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Summary of GRA’s Workshop on Developing 
Groundwater Sustainability Plans for Success

By Event Chair Chris Petersen; Co-chairs Dan Gamon and John Lambie;  
Moderators Dave Ceppos, Jim Strandberg, Anona Dutton, and Craig Altare; and Steven Phillips

This program was made possible by the hard 
work of the event planners, and financial as-

sistance from sponsors and exhibitors. GRA 
wishes to thank our Co-Sponsors, GEI 
Consultants, Inc. and DHI Water and 
Environment Inc., and our Reception 
Sponsor RMC Water and Environment. 

Lead Planners

• Event Co-Chairs: Chris Petersen, 
GEI Consultants & GRA President; 

Dan Gamon, Kleinfelder Inc.; and John 
Lambie, EPUR

• Other Planning Committee Members  
included each of our session moderators (listed 

below) and Sarah Kline with Smith Moore and 
Associates

Overview of the Final Groundwater 
Sustainability Plan Emergency Regulations: 
Agency, Industry and Environmental 
Perspectives

Moderated by Tim Parker, Parker Groundwater

John Woodling of the Sacramento Groundwater Author-
ity summarized SGMA-related issues in a subbasin that 
will likely have four GSAs; he hopes they will be under a 
single GSP. Subsidence will be addressed in the GSP; SGA’s 
monitoring network has shown a total of about two feet 
of subsidence at three bench marks in the subbasin. John 
expects that there may be surface-water deletion issues in 
some of the smaller streams, and noted that Cr-6 will be one 
of the groundwater-quality issues.

GRA hosted this event on June 8th and 
9th, 2016, at the Hilton Sacramento 
Arden West Hotel. Timed with 

the release of DWR’s Final Emergency 
Groundwater Sustainability Plan Regu-
lations, this event was attended by ap-
proximately 130 people from through-
out California and the Western US.

The Sustainable Groundwater 
Management Act (SGMA) requires 
that groundwater sustainability agencies 
(GSAs) for high- and medium-priority 
basins prepare groundwater sustainability 
plans (GSPs) that conform to the emergency 
regulations. This workshop provided attendees 
with useful information and perspectives on the pro-
cess for successful development of a GSP. Key topics addressed 
included the following:

• Overview of final GSP regulations 

• Stakeholder perspectives regarding implementation of 
SGMA

• GSP data needs, framework and reporting standards

• Developing hydrogeological conceptual models of 
subbasins

• Historic and current conditions assessment

• Developing measurable objectives, minimum 
thresholds, and interim measures

• Strategies for achieving and managing sustainability

• Sustainability assessment tools and planning for 50 years

• Best management practices (BMPs) for groundwater 
sustainability planning 

Continued on page 5…

http://grac.org/mbrapp1.asp
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I love the Olympics, and as I’m writing this message, the first week 

of competition at the summer games of the 31st Olympiad has just 

wrapped up. I’m always inspired by the dedication of Olympic 

athletes who achieve excellence in their various areas of specialty. Also 

inspiring are the qualities that define these individuals: passion, hard 

work, dedication and persistence. My favorite events are the endur-

ance sports—distance swimming, cycling and running—but I enjoy the 

diversity of all the events, and I imagine that for the individual athlete, 

being a part of something so much bigger must be extremely exhilarat-

ing. Given the range and breadth of events, it requires a large team to 

win the overall medal count. Go Team USA!

The Olympics and Team GRA
By Chris Petersen

The same qualities that have made Team USA successful 
are evident within GRA. GRA is great because our volunteer 
leaders and members work hard and serve in a variety of ways 
for the greater good of the organization. These individuals 
are dedicated to GRA’s mission of Resource management 
that protects and improves groundwater supply and quality 
through education and technical leadership. Many of GRA’s 
leaders have a long record of volunteering their time and tal-
ents, consistently working hard week after week to drive Team 
GRA to success. I will dedicate a portion of my President’s 
Message now, and in the future, to highlight individuals who 
are making a significant difference for GRA. 

This month I highlight those volunteer leaders and members 
that have made our new Northern Sacramento Valley Branch 
a reality. In my inaugural Presidents Message (Spring 2016), I 
indicated that a key focus of mine would be to help increase 
communication amongst our Branches, and also increase the 
number of GRA Branches (then 5) to more broadly represent 
the diversity of groundwater professionals, suppliers and users 
throughout California. Adam Hutchinson and Steve Phillips 
immediately went to work and have exceeded my expectations. 
Adam formed an Ad Hoc Branches Committee and convened 
their inaugural conference call on March 29th. Before this call, 
Steve had already made a trip to Chico and began exploring 
interest in a GRA Branch. Eddy Teasdale, a GRA member living 
and working in Chico, immediately raised his hand and went 

Continued on the following page…

to work with Adam and Steve. Before long, they had identified 
Branch Officers, held an initial planning meeting and worked 
through the GRA process to form a new Branch. I’m proud to 
introduce our new Northern Sacramento Valley Branch Officers:

Eddy Teasdale – President
Steffen Mehl – Vice President
Scott Dressler – Treasurer
Todd Greene – Secretary
Christina Buck – Member at large

If you live or work in the Northern Sacramento Valley, I 
hope that you will join these folks in creating the future for 
this Branch, and support them by attending Branch meetings, 
presenting at Branch meetings, and inviting other groundwater 
professionals, suppliers and users to join the Branch. Great 
work Adam, Steve and new Branch Officers!

The statements and opinions expressed in GRA’s HydroVisions and other publications are those of the authors and/or contributors, and are not necessarily those of the GRA, its 
Board of Directors, or its members. Further, GRA makes no claims, promises, or guarantees about the absolute accuracy, completeness, or adequacy of the contents of this publication 
and expressly disclaims liability for errors and omissions in the contents. No warranty of any kind, implied or expressed, or statutory, is given with respect to the contents of this 
publication or its references to other resources. Reference in this publication to any specific commercial products, processes, or services, or the use of any trade, firm, or corporation 
name is for the information and convenience of the public, and does not constitute endorsement, recommendation, or favoring by the GRA, its Board of Directors, or its members.

Adam is our officer in charge of special projects, chairs the 
Communications Committee, is active on several other 
committees, and is an active event planner. Steve is our 
Vice President, chairs the Finance Committee, is editor of 
HydroVisions, is active on several other committees, and is also 
an active event planner. To learn more about these incredible 
athletes leaders, as well as our other board members, please visit 
https://www.grac.org/board-of-directors/.

https://www.grac.org/northern-sacramento-valley/
https://www.grac.org/board-of-directors/
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President’s Message – Continued

So What’s on the Horizon for GRA? 

As I’ve said before, this is an exciting time in groundwater; 
there is so much happening with GRA, where do I start? First 
off, plan to participate in our 2016 Groundwater Conference 
and 25th Annual Meeting on September 28–29, in Concord 
CA. We have an outstanding lineup of speakers on dual tracks 
covering a broad range of groundwater quality and supply 
topics. This is a fantastic opportunity to join hundreds of 
other members in celebrating GRA’s 25th Anniversary as an 
organization while also learning more about what each of 
our committees are up to, who our award recipients are for 
2016, where the organization is headed in 2017 and much 
more. For additional information on this exciting learning 
and networking opportunity, please visit: https://www.grac.
org/events/6/.

As mentioned in my last President’s Message (Summer 
2016), GRA had our Annual Strategic Planning Retreat on 
May 15th at the USGS in San Diego, CA, the day after our 
Board of Directors Meeting. During this Strategic Session we 
brainstormed on the hot issues and challenges in California 
groundwater today and discussed ways that GRA could help 
formulate solutions. Here’s a sampling of topics discussed at 
this year’s strategic session. 

Event Planning – GRA hosts a lot of events each year. In fact, 
Director Murray Einarson recently crunched the numbers 
and revealed the following:

Average per year:
-  2.3 workshops
-  8.2 conferences
-  12.5 GRACasts

By doing this many events, GRA has had success bringing 
relevant topics to our members in a timely manner. However, 
this many events requires a small army 
of volunteers to pull off, and we are 
concerned about burning out our event 
planners. Would there be value in hav-
ing fewer, but larger conference-style 
events? Or should we instead focus on 
recruiting more planners to maintain 
this pace? We’re exploring these ideas, 
weighing the pros and cons, and are 
interested in your feedback. 

Reaching the Legislators – Our annual 
Legislative Symposium (Leg Day) is 
a great venue for us to hear directly 
from lawmakers involved in develop-
ing groundwater legislation. We’re 

considering adding a workshop to this event where lawmak-
ers could learn the fundamentals of groundwater hydrology 
from technical experts and have more time for deeper learn-
ing to occur. 

Leadership Development and Succession Planning – We dis-
cussed ways to make the volunteer experience meaningful, 
mentor and groom our replacements, and share the workload.

Continued Focus and Involvement with SGMA – GRA has 
been very active with respect to the Sustainable Groundwater 
Management Act (SGMA) through hosting relevant SGMA 
events, participating in the Practitioners Advisory Panel 
formed by DWR to provide feedback on SGMA, and provid-
ing input and commenting on the Groundwater Sustainabil-
ity Plan regulations. We are committed to continue acting as 
a bridge for education and communication between the State 
and our members as SGMA is implemented.

If you have thoughts or feedback on any of these topics, or 
others, we encourage and welcome your thoughts and opin-
ions. Please contact Sarah Kline at skline@smithmooreassoc.
com, or me directly at cpetersen@geiconsultants.com. 

I’ll close by thanking you for your participation in GRA. 
I am grateful for the opportunity be a part of the leader-
ship team of this great organization. If you are not already 
involved in a committee, consider getting involved today and 
begin making greater strides in your growth as a groundwa-
ter athlete professional.  

Until Next Time!

CP

2016 Advertising Rates

 1X 4X
Business Card Ad  . . . . . . . . . . . . . . . $95. . . . . . . . $90. per issue
1/3 Page Square  . . . . . . . . . . . . . . . . $185. . . . . . . $160. per issue
1/2 Page Horizontal . . . . . . . . . . . . . . $365. . . . . . . $290. per issue
2/3 Page Vertical . . . . . . . . . . . . . . . . $500. . . . . . . $400. per issue
Full Page . . . . . . . . . . . . . . . . . . . . . . . $750. . . . . . . $600. per issue

The above prices assume advertisements are received as high resolution PDF files.
For additional information, visit www.grac.org or contact  

Sarah Kline, GRA Administrative Director, at skline@grac.org or 916-446-3626.

TO ADVERTISE IN HYDROVISIONS CALL 916-446-3626 TODAY

FULL COLOR 
WEB EDITION  

• 
4 ISSUES  

ANNUALLY

https://www.grac.org/events/6/
https://www.grac.org/events/6/
mailto:skline%40smithmooreassoc.com?subject=
mailto:skline%40smithmooreassoc.com?subject=
mailto:cpetersen%40geiconsultants.com?subject=
http://www.grac.org/advertising/AdKit_GRA_.pdf


Feature

HYDROVISIONS – FALL 2016 | PAGE 5

Summary of GRA’s Workshop on Developing Groundwater Sustainability 
Plans for Success – Continued

Continued on the following page…

Ted Johnson of the Water Replenishment District (WRD) of 
Southern California discussed adjudicated basins, 26 of which 
are exempted from SGMA. Although exempt, these basins do 
have significant annual requirements for reporting, primarily 
of data. Many adjudicated basins already provide much of this 
information; for example, WRD regularly compiles and posts 
on a public web site much of the required data, plus interpreta-
tions. It is expected that some adjudicated basins will submit 
alternative plans for fringe areas within their subbasins where 
little or no groundwater pumping occurs.

Sandi Matsumoto of The Nature Conservancy noted the 
key places where ecosystems tie-in to SGMA: groundwater-de-
pendent ecosystems, water-budget components, and minimum 
thresholds. TNC is actively helping to identify groundwater-
dependent ecosystems by mapping their “potential” locations 
statewide. It will be up to the local GSAs to determine their 
existence, better define their boundaries, and to make deci-
sions on how best to manage them.

Paul Hendrix of Tulare Irrigation District discussed prog-
ress made in the region around Tulare ID, and lessons learned 
from the process. They are in the midst of developing recharge 
agreements and associated facilities, recognizing that these 
will be needed to reach sustainability. Key lessons learned and 
lingering questions are that the first GSA formed is a catalyst 
for the rest; a GSA governing board needs to be diverse; how 
to raise funds remains an unknown; and that strong lines of 
communication are important, but challenging to build.

Jennifer Clary of Clean Water Action focused on community 
and stakeholder engagement, an important aspect of which is 
access to data and tools used to help make decisions. She noted 
that existing proprietary models, which are grandfathered-in 
under the SGMA regulations, pose a potential barrier to this 
access. Also important at the community level is the integra-

tion of SGMA activities with land-use-planning and well-
permitting processes.

Stakeholder Engagement, Administrative 
Approaches and Lessons Learned

Moderated by Dave Ceppos, Associate Director, Sacramento 
State - Center for Collaborative Policy

Dave Ceppos of the Center for Collaborative Policy presented 
an overview of Groundwater Sustainability Agency (GSA) 
status and recommendations on the transition from GSA to 
Groundwater Sustainability Plans (GSP). He provided a sum-
mary of statewide GSA formation as of April and described 
common and unique conditions being experienced in GSA 
formation throughout the state. Dave described key sections 
of the GSP final regulations that should be considered regard-
ing communication and stakeholder engagement. He closed 
with recommendations about what should be considered as 
GSAs transition into the creation of their GSPs.

Craig Moyle, Principal Public Affairs Specialist with 
MWH/Stantec, presented an overview of, and status update 
on, the Kings Subbasin GSA formation. He provided a brief 
summary of groundwater conditions and aquifer depletion 
in the Subbasin, followed by a summary of the several GSAs 
that have formed, or will form, in the Subbasin. Craig focused 
discussion on the work he and his team have done on the 
North Kings GSA, including the development of governance 
tools and documents, the process to prepare these materials 
(including the development of a leadership structure), the 
public engagement that has led to developing a Joint Powers 
Agreement (JPA) for the North Kings GSA, and how this GSA 
is integrating with “Sister GSAs” in the Subbasin.

Trevor Joseph, DWR, provided some 
remarks in the opening panel.

John Woodling, Sacramento Ground-
water Authority.

Chris Petersen, GRA President & GEI 
Consultants, provided opening remarks.
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Summary of GRA’s Workshop on Developing Groundwater Sustainability 
Plans for Success – Continued

Continued on the following page…

Dale Schafer, Independent Facilitator working with MWH/
Stantec, presented an overview of her work with the Indian 
Wells Valley Groundwater Basin. Similar to the Kings Subbasin 
presentation, Dale provided a brief summary of groundwater 
conditions and aquifer depletion in the Basin. She provided a 
history of the Indian Wells Valley Cooperative Groundwater 
Management Group and its relationship to current SGMA 
efforts, and reviewed the set of stakeholders involved and 
the steps to form the GSA. She gave a focused description of 
governance principles that have been prepared, followed by 
specific aspects of the proposed governance, and voting proce-
dures/protocols. Dale closed with a description of next steps, 
focusing on ratifying the JPA.

