
 

1 
 

 

 

 

 

 

 

 

GROUNDWATER WELLS VERSUS SURFACE WATER AND ECOSYSTEMS:  

AN EMPIRICAL APPROACH TO LAW AND POLICY CHALLENGES AND SOLUTIONS 

 

 

 

A DISSERTATION  

SUBMITTED TO THE SCHOOL OF LAW 

AND TO THE COMMITTEE ON GRADUATE STUDIES 

OF STANFORD UNIVERSITY 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF  

DOCTOR OF THE SCIENCE OF LAW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rebecca Louise Nelson 

May 2014 

Rebecca
Rectangle



 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      http://creativecommons.org/licenses/by-nc/3.0/us/

 

 

 

This dissertation is online at: http://purl.stanford.edu/fm457qn9240

 

© 2014 by Rebecca Louise Nelson. All Rights Reserved.

Re-distributed by Stanford University under license with the author.

This work is licensed under a Creative Commons Attribution-
Noncommercial 3.0 United States License.

ii

http://creativecommons.org/licenses/by-nc/3.0/us/
http://creativecommons.org/licenses/by-nc/3.0/us/
http://purl.stanford.edu/fm457qn9240


I certify that I have read this dissertation and that, in my opinion, it is fully adequate
in scope and quality as a dissertation for the degree of Doctor of the Science of Law.

Barton Thompson, Jr, Primary Adviser

I certify that I have read this dissertation and that, in my opinion, it is fully adequate
in scope and quality as a dissertation for the degree of Doctor of the Science of Law.

David Freyberg

I certify that I have read this dissertation and that, in my opinion, it is fully adequate
in scope and quality as a dissertation for the degree of Doctor of the Science of Law.

Michael Wara

Approved for the Stanford University Committee on Graduate Studies.

Patricia J. Gumport, Vice Provost for Graduate Education

This signature page was generated electronically upon submission of this dissertation in 
electronic format. An original signed hard copy of the signature page is on file in
University Archives.

iii



 

iv 
 

  



 

v 
 

ABSTRACT 

 

Groundwater supplies cities and industries, feeds rivers and lakes, and supports an astounding array of 

biodiversity and land features, from desert oases to geysers. Despite its importance, groundwater allocation 

laws tend to be relative newcomers to water law frameworks globally. As frequently noted in the water 

management and legal literatures, water laws often lack legal tools to deal with competition between 

groundwater users, on the one hand, and human and ecological users of hydrologically “connected 

resources”—surface water right holders and advocates for groundwater-dependent ecosystems (“GDEs”) 

—on the other hand, which groundwater pumping may affect. If law does not make these links, it may 

inadvertently reduce the reliability of surface water rights and allow pumping to damage or destroy GDEs. 

Three stand-alone, but interconnected, empirically focused studies deal with law and policy tools for 

linking groundwater pumping and its potential impacts on connected surface water rights and GDEs 

(“linking tools”). They span the laws and policies of 25 state jurisdictions across the western U.S. and 

Australia, which manifest key differences, as well as important similarities. The first, Framework Study, 

builds a typology of linking tools, and analyzes the issues that arise in implementing them from two 

perspectives: administering agency practitioners, and policy design theory. The second, Offsets Study, 

evaluates a promising and under-studied linking tool: offset rules. These lift prohibitions on pumping 

stream-connected groundwater provided the pumper neutralizes adverse impacts on surface water rights 

before they manifest. The third, Conflicts Study, examines for the first time how California deals with 

conflicts over groundwater pumping and connected resources without a specific law and policy regime to 

manage them. The studies are based on an extensive law and policy review; 40 hours of interviews with 

state agencies; quantitative analysis of a large state water rights database; and the construction and analysis 

of a database of conflicts using content analysis, descriptive statistics and geographic information systems.  

A broad range of linking tools exists on paper and in practice. Tools either prevent predicted adverse 

impacts on surface water rights and GDEs at the groundwater permitting stage, or remedy existing impacts. 

They set thresholds of acceptable impact using either regulatory (achieved through government regulation) 

or voluntary (generally achieved directly or indirectly through government payments) methods. Markets 

offer flexibility in meeting thresholds generally by enabling users to buy rights rather than restrict their own 

pumping. In practice, state-based, direct regulatory linking tools dominate. In the western U.S., these often 

adopt very low preventive thresholds of acceptable risk to surface water rights, but include few tailored 

protections for GDEs. Along each dimension, the opposite generally applies in Australian states, likely due 

to different legal and cultural preferences for water shortage-sharing, notions of property rights, and 

preferences for maintaining status quo conditions associated with both. States in both nations generally lack 

many theoretical linking tools, including groundwater rights equivalent to instream flows, self-regulatory 

and co-regulatory strategies, and economic tools that set acceptable thresholds of harm, such as taxes. 

These gaps appear starkly compared to their significant development in environmental policy tools. 

Significant reform opportunities are identified through the framework typology, analysis based on practical 



 

vi 
 

implementation issues (which often relate to the burden of obtaining groundwater information), and policy 

design analysis that uncovers varying discretion, administrative burden, cost and equity inherent in 

different tools. Opportunities include developing missing tools, and strengthening weaknesses, inspired by 

outstanding state approaches to implementation issues—particularly those which redress gaps in protection 

for GDEs and address cost concerns in implementation, especially relating to information burdens.  

One promising tool, groundwater offset rules, could be extended beyond its geographical limits in eight 

western U.S. states, and beyond its conceptual focus on protecting surface water rights (but not yet GDEs) 

from the impacts of groundwater pumping. Effective groundwater offset rules deal with two key threats to 

the equivalence of stream depletion impacts (I) and offsets (O): (1) mis-quantification of I or O, and 

(2) non-fungibility between I and O in relation to space (where each has effect), type (the “units” of each), 

or time (when each has effect). Relative to offset rules in the environmental sphere, western U.S. states 

often adopt groundwater offset measures that require extensive, case-specific technical and administrative 

work (as tends to occur for linking tools there generally), and public review, with high potential costs for 

agencies and pumpers. Theory suggests such measures should encourage thin markets and little practical 

use of the rules, particularly where the groundwater is of relatively low value. However, a case study of 

Idaho’s offset rules shows that they are widely used and that certain requirements, for example, public 

review, appear to be less burdensome than the environmental offset literature fears. On the other hand, 

Idaho’s active water markets are little used to combat potential cost issues associated with finding offsets to 

purchase. Western U.S. groundwater offset rules tend to lack several features of environmental offset rules, 

notably mitigation sequencing, high offset ratios, and out-of-kind offsets, though they are emerging slowly. 

Such features could help reduce risks of non-equivalence and deal with challenges noted by administering 

water agencies, particularly those relating to cost. 

The five-year database of 55 Californian conflicts about the impacts of pumping groundwater on connected 

resources demonstrates the danger of relying on incidental regulation of such impacts through a pre-

existing patchwork of generic laws, rather than tailored linking tools. These conflicts occur widely across 

California, both in terms of geography and the water use sectors and ecosystems involved. Conflicts appear 

outside the geographical focus of current groundwater management efforts, which are largely blind to them, 

and practical problems confound the application of existing (generally environmental) laws to these 

conflicts, in even those situations where they clearly apply. Yet these weaknesses have inspired both the 

creative use of existing laws, and the notable involvement of non-traditional participants in groundwater 

management, prominent among which is the federal government. 

Tailored linking tools are highly desirable to consider the impacts of pumping groundwater on connected 

resources. Many tools are available. They could be modified, and others created, to suit different contexts, 

fill existing gaps, and deal with weaknesses and implementation problems. Offsets deserve particular 

exploration. The broad-ranging lessons of this project could inform not just groundwater policy 

development within and beyond the subject regions, but also the design and implementation of tools in the 
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context of an equally complex, larger, often data-poor natural world that is so often subject to fragmented 

administrative and regulatory systems.  
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A.  INTRODUCTION AND SYNTHESIS OF RESEARCH 

 

1. The importance of groundwater and the challenges of linking aquifers, streams, and 

ecosystems in groundwater quantity laws 

Groundwater is nothing if not hidden. Its obscure nature belies its wide-ranging importance. It 

supplies cities and industries, feeds rivers and lakes, and supports an astounding array of 

biodiversity and land features like majestic geysers, to wetlands, to underground microbes that 

clean our water, unseen. Groundwater can provide a reliable water source for human use in areas 

that lack surface water. It can also offer significant advantages over surface water diversions even 

where the latter are available. It can offer better water quality, with greater reliability due to lower 

seasonal and interannual variation, and avoid entraining aquatic organisms in river pumps.  

Despite the importance of groundwater, groundwater allocation laws tend to be relative 

newcomers to water law frameworks around the world. In many cases, they have not developed 

the features that enable them to comprehensively consider and deal with competition between 

groundwater users and human and ecological users of hydrologically connected resources—

holders of surface water rights and advocates for groundwater-dependent ecosystems (“GDEs”). 

Traditionally, both law and science viewed groundwater as a substance that was mysterious, 

hidden and unknowable. Judicial sentiment was that groundwater was so “secret, occult, and 

concealed” that administering legal rules was “practically impossible.”
1
 However, modern 

hydrology clarifies how groundwater is connected to both surface water and terrestrial ecosystems. 

Pumping groundwater can affect surface waters, “pulling” water away from a connected river. If 

law does not make this link, it may reduce the reliability of surface water rights and cause 

associated economic impacts. Groundwater pumping can also affect GDEs, like streams, lakes, 

wetlands, springs, subterranean and coastal environments, which can have significant ecological 

and social importance, and potentially also economic importance. If law does not make this link, it 

can inadvertently allow pumping to damage or destroy GDEs, at a time when water-related 

environmental concerns are now a strong part of water policy. Laws and policies that enable 

groundwater users to pump without regard for impacts on surface waters and ecosystems distribute 

losses to these systems among other users who depend on them.  

In the absence of these law and policy links, risks to surface water rights and GDEs (“connected 

resources”) from pumping groundwater are likely to rise. Globally, both groundwater withdrawals 

and groundwater depletion are increasing.
2
 Environmentally protective surface water policies and 

climate change may lead to further increases: protecting in-stream flows can shift demand to 

                                                      
1 Frazier v. Brown, 12 Ohio St. 294, 311 (Ohio 1861) 
2 Y. Wada, et al., Global Depletion of Groundwater Resources, 37 WATER RESOURCES L20402, 4 (2010). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=le&search=12+Ohio+St.+294%2520at%2520311
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connected groundwater;
3
 and climate change may increase crop irrigation requirements, reduce 

summertime river flows, thereby increasing demand on groundwater, while simultaneously 

reducing recharge to groundwater.
4
 The spread of groundwater-intensive technologies like coalbed 

methane and shale gas extraction are increasing the incidental extraction of groundwater.
5
 

While the problem of laws failing to link groundwater and connected resources is widely 

recognized, this concern has generated a relatively small empirical literature concerning how state 

laws and policies reflect these connections, and how they implement them. States themselves have 

either largely neglected the issue, or have tended to adopt law and policy tools without considering 

critical practical issues in their implementation and consequences. This project addresses the topic 

of law and policy tools for linking groundwater pumping and its potential impacts on connected 

surface water rights and GDEs through three related studies. In addition to these studies, 

concurrent published work by the author has examined related topics, including linking tools in 

the context of transboundary groundwater-surface water resources,
6
 and case studies in 

California;
7
 a study of how linking tools fit within a wider jurisdictional range of groundwater 

allocation systems;
8
 and how linking tools are viewed from a practitioner’s perspective, through 

international workshops;
9
 and an Australian view of the issue, deriving lessons for Australia from 

the western U.S., both generally
10

 and in the specific context of coalbed methane extraction.
11

 

                                                      
3 Interview with Brian Walsh, Policy and Planning Section Manager, Water Resources Program, Wash. Dep't 

of Ecology, in Lacey, Wash. (Oct. 27, 2011). 
4 Interview with Dave Nazy, Wash. Dep't of Ecology, in Lacey, Wash. (Oct. 27, 2011). 
5 Coalbed methane extraction involves pumping out large volumes of groundwater to depressurize the coal 

bed and enable methane to be extracted. TROUT UNLIMITED, GONE TO THE WELL ONCE TOO OFTEN: THE 

IMPORTANCE OF GROUND WATER TO RIVERS IN THE WEST: A REPORT 2-3 (2007). 
6 Rebecca Nelson & Meg Casey, “Beyond the Traditional Governance of Trans-jurisdictional Groundwater: 

An Examination of Unconventional Approaches to Cross-Boundary Aquifer Management in the United 

States”, paper invited for submission to the workshop “Trans-jurisdictional Water Governance”, 9-10 

December 2013, University of New South Wales, Sydney, Australia. 
7 Rebecca Nelson, Heather Bischel, Buzz Thompson & Richard Luthy, Water Law in the Urban Context: 

Interactions and Innovations, in Katherine Daniell, Céline Nauges, Jean-Daniel Rinaudo, Michael Ward, 

Noel Chan, Quentin Grafton (eds), UNDERSTANDING AND MANAGING URBAN WATER IN TRANSITION (Springer 

Publishing, to be published in 2014). 
8 Rebecca Nelson & Philippe Quevauviller, Groundwater Law in Tony Jakeman, Olivier Barreteau, Randall 

Hunt, Jean-Daniel Rinaudo (eds.), INTEGRATED GROUNDWATER MANAGEMENT (to be published by Springer 

Publishing in 2014). 
9 REBECCA NELSON & MEG CASEY, TAKING POLICY FROM PAPER TO THE PUMP: LESSONS ON EFFECTIVE AND 

FLEXIBLE GROUNDWATER POLICY AND MANAGEMENT FROM THE WESTERN U.S. AND AUSTRALIA (2013); 

REBECCA NELSON, INSTITUTING INTEGRATION: FINDINGS OF THE COMPARATIVE GROUNDWATER LAW AND 

POLICY PROGRAM'S WORKSHOP 1 (2012). 
10 Rebecca Nelson, Groundwater, Rivers and Ecosystems: Comparative Insights into Law and Policy for 

Making the Links, AUSTL. ENVT. R. 558 (June 2013); Rebecca Nelson, Submission to the Victorian 

Government Water Law Review, December 2012; Rebecca Nelson, Submission to the Australian House of 

Representatives Standing Committee on Regional Australia, Inquiry into certain matters relating to the 

proposed Murray-Darling Basin Plan (June 2012), available at 

http://www.aph.gov.au/Parliamentary_Business/Committees/House_of_Representatives_Committees?url=ra/

murraydarling2/index.htm. 
11 Rebecca Nelson, Unconventional Gas and Produced Water, in AUSTRALIA’S UNCONVENTIONAL ENERGY 

OPTIONS, Comm. for Econ. Development of Austl. 27 (September 2012). 
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2. Overview of the project 

The project takes two key premises as its starting points. First, comparative research offers an 

important path to understanding challenges and reform opportunities in relation to common 

problems. Recognizing this value, the project focuses on the western U.S., but uses the secondary 

cases of Australian states. States in these two regions manifest key differences, as well as 

important similarities in their groundwater laws. They are both water-scarce regions, in which 

water policy goals encompass both consumptive and environmental purposes. They have broadly 

comparable cultures, legal systems, levels of development, and modern preferences for market 

modes of governance based on property rights. Yet they manage water scarcity using different 

water allocation principles, and both groundwater demand and the cultural strength of property 

rights protection are higher in the western U.S. This combination of similarities and differences 

creates a “policy laboratory” of 25 state jurisdictions, which has produced a great array of law and 

policy tools for linking groundwater pumping to connected resources. Comparing law and policy 

tools across jurisdictions helps to identify opportunities to use particular legal mechanisms that are 

present, but under-appreciated, in another jurisdiction.
12

 Comparisons can highlight law and policy 

tools that appear only rarely in practice, but may be useful to consider introducing outside their 

home jurisdictions.
13

 Finally, given that similar tools often share the same kinds of implementation 

challenges, understanding the ways in which these challenges have been dealt with in one 

jurisdiction can shed light on approaches that may be useful to other jurisdictions that use similar 

tools.  

A second key premise of the project is that empirical research—that is, research that is grounded 

in “law in practice” or “law in action”—is a necessary component of research that aims to 

recommend paths to reform in relation to a challenging law and policy problem, since issues of 

implementation beyond philosophical and normative claims that can be made based on “law in the 

books” relate strongly to the effectiveness of laws for addressing such problems.
14

 Empirical legal 

research is fundamentally based on the “systematic collection of … data … and its analysis 

according to some generally accepted method”, which can encompass both quantitative and 

qualitative approaches.
15

 

The project takes the form of three stand-alone, but interconnected, studies that extend 

geographically across the western U.S. and Australia, with a focus on empirical research. The first, 

                                                      
12 Oliver Brand, Conceptual Comparisons: Towards a Coherent Methodology of Comparative Legal Studies, 

32 BROOKLYN J. INT’L L 405 (2006-2007). 
13 Id. 
14 P. CANE & H. KRITZER, THE OXFORD HANDBOOK OF EMPIRICAL LEGAL RESEARCH 2 (2010) (referring to 

World Bank funding for empirical legal research in order to improve the effectiveness of legal systems). See 

generally, Elizabeth Chambliss, When Do Facts Persuade? Some Thoughts on the Market for “Empirical 

Legal Studies”, 71 LAW & CONTEMP. PROBS. 17 (2008). 
15 CANE & KRITZER, supra note 14, at 4. Note that this research has been undertaken pursuant to research 

protocol 22463 approved by the Institutional Review Board of Stanford University on Sept. 19, 2011. 
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Framework Study, asks: What law and policy tools do states of the western U.S. and Australia use 

to take account of the impacts of pumping groundwater on surface water rights and ecosystems; 

and what issues arise in implementing them? It builds a conceptual typology of these tools based 

on an extensive review of the laws and policies of 25 states, and analyzes the empirical challenges 

that government agencies face in implementing these tools, based on approximately 40 hours of 

interviews with 42 state agency staff. 

The second, Offsets Study, focuses on one tool that the Framework Study identified as a 

promising and under-studied way to link, in law, the impacts that groundwater pumping can have 

on rivers and associated surface water rights. That tool is offset rules. These rules allow permits to 

be issued to well users to pump groundwater that is connected to surface water, where such 

pumping would otherwise be prohibited due to adverse effects on surface water rights. Offset rules 

allow groundwater users to bypass this prohibition by paying off the “debt” of these adverse 

impacts, before they manifest, for example, by buying and retiring an equivalent surface water 

right. Despite the fact that they exist in eight western U.S. states, and are sometimes decades old, 

groundwater offset rules are rarely evaluated individually and have never been evaluated in a 

comparative sense. The Offsets Study asks: What are the key elements of groundwater offset rules 

around the western U.S.? How can we evaluate the effectiveness of the rules to preserve the 

integrity of water rights? How do the rules perform when evaluated? How do offset rules work in 

practice? The study focuses on the groundwater offset rules of the eight western U.S. states that 

have adopted them, based on review and analysis of the relevant law and policy documents, and 

interviews with administering agencies directed at understanding the challenges of implementing 

the rules. It concludes with an empirical case study of the use of these rules in Idaho, based on a 

quantitative analysis of a large set of water rights data, using descriptive statistics and 

geographical information systems (“GIS”). 

The third, Conflicts Study, examines how conflicts over connected groundwater-surface water 

resources and connected groundwater-ecological systems are dealt with in a jurisdiction that lacks 

a specific law and policy regime to manage them. It uses California as an example of a state that 

lacks most of the linking tools identified in the Framework Study. It asks: What characterizes 

conflicts between groundwater and surface water users (human and ecological) in California? That 

is, where do the conflicts occur, what are the water uses involved, and (in the absence of water 

laws that ideally would constrain pumping impacts), what laws and policies are implicated in 

dealing with these conflicts? How much potential do existing laws and policies have to protect 

groundwater-connected surface water and ecological resources? What does all of this suggest for 

reform of groundwater laws and policies? The study is primarily based on systematically building 

and analyzing, using content analysis, descriptive statistics and GIS, a database of conflicts 

sourced from public documents: lawsuits, newspaper articles, environmental impact assessments, 
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administrative orders of the state water agency, and permitting decisions of the state energy 

regulator. It is supported by a small number of interviews with professional mediators and natural 

resources professionals working in California at the state and federal levels.  

This project seeks to make practical contributions to the development of water policy, as well as 

original theoretical, methodological and empirical contributions to scholarship. It contributes 

theoretical and empirical knowledge to the question of how law and policy tools can link 

groundwater, surface water and ecosystems, and how they operate in practice (Framework Study, 

Offsets Study). It adds to the field of policy design, within regulatory theory, by demonstrating 

how key policy tools appear and are implemented to deal with a factual situation (groundwater 

connections) that is new to the policy design literature, and contrasts strongly with policy design 

in the environmental law and policy sphere. It also develops the use of GIS techniques in a 

practical legal context (Offsets Study, Conflicts Study). Finally, it speaks more broadly to debates 

about laws and policies for complex, interconnected natural resources that are subject to data 

paucity, lag times between actions and effects, and potentially low levels of public awareness—in 

particular, to debates about policy design generally, offset concepts, and dealing with conflicts. 

3. Key findings 

3.1 Framework Study 

A basic four-cell matrix typology results from analyzing an inventory of western U.S. and 

Australian law and policy tools for recognizing and considering the impacts that pumping 

groundwater may have on connected resources (“linking tools”). Tools act either to prevent 

predicted adverse impacts on surface water rights and GDEs at the groundwater permitting stage, 

or remedy impacts on connected resources that have already occurred. Each may be either 

regulatory (achieved through government regulation) or voluntary (generally achieved directly or 

indirectly through government payments) in the way that they set thresholds of acceptable impact. 

Markets, here classified as sub-tools rather than a separate category, offer flexibility to 

groundwater pumpers (and sometimes governments) in meeting either mandatory or voluntary 

thresholds by enabling them to meet thresholds of impact in ways other than restricting their own 

pumping.  

A vast range of permutations and combinations of linking tools within these categories appears in 

individual state jurisdictions, and within each category, tools may vary along many dimensions. 

Based on implementation challenges identified by agency administrators of these tools in 

interviews, important dimensions of variation mirror several that are well-accepted within the 

policy design literature. The most prominent of these are: the degree of discretion involved in their 

implementation; the degree to which they are self-executing rather than requiring case-by-case 

administrative action; and the balance they achieve between cost and equity. In contrast to 
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environmental law and policy, thresholds of acceptable risk to surface water rights are often very 

low, and significant categories of law and policy tools are basically absent. These omissions 

include economic tools that set acceptable thresholds of harm, such as taxes; voluntary approaches 

such as self-regulation; and co-regulatory strategies, through which the state applies a lighter 

regulatory hand in cooperation with regulated entities. 

From a practical perspective, several additional factors emerge as important to implementing 

linking tools. Institutional culture can affect the exercise of discretion: state water agencies 

perceive their role in very different ways, from actively promoting groundwater use to carefully 

protecting connected resources; from relying on third party complaints to indicate problems, to 

independently investigating the potential for adverse impacts on connected resources. The 

institutional context of linking tools also affects the exercise of discretion. In the case of protecting 

surface water rights, these include having quantified rights, and the degree to which the 

implementation of the usual priority system between water rights, nominally based on the time at 

which the right was developed within prior appropriation systems, has been altered on account of 

undesirable economic or political ramifications. In the case of protecting GDEs, a crucial and 

usually absent institutional pre-condition is a prioritization system based on some measure of 

ecological or other value.  

Cost and equity are strongly in tension where tools must deal with impacts that may be distributed 

widely in space and time, in the form of cumulative impacts of numerous usually small, permit-

exempt wells, and long time-lags between pumping and impacts. The same issues arise where 

there is a general paucity of information on the groundwater-connectedness of streams and 

ecosystems, and the burden of proving the presence or absence of connections can come with 

significant costs for the party—aspiring groundwater pumper or advocate for a connected 

resource—who bears it. Cost and equity are also tightly bound to issues of automatic (that is, self-

executing) rules, particularly presumptions in relation to connectedness, versus rules that allow for 

or require greater case-by-case analysis of connectedness. 

At the same time as highlighting key challenges, analysis of these practical implementation issues 

also suggests promising paths for addressing these challenges. In particular, they suggest 

innovative ways to modify and extend current protections for surface water rights, which are well 

developed in the western U.S., to GDEs, the protection of which lags significantly. The typology 

also highlights categories of linking tools that appear to be poorly developed, particularly 

voluntary and economic tools, which offer opportunities for expansion and improvement. 

Finally, the comparative analysis highlights major areas of difference between the western U.S. 

and Australia. Western U.S. states focus on preventive tools at least as much as remedial tools, 

whereas preventive tools are poorly developed in Australia; and Australian states focus on 
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protecting GDEs much more than protecting surface water rights, while the reverse is true in the 

western U.S. Reasons for these differences seem likely to relate to a combination of different 

levels of groundwater development and the strength of notions of private property applied to water 

rights—both tending to be lower in Australia than in the western U.S.—and the implications of 

different underlying water allocation principles (correlative principles resulting in shared impacts 

to surface water users versus prior appropriation principles concentrating adverse impacts on 

particular individuals). Accordingly, this comparative perspective suggests both underlying 

constraints to developing particular tools, as well as highlighting important possibilities. 

3.2 Offsets Study 

The Framework Study highlights groundwater offsets, a preventive law and policy tool that 

appears in eight western U.S. states, as a promising tool for offering flexibility to groundwater 

pumpers to meet thresholds of acceptable adverse impact on surface water rights. By providing 

flexibility, offsets may also make the thresholds themselves more palatable and therefore 

institutionally sustainable. Analogous to environmental offsets in the context of wetlands 

mitigation and greenhouse gas emissions, groundwater offsets enable a groundwater pumper to 

reduce their net impact by neutralizing some or all of the adverse impact associated with their 

pumping on surface water rights. A common way of doing so is to buy and retire a surface water 

right such that there is no net depletion to any remaining surface water rights from pumping 

groundwater. The Offsets Study investigates this tool in detail.  

The experience of carbon offsets and wetlands mitigation banking, as well as theoretical work on 

environmental offsets generally, suggest a framework for evaluating groundwater offsets based on 

analyzing the various ways in which the offset rules ensure an acceptable level of equivalence 

between pumping impacts and offsetting actions. Continuing the terminology used in past 

environmental offset literature, key threats to equivalence are mis-quantifying either the impact or 

the offset, and non-fungibility between the impact and the offset in relation to space (where each 

has effect), type (the “units” of each), or time (when each has effect). Key approaches to dealing 

with these threats include ensuring that the offsetting action, which is typically buying and retiring 

a surface water right, has been used in practice and is not merely “paper water”; using a 

“currency” measure or unit of exchange between impacts and offsets, which ideally captures all 

the important variables that reflect the valued characteristics that will be exchanged, omitting 

none; using “market restrictions” to limit who may trade and where they may trade impacts and 

offsets; and using public review provisions to enable the public to oversee offset transactions and 

have a say in their acceptability.  

When evaluated against these dimensions, western U.S. groundwater offset rules tend to adopt 

currency measures that require extensive technical and administrative work by an agency in 
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relation to each permit application, and impose high cost burdens on groundwater pumpers who 

must typically pay high technical costs associated with currency rules (for example, paying an 

engineer to calculate the likely nature of stream depletion). Only a small number of states rely on 

more generalized and pre-determined market restrictions. Generally this occurs when rules apply 

to groundwater users that have less ability to bear high costs, for example domestic users. Key 

implementation issues relate to transaction costs for participants; equity issues associated with 

which groundwater pumpers are covered by the rules; communicating often complex and highly 

technical rules to aspiring pumpers; and monitoring and verifying the performance of offsets, 

when impacts may only be felt at a distant point in the future, and many other intervening actions 

can affect streamflow and the reliability of surface water rights. 

The case study of Idaho suggests that groundwater offset rules are used extensively there in 

practice, though they affect different industries to widely varying degrees. This extensive use 

occurs despite the state adopting a form of “currency”-based rule that theory suggests should lead 

to high transaction costs and thin markets for offsetting actions. The potentially burdensome and 

costly nature of offsets is reduced—and their robustness arguably compromised—by the creation 

of a type of “future” offset. This requires a groundwater permittee to neutralize the impacts of 

their pumping only if the Department of Water Resources requests such action in the future, rather 

than requiring them to secure the offsetting action as an immediately effective condition of 

receiving their permit. Contrary to expectations, Idaho’s well-developed water marketing system 

offers little help to groundwater pumpers trying to locate surface water rights to use as offsets, due 

to policy restrictions on leasing replacement water for offsets. Offset requirements roughly double 

approval times for groundwater permits on average, apparently due to complying with 

requirements to produce technical information. 

Overall, the Offsets Study shows that current experience of western U.S. groundwater offsets 

differs from environmental offsets in some unexpected ways. Highly case-specific, 

administratively burdensome, currency-based rules can work in practice, and are actually favored 

in the groundwater context; and public review requirements appear to be less burdensome than the 

environmental offset literature fears. On the other hand, a number of features of environmental 

offset rules—notably mitigation sequencing, offset ratios that take account of uncertainty, and 

deliberately non-equivalent offsets (for example, those based on cash, or ecological restoration)—

are rarely present in groundwater offset rules, and hold promise for dealing with challenges noted 

by administering agencies.  

3.3 Conflicts Study 

While the Framework Study and Offsets Study focus on law and policy tools that are tailored to 

considering the impacts of pumping groundwater on connected resources, the Conflicts Study 
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considers conflicts about these impacts (“groundwater connection conflicts”) in California, which 

lacks such tailored linking tools.  

Building and analyzing a five-year database of groundwater connection conflicts shows that 

concerns over impacts on GDEs are geographically wide-ranging across California, as well as 

across ecosystem types. They are also more prevalent than concern over impacts on surface water 

rights, though this likely reflects California’s lack of linking tools, to a degree. This degree of 

concern contrasts strongly with the lack of water law tools for protecting GDEs from groundwater 

pumping. In practice, existing pumping is less likely to be a cause for concern than proposed 

projects, particularly increases in local groundwater pumping that accompany out-of-basin 

transfers of surface water, and solar thermal energy projects. This likely reflects psychological 

factors that lead to over-estimating the adverse impacts of a change in status quo conditions.  

