency and use the chart to
determine your dues level

Affiliate Membership Categories
Agencies or organizations that act as consultants to Sustaining Members (Non Voting)
Gold
Silver
Bronze

$ 5,000
$ 2,500
$ 1,000

New Groundwater Sustainability Agencies Membership
Newly formed Groundwater Sustainability Agencies, an entity that has formed within the last
two calendar years. Introductory rate is valid for the first 2 years of membership (Non Voting)
$ 500

Institutional/Educational Membership
Individuals or institutions that educate or advocate for Groundwater (Non Voting)
$ -0-

Updated February 2018
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More Funding is Needed!

T

here is no comprehensive statewide data on the planning and implementation of groundwater storage at
the local agency level, however, a review of the results of water bond grants and loans provides an indication
of the types and magnitude of projects that water agencies are pursuing. The Proposition 13 Groundwater
Storage and Recharge Program, for example, received 190 applications requesting
over $1 billion for detailed groundwater basin feasibility studies and design, new
infrastructure including groundwater spreading basins, aquifer storage and recovery
wells, public supply wells, treatment facilities and piping for conveyance. Available
funding of $200 million will support 62 projects statewide, leverage a local cost share
in excess of $1 billion and produce an estimated annual yield of 300 thousand acre-feet.

California
GROUNDWATER COALITION

Proposition 50 and Proposition 84 continue to support groundwater storage projects
as part of Integrated Regional Water Management Plans, along with Proposition 1E,
where flood protection is coupled with storage. Most recently, Proposition 1, passed
by the voters in November 2014, authorizes the sale of $7.545 billion in general
obligation bonds. Unfortunately, of that $7.545 billion, there is only $900 million
for the Groundwater Sustainability Program - $800 million to prevent and
cleanup contamination of groundwater that serves as a source of drinking
water and $100 million to fund projects that develop groundwater
management plans as required by the Sustainable Groundwater
Management Act.

In regards to
securing our water
future…we need to
begin to think about
tomorrow, today!

However, there are many more opportunities that are beyond
the funding capacity of current bond measures, specifically
with the new statewide requirement to manage
groundwater locally, the first step of which is the
formation of a groundwater sustainability agency.
These projects will either be lost or delayed if
additional funding resources do not become
available. The development of cost-effective
groundwater storage programs and infrastructure
will obviate the need to spend dollars on more
expensive water supply alternatives.

Ken Manning
CGC Board President

Development of cost-effective groundwater
storage programs and infrastructure will
obviate the need to spend dollars on other
more expensive water supply alternatives.

Board of Directors

Kenneth R.
“Ken” Manning

Toby
Moore

Robert
Whitaker

Tony
Zampiello

Timothy
Parker

Greg
Woodside

Courtney
Degener

Tom
McCarthy

Ann
DuBay

President

Vice President

Vice President

Secretary-Treasurer

Board Member

Board Member

Board Member

Board Member

Board Member

For more information, contact Brownstein Hyatt Farber Schreck at 916-594-9700
or visit our website at www.california-groundwater.org

When the well’s
dry, we know the
worth of water.
Benjamin Franklin
Poor Richard’s Almanac, 1746
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Conjunctive Use is an Effective Water Management Tool

Implementation of the
Sustainable Groundwater
Management Act

WHO WE ARE,
WHAT WE DO,
WHY WE DO IT

Conjunctive use – the coordinated management of
surface water and groundwater resources – is critical
to water supply reliability in the future. Conjunctive
use means relying more on our groundwater storage
basins in California.

The Coalition was at the table during the
development and negotiations of bill language
that became the Sustainable Groundwater
Management Act. Now the focus is on the
implementation of the Act and the Coalition
remains engaged with state agencies and
departments to ensure the intent of the Act remains.

Groundwater is a Key Piece
of California’s Water Puzzle

Imported water from northern California and Colorado is spread into local groundwater basins to be stored for future use.