Mark Larsen, General Manager of the Kaweah Delta Water 
Conservation District, discussed the status of GSA formation 
in the Kaweah Subbasin. Mark described the recent history of 
stakeholder discussions about GSA formation and the roles of 
various organizations in these early discussions. At least two 
GSAs have emerged in the Subbasin, the Mid-Kaweah GSA 
and the Greater Kaweah GSA; eligible GSAs on the east side 
of the Subbasin may form a separate GSA. Mark summarized 
stakeholder discussions about governance options, such as 
leadership and voting protocols, as well as current and future 
steps to coordinate with the other GSA(s). He closed with a 
summary of expected next steps and anticipated milestones.

GSP Data Needs, Framework and  
Reporting Standards

Moderated by John Lambie, E-PUR LLC

Kirby Brill of the Mojave Water Agency presented You can’t 
always get what you want...A Discussion of Developing the 
Data Necessary for Basin Management by taking us through 

their guiding principles and approach to collecting data. This 
included the concept of conducting groundwater monitoring 
and data management in a transparent manner to build trust 
as well as science. The presentation provided the methods 
and steps that the Agency has used effectively over the past 
decades and provided their experience, including potential 
obstacles of various kinds set out as “road hazards.”

Steven Springhorn of California’s Department of Water 
Resources presented Statewide Technical Support for SGMA 
Implementation. Steven outlined the DWR’s thoughts and 
approach to data architecture, statewide datasets, and the 
data analytics and tools that they will make available under 
the SGMA. He described the overall data architecture, includ-
ing the concept of groundwater data exchanges through the 
internet to DWR database systems. Steven demonstrated web 
interfaces for mapping and downloading existing statewide 
datasets for groundwater elevations, depth to groundwater, and 
land subsidence. Potential statewide web-based datasets that 
the DWR is working on include those for USGS data, depth 
of well completion, aquifer depth, groundwater quality data 
(GAMA program and base of fresh water), subsidence from 
extensometers and satellite data analysis, mapping of intercon-
nected surface waters with groundwater-dependent ecosystems 
(GDEs), and water-budget data tools ranging from land-use to 
evapotranspiration (ET). He also provided some thoughts on 
technical tools and DWR assistance to be made available for 
evaluation of specific groundwater sustainability indicators.

Donghai Wang of GEI Consultants presented Custom Web 
Tools for Information Transfer. Donghai identified the need 
for GSAs to easily access and share data, and defined the 
features needed for informational and operational exchanges 
of data with the DWR. He described some of the new op-

Sandi Matsumoto,  
The Nature Conservancy.

Paul Hendrix,  
Tulare Irrigation District.

Ted Johnson, Water Replenishment 
District of Southern California.
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erational web tools, such as the Basin Boundary Modification 
Request System, the Adjudicated Basins Annual Reporting 
System, and the Household Water Shortage Reporting System. 
His presentation also touched on some of the challenges in 
web-based tools: speed, security, quality-control of data, and 
ease of use of the interface.

Brian Fischer of Houston Engineering and Velvet Gaston of 
Provost & Pritchard presented Using Geographic Information 
Systems and Web Enabled Implementations to Make Data 
Collection, Quality Control and Storage Easy and Available 
to GSAs and Other Key Stakeholders. Brian provided a great 
graphic on the life-cycle of hype that surrounds emerging 
technologies, including the peak of inflated expectations, the 
trough of disillusionment, and the slope of enlightenment, 
and demonstrated how investment in technology resources, 

Summary of GRA’s Workshop on Developing Groundwater Sustainability 
Plans for Success – Continued

including web and cell-phone apps to collect and report data 
for individual water users to a central database with integrated 
data-quality control and security, can help with SGMA data 
collection and reporting. Velvet presented work on data 
visualization of individual grower-provided data under the 
groundwater quality requirements of the ILRP program. She 
discussed the distinctions in stakeholder groups and the access 
that each group has to upload, display, and download data as 
a mechanism for developing trust. Data management via staff 
and stakeholders was identified as a challenge for GSPs.

Groundwater Subbasin Baseline Historic 
and Current Conditions Assessment, and 
Determining Base Period for Sustainable Yield

Moderated by Jim Strandberg, West Yost Associates

Randall Hanson of the United States Geological Survey pre-
sented Hydrogeologic Conceptual Models for Regional Flow 
Systems. Randy identified and discussed five types of flow sys-
tems and hydrogeologic conceptual models (HCMs), includ-
ing (1) convergent or divergent flow systems, (2) lateral- or 
vertical-flow dominated, (3) faulted or compartmentalized, 
(4) multiple provenance, and (5) linked basins/sub-regional 
areas. He presented examples of HCMs and the potential 
or known presence of SGMA undesirable results for three 
basins he has studied. Santa Clara Valley is a convergent, lay-
ered and compartmentalized, lateral-dominated flow system 
linked to an upstream basin subject to all SGMA undesirable 
results. Pajaro Valley is a layered, multi-aquifer, convergent 
flow system linked to an upstream basin subject to some 
SGMA undesirable results. Cuyama Valley is a sole-source, 

Daniel Mountjoy, Director of 
Resource Stewardship at Sustainable 
Conservation.

John Lambie, Steven Springhorn, Donghai Wang, Velvet Gaston, Kirby Brill, and 
Brian Fischer.

Continued on the following page…
Randy Hanson, Joe Turner, Brian Partington,  
and Marcus Trotta.
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Summary of GRA’s Workshop on Developing Groundwater Sustainability 
Plans for Success – Continued

Continued on the following page…

layered, multi-aquifer, compartmentalized, convergent flow 
system subject to some SGMA undesirable results.

Joe Turner of Kleinfelder, Inc. presented Geologic Under-
standing, Hydrogeologic Conceptual Models, and the GSP: 
Lessons learned on How to avoid Conflicts. Joe provided 
examples of both a contaminant-driven site investigation and 
a regional groundwater-supply study to enforce the need to 
incorporate an understanding of geology into HCMs. For one 
study, a simple HCM was inconsistent with empirical site data 
for groundwater flow and contaminant transport. Site data in 
conjunction with an understanding of the depositional envi-
ronment were used to refine the HCM and eliminate inconsis-
tencies. Another study focused on the identification of aquifers 
by measuring water levels in numerous wells during a period 
of agricultural pumping (i.e., typical aquifer stress). Visually 
assessing the hydrographs of numerous wells provided insights 
for managing groundwater levels and changes in storage. Simi-
lar approaches were used to assess surface-water/groundwater 
interactions and to develop HCMs for recharge.

Brian Partington of the Water Replenishment District of 
Southern California presented Base Period Analysis and Alter-
native Management Plans. Brian summarized WRD’s decision 
to submit an Alternative Management Plan for the Central 
Subbasin of the Coastal Plain of Los Angeles Groundwater 
Basin (Central Basin). WRD manages the adjudicated portion, 
83 percent, of the Central Basin, ranked as a high priority 
by DWR. The large majority of the remainder (Area B) is 
currently not in use, but prior to 1976 was pumped by local 
stakeholders. WRD, along with these and other stakeholders, 
reviewed several options and elected to pursue an Alternative 
Management Plan for the entire Central Basin using Manage-
ment Areas. WRD evaluated the data available, concluded that 
additional data are needed, and continues to meet regularly 
with key stakeholders, including developing an MOU, and has 
met with DWR to discuss its approach.

Marcus Trotta of Sonoma County Water Agency presented 
Development of Baseline Scenarios for Sustainable Yield and 
Management Actions in Sonoma Valley. Marcus gave an over-
view of groundwater use in Sonoma Valley, and development 
of the Sonoma Valley Groundwater Management Program in 
2006 by convening a stakeholder group and Basin Advisory 
Panel. In 2007, a voluntary AB3030/SB1938 Groundwater 
Management Plan was adopted through this collaborative pro-
cess. Plan implementation, including identifying groundwater 
discharge and recharge segments of streams, led the Panel to 
recommend management strategies to respond to declining 
groundwater levels in certain areas. The USGS groundwater 
flow model, developed in 2006 and later updated, was used 
to simulate future baseline scenarios for a 50-year timeframe; 
it incorporated forecasts of high, medium, and low rural resi-

dential growth, agricultural irrigation, urban water demands, 
and a range of simulated climate futures. A range of baseline 
scenarios were compared to various simulated management 
alternatives. Next steps include refining cost estimates for the 
alternatives, initial ranking for consideration by the future 
GSA, and incorporation of measurable objectives and thresh-
olds developed by the future GSA for its use in prioritizing the 
management alternatives/projects.

Measurable Objectives, Minimum Thresholds, 
and Interim Milestones

Moderated by Anona Dutton, Erler & Kalinowski, Inc. (EKI)

Juliet Christian-Smith of the Union of Concerned Scientists 
(UCS) presented Metrics to Ensure Resilient and Sustainable 
Groundwater Management. Her talk drew from the UCS 
report she authored, entitled Measuring What Matters – Set-
ting Measurable Objectives to Achieve Sustainable Ground-
water Management in California (www.ucsusa.org/measur-
ingwhatmatters). Juliet outlined six key steps in support of 
effective basin management using measurable objectives: 
(1) define clear baselines, (2) set quantitative thresholds, (3) 
develop protective triggers, (4) incorporate regular measure-
ment and monitoring, (5) account for uncertainty, and (6) 
adapt to changing conditions and new information. She also 
addressed the difference between “safe” and “sustainable” 
yield, the latter encompassing the multiple ecological and 
social benefits that groundwater provides.

Thomas Harter of UC Davis presented Though Shall Not 
Deplete Surface Water - Thresholds, Measurable Objectives, 
and Monitoring under the 6th Commandment of SGMA. 
Thomas outlined the various types and mechanisms for 

Juliet Christian-Smith,  
Union of Concerned Scientists.

http://www.ucsusa.org/measuringwhatmatters
http://www.ucsusa.org/measuringwhatmatters
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Summary of GRA’s Workshop on Developing Groundwater Sustainability 
Plans for Success – Continued

Continued on the following page…

groundwater/surface water interaction and groundwater-de-
pendent ecosystems, and highlighted the degree to which these 
situations are addressed in SGMA and the GSP regulations. He 
offered some example means by which changes in surface flow, 
surface-water quality, and groundwater-dependent ecosystems 
could be assessed based on some combination of: (1) routine 
water-level measurements, (2) mapping of groundwater-
dependent ecosystems, interconnected streams and seasonally 
dry streambeds, (3) water-balance calculations, (4) analysis of 
hydrographs, (5) use of the Analytical Stream Depletion Func-
tion, and (6) numerical modeling.

Paul Gosselin of Butte County presented Thinking Small/
Benefitting Greatly – Strategically Managing a Basin Using the 
Management Area Concept. Per the GSP regulations, a “man-
agement area” is an area for which a GSP may identify differ-
ent minimum thresholds, measurable objectives, monitoring, 
or management actions based on differences in water-use 
sector, water source, geology, aquifer characteristics, or other 
factors. Butte County has not formally declared its intent to 
use management areas as part of its GSP, but has a long history 
of managing its local groundwater based on “sub-inventory 
units,” which generally reflect areas that have unique land uses 
or other defining criteria. Paul shared the pros and cons of this 
approach—the benefits being better local stakeholder involve-
ment, and the ability to focus on problem areas for refined 
analysis and targeted management. He also cautioned that 
this approach can potentially pit one area against another and 
require more data and analysis.

Kirby Brill of the Mojave Water Agency presented A Path-
way Forward – Lessons Learned from an Adjudicated Basin. 
His talk offered perspectives from a basin that has utilized a 
“science-based, market-driven” approach to achieving sus-
tainability. Specifically, they had a management goal to adjust 
production rights to match the safe yield, while setting interim 
milestones that reduced groundwater production rights by no 
more than 5% per year, and allowed for the development of 
a robust water-transfer market. This approach has reduced 
groundwater pumping to within the safe yield, generated more 
than $140M from the sale or leasing of “rights,” and raised 
$40M to purchase imported supplies. Kirby stressed that the 
success of this program has been from their meticulous mea-
surement, accounting, analysis and transparent data-sharing, 
saying “credibility in the community and market requires 
good science.”

Bob Tincher of San Bernardino Valley Municipal Water 
District presented Shared Resource/Shared Responsibility. He 
offered further perspectives from a “basin that has been imple-
menting SGMA for 40 years.” Bob emphasized the importance 
of planning, setting targets, and developing a representative 
governance structure. He showed several examples of the 

value of conducting “what-if” scenarios when communicating 
tough choices to various basin stakeholders (e.g., looking at 
projected changes in groundwater levels with and without the 
benefits of water conservation or purchasing imported water 
to conduct in-lieu recharge during wet years). Bob also pre-
sented a great example of some public-outreach material that 
allocated per-capita water use into 50-gallon drums associated 
with indoor and outdoor water use to help assign a “value” to 
how much water the average resident uses.

Strategies and Tactics for Achieving and 
Managing Sustainability 

Moderated by Daniel Gamon, Kleinfelder, Inc. 

Roy Herndon of Orange County Water District (OCWD) 
presented Setting Pumping Targets Based on Recharge and 
Basin Conditions. OCWD was formed in 1933 to manage 
the groundwater basin, which is relied upon by private and 
public entities. OCWD calculates and sets the annual basin 
pumping percentage (BPP); this setting authority is contained 
in the OCWD Act of 1933. How much pumping the basin 
can support is determined by considering current basin stor-
age conditions, the projected basin water budget, their re-
charge-system capacity, and the financial impact of OCWD’s 
replenishment assessment. These considerations all lead to 
the basin being managed within an established operating 
range. Operating within this range requires not accumulating 
too much overdraft, and not allowing the basin to overfill. 
The BPP program has been well-received by stakeholders. 

Byron Clark of Davids Engineering presented Water Us-
age: Direct Measurement or Estimation? Where should we be 
headed? Byron defined water usage and discussed reasons to 
measure or estimate such usage in the context of SGMA and 

Paul Gosselin, Butte County.
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upcoming GSPs. These reasons included to support historical 
water budgets and groundwater models, annual reporting 
requirements, determining fees and assessments, or to enforce 
pumping regulations. Methods include direct metering, water-
balance approach, energy-inference approach, and other 
methods using consumptive-use and remote-sensing technol-
ogy. He discussed strengths, weaknesses, uncertainty, and 
costs associated with selected methods, and gave examples of 
correlations between methods using case studies.