Some purposes of groundwater use that commonly arise in conflicts, particularly municipal 

purposes, are relatively likely to attract the regulatory eye of the state, and have their impacts on 

connected resources incidentally considered. However, this is not so for agricultural uses, which 

appear in the greatest number of connection conflicts. This highlights the dangers of relying on 

incidental regulation of important impacts through a pre-existing patchwork of laws, rather than 

tailoring groundwater laws to consider connected resources. 

Surprisingly, given its lack of a formal role in groundwater quantity regulation, the federal 

government is implicated in the vast majority of groundwater connection conflicts uncovered by 

the dataset, through routes such as environmental impact assessment and endangered species 

regulations and federal land and water interests. Though the government itself appears as an 

objector relatively rarely, its regulations and interests empower third parties, particularly 

environmental NGOs, to assert the need to protect GDEs and connected surface water rights.   

Comparing the geographic locations of connection conflicts in the dataset with geographically-

based policy variables makes the dangers of relying on patchy existing laws even more apparent. 

Conflicts appear outside recognized groundwater basins, which are the exclusive focus of 

management efforts. They appear within or close to adjudicated areas, which are thought to be 

sustainability managed. And they do not appear within “critically overdrafted” basins that are 

designated as of concern. Existing California groundwater policy designations, as well as its laws, 

are largely blind to these conflicts.  

In addition, practical problems with relying on existing laws confound their application to 

groundwater connection conflicts in even those situations where they clearly apply. 

Administrators and third parties have a relatively low awareness about connections between 

resources, and certainly about GDEs, and few data are available to help them. The standards 

applied through environmental laws can be ambiguous and inconsistent with key assumptions and 
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principles inherent in water laws, notably the principle of “safe yield”. In practice, these 

environmental laws are also inconsistently applied by agencies to “indirect” impacts such as the 

groundwater pumping impacts in focus here.  

The dataset conflicts show a wide and admirably inventive range of techniques used by 

stakeholders as “workaround strategies” to deal with the lack of tailored linking tools, from 

establishing quasi-government organizations to deal with conflicts, to launching court cases to 

change laws. Ultimately, however, California’s connection conflicts speak to the dangers and 

deficiencies of relying on generic laws rather than tailored tools for dealing with complex natural 

resources conflicts. 

4. Overarching messages 

Though each of the three studies takes a different perspective and focus on groundwater linking 

tools, common themes build and reinforce each other through the studies. Most powerfully, 

western U.S. states provide relatively few tailored protections for GDEs from the impacts of 

groundwater pumping (Framework Study, Offsets Study). The protections that do exist do so 

either tenuously, under generally poorly-specified water regulatory concepts such as the “public 

interest” (Framework Study), or by virtue of the incidental capacity of environmental regulations 

to cover these impacts in certain circumstances (Conflicts Study). The challenges and deficiencies 

of relying on these methods are clear, ranging from their patchy coverage of pumping activities to 

their sometimes ambiguous nature (Framework Study, Conflicts Study). By contrast, protections 

for connected surface water rights are relatively well developed, and benefit from more concrete 

and well-specified regulations (Framework Study, Offsets Study), though not in all states 

(Conflicts Study). 

Strikingly, common policy design and implementation issues frequently have groundwater 

information issues at their core. Two common, high-level issues demonstrate this particularly 

clearly: the information-intensiveness of linking tools chosen, and the involvement of third parties 

in linking tools.  

In the western U.S., administratively simple, self-executing rules that rely on presumptions about 

groundwater conditions (for example, the degree of connectedness to surface water) are heavily 

disfavored in the context of regulations setting thresholds for acceptable impacts on surface waters 

(simple numerical thresholds: Framework Study), and offset rules that lend some flexibility to the 

former (market restrictions: Offsets Study). This is despite the evidently much higher transaction 

costs involved in bureaucratically and technically more complex rules (complex numerical 

thresholds: Framework Study; and currency-based rules: Offsets Study) that allow tailored 

responses to individual cases of adverse impacts on connected resources by requiring case-specific 

information to be collected. Contrasting the use of linking tools in the western U.S. and Australia 
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suggests possible reasons for this preference. The more expensive, information-intensive, case-by-

case approach in the U.S. reflects two key factors. The first is the very high cultural and legal 

importance of private property concepts in U.S. water law. This relates to the low level of 

acceptable risks to these rights, the difficulty of changing the status quo in relation to these rights, 

and the greater degree of willingness to impose costs on groundwater applicants, rather than the 

state shouldering expensive information burdens. The second factor is the underlying impact of 

prior appropriation principles, which can result in adverse impacts greatly affecting individual 

rights holders, rather than being shared among a larger group. In Australia, private property rights 

are less culturally weighty, and adverse impacts are shared among many water right holders. On 

this basis, a simpler and cheaper approach based on simple numerical thresholds could be used to 

protect GDEs in the western U.S., given that the GDE context lacks both of these elements of the 

surface water context that leads to the opposite policy design tendency (complex numerical 

thresholds).  

The importance of third parties runs through each study—again, chiefly an expression of their 

function as information providers, particularly where governments lack the necessary culture, 

incentives or resources to gather information about connected resources or assert the possibility of 

risks to them from groundwater pumping. Third party complaints about the adverse impacts of 

groundwater pumping are a key factor influencing whether agencies administering linking tools 

use their discretion to investigate and respond to impacts, particularly where an agency perceives 

that its role is to facilitate groundwater use (Framework Study). Public review is also a key way to 

minimize externalities that remain under groundwater offset rules, and one that is widely adopted 

around the western U.S., in contrast to the environmental offset situation (Offsets Study). The case 

study of Idaho groundwater offset rules suggests that transaction costs caused by longer approval 

times for groundwater permits with offset requirements are more likely to be caused by meeting 

technical requirements than by public review and protests. Where linking tools are lacking, the 

task may fall to third parties creatively to use generic regulations to address the potential for 

adverse impacts on groundwater-connected resources, even where government-managed land or 

water interests or federally protected species are a concern (Conflicts Study). 

Groundwater information issues also run through many other findings of the project. These 

include the desirability of robust principle-based thresholds of impact on connected resources, 

with appropriately constrained scope for discretion, rather than numerical thresholds, where 

information about these resources is scarce (Framework Study); the connection between how an 

agency views its role with respect to protecting connected resources and its attitude towards 

investigating impairment of these resources, and the corresponding level of need for third party 

awareness and involvement to protect the resources (Framework Study); the need for systems for 

prioritizing GDEs for protection (Framework Study, Conflicts Study); the difficulty of monitoring 
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and verifying the effectiveness of groundwater offsets (Offsets Study); and difficulties in using 

generic laws to protect connected resources where awareness of these resources is low and generic 

laws provide little scope for iteration based on disputes about groundwater information (Conflicts 

Study). 

With broader implications for policy implementation, the importance of designing rules 

appropriate to a particular jurisdiction is evident in each study. Such rules can then be structured to 

take into account locally varying factors. To take just a few examples—the culture of the 

administering agency will influence how likely it is that unguided exercise of discretion in 

implementing high-discretion rules will lead to desired outcomes. The legal and cultural strength 

of concepts of property rights applied to water, which varies locally, will influence acceptable 

thresholds of impact on these rights, and the degree to which administratively cheaper, relatively 

imprecise, self-executing rules will be acceptable, rather than administratively intensive, more 

precise, case-focused rules. 

5. Future directions 

The common themes identified throughout the project point the way to future research. In 

particular, future projects could investigate how information paucity is dealt with in a range of 

regulatory spheres, where collecting information is resource-intensive. Future research could also 

extend the current project by expanding the range of perspectives included, beyond state agencies 

to federal and local agencies, regulated entities, and third parties. It could also investigate in more 

depth recommendations for further developing linking tools—particularly economic tools and in 

situ groundwater rights—the full examination of which was outside the scope of this empirical 

project. In addition, qualitative aspects of the present project could be complemented by a 

quantitative perspective, for example, the extent and influence of third party involvement in 

groundwater rights administration, and the size of transaction costs that differentiate key types of 

linking tools.  

6. Concluding comments 

Each of this project’s three studies points the way to improving laws and policies for groundwater 

management, either through tool design or by addressing challenges in the implementation of 

those tools. This is ultimately intended to inform not just tool design in the western U.S., but to 

inform the development of policy responses in other nations, recognizing that the problem of 

linking groundwater pumping to connected resources is currently the subject of policy 

development around the world. 

More broadly, the issue of how water law reflects scientific information about the complex, inter-

connected nature of the water cycle is just one example of the modern struggle of natural resources 
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laws to reflect the often complex and interconnected natural world that they regulate—so often 

using fragmented administrative and regulatory systems. This project contributes its voice to the 

much larger conversation about ways to deal with that struggle and its challenges. It underscores 

that practical implementation issues will affect the achievements of rules as much as their design 

on paper, and that there is further scope to develop economic and voluntary tools (Framework 

Study). It shows how offsets can not only improve the flexibility of strict protections for 

connected resources, but offer a way to overcome fragmentation between the administrative 

systems that deal with these resources (Offsets Paper). And it re-affirms that aspects of general 

environmental laws, like environmental impact assessment laws, strain to deal with data paucity, 

to consistently encompass indirect impacts, and to balance monitoring requirements against 

substantive action in response to unacceptable impacts (Conflicts Study). Yet among these 

challenges, existing, sometimes recent laws and policies for linking groundwater pumping to its 

impacts on connected resources offer enormous scope for inspiration to deal with issues 

recognized to be as difficult as they are urgent. 
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B.  HOW CAN STATES CONTROL THE IMPACTS OF WELLS ON RIVERS AND ECOSYSTEMS? A 

COMPARATIVE EMPIRICAL APPROACH TO LAW AND POLICY SOLUTIONS 

1. Introduction 

Groundwater is nothing if not hidden. Its obscure nature belies its wide-ranging importance. It 

supplies cities and industries, feeds rivers and lakes, and supports an astounding array of 

biodiversity and land features, from majestic Yellowstone geysers, to salmon running up rivers 

cooled by groundwater discharge, to underground microbes that clean our water, unseen. But 

pumping groundwater to support valuable human uses can reduce water needed by ecosystems and 

deplete rivers and lakes on which other people and ecosystems depend, posing a practical problem 

that runs broad and deep. It is broad in its potential effects—social, ecological, economic, and 

cultural—and in the range of circumstances in which it occurs: inter- and intra-state, urban and 

rural, across every economic sector and climatic region. It is deep in the potential severity of these 

effects.  

Three examples demonstrate the depth and breadth of the problem and the diversity of the law and 

policy tools used to solve it. In the high-altitude potato fields of the San Luis Valley in Colorado, a 

half century of conflict between irrigators who use surface water and those who use stream-

connected groundwater is now maturing into a solution that will see well pumpers “pay back” 

their “debt” to the river by buying and leasing replacement water rights.
1
 In addition, a partnership 

of governments will pay local farmers to establish native vegetation rather than irrigate crops with 

groundwater, restoring water to the Rio Grande, wetlands and aquifers.
2
 In low-lying Cheyenne 

Bottoms in Kansas, extensive marshes surrounded by agriculture are crowded with migratory 

shorebirds. These marshes have rebounded from near crisis after the state’s Chief Engineer took 

regulatory action in 1990 to ban new wells, cut back on existing groundwater rights, and introduce 

a cap-and-trade system for irrigation water rights—and in the process, thwarted predictions of 

local economic devastation.
3 
In New Mexico, a 2004 agreement

4
 settled the water rights of the 

Zuni Pueblo. It secured a Water Rights Development Fund to restore sacred wetlands, springs and 

riparian areas that had dried up with the advent of modern surface water- and groundwater-fed 

                                                      
1 DICK WOLFE, SUBDISTRICT NO. 1 ARP APPROVAL: PLAN YEAR 2012: REVIEW, FINDINGS, AND APPROVAL OF 

SUBDISTRICT NO. 1'S 2012 ANNUAL REPLACEMENT PLAN 5-6 (2012). 
2 Press Release, United States Department of Agriculture Farm Service Agency, USDA and Colorado 

Announce Rio Grande Basin Water Conservation Project Agreement (Mar. 4, 2012), 

http://www.fsa.usda.gov/FSA/printapp?fileName=nr_20120920_rel_0304.html&newsType=newsrel. 
3 Jean Hays, Cheyenne Bottoms Fight Pits Farmers Against Fowl, WICHITA EAGLE, Dec. 2, 1990; BILL 

GOLDEN AND JOHN LEATHERMAN, IMPACT ANALYSIS OF THE WALNUT CREEK INTENSIVE GROUNDWATER USE 

CONTROL AREA (2011); David L. Pope, In the Matter of the Designation of an Intensive Groundwater Use 

Control Area in Barton, Rush and Ness Counties, Kansas (Jan. 29, 1992). 
4 Zuni Indian Tribe Water Rights Settlement Agreement, 

http://www.azwater.gov/azdwr/SurfaceWater/Adjudications/ZuniSettlement.htm. 

http://www.azwater.gov/azdwr/SurfaceWater/Adjudications/ZuniSettlement.htm
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agriculture; and allowed for innovative agreements with nearby landholders to limit groundwater 

pumping.  

Using traditional legal analysis, analytical methods derived from policy design scholarship, and 

empirical data gained from interviews with state water agency staff, this article comprehensively 

describes, and analyzes using a conceptual typology, the water law and policy tools (“linking 

tools”) that attempt to address the impacts of pumping groundwater on consumptive rights
5
 or 

instream flows in hydrologically connected surface waters (together, “surface water rights”)
6
 and 

groundwater-dependent ecosystems, or GDEs (all of which will be termed “connected resources”). 

It also analyzes the key institutional design considerations that arise in relation to each tool, 

analyzes the critical challenges that arise in implementing them in practice, and points the way to 

future research avenues.  

 

The article focuses on the western United States, a region known for its water scarcity and its well-

developed water laws. Continuing a 45-year old comparative water law tradition,
7
 it uses the 

secondary case of Australian states to broaden the law and policy typology. This is ultimately 

intended to inform not just policy design in the western U.S.,
8
 but to inform the development of 

                                                      
5 “Consumptive use” is defined here to mean water that is “not available for immediate or economical reuse.” 

DEP’T OF WATER RES., CAL., 4 CALIFORNIA WATER PLAN UPDATE 2009: GLOSSARY 5 (Dep’t of Water Res. 

Bulletin 160-09) (2010) 

<http://www.waterplan.water.ca.gov/docs/cwpu2009/0310final/v4c01ag_cwp2009.pdf>. 
6 Note that it sometimes occurs that diverting surface water impacts groundwater supplies (the case of losing 

streams), and in some situations, laws and policies facilitate controlling surface water use to manage impacts 

on groundwater systems: e.g. Natural Resources Management Act, 2004, s 132(1)(a)(iii), (c) (S. Austl.) 

(imposing restrictions where the rate of taking of surface water affects groundwater levels that rely on surface 

waters for replenishment). However, the reverse is more common, and is the focus of this paper. 
7 See, e.g., Peter N. Davis, Australian and American Water Allocation Systems Compared, 9 B. C. INDUS. & 

COMMERCIAL L. R. 647 (1968); Thomas Garry, Water Markets and Water Rights in the United States: 

Lessons from Australia, 4 MACQUARIE J. OF INT’L & COMP. ENVTL. L. 23 (2007); R. QUENTIN GRAFTON ET 

AL., MARKETS - WATER MARKETS: AUSTRALIA'S MURRAY-DARLING BASIN AND THE US SOUTHWEST (Int’l Ctr. 

for Econ. Research, Working Paper No.15/2009, 2009); James L. Wescoat, Jr., Water Policy and Cultural 

Exchange: Transferring Lessons from Around the World to the Western United States, in IN SEARCH OF 

SUSTAINABLE WATER MANAGEMENT: INTERNATIONAL LESSONS FOR THE AMERICAN WEST AND BEYOND 1 

(Douglas S. Kenney ed., 2005); ELLEN HANAK ET AL., MANAGING CALIFORNIA'S WATER: FROM CONFLICT TO 

RECONCILIATION 340-341 (2011) (discussing Australia's water market and its applicability to California); A. 

Mukherji & T. Shah, Groundwater Socio-Ecology and Governance: A Review of Institutions and Policies in 

Selected Countries, 13(1) HYDROGEOLOGY J. 328, 329, 343 (2005); Kevin L. Patrick & Kelly E. Archer, A 

Comparison of State Groundwater Laws, 30 Tulsa L.J. 123 (1994); PRODUCTIVITY COMM’N (AUSTL.), WATER 

RIGHTS ARRANGEMENTS IN AUSTRALIA AND OVERSEAS (2003). In a recent policy context, Wyoming’s State 

Engineer’s Office examined groundwater practices around the western U.S. and in other countries to inform 

options for a new groundwater management strategy for the state: FRED L. OGDEN & MELINDA HARM-

BENSON, INTEGRATED MANAGEMENT OF GROUNDWATER AND SURFACE WATER RESOURCES: INVESTIGATION OF 

DIFFERENT MANAGEMENT STRATEGIES AND TESTING IN A MODELING FRAMEWORK: FINAL REPORT (2010).  
8 Indeed, in seeking to reform their water institutions, states in the western U.S. have often considered 

arrangements in other states: Managing for Change: LITTLE HOOVER COMM’N, MODERNIZING CALIFORNIA'S 

WATER GOVERNANCE 34, 36, 59, App. E (2010) (reviewing institutional arrangements for water management 

in 10 western U.S. states); Allison Evans, The Groundwater/Surface Water Dilemma in Arizona: A Look 

Back and a Look Ahead Toward Conjunctive Management Reform, 3 PHOENIX L. REV. 269 (2010). The 

author also strongly believes in the value of the western U.S. experience to Australian policy. For an article 

that adopts this focus, see Rebecca Nelson, Groundwater, Rivers and Ecosystems: Comparative Insights into 

Law and Policy for Making the Links, 23 AUSTL. ENV’T REV. 558 (2013) [hereinafter Comparative Insights]. 
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policy responses in other nations, recognizing that the problem of linking groundwater pumping to 

connected resources is one that requires policy development in many places around the world.
9
 

Finally, it reflects on the insights that these tools and challenges offer to policy design debates that 

extend to other complex natural resources.  

Part 2 introduces the biophysical and legal context of the connections between groundwater and 

surface water and groundwater and ecosystems, and outlines the law and policy literature on the 

subject to date. Part 3 sets out the context of regulatory theory, in particular, policy design, which 

will form the key theoretical framework for analyzing linking tools. Part 4 provides an overview 

of the empirical methods used for the study. Parts 5 and 6 present the key findings of the empirical 

work, in the form of a descriptive conceptual typology of linking tools that operate to prevent 

adverse impacts on surface water rights and GDEs; and issues that state water agencies experience 

in implementing these tools, respectively. Part 7 discusses these findings from the perspective of 

policy design theory. Based on gaps in the conceptual typology, the needs suggested by the 

challenges experienced by agencies, and gaps highlighted by policy design theory, Part 8 then 

outlines the scope for further developing linking tools. Since the same linking tool can be used 

(and often is used) in relation to more than one of surface water rights or GDEs, discussion of 

these matters is presented together throughout.  

2. Biophysical and legal context 

2.1 Risks posed by law ignoring links between aquifers, streams and ecosystems 

Traditionally, both law and science viewed groundwater as a substance that was mysterious, 

hidden and unknowable. Judicial sentiment in the U.S. was that groundwater was so “secret, 

occult, and concealed” that administering legal rules was “practically impossible”
10

—a view that 

also prevailed in Australia.
11

 

Modern hydrology reveals two important aspects of groundwater that were insufficiently 

understood to be able to be reflected fully in early water laws. First, it reveals that groundwater 

                                                      
9 Christina Hoffman & Sandra Zellmer, Assessing Institutional Ability to Support Adaptive, Integrated Water 

Resources Management, 91 NEB. L. REV. 805 (2013);Tom Gleeson, et al., Towards Sustainable Groundwater 

Use: Setting Long-Term Goals, Backcasting, and Managing Adaptively, 50 GROUND WATER (2012); Noah 

Hall, Interstate Water Compacts and Climate Change Adaptation, 5 ENVTL & ENERGY L. & POL’Y J. 239 

(2010); Andrew Ross, Easy To Say, Hard To Do: Integrated Surface Water and Groundwater Management 

in the Murray―Darling Basin, 14 WATER POL’Y 709 (2012); Barton H. Thompson, Jr., Beyond Connections: 

Pursuing Multidimensional Conjunctive Management, 47 IDAHO L. REV 273 (2011); R. Timothy Weston, 

Harmonizing Management of Ground and Surface Water Use Under Eastern Water Law Regimes, 11 U. 

DENV. WATER L. REV. 239 (2008); MOYA TOMLINSON, ECOLOGICAL WATER REQUIREMENTS OF 

GROUNDWATER SYSTEMS: A KNOWLEDGE AND POLICY REVIEW (2011); Nelson, Comparative Insights, supra 

note 8. 
10 Frazier v. Brown, 12 Ohio St. 294, 311 (Ohio 1861). 
11 Sandford D. Clark & A. J. Myers, Vesting and Divesting: The Victorian Groundwater Act 1969, 7 MELB. 

U. L. REV. 237, 242-243 (1969). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=le&search=12+Ohio+St.+294%2520at%2520311
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can be connected to surface water in a wide range of situations, and therefore, that groundwater 

pumping can affect surface waters.
12

 If water law ignores this connection, it “double-counts” the 

same water, allocating it once to a surface water user to pump from a river, and once to a 

groundwater user to pump from a well, where the latter is, in reality, “pulling” water away from 

the connected river. Double-counting may mean that there is simply not enough “real” water to 

satisfy all legally recognized water rights, thereby reducing the reliability of surface water rights 

and causing associated economic impacts.  

 

Second, science reveals that many species and ecosystems may depend partially or wholly on 

groundwater for their water needs, and that groundwater pumping can therefore affect these 

GDEs.
13

 GDEs are ecosystems associated with streams, lakes, wetlands, springs, and coastal 

environments, which “naturally”
14

 receive groundwater inflows, as well as the ecosystems which 

depend on aquifers directly (e.g. stygofauna, which live in aquifers). Notably, rivers can depend 

on flow contributions from groundwater—put another way, fish often swim in groundwater 

discharge, at least seasonally.
15

 Failing to recognize these common connections may mean 

inadvertently allowing groundwater pumping to damage or destroy GDEs, at a time when water-

related environmental concerns are now a strong part of water policy.
16

 GDEs have significant 

ecological
17

 and social importance, and potentially also economic importance, though research in 

this latter area is still developing.
18

  

                                                      
12 Indeed, in arid regions, groundwater contributes up to 90% of streamflow: C. Santhi, et al., Regional 

Estimation of Base Flow for the Conterminous United States by Hydrologic Landscape Regions 351(1–2) J. 

OF HYDROLOGY 139 (2008); PAUL M. BARLOW & STANLEY A. LEAKE, STREAMFLOW DEPLETION BY WELLS: 

UNDERSTANDING AND MANAGING THE EFFECTS OF GROUNDWATER PUMPING ON STREAMFLOW iii (2012). The 

major focus of existing legal commentary and (based on the interviews undertaken for this study) currently 

state concerns about stream depletion caused by groundwater pumping effects on surface water flows or 

levels (in the case of lakes). However, it is notable that effects on surface water quality may also be relevant. 

In addition, where the surface water rights affected are riparian rights, which exist in some western states, the 

rights to “wharf out” to deeper water for boating or navigation, and the right to fish may be affected by 

groundwater pumping that lowers water levels so as to make docks unusable or fish unable to spawn: 

Interview with Eric Ebersberger, Chief, Water Use Section, Bureau of Drinking Water and Groundwater, 

Wis. Dep't of Natural Res., in Madison, Wis. (Nov. 14, 2011); JOSEPH L. SAX ET AL., LEGAL CONTROL OF 

WATER RESOURCES: CASES AND MATERIALS 34-35 (Thomson/West 4th ed. 2006). 
13 A formal definition for GDEs is suggested by Clifton, Cossens and McAuley: “natural ecosystems that 

require access to groundwater to meet all or some of their water requirements so as to maintain their 

communities of plants and animals, ecological processes and ecosystem services”. CRAIG CLIFTON, ET AL., A 

FRAMEWORK FOR ASSESSING THE ENVIRONMENTAL WATER REQUIREMENTS OF GROUNDWATER DEPENDENT 

ECOSYSTEMS: REPORT 1 ASSESSMENT TOOLBOX 1 (2007).  
14 Some ecosystems are artificially supported by groundwater. For example, in the Bosque del Apache 

National Wildlife Refuge, well water is used to water wetlands, because of the high sediment load in local 

surface water. Personal communication, John Vradenburg, Refuge Biologist, Bosque del Apache National 

Wildlife Refuge, at Bosque del Apache National Wildlife Refuge, N.M. (Sept. 14, 2010). This sort of 

“artificial” groundwater dependence is not well documented, and therefore these GDEs are excluded from the 

study for lack of data.  
15 Interview with Brian Walsh, Policy and Planning Section Manager, Water Resources Program, Wash. 

Dep’t of Ecology, Lacey, Wash. (Oct. 27, 2011) (paraphrasing an unnamed colleague). 
16 See generally GABRIEL ECKSTEIN, THE GREENING OF WATER LAW: MANAGING FRESHWATER RESOURCES 

FOR PEOPLE AND THE ENVIRONMENT (2010). 
17 Sub-surface GDEs alone display outstanding biodiversity. See, e.g., Moya Tomlinson & Andrew Boulton, 

SUBSURFACE GROUNDWATER DEPENDENT ECOSYSTEMS: A REVIEW OF THEIR BIODIVERSITY, ECOLOGICAL 
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Risks to surface waters and GDEs from pumping groundwater are likely to rise. Demand for 

groundwater is increasing in both the U.S. and Australia.
19

 Ironically, protections for in-stream 

flows shift demand to connected groundwater.
20

 Climate change may increase crop irrigation 

requirements and reduce summertime river flows, thereby increasing demand on groundwater, 

while simultaneously reduce recharge to groundwater.
21

 The spread of groundwater-intensive 

technologies like coalbed methane and shale gas extraction are increasing the incidental extraction 

of groundwater.
22

 

On the other hand, groundwater pumping can offer significant advantages over surface water 

diversions. For example, it can provide better water quality, with greater reliability, and avoid 

entraining fish in river pumps. Accordingly, dealing with the undesirable effects of groundwater 

pumping does not necessarily mean restraining groundwater pumping in terms of the total volume 

withdrawn (as opposed to, for example, the time of withdrawal or restraining surface water 

pumping instead)—but rather, recognizing connections within a water allocation system as a 

whole.  

 

The specific problem of linking groundwater pumping to connected resources in law is one 

particularly challenging manifestation of the problems of groundwater allocation and management 

more generally. It is worth briefly setting these out, as context to the main problem at issue here, 

and as a precursor to the next section’s introduction to legal frameworks for allocating water. 

Like grazing commons, fisheries or the atmosphere, groundwater is a common pool resource: it is 

difficult to exclude potential users of groundwater from accessing the resource, making it 

vulnerable to overuse; and the resource is subtractable: when one user exploits it, its availability to 

others may diminish.
23

 Unsustainable use can produce losses, because groundwater pumpers “do 

not bear the full social costs of their actions”, but distribute these costs—which can include higher 

pumping costs due to lowered water tables, inadvertently depleted rivers, and damaged 

                                                                                                                                                 
PROCESSES AND ECOSYSTEM SERVICES (2008). Hundreds of new species have been discovered in only brief 

research projects. See, e.g., Researchers Go Underground To Reveal 850 New Species In Australian Outback, 

SCIENCEDAILY (Sept. 28, 2009). 
18 See, e.g., CHARLES A. JOB, GROUNDWATER ECONOMICS 84 (2010); Encarna Esteban & José Albiac, 

Groundwater and Ecosystems Damages: Questioning the Gisser–Sánchez Effect, 70 ECOLOGICAL ECON. 2062 

(2011). 
19 TROUT UNLIMITED, GONE TO THE WELL ONCE TOO OFTEN: THE IMPORTANCE OF GROUND WATER TO RIVERS 

IN THE WEST 8 (2007) (in relation to New Mexico). 
20 Interview with Brian Walsh, Wash., supra note 15. 
21 Interview with Dave Nazy, Hydrogeologist, Water Resources Program, Wash. Dep’t of Ecology, Lacey, 

Wash. (Oct. 27, 2011). 
22 Coalbed methane extraction involves pumping out large volumes of groundwater to depressurize the coal 

bed and enable methane to be extracted. TROUT UNLIMITED, supra note 19, at 2-3. 
23 Elinor Ostrom et al., Revisiting the Commons: Local Lessons, Global Challenges, 284 (5412) SCIENCE 278, 

278 (1999) [hereinafter Ostom et al., Revisiting the Commons]. 
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ecosystems—among other parties.
24

 Under such circumstances, it is possible that “individually 

rational strategies lead to collectively irrational outcomes”.
25

 Studies that examine and quantify 

the ecological externalities of groundwater pumping
26

 (and the more numerous studies that focus 

on optimizing extraction from connected stream-aquifer resource systems
27

) confirm the potential 

economic value of restricting groundwater use to protect the environment and surface water rights. 

Yet, as is discussed in the next section, states only relatively rarely protect these connected 

resources from adverse effects caused by pumping groundwater.  