C

alifornia Groundwater Coalition was established upon the success of a 2007 joint initiative of
the Groundwater Resources Association of California, the Association of Groundwater Agencies,
and American Ground Water Trust. Collectively, the Coalition includes over one thousand
members located throughout California with technical, legal, and professional groundwater and related
expertise. The Coalition was formed at the urging of California state and local elected officials who believe
that increased efforts are needed to educate and inform policy makers and the public about California’s
groundwater resources and the role groundwater plays in providing a safe and reliable water supply for
California. The Coalition is now an independent 501(c)(6) organization.

Groundwater is one of California’s most important
natural resources.
• Providing drinking water for nearly half of our
citizens
• Providing water for agriculture
• Providing water for the environment
Groundwater meets 38% of California’s water needs
in an average year and 46% during times of water
shortage.

PRINCIPLES: While groundwater issues can be highly
technical and complex, the Coalition’s education and
outreach program is based on the following five basic
principles:
1. Groundwater development, conjunctive use, and
groundwater storage have the capability to provide
increased water supply reliability for California in
the near future.
2. Groundwater management and monitoring are
essential to the successful development and
protection of California’s groundwater resources for
current and future generations.

15 Million Acre-Feet Total
Annual Snow Pack Storage
(1956 - 2000 average)

3. New infrastructure is needed to obtain statewide
benefit from groundwater resources utilization and
replenishment.
4. Groundwater cleanup is needed in many areas of
California to eliminate contamination and ensure
high quality water, and to allow for the sustainable
development and use of groundwater supplies.
5. Funding is needed to ensure the effective
management and use of California’s groundwater
resources.

Groundwater Basins Can Provide Storage
and Increased Water Supply

Climate Change Threatens
Water Supply Reliability

With a new state emphasis on the management of groundwater, through the passage of the Sustainable
Groundwater Management Act in 2014, the importance of the Coalition’s principles, listed below, as well as
the role in policy making are only magnified.
MISSION: The Coalition’s mission is to 1) educate policy
makers about groundwater; 2) represent groundwater
interests in legislative and other policy arenas; and, 3)
promote a fair share of funding for statewide groundwater
programs, including past and future water bonds.

Benefits of conjunctive use include reduced
overdraft, subsidence, and saline intrusion
into California’s groundwater basins, and,
improved water quality and environmental
benefits in the form of increased flows and
improved habitats.

25% Reduction
By 2050

San
Francisco

Central Valley
Project

Los
Angeles

Coachella Canal
All American Canal

Current trends and climate models suggest
loss of at least a quarter of the snowmelt runoff
by 2050. Warmer weather could ultimately
result in changes in precipitation timing and
amounts, changes in urban and agricultural
water demands, more flooding in the winter,
and less runoff from snow during the spring.
With greater conservation measures and by
expanding California’s water management
and delivery system, including investment in
groundwater storage and conveyance facilities,
California can prepare for these changes.
Reduction in Snow Pack due to Climate Change

San
Diego

Maps and Photos courtesy of California Department of Water Resources

Conservative estimates of groundwater storage benefits suggest that we
could increase average annual water deliveries throughout California by
500 thousand acre-feet by using 9 million acre-feet of “new” groundwater
storage. New groundwater storage includes both reoperation of
existing groundwater storage and recharging water into de-watered
aquifer space. More aggressive estimates suggest that we could
increase average annual water deliveries by 2 million acrefeet using 20 million acre-feet of new storage.
Maps and Photos courtesy of California Department of Water Resources

Cleanup and Monitoring is Needed to
Ensure High Quality Groundwater
Based on Department of Health Services data, 10-15 % of our water supply wells have had at least
one chemical exceedance of the maximum contaminant level. In agricultural areas, many wells have
been impacted by nitrate. Tools and technologies are available to clean up our groundwater. More
investment in groundwater monitoring, protection, and cleanup is needed to increase future water
supply reliability and ensure high water quality standards.
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