Vanessa de la Piedra of Santa Clara Valley Water District 
presented SCVWD Actions to Achieve and Maintain Sustain-
ability. Vanessa introduced SCVWD’s mission and objectives 
for ensuring a clean and reliable water supply, providing flood 
protection and being stewards of the environment. SCVWD 
was founded in 1929 to manage groundwater and address 
land subsidence and seawater intrusion occurring in their ba-
sin. Their current, comprehensive groundwater-management 
program aims for basins to be in long-term balance via 
groundwater-protection programs and stakeholder-coordina-
tion efforts. SCVWD assesses basin conditions by monitoring 
groundwater levels in over 200 wells, groundwater quality in 
over 300 wells, and land subsidence at over 140 locations. She 
explained that the groundwater budget is continuously evalu-
ated through metered (over 95%) and self-reported ground-
water production, managed-recharge programs, and tracking 
natural recharge through rainfall data and modeling. SCVWD 
plans to meet future needs through ongoing management ef-
forts and various water-conservation methods and programs.

Jay Lund of UC Davis presented Nine Economic Ideas for 
Groundwater in California. Jay outlined nine economic ideas 
that gave a different perspective on groundwater topics and 
presented potential challenges and solutions for GSAs and their 
subsequent GSP efforts. He explained how economics drives 
groundwater use and that groundwater becomes more or less 
valuable during various climatic and hydrologic cycles. Jay 
discussed evaluating the success of a GSP on an economic ba-
sis, such that a net value would be required to offset perceived 
negatives, such as implementation and enforcement costs. 
Transaction costs to get GSAs started, the cost of long-term 
operations such as recharge programs, decreased pumping re-
quests, and how the Delta will affect planning were presented 
from an economic point of view. GSPs will need to adapt over 
time, but the economics of water markets and effective pricing 
can guide and ease the stresses of change. Jay made an interest-
ing point about groundwater mining being potentially optimal 
in certain cases, and concluded by summarizing how econom-
ics ties us together, gives insights, and can offer flexibility and 
opportunities for groundwater management.

Sustainability Assessment Tools and Planning 
for 50 Years

Moderated by Craig Altare, RMC Water and Environment

Abdul Khan of the California Department of Water Resourc-
es presented 50 Year Planning Horizon: Data Sources, Needs 
and Tools. He walked the audience through portions of the 
Sustainable Groundwater Management Act and Ground-
water Sustainability Plan (GSP) Regulations related to 
documentation of groundwater conditions and requirements 
for water budgets. Many existing programs, e.g., DWR’s 
California Statewide Groundwater Elevation Monitoring 
(CASGEM) Program, will be useful tools for documenting 
existing and historical groundwater conditions. Abdul closed 
his talk with a status update on a water-budget pilot project 
DWR is undertaking for the Tulare basin.

Brian Wagner of the US Geological Survey presented Ad-
dressing Uncertainty in Groundwater Management Modeling: 
a Case Study from the Upper Klamath Basin, California and 
Oregon. The USGS has developed a modeling approach to 
help stakeholders balance the benefits of water for endangered 
fish, irrigators, and wildlife. They are using the model, along 
with stakeholder-defined constraints (e.g., for reduction in 
discharge to streams and lakes), to maximize production yield 
from pumping wells. Monte Carlo analysis of alternative mod-
el parameters sets helps them to understand the uncertainty 
of model predictions that depend on those parameters. This 
approach results in a robust pumping strategy that satisfies the 
constraints. Many of the techniques discussed will be directly 
applicable to GSAs as they develop the information required 
to develop and implement a GSP that considers all beneficial 
uses and users of groundwater and avoids the occurrence of 
undesirable results.

Jay Lund, UC Davis.
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John Lambie of E-PUR presented Hydrogeologic Concep-
tual Models: Developing, Testing and Communicating. He 
gave an overview and examples of the HCM in the context of 
SGMA. An HCM can take many forms, but John presented 
some of his thoughts on best practices for their development, 
including the types of geologic and hydrologic data that should 
be considered, how to consider interactions of groundwater 
systems with the land surface, the importance of long-term 
monitoring, and how to present an HCM so it makes sense to 
a wide audience. GSAs should be prepared to test their HCMs 
as new data become available. He noted that a well-tested 
and well-established HCM that accounts for the dynamics of 
the aquifer system will be useful as GSAs evaluate projected 
outcomes of future projects.

Rich Juricich of the California Department of Water Re-
sources presented Water Available for Groundwater Replen-
ishment: A Status Report. SGMA requires DWR to prepare a 
report by December 31, 2016 that presents their best estimate 
of water available for replenishment of groundwater in the 
state. GSAs will use this type of information to describe in 
their GSPs the water available for groundwater recharge or 
in-lieu use. A Practitioner Advisory Panel has been convened 
to assist DWR in providing information that is both useful 
from a statewide perspective and also meaningful to individual 
basins and subbasins. DWR is evaluating water availability for 
several sources, including surface water, desalination, conser-
vation, and recycling. A white paper on the topic is available 
on DWR’s Web site, and a draft report is anticipated for Sep-
tember 2016.

Best Management Practices for Groundwater 
Sustainability Planning

Moderator: Chris Petersen, GEI Consultants, Inc.

DWR has a statutory deadline of December 31, 2016 to devel-
op Best Management Practices for sustainable groundwater 
management. During this final session of the conference we 
heard from four experienced and proven professionals who 
have been instrumental at achieving sustainable groundwater 
management in four of California’s groundwater basins with 
distinctly different hydrogeologic conditions. 

Tim O’Halloran of Yolo County Water Flood Control and 
Water Conservation District presented Groundwater Moni-
toring and Data Management Practices in Yolo County. Tim 
provided an overview of the physical and institutional setting 
within the District, which has 32 separate water agencies with-
in its boundary. Many of these agencies have come together in 
the past to collaborate on regional planning efforts, most re-
cently the 2007 Integrated Regional Water Management Plan 
(IRWMP). This IRWMP included several foundational actions 
for sustainable groundwater management, and many of these 
actions have been implemented, including the following:

• Groundwater Monitoring

• Surface-Water Monitoring

• Subsidence Monitoring

• Groundwater Modeling

• WEAP Climate-Change Model

• Environmental and Aquatic Habitat

• Topographic Mapping (LiDAR)

• Water Resource Information Database

• SCADA Network Enhancement

Rich Juricich, DWR. Tim O’Halloran, Chris Petersen, Victor Harris, Doug Young, and Liese Schadt.

Continued on the following page…
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Tim concluded by explaining how these planning and 
implementation efforts, and associated data collected and 
tools developed, represent best management practices for the 
District and their stakeholders, and will serve the County’s 
needs in complying with SGMA. 

Victor Harris of MWH presented Balancing Groundwater 
Supply and Environmental Protection in Owens Valley, Les-
sons Learned and Best Management Practices. Most of Vic-
tor’s work over the past 30 years has been for the Los Angeles 
Department of Water and Power (LADWP), providing ground-
water consulting services related to management of surface 
and groundwater resources in Owens Valley and the Owens 
Lake area. Victor provided a brief history of water develop-
ment in Owens Valley by LADWP, including the operation of 
9 wellfields in the Owens Valley. LADWP and Inyo County 
have a Long Term Water Agreement in place that addresses 
water operations, monitoring of surface and groundwater re-
sources, sharing of data, and provides a process for justifiable 
changes in operations or monitoring based on mutual agree-
ment supported by cooperative studies. Groundwater models 
have been developed for each of the wellfields, and these tools 
have been helpful in informing management decisions, but 
are not a requirement. Empirical data, on the other hand, is a 
very important requirement. Actual data (water level, water 
quality, pumping, vegetation monitoring, etc.), presented to 
display changes over time and responses to various manage-
ment actions, are powerful for working with the groundwater 
and environmental stakeholders in the basin to help maintain 
sustainable groundwater management.

Doug Young of Alameda County Water District presented 
Management of Groundwater Levels and Seawater Intrusion 
with an Active Groundwater Replenishment Program. The 
District manages the Niles Cone groundwater basin, located 
in the East Bay. Formed in 1914, the District serves Fremont, 
Newark, and Union City. Seawater intrusion was first observed 
in the 1920s as groundwater pumping increased to meet a 
growing agricultural and urban demand. Doug explained, 
with the aid of animated graphics, that intruding seawater 
initially advanced landward in the shallow aquifer system. As 
the advancing seawater encountered the Hayward fault zone, 
it was drawn into the deeper aquifers; seawater was also trans-
ported through the confining layers by improperly abandoned 
wells. Beginning in the 1960s, the District began receiving 
State Water Project water to address declining groundwater 
levels; they implemented a direct groundwater-recharge pro-
gram using surface-spreading basins along the east side of the 
basin. In 1972, the District installed a rubber dam to further 
enhance their groundwater replenishment program. In 1974, 
the District began their Aquifer Reclamation Program to re-
move seawater from the degraded aquifer zones.

Liese Schadt of Luhdorff and Scalmanini, Consulting 
Engineers presented Sustainable Groundwater Management 
in an Adjudicated Basin: Santa Maria, California. Liese pro-
vided an overview of the physical conditions of the Santa 
Maria groundwater basin. Unlike other basins featured in 
this session, the Santa Maria basin is managed by court adju-
dication, which took 15 years to finalize. Any future change 
in groundwater management will require court action. Liese 
expressed that the lesson learned from this adjudication 
process is that groundwater stakeholders in others basins 
should avoid litigation by focusing on the natural resource 
to be managed and providing best available information and 
tools to manage that resource. In the Santa Maria basin, the 
adjudication resulted in 3 management areas, each managed 
by an Area Engineer (AE) responsible for conducting assess-
ments and reporting water use to the court. Each AE also 
administers an operations and maintenance (O&M) manual; 
these O&M manuals include a provision for groundwater 
recharge if needed to maintain water levels. AEs are respon-
sible for submitting annual reports to the court, and the court 
can impose pumping restrictions as deemed necessary for 
sustainable groundwater management.  

Photos taken by Steven Phillips and Chris Petersen.



Feature

HYDROVISIONS – FALL 2016 | PAGE 13

Toward Sustainable Groundwater in  
Agriculture: Linking Science and Policy

2nd International Conference 
June 28-30, 2016 in Burlingame, California

Contributed by Thomas Harter and Session Moderators David Hyndman, Karen Villholth, Karen R Burow,  
Dico Fraters, Paul Pavelic, Vicki Kretsinger Grabert, Jay Famiglietti, Timothy Parker, Debra Perrone,  

Rob Gailey, Helen Dahlke, Graham Fogg, David Rudolph, Chris Green, Mary Scruggs, Bernadette Conant,  
Bill Alley, and Gus Tolley; edited by Leigh Bernacchi, UC Water

For three days, 300 attendees embodied the subject of groundwater by go-
ing underground in the Hyatt San Francisco Airport conference center. This 
unique conference at the intersections of science and policy, groundwater and 

agriculture, water quality, and water supply brought together people from over 30 
countries and six continents. 

Groundwater is the lifeline for many rural and agricultural regions around the 
world. The conference created an opportunity for researchers and practitioners 
from a variety of agricultural and political systems to share their similar challenges, 
such as declining water tables, deteriorating water quality, and solutions, such as 
long-term monitoring and creative engineering. 

The meeting was a much needed expansion of the 2010 version of this conference. 
Presentations were expanded to four parallel tracks, and each of the three days was 
opened with a 2-hour plenary session. A luncheon keynote was given on the first day, 
and poster sessions were held on two evenings. The conference closed with a high-
caliber closing panel reflecting on the challenges and opportunities. If you missed the 
conference—or even if you were there, but missed seeing the other tracks—presenta-
tions and videos of more than half the presentations will be publicly available by 
early September 2016 at the conference website, ag-groundwater.org. 

Plenary Session 1 – California Perspective: Agriculture at a 
Crossroads to Groundwater Sustainability? 

Opening Remarks and Moderator: Glenda Humiston

California agriculture’s large economic size and importance hangs in balance with 
the groundwater supplements to surface-water deliveries, especially during ongo-
ing drought. Adapting to the state’s new Sustainable Groundwater Management 
Act (SGMA, pronounced “sigma”) became a de facto theme of the conference 
overall, and the importance of agriculture to successful implementation of SGMA 
was highlighted throughout. University of California Division of Agriculture and 
Natural Resources (UCANR) supports the agricultural industry and communities 
with resources for innovation and learning. Secretary of Food and Agriculture 
Karen Ross emphasized that scientists and policy makers need to work together 
to address the challenges at the agriculture-groundwater nexus, saying “the magic 
comes when the right decisions are made to make the right changes.” Undersecre-
tary Gordon Burns of the California Environmental Protection Agency cautioned 
against blaming farmers for groundwater overdraft and pollution, because they 
have followed the rules in place and are guided by sound economic decision mak-
ing. The new policy was needed to avoid the “tragedy of the commons.” Parry 
Klassen, lead of the Eastern San Joaquin Valley Agricultural Water Quality Coali-

Continued on the following page…
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tion provided a grower’s perspective on nutrient management and the pressures 
to get it right. In the implementation of the irrigated lands regulatory program, 
the credibility of the farmer with the regulatory agency and the public is at stake. 
A large joint effort between university cooperative extension, commodity groups, 
agricultural coalition, and others is needed to make the necessary improvements at 
the farm level.

Plenary Session 2 – Toward Sustainable Agriculture: Global 
Perspectives

Moderator: Thomas Harter

How much groundwater do we have in the world? Petra Doell described a long-
term effort to build a global water model and assess the uncertainties inherent in 
the data supporting such a global model. Model results impressively demonstrate 
groundwater use in agriculture, agriculture as a proportion of total groundwater 
use, recharge, and the impact of groundwater pumping on streamflow—all in 
global maps! Karen Villholth took this global assessment one step further, showing 
that 7% of global irrigated food production (15% of groundwater-irrigated food 
production) depends on overdrafting groundwater. Urgent attention is needed to 
address our reliance on unsustainable groundwater for an increasing fraction of 
global food production. Ms. Villholth suggested that broader global food policies 
and interventions in developing and developed countries are needed. To answer this 
call, the United States Geological Survey is designing metrics to allow for a rigor-
ous assessment of sustainability. Ken Belitz described an example of such metrics, 
involving properly designed monitoring networks across the country to identify 
trends and spatial patterns in water quality. Ultimately, it is the action of individual 
farmers that will bring about sustainability. Gabriele Ludwig summarized stepping 
stones to bring about such changes in practice, using the almond industry as an ex-
ample. Her presentation highlighted the need for leadership, development of better 
tools for growers to manage their practices, and the need for tools to be accessible.