Managing links between groundwater pumping and connected resources exemplifies many of the 

challenges of managing common pool resources,
28

 and might even be considered to represent an 

“extreme case”. Compared to considering groundwater users alone, the group of groundwater 

users and users of connected surface waters can be even more numerous and heterogeneous in 

terms of their objectives, production costs and access to information, which makes negotiating 

community-based rules difficult.
29

 Groundwater and surface water users access water with 

different energy costs, of different quality and availability, and potentially for different end uses, 

and impacts can extend very distantly across time and space. Information about the connectivity of 

the resources and the timing and extent of impacts is nothing if not hidden, quite literally, and 

ascertainable only by exercising great (and expensive) technical skill. Constructing hydrological 

models and interpreting groundwater data are often challenging and controversial. In addition, the 

state of the resources is influenced by myriad other factors outside its extraction, like climate and 

land use. All of these factors point to the value of government intervention to address the problem 

comprehensively. Conceptually, the most logical place for that intervention is in water allocation 

                                                      
24 Gary D. Libecap, State Regulation of Open-Access, Common-Pool Resources, in HANDBOOK OF NEW 

INSTITUTIONAL ECONOMICS 545, 552 (Claude Menard & Mary M. Shirley eds., 2008). 
25 ELINOR OSTROM, GOVERNING THE COMMONS: THE EVOLUTION OF INSTITUTIONS FOR COLLECTIVE ACTION 5 

(1990). 
26 E.g. Raquel Salazar, et al., Application of Game Theory for a Groundwater Conflict in Mexico, 84 J. OF 

ENVTL. MGMT. 560 (2007) (considering environmental effects only from a water quality perspective); 

Encarna Esteban & Ariel Dinar, Cooperative Management of Groundwater Resources in the Presence of 

Environmental Externalities, 54 ENVTL. & RES. ECON. 443 (2012) (showing that groundwater users that 

reduce their use to take account of damage caused by pumping on connected wetlands maximize economic 

value in terms of social welfare, gross margin and ecosystem damages compared to individually rational 

behavior). Note that most studies of groundwater commons tend to focus on the effects of pumping as 

between groundwater users, rather than effects that accrue outside the groundwater-using community: see 

references discussed in KAVEH MADANI, EXOGENOUS REGULATORY INSTITUTIONS FOR SUSTAINABLE 

MANAGEMENT OF COMMON POOL RESOURCES 5 (Water Sci. & Pol’y Ctr. Working Paper, 2011). 
27 E.g. Robert A. Young & John D. Bredehoeft, Digital Computer Simulation for Solving Management 

Problems of Conjunctive Groundwater and Surface Water Systems, 8 WATER RES. RESEARCH 533 (1972); 

Allison Dvorak, Central Valley Groundwater Bank Operations: Hydrology, Groundwater Operating Rule, 

and System Operating Rule Effects on Yield (2000) (Masters thesis, University of California, Davis), 

<http://cee.engr.ucdavis.edu/faculty/lund/students/DvorakThesis.pdf>; Susan V. Roberts, Conjunctive 

Surface Water and Groundwater Management: A New Framework for Strategic Decision-Making (2010) 

(Ph.D. dissertation, Texas State University), 

<https://digital.library.txstate.edu/bitstream/handle/10877/3120/fulltext.pdf>.  
28 Elinor Ostrom et al., Revisiting the Commons, supra note 23, at 279. 
29 Libecap, supra note 24, at 547, 554. 
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(that is, quantity) laws, which have the potential to cover all groundwater pumping, regardless of 

its purpose, location, or precise impact. 

2.2 Water allocation frameworks and existing scholarship on linking tools 

The foregoing section has demonstrated the complexity of the science and management contexts 

of links between groundwater and connected resources. This is matched by the complexity of the 

legal frameworks used to allocate water. These frameworks form the legal background to the 

specific tools used to link these resources, and shape these tools. This section introduces these 

broader legal frameworks in the western U.S. and Australia, before discussing the existing legal 

literature on tools for linking groundwater and connected resources. I return to this broader legal 

context in exploring key regional differences, from a practical and policy design perspective, in 

Parts 6 and 7. 

Both the western U.S. and Australia are generally water-scarce regions that face the twin 

challenges of providing water to support consumptive and environmental values. They also have 

broadly comparable cultures, legal systems, levels of development, and preferences for the same 

broad governance “mode”,
30

 being “market governance”,
31

 as shown in relation to water markets, 

discussed below. Their water laws both grew from the English common law, modified or replaced 

in different ways to reflect a more arid environment.
32

 Their water laws generally start from the 

common premise that water is a public resource, which private individuals may use, subject to a 

variety of rules.
33

  

Australia and the western U.S. also share the common assumption that water rights are generally 

property rights,
34

 though positive and normative debates about property rights in water are by no 

means settled.
35 

A key doctrinal debate relates to the context of regulatory takings claims,
36

 which 

                                                      
30 Michael Howlett, Governance Modes, Policy Regimes and Operational Plans: A Multi-Level Nested Model 

of Policy Instrument Choice and Policy Design, 42 POL’Y SCI. 73, 76 (2009). 
31 Id. at 78 (broadly, “the efficient delivery of consumer and capital goods and services through the use of 

market-mechanisms wherever possible”.) 
32 Penny Carruthers & Sharon Mascher, The Story of Water Management in Australia: Balancing Public and 

Private Property Rights to Achieve a Sustainable Future, 1 PROP. L. REV. 97, 103 (2011).  
33 As an exception, Texas applies the absolute ownership doctrine to groundwater: SAX ET AL., supra note 12, 

at 417-423. 
34 Sandra B. Zellmer & Jessica Harder, Unbundling Property in Water, 59 ALA. L. REV. 679 (2007-2008) 

(referring to water rights in most prior appropriation jurisdictions as due process property or common law 

property, but not regulatory takings property); Michael McKenzie, Water Rights in NSW: Properly 

Property?, 31 SYDNEY L. REV. 443 (2009).  
35 Brian E. Gray, The Property Right in Water, 2002-2003 HASTINGS W.-N.W. J. ENVTL. L. & POL’Y 1, 4 

(2002-2003) (in relation to hydrologic variability and limitations posed by the requirements for reasonable 

and beneficial use, the federal navigational servitude and the public trust); McKenzie, supra, at 462 (in 

relation to priorities between different uses of water in times of shortage, rights to a proportion of a 

consumptive pool, rather than a fixed volume, and changes brought about by changes to overarching water 

plans); Zellmer & Harder, supra, at 683, 685. Many have noted the differences between water and other 

goods subject to property rights: see, e.g. Carruthers & Mascher, supra note 32, at 101, 121; see generally 

Gleeson, et al., supra note 9; Roy Whitehead Jr., et al., The Value of Private Water Rights: From a Legal and 
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may follow when water rights are recognized to be property. The issue has been described as “one 

of the most divisive issues in contemporary natural resources law in the United States”,
37

 and one 

which is being exported to other countries, including Australia.
38 

It has a bearing on the use of 

tools for remediating the impacts of pumping groundwater on connected resources, where such 

tools restrict the exercise of property rights.
39

 

Regardless of their formal legal status as property rights, the localized nature of wells, and the 

“atomized”, individualistic political culture of groundwater users, arguably have supported a more 

individualistic rights-focused ethic among groundwater users than is the case for surface water 

users, who cooperate in operating irrigation systems
40

 in both nations. In addition, many 

jurisdictions in both nations have developed, to differing degrees, tradeable water rights and active 

water trading markets, which are often considered to promote water use efficiency and free up 

water for the environment,
41

 though these debates about the merits of water markets continue in 

the U.S., Australia, and elsewhere around the world.
42

  

Sustainable water use is a core goal of water law in the western U.S. (often implicitly)
43

 and 

Australia (almost always explicitly),
44

 though not one that is often guaranteed in practice. Much 

scholarly commentary examines how to infuse water law with greater ecological sensibilities,
45

 

from “tinkering around the edges” in various ways, to “clearing the deck” and introducing a 

fundamentally new water management regime.
46

  

                                                                                                                                                 
Economic Perspective, 9 ALB. L. ENVTL. OUTLOOK 313 (2004); Dan Tarlock, Do Water Law and Policy 

Promote Sustainable Water Use?, 28 PACE ENVTL. L. REV. 642, 658 (2011) (arguing that property rights are 

consistent with sustainable resource use because property law—viewed by Bentham as “the basis of 

expectation”—is open to change based on changes in expectations, deriving from, for example, climate 

change or the social impacts of unsustainable resource use).  
36 Gray, supra. But see Zellmer & Harder, supra note 34 (focusing also on whether water rights are property 

rights for other purposes, like common law claims). 
37 Zellmer & Harder, supra note 34, at 681. 
38 The U.S. libertarian property rights movement, which rejects the regulation of use rights, has no traditional 

stronghold in Australia, where state laws that compulsorily acquire property may provide for compensation 

as a matter of statute, but not as a matter of inescapable constitutional law. However, more recently, 

Australian property rights advocates and conservatives more generally have drawn on American takings 

jurisprudence, scholarship and public debate to argue that legislation should provide compensation for 

regulation, despite substantial constitutional differences. Pamela O'Connor, The Changing Paradigm of 

Property and the Framing of Regulation as a 'Taking', 36 MONASH U. L. REV. 53, 64 (2010). O’Connor 

suggests this this influence will continue to grow in Australia. Id. at 79. 
39 See infra notes 204 to 209 and accompanying text. 
40 Burke Griggs, Irrigation Communities, Political Cultures, and Competing Water Publics in the Age of 

Depletion Irrigation Communities, Political Cultures, and the Public in the Age of Depletion, in THE RURAL 

WEST: COMMON REGIONAL ISSUES (David Danborn ed., University of Utah Press, forthcoming 2014 or 2015). 
41 See, e.g., GRAFTON ET AL., supra note 7; Garry, supra note 7. 
42 McKenzie, supra note 34. 
43 See generally, Tarlock, supra note 35. 
44 See LEE GODDEN & JACQUELINE PEEL, ENVIRONMENTAL LAW: SCIENTIFIC, POLICY AND REGULATORY 

DIMENSIONS 309-314 (2010). 
45 Zellmer & Harder, supra note 34, at 681; see generally Tarlock, supra note 35.  
46 Arlene J. Kwasniak, Water Scarcity and Aquatic Sustainability: Moving Beyond Policy Limitations, 13 U. 

DENV. WATER L. REV. 321, 358-360 (2009-2010). 
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In addition to these broad similarities in legal context, there are also notable differences between 

nations in relation to water scarcity and allocation issues. The need to protect surface water rights 

and GDEs from groundwater pumping arises in the context of water scarcity—the lack of enough 

water to satisfy all demands. General approaches to managing water scarcity, and differences to 

these approaches, are therefore crucial to appreciating how linking tools are used, and could be 

used, and the suitability of tools in one region inspiring tools in the other. First, western U.S. 

groundwater resources have been subject to more intensive pressure.
47

 Secondly, states across the 

two regions have different water allocation frameworks, which deal with scarcity in different 

ways, although, in many ways, the original “pure” principles have been diluted over time, so that 

they differ along a continuum, rather than forming two entirely separate camps.
48

 The prior 

appropriation system used in the majority of western U.S. states manages scarcity by cutting back 

allocations to those who developed their rights later in time. Australian water laws, and a minority 

of western U.S. states that use correlative water allocation systems, theoretically manage scarcity 

by cutting back allocations equally across right holders.
49

 When linking tools are absent, the 

unaccounted-for draw on surface water caused by groundwater pumping affects particular 

individual surface water users to a much greater degree in prior appropriation systems than occurs 

in correlative systems.
50

 But in both cases, groundwater pumpers obtain more water than they 

should under the prevailing allocation principles. 

Across the states of the western U.S. and Australia, water allocation decisions are made at a 

combination of state and regional or local levels.
51

 In Australia, the federal government also sets 

                                                      
47 JEAN MARGAT & JAC VAN DER GUN, GROUNDWATER AROUND THE WORLD: A GEOGRAPHIC SYNOPSIS 123-

125 (2013). 
48 Charles F. Wilkinson, In Memoriam: Prior Appropriation, 21 ENVTL. L. xxix (1991). See also infra 

Part 6.3. In Australia, in practice, reductions in use have occurred based on different “pain-sharing” 

principles: e.g. irrigated agriculture in the Pioneer Valley in Queensland was curtailed based on a history of 

use and restricting allowable pumping times; irrigated viticulture areas in the Clare Valley in South Australia 

was curtailed based on industry-specific percentage reductions in use limits: NATURAL RES. MGMT. STANDING 

COMM. (AUSTL.), CASE EXAMPLES OF MANAGING OVERALLOCATED GROUNDWATER SYSTEMS 1-6 (2002); see 

generally NAT’L WATER COMM’N (AUSTL.), NATIONAL WATER PLANNING REPORT CARD 2011 (2011) 

[hereinafter NAT’L WATER COMM’N (AUSTL.), 2011 REPORT CARD]. 
49 Early Australian water statutes, introduced from the late 1800s, vested the right to the “use and control” of 

water in the state, which included the power to issue licenses to access the resource; in general, common law 

rights to water did not survive. ICM Agriculture Pty Ltd v Commonwealth (2009) 261 A.L.R. 653, 668. They 

were replaced by an administrative system under which the state issued entitlements to water, and allocated 

the burden of water scarcity equally between entitlement holders—in contemporary statutes, as a share of a 

consumptive pool of water: e.g. Natural Resources Management Act, 2004, s 146(2) (S. Austl.). For 

departures from these theoretical differences, see infra Part 5.2(b). 
50 In theory, the surface water allocation system “absorbs” depletion from groundwater pumping because the 

models that are used to make allocations are calibrated against observed streamflow: telephone interview 

with Saji Joseph, Director, Strategic Water Policy, Queensl. Dep’t of Natural Res. & Mines (July 19, 2012); 

SINCLAIR KNIGHT MERZ, NATIONAL FRAMEWORK FOR INTEGRATED MANAGEMENT OF CONNECTED 

GROUNDWATER AND SURFACE WATER SYSTEMS (2011). Increased losses from surface water to groundwater 

result in a greater volume of “conveyance” water needing to be used to deliver downstream entitlements, with 

a corresponding decrease in volumes of surface water storage and therefore the reliability of surface water 

entitlements. 
51 Rebecca Nelson & Philippe Quevauviller, Groundwater Law, in INTEGRATED GROUNDWATER 

MANAGEMENT 4 (Tony Jakeman, et al. eds., forthcoming, 2014). 

http://www.lexisnexis.com.ezp.lib.unimelb.edu.au/au/legal/search/runRemoteLink.do?langcountry=AU&linkInfo=F%23AU%23ALR%23decisiondate%252009%25sel2%25261%25year%252009%25page%25653%25sel1%252009%25vol%25261%25&risb=21_T14804204266&bct=A&service=citation&A=0.832741933231523
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some basin-level extraction limits under recent legislation.
52

 In the western U.S., the federal 

government plays no formal role in water allocation, though, as demonstrated in the Zuni Pueblo 

example introduced at the beginning of this article, federal reserved water rights and federal 

government funding can play an important role.
53

 In both regions, linking tools apply primarily 

through provisions of statutes and common law principles; in Australia, and a minority of western 

U.S. states, they can also apply through local or basin-level water plans.
54

  

Western U.S. and Australian states conceive of, and protect, environmental water needs in 

different ways. Western U.S. water laws often deem a state agency, or a private individual, to be 

the holder of a right to a certain river-specific instream flow.
55

 Australian states rarely take this 

approach,
56

 usually preferring to remove water for environmental purposes from the pool available 

for consumption. In theory, this gives environmental water a higher priority than even the most 

basic consumptive uses, which they constrain.
57

 By contrast, in the western U.S., some states still 

do not legally recognize instream flows,
58

 and in some cases, human consumptive uses take 

precedence over other water uses.
59

 

While the problem of laws failing to link groundwater and connected resources is widely 

recognized across the western U.S., Australia, and further afield, and technical literature addresses 

it,
60

 this concern has generated a relatively small empirical legal literature. Existing U.S. legal 

scholarship has focused primarily on theoretical aspects, with some case studies. At a broad level, 

Thompson has recently proposed a theoretical framework for considering linking tools in the 

larger context of “multidimensional conjunctive management”;
61

 and related bodies of literature 

                                                      
52 Id.  
53 See also Rebecca Nelson, Wells Versus Surface Water Rights and the Environment: Dealing with Conflict 

through Law (Part D, J.S.D. dissertation, Stanford University, 2014) [hereinafter Wells Versus the 

Environment].  
54 Nelson & Quevauviller, supra note 51, at 5-6. But note that the focus of this paper is at the state level: see 

Part 4. 
55 Sandra Zellmer, Legal Tools for Instream Flow Protection, in INTEGRATED APPROACHES TO RIVERINE 

RESOURCE STEWARDSHIP: CASE STUDIES, SCIENCE, LAW, PEOPLE, AND POLICY 285, 293-296 (Allan Locke, et 

al. eds., 2008). 
56 Victoria is an exception: Water Act, 1989, ss48A-48PA (Vict.). 
57 One reading of the Australian Water Act theoretically prioritizes environmental requirements ahead of 

“critical human water needs”, by including the latter within limits on extraction that are set by reference to 

“ecologically sustainable levels of diversion”: Water Act, 2007, § 86A(2) (Austl.)  
58 See generally OKLA. WATER RES. BD., OKLAHOMA COMPREHENSIVE WATER PLAN 2011 UPDATE: 

TECHNICAL MEMORANDUM - INSTREAM FLOWS IN OKLAHOMA AND THE WEST (2009); SASHA CARNEY, 

DECADES DOWN THE ROAD: AN ANALYSIS OF INSTREAM FLOW PROGRAMS IN COLORADO AND THE WESTERN 

UNITED STATES (2005). 
59 E.g. OR. REV. STAT. § 536.310(12) (2012) (“when available supplies of water are insufficient for all who 

desire to use them, preference shall be given to human consumption purposes over all other uses”). 
60 E.g. BARLOW & LEAKE, supra note 12; ROSS BRODIE, ET AL., AN OVERVIEW OF TOOLS FOR ASSESSING 

GROUNDWATER-SURFACE WATER CONNECTIVITY (2007); SINCLAIR KNIGHT MERZ, ENVIRONMENTAL WATER 

REQUIREMENTS TO MAINTAIN GROUNDWATER DEPENDENT ECOSYSTEMS (2001). 
61 Thompson, supra note 9, at 275 (defining this as “the integrated, dynamic, and adaptive management and 

use of each constituent element of the overall hydrologic cycle”). 
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touch on conjunctive water management (which focuses on maximizing water supplies)
62

 and 

groundwater depletion in general.
63

 More narrowly, a seminal 1994 study looked at how law “on 

the books” deals with connections between surface water and groundwater across the western 

U.S.
64

 Several case studies examine these connected surface water aspects in more detail in 

individual western U.S. states.
65

 Empirical analyses, and analyses of the advantages and 

disadvantages of choosing particular mechanisms, have been rare.
66

 As a result, states have tended 

to adopt such mechanisms without considering critical practical issues in their implementation and 

consequences.
67

 This tendency speaks strongly to the value of undertaking a more systematic 

policy design-influenced approach to evaluating these tools. 

3. Theoretical context: Regulatory design 

This paper lies at the intersection of practical water law and management scholarship dealing with 

the challenging question of linking groundwater and connected resources—surface waters and 

ecosystems—and the theoretical domain of regulatory theory. Regulatory theory has a rich 

literature and multiple major themes. It asks questions as varied as where the appropriate locus of 

regulatory action is for a given subject, why and how regulation emerges, how best to design 

policy tools, and how best to enforce regulation.
68

  

                                                      
62 See, e.g., references at supra note 27. 
63 E.g. Danielle Spiegel, Can the Public Trust Doctrine Save Western Groundwater?, 18 N.Y.U. ENVTL. L. J. 

412 (2010); Rebecca L. Nelson, Assessing Local Planning to Control Groundwater Depletion: California as 

a Microcosm of Global Issues, 48 WATER RESOURCES RESEARCH W01502 (2012). 
64 The U.S. work that comes closest to doing so is almost two decades old, and surveys only the western U.S. 

States: BARBARA TELLMAN, MY WELL V. YOUR SURFACE WATER RIGHTS: HOW WESTERN STATES MANAGE 

INTERCONNECTED GROUNDWATER AND SURFACE WATER (1994). The corresponding Australian work takes the 

form of biennial assessments of water reform by the National Water Commission, e.g. NAT’L WATER 

COMM’N, AUSTRALIAN WATER REFORM 2009: SECOND BIENNIAL ASSESSMENT OF PROGRESS IN 

IMPLEMENTATION OF THE NATIONAL WATER INITIATIVE 36-45, 62-78 (2009). However, that assessment is 

relatively brief, does not focus strongly on groundwater in the context of environmental water, and does not 

discuss how the different linking tools relate to the state contexts in which they occur.    
65 Theoretical discussion of impairment provisions tends to be reasonably well-developed in relation to some 

western U.S. states: Robert Glennon, The Disconnect Between Water Law and Hydrology, in ARIZONA 

WATER POLICY: MANAGEMENT INNOVATIONS IN AN URBANIZING, ARID REGION 106 (Bonnie G. Colby & 

Katharine L. Jacobs eds., 2007); Gregory J. Hobbs Jr., Protecting Prior Appropriation Water Rights Through 

Integrating Tributary Groundwater: Colorado's Experience, 47 IDAHO L. REV. 5 (2010); LAWRENCE J. 

MACDONNELL, INTEGRATING TRIBUTARY GROUNDWATER DEVELOPMENT INTO THE PRIOR APPROPRIATION 

SYSTEM: THE SOUTH PLATTE EXPERIENCE (1988); Jennifer M. Carlquist, Conjunctive Management: A New 

Battle of Priority in Idaho Water Law, 45 IDAHO L. REV. 143 (2008); J. David Aiken, Hydrologically-

Connected Ground Water, Section 858, and the Spear T Ranch Decision, 84 NEB. L. REV. (2006); Rachael 

Paschal Osborn, Hydraulic Continuity in Washington Water Law, 47 IDAHO L. REV. 23 (2010). The following 

have taken case study approaches to describing frameworks for dealing with the impacts of groundwater 

pumping on surface water in multiple western U.S. states: WILLIAM BLOMQUIST ET AL., COMMON WATERS, 

DIVERGING STREAMS: LINKING INSTITUTIONS AND WATER MANAGEMENT IN ARIZONA, CALIFORNIA AND 

COLORADO (2004); ROBERT GLENNON, WATER FOLLIES: GROUNDWATER PUMPING AND THE FATE OF 

AMERICA’S FRESH WATERS (2002); TROUT UNLIMITED, supra note 19. 
66 Thompson, supra note 9, at 285. 
67 Id. at. 286. 
68 ROBERT BALDWIN & MARTIN CAVE, UNDERSTANDING REGULATION: THEORY, STRATEGY, AND PRACTICE 8, 

9 (1999); BRONWYN MORGAN & KAREN LEUNG, AN INTRODUCTION TO LAW AND REGULATION: TEXT AND 

MATERIALS 8-9 (2007). 
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This paper speaks specifically to that part of regulatory theory that investigates regulatory and 

policy design, sometimes known as the “tools approach”.
69

 This area of scholarship commenced in 

its modern form in the 1980s, but has a history characterized by markedly fluctuating intensity.
70

 It 

focuses on policy tools, defined as “concrete mechanism[s] for achieving a policy goal that is 

normally specified in legislation or regulations and manifested in identifiable organizations… it 

refers to the underlying methodology or approach used in a [policy] program”.
71

 The policy goal 

in the present context is recognizing and providing scope for controlling the adverse impacts that 

pumping groundwater can have on surface water rights and GDEs. 

Policy design seeks systematically to understand and classify policy tools, with the goal of both 

building theory and improving the effectiveness of policy.
72

 It encourages examining a great 

variety of regulatory instrument designs (“different modes of intervention”) and taking a broad 

view of the tools available to achieve a policy goal.
73

 

Policy design literature acknowledges that there is no single definitive classification scheme for 

policy tools, though common categories include command and control regulation, economic 

methods, self-regulation, co-regulation, and capacity building.
74

 Rather, choosing a typology 

should be influenced by the research purpose sought,
75

 and to some degree, the context. Most of 

the developed policy design literature that relates to natural resources studies point-source 

pollution. Rather than being a simple exercise in reflecting and extending that work, commentators 

note that analyzing tool design and choice in more complex environmental scenarios is made 

greatly more challenging due to the greater difficulty involved in understanding impacts and 

designing policies to address them.
76

 As described in Part 2.1, designing tools to address the 

impacts of pumping groundwater on connected resources falls firmly into this category: the 

underlying hydrological and ecological systems are complex; the method of exploitation (e.g. rate, 

time, and location) affects impacts, in addition to the simple volume withdrawn; the actors 

involved are numerous and comparatively less visible to regulators; and predicting impacts is 

made difficult by a paucity of information and delays between pumping commencing and impacts 

being felt. Accordingly, the tool design literature offers no simple “off the shelf” typology that is 

                                                      
69 See generally Peter J. May, Policy Design and Implementation, in THE SAGE HANDBOOK OF PUBLIC 

ADMINISTRATION 279 (B. Guy Peters & Jon Pierre eds., 2012); Lester M. Salamon & Michael S. Lund, The 

Tools Approach: Basic Analytics, in BEYOND PRIVATIZATION: THE TOOLS OF GOVERNMENT ACTION 23 (Lester 

M. Salamon ed., 1989); Mara S. Sydney, Policy Formulation: Design and Tools, in HANDBOOK OF PUBLIC 

POLICY ANALYSIS: THEORY, POLITICS, AND METHODS 79 (Frank Fischer, et al. eds., 2007). 
70 For a recent and brief history of the policy design literature, see Michael Howlett & Raul P. Lejano, Tales 

From the Crypt: The Rise and Fall (and Rebirth?) of Policy Design, 45 ADMIN. & SOC’Y 357 (2013). 
71 Salamon & Lund, supra note 69, at 29. 
72 Id. at 28. 
73 Id. at 25. 
74 Id. at 30-34; ARIE FREIBERG, RE-STOCKING THE REGULATORY TOOL-KIT, The Hebrew University Working 

Paper No. 15, 6 (2010). For well-known typologies used over the past two decades, see id. at 6-7. 
75 Salamon & Lund, supra note 69, at 31. 
76 C. D. Clark & C. S. Russell, Ecological Conservation: The Problems of Targeting Policies and Designing 

Instruments, 1 J OF NATURAL RES. POL’Y RESEARCH 21, 25-27 (2008). 
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well adapted to analyzing tools directed at such complex and unique problems, leaving that as an 

important task of this paper.  

Various policy design scholars have proposed lists of important dimensions along which policy 

tools vary in design and performance. These provide useful measures against which tools in the 

present context can be evaluated. Key measures include: the nature of the activity in which 

government is engaged (for example, restricting/penalizing, providing payments, distributing 

information); the structure of the delivery system (for example, state government, local 

government, research institutes, non-profit organizations); the degree of centralized control as 

opposed to discretion; and the degree of “automaticity”, a term used by some scholars to describe 

the degree to which a tool requires detailed administrative action by an agency in applying the tool 

in a particular instance, rather than being self-executing across all instances.
77

 Others posit 

interrelated criteria of good regulation, some of which are in tension: structures for accountability; 

fair, accessible and open procedures; efficiency; and appropriate use of, but not over-reliance on, 

expert judgment; administrative feasibility; and equity.
78

  

As described further in Part 3, the approach of this study is to adopt a relatively simple two-

dimensional typology of tools (Part 5) that is intended to be meaningful to policy design scholars 

who are less familiar with the specific challenges of groundwater allocation, and to discuss each 

tool type with reference to familiar concepts and dimensions of variation raised in the regulatory 

theory literature in other contexts (Part 7). The literature surrounding these concepts and 

dimensions will be discussed in more detail as they arise.  

By using a policy design lens to examine a situation that has long challenged water managers and 

policy makers, this paper attempts both to provide those decision makers with a menu of possible 

policy options, along with their accompanying challenges, and to contribute to the policy design 

literature, particularly that dealing with similarly complex natural resources issues. In taking up 

the challenge of uncovering, empirically, a range of possible tools for linking groundwater and 

connected resources, this paper recognizes that one tool is unlikely to be universally adequate, nor 

universally appropriate.
79

 Groundwater managers and regulatory theorists alike support carefully 

choosing complementary mixes of instruments, and a range of regulatory actors (for example, 

third parties, as well as government) rather than relying on single instruments and government 

alone.
80

 Indeed, the many tools discussed here appear in a vast range of combinations and 

                                                      
77 Salamon & Lund, supra note 69, at 34-48. 
78 Id.; BALDWIN & CAVE, supra note 68, at 41.  
79 Ruth Meinzen-Dick, Beyond Panaceas in Water Institutions 104(39) PROCEEDINGS OF THE NAT’L ACAD. OF 

SCI. 15200, 15201 (2007); Elinor Ostrom, The Challenge of Common Pool Resources, 50(4) ENV’T: SCI. & 

POL’Y FOR SUSTAINABLE DEV’T 8, 11, 16-17 (2008); Elinor Ostrom, A Diagnostic Approach for Going 

Beyond Panaceas, 104(39) PROCEEDINGS OF THE NAT’L ACAD. OF SCI. 15181, 15182-15183 (2007). 
80 N. Gunningham & D. Sinclair, Integrative Regulation: A Principle-Based Approach to Environmental 

Policy, 24 L. & SOC. INQUIRY 853, 855-856, 859-860 (1999). See generally Encarna Esteban & Ariel Dinar, 
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permutations of policy settings in individual states—many in practice, with even more available 

on paper.  

4. Methodology  

Methodologically, this paper adopts a multi-stage structure derived from “tools” research: 

inventorying available tools; constructing a typology of those tools; identifying a spectrum of 

instruments within a category that extends across multiple jurisdictions, and sometimes multiple 

countries;
81

 and using empirical interview data to understand the types of challenges encountered 

in the use of these tools, with a focus on the perspective of government agencies administering 

them. 

The study unit of observation is the state, as the level of government primarily responsible for 

water quantity management, for a population comprising, broadly, the states of the western U.S. 

and Australia. The study involved collecting a combination of primary and secondary data: legal 

and policy literature, including statutes, cases, regulations, published policies, and law review 

articles; information and feedback gathered from policymakers and experts at the October 2011 

and June 2012 workshops of the Comparative Groundwater Law and Policy Program, from which 

detailed reports have been published;
82

 and 24 in-person and telephone interviews conducted by 

the author with 42 state water agency staff over 40 hours from October 2011 to October 2012 (see 

Appendix 2).
83

 

                                                                                                                                                 
Modeling Sustainable Groundwater Management: Packaging and Sequencing of Policy Interventions, 119 J. 

OF ENVTL. MGMT. 93 (2013). 
81 But note that it does not attempt comprehensively to capture variation in how a tool is used across different 

regions in a single state. For an example of a very local-scale deviation from generally used statewide 

management arrangements, see, e.g. Ashutosh Sarker, et al., Managing Groundwater as a Common-Pool 

Resource: An Australian Case Study, 11 WATER POL’Y 598 (2009). 
82 REBECCA NELSON, INSTITUTING INTEGRATION: FINDINGS OF THE COMPARATIVE GROUNDWATER LAW AND 

POLICY PROGRAM'S WORKSHOP 1 (Stanford Woods Institute for the Environment, 2012); REBECCA NELSON & 

MEG CASEY, TAKING POLICY FROM PAPER TO THE PUMP: LESSONS ON EFFECTIVE AND FLEXIBLE 

GROUNDWATER POLICY AND MANAGEMENT FROM THE WESTERN U.S. AND AUSTRALIA (Stanford Woods 

Institute for the Environment, 2013). 
83 Interview data was collected for all western U.S. states with significant territory west of the 100th meridian, 

with a small number of exceptions. These omissions were due to the state’s water agency advising that they 

did not consider groundwater-surface water or groundwater-GDE interaction at all (South Dakota), due to 

insignificant groundwater use (Australian Capital Territory), or because responses to interview requests were 

not forthcoming during the period of the study, despite repeated attempts (Nevada, Northern Territory). 

Wisconsin, usually considered a Midwestern state, was also included in the study on the basis of very recent 

case law on precisely the topic of the study. In total, interview data was collected for 21 states (US: Ariz., 

Cal., Colo., Idaho, Kan., Mont., N.D., Neb., N.M., Or., Tex., Utah, Wash., Wis., Wyo.; Australia: N.S.W., 

Queensl., S. Austl., Tas., Vict., W. Austl.). Potential interviewees were identified based on internet searches 

of water agency organizational charts, with state engineers, deputy state engineers and groundwater rights 

managers initially the subject of an email approach. Some of these targets subsequently identified other 

agency staff who were better suited, or more available, to participate in the study. Interviews were either one-

on-one or group interviews, with a maximum of four interviewees. Interview scripts were pre-prepared for 

each state based on research on the range of linking tools available in state statutes. The interviews 

themselves were semi-structured to enable the interviewee to emphasize issues and mechanisms most 

important in their state. Accordingly, while a particular mechanism might be used across multiple states, in-

depth interview information on the implementation of that mechanism was not necessarily collected for every 
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Constructing the conceptual typology of linking tools involved a process of formulating broad 

concepts with carefully specified defining characteristics, where those concepts represent the 

structure and consequences of laws or policies that address a particular factual situation.
84

 For 

brevity, this paper generally discusses Australian examples only insofar as they differ from tools 

used in the western U.S., to extend the typology.
85

  

5. Conceptual typology of law and policy tools for linking groundwater, surface water and 

ecosystems 

This section presents a simple conceptual typology of law and policy tools for linking 

groundwater, surface water and ecosystems, with a focus on the key ways in which they vary 

(“policy settings” or “calibrations”)
86

 across different examples within each category. This section 

takes a practical water management perspective, highlighting the challenges that are inherent in 

tools of particular types, before Part 6 goes on to describe challenges that agencies themselves 

note in implementing the tools. Part 7 then reflects on these findings from the broader perspective 

of policy design. 

The two-dimensional typology classifies linking tools first, based on whether they are designed to 

prevent or remedy unacceptable adverse impacts to surface water rights or GDEs (Table 1).
87

 

Tools in the first category – the preventive stage – are formulated and applied before groundwater 

is extracted, in response to predicted unacceptable adverse impacts on these matters. Tools in the 

second category – the remedial stage – are formulated and applied after groundwater extraction 

has commenced, in response to evidence of unacceptable adverse impacts. These impacts may 

have been unforeseen in the permitting process, and therefore have not been subject to a 

preventive tool. Alternatively, they may be “legacy” impacts of pumping rights that developed 

prior to the introduction of a policy to prevent impacts.  

                                                                                                                                                 
state in which it appeared if the interviewee did not emphasize it. However, where the pre-interview 

preparatory research revealed an uncommon mechanism, the interviewer specifically sought information 

about it.  
84 See generally Oliver Brand, Conceptual Comparisons: Towards a Coherent Methodology of Comparative 

Legal Studies, 32 BROOK. J. OF INT’L L. 405 (2006-2007). “Concepts” here are “abstract models derived in an 

inductive process from specific instances of real existing law”. Id. at 436. These concepts are used in relation 

to legal institutions across jurisdictions to provide a systematic and “detailed analysis of communalities and 

differences”, and “to determine and explain the extent to which these institutions conform to the concept or 

deviate from it and how they deviate from one another”. Id. at 439, 453. 
85 For a discussion of the topic of linking tools from the perspective of what Australia can learn from the 

western U.S., see generally Nelson, Comparative Insights, supra note 8. 
86 Howlett, supra note 30, at 75. 
87 Where this section refers to “surface water rights” it means “consumptive surface water rights and instream 

flows, including quantified federal reserved water rights” in the case of the western U.S., and “consumptive 

surface water rights, rules-based environmental water and environmental entitlements” in the case of 

Australia (that is, surface water that is not protected by “rules” prior to the application of an integrating 

mechanism (since the existence of an integrating mechanism would probably mean that this would be 

classified as “rules based environmental water in some Australian jurisdictions). “GDEs” refers to river and 

non-river GDEs, for example, a wetland, riparian forest, floodplain vegetation, or stygofauna. 
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With the preventive/remedial dichotomy forming one dimension of the typology, the second 

dimension consists of two simple categories of tools: regulatory and voluntary tools. The key 

function of the tools is to require or encourage reaching an acceptable level of impact of 

groundwater pumping on connected resources. It is important to note that this scheme includes 

market mechanisms, but does not include them in a separate category as do some other analytical 

schemes produced for other contexts.
88

 This is because they do not function independently to set a 

threshold of acceptable impact, based on the empirical evidence gathered by this study. Rather, 

water markets are considered to be a “sub-tool” used to help water users meet thresholds of 

acceptable impact that are established by government regulation or voluntary policy.  

Table 1: Conceptual typology of law and policy tools for linking the impacts of pumping groundwater 

to surface water rights and groundwater-dependent ecosystems—tools that appear in practice 

 

5.1 Tools for preventing adverse impacts on surface water rights and GDEs 

The key tasks of preventive linking tools in the groundwater-connected resources context are to 

define and apply, generally through the regulatory permitting process, the level of impact on 

surface water rights or GDEs, above which groundwater pumping will not be permitted. The key 

way in which these preventive regulatory linking tools vary is in how they define this threshold. 

Three methods emerge. The first uses a simple numerical indicator of impact (for example, is the 

well W miles from a river?; does the pumping rate exceed a cap of X cfs?). The second uses a 

complex numerical process that requires case-by-case analysis (for example, would the well derive 

more than Y% of the volume withdrawn from a connected river within Z years?; would the well 

lower the water table by more than Y feet at a distance of Z miles from a valuable GDE?). The 

third uses a broadly-worded standard (for example, would the pumping offend a qualitatively 

expressed principle?).  

                                                      
88 See, e.g. JACOB J. BURKE & MARCUS H. MOENCH, GROUNDWATER AND SOCIETY: RESOURCES, TENSIONS AND 

OPPORTUNITIES. THEMES IN GROUNDWATER MANAGEMENT FOR THE TWENTY-FIRST CENTURY 121 (2000); 

Gunningham & Sinclair, supra note 80, at 853-896; Insa Theesfeld, Institutional Challenges for National 

Groundwater Governance: Policies and Issues, 48 GROUND WATER (2010) (proposing a framework for 

examining institutional challenges to implementing national groundwater policies). 
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Where the impacts of proposed groundwater pumping are predicted to exceed the threshold, an 

application for a groundwater permit is denied. Some jurisdictions take a more flexible approach, 

granting the permit if the applicant “offsets” the impacts of their pumping in order to fall below 

the threshold level of prohibited impact.
89

 It appears that voluntary tools are rare in comparison 

with regulatory tools. 

(a) Numerical regulatory thresholds 

Simple numerical thresholds appear in several forms across the western U.S., but are much rarer 

than in Australia, where they are the norm.
90

 The most common type of numerical threshold in the 

western U.S. involves placing a moratorium on some or all future groundwater pumping in 

response to threats to surface water rights.
91

 This equates to a pumping cap that is set at current 

levels. Two other varieties of a simple threshold exist, but are much rarer. “Prospective” limits can 

cap pumping at a future level to protect against unacceptable impacts on surface water. Such limits 

can exist through rough proxies for volumetric limits, most simply, through a proxy such as 

irrigated acres.
92

 Very rarely, no-go zones constrain the locations of new wells, using the proxy of 

distance.
93

 Such tools rely on rough assumptions about approximate levels of impact, rather than 

detailed scientific information. 

Complex thresholds vary widely in the degree of impact deemed acceptable. At their strictest, they 

seek to avoid impairing surface water rights through “death by a thousand cuts”
94

 by prohibiting 

proposals that a model predicts will have any (or any “discernible”) volumetric impact on senior 

water rights.
95

 This amounts to a complete rejection of risk to these rights. Others allow a very 

small effect on senior surface water rights, for example one-tenth of one percent of the annual 

                                                      
89 For a full discussion of these “flexibility tools”, see infra section 5.1(c). 
90 Nelson, Comparative Insights, supra note 8, at 559. 
91 This approach is used, for example, in New Mexico (Middle Rio Grande) and Montana. In Oregon, the 

Department of Water Resources may determine that no further water is available in a basin on the basis that 

groundwater withdrawals are affecting surface water when, for example, a water master or users alert the 

Department of Water Resources that streams seem to be drying up earlier than usual despite good 

precipitation: Interview with Ivan Gall, Manager, Ground Water Division, Or. Water Res. Dep’t, in Salem, 

Or. (Oct. 25, 2011). 
92 Nebraska Natural Resources Districts in the Lower Platte & Niobrara River Basins cap irrigated acreage at 

2500 acres. DEAN E. EDSON, 2013 NRD WATER MANAGEMENT ACTIVITIES SUMMARY 22, 25 (2013), available 

at http://nrdnet.org/upload/groundwater%20managment%20summary%202013%20no%20map.pdf.  
93 Setback distances are also used as guidelines within the context of complex numerical thresholds (e.g. as 

rebuttable presumption that pumping from a well that is located within a certain distance from a stream 

would cause legally significant impairment to a surface water right (OR. ADMIN. R. 690-009-0040(4) (2014)), 

or in principle-based thresholds (e.g. Wisconsin’s requires an environmental review in relation to a high-

capacity well (100,000 gpd) located within 1200 feet of an outstanding or exceptional resource water or a 

trout stream: WIS. STAT. § 281.34(4) (2014).  
94 Telephone interview with Tim Davis, Water Resources Division Administrator, Mont. Dep’t of Natural 

Res. & Conservation (Aug. 2, 2012).  
95 This is calculated by a steady state model, being a model allowed to come to equilibrium over potentially 

decades or centuries: Postema v. Pollution Control Hearings Bd., 11 P.3d 726, 740-741 (Wash. 2000); CLARK 

FORK RIVER BASIN TASK FORCE, ET AL., PROCEEDINGS OF THE MONTANA CONJUNCTIVE WATER MANAGEMENT 

CONFERENCE 24 (2009) (paraphrasing Dave Nazy of the Washington Department of Ecology).  

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-009-0040
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Wis.+Stat.+%A7+281.34
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pumped volume within one hundred years of continuous withdrawal.
96

 Interestingly, no current 

preventive numerical threshold allows a particularly great degree of impact on senior surface 

water rights, though thresholds used at the remedial stage do (see Part 5.2(a)).
97

  

With one exception,
98

 it appears that no western U.S. state uses a numerical threshold—simple or 

complex—to protect GDEs, as opposed to surface water rights. This is, however, theoretically 

possible using the same general categories of tools as already exist in relation to surface water 

rights. Arrangements across Australian states demonstrate this potential. There, complex 

thresholds include a quantified maximum allowable lowering of the water table or groundwater 

pressure at a particular distance from a valued GDE.
99

 Simple thresholds include groundwater 

pumping moratoria (that is, caps at current levels) to protect ecosystems;
100

 reserving a portion of 

recharge to protect GDEs at a “bulk” level,
101

 or by reference to the water needs of specific high-

priority GDEs;
102

 vertical “no go zones” that prohibit pumping a surficial aquifer that supports 

important terrestrial vegetation;
103

 or “cease to pump” rules that do not restrict the grant of a 

permit but prohibit it from being exercised if groundwater levels fall below an ecologically 

important level, or vary too greatly from a reference point.
104

 These rules are a type of “real-time” 

management approach connecting groundwater extraction to on-ground conditions.
105

 

                                                      
96 COLO. REV. STAT. § 37-90-103(10.5) (2013). This applies outside administratively and statutorily 

determined “designated basins” and the Denver Basin, where all groundwater is presumed to be tributary to 

surface water: Simpson v. Bijou Irrigation Co., 69 P.3d 50 (Colo. 2003). 
97 A case of the Arizona Supreme Court held that a 50%/90-day preventive standard was contrary to the focus 

of Arizona’s water law on defining the sub-flow zone based on physical characteristics, rather than the time 

to depletion: In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 

857 P.2d 1236, 1246 (1993); telephone interview with Michael Johnson, Assistant Director, Surface Water 

Division and Chief Engineer, Ariz. Dep't of Water Res. (Feb. 8, 2012). 
98 The exception is the case of Wisconsin: supra note 93. 
99 OFFICE OF WATER (N.S.W.), NSW AQUIFER INTERFERENCE POLICY: NSW GOVERNMENT POLICY FOR THE 

LICENSING AND ASSESSMENT OF AQUIFER INTERFERENCE ACTIVITIES 1, 2 (2012). If these thresholds are 

exceeded, impacts may be acceptable if additional studies show that the predicted impacts “do not prevent the 

long-term viability of the relevant water-dependent asset”: id. at 13-23. For example, for most water sources 

in “highly productive aquifers” (a defined term), the relevant threshold is “less than or equal to a 10% 

cumulative variation in the water table … 40m from any [listed] (a) high priority groundwater dependent 

ecosystem; or (b) high priority culturally significant site”. Id. at 15. Criteria are also specified for changes in 

water pressure and water quality: id. See also Water Sharing Plan for the Tomago Tomaree Stockton 

Groundwater Sources, 2003, cl 38 (N.S.W.). 
100 Water Act, 2000, § 26(1) (Queensl.). 
101 TOMLINSON, supra note 9, at 18. This approach is now discredited as ignoring the “ecological relevance of 

spatial and temporal aspects of groundwater recharge, discharge, flow rates, quality and the direction of 

hydraulic gradients”. Id. at 26.  
102 E.g. “key environmental assets” under the federal Basin Plan for the Murray-Darling Basin: Water Act, 

2007, s 4(1) (Austl.). 
103 For example, the Cumberland Plain Woodland in NSW is protected by a rule that only allows pumping 

from at least 30m depth: interview with R. Michael Williams, Manager, Groundwater, N.S.W. Office of 

Water, in Sydney, N.S.W. (July 24, 2012). 
104 N. L. HYDE, A SUMMARY OF INVESTIGATIONS INTO ECOLOGICAL WATER REQUIREMENTS OF 

GROUNDWATER-DEPENDENT ECOSYSTEMS IN THE SOUTH WEST GROUNDWATER AREAS 3 (2006). Analogs to 

groundwater cease-to pump rules exist in the western U.S. in the form of a trigger for allowing Montana to 

restrict the use of domestic wells (e.g. in the Horse Creek Controlled Groundwater Area), and surface water 

bypass conditions on California underflow permits: interview with Tim Davis, Mont., supra note 94; 
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(b) Principle-based regulatory thresholds  

Under a principle-based approach to groundwater linking tools, water permit decision-makers 

apply broadly worded standards to a particular permit application.
106

 These standards do not spell 

out clear distinctions between acceptable and unacceptable impacts, so determining what they 

protect in a given situation is a key issue.  

Principle-based thresholds provide a key way for water allocation systems in the western U.S. to 

consider the wider impacts of pumping groundwater on streamflow and GDEs, beyond impacts on 

other formal water rights—the overwhelming focus of numerical thresholds in the western U.S. 

Such thresholds can contemplate impacts to different kinds of values, such as impacts on 

recreational use as well as formal water rights, and may incorporate different levels of acceptable 

impact. Three types of principle-based thresholds appear in western U.S. water allocation systems: 

the public interest review, impairment standards for surface water rights, and the public trust 

doctrine.  

Groundwater permitting is frequently subject to a “public interest” test. Under this test, a state 

agency considers whether granting a permit or license would unreasonably harm the public 

interest. Twelve of the 17 western U.S. state groundwater permitting statutes include a public 

interest review, but only five of these define the public interest in statute or policy, or the degree to 

which it must be impaired to warrant rejecting or modifying a permit application.
107

 Those that do, 

                                                                                                                                                 
telephone interview with Jim Kassell, Chief, Hearings & Special Projects, Cal. State Water Res. Control Bd. 

(Jan. 10, 2012). 
105 I classify cease-to-pump rules as preventive mechanisms and curtailment as remedial because the latter 

requires an agency actively to take action in response to a claim of harm (e.g. water master ordering pumps to 

shut off in response to a “call” from a senior surface water user that they are not receiving their full right), 

whereas the former requires no further action beyond specifying the rule at the permit stage. 
106 In addition to the permitting context, public interest considerations may appear in statutory provisions that 

deal with applications to change a water use (e.g. KAN. STAT. ANN. § 82a-708b(a) (2013)), in proceedings to 

designate a special groundwater management area (e.g. KAN. STAT. ANN. § 82a-1036 (2013), in relation to 

initiating proceedings to designate an intensive groundwater use control area), or prepare a management plan 

for that area (e.g. Water Act, 2000, §§ 47(o), 99(d) (matters the Minister must consider when preparing a 

draft water resource plan, and a draft resource operations plan, respectively) (Queensl.)), and in provisions 

relating to the approval of mitigation plans (e.g. IDAHO ADMIN CODE r. 37.03.11.043(03)(j) (2013)). For 

reasons of space, this section will focus on the permitting context as the key expression of broad standards as 

a preventive mechanism.  
107 IDAHO CODE ANN. § 42-202B(3), -203A(5) (criteria listed) (2013); KAN. STAT. ANN. §§ 82a-711(a)-(b) 

(criteria listed) (2013); MONT. CODE ANN. § 85-2-311(3)(b) (though using the terminology of 

“reasonableness”, covering matters that other states classify as public interest considerations; criteria listed) 

(2013); NEB. REV. STAT. § 46-234, -235(1), -235(2)(a)(iii), -235(4)(a) (no criteria listed) (2013); NEV. REV. 

STAT. § 533.370(2) (no criteria listed) (2013); N.D. CENT. CODE § 61-04-06(4) (listing criteria) (2013); N.M. 

STAT. ANN. § 72-12-3(E) (no criteria listed) (2013); OR. REV. STAT. ANN. §§ 537.153(2), 537.170(8) (criteria 

listed) (2012); S.D. CODIFIED LAWS § 46-2A-9 (no criteria listed) (2013); UTAH CODE ANN. § 73-3-

8(1)(a)(iii), -8(1)(b)(i) (no criteria listed) (2013); WASH. REV. CODE. ANN. § 90.03.290(3) (no criteria listed) 

(2013); WYO. STAT. ANN. §§ 41-3-931 to -932, 41-4-503 (no criteria listed) (2013). The five states that lack a 

public interest consideration are: California and Texas (both of which lack state groundwater permitting 

legislation), Arizona, Oklahoma and Colorado. Public interest considerations can also be found in some state 

constitutions, e.g. WYO. CONST. art. VIII, § 3 (“No appropriation shall be denied except when such denial is 

demanded by the public interests.”); and established in case law. The Colorado Division of Water Resources 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=K.S.A.+%A7+82a-1036
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.043
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Cent.+Code%2C+%A7+61-04-06
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.M.+Stat.+Ann.+%A7+72-12-3
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.M.+Stat.+Ann.+%A7+72-12-3
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define the public interest, however, often include criteria that encourage agencies to consider 

ecological impacts (e.g. effects on minimum streamflows;
108

 effects on fish and wildlife 

resources;
109

 and determinations of general environmental impact)
110

 and impairment of existing 

rights,
111

 balanced with other considerations that may well promote extraction.
112

 Where criteria 

are lacking, judicial direction on the content of the public interest review is also scarce.
113

 In the 

absence of more specific guidance as to the meaning of the public interest, State agency 

interpretations generally tend to conceive of the public interest being served by protecting 

collective consumptive uses such as municipal water supply or public open space, or maximizing 

the consumptive use of water more generally.
114

 Alternatively, agencies may consider the public 

interest served if other relevant statutory or plan requirements, such as beneficial use and 

availability of water, are satisfied.
115

 

Objectors to the granting of groundwater permits have argued that the public interest requires 

protecting various GDEs from the impacts of proposed pumping including wildlife habitat, 

endangered species (particularly anadromous fish), and the recreational value of lakes.
116

 While 

                                                                                                                                                 
has a "clear obligation to represent the public interest" in water rights decisions by virtue of case law rather 

than statute: Bar 70 Enterprises, Inc. v. Tosco Corp., 703 P.2d 1297, 1304 (Colo. 1983).  
108 E.g. KAN. STAT. ANN. §§ 82a-711(b)(1) (2013); OR. REV. STAT. ANN. §§ 537.153(2) (including reference 

to § 536.310(7) (fostering and encouraging “the maintenance of minimum perennial streamflows sufficient to 

support aquatic life, to minimize pollution and to maintain recreation values … if existing rights and 

priorities under existing laws will permit”.) (2012). 
109 IDAHO ADMIN CODE 37.03.08.045(e)(ii) (“fish and wildlife resources in the local area affected by the 

proposed use”) (2013); N.D. CENT. CODE § 61-04-06(4)(c) (“fish and game resources”) (2013). 
110 MONT. CODE ANN. § 85-2-311(3)(b)(vi) (2013).  
111 E.g. KAN. STAT. ANN. §§ 82a-711(b)(3) (2013).  
112 E.g. economic benefits of extracting water: N.D. CENT. CODE § 61-04-06(4)(b) (2013); OR. REV. STAT. 

ANN. § 537.170(8)(b) (2012). Contra In the Matter of Application Permit No. 11-7582 In the Name of the 

Retreat at Bear Lake, LLC d/b/a Black Bear Resort, Idaho Department of Water Resources, 2011 Ida. ENV 

LEXIS 2 (Idaho ENV 2011) 25, 26 (determining that information about the jobs that would be created as a 

result of a new groundwater use is not pertinent to an evaluation of the local public interest because it is not 

related to “the effect of the proposed use on the public water resource”, as per  IDAHO CODE ANN. § 42-

202B(3)).  
113 For an exception, see, e.g. Young & Norton v. Hinderlider, 15 N.M. 666 (N.M. 1910). 
114 Interview with Kent Jones, State Engineer, Utah Div. of Water Res., in Salt Lake City, Utah (Nov. 2, 

2011) (explaining that the agency conceives of the public interest in relation to maximizing the beneficial use 

of water for human purposes, and would not consider, for example, effects on natural wetlands in the absence 

of a water right to wetland water or endangered species issues, for example). Washington does not seem to 

take this approach. In Washington, the concept is understood to extend to the content of planning documents 

developed through public processes, like land use plans, utility plans, and recovery plans under the federal 

Endangered Species Act: interview with Brian Walsh, Wash., supra note 15. 
115 Amber Weeks, Defining the Public Interest: Administrative Narrowing and Broadening of the Public 

Interest in Response to the Statutory Silence of Water Codes, 50 NAT. RESOURCES J. 255, 261-264 (2010) 

(referring to Nevada, and judicial support for this position). Some agencies do not consider the independent 

content of the public interest requirement, as distinct from a view of the public interest as a “compilation” of 

other permitting requirements (id. describing the Nevada State Engineer's interpretation of the public interest 

as a compilation of Nevada water law) if no public protest raises this matter: interview with Shelley Keen, 

Manager, Water Rights Permits Section, Idaho Dep't of Water Res., in Boise, Idaho (Oct. 31, 2011); 

interview with Kent Jones, Utah, supra note 114. 
116 Applications 63805 et al. to Appropriate the Public Waters within the Tracy Segment Hydrographic Basin, 

Ruling No. 5747, at 8-9 (Nev. State Eng'r, June 27, 2007), cited by Weeks, supra, at 271-272 (argument 

rejected on the basis that it was not supported by sufficient evidence); telephone interview with Robert 

Shaver, Director, Water Appropriations Division, N.D. State Water Comm. (May 25, 2012) (economic 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.08.045
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Cent.+Code%2C+%A7+61-04-06
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Cent.+Code%2C+%A7+61-04-06
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=2011+Ida.+ENV+LEXIS+2
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=2011+Ida.+ENV+LEXIS+2
http://www.lexis.com/research/buttonTFLink?_m=5adcfece02a4b538f7ba0e1f473f2ef2&_xfercite=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b2011%20Ida.%20ENV%20LEXIS%202%5d%5d%3e%3c%2fcite%3e&_butType=4&_butStat=0&_butNum=4&_butInline=1&_butinfo=IDCODE%2042-203A&_fmtstr=FULL&docnum=2&_startdoc=1&wchp=dGLbVzV-zSkAz&_md5=2a39c37c51dce6f09ced6f0fbdf514b4
http://www.lexis.com/research/buttonTFLink?_m=5adcfece02a4b538f7ba0e1f473f2ef2&_xfercite=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b2011%20Ida.%20ENV%20LEXIS%202%5d%5d%3e%3c%2fcite%3e&_butType=4&_butStat=0&_butNum=4&_butInline=1&_butinfo=IDCODE%2042-203A&_fmtstr=FULL&docnum=2&_startdoc=1&wchp=dGLbVzV-zSkAz&_md5=2a39c37c51dce6f09ced6f0fbdf514b4
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=le&search=15+N.M.+666
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some of these arguments buttress objections based also on impairment to senior surface water 

rights, it appears that the public interest is also being used as an independent and unique argument 

for protecting GDEs.  

Despite the past, and in some cases current low profile of GDEs, several agencies expect public 

interest issues to arise in the future, particularly with increased competition for the resource.
117

 

There are also suggestions that previously narrow state interpretations of the public interest in the 

groundwater context are, more generally, widening to include environmental issues.
118

  

A related but legally distinct principle-based threshold may apply to groundwater through the 

public trust doctrine, which applies in most western U.S. states.
119

 Under the doctrine, a state holds 

certain natural resources in trust for its citizens, and must protect them accordingly. In the context 

of water, the doctrine traditionally applied only to navigable waters, and protected only a narrow 

range of uses of those waters, particularly navigation. This has since been extended in some states 

to a wider range of uses (including protecting recreational and ecological uses), and to include 

non-navigable water that is tributary to navigable water.
120

 A few states include groundwater 

within the category of non-navigable water that is tributary to navigable water, and thereby 

covered by the public trust.
121

 Even fewer extend the doctrine directly to groundwater, 

independently of a connection to a navigable waterway.
122

 In theory, the public trust doctrine has 

                                                                                                                                                 
interests prevailed in a particular case of balancing of statutory public interest factors, where a lake to be 

affected by groundwater pumping was shallow and naturally very variable, and the proposed pumping would 

support a large potato processor, in an area that was economically depressed; also describing a matter under 

active consideration, in which the needs of wildlife in a refuge that had very senior surface water rights for 

wildlife purposes, was competing with groundwater extraction for industrial purposes; interview with Shelley 

Keen, Idaho, supra; interview with Brian Walsh, Wash., supra note 15. 
117 Interview with Burke Griggs, Legal Counsel, Division of Water Resources, Kan. Dep't of Agric., in 

Topeka, Kan. (Nov. 11, 2011); interview with Robert Shaver, N.D., supra; interview with Brian Walsh, 

Wash., supra note 15. 
118 Weeks, supra note 115, at 270-272; interview with Ivan Gall, Or., supra note 91, and interview with Barry 

F. Norris, State Engineer, Or. Water Res. Dep’t, in Salem, Or. (Oct. 25, 2011) (together suggesting that 

damage to a non-surface water GDE, e.g. vegetation, by pumping groundwater could be considered as part of 

the public interest review, and would be most likely raised by an environmental NGO); see also infra, note 

394 and accompanying text. 
119 See generally Richard M. Frank, 30 Years Later: The Public Trust Doctrine: Assessing Its Recent Past 

and Charting Its Future, 45 U.C. DAVIS L. REV. 665 (2012). 
120 Nat’l Audubon Soc’y v. Super. Ct., 658 P.2d 709 (Cal. 1983) (the “Mono Lake” case). 
121 Lake Beulah Mgmt. Dist. v. State Dep't of Natural Res., 2011 WI 54, 70 (Wis. 2011) (but note that 

because of Wisconsin statute, proposing to use a high-capacity well to extract even groundwater that is not 

tributary to navigable water is subject to a similar obligation to review it for environmental impacts): id. This 

argument is being made in current litigation in California, namely that the State Water Resources Control 

Board and Siskiyou County failed to protect “groundwater with a hydrological connection to public trust 

waters in the Scott River Valley”: Environmental Law Foundation v. State Water Resource Control Board 

(Cal. Ct. App., 3rd Distr. Docket C067600, On Appeal from the Super. Ct. of Sacramento County, Case No. 