Plenary Session 3 – Stepping Toward Sustainable Groundwater 
in Agriculture

Moderator: David Rudolph

The third day’s opening session was a forward-looking spotlight on national and 
global sustainable groundwater management efforts. The USDA is actively engag-
ing on groundwater-related issues at many different angles and levels, from the 
federal policy arena to financial support for farmers and scientists, as outlined 
by USDA Deputy Undersecretary Ann Mills. Guillaume Gruère from the OECD 
outlined a recent study surveying groundwater management efforts across the de-
veloped world, concluding that modeling tools are increasingly part of informing 
policy and implementation. At the groundwater-agriculture nexus, regional and 
global models are complex as they integrate groundwater/water/climate systems 
with cropping/farmer systems. David Hyndman provided a cutting-edge example 
of efforts covering the central US. Yet, even with much information available, poli-
cies are counterproductive or forcing scientists to reassess within policy limitations. 
Anker Hojberg from Denmark illustrated this point for Danish nitrate policy, which 
over the past 30 years of EU nitrate policy has fluctuated in its design. According 
to Hojberg, policy mayhem can spur good science; and good science, including 
advanced science and modeling, are beneficial to designing policy.

BRONZE SPONSORS:
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Plenary Session 4 – Toward Sustainable 
Groundwater in Agriculture: Challenges, 
Observations, and Key Outcomes

Moderator: Bernadette Conant

In the closing plenary, panelists and conference participants 
alike reflected on how the agriculture-groundwater nexus 
has changed since the last international meeting, our current 
knowledge, and what the future might hold. The breadth of 
the conference discussions embraced and explored industry, 
socio-political, economic, environmental and ethical views, in 
addition to the more conventional “hard science” perspective. 

As is often said, “it really doesn’t matter how right you 
are if nobody believes you.” This concept was underlined by 
many speakers: effective communication of what is impor-
tant depends upon trusted relationships. Encouragingly, the 
conference’s diverse community has built tremendous trust 
equity in the area of groundwater management. The future 
will depend on the ability of this community to effectively 
engage those around them.

The overarching theme of the closing discussion was the 
fundamental importance of getting the narrative right and 
being strategic in seizing opportunities, like the California 
drought, to effectively deliver messages aimed toward avoid-
ing bigger future crises. As Australian Cameron Holley 
reminded us, “Keep water on the agenda—once it starts to 
rain, people forget.”

Nitrate Policy

Moderators: Dico Fraters and Vicki Kretsinger

We discussed current and new policy case studies to abate 
nitrate pollution of groundwater, especially drinking water 
resources, in the USA, Europe, and New Zealand. In the 
Netherlands, groundwater quality in natural areas improved 
after prescribing low-emission application techniques for 
manure and other measures to reduce ammonia emissions—
A provincial authority, a drinking-water company, and 
farmers are successfully cooperating to decrease nitrate con-
centrations. Also, in Washington State (USA), drinking-water 
resources are threatened by agriculturally-derived nitrate, 
but the contribution from legacy activities versus current 
agricultural activities is a subject of ongoing debate in the 
affected, mostly agricultural, communities. 

A comparison was presented of two very different com-
munities having faced challenges at the local level. An 
experiment in New Zealand showed the sometimes simple 
measures at farm level (e.g., using variable-rate irrigation 
instead of uniform spray) that can reduce water pollution 
and consumption. Secondly, the Danish Mitigation Assess-

ment shows that different strategies—consumer driven, inte-
grated practice, and policy solutions—are needed to achieve 
nitrogen source control and mitigation of the unintended 
consequences of excess nitrogen, including discussion of the 
human (over-) consumption of animal-based proteins. 

Globally, water resources are becoming scarcer, and 
approaches to sustaining the quantity and quality of our 
resources are becoming more pressing. Challenges include de-
termining what is considered an equitable allocation of water 
and land. Nitrate-impaired groundwater has occurred through 
the actions and interests of many. To improve groundwater 
conditions and attain safe drinking water requires:

1. Identification of vulnerable groundwater areas 

2. Engagement in decision-making discussions

3. Effort from all dischargers toward reasonable progress. 

In terms of agricultural discharge, growers are broadly 
engaged in establishing management practices that are 
protective of water quality. These practices include field-
level planning to evaluate nitrogen application and to reduce 
residual nitrogen load. Comprehensive efforts are being 
undertaken to characterize impaired drinking water in ir-
rigated agricultural areas and inform well users and growers 
of severe nitrate impacts to groundwater in some areas, but 
significantly reducing nitrate load and ensuring safe drinking 
water for communities will take a long time.

Nitrogen Losses to Groundwater and 
Attenuation

Moderator: Karen Burow

These sessions featured a global perspective on groundwater-
quality risks and opportunities: 

• In the UK, many areas may not have seen peak loading of 
nitrate in groundwater yet. A study based on groundwater 
age indicated that much nitrate resides in the vadose zone 
and has not yet arrived at the water table.

• In Australia, agricultural production has contributed 
to a decline in water quality entering the Great Barrier 
Reef lagoon from riverine discharge. Interestingly, 
the groundwater does not contain elevated nitrate 
concentrations, but further information is needed on flow 
paths and the role of denitrification. 

• In Canada, the Root Zone Water Quality model (RZWQM) 
was used in a field-scale study to complete a nitrogen mass 
balance under a potato field. Plant uptake is the most 
important process, followed by leaching, with all other 
losses being insignificant in removing nitrogen from soil.

Continued on the following page…
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• A data-driven estimation of nitrate transport and reactions 
was done for 14 sites across the US using a vertical flux 
model (VFM). The VFM is a relatively simple way to 
obtain a close match with regional observations when 
applied with spatially varying parameters. 

• In California, leaching of nitrogen to groundwater 
accounts for roughly 16% of total N imports, with about 
90% of the nitrate originating from crop and livestock 
production. Among possible policy approaches to 
mitigation, nitrogen may be a good candidate to pioneer 
the next generation of integrated environmental policies 
and streamlined regulatory approaches. 

• Two regional studies in the San Joaquin Valley, CA were 
described. One researcher demonstrated the use of isotopes 
and iodine, and a Bayesian mixing model, to estimate the 
relative contribution of fertilizer, natural, manure, and 
septic sources of N to groundwater. Septic was a significant 
contributor overall, whereas manure was more variable. 
Nitrate, uranium, and arsenic are of concern for domestic 
well-water quality, with nitrate exceeding the MCL in 
44% of the wells, uranium in 17%, and arsenic in 11%. 
Cluster analysis indicated that young water was associated 
with nitrate and/or uranium. Arsenic was associated with 
old water. 

• There are two web-based mapping tools for water quality 
assessment based on more than 25 years of data. The 
Wisconsin Statewide Well Water Quality mapper, shows 
that 10% of samples exceeded the MCL for nitrate. Wells 
located in agricultural regions and in sand and gravel 
aquifers or shallow carbonate rock aquifers are particularly 
vulnerable to nitrate. The USGS National Water Quality 
Assessment program has been sampling national 
groundwater monitoring networks to evaluate changes in 
water quality on a decadal scale. Users of the mapping 
tool see statistical results for groundwater networks for 24 
constituents, including agricultural contaminants, such as 
nitrate, phosphorus, and several pesticide compounds.

Nonpoint Source Pollution in Animal Farming

Moderator: David Rudolph

This session focused on the unique conditions associated 
with nutrient management within livestock operations. Re-
searchers provided excellent field examples of emerging 
geochemical fingerprinting tools that can be used to dis-
tinguish mineral and animal nitrogen sources, particularly 
useful among mixed-farming operations. The research also 
indicated that long-term data sets are mandatory in order 
to determine trends in water quality associated with given 
agricultural land-use management systems. One researcher 
incorporated natural hydrological systems, irrigation, and 

enhanced drainage systems to evaluate the combined impact 
of manure storage facilities, regional land application of ma-
nure, and other by-products of livestock operations.

Emerging Contaminants and Nitrate 
Monitoring and Modeling

Moderator: Chris Green

Water quality is affected by many local environmental and 
human-caused sources. These sessions revealed new ways of 
tracking contamination and bringing science and manage-
ment together in innovative ways:

• Uranium concentrations in US groundwater are greatest 
in arid regions and are increasing most rapidly in irrigated 
arid areas

• The RAMP tool allows for practical and efficient 
evaluation of risks associated with pesticide contamination 
of groundwater

• Microbial indicators were reduced in a controlled drainage 
system relative to free drainage, whereas antibiotics were 
not significantly different

• A screening of more than 50 products in the Baix Fluvià 
aquifer of northeast Spain found only six antibiotics; 
spatial distributions were not completely linked to the 
hydrogeological dynamics

• Natural attenuation has potential to mitigate a variety of 
emerging contaminants, and biomolecular tools are key to 
understanding and predicting biodegradation

• In early-warning monitoring systems to protect 
Netherlands groundwater, multiple sampling methods 
led to varying estimates and lively debate in the agrarian, 
scientific, and political arenas

• Use of statistics in California helped prioritize sub-regions 
for management by estimating groundwater vulnerability 
to nitrate contamination; statistical-learning methods for 
estimating nitrate distributions mitigated the tendency 
of machine-learning models to overfit predictions to 
observations

• Developments to improve nitrate monitoring include 
optimization of the sampling domain, time-averaged 
concentration samplers, distributed chemical sensors, and 
smartphone-based measurements

• Nitrate monitoring programs in Denmark found that 
cost-efficient and knowledge-based management of 
groundwater protection requires mapping, modeling, and 
monitoring of the effectiveness of actions taken.

Continued on the following page…
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Climate Change Adaptation

Moderator: Graham Fogg

Climate change requires adapting to more extreme wet and 
dry periods, challenging both water supply and allocation 
policy and planning. This session explored economic aspects 
of water management reform and innovative ways of enhanc-
ing irrigation water supply through California’s bottom-up 
and Australia’s top-down approaches. A provocative talk 
on economic perspectives of California’s SGMA suggested 
economic costs of not exploiting groundwater resources to 
their fullest use—at non-sustainable rates in overdrafted ba-
sins—had not been taken into account with SGMA. On the 
other hand, by analyzing Australian groundwater markets 
and law, researchers identified shortcomings that include 
impediments to optimal trading and deficiencies in market 
regulation. This led to a lively discussion that continued in an 
impromptu panel discussion, culminating in a consensus that 
although SGMA is necessary, a fuller economic analysis of its 
consequences would be beneficial. 

Turning to water supply, a modeling and field study in the 
Netherlands pursued the use of treated industrial and do-
mestic wastewater for irrigation, accomplished through sub-
irrigation techniques. Results quantify the amount of water 
that could be made available and benefits with respect to soil 
moisture and reduction in demand for above-ground irriga-
tion. Lastly, trends in drought and their effects on grain yields 
in China were analyzed over the last half-century. Interesting-
ly, the frequencies and intensities of extreme droughts were 
found to increase in most areas of China while groundwater 
levels decreased, attributed to increased irrigation demand.

Irrigation and Sustainability

Moderator: Helen Dahlke

Using examples from around the world (India, Canada, the 
Great Lakes region, California and the northern Midwest), 
presenters focused on the interrelationships between irriga-
tion consumption and groundwater use. All presentations 
raised questions about: 

- reliably estimating the effect of agricultural water use 
on groundwater storage

- achieving better groundwater management, particularly 
in preparation for increased drought occurrence. 

Groundwater-management regulation of pumping, 
streamflow depletion, and ecosystem function as means to 
reduce undesirable effects was debated. Researchers argued 
that science needs to better estimate irrigation consumption 
and groundwater pumping effects on surface-water/ground-
water interactions. Toward that end, the concept of field kites 

provides a better estimate of yield per unit of water used, 
potentially leading to widespread improvements in water-
use efficiency. Necessity is the mother of conservation: In 
California, where local surface-water supply does not meet 
irrigation demand, SGMA implementation likely results in 
an estimated water cutback of up to 30%, resulting in a 10% 
decrease of the irrigated land.

Groundwater and Livelihoods

Moderator: Debra Perrone

Recognizing the importance of rural livelihoods and envi-
ronmental justice is fundamental for achieving sustainable 
groundwater in agriculture. Water-rich countries, especially 
economically developing countries like Lao PDR, depend on 
the expansion of irrigation to help alleviate poverty. Con-
sequently, investments in institutional capacity, groundwater 
assessment, and multi-scale management programs are not 
only critical priorities for water-poor areas, but ensure eco-
nomic, food and water security in water-rich areas too. 

BMPs for Water Quality 

Moderator: David Rudolph

One of the major impetuses for improving novel nutrient 
management is the legacy time lag between the implementa-
tion of BMPs and the full effect being realized at the receptor. 
Targeting site-specific nutrient management BMPs can be 
very effective. Novel nutrient management options were the 
focus of this session, augmented by emerging field monitoring 
technologies and remedial nitrate concentration reduction. 

Salinity Policy 

Moderator: Vicki Kretsinger

This session covered a myriad of salinity issues, including 
methods to address salinity problems and novel water-
management approaches. Salinization and waterlogging of 
irrigated agricultural land is a serious threat in Central Asia, 
especially the Aral Sea basin, and in California’s San Joaquin 
Valley. Salinization is often dealt with by pre-planting, leach-
ing, or over-irrigation. Unfortunately, excessive applied wa-
ter can result in high groundwater tables, which then inhibit 
leaching of salts from the soil root zone. Several management 
strategies have been utilized, including alternative irrigation 
systems, crop switching, moisture stressing, reducing cropped 
area, tile drainage, and disposal of drainage water in evapo-
ration ponds. Regional drain-water management has been 
evaluated using models with spatial and economic variables.

The Water Nexus, implemented in 2015, is an innovative, 
solution-oriented program directed at developing solutions for 

Continued on the following page…
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problems with water scarcity in delta areas worldwide. This 
new program views salt-impacted water as a resource; saline 
water is used where possible, and freshwater is used where 
essential. For example, oil and gas production occurs in the 
vicinity of agricultural production in many arid regions and 
there is interest in using produced water, extracted from hy-
drocarbon bearing formations, for crop irrigation. Growers 
faced with scarce water supplies are looking for new water 
sources, and oil and gas producers are interested in alternative 
water management practices, including energy savings from 
already-pumped water, and potential revenue streams.

Environmental Justice 

Moderator: Debra Perrone

Common approaches used in the agricultural sector to achieve 
sustainable groundwater include regulatory frameworks, 
hydro-economic models that integrate local stakeholder 
values, participatory irrigation management, and community 
advocacy groups. Successful implementation of these ap-
proaches is not universal and may depend on local social and 
physical science dynamics. For example, regulatory frame-
works have been useful in mitigating pollution in the Central 
Valley, but rural communities are still absorbing the brunt of 
the impacts of contamination. Community advocacy groups, 
such as AGUA in the Central Valley, have been essential in 
increasing awareness of the impacts of agricultural ground-
water pollution and in driving local solutions.