34-2010-80000583, Honorable Lloyd Connelly, Judge). See John Hedges, Legislative Update: Currents in 

California Water Law: The Push to Integrate Groundwater and Surface Water Management through the 

Courts, 14 U. DENV. WATER L. REV. 14, 375, 396-401 (2011); and Jordan Browning, Unearthing 

Subterranean Water Rights: The Environmental Law Foundation’s Efforts to Extend California’s Public 

Trust Doctrine, 34 Environs Environmental Law and Policy Journal 231 (2011). 
122 In re Water Use Permit Applications, 9 P.3d 409 (Haw. 2000) (agency must consider the environmental 

impact of a proposed high capacity well when presented with sufficient concrete, scientific evidence of 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=2011+WI+54%2520at%2520P62
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scope to protect GDEs that also rely on surface water, and potentially also obligate GDEs, in 

circumstances where the doctrine applies to surface waters and ecosystems, respectively.
123

 

Scholars have tended to support extending the public trust to groundwater.
124

 

In addition to very broadly worded standards, like the public interest or public trust, principle-

based standards also appear as more specific references to considering impacts on surface water 

rights—albeit without concrete legal definitions. Some states, like Oregon and Kansas, retain 

principle-based standards for impairment that have been fleshed out by specifying criteria that are 

assumed to give rise to the “potential for substantial interference”,
125

 and “unreasonable”
126

 

impairment of surface water rights, respectively. Vague standards for impairment of these rights, 

with no criteria, persist in some other states, perhaps because they lack sufficient competition for 

groundwater to prompt judicial clarification of the standard.
127

 

More specific standards protecting GDEs, analogous to those protecting surface water rights—

which would obviate the need to argue for their protection under the more general public interest 

or public trust—are rare in the western U.S. A handful of states prohibit unreasonable or 

significant effects on “public recreation”, the “natural stream environment”,
128

 or “waters of the 

state”.
129

 But with the exception of Wisconsin,
130

 these generally lack detailed guidance on their 

application, allowing agencies to apply them in only a cursory or narrow way, particularly where 

                                                                                                                                                 
potential harm to navigable waters). See also comments regarding New Hampshire, Tennessee, and Vermont: 

Spiegel, supra note 63, at 413 and note 7. 
123 Thompson, supra note 9, at 293-295.  
124 See generally Spiegel, supra note 63; Erik Swenson, Public Trust Doctrine and Groundwater Rights, 53 

U. MIAMI L. REV. 363 (1999).  
125 A pre-determined set of situations—described by numerical thresholds, such as well-to-stream distances, 

pumping rates, and proportions of extraction constituting streamflow pumped in a given time—are assumed 

to have this potential: OR. ADMIN. R. 690-009-0040(4) (2014). The Oregon Department of Water Resources 

may also determine that the potential exists in other cases, having regard to specific factors, including time 

lags and cumulative impacts:  OR. ADMIN. R. 690-009-0040(5) (2014).  
126 In Kansas, impairment of an existing water right refers to “the unreasonable raising or lowering of the 

static water level or the unreasonable increase or decrease of the streamflow … at the water user’s point of 

diversion beyond a reasonable economic limit”. KAN. STAT. ANN. § 82a-711 (2013). The Chief Engineer 

considers impairment on a case by case basis, but uses a “two mile circle” rule as a default definition: all 

points within the circle must not exceed safe yield; this includes baseflow nodes. Marios Sophocleous, The 

Origin and Evolution of Safe-Yield Policies in the Kansas Groundwater Management Districts, 9 NATURAL 

RES. RESEARCH 99, 107 (2000). 
127 North Dakota statute requires the state engineer to issue a permit if a number of criteria are fulfilled, one 

of which is that “the rights of a prior appropriator will not be unduly affected”: N.D. CENT. CODE § 61-04-06 

(2013). The state does not use standardized guidelines to interpret this threshold: interview with Robert 

Shaver, N.D., supra note 116. Utah’s Division of Water Rights has not yet been faced with the problem of 

defining a threshold level of impact that is significant in response to a claim from a surface water 

appropriator that their right would be impacted: interview with Kent Jones, Utah, supra note 114.  
128 UTAH CODE ANN. § 73-3-8(1)(b) (2013). 
129 WIS. STAT. § 281.34(4), (5) (2014). Other states may also apply general environmental considerations to a 

narrow category of underground water that is considered so closely related to surface water that surface water 

permitting statutes (with their environmental considerations) apply. E.g. CAL. WATER CODE § 1257.5 (2014). 
130 WIS. ADM. CODE § 820.30 (2014). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-009-0040
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-009-0040
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Utah+Code+Ann.+%A7+73-3-8
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Wis.+Stat.+%A7+281.34
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Cal+Wat+Code+%A7+1257.5
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Wis.+Adm.+Code+NR+820.30
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the agency does not consider assessing environmental impacts as part of its core mission.
131

 This 

can mean considering only impacts on formal instream flow rights and perhaps endangered 

species issues, despite apparently broad statutory language (for example, the “natural stream 

environment”) that could encompass, for example, vegetation in riparian or floodplain zones.
132

  

By contrast with the western U.S., specific environmental considerations do arise in Australian 

statutes. They require or encourage decision-makers to consider the effects of extracting water on 

ecosystems
133

 and the physical integrity of watercourses, lakes, springs or aquifers;
134

 water 

quality;
135

 other plans and policies about water sustainability, including the relevant water plan;
136

 

harm to a water source;
137

 and whether the extraction would be ecologically sustainable and 

environmentally acceptable.
138

 These more specific types of principle-based thresholds hold 

promise as “fallback” linking tools capable of protecting streamflow or GDEs that are not 

otherwise protected by surface water rights.  

(c) Regulatory flexibility tools 

A key challenge of setting concrete thresholds that limit the effects of pumping groundwater is 

that applying those thresholds constrains opportunities for further development. Responding to 

social wishes to develop further, some water agencies across the western U.S. have introduced 

“flexibility tools” that enable groundwater pumpers to meet thresholds of acceptable impact on 

connected resources without constraining their own pumping. These flexibility tools are not used 

independently, but in combination with another tool that would otherwise require more rigid paths 

to compliance. 

                                                      
131 Montana’s water statute applies similarly, but is implemented in only a cursory way in practice, and is 

limited in protecting GDEs; for example, the state Department of Natural Resources and Conservation would 

not analyze the potential impacts on a wetland of groundwater pumping if no water rights were associated 

with the wetland: interview with Tim Davis, Mont., supra note 94. For a fuller discussion of implementation 

issues associated with agency self-perception, see infra Part 6.1. 
132 Interview with Kent Jones, Utah, supra note 114; interview with Tim Davis, Mont., supra note 94. 
133 Water Act, 2000, § 210(e) (Queensl.). 
134 Water Act, 2000, § 210(f) (Queensl.) (“the physical integrity of watercourses, lakes, springs or aquifers”); 

Water Act, 1989, § 40(1)(d)(ii) (any likely adverse effect on “a waterway or an aquifer”) (Vict.).  
135 Water Act, 1989, § 40(1)(c) (Vict.); Water Act, 1992, §§ 71C(3)(b), 90(1)(e) (N. Terr.).  
136 Water Act, 2000, §§ 210(c), (g), (h) (Queensl.); Rights in Water and Irrigation Act, 1914, cll 7(2)(g), (h), 

Sch. 1 (W. Austl.); Water Act, 1989, §§ 40(1)(i), (j), (ja) (Vict.); Water Management Act, 1999, § 63(1)(b) 

(Tas.); Water Act, 1992, §§ 71C(3)(b), 90(1)(ab) (N. Terr.). 
137 Water Management Act, 2000, § 63(2)(b) (prohibiting the grant of an access license unless the Minister is 

satisfied that “adequate arrangements are in force to ensure that no more than minimal harm will be done to 

any water source as a consequence of water being taken from the water source under the licence”) (N.S.W.). 
138 Rights in Water and Irrigation Act, 1914, cll 7(2)(b), (c), Sch. 1 (“ecologically sustainable” and 

“environmentally acceptable”) (W. Austl.); Water Act 1989, § 40(1)(g) (“the need to protect the environment, 

including the riverine and riparian environment”) (Vict.); Water Management Act, 1999, § 63(1)(c) (“could 

not reasonably be expected to lead to material environmental harm or serious environmental harm”) (Tas.). 
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Since at least the 1950s,
139

 some western U.S. states have offered applicants for groundwater 

permits (across the state or in certain regions) the opportunity to offset the adverse impacts of their 

proposed pumping in order to fall below a threshold of impact on surface waters that would not be 

permitted. Such rules have helped to solve conflicts between groundwater and surface water 

users
140

 and facilitated future groundwater-dependent economic growth, while limiting its impacts. 

Offset rules also indirectly optimize the use of groundwater and surface water sources by allowing 

economically beneficial shifts in use from the latter to the former.
141

 

Groundwater offset rules
142

 are an extension of more familiar market-based offset instruments for 

environmental management, such as offsets in the context of greenhouse gas emissions, 

endangered species habitat, and water pollution. A few other states consider offset conditions on 

water permits on a case-by-case basis, but lack detailed rules,
143

 or may allow offsets case-by-case 

in areas not covered by detailed rules.
144

 In yet others, private parties negotiate ways to avoid 

impairment outside statutory offset provisions or agency sanction.
145

 Agencies in some western 

U.S. states that lack offset rules suggest that increased competition for water may make them 

necessary in the future.
146 

In one view, agencies should consider implementing comprehensive 

offset programs early in their water development trajectories, to avoid the need to retrospectively 

curtail individual pumping.
147

 

                                                      
139 New Mexico was the first state to impose a mitigation requirement, under a 1956 ruling of the State 

Engineer that required the City of Albuquerque to retire surface water rights to compensate for the effects of 

its proposed groundwater pumping on the Rio Grande River: City of Albuquerque v. Reynolds, 71 N.M. 428, 

379 P.2d 73 (1962). 
140 In Colorado, a system of “temporary augmentation plans” and “replacement plans” grew out of intense 

conflict in 1966 between surface water and groundwater users, after a prolonged drought. William Blomquist, 

et al., Institutions and Conjunctive Water Management Among Three Western States, 41 NAT. RESOURCES J. 

653, 674 (2001). 
141 SINCLAIR KNIGHT MERZ, supra note 50, at 55. 
142 Here, the term “rules” refers to the collection of requirements and policies that a state uses to enable an 

applicant for a groundwater permit to offset the impact of their groundwater pumping to some degree. In 

some cases, this will be a single provision of a state code.  
143 E.g. in California, in relation to permits to pump water from “subterranean streams”: interview with Jim 

Kassell, Cal., supra note 104; in Oregon, in relation to areas outside the Deschutes Basin, the only basin that 

has a structured offset program: interview with Barry Norris, Or., supra note 118.  
144 In Oregon, outside the Deschutes River Basin offset program, offset requirements also apply to large 

numbers of groundwater pumping permits on an ad-hoc basis: interview with Barry Norris, Or., supra note 

118. 
145 Interview with Burke Griggs, Kan., supra note 117. 
146 Interview with Robert Shaver, N.D., supra note 116; Ariz. Dep’t of Water Resources, Santa Cruz AMA 2 

(2012), available at http://www.azwater.gov/azdwr/WaterManagement/AMAs/SantaCruzAMA/default.htm 

(stating that “new uses of water within certain areas of the Santa Cruz AMA will need to be offset either by 

replenishment of water withdrawn or through a corresponding reduction in water use by existing users”, but 

suggesting that statutory tools for doing this may not yet be available). 
147 Interview with Kevin Rein, Deputy State Engineer, Colo. Div. of Water Res, in Denver, Colo. (Nov. 7, 

2011). 
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Offset rules have a common basic structure, which is described briefly here and discussed at 

length in a separate paper.
148

 An aspiring groundwater pumper whose application is predicted to 

cause an unacceptable level of impact on connected surface waters can have their application 

approved provided they replace the water that the well would capture from the river. Different 

states allow different methods of “neutralizing” an adverse effect on surface water rights. The 

most common is buying or leasing surface water rights for instream use.
149

 Other methods include 

reducing the use of connected groundwater
150

 for example, through a land fallowing program;
151

 

conserving surface water and dedicating it to instream use;
152

 “pumping and dumping” water from 

unconnected sources into the river;
153

 and artificially recharging a connected aquifer, to cause the 

recharged water to discharge to the river over time.
154

  

Though it is often controversial, some states also allow non-water offsets. This can include 

compensating (financially or otherwise) affected surface water users,
155

 and undertaking 

environmental projects, such as restoring riparian areas or removing culverts to increase areas 

available for fish spawning.
156

 Other states specifically prohibit non-water offsets.
157

 Some water 

agencies doubt their legality,
158

 and may even fiercely protect an impaired water right even if its 

owner is willing to accept impairment,
159

 or has not protested.
160

  

Offset rules vary along a number of dimensions, reflecting the different ways in which states make 

trade-offs between administrative efficiency, equity and accessibility, and comprehensively 

                                                      
148 Rebecca Nelson, How Can Rules for Offsetting (Mitigating) Groundwater Pumping Protect Connected 

Rivers? (Part C, J.S.D. dissertation, Stanford University, 2014) [hereinafter Offsetting Groundwater 

Pumping]. 
149 E.g. NEB. REV. STAT. § 46-715(3)(e) (2013); OR. ADMIN. R. 690-505-0610(3)(b) (2014). This includes 

buying “contract water” from federal government storage projects, for release to a stream: interview with Tim 

Davis, Mont., supra note 94. 
150 E.g. OR. ADMIN. R. 690-505-0610(8) (2014). 
151 E.g. Wolfe, supra note 1. 
152 E.g. OR. ADMIN. R. 690-505-0610(3)(a) (2014). 
153 E.g. interview with Dave Nazy, Wash., supra note 21. 
154 In the South Platte River basin, augmentation plans that are approved by a water judge can involve 

diverting water into canals and recharging ponds in winter, which water then seeps back into the river in 

summer, and permits ongoing groundwater pumping. Blomquist, et al., supra note 140, at 678-679. See also 

IDAHO ADMIN. CODE r 37.03.11.043(03)(d) (2013); interview with Tim Davis, Mont., supra note 94. 
155 E.g. IDAHO ADMIN. CODE r 37.03.11.010(15) (stating that a mitigation plan identifies ways to “prevent, or 

compensate holders of senior-priority water rights for, material injury…”) (2013); interview with Brian W. 

Patton, Bureau Chief, Planning Bureau, Idaho Dep't of Water Res., in Boise, Idaho (Oct. 31, 2011); interview 

with Kent Jones, Utah, supra note 114 (describing an early practise of accepting monetary compensation, 

which occurs less often now). 
156 E.g. WASH. DEP’T OF ECOLOGY, FOCUS ON MITIGATION IN THE YAKIMA BASIN 2 (2012); interview with 

Brian Walsh, Wash., supra note 15; interview with Kevin Rein, Colo., supra note 147 (in relation to the 

Colorado Water Conservation Board allowing injury to an instream flow right in return for another measure 

of environmental value, if, for example, replacement water cannot be found). 
157 E.g. COLO. REV. STAT. § 37-92-103(9) (prohibiting “the salvage of tributary waters by the eradication of 

phreatophytes” and “the use of tributary water collected from land surfaces that have been made 

impermeable, thereby increasing the runoff but not adding to the existing supply of tributary water”) (2013). 
158 Interview with Tim Davis, Mont., supra note 94. 
159 Id. 
160 Telephone interview with David Heber, Statewide Projects Coordinator, N.M. Office of the State Eng’r 

(Mar. 15, 2012). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=R.R.S.+Neb.+%25A7+46-715
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-505-0610
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-505-0610
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-505-0610
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.043
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.010
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=C.R.S.+37-92-103
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reducing net impacts (“integrity”). The first dimension is geography: some offset rules apply state-

wide,
161

 others only in particular basins.
162

 In the latter case, the basins are typically those 

characterized by particularly strong groundwater-surface water connections, and intensive 

groundwater development
163

 or concerns about delivering flows to satisfy endangered species or 

interstate compact requirements.  

The second dimension of variation is how comprehensively the rules conceive of impacts that 

must be offset. The more realistic programs tend to trade off administrative efficiency and 

accessibility in favor of integrity. At that end of the spectrum, the costs of undertaking technical 

work can be substantial, particularly where a special-purpose model must be built because there is 

no pre-existing (usually state-funded) groundwater model.
164

 Rules can include water quality, 

temperature, and volumetric impacts.
165

 They calculate impacts on a fine (monthly or seasonal) 

time-scale, and restrict the geographic areas within which replacement water may be sourced, 

which can create large, demand-driven cost differences for replacement water in different areas, 

which can be perceived as unfair.
166

 Some even apply offset requirements to permit-exempt 

uses.
167

 Programs at the simpler end of the spectrum tend to focus only on volumetric impacts to 

streams;
168

 calculate impacts on an annual time scale,
169

 based on estimated rather than actual 

consumptive use;
170

 and allow replacement water to be sourced from a wide geographic area.
171

  

                                                      
161 This is the case in Colorado, Idaho and Montana (in relation to closed basins): COLO. REV. STAT. §§ 37-

92-103(9) (defining “plan of augmentation”), 37-90-137(9)(c) (imposing requirement to have a plan of 

augmentation); 37-92-308 (providing for substitute water supply plans, which unlike plans of augmentation, 

do not require approval by a water court); IDAHO ADMIN. CODE rr 37.03.08.050(02) (Requirements to 

Mitigate Impact of Flow Depletion for a defined stretch of the Snake River), 37.03.11.040 (allowing out-of-

priority diversion pursuant to an approved mitigation plan), 37.03.11.043 (setting out requirements of 

mitigation plans); MONT. CODE ANNO. § 85-2-360 (application for a groundwater appropriation right in a 

closed basin must be accompanied by a mitigation plan, if necessary) (2013). 
162 E.g., this is the case in Nebraska, where regional Natural Resources Districts can use Integrated 

Management Plans to identify mitigation measures (NEB. REV. STAT. §§ 46-715(3)(c), (d) (2013); in New 

Mexico, this occurs through basin-specific administrative guidelines issued by the State Engineer (e.g. 

Thomas C. Turney, Middle Rio Grande Administrative Area Guidelines for Review of Water Right 

Applications 2, 4, 5 (2000)), and in Oregon, in the Deschutes Basin (OR. REV. STAT. § 537.746 (2012)). 
163 E.g. interview with Barry Norris, Or., supra note 118 (describing the Deschutes Basin as a rapidly 

growing “big economic machine”, which would have been stopped in the absence of an offset program); 

interview with Kent Jones, Utah, supra note 114 (referring to the Cache Valley groundwater management 

plan, which requires offsets. The area was subject to large demand in the early 1990s). 
164 Interview with Kevin Rein, Colo., supra note 147 (contrasting applying for a not non-tributary 

groundwater right in the Denver Basin, for which a state model is available, with other areas). Recognizing 

this, there is precedent for the state developing basin-wide groundwater models to lower the cost to each user 

of having an offset plan approved: interview with Kevin Rein, Colo., supra note 147 (referring to the 

preparation of a groundwater model for the Rio Grande Basin). 
165 Nelson, Offsetting Groundwater Pumping, supra note 148, at Part 3.  
166 E.g. interview with Barry Norris, Or., supra note 118 (in relation to zones of influence used in the 

Deschutes Basin program); interview with Ivan Gall, Or., supra note 91. 
167 E.g. WASH. ADMIN. CODE §§ 173-532-050 (Walla Walla River Basin), 173-539A-040 (Upper Kittitas 

county) (2014). 
168 E.g. an offset program in Washington state does not require mitigation for household water use where a 

septic system is used, since the indoor water use returns to the ground, albeit as poorer quality water: 

interview with Dave Nazy, Wash., supra note 21. 
169 E.g. this would equate year-round water use by an urban user with a seasonal irrigation right, and 

potentially allow some impact to go unmitigated at particular times: interview with David Heber, N.M., supra 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=C.R.S.+37-92-103
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=C.R.S.+37-92-103
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=C.R.S.+37-90-137
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=C.R.S.+37-92-308
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.08.050
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.040
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.043
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=Mont.+Code+Anno.%2C+%A7+85-2-360
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=R.R.S.+Neb.+%A7+46-715
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=ORS+%A7+537.746
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A third dimension of variation is the extent to which the rules include margins of error—like 

deliberate over-compensation,
172

 a cap on total offset appropriations,
173

 or requiring immediate 

action to offset time-lagged impacts
174

—to allow for uncertainty in calculations. 

A final dimension is the extent to which the rules are complemented by institutions that aim to 

help aspiring groundwater pumpers locate replacement water. These include zone-based maps 

where existing water rights might constitute suitable offsets
175

 and establishing a government- or 

privately-operated “water bank” or clearinghouse of available rights or credits,
176

 rather than 

relying on the matching services of water brokers.
177

  

(d) Voluntary tools 

In contrast to the various regulatory tools for linking the impacts of pumping groundwater to 

impacts on connected resources, voluntary tools are indeed sparse. It appears that a small number 

of large water-using companies have committed to voluntary targets to recharge aquifers, but it is 

not entirely clear that the aim of doing so is to protect surface waters or GDEs, as opposed to 

community access to groundwater.
178

 Nor is it clear that such commitments respond directly to 

government actions to influence behavior. Accordingly, these are not discussed in detail here. 

Literature searches reveal limited public awareness campaigns by local government districts on the 

                                                                                                                                                 
note 160; interview with Ivan Gall, Or., supra note 91 (referring to the need to use an annual timescale to 

make sure enough replacement water, which is largely agricultural water, is available to “make it work”.) 
170 E.g. WASH. ADMIN. CODE § 173-539A-050(3) (2014). 
171 E.g. id § 173-532-050 (Walla Walla River Basin); interview with David Heber, N.M., supra note 160. 
172 E.g. a Washington rule requires one unit of depletion to be replaced by multiple units of replacement 

water (interview with Dave Nazy, Wash., supra note 21 (describing the use of ratios greater than 1:1 in the 

Dungeness offset program, in order to account for uncertainty brought about by complex geology and low 

availability of data)). Cf MONT. CODE ANNO. § 85-2-362(4) (prohibiting the requirement of an offset ratio 

greater than 1:1) (2013). 
173 E.g. OR. ADMIN. R. 690-505-0500(1), (5) (limiting the Deschutes Basin Program to 200 cubic feet per 

second of groundwater appropriations, unless no impact on instream flows is found under 5-yearly reviews of 

the program) (2014). 
174 That is, sometimes mitigation is required to commence immediately, even though the impairment would 

be time-lagged, rather than requiring the offset measure to commence only when the impairment is calculated 

to take effect: CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 8 (citing House Bill 831 

(2007)). By contrast, in New Mexico, offset arrangements must be secured at the time a permit is applied for, 

but water purchased for offset purposes may be leased until it is required, when the impairment is calculated 

to take effect: interview with David Heber, N.M., supra note 160; Turney, supra note 162, at 5.  
175 Interview with Dave Nazy, Wash., supra note 21 (in the case of the Walla Walla Basin in upper Kittitas 

County, “green zones” indicating areas in which water rights are likely to be suitable, and “yellow zones” for 

areas in which more information would be required to assess suitability). 
176 E.g. the Kittitas Water Exchange, which includes seven water banks, in Washington state: Wash. (State) 

Dept. of Ecology, Kittitas Water Exchange (2012), available at 

http://www.ecy.wa.gov/programs/wr/cro/wtrxchng.html.  
177 Interview with Kevin Rein, Colo., supra note 147. 
178 PepsiCo & The Nature Conservancy, Striving for Positive Water Impact: Lessons from a Partnership 

Approach in Five Watersheds (2011); Coca Cola Company, The Coca Cola Company 2012/2013 GRI Report 

(2013). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=Mont.+Code+Anno.%2C+%A7+85-2-362
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-505-0500
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topic of how groundwater supports surface water—presumably with the intention of encouraging 

conservation and accordingly preventing unnecessary impacts.
179

 

The only more formalized example of preventive voluntary tools uncovered by the study is special 

contractual agreements between large businesses and governments that have historically been used 

in Australia, and have sometimes included requirements to protect GDEs during mine operations, 

for example.
180

 These “state agreements” stretch the definition of “voluntary”, since they are 

ratified in legislation, override most other state legislation, and are used for the purpose of 

granting a right to mine minerals and take water, as an alternative to regular statutory processes.
181

 

They tend to have fallen out of favor in most states, due to perceptions of favoritism, a lack of 

transparency in negotiation and enforcement,
182

 and a policy preference for regulating all water 

extraction comprehensively under generally applicable legislation.
183

 

5.2 Tools for remedying adverse impacts on surface water rights and GDEs 

Remedying the unforeseen adverse impacts of pumping groundwater becomes relevant where a 

state wants to address impacts of pumping that pre-dated the introduction of preventive linking 

tools, or where impacts were unforeseen in the permitting process, and therefore were not subject 

to a preventive tool. Some remedial measures are regulatory mechanisms that mandate curtailing 

pumping by an individual or a group, such as orders to curtail junior groundwater pumpers in prior 

appropriation systems and mandatory water conservation programs, respectively. Takings laws in 

the U.S. may limit the scope of such approaches. Interestingly, most such regulatory tools 

accomplish their remedial aim by affecting the exercise of property rights, rather than by imposing 

liability, for example, in the form of damages recouped from rights holders in respect of 

government remedial action or self-help by affected parties. A further category of remedial tools 

parallels the offset programs described at Part 5.1(c). They mandate action broadly to reduce 

impacts, leaving the means of compliance open, and do provide scope for liability-type 

approaches. They also typically make available a form of market tool to facilitate compliance. 

Other remedial tools fall into a final category of policy-based and entirely voluntary measures, for 

                                                      
179 E.g. BARTON SPRINGS EDWARDS AQUIFER CONSERVATION DIST., DISTRICT MANAGEMENT PLAN 46, 67 

(adopted Sept. 27, 2012), available at http://www.bseacd.org/uploads/Financials/MP_FINAL_TWDB-

approved_1_7_2013_Body.pdf. 
180 E.g. the Olympic Dam mine site in SA: Roxby Downs (Indenture Ratification Act) Act, 1982 (S. Austl.). 

But note concerns about the ability of the Indenture adequately to protect these springs: SENATE URANIUM 

MINING AND MILLING COMM. (AUSTL.), URANIUM MINING AND MILLING IN AUSTRALIA ch. 2 (Appraisal of 

Environmental Performance at Ranger and the Olympic Dam Operation) (1997), available at 

http://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Former_Committees/uranium/report/c02

-4. 
181 NAT’L WATER COMM’N (AUSTL.), THE NATIONAL WATER INITIATIVE - SECURING AUSTRALIA'S WATER 

FUTURE: 2011 ASSESSMENT 41 (2011); Richard Hillman, The Future Role for State Agreements in Western 

Australia, 25 AUSTL. RESOURCES & ENERGY L. J. 293, 316 (2006). 
182 Hillman, supra, at 307, 309.  
183 Telephone interview with Neil Power,  Director, State Research Coordination, Science, Monitoring & 

Information Div., S. Austl. Dep't of Env't, Water & Natural Resources (Sept. 12, 2012). 
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example, government agencies paying groundwater rights holders not to exercise their rights; or 

building infrastructure to supply an affected surface water-using entity with an alternative water 

supply. 

(a) Regulatory remedial tools  

Central to western U.S. prior appropriation systems is the concept of a water agency curtailing the 

exercise of water rights that are junior in priority to senior water rights, where there is not enough 

water available to satisfy all uses. Since groundwater rights are typically junior to surface water 

rights, the administration of prior appropriation is the key remedial linking tool used in the 

western U.S. to protect surface water rights—in theory. Indeed, some states justify putting only 

minimal resources into determining interference at the permitting stage, or exceeding the apparent 

safe yield, consciously preferring to react to interference as it arises.
184

 In others, this is seen as 

dangerous, given the potential to lock in depletion that will manifest only far into the future.
185

 

Priority administration can occur under different triggers. In the majority of cases, a water right 

holder makes a “call” on the river. The water master
186

 must confirm that the right cannot be 

satisfied, and identify upstream junior rights to be curtailed in accordance with their priority 

dates.
187

 In some states, a water master independently may work with a list of water rights, with 

their dates and locations, and go through the basin visiting water right holders to determine 

whether they have their full allocations available.
188

 That is, the state proactively investigates the 

possibility of impairment of senior surface water rights in the absence of a complaint, and may 

even recognize an adverse effect where an objector has withdrawn their objection (that is, 

accepted the harm).
189

 In other states, the state’s role is confined to reacting to complaints of 

impairment.
190

  

Despite its centrality to the theory of western U.S. water allocation systems, curtailing junior 

groundwater users in favor of senior surface water users can be difficult for a variety of reasons,
191

 

                                                      
184 E.g. interview with Kent Jones, Utah, supra note 114. 
185 Interview with Kevin Rein, Colo., supra note 147.  
186 Different western U.S. states use different terms for the person whose job it is to determine priority 

administration arrangements, e.g. hydrographer in Wyoming, river commissioner in Utah. For simplicity, I 

will use “water master” as a generic term.  
187 Interview with Ivan Gall, Or., supra note 91. 
188 Id. 
189 Interview with Tim Davis, Mont., supra note 94 (referring to situations in which this has occurred in 

practice). 
190 Interview with Burge Griggs, Kan., supra note 117; interview with John Harju, Assistant Administrator, 

Ground Water Div., Wyo. State Eng’r’s Office, in Cheyenne, Wyo. (Nov. 8, 2011) (“Frankly, if nobody's 

screaming, we're not in there looking at it.”); interview with Kevin Rein, Colo., supra note 147 (“They have 

to make a call if they're not getting their water. We're not going to go out and say, ‘I don't think they're 

getting enough water. They haven't said anything.’ It's not going to happen.”) 
191 See infra Part 6. 
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and some western U.S. states rarely or never do it.
192

 In other states, it is a relatively common 

practice, in at least some basins.
193

 In particular, regulating groundwater pumping in favor of in-

stream flow rights (as opposed to consumptive surface water rights) seems relatively rare, but not 

unknown.
194

  

Outside the context of protecting senior surface water users from groundwater pumpers under 

prior appropriation rules, options for regulating existing groundwater use under western U.S. laws 

are few and far between. Occasionally a statutory provision allows such action, for example, 

enabling the state engineer
195

 or locals
196

 to declare a special area in which groundwater pumping 

must be reduced. A creative California approach—the legality of which is now in question
197

—

seeks to reduce groundwater pumping by declaring certain uses of stream-connected groundwater 

“unreasonable” unless efficiency measures are adopted.
198

  

Beyond statute, the nature of the public trust doctrine as an ongoing review power may allow a 

state to curtail groundwater pumping that is found to harm public trust resources, where the 

                                                      
192 For example, in Wyoming, the state only faced this possibility in 2007/2008 in relation to Bates Creek, a 

tributary of the North Platte River (interview with John Harju, Wyo., supra note 190); North Dakota has 

curtailed groundwater pumping in favor of senior surface water rights in only a small number of areas, e.g. 

Cheyenne River and the James River areas: interview with Robert Shaver, N.D., supra note 116; Utah has 

never administered groundwater and surface water together in priority: interview with Kent Jones, Utah, 

supra note 114. There does not appear to be any clear difference in hydrologic circumstances that explains 

these differences between states. 
193 E.g. Umatilla Basin in Oregon (interview with Ivan Gall, Or., supra note 91); Eastern Snake Plain Aquifer 

in Idaho (interview with Shelley Keen, Idaho, supra note 115).  
194 E.g. interview with Burge Griggs, Kan., supra note 117 (referring to priority administration for the benefit 

of legislated minimum desirable streamflow in south-eastern Kansas occurring in late 2011, and including 

junior groundwater pumpers). 
195In Kansas, the Chief Engineer can declare an Intensive Groundwater Use Control Area, and order 

permanent reductions in groundwater use or mandatory rotation of water rights to protect the public interest. 

KAN. STAT. ANN. § 82A-1036 (2013). The Walnut Creek Intensive Groundwater Use Control Area, discussed 

at the beginning of this article, does just that: see generally GOLDEN & LEATHERMAN, supra note 3; Pope, 

supra note 3. 
196 Kansas’ more recent Local Enhanced Management Area statute enables locals voluntarily to impose 

restrictions on pumping groundwater: 2012 Kan. Sess. Laws 62. In Texas, a small number of groundwater 

conservation districts have adopted rules to restrict groundwater pumping, for example, based on a per-acre 

maximum that declines over time: Rules of the High Plains Underground Water Conservation District No. 1, 

§5.3, http://www.hpwd.com/public/pdfs/HPWDRules.pdf#page=18; telephone interview with Robert Mace, 

Deputy Executive Administrator, Water Science and Conservation, Tex. Water Dev't Bd. (June 1, 2012). 
197 Light, et al. v. State Water Resources Control Board, Mendocino Super. Ct. Case No. SCUK CVG 11 

59127 (invalidating CAL. CODE REGS. tit. 23, § 862). 
198 Rules deem that illegal “waste and unreasonable use of water” occurs if a diverter of stream-connected 

groundwater in the Russian River Basin is not part of a water demand management program, which is 

intended to involve rotating pumping under groundwater rights (CAL. CODE REGS. tit. 23, § 862). The 

intention of the program is to protect endangered fish from stranding because of rapid drawdown in river 

levels caused in part by groundwater pumping for frost protection. The rule-making agency intends that 

demand management programs will involve rotating pumping schedules between well owners to avoid rapid 

drawdowns that would strand fish: interview with Jim Kassell, Cal., supra note 104. Another singular 

approach occurs in Wisconsin, where the department can order a well owner in a groundwater protection area 

to mitigate the effects of their pumping, but the department must pay for the offset measure—unsurprisingly, 

the provision is not used in practice. WIS. STAT. § 281.34(8)(d) (2014); interview with Eric Ebersberger, Wis., 

supra note 12. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=K.S.A.+%A7+82a-1036
http://www.hpwd.com/public/pdfs/HPWDRules.pdf#page=18
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Wis.+Stat.+%A7+281.34
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doctrine is part of state law in relation to groundwater.
199

 As was described at Part 5.1(b), 

however, the application of the public trust doctrine to groundwater is not yet well developed, and 

this does not occur in practice. Equally, the common legal principle that groundwater use must be 

“reasonable” has not proven to be an effective remedial mechanism to protect the environment or 

surface water, and would require the proponent to have an intimate understanding of the pumper’s 

practices and alternative options.
200

 Civil lawsuits may also be possible to curtail groundwater 

pumping that causes harm to a surface water user.
201

 

By contrast with the western U.S., Australian water allocation systems include plenty of statutory 

opportunities for a water minister to curtail groundwater pumping, for example, to ensure that 

sufficient water is available to meet demand, including ecological demand (now or in the 

future);
202

 or if the rate or manner of extraction “is causing, or is likely to cause, damage” to 

GDEs.
203 

Although they are not often used in practice, for reasons of the challenges discussed in 

Parts 6.1 and 6.3 (perceptions of the roles of water agencies and a lack of institutional pre-

conditions for curtailment), the ways in which these are expressed provide food for thought in 

relation to how a public trust obligation might be exercised in relation to groundwater in the 

western U.S.  

Perhaps the most outstanding challenge to the use of regulatory remedial mechanisms in the 

western U.S. comes in the form of takings laws, and especially perceptions about takings laws. 

The Fifth Amendment prohibits the government from restricting property in a way that is 

tantamount to exercising its power of eminent domain, without compensation based on fair market 

value (a “regulatory taking”).
204

 State efforts to regulate existing groundwater rights are likely to 

attract takings claims.
205

 Some have suggested that in particular circumstances the public trust 

doctrine could “insulate” the state from regulatory takings claims, on the basis that water rights are 

                                                      
199 See supra Part 5.1(b). 
200 Antonio Rossman & Michael J. Steel, Forging the New Water Law: Public Regulation of "Proprietary" 

Groundwater Rights, 33 HASTINGS L. J. 903, 925 (1981-1982). But see also text, supra note 198. 
201 Nebraska’s 2005 groundwater law makes a groundwater pumper liable to a surface water user if the 

former’s pumping “has a direct and substantial effect upon a watercourse or lake and unreasonably causes 

harm” to that user. Aiken, supra note 65, at 985 (citing Spear T. Ranch, 269 Neb. 177, 194; 691 N.W.2d 116, 

132). The common law in Wisconsin is similar: State of Wis. v. Michels Pipeline Construction Inc., 217 

N.W.2d 339 (1974); interview with Eric Ebersberger, Wis., supra note 12 (referring to potential for public 

nuisance cases like Michels Pipeline). Common law rights of action may also apply to draining a stream 

using a well: Clark & Myers, supra note 11, at 252-253.  
202 Natural Resources Management Act, 2004, ss 132(1)(a)(i), (d), (e), (2) (S. Austl.).  
203 Natural Resources Management Act, 2004, s 132(5) (S. Austl.). More common in practice than curtailing 

rights individually is to curtail groundwater pumping by amending water plans, since water plans affect the 

exercise of groundwater licenses: NAT’L WATER COMM’N (AUSTL.), 2011 REPORT CARD, supra note 48, at 

385 (in relation to the Lower Gascoyne River Groundwater and Surface Water Allocation Plan 2010); 

telephone interview with Ingrid Franssen, Manager Policy, S. Austl. Dep't of Env't, Water & Natural Res. 

(Sept. 11, 2012) (referring to the Clare Valley, McLaren Vale, and the Tatiara Prescribed Wells area in S. 

Austl.). This generally involves a process of determining the capacity of a resource, including ecological 

water requirements, then making trade-offs with consumptive uses, and reducing use to the negotiated level. 
204 Penn. Cent. Transp. Co. v. City of New York, 438 U.S. 104 (1978). 
205 Thompson, supra note 9, at 278. 
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granted subject to existing rights, which includes public rights of navigation as well as, potentially, 

fishing, recreation, and wildlife (depending on the particular state) under the public trust 

doctrine.
206

 Sometimes statutes explicitly state that restrictions on the exercise of groundwater 

rights do not affect the underlying right
207

—presumably another design to protect against takings 

claims. However, state agency staff in some states express discomfort at the idea of the public trust 

justifying restrictions to groundwater rights.
208

 Regardless of the precise legal position as to 

takings, existing public perceptions about the sanctity of their groundwater rights mean that 

regulating groundwater rights, even in favor of pre-existing property rights in surface water (let 

alone ecosystems) can be a heated exercise, particularly where rights holders have a limited 

understanding of permit conditions that expressly subject their rights to curtailment.
209 

 

(b) Flexibility tools 

A flexible approach to regulatory remedial tools requires a reduction in the adverse impacts of 

pumping groundwater, without necessarily mandating reductions in the use of a specific 

groundwater right. Some of these tools provide an alternative to otherwise property-focused 

approaches to remedying impacts, for example by allowing for groundwater pumpers to pay to 

compensate for impairment of surface water rights. However, they apparently do not extend to 

imposing liability on groundwater pumpers for remedial action taken by the government, as is 

common in the environmental context.
210

 Some flexibility tools can provide an alternative to the 

“default” water allocation principles, for example, correlative reductions rather than reductions in 

accordance with priority. Alternatively, they use a market system, under which pumpers may 

individually or collectively remedy the effects of their pumping.
211

 Notably, flexibility tools in the 

western U.S. flout strict prior appropriation principles with surprising regularity. 

Idaho’s conjunctive administration rules in the Snake Plain Aquifer are an example notable for 

their scale of application. They seek to return a river system affected by groundwater pumping to a 

historical, lower level of capture of surface water flows. Groundwater users with sometimes very 

                                                      
206 Robin Kundis Craig, A Comparative Guide to the Western States' Public Trust Doctrines: Public Values, 

Private Rights, and the Evolution Toward an Ecological Public Trust, 37 ECOLOGY LAW QUARTERLY 53, 

102, 193 (2010); ALEXANDRA B. KLASS & LING-YEE HUANG, RESTORING THE TRUST: WATER RESOURCES AND 

THE PUBLIC TRUST DOCTRINE: A MANUAL FOR ADVOCATES 13-14 (2009). 
207 E.g. CAL. UNCOD. WATER, Act 710 § 403 (in relation to the Ojai Basin Groundwater Management 

Agency) (Deering 2014). 
208 E.g. interview with Robert Shaver, N.D., supra note 116.  
209 Interview with Ivan Gall, Or., supra note 91; interview with John Harju, Wyo., supra note 190. 
210 E.g. forms of liability imposed in the context of hazardous substances under the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (Superfund). See, e.g., John J. Lyons, 

Deep Pockets and CERCLA: Should Superfund Liability be Abolished?, 6 STAN. ENVTL. L. J. 271 (1986-

1987). 
211 Note that this article did not describe water trading as a flexibility tool in relation to preventive 

mechanisms, because rather than applying for a groundwater permit then seeking to use trade to bring a 

previously unacceptable level of impact under a threshold, an applicant would just buy a groundwater right 

and apply to have it transferred to the property.  
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different priority dates are organized into “groundwater districts”, which enable them to 

collectively meet requirements to mitigate their impacts on senior surface water users by fallowing 

land or buying senior surface rights (even though some groundwater users included in the districts 

may in fact have rights that pre-date those of the surface water users).
212

 Mitigation requirements 

apply to groundwater users within a boundary that represents a 10% impact of groundwater 

pumping on river flows:
213

 a controversial determination that has dramatically reduced the amount 

of curtailment required, and led to litigation.
214

 Nonetheless, by allowing collective action, and 

facilitating the buy-out of affected rights, this approach avoids the economic consequences of 

curtailing potentially very valuable groundwater use according to strict prior appropriation, in 

favor of lower-valued surface water use.
215

  

Another approach is to allow a surface water appropriator whose right is being affected by 

groundwater pumping to change the point of diversion from the surface water to the groundwater 

source. This gives them an alternative to making a priority call, which is more time consuming, or 

seeking monetary damages, which does not solve the water supply problem.
216

 This can allow both 

water right holders to fulfill their rights, at least in the short term. This is a significant exception to 

priority administration, allowing the junior to impair the senior, who must change her water 

sourcing practices in response.
217

 Academic commentators have recommended that prior 

appropriation states adopt flexible water sourcing.
218

 However, while enabling affected surface 

water right holders to switch sources deals with adverse impacts on them, this approach may 

inadvertently exacerbate effects on GDEs by increasing total water extraction. 

Sometimes it is not individual pumpers, but states, which take advantage of flexibility tools to 

remedy the adverse impacts of groundwater pumping by their constituents. Typically these are 

western U.S. states that must meet the requirements of interstate compacts to deliver certain river 

                                                      
212 Interview with Brian Patton, Idaho, supra note 155 (citing the CREP land fallowing program and the 

Pristine Springs buy-out of a trout farm’s spring rights by two groundwater districts and the town of Twin 

Falls). 
213 Id. (describing the establishment of a “trim line”, being a geographic zone within which groundwater 

pumping would derive 10 percent or more of its volume from surface water under a steady state calculation. 

Pumping is only allowed in this zone if it is offset.)  
214 JEFFREY C. FEREDAY, CHRISTOPHER H. MEYER & MICHAEL C. CREAMER, WATER LAW HANDBOOK: THE 

ACQUISITION, USE, TRANSFER, ADMINISTRATION, AND MANAGEMENT OF WATER RIGHTS IN IDAHO 66, 71 

(2013), available at http://www.givenspursley.com/uploads/pdf/handbook-water-law-5-28-2013.pdf. 
215 Interview with Brian Patton, Idaho, supra note 155 (“if we let the chips fall, you know, a hands-off 

approach, a free market, there potentially could have been some very serious economic consequences. That 

region [the eastern Snake Plain] puts forth roughly one fourth of Idaho’s economic output. So you could be 

talking about doing away with almost half of that in a worst case scenario.”) 
216 Cassandra Malone, Herrington v. State: Straightening out the Tangled Doctrine of Surface Water to 

Groundwater Transfers in New Mexico, 48 NAT. RESOURCES J. 697, esp. 715-6 (2008).  
217 Id. at 716-717. 
218 Edella Schlager, Challenges of Governing Groundwater in U.S. Western States, 14 HYDROGEOLOGY J. 

350, 359 (2006).  
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flows past a state border. The state may pay for the release of stored water
219

 or purchase 

groundwater rights to “pump and dump” into a river
220

 to offset pumping that would otherwise 

result in a compact contravention.  

A further possible approach to flexible regulatory reductions, demonstrated in Australia, is 

requiring aggregate basin-wide reductions in water use expressed as a multi-year average.
221

 Local 

areas can then decide how, where and when to make reductions in the most locally appropriate 

way. Combining this approach with rules to facilitate intra- and interstate water trade enables users 

who would otherwise need to reduce pumping to purchase “outside” water and maintain current 

levels of production.
222

 

(c) Voluntary remedial tools 

Mandating reductions in water use, even where such reductions can be achieved flexibly, can be 

politically difficult. Accordingly, many governments use voluntary approaches to deal with the 

impacts of pumping groundwater on surface water and ecosystems. These voluntary approaches 

may involve either contracts or a formal rule, but they differ from regulatory tools because they do 

not compel any particular action. They take one of three forms: purely voluntary tools, under 

which the government merely encourages action; those under which the government encourages 

action by providing a positive incentive; and those under which the government itself remedies the 

problem, either in a way that does not affect groundwater users (for example, building taxpayer-

funded infrastructure), or affects only those users that choose to be affected (for example, retiring 

rights purchased from willing sellers). 

Commonly in the western U.S., a state—often in collaboration with federal, local and public 

interest groups
223

—may pay for an infrastructure project that results in increased water being 

available for rivers or GDEs. This can take the form of pumping groundwater to supplement in-

                                                      
219 Wyoming’s remedial offset program in the North Platte River fulfills its compact obligations to Colorado 

and Nebraska. Rather than curtailing its groundwater users, for each irrigation well in use along the river, the 

state “pays back” 24.4 acre-feet of water to the river (a value calculated based on each well’s average 

consumptive use) in the following year, usually by paying for water in federal storage projects to be released 

(though such rules of thumb can prove problematic where the technology in use changes, e.g. more efficient 

irrigation systems): interview with John Harju, Wyo., supra note 190. 
220 Under New Mexico’s Pecos River Compliance Program, the state purchases groundwater irrigation water 

rights and pumps the groundwater into the Pecos River to meet compact obligations to Texas. James C. 

Brockmann, Overview of New Mexico's Groundwater Code, paper presented at the 27th Biennial 

Groundwater Conf. and 18th Ann. Mtg of the Groundwater Resources Assoc. of Cal. 8-9 (2009). 
221 Water Act, 2007, s 23 (“long term average sustainable diversion limits”) (Austl.). 
222 Water Act 2007 – Basin Plan 2012, 2012, §§ 5.07 (“Objectives and outcome in relation to trading in the 

water market”), 10.36-10.39 (requirements of water resource plans in relation to trade of water access rights), 

12.02-12.52 (water trading rules) (Austl.).  
223 See, e.g. the Grande Ronde Model Watershed (http://www.grmw.org/about/) and the Walla Walla Basin 

Watershed Council (http://www.wwbwc.org/index.htm). 
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stream flows either directly or using aquifer recharge projects during certain times of the year, for 

the benefit of anadromous fish.
224

  

Another common western U.S. voluntary approach is to conclude contracts with groundwater 

users under which the users agree not to use their rights either temporarily or permanently, in 

return for payments. Across the western U.S., the Conservation Reserve Enhancement Program 

(CREP) and the Agricultural Water Enhancement Program (AWEP) are prominent programs 

jointly funded by federal and state governments, which require land fallowing, and conversion of 

irrigated land to dryland production, respectively.
225 

The San Luis Valley example introduced at 

the beginning of this article involves such a program. States tend to view them as fairly successful 

based on rates of subscription.
226

 The programs enable states to meet interstate compact 

requirements, ensure a mechanism is available to create offsets if replacement surface water is not 

available to purchase, and provide an economically palatable path to reducing unsustainable 

groundwater use.
227

 Outside major programs, examples exist of some states
228

 or local 

governments using their own land fallowing or groundwater use-reduction programs to reduce the 

impacts of groundwater use on GDEs or streamflow.
229

  

Permanently purchasing and retiring groundwater rights, rather than signing time-limited non-use 

contracts, is comparatively rare in the western U.S., though some instances do exist in the context 

                                                      
224 See generally ANDERSON PERRY & ASSOC., INC & GDI WATER SOLUTIONS, INC, UPPER CATHERINE CREEK 

STORAGE FEASIBILITY STUDY FOR GRANDE RONDE MODEL WATERSHED (2010); TROUT UNLIMITED, supra note 

19, at 18; Idaho Water Resource Board, Comprehensive Aquifer Management Planning (2013), available at 

http://www.idwr.idaho.gov/waterboard/WaterPlanning/CAMP/CAMP.htm; interview with Burge Griggs, 

Kan., supra note 117 (referring to a project to inject floodwater from the Arkansas River in Kansas into the 

Equus Beds Aquifer, from which it can discharge again to the Arkansas River after municipal use). Direct 

supplementation with pumped groundwater also occurs in the Little Plover River in Wisconsin under a 

project between municipalities and businesses: interview with Eric Ebersberger, Wis., supra note 12. Note 

that projects that use high flows for recharge can also be contentious on the basis that they can extend no-

flow periods downstream of dams that capture the moderated flows. This concern has been expressed in 

relation to flows downstream of Milner Dam in Idaho, as a result of managed aquifer recharge projects 

undertaken as part of the Eastern Snake Plain Comprehensive Aquifer Management Plan effort: interview 

with Brian Patton, Idaho, supra note 155. 
225 Idaho, Colorado, Kansas, Nebraska, and many other western states have CREP programs: U.S. Dep’t of 

Agric. Farm Services Agency, CREP State Updates, webpage archived as at May 7, 2013, available at 

http://web.archive.org/web/20130507035812/http://www.fsa.usda.gov/FSA/webapp?area=home&subject=co

pr&topic=cep-su. 
226 E.g. interview with Kathryn Radke, Program Manager, Colo. Div. of Water Resources, in Denver, Colo. 

(Nov. 7, 2011). 
227 Id. 
228 E.g. Kansas Water Transition Assistance Program (http://www.ksda.gov/doc/content/437/cid/1941); 

Nebraska’s Platte Basin Habitat Enhancement Program: interview with Brian P. Dunnigan, Director, Neb. 

Dep’t of Nat. Res., in Lincoln, Neb. (Nov. 10, 2011). 
229 E.g. Agreement Between the County of Inyo and the City of Los Angeles and Its Department of Water 

and Power on a Long Term Groundwater Management Plan for Owens Valley and Inyo County, III(F), Oct. 

18, 1991, available at http://www.inyowater.org/Water_Resources/long_term_water_agreement.pdf; 

interview with Eric Ebersberger, Wis., supra note 12 (describing individual agency-facilitated voluntary 

agreements to reduce groundwater use to benefit stream flow, e.g. an agreement with the Del Monte 

company). 

http://www.ksda.gov/doc/content/437/cid/1941
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of conflicts with intrastate senior surface water right holders
230

 and to satisfy interstate compact 

requirements.
231

 This aversion to groundwater “buybacks”, which are more common in 

Australia,
232

 could reflect the awkwardness of buying back rights which, if prior appropriation 

were applied strictly, should not be exercisable where they interfere with more senior rights.
233

 Or 

it could reflect that groundwater right holders feel more threatened by the idea of selling their right 

than not exercising it, and with good reason, given that water rights could have value as collateral 

for loans, etc., even where they are not presently exercised.
234

 A further alternative is that it 

reflects a stronger state preference for maintaining underlying economic uses of water.
235

 

As is a common theme with remedial tools, paying for physical solutions can be contentious, in 

part because there can be multiple direct and indirect beneficiaries. In the case of aquifer recharge 

projects to benefit rivers, surface water users gain higher reliability when recharged water 

discharges to rivers, and groundwater users benefit from higher groundwater levels. To complicate 

matters, some argue that even though they benefit, the state should pay for mitigating adverse 

impacts that it allowed to occur through over-allocating water.
236

 In addition to community 

opposition to fallowing on the basis of flow-on economic effects, voluntary remedial tools like 

CREP face the key challenge of take-up being affected by crop prices: high crop prices mean that 

the profit derivable from an acre of land exceeds the price payable by these programs for fallowing 

that land.
237

 

6. Issues in implementing linking tools—practitioners’ perspectives 

I now move from describing categories of linking tools and how they vary in their policy settings, 

to analyzing common issues that arise in implementing the tools, from the perspective of 

implementing agencies. The perspective used here is a practical, applied one, leading into the 

discussion in Part 7 that addresses the study’s findings from a theoretical, policy design 

perspective. 

                                                      
230 E.g. the purchase of senior spring water rights in Pristine Springs, Idaho, by a partnership including two 

groundwater districts: interview with Brian Patton, Idaho, supra note 155. 
231 E.g. New Mexico spent $70 million to purchase and retire water rights and irrigated lands drawing water 

from the Pecos River basin, to ensure adequate water deliveries to Texas under the 1949 Pecos River 

Compact. Act of June 9, 1949, 81 Cong. Ch. 184, 63 Stat. 159 (1949); CLARK FORK RIVER BASIN TASK 

FORCE, ET AL., supra note 95, at 20. See also Joshua Mann, Saving Water in the Pecos: One Coin, Two Sides, 

Many Overdrafts (And No Bail-Outs?), 47 IDAHO L. REV. 341 (2010-2011). 
232 A high-profile example of this approach is the implementation of the Basin Plan for the Murray-Darling 

Basin, which involves the federal government “recovering environmental water” exclusively by purchasing 

water entitlements: MURRAY-DARLING BASIN AUTH., DELIVERING A HEALTHY WORKING BASIN: ABOUT THE 

DRAFT BASIN PLAN 33 (2011). See generally PRODUCTIVITY COMMISSION (AUSTL.), MARKET MECHANISMS 

FOR RECOVERING WATER IN THE MURRAY-DARLING BASIN: PRODUCTIVITY COMMISSION RESEARCH REPORT 

(2010). 
233 Interview with Kevin Rein, Colo., supra note 147. 
234 Interview with R. Michael Williams, N.S.W., supra note 103. 
235 Interview with Brian Patton, Idaho, supra note 155 (“we try and maintain that economic use of water 

wherever possible”). 
236 Id. 
237 Id. 
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6.1 Perceptions of the goals and roles of water agencies  

Across the states included in the study, water agencies vary greatly in how they see their role with 

respect to protecting surface waters and the environment from groundwater pumping; and 

balancing technical and regulatory roles. This variation occurs not just across states, but across 

time—many agencies consider that their positions along these spectra have changed radically even 

in the last 10 years. Although these self-perceptions are not necessarily viewed as a challenge to 

implementing linking tools by the agencies themselves, it seems that they affect how water 

agencies carry out their roles and interact with other agencies, for better or for worse, relative to 

the degree of protection offered to surface waters and GDEs.  

Broadly, agencies seem to view themselves in three categories. The first is as a facilitator of 

economically productive groundwater use, protecting surface waters and the environment 

generally only in response to specific public concerns: “we try to maximize the beneficial use of 

water in areas where we feel like we're not fully appropriated … generally we're not trying to 

safeguard things as they always have been.
238

 The second is as a pro-active protector of the 

environment and the public interest in the context of economically beneficial water-using 

activities: 

“I think the culture here … is that we’re the guardians of the public trust, and our primary 

responsibility is to protect waters of the state … that does not mean, though, that we have 

any level of hostility to applicants, that we recognize that they have the privilege of using 

groundwater also.”
239

  

The third is as a neutral expert, as “the keeper of the calculations”,
240

 taking a conscious decision 

not to be “on one side of anything … the side we’re on is the science, in developing the science for 

sound decisions.”
241

 Some states discern a shift over time increasing the level of scrutiny of permit 

applications and acknowledgement of instream beneficial uses, while keeping in mind a mission 

of maximizing water use by people.
242

 

Interwoven with an agency’s self-perception is how it fits into the overall bureaucratic structure of 

the state. This may influence the implementation of linking tools either directly, by affecting how 

the agency sees its role, or indirectly, by enabling “sister” agencies to influence the water right 

                                                      
238 Interview with Kent Jones, Utah, supra note 114. 
239 Interview with Eric Ebersberger, Wis., supra note 12.  
240 Interview with Robert Mace, Tex., supra note 196.  
241 Interview with Jesse Bradley, Div. Head, Integrated Water Mgmt., Neb. Dep’t of Nat. Res., in Lincoln, 

Neb. (Nov. 10, 2011) (noting also that before the introduction of the 2004 integrated groundwater 

management law, the Nebraska Division of Natural Resources was considered an advocate for surface water 

users and guardian of interstate compact compliance). 
242 Interview with Dave Nazy, Wash., supra note 21 (“Applications were commonly permitted without in-

depth analysis, as the permitting program was focused on appropriating water for beneficial use.”) See also 

id. 
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agency. Bureaucratic arrangements may also create the potential for institutional conflicts of 

interest between the function of allocating water in the interest of the state as a whole, as against 

responding to the interests of groundwater-using sectors.
243

  

State groundwater permitting staff may be housed in an agriculture department;
244

 an environment 

or natural resources department;
245

 or, most commonly, a stand-alone agency.
246

 No universal rule 

appears to link how vigorously an agency pursues protections for surface water rights and GDEs, 

and the character of any parent department. However, some general tendencies are evident. 

Agencies that see themselves as more strongly protecting surface water rights or GDEs tend to fall 

within broader environment or natural resources departments,
247

 or be stand-alone water agencies 

that have close links with wildlife divisions of such departments, either formally or informally.
248

 

But just being located within a natural resources department does not guarantee such an outlook, 

particularly where the water rights agency lacks strong connections with the wildlife division of 

the department.
249

  

Agencies also differ in whether they perceive their role and capabilities as hydrological and 

hydrogeological experts, as opposed to reviewers of the work of external technical experts. 

                                                      
243 AGRIC. & RESOURCE MGMT. COUNCIL OF AUSTL. & NEW ZEALAND & STANDING C’TEE ON AGRIC. & 

RESOURCE MGMT., ALLOCATION AND USE OF GROUNDWATER: A NATIONAL FRAMEWORK FOR IMPROVED 

GROUNDWATER MANAGEMENT IN AUSTRALIA - POLICY POSITION PAPER FOR ADVICE TO STATES AND 

TERRITORIES 14-15 (1996).  
244 E.g. Division of Water Resources in the Kan. Dep’t of Agric. 
245 E.g. Vict. Dep’t of Sustainability & Environment (which undertakes groundwater permitting only for large 

municipal uses where the usual local permitting authority is the applicant); S. Austl. Dep’t of Env’t, Water & 

Natural Resources; Queensl. Dep’t of Natural Resources & Mines; Wash. Dep’t of Ecology; Utah’s Div. of 

Water Rights falls within the Dep’t of Natural Resources; Colo. Div. of Water Resources (also known as the 

Colo. Office of the State Eng’r) within the Dep’t of Natural Resources; Mont. Water Resources Div. in its 

Dep’t of Natural Resources & Conservation; 
246 E.g. N.D. State Water Comm. Office of the State Eng’r; Or. Water Resources Dep’t; Wyo. State Eng’r’s 

Office.  
247 E.g. Wis. Bureau of Drinking Water & Groundwater, within its Dep’t of Natural Resources (see infra note 

239); Vict. Dep’t of Sustainability & Env’t (as it was at the time of the interview) (Interview with Patrick 

O'Halloran, Manager, Policy & Licensing, Vict. Dep't of Sustainability & Env't in Melb., Vict. (May 24, 

2012)); Mont. Water Resources Div. in its Dep’t of Natural Resources & Conservation (see supra notes 159 

and 189). But note that a bureaucratic position in an environmental agency can be seen as a disadvantage in 

that the water rights division must compete for attention with other environmental issues: interview with 

Brian Walsh, Wash., supra note 15. 
248 E.g. in Oregon, the Governor’s Natural Resources Cabinet facilitates effective communication between 

agencies that are involved in natural resources issues: interview with Barry Norris, Or., supra note 118. In 

Victoria, the state agency and regional permitting agencies regularly consult with regional natural resources 

management bodies in relation to groundwater matters, though they are not compelled to do so by statute or 

any other formal arrangement: interview with Jennifer Fraser, Director, Groundwater & Licensing, Vict. 