Groundwater-dependent Ecosystems and 
Groundwater-Surface Water Interaction 

Moderator: Gus Tolley

How can we effectively monitor and model the complex 
feedbacks between groundwater and surface water in agri-
cultural areas? The large contrast in spatial and temporal 
scales between groundwater and surface water provide 
unique challenges, but several tools are available: 

• Remote sensing methods can be used to calculate ET at 
high spatial and temporal resolutions that can be used for 
model boundary conditions or calibration

• Traditional and advanced statistics on long-term datasets, 
such as streamflow and groundwater levels, can provide 
information about the current state of the system and 
inform both management and restoration practices

• Despite uncertainties, advances in integrated models 
allow us to simultaneously simulate both the groundwater 
and surface-water components of the hydrologic system, 
improving our understanding of impacts to agricultural 
and groundwater-dependent-ecosystem interests. 

These areas can be targeted for future data collection, re-
sulting in the most efficient use of limited resources. Common 
themes during these two sessions were the need to involve 
local stakeholders early and often, and the desire to connect 
with biologists and ecologists to help establish minimum-
flow requirements for certain species at different life stages.

Recharge and Managed Aquifer Recharge 
(MAR) 

Moderator: Joseph Mas-Pla

Sessions on Managed Aquifer Recharge (MAR) were devoted 
to methods and case studies illustrating the benefits of opti-
mizing available water resources. Agricultural investors see 
recharge as a means to improve their water availability to 
face irrigation and SGMA expenses. MAR studies included: 

• Capture of flood-flows

• Identification of optimal recharge areas where surface 
water is available (data from historical stream gage 
records) and the land use, geology and soil are permeable

• Benefitting natural systems, environmental conservation, 
and stream-aquifer relationships through MAR. 

Incentives for adoption of MAR were created by research-
er-practitioner cooperatives. Groundwater banking on agri-
cultural land was developed using water demands, local-scale 
hydrological balances, and agronomic models, resulting in a 
pilot of monetary incentives and net metering. 

Energy/Biofuel – Groundwater Nexus 

Moderator: Dico Fraters

Water sustainability is the most critical challenge to the future 
of agriculture. Over-pumping and drought may significantly 
increase the cost of drinking water and agricultural produc-
tion. The studies presented covered: 

• The critical components of the well construction process 
to maximize the production potential and service life of 
the well

• A new technology for water reuse and recycling developed 
in Idaho uses less energy than conventional technologies; 
nutrients selectively adsorbed to a recovered functionalized 
biochar demonstrates fertilizer potential in this carbon-
sequestering substrate. 

• Research carried out in Iowa shows that use of winter cover 
crop in corn production will help to meet both economic 
and environmental sustainability goals; however, increase 
in corn production for biofuel, while positive from an 
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economic and energy sustainability perspective, threatens 
groundwater quality as corn production is a ‘leak’ process.

BMPs for Water Supply 

Moderator: Karen Villholth

California is heavily reliant on groundwater for food produc-
tion. Twenty-one percent of developed water resources in the 
state is exported as embedded water in nine unique products. 
Yet, these exports contribute only 2% to the gross domestic 
product. One challenge with allocation and regulation of 
groundwater is the process of calculating honest footprints. 
One presenter argued for a holistic approach to reduce wa-
ter footprints synergistically with greenhouse gas and other 
ecological footprint indicators. For example, nutritional and 
economic benefits of almond production are lost in a water-
footprint calculation that reports volume of water per unit 
weight of almonds. 

To improve footprinting and decision-making, we will need: 

- disclosure of water data, which would produce better 
public water resource modelling

- more monitoring and transparency of local water 
institutions charged with managing extractive and non-
extractive uses

- means of encouraging more efficient private use of water.

The benefits of more information include accountability, 
credibility, and confidence in the integrity of laws governing 
water use; reduced delays in development caused by confi-
dentiality; and implementation of socially beneficial water 
quantity or quality regulations.

USDA National Insights and Action 

Moderator: Mary Scruggs

USDA scientists conduct a broad range of work at four differ-
ent agencies to address sustainable groundwater issues. The 
presentations included work from the Agricultural Research 
Service (ARS), Economic Research Service (ERS), Natural Re-
source Conservation Service (NRCS), and National Institute 
for Food and Agriculture (NIFA). The talks ranged from on-
the-ground field studies of water quality and irrigation practic-
es to evaluation and modeling of USDA conservation practices 
at the watershed scale. Opportunities for collaboration include 
the integrated Water for Agriculture grant program.

Economics and Policy 

Moderator: Mary Scruggs

Three economic evaluations of SGMA implementation 
revealed implications and possible outcomes of the historic 
act. The consensus: more work is to be done, more data 

are needed, a lot of unknown implications remain despite 
GSA formation, and further economic evaluation is needed 
as the plans are developed and implemented. One presenter 
focused on the difficulty of implementing SGMA, including 
financing, litigation, and deadlines. Implementing on-farm 
flood capture for groundwater recharge and solar farms offer 
alternatives to groundwater overdraft. 

Groundwater Management and Policy 

Moderator: Rob Gailey

These sessions spanned the globe in opportunities for man-
agement, incentives and laws. California is not alone in 
adjusting to new legislations; Mexico has introduced man-
agement guidelines and Australia is attempting to regulate 
water-bore drillers. Notable incentives include smart markets 
for transferable pumping rights and encouraging acceptance 
and use of managed aquifer recharge on farms. An important 
caveat for the science behind institutions: we need to dif-
ferentiate methods to evaluate safe yield for both large and 
small aquifers in agricultural regions. 

Managing Groundwater Quality 

Moderator: Karen Villholth

New Zealand is home to few native mammals, but over 6 
million cows. A new urine-seeking technology, Spikey, finds 
fresh cow urine patches and simultaneously treats them with 
N-inhibitors and growth promotants, reducing losses of N to 
the environment.

Napa County has established a Groundwater Resources 
Advisory Committee (GRAC), which assists county staff 
and technical consultants with recommendations, including 
synthesis of existing information and identification of critical 
data needs; development and implementation of an ongoing 
groundwater monitoring program; development of ground-
water sustainability objectives; and building community sup-
port for these activities and next steps. GRAC, in an anticipa-
tory manner, laid the foundation upon which to respond to 
SGMA with community involvement and support.  

The lead planners for this conference were:

- Thomas Harter, UC Davis

- David Rudolph, University of Waterloo

- Jennifer Bowles, Executive Director,  
Water Education Foundation

- Susan McClurg, Water Education Foundation
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Dates & Details
GRA EVENTS & KEY DATES 

(Please visit www.grac.org for 
detailed information, updates, and 

registration unless noted)

GRA Conference 
Principles of Groundwater Flow  
& Transport Modeling Course 
Sept. 13-15, 2016 | Davis, CA

GRA 25th Annual Meeting 
Sept. 28-29, 2016 | Concord, CA

GRA Symposium 
Oil, Gas and Groundwater  
in California
Nov. 2-3, 2016  | Bakersfield, CA

For information on how to sponsor or 
exhibit at an upcoming event, please 
contact Sarah Kline at skline@grac.org. 

25th Groundwater Resources Asociation Annual Meeting

2016: Groundwater Supply, 
Quality and Sustainability:  

The Challenges Ahead
SEPTEMBER 28-29, 2016 – CONCORD, CA

GRA’s 2016 Conference and 25th Annual Meeting will provide policy mak-
ers, practitioners, researchers and educators the opportunity to learn about 
the current policies, regulations and technical challenges affecting the pro-

tection, use and management of groundwater in California. This year’s conference 
will focus on the information and tools that California needs to face the challenges 
in addressing ongoing drought and climate change, compliance with SGMA, and 
ongoing and emerging water quality issues. Attendees will learn from real-world 
case studies on groundwater management; replenishment and recharge; drought 
response success stories, including agricultural water conservation efforts; and 
walk away with concepts and solutions they can apply to their local groundwater 
management issues.

Cooperating Organizations

California Department of Water Resources, State Water Resources Control Board, 
California Department of Food and Agriculture, California Department of Fish and 
Wildlife, California Department of Toxic Substances Control, San Francisco Bay 
Regional Water Quality Control Board, United States Geological Survey, California 
State University East Bay, U.C. Davis, U.C. Water Institute, Orange County Water 
District, Water Education Foundation, The Nature Conservancy, Water in the West, 
Association of California Water Agencies, National Ground Water Association, 
International Association of Hydrogeologists

Conference Details:

The two-day conference features an opening plenary session, concurrent sessions 
on groundwater supply/management and quality/contamination, lunch presenta-
tions, President’s Reception and celebration of GRA’s 25th Anniversary, Collegiate 
Colloquium, GRA’s 2016 Northern and Southern California David Keith Todd 
Lecturers, exhibitors, poster presentations, and a panel of industry leaders. Fea-
tured sessions and topics for podium and poster presentations include:

Plenary – 2016: Charting the Course to Sustainability
Confirmed Speakers:
• Mark Cowin, Director, DWR
• Karen Ross, Secretary, CDFA
• Steve Moore, SWRCB Board Member
• Ellen Hanak, Pacific Institute

SGMA – Legal, Policy, and Compliance
• GSA Formation Update
• Pros and Cons of GSAs versus Adjudications
• Relationship of SGMA and other Planning Requirements
• Surface Water Flows, Sustainable Yield, Water Rights, and SGMA

Continued on the following page…



Upcoming Events

HYDROVISIONS – FALL 2016 | PAGE 21

SGMA – SGMA Planning and Considerations
• Data-Related Challenges and Opportunities for 

Sustainable Groundwater Management
• Case Studies of Innovative Groundwater Management
• Accumulated Groundwater Overdraft and 

Vulnerability to Drought
• CEQA and Groundwater Management Planning

SGMA – Technical Challenges for GSPs
• Data Availability and Assistance for GSAs
• Best Management Practices for GSP Development and 

Implementation
• Managing Headwaters, Forestry Practices, and 

Reservoirs for Groundwater Management
• Integrating Climate Impacts into Integrated 

Groundwater/Surface Water Models

Uplands and Lowlands – Surface Water/Groundwater 
Interaction

• Quantifying and Understanding Surface Water/
Groundwater Interactions

• Assessing Impacts of Stream Depletion on  
Beneficial Uses

• Delineating Recharge Elevation in Headwater 
Catchments

• Groundwater Dependent Ecosystems and SGMA GSPs

Cleanup Approaches, Strategies, and Remediation  
Technologies

• RWQCB’s Approach to Combined Remedies
• Metabolites and Mixtures: Addressing Petroleum 

Contamination
• 1,4-Dioxane Remediation
• Next Steps in Sustainable Groundwater Remediation
• Groundwater Basin Remediation in the City  

of Los Angeles

Better Site Assessments
• Advanced Methods for Site Characterization and 3D 

Visualization 
• Using Geophysics to Build Better Site Models
• Rapidly Delineating Chlorinated Solvent DNAPL
• Environmental Sequence Stratigraphy for Improved 

Remediation Decision Making

Modeling and Visualization
• An Introduction to MODFLOW-6
• Basin- or Local-scale Models for Supporting  

SGMA Planning
• Leveraging Advanced Modeling & Visualization 

Methods
• Case Study of Global Sensitivity Analysis

Groundwater Replenishment/Recharge
• mportance of River Water Recharge to Selected  

CA Basins
• Successful River Water Recharge Case Studies
• Recharge Master Plan Implementation
• Water Independence – Road to Locally Sustainable 

Water Resources

Closing Panel – Next Steps to Manage Groundwater 
Sustainability: Planning and Beyond

• 6 industry leaders from diverse organizations/agencies

Collegiate Groundwater Colloquim

The Collegiate Groundwater Colloquium presents students 
who are conducting highly relevant research in the general 
areas of the conference theme. The colloquium and reception 
provide students with an excellent opportunity to showcase 
their research and attendees an opportunity to learn from the 
frontier of groundwater science and engineering. 

For Additional Conference  
Information Contact:

Jim Strandberg: jstrandberg@westyost.com or 925-949-5825
Steve Phillips: sphillip@usgs.gov or 916-278-3002

Sponsor and Exhibitor Opportunities

If you are interested in being a co-sponsor or exhibiting your 
organization’s services or products, please register as a sponsor 
or exhibitor now. For questions you may contact the event 
coordinators at conference@grac.org or by telephone: Sarah 
Kline 916-446-3626 or Abigail Madrone 530-761-0250.  

mailto:jstrandberg%40westyost.com?subject=
https://www.grac.org/events/10/76b2766/
https://www.grac.org/events/10/76b2766/


Upcoming Events

HYDROVISIONS – FALL 2016 | PAGE 22

California Oil, Gas and Groundwater 2016:
The Latest in Monitoring, Research, Regulations,  

and Legislation Related to Groundwater near Oil and Gas 
Exploration, Production, and Disposal Operations

NOVEMBER 2-3, 2016 – BAKERSFIELD, CA 

GRA has organized a follow-up symposium to our highly successful Febru-
ary 2015 event in Long Beach, CA on the wise protection and monitoring 
of California groundwater near oil and gas exploration sites. At the time 

of that event, implementation of Senate Bill SB-4 (Pavley), related to new oil and 
gas well-stimulation requirements, was just getting started and required, among 
other things, the State Water Resources Control Board to develop model criteria 
for groundwater monitoring. Since the event, additional attention has been given 
to waste disposal in pits, ponds, and underground injection, produced-water reuse, 
as well as a renewed interest in Aquifer Exemptions.

The California Oil, Gas, and Groundwater 2016 Symposium will provide the lat-
est information on the successful applications and/or problems encountered with the 
current requirements for groundwater monitoring and protection related to oil and 
gas activities in California. It is intended for petroleum and groundwater geologists, 
engineers, policy-makers, regulators, legislators, academia, and other interested par-
ties to learn about current practices, operations, requirements, and the successes and 
challenges that create the context for the relationship between petroleum production 
and groundwater management in California. Distinguished speakers from the State 
(SWRCB, RWQCB and DOGGR), from research entities (USGS and universities), 
and others from the water, petroleum, and legal industries will be on hand to present 
talks and posters related to the latest activities associated with groundwater near 
petroleum operations. 

In addition, an optional (limited seating) field trip to the Belridge Produc-
ing Complex of Aera Energy LLC will take place on the afternoon of November 
3rd.  The Belridge Producing Complex is located about 45 minutes west/northwest 
of Bakersfield and includes oil and gas exploration and production operations in 
the North and South Belridge (sixth most productive field in the U.S.), Lost Hills, 
Cymric and McKittrick oil fields.  Representatives from Aera will discuss how the 
fields are operated, how production fluids (including water) are handled and will 
share best practices on communication efforts with neighbors and agriculture as the 
industry works to build stronger relationships and transparency with the public. This 
is a must-see field trip for anyone interested in oil and gas field operations and the 
handling of produced fluids.