Dep’t of Sustainability & Env’t, Vict. Dep’t of Sustainability & Env’t, in Melb., Vict. (May 24, 2012); 

interview with Simon Cowan, Manager, Groundwater & Unregulated Systems, Goulburn-Murray Water, in 

Tatura, Vict., (July 30, 2012). 
249 E.g. Utah’s Div. of Water Rights falls within the Dep’t of Natural Resources (in relation to the Div. of 

Wildlife Resources and the Div. of Parks & Recreation: “there's some communication that goes on in the 

department. But there's no special effort to reach out to them unless we see that there's going to be, or should 

be a real concern, sometimes we'll say something.” Interview with Boyd Clayton, Deputy State Eng'r, Utah 

Div. of Water Res., in Salt Lake City, Utah (Nov. 2, 2011)); Colo. Div. of Water Resources (also known as 

the Colo. Office of the State Eng’r) within the Dep’t of Natural Resources, which also houses Colo. Parks & 

Wildlife. 
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Agencies tend to view having in-house technical expertise as very beneficial to the 

implementation of linking tools. Having such expertise is the norm in the western U.S., though 

some agencies may nonetheless work extensively with consultants because stakeholders see 

consultants’ work as more neutral.
250

 Australian agencies, which more frequently lack such 

expertise, appear to desire it. They consider that relying heavily on external consultants at the 

expense of internal expertise can produce more expensive, discontinuous and less policy-aware 

work products that are less able to be reviewed internally.
251

  

6.2 Dealing with impacts distributed in space and time  

Two key issues challenging the implementation of linking tools are dealing with situations in 

which the impacts of groundwater pumping are widely distributed in time (due to the time lag that 

commonly occurs between pumping groundwater and impacting streamflow or GDEs), or widely 

distributed in space (that is, cumulative impacts of pumping from multiple locations, which are 

usually not assessed together), or both. Though these issues are most usually addressed from a 

technical perspective,
252

 agency staff views as well as recent legislative innovations across the 

study jurisdictions indicate that time lags and cumulative impacts are key policy issues.
253

  

Time lags between pumping groundwater and adverse impacts manifesting come about both 

because groundwater often moves slowly, and also because ecosystems take time to respond to 

reduced water availability. In the absence of firm or transparent policy, decision-makers face 

difficult choices when they consider whether to, for example, deny a permit for an economically 

productive use on the grounds of adverse impacts on connected resources that would manifest far 

into the future; or curtail existing groundwater pumping where the reduction in adverse impacts 

would not be immediate.
254

 Australian experience shows that time lag problems are greatly 

exacerbated when present-day restrictions to protect GDEs may be rendered futile by future 

climatic influences.
255

 Commentators also point out that where past approval processes have not 

considered impacts on connected resources, but policy has since changed, that new applications 

                                                      
250 E.g. Brian Walsh, Wash., supra note 15. 
251 E.g. telephone interview with Moya Tomlinson,  Principal Policy Officer, Queensl. Dep't of Natural 

Resources & Mines (July 16, 2012); interview with Jennifer Fraser, Vict., supra note 248. 
252 E.g. BARLOW & LEAKE, supra note 12, at 16-17, 29-32; Marios Sophocleous, The Science and Practice of 

Environmental Flows and the Role of Hydrogeologists, 45 GROUND WATER 393, 398 (2007). 
253 Interview with Eric Ebersberger, Wis., supra note 12 (“the next big issue for the state is the cumulative 

impacts issue”); Water Act, 2000, s 365 (cumulative management areas) (Queensl.); Osborn, supra note 65, 

at 27, 32, 48 (2010). 
254 These factors are relevant to prioritizing the protection of surface water rights: see supra Part 6.1. 
255 Telephone interview with Susan Worley, Branch Manager, Water Allocation Planning, W. Austl. Dep’t of 

Water (Sept. 6, 2012) (in relation to selecting groundwater-dependent wetlands to be protected in light of the 

effects of reduced precipitation). 
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should ideally consider the cumulative impact of past decisions that are yet to manifest, as well as 

the present application.
256

 This study found no specific evidence of this occurring in practice. 

It would seem difficult to propose a universal policy answer to trade-offs between existing and 

future users. The wide variation in complex numerical thresholds of unacceptable impairment 

described at Part 5.1(a) suggests that different states discount future harm, relative to present 

harm, to very different degrees.
257

 Apart from how it defines its threshold of unacceptable 

impairment, a state may choose to reflect time lags by phasing in curtailment of junior pumping 

that would affect seniors only in the distant future.
258

 It may also require offsets to commence 

immediately on permitting (even where impacts would be significantly time-lagged), to ensure an 

offset can be secured, combined with a lease-back provision to reduce costs.
259

  

An often more immediate challenge than dealing with impacts that are distributed widely in time, 

is dealing with spatially cumulative impacts. Where individually small impacts caused by permit-

exempt wells become significant in the aggregate, they are generally not dealt with using 

preventive tools since they are not subject to permitting. Two classes of exempt wells are of 

particular concern at present: wells for domestic and livestock watering purposes, and wells
260

 that 

are used by extractive industries, as for the production of unconventional gas.
261

 Rising numbers 

of these exempt wells gives cause for concern about their cumulative effects on surface waters and 

GDEs in both the western U.S. and Australia.
262

  

                                                      
256 RICHARD EVANS, THE IMPACT OF GROUNDWATER USE ON AUSTRALIA'S RIVERS: EXPLORING THE 

TECHNICAL, MANAGEMENT AND POLICY CHALLENGES 69 (2007). 
257 Note also that time lags can be a factor in giving meaning to principle-based thresholds of impairment, as 

in Oregon: supra note 125. 
258 IDAHO ADMIN. CODE 37.03.11.040(01)(a) (2013): An Idaho watermaster can phase in, over five years, the 

curtailment of junior-priority groundwater users where the material injury is “delayed or long range”, in order 

to “lessen the economic impact of immediate and complete curtailment”. 
259 See supra Part 5.2(b). 
260 In addition to wells proper, mine voids that intercept groundwater and cause significant “use” through 

evaporation are another such incidental use of groundwater, which have the potential to affect streams and 

ecosystems. TROUT UNLIMITED, supra note 19, at 17 (discussing mine voids in the Humboldt River Basin, 

Nevada); SINCLAIR KNIGHT MERZ, SURFACE AND/OR GROUNDWATER INTERCEPTION ACTIVITIES: INITIAL 

ESTIMATES 95 (2010). However, none of the interviewees for this study identified this as a particular 

challenge. 
261 E.g. Petroleum and Gas (Production and Safety), 2004, s 185(3) (explicitly stating that there is no limit to 

the volume of water than can be taken by holders of petroleum tenures if they take the water in the course of 

activity for the tenure) (Queensl.). 
262 See e.g. W. Peter Balleau & Steven E. Silver, Hydrology and Administration of Domestic Wells in New 

Mexico, 45 NAT. RESOURCES J. 807 (2005) (arguing that cumulative effects of domestic wells are actually 

minimal, but discussing five bills presented to the New Mexico legislature, from 2000 and 2005, which 

proposed to restrict domestic wells), contra L. Lucero & A. Dan Tarlock, Water Supply and Urban Growth in 

New Mexico: Same Old, Same Old or a New Era?, 43 NAT. RESOURCES J. 803, note 123 and accompanying 

text (2003); Megan A. Vinett & Todd Jarvis, Conflicts Associated with Exempt Wells: A Spaghetti Western 

Water War, 148 U. COUNCIL ON WATER RESOURCES J. OF CONTEMP. WATER RES. & EDUC. 10 (2012); Nathan 

Bracken, Exempt Well Issues in the West, 40 ENVTL. L. 141 (2010). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.040
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Of additional concern may be wells whose size or level of impact makes them fall below 

regulatory numerical thresholds—sometimes by the design of a canny developer.
263

 While their 

cumulative impacts can be dealt with by principle-based approaches to preventive mechanisms, 

and some states do so,
264

 other states have not interpreted the relevant principle-based standards as 

allowing them to consider cumulative impacts.
265

  

A small number of state laws and policies provide more specific solutions to the problem of 

cumulative impacts of usually permit-exempt wells. First, they may regulate them to reduce 

surface water impacts within special declared areas, such as “domestic well management areas” in 

New Mexico,
266

 and “controlled ground water areas” in Montana.
267

 This approach is also 

common, at least on paper, in Australia.
268

 Some states, at least on paper, require even exempt 

wells not to impair senior rights, and accordingly, subject them to curtailment at least in theory.
269

 

A second approach is a “subsidy” approach that accounts for the impacts of small uses that do not 

require permits through regulating uses that do require permits. This essentially imposes 

responsibility for causing an unacceptable increment of harm on the last aspiring groundwater 

pumper. In Idaho, the cumulative impacts on senior water right holders of the exercise of junior-

priority groundwater rights are listed as a factor relevant to determining whether a senior 

experiences “material injury”.
270

  

                                                      
263 Interview with Brian Walsh, Wash., supra note 15 (referring to developers who exploit permit exemptions 

for six-house developments by splitting up a larger development into six-house sub-developments for water 

supply purposes). 
264 E.g. Interview with Robert Shaver, N.D., supra note 116 (referring to refusals to issue permits in the 

James River region, where the applications would have had small impacts on surface water rights that would 

not generally be considered significant, but which were considered as such in an area subject to a high level 

of demand); OR. ADMIN. R. 690-009-0040(5) (2014).  
265 E.g. Interview with Eric Ebersberger, Wis., supra note 12 (“cumulative impacts”) (where there relevant 

legal standard is a significant environmental impact on waters of the state). 
266 N.M. ADMIN. CODE 19.27.5.14 (2014). 
267 MONT. CODE ANNO., § 85-2-506(5)(b) (2013). This has been used in the Horse Creek controlled 

groundwater area: MONT. ADMIN. R. 36.12.905 (reduces the usual volume available for stock and domestic 

purposes from 10 acre-feet per year to one acre-foot per year; mitigation requirements also apply; during dry 

periods (as measured by a precipitation index), no unmitigated lawn or garden irrigation is permitted) (2014). 
268 Natural Resources Management Act, 2004, ss 124(5) (regulation declaring a prescribed wells area may 

exclude the right of an occupier of land to take water from a well for domestic purposes or for watering stock 

if to do so would detrimentally affect certain categories of water users), 124(7) (NRM plan may exclude the 

right to take water for stock and domestic purposes without an authorization) (S. Austl.); Water Sharing Plan 

for the Greater Metropolitan Region Groundwater Sources (Sydney Basin Blue Mountains Groundwater 

Source) s 41 (2011) (bans the granting or amending of bore approvals within 100m of high priority GDEs in 

the case of “bores used solely for extracting basic landholder rights”, and 200m for other uses; and 100m 

from the top of an escarpment) (N.S.W.). In many Australian states, exempt stock and domestic uses may be 

subject to water restrictions, e.g. Water Act, 1989, ss 33AAA, 33AAB (Vict.); Water Act, 2000, ss 22, 26 

(Queensl.). 
269 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 24. 
270 IDAHO ADMIN. CODE 37.03.11.042 (2013). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-009-0040
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Mont.+Code+Anno.%2C+%A7+85-2-506
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=MONT.+ADMIN.+R.+36.12.905
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.042
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A final approach is directly to control permit-exempt uses through some vehicle other than a 

regular groundwater permit, for example, a special regulatory scheme in Australia applied to water 

use for coalbed methane extraction.
271

  

Many of these approaches are relatively recent and not fully specified or frequently used, but they 

present promising ways to consider cumulative impacts at different stages of the development of 

groundwater use.   

6.3 Prioritizing protections  

A fundamental issue for the implementation of linking tools is identifying the entities that they 

should protect: which surface water rights, what kind of streamflow, which ecosystems? In theory, 

“pure” prior appropriation systems answer this question in relation to surface water rights very 

clearly: protect only other water rights that are senior in time. Correlative rights systems in 

Australia rely more strongly on legislative guidance. In practice, however, prioritizing protections 

is much murkier than it appears on paper in both regions, for two main reasons: a lack of 

administrative apparatus, or of attitudinal or cultural pre-conditions to protection. 

(a) Missing administrative apparatus 

Even where a western U.S. state would like to prioritize rights for protection based purely on 

priority in time, the institutional apparatus for priority administration may be missing, expensive 

to use, or otherwise unfavorable under certain circumstances. A common instance of missing 

institutional apparatus relates to the quantification of surface water rights: the right has to be 

quantified to enable arguments to be made about whether it is impaired. Unfortunately, surface 

water rights in the western U.S. may remain unquantified because they have developed under the 

common law, outside of water permitting provisions, meaning that a separate process must be 

used to quantify the right. This applies to water rights developed before administrative permitting 

systems were introduced, pueblo rights, and federal reserved water rights associated with tribes 

and potential GDEs in environmentally valuable protected areas such as national wildlife refuges, 

national parks, national monuments, and federally designated wild and scenic rivers.
272

 

Unquantified rights pose a particular challenge in New Mexico,
273

 and Montana, which must deal 

with over 350,000 claims.
274

 Significant cost and time—sometimes multiple decades—are 

typically required to adjudicate rights in a particular basin. Even where a quantified water permit 

                                                      
271 Water Act, 2000, §§ 361-454 (Queensl.) (providing for “cumulative management areas” where the 

groundwater impacts from multiple coalbed methane fields overlap. Though not requiring a water license, 

monitoring and mitigation requirements apply to impacts on domestic well owners, and proposed 

management arrangements to protect springs.) 
272 Peggy Barroll, Regulation of Water Versus Hydrologic Reality in New Mexico, 2 SOUTHWEST HYDROLOGY 

20, 21 (2003).  
273 TROUT UNLIMITED, supra note 19, at 8; id. 
274 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 7.  
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has been granted, some agencies are uncertain about whether they may curtail a lower-priority 

user in favor of an unadjudicated senior right.
275

  

Australia’s administrative permitting system avoids many of these troubles, since a water license 

is by definition quantified and recorded on a formal register held by the state,
276

 and no further 

process like adjudication is required to have a defensible right. However, quantification issues 

remain in relation to various kinds of Aboriginal water rights.
277

  

Similar solutions to the problem of quantifying water rights have arisen in the western U.S. and 

Australia. Montana short-cuts the adjudication process for federal reserved water rights using a 

Reserved Water Rights Compact Commission. It negotiates settlements of these rights with federal 

agencies and Indian tribes, which are then ratified by a range of bodies.
278

 Victorian legislation 

also provides for a settlement-based system for indigenous water rights as an expedited alternative 

to the formal native title process.
279

  

In addition to problems caused by unquantified rights, a lack of other institutional preconditions 

can obstruct the administration of water rights in accordance with priority in time in the western 

U.S. In Idaho, water districts administer water rights in priority, but few of these districts include 

groundwater, and the process for incorporating groundwater is lengthy and involves establishing a 

measurement district in the first instance.
280

 

Analogous to quantifying surface water rights, identifying and prioritizing GDEs to be protected
281

 

from groundwater pumping is an even knottier issue. Principle-based thresholds are often unclear 

about how to determine the degree of impact that is acceptable.
282

 No agency under study appears 

                                                      
275 Interview with Dave Nazy, Wash., supra note 21 (citing Sinking Creek case in north central Washington). 
276 E.g. Water Act, 1989, ss 84A-84ZM (Vict.).  
277 MURRAY-DARLING BASIN AUTH., PROPOSED BASIN PLAN - A DRAFT FOR CONSULTATION Sch. 1, para. 68 

(2011). See generally W.S. ARTHUR, THE MURRAY-DARLING BASIN REGIONAL AND BASIN PLANS: INDIGENOUS 

WATER AND LAND DATA (2010).  
278 MONT. CODE ANNO. §§ 2-15-212, 85-2-701, 85-2-708 (2013). 
279 Water Act, 1989, § 8A (recognizing the right to take water of “traditional owner group entities” that have 

a natural resource agreement under the Traditional Owner Settlement Act 2010, in accordance with an 

authorization given under that Act) (Vict.). The Traditional Owner Settlement Act, 2010, § 85 (Vict.) 

provides for the Governor in Council, acting on the recommendation of the Water Minister, to make an order 

authorizing the taking of water from a waterway or bore.  
280 Interview with Shelley Keen, Idaho, supra note 115 (referring to the eastern Snake Plain, the Big Lost 

River Basin which is a tributary of the eastern Snake Plain, and the Upper Salmon as the only water districts 

into which groundwater is incorporated). 
281 It is notable that in forming priorities for the protection of GDEs, policies and their implementation rarely 

consider the need to recover damaged GDEs, although Australian water legislation frequently refers to 

improving environmental values. There are occasional exceptions to this, e.g. a technical assessment to 

contribute to Queensland’s Water Resource (Fitzroy Basin) Plan 2011: SINCLAIR KNIGHT MERZ, CALLIDE 

GROUNDWATER DEPENDENT ECOSYSTEM ASSESSMENT: FITZROY BASIN WATER RESOURCE PLAN (2008), 

available at http://www.mackay.qld.gov.au/__data/assets/pdf_file/0019/101746/Callide-Catch-GWater-

Project.pdf), see Executive summary (recommending recovery). Several interviewees in the western U.S. 

explicitly rejected a goal of recovering GDEs: e.g. interview with Kent Jones, Utah, supra note 114. 
282 E.g. Queensland lacks any policy guidelines on how to assess effects on natural ecosystems or the 

integrity of aquifers of groundwater pumping: interview with Moya Tomlinson, Queensl., supra note 251. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=Mont.+Code+Anno.%2C+%A7+85-2-701
http://www.mackay.qld.gov.au/__data/assets/pdf_file/0019/101746/Callide-Catch-GWater-Project.pdf
http://www.mackay.qld.gov.au/__data/assets/pdf_file/0019/101746/Callide-Catch-GWater-Project.pdf
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to have defined the precise content of more specific statutory environmental considerations, or a 

way to determine the threshold of an unacceptable impact through more detailed, generally 

applicable administrative guidelines.
283

 Rather, a range of more ad-hoc or informal prioritization 

approaches has arisen. GDEs may be prioritized based on community input; consultation with 

regional environmental or natural resources agencies
284

 or specially convened technical panels;
285

 

a basic risk assessment of likely impacts (such as the surrounding level of consumptive demand 

for groundwater), which forms the foundation for requesting more detailed information of 

applicants;
286

 a sophisticated multi-criteria risk assessment;
287

 or, more simply, GDEs that are 

likely to be particularly at risk due to special, very large groundwater uses (such as coalbed 

methane extraction); or GDEs within protected areas or with threatened species status.
288

  

(b) Missing informational and attitudinal pre-conditions to protection 

Even if all the administrative pre-conditions to protecting connected resources are present, 

required informational or attitudinal pre-conditions also need to be present—administering 

agencies need have the awareness and desire to protect the resources, in accordance with the 

chosen method of prioritization. 

At a basic level, an administering agency needs to be aware that a connected resource is present, 

and what protection would involve. This is most clearly an issue in relation to GDEs. There is 

often little existing scientific knowledge about the locations or water needs of GDEs; and 

                                                      
283 Some jurisdictions provide policy guidelines on applying environmental protection provisions in specific 

situations, where GDEs are likely to be particularly affected. E.g. DEP’T OF WATER (W. AUSTL.), PILBARA 

WATER IN MINING GUIDELINE 9 (2009).  
284 In Victoria, the decision-maker in relation to a water license may consult with regional natural resources 

management agencies to help identify GDEs that may be affected by a proposal: interview with Jennifer 

Fraser, Vict., supra note 248. 
285 Queensland’s water planning framework involves setting up a special-purpose technical reference panel to 

assist in the preparation of each water plan. In a few cases, this process has included identifying and assessing 

the water requirements of “high priority” GDEs: interview with Saji Joseph, Queensl., supra note 50; see also 

text, supra, note 281.  
286 Interview with Simon Cowan, Vict., supra note 248; REBECCA SHELDON, GROUNDWATER AND SURFACE 

WATER CONNECTIVITY IN TASMANIA: PRELIMINARY ASSESSMENT AND RISK ANALYSIS (2011), available at 

www.stors.tas.gov.au/au-7-0054-00575.  
287 P. SEROV, L. KUGINIS, J.P. WILLIAMS, RISK ASSESSMENT GUIDELINES FOR GROUNDWATER DEPENDENT 

ECOSYSTEMS, VOLUME 1 – THE CONCEPTUAL FRAMEWORK (2012). 
288 In NSW, regional plans set out a list of “high priority GDEs”—typically those that are present on an 

external register, such as a list of wetlands of international importance, or statutory endangered species lists, 

or the subjects of a government scientific study—though it must be noted that the comprehensiveness of these 

lists varies greatly, with some being entirely empty. Compare, e.g., Water Sharing Plan for the Dorrigo 

Plateau Surface Water Source and the Dorrigo Basalt Groundwater Source, Sch. 8 (2003), available at 

http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/Water-

source/Dorrigo-Plateau-Surface-Water-Source-and-the-Dorrigo-Basalt-Groundwater-Source/default.aspx 

(referring to specific ecosystems identified in a National Parks and Wildlife Service report) with Water 

Sharing Plan for the Lower Gwydir Groundwater Source, Sch. 5 (2003), available at 

http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/Water-

source/Lower-Gwydir-Groundwater/default.aspx (stating “To be inserted by the Minister…”). At the time of 

the interview, NSW was undertaking a project to more comprehensively identify and value GDEs based on 

an ecologically-driven ten-fold classification system, rather than relying on pre-established list: interview 

with R. Michael Williams, N.S.W., supra note 103. 

http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/Water-source/Dorrigo-Plateau-Surface-Water-Source-and-the-Dorrigo-Basalt-Groundwater-Source/default.aspx
http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/Water-source/Dorrigo-Plateau-Surface-Water-Source-and-the-Dorrigo-Basalt-Groundwater-Source/default.aspx
http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/Water-source/Lower-Gwydir-Groundwater/default.aspx
http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/Water-source/Lower-Gwydir-Groundwater/default.aspx
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determining their water requirements is a new, time-consuming science, sometimes requiring 

decades of research.
289

 While western U.S. governments have not focused strongly on GDEs, the 

U.S. Forest Service recently published a field guide to identifying GDEs.
290

 A period of intensive 

investment by Australian governments into GDE research produced: national level guidelines in 

the nature of a conceptual framework for managing GDEs in 2001, a field guide for land and water 

managers to identify GDEs in 2009, an Australian GDE toolbox in 2011, and a National GDE 

Atlas in 2012.
291

 States are also developing their own GDE mapping projects.
292

  

Awareness also appears to be a problem in relation to Aboriginal water rights in Australia, 

exacerbating the challenges posed by a lack of quantification.
293

 Low awareness may be because 

in their most common form under native title laws, these rights are very limited, extending only to 

non-exclusive usufructuary rights for non-economic purposes.
294

 

If an agency is aware of the presence of a connected resource, it also needs to want to protect it. 

This attitudinal pre-condition can be hard to come by in the context of remedial tools. Western 

U.S. state agencies may hesitate to assume a large number of investigations of impairment of 

surface water rights, which can be very resource-intensive.
295

 An individual water master 

responsible for priority administration may have a disincentive to regulate rights in a way that 

would hurt their chances of being re-elected by voters, whose votes are sometimes weighted in 

proportion to the size of their right.
296

 Water agencies may be unwilling to curtail groundwater 

pumpers when ceasing to pump would not result in an immediate benefit.
297

 New Mexico’s State 

Engineer demonstrated this starkly when he testified in a 2008 court case that “he would not 

subject domestic wells to a priority call notwithstanding this [was] a derogation of his 

                                                      
289 See generally TOMLINSON, supra note 9. 
290 U.S. DEP’T OF AGRIC. FOREST SERVICE, GROUNDWATER-DEPENDENT ECOSYSTEMS: LEVEL 1 INVENTORY 

FIELD GUIDE: INVENTORY METHODS FOR ASSESSMENT AND PLANNING (2012). 
291 Bureau of Meteorology (Austl.), Atlas of Groundwater Dependent Ecosystems, available at 

http://www.bom.gov.au/water/groundwater/gde/map.shtml; PAUL HOWE & JODIE PRITCHARD, A FRAMEWORK 

FOR ASSESSING THE ENVIRONMENTAL WATER REQUIREMENTS OF GROUNDWATER DEPENDENT ECOSYSTEMS: 

REPORT 3 - IMPLEMENTATION (2007); DEREK EAMUS, IDENTIFYING GROUNDWATER DEPENDENT ECOSYSTEMS: 

A GUIDE FOR LAND AND WATER MANAGERS (2009); S. RICHARDSON, ET AL., AUSTRALIAN GROUNDWATER-

DEPENDENT ECOSYSTEMS TOOLBOX: PART 1: ASSESSMENT FRAMEWORK (2011).  
292 Telephone interview with Neil Power, Director, State Research Coordination, Science, Monitoring & 

Information Div., S. Austl. Dep't of Env't, Water & Natural Resources (Sept. 11, 2012) (referring to a project 

to list, map, and analyze the probability that wetlands around the state are connected to groundwater, to 

inform water planning processes.) 
293 Very few Australian interviewees interviewed for this study raised the issue of any kind of indigenous 

water right or need to protect culturally significant water-dependent assets from the effects of groundwater 

pumping, in contrast to a much more significant number of western U.S. interviewees.  
294 Liz McPherson, The Limitations of Indigenous Water Rights in the Proposed Murray Darling Basin Plan, 

Sept 8, 2012 RIGHT NOW: HUMAN RIGHTS IN AUSTL. (2012), available at 

http://rightnow.org.au/topics/indigenous-people/another-missed-opportunity-indigenous-water-rights-in-the-

proposed-murray-darling-basin-plan/. 
295 Burge Griggs, Kan., supra note 117; interview with John Harju, Wyo., supra note 190 (referring to an 

impairment investigation at Horseshoe Creek costing over US$250,000). 
296 Brian Patton, Idaho, supra note 155. 
297 Interview with John Harju, Wyo., supra note 190. See also infra note 305 and accompanying text. 
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[constitutional] duty.”
298

 A water agency may also feel constrained in curtailing groundwater use 

if they previously assessed that issuing the permit would not result in impairment, which should 

presumably have prevented the need for future curtailment.
299

 Most importantly, the economic 

effects of shutting down junior groundwater pumpers in favor of surface water users have made 

enforcing priority between these groups extremely controversial. In 2006, Colorado’s State 

Engineer shut down 440 wells on 200 farms covering 30,000 acres in the South Platte River basin, 

in favor of senior urban and agricultural surface water rights holders—a decision he considered to 

be “the toughest decision” of his career.
300

 

Some states have codified these reactions against pure prior appropriation through legal tools. 

Some prior appropriation states give special legal treatment to particular uses that are seen as 

overwhelmingly socially valuable, even if they were developed later in time than other uses.
301

 

Others have developed legal tools to avoid the potentially extreme economic consequences of 

remedial tools under strict prior appropriation. Phasing in reductions, rather than requiring them to 

take place immediately, is a common approach across the western U.S., as well as in Australia.
302

 

In some western U.S. states, a junior may be allowed to impair a senior surface water diverter’s 

right where the latter supplements the surface diversion with water from a well that taps the same 

source.
303

 Others allow out-of-priority diversions if all the affected parties agree—a fact that can 

be used to encourage a state-facilitated common solution to groundwater-surface water 

interference.
304

 Finally, the “futile call” doctrine states that no curtailment of a junior water right is 

required where this would not satisfy the senior’s right—though decision-makers admit this is 

difficult to apply in the groundwater context.
305

 

6.4 Involving third parties  

Although it is not always evident on the face of the rules, many linking tools involve third parties 

participating or collaborating in their implementation. In particular, third party pressure emerges 

                                                      
298 Bounds v. State, 149 N.M. 484, 487; 252 P.3d 708, 710 (N.M. Ct. App. 2010). 
299 “Because of the Division Nine review, we’re basically making the call that they’re not going to have the 

potential for substantial interference with surface water, so it would have to be a pretty substantial study and 

new data brought to the table that would allow us to go in and start regulating off those groundwater users to 

protect that senior surface water right”: interview with Ivan Gall, Or., supra note 91. 
300 TROUT UNLIMITED, supra note 19, at 10. 
301 E.g. UTAH CODE ANN. § 83-3-21 (2013).  
302 MURRAY-DARLING BASIN AUTH., THE PROPOSED GROUNDWATER BASELINE AND SUSTAINABLE DIVERSION 

LIMITS: METHODS REPORT, MDBA Publication 16/12 (2012) (explaining that sustainable diversion limits 

come into effect in 2019); IDAHO ADMIN. CODE 37.03.11.040(01)(a) (2013).  
303 See supra note 216 and accompanying text; interview with Boyd Clayton, Utah, supra note 249 (referring 

to arrangements under the Cache Valley Groundwater Management Plan). 
304 Interview with John Harju, Wyo., supra note 190 (referring to Bates Creek, in which priority 

administration ultimately was used in 2007-2008 after an attempt by the state to broker a solution that would 

have involved senior users accepting some impairment). 
305 E.g. see arguments by both sides on this point in the Clear Springs Foods case in Idaho; the Idaho 

Supreme Court ultimately did not rule on the matter: Clear Springs Foods, Inc. v. Spackman, 150 Idaho 790, 

812 (Idaho 2011).  

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.040
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=le&search=150+Idaho+790%2520at%2520812
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=le&search=150+Idaho+790%2520at%2520812
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as an important factor supporting the protection of surface water and GDEs from the adverse 

effects of groundwater pumping, and as discussed here, this can be problematic if it replaces 

agency investigation of these issues. Third party involvement is an area of particular difference 

between the western U.S. and Australia, with apparently much less community awareness and 

advocacy in relation to adverse impacts of groundwater pumping in Australia, and much less legal 

scope for it. 