 A detailed program and symposium registration are posted here. Exhibitor and 
Sponsorship opportunities are available for this event to showcase your company’s 
related products or services. Please view details and register online or contact Sarah 
Kline, GRA Administrative Director, at skline@grac.org; 916-446-3626.  

https://www.grac.org/events/13/
https://www.grac.org/events/14/
mailto:skline%40grac.org?subject=
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Wells and Words
By David W. Abbott P.G., C.Hg., Consulting Hydrogeologist

Adjustments to the Nexus Between Energy and Water Wells

Continued on the following page…

In the previous installment of Wells and Words, I discussed 
the cost of pumping groundwater to the ground surface (gs) 
and evaluated the relative importance of well development 

to estimate pumping costs based solely on the well efficiency 
(on the basis of static water level [SWL], drawdown [s], and 
pumping water level [PWL]). For that discussion, I ignored the 
system head pressures and the effects of friction losses (hf) in 
the transmission pipe (pump column, various pipe fittings, and 
conveyance system) from the well to its delivery point. In this 
installment, I discuss how to adjust for these effects.

First, let’s define some terms. The dynamic head (hdyn) is the 
head (elevation) of fluid that would produce statically the pres-
sure of a moving fluid1. In a pumping system, the total hdyn 
(TDH) against which a pump operates is equal to the lifting 
head plus the friction head2, or the sum of the elevation head 
(helev), pressure head (hpress), and velocity head (hvel) of a liq-
uid1. The lifting head is the vertical distance between the PWL 
and the surface delivery point1. The friction head (friction loss) 
is the energy lost due to friction, per unit weight of fluid3. The 
helev is the point at which the hydrostatic pressure is measured 
above an arbitrary datum; the hpress is the height of a column of 
liquid supported (or capable of being supported) by a pressure 
at a point in the liquid; and hvel (usually insignificant) is the 
groundwater head resulting from kinetic energy of the water1. 
The head is the elevation in a well, or elevation to which the 
water of a flowing artesian well will rise in a pipe extended 
high enough to stop flow1 (see Figure 1).

The following equation estimates the cost to pump water to 
the delivery point:

                                                         Eq-1

For this discussion, the following are given for a specific well:

C = total cost of power, dollars ($)
Q = discharge = 1,000 gallons per minute (gpm)
K = cost of electricity = $0.1475 per kilowatt-hour (kwh)4

t = operation of pump = 10 hours (hrs) per day
μp = pump efficiency (estimated 79.96%)5

μm = motor efficiency (87.58%)6

Equation 1 can be reduced to the following for this set of 
operating parameters:

                                                          Eq-2

TDH is composed of a number of items, including the: (1) 
SWL; (2) PWL, or drawdown; (3) elevation difference between 

the wellhead and the point of delivery [s´]; (4) friction loss due 
to the pump column [hpc]; (5) friction loss due to the convey-
ance pipeline [hconv]; (6) friction loss due to pipe fittings [hpf] 
(e.g., regular 90° elbow, tee-line flow, globe valve, angle valve, 
gate valve, pipe reducer, etc.); and (7) other friction losses 
(intake screen, sprinklers, diffusers, etc.). These terms usually 
are given in feet (ft) of friction loss (but can also be given in 
pounds per square inch [psi]), and can be added together to 
yield the TDH.

Figure 1: The author (in 1980) servicing an analog water-level 
recorder during a multiple-well aquifer test of an artesian well 
for the U. of WA Big Beef Creek Fisheries Research Center, 
Seabeck, WA. Three aquifers were encountered in this area; two 
were measured at this well using the vertical rod with half-inch 
surgical tubing attached (Aquifer A) and the water-level recorder 
in the 8" φ csg (Aquifer C). Aquifer C has an estimated transmis-
sivity of 163,000 gpd/ft and a storativity of 1.4E-04.

SWL
45.73 ft msl

8" φ csg

10" φ  
condutor csg

SWL
41.23 ft msl

←

→

→

→
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                                                                                    Eq-3

Note that the PWL is equal to the (SWL + s). The friction 
losses in pipe flow are usually estimated with the Hazen-
Williams or Manning formulae7. Online resources and calcula-
tors8, suppliers, and references books2,7,9,10,11 provide formulae, 
tables, and/or nomographs for estimating these losses for vari-
ous pipe diameters, pipe materials, flows, and fittings. Friction 
losses for pipe are usually given in ft of head loss per 100 ft 
of pipe. For example: 1,000 gpm in a horizontal 12" diameter 
(φ) steel pipe yields a hconv of 0.4 ft/100 ft of pipe with a flow 
velocity (v) of about 3 ft per second (fps) for a full pipe; a 6" φ 
steel pipe would have a hconv of about 7 ft/100 ft of pipe with 
a v of about 10 fps.

Example: A 16" φ well was installed to a depth of 743 ft; 
the elevation at the wellhead is 35 ft above mean sea level 
(amsl). The 1,000 gpm well has a 24-hr well efficiency of about 
80%. The SWL and PWL are 48 and 137 ft below ground 
surface (bgs), respectively, representing a drawdown of 89 ft; 
the transmissivity of the aquifer is 22,700 gpd/ft. The pump 
intake is set at a depth of 250 ft; the pump system includes a 
12" φ pump column and one 12" φ steel 90° elbow pipe fitting 
at the surface to direct the water to the conveyance system; 
a 12" φ x 10" φ pipe reducer is attached to the 90° elbow. 
The water is then pumped to the top of a steel storage tank at 
an elevation of 118 ft amsl, or 83 ft above the wellhead. The 
down-hole well pump is sized to deliver the water to the top 
of the storage tank. The conveyance system (all steel pipe and 
fittings) includes 300 ft of 10" φ straight pipe that includes two 
additional 10" φ 90° elbow fittings to direct the water from the 
base of a storage tank to the top of, and into the storage tank.

The total kinetic energy head loss includes the lift from 
the PWL (SWL + s = 137 ft) plus the additional lift (s´ = 83 
ft) to the top of the storage tank or about 220 ft. The hpc is 
about 0.75 ft per 100 ft of pump column, or 1.88 ft for the 
12" φ column with a 2.4375" φ shaft. The hconv is 0.50 ft 
per 100 ft of conveyance pipe, or 1.50 ft for 300 ft of 10" 
φ pipe. The hpf values are 32 ft for one standard 12" φ steel 
90° elbow; 52 ft for two 10" φ (26 ft friction loss each) steel 
90° elbows; 1.74 ft for one coupling reducer from 12" φ to 
10" φ; and 3.2 ft for one 10" φ flanged gate valve (note that 
a wide-open flanged 10" φ globe valve has a friction loss of 
270 ft, or about 84 times greater than a flanged gate valve).

The TDH of the system is the summation (Eq-3) of the blue 
numbers above, which yields a net head loss of 312.32 ft. Note 
that, for this example, about 70% of the TDH is from the lift-
ing head. Calculating from Equation 2, it costs about $123.93 
per day to operate this system for 10 hours per day, or the 
equivalent of $45,233.93/year or $67.30/acre-foot.

Have you had enough of this number crunching? Figure 1 
shows a wellhead configuration where the well was drilled to 

a depth of 250 ft with 8" φ casing (csg) and then perforated 
in a deep aquifer. The completed well was flowing artesian; 
the shallower aquifer tapped by the 10" φ conductor was also 
flowing artesian. The drilling contractor was requested to in-
stall enough csg above gs to stop the flow of water, with rebar 
steps and a platform to stand on. The 8" φ well thus became 
a non-flowing artesian well, and the platform allowed easy 
access for reliable and accurate water levels. The gs elevation 
was 33.59 amsl. The SWL was 12.14 ft above gs (45.73 ft 
amsl), equivalent to 5.27 psi. The contractor was also asked to 
cap the annulus between the 8" φ and 10" φ csg and install a 
nipple to attach ½" φ surgical tubing, which was then attached 
to a 1" x 3" x 20-ft board. The SWL for this shallower aquifer 
was 7.64 ft above gs (41.23 ft amsl), equivalent to 3.32 psi.

The water levels for this well could now be easily measured 
by extending the csg skyward and installing an analog Leo-
pold-Stevens horizontal-axis recording and float-accentuated 
water-level measuring device to permanently document the 
water-level changes in the deep aquifer; and by extending 
surgical tubing alongside the csg to measure water levels in 
the shallow aquifer. The measurements could also be taken 
with a pressure gauge on a fully capped well at the gs but most 
readily available and standard pressure gauges do not have the 
precision to properly evaluate pumping tests.  

1 Wilson, William E. and J.E. Moore (editors), 1998, Glossary of 
Hydrology, American Geological Institute, Alexandria, VA, 248p.

2 Driscoll, Fletcher G. (Editor), 1986, Groundwater and Wells, John-
son Division, St. Paul, MN, 1089p. 

3 Poehls, D.J. and G.J. Smith (editors), 2009, Encyclopedic Dictionary 
of Hydrogeology, Academic Press, Amsterdam, the Netherlands, 517p.

4 U.S. Energy Information Administration, Table 5.6A, Average Price 
of Electricity to ultimate customer’s end-use sector by State, January 
2016 and 2015. Access at URL on April 2, 2016. 14.75 cents per kWh 
is for all Sectors.

5 http://www.mcnallyinstitute.com/06-html/6-01.html

6 Conlon, Thomas, G. Weisbro, and S. Samiullah, 1999, We’ve been 
testing water pumps for years: Has their efficiency changed?, pub-
lished in the Proceedings of the 1999 ACEEE Summer Study of Energy 
Efficiency In Industry, 12p.

7 Anderson, Keith E., 1993, Groundwater Handbook, National 
Groundwater Association, Dublin, OH, 401p.

8 http://www.freecalc.com/fricfram.htm or http://www.raincollection-
supplies.com/v/vspfiles/assets/images/tdh%20explanation.pdf

9 Anderson, Keith E., unknown, Water Well Handbook, Missouri 
Water Well & Pump Contractors Assn., Inc., 281p.

10 Powers, J. Patrick, A.B. Corwin, P.C. Schmall, and W.E. Kaeck, 2007, 
Construction Dewatering and Groundwater Control: New methods 
and applications (third edition), John Wiley & Sons, NY, 638p.

11 Crane Company, 1991, Flow of Fluids through Valves, Fitting, and Pipe 
(23rd Edition), Technical paper 410, Crane Company, Joliet, IL, 128p.

Wells and Words – Continued 
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Federal Legislative and Regulatory Corner

The Federal Corner
By Jamie Marincola, U.S. EPA

USGS Online Mapper Provides a Decadal 
Look at Groundwater Quality

A new online interactive mapping tool provides summaries 
of decadal-scale changes in groundwater quality across the 
Nation. The mapper shows how concentrations of 24 con-
taminants, such as nutrients, pesticides, metals, and volatile 
organic compounds, are changing over decadal periods in 
67 groundwater networks across the Nation. Each network 
consists of about 20 to 30 wells selected to represent water-
quality conditions in a given geographical area, aquifer, and 
in some cases, a specific land use. Access the mapper here.

EPA and NIH Award $5.1 Million for a New 
Environmental Research Center at USC

The University of Southern California will set up a Maternal 
and Developmental Risks from Environmental and Social 
Stressors (MADRES) Center for Environmental Health Dis-
parities to study how environmental factors may contribute 
to childhood obesity and excessive weight gain during preg-
nancy in Hispanic and Latino communities. The MADRES 
Center will bring together clinical, environmental, social and 
public-health scientists and community-engagement profes-
sionals to its research and outreach programs. USC is among 
five universities selected nationwide to 
work with local communities to better un-
derstand ways to improve environmental 
conditions for vulnerable populations. To 
learn more about these grants, go here.

Strategic Considerations for 
the Sustainable Remediation of 
Nuclear Installations

The OECD Nuclear Energy Agency 
(NEA) formed the Task Group on Nu-
clear Site Restoration, involving nuclear 
operators, experts and regulators, to re-
view the strategic aspects of nuclear site 

remediation. This year, the NEA released the report Strategic 
Considerations for the Sustainable Remediation of Nuclear 
Installations, summarizing work carried out between March 
2014 and December 2015, and providing observations and 
recommendations relating to the development of strategies 
and plans for sustainable site remediation at nuclear sites. 
View or download the 2016 report here.

EPA Continues Work with States to Improve 
Protection from Lead in Drinking Water

During the past six months, EPA has engaged with every 
state drinking-water program to ensure they are addressing 
any high lead levels and fully implementing the current rule. 
As of July, every state has confirmed that their procedures are 
consistent with EPA’s Lead and Copper Rule and applicable 
guidance. States have indicated that they already posted, or 
will post, state LCR sampling protocols and guidance to their 
public websites. To read more about EPA’s effort on improv-
ing protection from lead in drinking water, visit here.  

Jamie Marincola is an Environmental Engineer at the U.S. 
Environmental Protection Agency Region 9 Water Division. 
For more information on any of the above topics, please contact 
Jamie at 415-972-3520 or marincola.jamespaul@epa.gov.

{ 
HydroVisions

 
is looking for submissions from 

 

students engaged in groundwater research, 
 

to highlight in our Student Corner. 
 

 

Do you know of a student with something to share? 

• Articles 

• Research Papers 

• Summary Blurbs 
 

For further information, please contact: 
editor@grac.org, subject “Student Corner” 

Call for Submissions
 

Picture Your Research
Featured in HydroVisions

{ 
HydroVisions

 
is looking for submissions from 

 

students engaged in groundwater research, 
 

to highlight in our Student Corner. 
 

 

Do you know of a student with something to share? 

• Articles 

• Research Papers 

• Summary Blurbs 
 

For further information, please contact: 
editor@grac.org, subject “Student Corner” 

Call for Submissions
 

Picture Your Research
Featured in HydroVisions

{ 
HydroVisions

 
is looking for submissions from 

 

students engaged in groundwater research, 
 

to highlight in our Student Corner. 
 

 

Do you know of a student with something to share? 

• Articles 

• Research Papers 

• Summary Blurbs 
 

For further information, please contact: 
editor@grac.org, subject “Student Corner” 

Call for Submissions
 

Picture Your Research
Featured in HydroVisions

mailto:http://nawqatrends.wim.usgs.gov/Decadal/?subject=
mailto:https://www.epa.gov/research-grants/currently-funded-grantees-centers-excellence-environmental-health-disparities?subject=
mailto:http://www.oecd-nea.org/rwm/pubs/2016/7290-strategic-considerations.pdf?subject=
mailto:https://blog.epa.gov/blog/2016/07/epa-continues-work-with-states-to-improve-protection-from-lead-in-drinking-water/?subject=
mailto:marincola.jamespaul%40epa.gov?subject=


HYDROVISIONS – FALL 2016 | PAGE 26

Chemist’s Corner

This marks the 20th year I have been contributing 
“Chemist’s Corner” articles to HydroVisions, and I’m 
taking a look back.  My first column in 1996 concerned 

MTBE, which was being detected as a statewide contaminant 
for the first time.  There have been many subsequent contami-
nants-of-the moment: 

• MTBE and other fuel oxygenates

• petroleum hydrocarbons 

• Non-target compounds

• Arsenic

• NDMA

• Nitrate

• PFOA and PFOS

• Pharmaceuticals

• Nanochemistry

• PBDEs

• Manganese

• Endocrine Disruptors

• Copper

• pH

• TICs.

Twenty Years in the Corner
By Bart Simmons

The balance of columns mostly focused on attempts to 
improve groundwater measurement.   Some succeeded, some 
did not: 

• Performance-Based Measurement System (PBMS)

• National Environmental Laboratory Accreditation 
Conference (NELAC), which wrote the standards for 
the National Environmental Laboratory Accreditation 
Program (NELAP)

• Leaching and Extraction Tests

• Soil-gas testing

• Water Quality Data Elements

• Risk-Based Screening

• National Environmental Monitoring Index (NEMI)

• Mobile Labs

• Life Cycle Analysis

• Cumulative Risk

• Data Uncertainty

• Environmental Statistics

• Sample Prep

• Green Chemistry

• Forensic Chemistry

• Perceived Chemical Risk

• Organic Food

• Nepalese Groundwater

• Data Qualifiers

• Storm water

• Groundwater in India.

If there is a theme here, it may be the drive for continual 
change in groundwater measurement.  

Bart can be reached at bartonps@aol.com. 

“When you’re  
finished changing,  
you’re finished.”  

Benjamin Franklin

mailto:bartonps%40aol.com?subject=
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Summary of the 2016 Workshop of GRA’s  
Contemporary Groundwater Issues Council –  

Best Management Practices for SGMA
By Reid Bryson, Luhdorff & Scalmanini, Consulting Engineers

On May 26, 2016, eight days after the California Water 
Commission voted to approve emergency regulations 
for Groundwater Sustainability Plans, GRA held the 

sixth annual workshop of the Contemporary Groundwater 
Issues Council (CGIC) to address a closely related compo-
nent of Sustainable Groundwater Management Act (SGMA) 
implementation: best management practices (BMPs). The 
California Water Code requires the Department of Water 
Resources (DWR) to publish “best management practices for 
the sustainable management of groundwater” by January 1, 
2017 (§10729(d)). Members of the CGIC met to share their 
perspectives on BMPs and provide recommendations to DWR 
regarding this timely topic.

Rich Juricich, DWR Principal Water Resources Engineer, 
and Steven Springhorn, DWR Senior Engineering Geologist, 
began the workshop with presentations on DWR’s approach 
for BMP publication in the context of the DWR’s Strategic Vi-
sion and Framework for Integrated Water Management. Mr. 
Springhorn provided an overview of the process that DWR is 
undertaking to prepare BMPs for publication. He noted that, 
while DWR is required to publish BMPs, the GSP regulations 
allow that Groundwater Sustainability Agencies (GSAs) may 
apply different BMPs as part of local groundwater manage-
ment efforts. As a result, DWR’s approach to publishing BMPs 
will be to provide guidance to Groundwater Sustainability 
Agencies as opposed to additional regulatory requirements. 

Key components of DWR’s approach to BMP publication 
include:

• Engagement with advisory groups and solicitation of 
public input, in addition to the four public meetings 
required by the Water Code

• Compilation of BMP content from existing State 
programs, U.S. Geological Survey, and others

• Prioritization of BMP content for initial publication

• Delivery of BMPs by the SGMA deadline

• Updates and expansion of BMPs over time to meet the 
needs of GSAs and track changes in industry standards 
and practices.

Mr. Springhorn noted that DWR intends to prioritize a sub-
set of BMP content for initial publication due to the range of 
potential BMP subject areas and the time constraint for initial 
publication. DWR plans to release BMP-related content in 
phases prior to an anticipated December-2016 publication of 

the initial BMPs. The initial phases include a vision document 
and annotated outline leading to a draft of the initial BMPs 
planned for public release in October. Following January 1, 
2017 DWR will update and expand the BMPs over time, par-
ticularly to incorporate subject areas that are not addressed 
by the initial BMPs. Updates are likely to occur on a more 
frequent basis to start, perhaps annually, with later updates 
occurring on a five-year cycle. 

Mr. Juricich followed with a presentation on the develop-
ment of a strategic vision and framework for integrated-water-
management data and tools by DWR. The goal of this effort 
has been to coordinate various data-collection, data-analysis, 
and reporting programs under a unified vision consistent with 
the requirements of the SGMA and goals identified in the Cali-
fornia Water Action Plan. Project outcomes include objectives 
and recommendations to the Divisions of Integrated Regional 
Water Management and Statewide Integrated Water Manage-
ment for refinements to data collection, data reporting, data 
management, and water-budget methods. The objectives 
developed for these four topics generally focus on increasing 
data transparency, reducing redundancy in data-collection 
efforts through improved coordination, increasing efficiency, 
and increasing access to high-quality data. Mr. Juricich noted 
that water budgets were a focus of the strategic framework 
due to their statewide importance as a basis for building-out 
groundwater management actions.

Chris Kapheim, General Manager of the Alta Irrigation 
District (AID), then provided a local perspective on governance 
and groundwater sustainability. His primary themes included 
the importance of understanding governance roles and respon-
sibilities at the local level, even as they may change over time, 

Continued on the following page…
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3. What is the best format/framework for BMPs in order 
to meet the January 1, 2017 deadline and expand into 
the future, and why? What format would be most useful 
for the BMPs, i.e., a static report or online content?

Participants in this brainstorming session acknowledged 
the broad range of topics for which BMPs could be devel-
oped, including hydrogeologic conceptual modeling, water-
budget methods, aquifer-protection strategies, local financing 
of groundwater-management efforts, conflict resolution, and 
stakeholder engagement. On the question of which BMPs to 
prioritize for development by January 1, 2017, the discussion 
focused on those topics that are most urgent from the perspec-
tive of local agencies beginning to implement SGMA. Those in-
cluded governance, financing (both short-term and long-term), 
data-management systems, and monitoring and management 
elements required by the GSP regulations. Regarding monitor-
ing and management requirements, the group distinguished 
between potential BMPs for data collection, identification of 
data gaps, data consistency, and quality control. Although time 
is limited for developing BMPs prior to the start of 2017, and 
some GSAs will already have proficiency with some BMPs, 
many in the group supported a hybrid approach to BMP de-
velopment that would seek to provide broadly useful content in 
some subject areas and also more focused content on subjects 
that are likely to be challenging for a subset of GSAs. 

The brainstorming discussion also considered potential 
sources for existing BMP content, including the U.S. Environ-
mental Protection Agency, U.S. Geological Survey, American 
Water Works Association, and Association of California Wa-
ter Agencies Groundwater Committee. In addition, the group 
discussed the need for ongoing maintenance, updates, and 
organization of BMPs. Suggestions included posting BMPs in 
a searchable, online format organized to correspond with the 
GSP regulations. The group also suggested that case studies 
be developed to highlight examples of BMP implementation.

One additional suggestion from the discussion was for 
GRA to survey its members as a way to compile information 
on existing BMPs and standard methods currently in use.

Topic II: Sustainable Groundwater 
Management Components, including 
Groundwater Quality

This session focused on helping the state identify projects and 
actions that local agencies can accelerate in order to achieve 
long-term balance in California’s groundwater basins. Ques-
tions included:

1. What projects and actions facilitate short-term 
management action that helps local agencies achieve 
sustainability?

and efficiently integrating SGMA-related water management 
efforts with other existing efforts. Mr. Kapheim summarized a 
variety of water-management activities undertaken since 1999, 
with particular attention to a strategic-planning process con-
ducted from 2000 to 2006 and more recent steps taken to keep 
pace with SGMA requirements. The strategic-planning process 
resulted in a more comprehensive and diverse set of priorities 
for AID. Subsequent projects, including water banking and 
regional drinking-water projects, have been implemented by 
AID to address the priorities identified during the strategic plan-
ning. Fifteen local agencies, including AID, have already signed 
MOUs as part of forming the Kings River East GSA. Despite 
this progress, Mr. Kapheim noted some challenges that he sees 
to SGMA implementation. These included the availability and 
access to funding for GSP development and implementation, 
and liability insurance as a necessity for SGMA implementation.

Dr. Maurice Hall, Environmental Defense Fund Associate 
Vice President for Water, provided the final presentation of 
the day with a focus on groundwater dependent ecosystems 
(GDEs). Dr. Hall summarized relevant paragraphs in the Water 
Code and GSP regulations that identify surface-water depletions 
as an undesirable result and address the degree to which GSP 
water budgets must account for surface-water/groundwater 
interactions. Dr. Hall suggested that GSAs will need additional 
guidance on how to best address these requirements. He then 
described an approach whereby monitoring groundwater levels 
near surface waters could provide the best available data for 
GSAs to use when establishing minimum thresholds to avoid 
significant and unreasonable surface-water depletions. He 
proposed that minimum thresholds set by GSAs allow for sea-
sonally varying water levels, including an allowance for greater 
ranges of groundwater-level variability farther away from sur-
face waters. Dr. Hall also noted that SGMA legislation lacked 
detail with respect to the requirement that GSAs identify GDEs. 
He noted that DWR, Department of Fish and Wildlife, and The 
Nature Conservancy are working on a statewide map of poten-
tial GDEs, which will be made available to GSAs in the future.

Following the morning presentations members conducted 
three brainstorming sessions facilitated by Center for Collab-
orative Policy staff under direction from the lead facilitator, 
Rich Wilson.

Topic I: BMPs to Achieve Sustainability

This session focused on helping the state identify and develop 
BMPs for sustainable groundwater management. Questions 
included:

1. What existing BMP examples or references are currently 
available? 

2. What are the most important BMPs to develop by 
January 1, 2017, and why?

Summary of the 2016 Workshop of GRA’s Contemporary Groundwater 
Issues Council – Best Management Practices for SGMA – Continued

Continued on the following page…
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Summary of the 2016 Workshop of GRA’s Contemporary Groundwater 
Issues Council – Best Management Practices for SGMA – Continued

2. What projects and actions facilitate long-term 
management action that helps local agencies achieve 
sustainability?

3. For which of these actions and projects should BMPs be 
developed? 

In terms of short-term actions, this group focused on the 
need for organization and communication at the local level 
to create or strengthen the foundation for future management 
decision-making. Suggestions for short-term action included 
building trust amongst local agencies, stakeholders, and the 
public through clear communication about the goals of sus-
tainable groundwater management and governance options; 
targeted capacity-building to encourage participation by all 
stakeholders; and coordination of current monitoring and 
modeling efforts within a basin or subbasin.

Suggestions for long-term actions included investing in 
monitoring programs to fill data gaps, developing projects to 
enhance recharge (particularly in areas subject to overdraft and 
areas where hardpans or other physical constraints limit natural 
recharge), and developing a systematic approach to the evalu-
ation and revision of water budgets to improve their accuracy.

In considering potential projects and management actions 
for BMP development, the group focused on identifying many 
potential BMPs rather than prioritizing a few for immediate 
development. Potential BMPs discussed included some overlap 
with the Topic-I group. Unique suggestions from the group 
included BMPs for water markets, groundwater-recharge 
rebates, water-management approaches ranging from central-
ized decision-making to market-based allocations, understand-
ing and responding to uncertainty in water budgets, process 
guidance for avoiding minimum thresholds and triggers, and 
developing recharge programs (particularly those that encour-
age distributed recharge where a GSA or local agency may 
not be able to meter the amount of recharge, but which can 
nonetheless be significant on a regional scale).

Additional suggestions included requests that DWR clearly 
communicate expectations for the acceptable level of error or 
uncertainty in water budgets and models, and a clear line of 
communication whereby GSAs and local agencies can know 
whether they are in compliance with SGMA.

Topic III: Groundwater-Dependent Ecosystems 
(GDEs) and Surface-Water/Groundwater 
Interaction

This session explored how local agencies are going to ad-
dress GSP regulations on the characterization and potential 
depletion of interconnected surface water and groundwater. 
Questions included:

1. What type of monitoring, data and/or resources are 
needed to demonstrate how and when surface water 
and groundwater are interconnected?

2. What constitutes a groundwater-dependent ecosystem? 
Does making this kind of characterization require a 
BMP(s)? If so, what kind of BMP(s)?

3. What support and data are needed from DWR, USFWS, 
SWRCB and others for local GSPs to be successful in 
defining meaningful thresholds and objectives for this 
particular sustainability indicator?

The Topic-III group frequently acknowledged that many GSAs 
and local agencies face challenges with respect to managing GDEs 
and surface-water/groundwater interactions. Some of those 
challenges stem from a lack of clarity in SGMA regarding the 
responsibility to manage groundwater basins to avoid impacts on 
GDEs, as compared to significant and unreasonable depletions 
of surface water. Several participants noted that GSAs will need 
clear communication from DWR and the State Water Resources 
Control Board as to the various datasets that the state will provide 
to GSAs versus those datasets that GSAs should anticipate devel-
oping at the local level. Participants also noted that local agencies 
will need guidance from the state regarding its interpretation of 
requirements under SGMA for local agencies to (1) identify and 
map GDEs, and (2) avoid impacts to GDEs, relative to efforts 
associated with other interactions of surface water and ground-
water, including non-ecosystem-related beneficial uses.

Participants also noted that many GSAs will face a need for 
funding additional streamflow and surface-water monitoring 
sites. This was accompanied by a suggestion for additional 
funding from the state for such monitoring.

Suggestions for BMPs from the Topic-III group included 
those for monitoring surface-water/groundwater interactions 
at spatial and temporal scales relevant to basin management; 
methods for modeling or otherwise quantitatively evaluating 
surface-water/groundwater interactions, including account-
ing for impacts that may result from groundwater pumpage 
that occurred after January 1, 2015, but that will not result in 
immediate impacts to groundwater-connected surface waters; 
reservoir-management strategies for basins where reservoir re-
leases have a significant impact on surface-water flow regimes; 
and adaptive-management approaches suited to avoiding 
significant impacts to surface waters.

The next CGIC Workshop is scheduled for May 25, 2017.   

GRA Contemporary Groundwater Issues Council Co-Chairs:

- Vicki Kretsinger Grabert, GRA Director Emeritus – 
Luhdorff & Scalmanini, Consulting Engineers

- Thomas Harter, GRA Director –  
University of California Davis

- Tim Parker, GRA Director – Parker Groundwater
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Dr. Mario Lluria Received Herman Bouwer Award  
at 9th International Symposium on  

Managed Aquifer Recharge (ISMAR 9)

Continued on the following page…

The award was created to honor the legacy of the late Dr. Herman Bouwer, 
who was one of the world’s leading researchers in water resources manage-
ment, particularly in the area of managed aquifer recharge. He authored 

more than 300 publications, served on several US National Academy of Sciences —
National Research Council committees, consulted on numerous recharge projects, 
received an Organization for Economic Co-operation and Development (OECD) 
Fellowship in 1964 for studying recharge in The Netherlands and Germany, and 
gave many seminars and short courses on managed aquifer recharge in the U.S., 
India, Jordan, Tunisia, and Morocco. 

Dr. Mario Lluria is highly deserving of the Herman Bouwer Award due to 
his long commitment to fostering and developing groundwater recharge, one of 
Dr. Bouwer’s key contributions to the profession of hydrogeology. Dr. Lluria has 
practiced hydrogeology for 46 years as both a consultant and as a project manager 
for major industrial and utility companies. He received his Bachelor of Science 
degree in Geology and Geophysics from the Massachusetts Institute of Technology 
in 1963, then completed his doctorate in Chemistry from the University of Havana 
(1965), Cuba and did Post‐Doctoral work in Hydrochemistry at the University of 
Sevilla, Spain (1969).

“Mario is a true leader and I have had the pleasure of 
knowing and working with him for over 30 years. I first 

met Mario in 1985 when he served as a panel member for 
Arizona’s 2nd Groundwater Recharge Symposium sponsored 

by the Salt River Project. Since then, Mario has become 
recognized as an expert in groundwater recharge.  

I congratulate Dr. Mario Lluria for a job well done.”   
–Gary Small, President, HydroSystems, Inc.

Dr. Lluria began his career in Spain working as a Senior Geologist at the 
consulting firm Geotecnica, S.A. in Madrid where he was in charge of a regional 
office. In 1968, he joined Exxon Company as a Senior Geologist doing exploration 
for mineral deposits throughout the United States. While at Exxon, Dr. Lluria was 
involved in the discovery of two world-class mineral deposits.

In 1984, Dr. Lluria moved to Phoenix, AZ to join the firm Cella Barr Associates, 
where his work included developing groundwater supplies for new developments, 
municipalities and industries; he was the project manager for the first ASR well in 
Arizona. In 1986, Dr. Lluria joined the consulting firm Boyle Engineering, where he 
continued his involvement in a number of groundwater recharge projects, including 
development of the City of Scottsdale’s groundwater recharge master plan.

In 1990, Dr. Lluria joined Salt River Project, where he provided technical 
direction and guidance for a variety of projects, including the construction and 
operation of groundwater recharge facilities. Most notably, Dr. Lluria was the 
project manager for the Granite Reef Underground Storage Project (GRUSP) and 

The Groundwater Resources 
Association of California 

(GRA) and the Arizona 
Hydrological Society (AHS) 

are pleased to announce that 
Mario Lluria received the 2nd 

Herman Bouwer Award.  
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Dr. Mario Lluria Received 
Herman Bouwer Award 
at 9th International 
Symposium on Managed 
Aquifer Recharge  
(ISMAR 9) – Continued

the New River Aqua Fria Underground 
Storage Project (NAUSP); these are 
large spreading basins designed to 
recharge surface water. 

More recently, Dr. Lluria joined the 
consulting firm HydroSystems, Inc. 
in Phoenix, where he serves as Senior 
Hydrogeologist and has continued his 
involvement with recharge projects, 
such as the Silver Reef development.

Finally, Dr. Lluria has participated 
in many conferences and symposia in 
Arizona and around the world where 
he has contributed papers and talks 
on many subjects, particularly aquifer 
recharge. His expertise and leadership 
have contributed to the advancement of 
groundwater recharge in Arizona and 
internationally. It is fitting that Dr. Lluria 
should receive the Herman Bouwer 
Award at ISMAR9 in Mexico City, since 
he has such strong personal connections 
to Spanish-language speakers.

Dr. Llurio will receive the award 
at a special Herman Bouwer Awards 
luncheon on June 22 at the 9th 
International Symposium on Managed 
Aquifer Recharge (ISMAR 9). In 2016, 
ISMAR9 is being combined with the 
15th Biennial Symposium on Managed 
Aquifer Recharge (BSMAR 15), being 
held in Mexico City, Mexico. BSMAR 
16 will be held in 2018 in California. 

More information about ISMAR9 
and and the Herman Bouwer Awards 
lunch can be found at http://www.
ismar9.org.  

GRA Proudly Announces our New 
Northern Sacramento Valley Branch!

Here is a note from Branch President Eddy Teasdale:

Groundwater resources in the Northern Sacramento Valley are essential 
for diverse users in agriculture, municipalities, regional agencies, and 
environmental management. California’s ongoing drought and evolving 

groundwater regulations make this an important time to collaborate in water-
resource management. The stakeholders in our region are numerous and diverse 
including federal, state, and local agencies, consultants and research scientists, 
along with those who rely on water resources of the North Sacramento Valley such 
as agricultural, industrial, municipal and other users. We are excited to announce 
the formation of Northern Sacramento Valley Branch of GRA which will provide 
educational, professional development, and other opportunities to network and 
collaborate. We encourage participation from the agricultural community, local, 
state and federal agencies, and consultants with interest in use and management of 
water resources in our area. Students are welcome and encouraged to attend.

Our inaugural meeting will be in early October in Chico, with subsequent 
meetings every other month throughout the Northern Sacramento Valley. Please 
check the website for meeting updates, https://www.grac.org/northern-sacramento-
valley/. To receive updates on meetings and other activities, join our e-mail list by 
contacting Eddy Teasdale at EddyTeasdale@KennedyJenks.com.  

http://www.ismar9.org
http://www.ismar9.org
https://www.grac.org/northern-sacramento-valley/
https://www.grac.org/northern-sacramento-valley/
mailto:EddyTeasdale%40KennedyJenks.com?subject=
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Organizational Corner

GRA Welcomes the Following New Members
MAY 2 – JUNE 30, 2016

West, Lee CTX Holdings
Leist, James  Cardno
Greene, Todd CSU-Chico
Cummings, Shane Holdrege & Kull
Cummings, Heidi Holdrege & Kull
Olsen, Don  Holdrege & Kull
Esposito, Cab  Holdrege & Kull
Hellmann-Blumberg, Uta Cal/EPA - Department of Toxic  
 Substances Control
Werner, Gregg The Nature Conservancy
Naftaly, Matt Dudek & Associates, Inc.
Johnson, Brent Cornerstone Earth Group
Taber, Danica Indiana University-School of Public  
 and Environmental Affairs
Cruikshank, Michael Daniel B. Stephens &  
 Associates, Inc.
Wollert, Carson City of Santa Barbara
Mason, Daniel Waterfind USA
Calabrese, Tom EnviroLogic Resources, Inc.

Whaley, Debbie California State University,  
 Sacramento
Angell, Matt Madera Pumps Inc.
Reynolds, Joshua Water Systems Consulting
Atkinson, Kian San Mateo County  
 Environmental Health
Dunaway, Donette Regional Water Quality  
 Control Board
Wilson, Jared UC Santa Barbara
Anderson, Chester Western Shasta Resource  
 Conservation District
Conrad, Esther Stanford University
Perry, Valentina CSU East Bay
Lopez, Robin San Jose State University
Fay, Emily Stanford University
Guo, Sujin Rice University
Laney, John Montgomery & Associates
Bahramian, Jennie California State University, East Bay
Tanouye, David California State University, East Bay

PATRON ($500-$999)

CORPORATE ($250-$499) 
David Abbott

CHARTER ($100-$249)
Matt Becker  
Stanley Feenstra 
Sally McCraven 
Steven Phillips 
Iris Priestaf 
Brian Wagner

SPONSOR ($25-$99)
Lydia Beth Ainsworth
Charles Almestad
Matt Angell
Douglas Bleakly
Kevin J. Brown
Christine Bucklin
Regina Bussard
Adres Cano
Samantha Caruthers-Knight
Julie Chambon
Bob Cleary

2016 Contributors to GRA – Thank You 
As of July 1, 2016

Dan McManus
Angelica Mercado
Peter Mock
Jean Moran
Jason Muir
Alec Naugle
Scott Nolan
Aaron O’Brien
Sorab Panday
Tim Parker
William Pipes
Lisa Porta
Cheryl Prowell
Eric Reichard
William Sedlak
Phyllis Stanin
Sylvia Stork
Danica Taber
Eddy Teasdale
Mike Tietze
Maria Vishnevskiy
Katharine Wagner
Greg Werner
Brian Whalen

Michael Colantuono
Gary Dickenson
Randy Dockery
Jessica Donovan
Scott Furnas
Chip Gribble
Thomas Harter
Uta Hellmann-Blumberg
Barbara Hennigan
Charles Jenkins
Christopher Johnson
Nicholas Johnson
Ian Jones
Dirk Kassenaar
Carol Kendall
Ted Koelsch
Claire Kouba
Taras Kruk
Bruce Lewis
Mario Lluria
Douglas Mackay
Richard Makdis
Robert Marks
Robert Martin

Terry Winsor
Jeremy Wire
Brett Wyckoff
Gus Yates
Steve Zigan
Confluence Environmental  
   Field Services
EMAX Laboratories, Inc.
Griffith & Masuda 
Horizon Environmental, Inc.
Sustainable Technologies
The Source Group, Inc.
The Water Group LLC 
WZI Inc.  
 
SUPPORTERS
Gabrielle Boisrame
Aaron Cuthbertson
Ryan Fay
Claire Wilkin 
Jared Wilson 
Stephanie Uriostegui
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Branch Highlights

Southern California

By Bert Vogler,  
Branch Secretary

On July 27, 2016, the Branch held 
a dinner meeting during which 
John Bonsangue, PG, Principal 

Hydrogeologist with the Orange County 
Water District (OCWD), presented Chal-
lenges Associated with Artificial Ground-
water Recharge through Wells in Orange 
County, CA. 

Mr. Bonsangue began by describing the 
reason for, and goals of, the OCWD, 
which protects and manages the 
dynamic groundwater basin beneath the 
northern two-thirds of Orange County. 
There are three major aquifers present in 
the basin (Shallow, Principal, and Deep), 
and approximately 200 large and 300 
small groundwater production wells 
within the area managed by the OCWD. 
He discussed the unconformity between 
the basin’s shallow Talbert Aquifer 
and underlying aquifers, explaining the 
seawater intrusion problem that results 
from this geologic structure and basin 
groundwater overdraft. He manages 
the Talbert Seawater Injection Barrier 
for the OCWD; injection of 30 million 
gallons of water per day is necessary to 
keep the intrusion at bay. He described 
design differences in legacy (nested) 
versus recent (clustered) injection wells. 
Well clogging is the issue of biggest 
concern, and results in a need for 
frequent—and costly—well redevelop-
ment. The clogging is typically caused 

by the presence of gas bubbles, bacterial 
growth, and/or suspended solids. 

Mr. Bonsangue then discussed the 
OCWD’s Ground Water Replenishment 
System (GWRS), a 100-million gallon 
per day recycled groundwater project 
that began operation in 2008. An 
overview of the GWRS was provided, 
including a discussion of its components 
and the three stages of treatment used 
on wastewater (i.e., sewage) from the 
Orange County Sanitation District. 
After further treatment with powdered 
lime to reduce corrosiveness, the treated 
wastewater is injected (via wells) and 
infiltrated (via percolation using spread-
ing grounds) into the basin. There are 
challenges associated with distributing 
GWRS-produced water to the various 
OCWD groundwater recharge facilities, 
including some rather surprising effects 
the GWRS water has on the distribution 
system itself. Noting that the GWRS 

pipelines consist of cement-mortar-
coated steel, he discussed the OCWD’s 
investigation of the cause of injection 
well clogging, and described a detailed 
study that included cartridge-filter 
scanning-electron microscopy, elemental 
distribution mapping, and GWRS pipe-
line inspections in an effort to identify 
the origin of the clogging material. 
Mr. Bonsangue noted that the results 
of ongoing testing suggest the cement 
coating of the piping contributes more 
to the clogging than the lime added to 
the treated water at the GWRS. His 
presentation was followed by a lively 
discussion.

The Branch officers would again like to 
thank Mr. Bonsangue for his engaging 
talk. We also thank all GRA Members 
and Non-members who participated 
in our July 2016 Southern California 
Branch meeting.  

Interested in GRA’s 
financial status?  

See the 2015  
budget here.

GRA Extends Sincere Appreciation to the Chairs 
and Sponsors of the GRA’s workshop on Developing 

Groundwater Sustainability Plans for Success 

CHAIR:

Chris Petersen

CO-CHAIRS:

John Lambie 
Dan Gamon

SPONSORS:

GEI Consultants, Inc
DHI Water & Environment, Inc. 
RMC Water and Environment

mailto:https://www.grac.org/media/files/files/4639f944/GRA_PL_through_12-31-15_003_.pdf?subject=


Parting Shot

The Sierra Nevada Quaking Aspen

Quaking aspen is the most widespread tree in North America, but it is only a minor species in 
the Sierra Nevada. Most aspen stands are associated with riparian and meadow environments. 
Aspen stands are generally short-lived (80 to 120 years of age) and succumb to decay and 

succession by conifer forests.

The most important feature of aspen ecology is that the species reproduces primarily by asexual 
roots sprouting to form genetically identical stands (clones). Aspen trees are really individual stems 
arising from the parent root system. This reproductive strategy allows aspen to quickly colonize 
disturbed sites, such as burned areas, avalanche slide zones, and landslides. Human actions, such as 
extensive logging, land clearing for sheep and cattle grazing, roadbuilding, and prescribed burning 
may also result in new habitat for aspen sprouts.

Aspen trees are important as forage and lodge material for beavers, which build dams that affect 
local water tables and stream dynamics, and provide habitat for aquatic and terrestrial wildlife as well 
as riparian-dependent plants.

Native Americans have likely lived in the Sierra Nevada for the past 10,000 years, although their 
burning activities probably had minor effects on California’s forests. In contrast, repeated, widespread 
burning of forests and brushlands was practiced by miners, lumbermen, stockmen, and settlers during 
the last half of the 19th century. The heavy impact of the settlement era promoted unusual regenera-
tion of aspen forests. Currently, land managers in the region believe the species is declining due to fire 
suppression policies of the past century.  

Photographed by John Karachewski, Ph.D., taken along Highway 108  
east of Sonora Pass in the Toiyabe National Forest. 

(www.geoscapesphotography.com)

Reference: P. C. Rogers, W. D. Shepperd, and D. L. Bartos, 2007, Aspen in the Sierra Nevada: 
Regional Conservation of a Continental Species. Natural Area Journal, volume 27 (2).
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