Common legal provisions for third party involvement relate to commenting, protesting or 

appealing during permitting and water planning processes, and petitioning to establish special 

groundwater protection areas. In most states under study, most or all applications for groundwater 

permits must be advertised,
306

 and many western U.S. states require an applicant to notify nearby 

landholders and water permit holders of the application.
307

 Third parties who make protests against 

permit applications can sometimes request an “informational hearing” about the permit, which the 

state engineer grants if there is a need for further information to evaluate the permit or receive 

public input.
308

 Protesters may also be given the opportunity to make comment on a draft permit 

decision,
309

 and to request an adjudicative hearing on the permit, rather than an administrative 

decision without a further hearing.
310

 In some western U.S. states, a groundwater application very 

rarely escapes protest,
311

 and environmental NGOs and federal agencies frequently appear in this 

context.
312

  

Many agencies rely almost exclusively on the protests of affected water rights holders—or in the 

case of environmentally valuable connected waters and GDEs, on the protests of government 

wildlife agencies and environmental NGOs—to determine whether to grant a permit.
313

 Agencies 

have reported “We’d expect people, if there are concerns there, to bring that to our attention. And 

if they don’t, we don't go out and do fish counts”,
314

 and “Frankly, if nobody’s screaming, we’re 

not in there looking at it.”
315

 In contrast, Montana’s Supreme Court has held that its Department of 

                                                      
306 See, e.g. N.D. ADMIN. CODE 89-03-01-04, 89-03-01-05 (2014); Natural Resources Management Act, 2004, 

s 136 (notice required to be given to specified people and to the public generally) (S. Austl.). Some states do 

not legally require all groundwater permit applications to be advertised publicly, though this may occur 

regularly anyway: e.g. interview with Jennifer Fraser, Vict., supra note 248. 
307 See, e.g. N.D. CENT. CODE § 61-04-05 (requiring notice to be given to landholders within a radius of one 

mile of the proposed water appropriation site) (2013). 
308 N.D. CENT. CODE § 61-04-05.1(2) (2013). 
309 N.D. CENT. CODE § 61-04-05.1(4), (5) (2013). 
310 N.D. CENT. CODE § 61-04-05.1(5) (2013). 
311 Brockmann, supra note 220, at 7. 
312 Nelson, supra note 53, at Part 3.4. 
313 E.g. Utah’s water agency would model the effects of a groundwater application where there was an 

indication that there might be an “unreasonable effect on surface water resources”, as suggested by 

complaints or water level records showing declining groundwater levels. interview with Kent Jones, Utah, 

supra note 114. See also CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 18 (Executive 

Director of the Montana Water Trust stating the intention to "participate as objectors in future groundwater 

permit applications"), and supra note 190 and accompanying text. 
314 Interview with Kent Jones, Utah, supra note 114. 
315 Interview with John Harju, Wyo., supra note 190. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Admin.+Code+89-03-01-04
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Admin.+Code+89-03-01-05
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Cent.+Code%2C+%A7+61-04-05.1
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Cent.+Code%2C+%A7+61-04-05.1
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=N.D.+Cent.+Code%252C+%25A7+61-04-05.1
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Resources and Conservation could not simply rely on third party protests to raise issues about 

impairment of surface water rights by new groundwater pumping, as had historically been the 

case.
316

  

Third party information can also be important to alert an agency than a water source is fully 

allocated. This can help to address resource scarcity in agencies, which can slow the realization of 

adverse impacts on connected resources, and the need to take action.
317

  

From a practical perspective, relying heavily on third party protests can limit protections for 

connected ecological resources if it replaces an agency’s independent investigation about whether 

granting a permit is likely to cause unacceptable impacts to GDEs and instream flows. Holders of 

consumptive surface water rights usually have a strong economic incentive to protect their 

property by registering a protest. However, agencies that hold instream flows do not have such an 

incentive, and indeed may be subject to political pressure not to assert their rights where economic 

interests are at stake: “the Board isn’t going to go to the Department and say we want you to shut 

off all these groundwater wells so we can meet our minimum stream flows out of the springs… the 

Board is trying to be part of the solution, not part of the problem”.
318

 They may also not keep a 

sufficiently watchful eye on the groundwater permitting practices of state water agencies on 

account of other responsibilities.
319

  

Relying on members of the public to raise public interest or environmental considerations is 

problematic. They may not see the relevant public advertisements of groundwater permit 

applications. If they do, they may lack the capacity or inclination to respond, given the potential to 

damage neighborly relations and the fact that the benefits of protesting would accrue to the public, 

while the costs would accrue to the individual. While a vigorous and well-informed NGO sector 

can help, its presence should not be assumed. Some western states with ecologically very valuable 

GDEs do not necessarily have active environmental NGOs that can play this role.
320

 Relative to 

the western U.S. generally, Australia’s relatively small environmental NGO sector seems quite 

unengaged with groundwater matters. A public entity seems both better equipped to assess the 

public interest at a large scale, and may have a stronger incentive to do so if this is part of its 

formal role. If third parties are to have such a definitive role in triggering protections for GDEs 

                                                      
316 Mont. Trout Unlimited v. Mont. Dep't of Natural Res. & Conservation, 2006 MT 72 (Mont. 2006). 
317 Interview with Ivan Gall, Or., supra note 91 (“resources are short so we don’t pick [this] up as quickly as 

we’d like and we’re not able to respond as quickly as we’d like… we would eventually come around to the 

fact that hey, we’ve appeared to have issued sufficient groundwater rights in this basin that we’re now seeing 

a measurable hit on surface water … at that point we can basically stop groundwater development in that 

basin”). 
318 Interview with Brian Patton, Idaho, supra note 155. 
319 One possible reason for Australian state groundwater licensing agencies not considering the effects of 

pumping groundwater on environmental flows specifically, is that state agencies charged with protecting and 

using environmental flows have not yet engaged with water licensing agencies on this issue: interview with 

Simon Cowan, Vict., supra note 248 (in relation to the Victorian Environmental Water Holder). 
320 E.g. Kansas: interview with Burge Griggs, Kan., supra note 117. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=2006+MT+72
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and instream flows, laws must include broad standing provisions—the absence of which 

previously has proven to be an obstacle in some places.
321

 

In addition to the permitting process, public involvement is also a mainstay of water planning 

provisions, which can be a vehicle for linking tools. Australian and western U.S. states take quite 

different approaches to this. Western U.S. states that allow for special groundwater management 

areas (in which more rigorous rules apply to groundwater pumping, including to protect surface 

water rights or GDEs) tend to permit the public—either in general, or only water rights holders—

to petition the relevant state agency to establish these areas.
322

 In Australia, only government 

agencies have this function.
323

 Both Australian and western U.S. states allow for public 

consultation in response to a government-initiated process of establishing a special groundwater 

management area.
324

  

6.5 Groundwater information, burdens of proof, and dueling models  

The general paucity of information on the stream-connectedness of aquifers and other information 

required to predict adverse impacts on streams and GDEs
325

 gives rise to a series of related 

challenges in implementing linking tools. Chief among them are who bears the burden of 

demonstrating the degree of connection between an aquifer and a stream and the likely adverse 

impacts of pumping—namely, the permit applicant, or the state, or an objector—and how to deal 

with disagreements about the information to be used in determining these things. These issues can 

have weighty cost consequences for groundwater pumping applicants, those who assert actual or 

potential impairment of their surface water rights, and administrators. 

At the preventive stage, some states, like Colorado, presume that groundwater is connected to 

surface water and that “where surface water is over-appropriated, groundwater depletion through 

well pumping causes material injury to senior appropriators.”
326

 Oregon adopts a similar 

                                                      
321 William F. West Ranch, LLC v. Tyrrell, 2009 WY 62; 206 P.3d 722, 729 (Wyo. 2009) (asserting that the 

state failed to sufficiently consider the public interest in relation to administering coal-bed methane wells. 

The plaintiffs were unsuccessful, in part, because they did not demonstrate a “sufficient tangible interest”, on 

which a judgment would have a practical effect, and because they had not utilized all the available 

administrative processes for addressing their concerns.) 
322 E.g. in relation to controlled ground water areas in Montana: MONT. CODE ANN. § 85-2-506(2)(c)(ii) 

(2013). 
323 Natural Resources Management Act, 2004, s 125 (Governor declares prescribed water resources on the 

recommendation of the Minister) (S. Austl.). 
324 E.g. Natural Resources Management Act, 2004 s 125(5) (providing for newspaper advertisements inviting 

public comment) (S. Austl.). 
325 For a general overview of the reasons behind this paucity of information in relation to GDEs, and the 

information required to make decisions about protecting GDEs, see Thompson, supra note 9, at 298-301. 
326 Simpson v. Bijou Irrigation Co., 69 P.3d 50, 59 n.7 (Colo. 2003). But note that these presumptions are not 

entirely reflective of known geology, but also political considerations. Groundwater pumping in some 

designated basins, for example, in the Republican River Basin, does deplete river flows despite the reverse 

presumption that the groundwater is not connected to the river: interview with Kevin Rein, Colo., supra note 

147. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=2009+WY+62
http://www.lexis.com/research/buttonTFLink?_m=e20d97297b29562598fda467f600a008&_xfercite=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b235%20P.3d%201061%5d%5d%3e%3c%2fcite%3e&_butType=3&_butStat=2&_butNum=79&_butInline=1&_butinfo=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b69%20P.3d%2050%2c%2059%5d%5d%3e%3c%2fcite%3e&_fmtstr=FULL&docnum=275&_startdoc=271&wchp=dGLzVzS-zSkAz&_md5=01ad2139d83f9e408f79b551ed1fb867


 

63 
 
 
 

 

presumption for wells close to streams.
327

 Montana will only process applications for wells in 

basins that are closed to surface water appropriation if they include hydrogeologic information 

about the “net depletion”, and “adverse effect” on other rights that would occur.
328

 By contrast, in 

North Dakota, the state generally does all of the analysis for a permit application using its own 

drill rigs and technical staff, and the proponent plays a relatively minor role.
329

 Other states, like 

Arizona and California, appear to adopt the opposite presumption or burden of proof.
330

  

Shouldering the burden of proving the stream-connectedness, or otherwise, of an aquifer can be an 

expensive proposition,
331

 since the site-specific information required or an applicable hydrological 

model is often not available and must be specially produced.
332

 Where permit applicants bear a 

significant information burden, they may try to avoid the task by exploiting permitting exemptions 

that apply to special groundwater uses. In Montana, the cost of proving no “adverse effect” drives 

residential subdivision developers to drill multiple exempt wells for “household” purposes, rather 

than larger scale municipal wells that require a permit.
333

 

In Australia, the issue of demonstrating connectivity and impacts most commonly arises in the 

water planning process, when large-scale protections for surface water and GDEs are 

formulated.
334

 Australian commentators have urged groundwater managers to reverse the standard 

practice and assume that groundwater and surface water are connected, in the absence of evidence 

to the contrary.
335

 In the permitting context, some Australian states place comparatively heavy 

burdens on applicants, whereas others do not. Generally speaking, agencies seem more sensitive to 

requiring applicants to undertake expensive investigations than is the case in the western U.S.
336

 

                                                      
327 OR. ADMIN. R. 690-009-0040(2) (2014). 
328 Interview with Tim Davis, Mont., supra note 94; MONT. CODE ANN. §§ 85-2-360 to 361 (2013). 
329 Interview with Robert Shaver, N.D., supra note 116.  
330 Telephone interview with Thomas Buschatzke, Assistant Director, Water Planning Div., Ariz. Dep't of 

Water Res. (Feb. 8, 2012) (“the law in Arizona creates a presumption that if you are pumping out of a well, 

you're pumping groundwater … If somebody wants to come in and apply for a surface water appropriation 

out of a well, they can do that but … they have to prove that they are pumping subflow under Arizona law”); 

Arroyo Ditch & Water Co. v. Baldwin, 155 Cal. 280, 100 P. 874 (1909) (cited in 62 Cal. Jur. Water § 376). 
331 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 2. 
332 Id. at 11 (according to Thomas Patton, Senior Research Hydrogeologist and Program Manager for 

Groundwater Assessment for the Montana Bureau of Mines and Geology); Barroll, supra note 272, at 21. 
333 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 2. See also supra note 263 and 

accompanying text. 
334 Tasmania presumes a high level of connectivity in the context of water plans, in the absence of data on the 

matter. However, it has only completed one water plan including groundwater due to historically low levels 

of groundwater development. NAT’L WATER COMM’N, supra note 181, at 284; telephone interview with 

Ludovic Schmidt, Manager, Water Management Branch, Tas. Dep’t of Primary Industries, Parks, Water & 

Env’t (July 13, 2012) (the first plan being the Sassafras Wesley Vale Water Management Plan 2012).  
335 NAT’L WATER COMM’N, supra note 181, at 10; Peter Cullen, Flying Blind: The Disconnect between 

Groundwater and Policy, 10TH MURRAY-DARLING BASIN GROUNDWATER WORKSHOP (2006). Contra Sinclair 

Knight Merz, supra note 50, at 36-37.  
336 E.g. interview with Bob Knowles, Water Resources Officer, Goulburn-Murray Water, in Tatura, Vict. 

(July 30, 2012) (“Given the complexities associated with understanding the impacts of groundwater pumping 

on some streams and ecosystems that depend on groundwater, the work that may be required to support an 

application could be fairly extensive and may include a longer term pumping test (weeks, not days), 

significant monitoring and chemical analysis. In some cases, the work required to determine the proposed 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Or.+Admin.+R.+690-009-0040
http://www.lexis.com/research/buttonTFLink?_m=be1a2c9bbc647f529e4e5f9d660ebf68&_xfercite=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b62%20Ca%20Jur%20Water%20%a7%20376%5d%5d%3e%3c%2fcite%3e&_butType=3&_butStat=2&_butNum=16&_butInline=1&_butinfo=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5bBaldw.%20155%5d%5d%3e%3c%2fcite%3e&_fmtstr=FULL&docnum=1&_startdoc=1&wchp=dGLzVzV-zSkAA&_md5=251c85c59f2331f7a6813f958834f086
http://www.lexis.com/research/buttonTFLink?_m=be1a2c9bbc647f529e4e5f9d660ebf68&_xfercite=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b62%20Ca%20Jur%20Water%20%a7%20376%5d%5d%3e%3c%2fcite%3e&_butType=3&_butStat=2&_butNum=17&_butInline=1&_butinfo=%3ccite%20cc%3d%22USA%22%3e%3c%21%5bCDATA%5b100%20P.%20874%5d%5d%3e%3c%2fcite%3e&_fmtstr=FULL&docnum=1&_startdoc=1&wchp=dGLzVzV-zSkAA&_md5=20f2c88ab2269af0a4a8707b0ec5f399
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=62+Ca+Jur+Water+%A7+376
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even though this is legally feasible,
337

 perhaps because such a burden is less politically defensible 

where impacts are shared by all the users of a consumptive surface water pool and impacts to 

individuals are small.  

Beyond requiring permit applicants to collect groundwater data, states respond in several other 

ways to data paucity. Some western U.S. and Australian states grant a permit, conditional on the 

holder collecting additional data during an initial pumping term.
338

 Others make significant 

investments in systematically studying groundwater-surface water interaction.
339

 Since such 

investigations are expensive and time-consuming,
340

 states frequently need to prioritize different 

areas. A rarity, Montana provides explicit priorities for such investigations, including demand for 

groundwater, the ecological value of water, and the complexity of the system.
341

  

Across both Australia and the western U.S., disagreements often arise among an applicant, a state 

agency, and a third party about the data to be used in calculating the impacts of groundwater 

pumping
342

—the “dueling model” phenomenon. This can occur in the context of water 

planning,
343

 considering individual permit applications, considering calls to curtail groundwater 

users on account of adverse impacts on surface water users, and in rare cases, impacts on GDEs.
344

 

The outcomes of these disagreements can have significant cost ramifications: changing model 

parameters or boundary conditions can change the amount and timing of offsets required, and 

make a project feasible or unfeasible.
345

  

                                                                                                                                                 
pumping regime will not result in an unacceptable impact to a stream or an ecosystem can become very 

expensive for which the applicant would have to determine the value of pursuing the application.”) 
337 Legally, the relevant burdens could easily be placed on permit applicants under common statutory 

provisions that provide that an application for a water license must be accompanied by whatever information 

the relevant Minister requires. E.g. Natural Resources Management Act, 2004, s 147(1)(c) (S. Austl.).  
338 Barroll, supra note 272, at 21; VICT. DEP’T OF SUSTAINABILITY & ENV’T, POLICIES FOR MANAGING TAKE 

AND USE LICENCES cl. 15 (2010). 
339 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 2-3 (discussing Montana's US$4.2 

million Groundwater Investigation Program, established under House Bill 52 of 2009). 
340 Id. at 15. 
341 Specifically, those factors are: “anticipated growth in housing, agriculture, industry, and commercial 

activity … impaired water quality … [whether] the sub-basin is a closed basin, and the flood-to-sprinkler 

conversion rate … population density, usability of the water, previously-known information, the complexity 

of the system, availability (or existence) of a county growth plan, mitigation water availability, basin fill 

versus bedrock, efficiency of effort, and diversity … how litigious the water users are in the basin, along with 

whether the sub-basin is in a highly-valued ecological water system. Id. at 10 (according to Dr. John 

Meteesh, Research Division Chief of the Montana Bureau of Mines and Geology). 
342 E.g. interview with R. Michael Williams, N.S.W., supra note 103 (“happens all the time”). 
343 E.g. interview with Ingrid Franssen, supra note 203 (describing a rival community model proposed for the 

Padthaway Water Allocation Plan); interview with Brian Patton, Idaho, supra note 155 (in relation to the 

Eastern Snake Plain Aquifer model). 
344 E.g. interview with Neil Power, S. Austl., supra note 292 (describing a community-commissioned 

scientific investigation into environmental water provisions for red gums and the impacts of groundwater 

pumping on meeting those provisions; and combat science surrounding determining the level of impact that 

groundwater used by forestry has on GDEs, in the context of determining whether to require water licenses 

for forestry).  
345 Interview with David Heber, N.M., supra note 160. 
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In large state-funded water planning efforts, western U.S. state agencies have attempted to head 

off disputes over models by inviting major stakeholder groups to send technical representatives to 

a modelling committee.
346

 An alternative approach is for the state to develop a peer-reviewed 

model as the premier model for the basin during a particular water plan period, which can be 

revised when individual permit applications produce more accurate information.
347

 Other states 

contract with a neutral agency like the U.S. Geological Survey, or a university, to undertake 

groundwater modelling and avoid disputes.
348

  

7. Linking tools and issues in implementing them—a policy design perspective 

Having cast an applied eye over law and policy tools for considering the impacts of pumping 

groundwater on connected resources, I now turn to considering these tools from a policy design 

perspective. Key points of comparison are between policy design in the groundwater-connected 

resources context across the two study regions (summarized in tabular form in Appendix 1), and 

between this context and policy design in the environmental sphere.  

7.1 Policy design at a high level: broad distinctions among tools 

At a high level of tool choice, two key observations emerge from the discussion thus far, with 

implications for policy design. First, most linking tools depend on direct state regulatory action, or 

at least state involvement in the case of voluntary tools. Comparing this with the policy design 

literature that traces the development of environmental regulatory tools gives pause for thought 

about the gap in non-regulatory and non-state tools. Second, we see both preventive and remedial 

tools in action, though each category is developed to differing degrees in different regions. Policy 

design literature about tool choice provides a framework for understanding why these linking tools 

may have manifested along these lines in different places.  

(a) Dominance of state-based, direct regulatory action 

Perhaps the most striking thing about the range of tools evident in the conceptual typology is the 

clear preference for, and greater development of, regulatory tools—particularly permitting 

thresholds, offsets, and curtailment according to priority in the western U.S.—compared to 

voluntary tools. This arises in contrast to the extensive attention that contemporary regulatory 

literature pays to quasi-regulatory and non-regulatory tools, and associated revelations on the 

“post-regulatory state”, and an understanding of governance and control that extends far beyond 

                                                      
346 Interview with Brian Patton, Idaho, supra note 155 (in relation to the Eastern Snake Plain Aquifer model); 

and the model is publicly available (http://www.if.uidaho.edu/~johnson/users_manual_ver_3_1.pdf); 

interview with Jesse Bradley, supra note 241 (in relation to a technical committee involving Natural 

Resources Districts in the Platte Basin). 
347 Interview with R. Michael Williams, N.S.W., supra note 103. 
348 Interview with Kent Jones, Utah, supra note 114. 

http://www.if.uidaho.edu/~johnson/users_manual_ver_3_1.pdf
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state law.
 349

 This shift in attention has been particularly strong in the environmental sphere, with 

self-regulation through industry codes, and co-regulatory initiatives that give companies an 

alternative to standard regulatory processes.
350

  

The conceptual typology is populated with very few non-regulatory mechanisms that do not 

involve the state. They are restricted to the apparent use of remedial contractual tools between 

surface water right holders and groundwater pumpers used in some states.
351

 Of course, given that 

this study uses empirical evidence based on state actors, it is possible that further non-regulatory 

linking tools exist entirely independently of the state and were simply not uncovered during 

interviews. However, literature searches did not reveal any evidence of additional tools that would 

mirror, say, voluntary industry-based codes, which have appeared in other contexts.
352

  

In many ways, this near absence of non-state tools is not surprising. Most states use state rule-

based permitting processes for groundwater withdrawals, so it seems natural that considerations 

about the impacts of groundwater withdrawals would arise largely in this regulatory context. At 

the extreme, some states clearly consider that resolving threats of harm or actual harm to surface 

water rights outside the permitting context is a threat to the water rights system, and actively 

discourage this.
353

 Even if this is not the case, practical matters may make state action more likely, 

particularly the extensive information required to analyze these impacts and form strategies for 

protecting ecosystems that may be the subject of little information, particularly in the context of 

cumulative impacts.
354

 Large companies might also feasibly deal with these issues, for example, 

through in-house information gathering and guidelines preventing impacts in operations. It may be 

that despite apparently significant third party involvement in permitting,
355

 public awareness about 

the impacts of pumping groundwater on connected resources is not sufficiently high to be an 

element of a “social license to operate” that would encourage companies to go beyond minimum 

regulatory compliance measures.
356

  

In addition to the near absence of non-state tools, there are relatively few non-regulatory 

mechanisms that do involve the state. They appear as remedial tools: physical solutions, such as 

infrastructure to increase water use efficiency and “claw back” excess water for surface water 

users or the environment or otherwise supplement instream flows, and contracts to reduce use 

                                                      
349 Colin Scott, Regulation in the Age of Governance: The Rise of the Post-Regulatory State, in THE POLITICS 

OF REGULATION: INSTITUTIONS AND REGULATORY REFORMS FOR THE AGE OF GOVERNANCE (Jacint Jordana & 

David Levi-Faur eds., 2004). 
350 See infra notes 359, 360, and accompanying text. 
351 Supra Part 5.1(d). 
352 E.g. Michael J. Lenox & Jennifer Nash, Industry Self-Regulation and Adverse Selection: A Comparison 

Across Four Trade Association Programs, 12 BUSINESS STRATEGY & THE ENV’T 343 (2003). 
353 Nelson, Offsetting Groundwater Pumping, supra note 148, at 17 and note 76.  
354 See supra Parts 6.2, 6.3, and 6.5. 
355 Supra Part 6.4. 
356 Neil Gunningham, Environment Law, Regulation and Governance: Shifting Architectures, 21 J. ENVT’L L. 

179, 195 (2009). 
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under CREP and AWEP.
357

 The lack of true preventive voluntary mechanisms—state agreements 

in Australia being a questionable exception
358

—is striking, particularly in states that have not 

developed comprehensive regulatory processes, like California, Arizona, and Utah. Why have 

states not developed alternatives to regulatory processes for preventing impacts on connected 

resources, as they have developed environmental tools that aim for continuous improvement 

beyond regulatory minima, like the U.S. federal National Environmental Performance Track or 

Australian Environmental Improvement Plans?
359

 One distinction, and reason, may be that impacts 

on connected surface waters in western U.S. water law are conceived of strongly in property rights 

terms. Expending effort to enhance another’s property rights beyond a regulatory minimum level 

seems incongruous, perhaps even where those rights are to instream flows held in the public 

interest. At the same time, this property rights focus may insulate strict water law rules from the 

backlash that rigid environmental protection created in the 1990s, and which led to more flexible 

“reinventing environmental regulation” approaches.
360

 A backlash against the strict protection of 

property rights would be politically more difficult to sustain in the western U.S. The context in 

which a co-regulatory continuous improvement approach makes the most sense—protecting 

GDEs—seems not to have developed sufficient awareness and community concern in the U.S. to 

support the creation of these tools, or the “default” regulatory protections in comparison to which 

they would be attractive to water users.  

A further potential reason for the lack of a co-regulatory or similar approach is the use of 

flexibility tools like offsets, alongside direct regulatory tools and the relatively flexible way in 

which regulatory thresholds are specified, to begin with. These may also reduce the need to 

develop alternatives. In particular, the way in which numerical thresholds are used may allow for 

relatively efficient outcomes—broadly analogous to performance-based standards in 

environmental regulation, rather than technology standards or specification standards.
361

 Rather 

than requiring that particular technology be used (say, water-efficient irrigation) or telling a 

groundwater pumper exactly when, where, and how much to pump, a numerical threshold of 

impairment allows a pumper to comply by making changes to pumping regimes as well as 

offsetting impacts in a variety of ways. Of course, some states are much less flexible in their 

regulatory tools. They may not permit offsetting, or allow only water-for-water offsetting.
362

 

Generally, however, it appears that moves away from “pure” prior appropriation in the western 

U.S. are allowing for greater regulatory flexibility. Australian regulatory flexibility is constrained 

                                                      
357 Supra Part 5.2(c). 
358 Supra Part 5.1(d). 
359 Gunningham, supra note 356, at 191-192; Marc Allen Eisner, Corporate Environmentalism, Regulatory 

Reform, and Industry Self-Regulation: Toward Genuine Regulatory Reinvention in the United States, 17 

GOVERNANCE 145, 154-155 (2004).  
360 Gunningham, supra note 356, at 189-192. 
361 Id. at 182-183. 
362 See supra Part 5.1(c). 
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by a preference for simple numerical thresholds that do not allow for offsetting, but simply 

prevent use, though remedial tools there display some flexibility in providing for voluntary 

physical solutions—but only after unacceptable harm has manifested. 

As a side note, although there appear to be relatively few non-state forms of linking tools, the 

phenomenon of partnerships between the state and NGOs, and the involvement of third parties 

more broadly, in formulating and implementing regulatory tools, gives these tools a significant 

non-state flavor. This is particularly the case in the western U.S., where involvement is greatest, 

and goes beyond a passive commenting role, to a more active role in implementation, for example 

in administering water banks for the purposes of groundwater offsetting.
363

 From a policy design 

perspective, collaborative partnerships are seen as an important feature of innovative modern 

approaches to regulatory strategy. They leverage scarce resources and take advantage of “multiple 

centers of leadership”, and can be more effective than state action alone due to wider 

engagement.
364

 This potential has been formally recognized by, for example, a 2009 Obama 

Administration directive for federal agencies to collaborate with non-profits and the private 

sector.
365

 

(b) Stages for policy intervention: preventive versus remedial tools 

Policy design literature emphasizes that one can intervene at different stages of an activity that 

could lead to harm.
366

 Here, we see that the conceptual typology is populated by both tools that 

prevent and remedy harm. Policy design scholars point out that strong preventive tools can have 

many advantages, some of which are clearly evident in the present context. Preventing harm can 

be achieved with a lighter, less adversarial regulatory hand; preventive rules provide an 

opportunity to conceive systemic solutions; they can be less resource-intensive per case than 

solving problems after harm has manifested; and prevention avoids problems of proof that arise at 

the remedy stage where there can be multiple concurrent sources of harm.
367

 By contrast, policy 

design scholars suggest that remedial tools might be preferable on efficiency grounds where the 

number of remedial cases to be addressed is relatively few, but where prevention would involve 

considering many more cases.
368

 Under some circumstances, prevention might also be considered 

                                                      
363 NELSON & CASEY, supra note 82, at 25-30.  
364 MALCOLM K. SPARROW, THE REGULATORY CRAFT: CONTROLLING RISKS, SOLVING PROBLEMS AND 

MANAGING COMPLIANCE 100 (2000); George B. Wyeth, "Standard" and "Alternative" Environmental 

Protection: The Changing Role of Environmental Agencies, 31 WM. & MARY ENVTL. L. & POL'Y REV. 5, 22 

(2006-2007). 
365 Executive Office of the President, Memorandum for the Heads of Executive Departments and Agencies: 

Transparency and Open Government, 74 Fed. Reg. 4685 (Jan. 26, 2009). 
366 BALDWIN & CAVE, supra note 68, at 107.  
367 Id. at 107-109; SPARROW, supra note 364, at 182-183.  
368 SPARROW, supra note 364, at 183.  
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intrusive for relatively little gain, whereas remedial tools exercise the authority of the state only 

where it is really necessary.
369

 

In the groundwater-connected resources context, as discussed in Part 5.2, remedial tools can be 

highly adversarial and economically and politically costly. Harm detection and remediation is 

confounded by long time-lags between action and effect. This is analogous to the long latency 

periods between some types of pollution and cancer, which is the foundation for some preventive 

environmental pollution regulation.
370

 The presence of numerous concurrent natural (for example, 

climatic) or anthropogenic (for example, land use change) factors can adversely affect surface 

waters or GDEs. By contrast, unlike some other regulatory scenarios, say dangerous driving, it is 

not difficult for regulators to anticipate the sources of potential harm when administering a 

preventive strategy, since a groundwater permit application system makes these evident.
371

 On the 

other hand, states that take a “use facilitation” view of the water agency’s role
372

 may create an 

expectation that groundwater permitting processes should be quick and simple, and view 

preventive rules—particularly complex numerical thresholds favored in the western U.S.—as 

overly intrusive. 

In practice, we see that preventive and remedial linking tools are developed to different degrees in 

different regions. Preventive tools protecting surface water rights seem more commonly used and 

developed in the western U.S. than remedial tools (certainly the regulatory kind); the reverse 

seems to be true in Australia. Broader characteristics of society and the legal system likely affect 

the balance between preventive and remedial regulatory tools. These may well affect perceptions 

of efficiency and intrusiveness, as suggested in the policy design literature. In the western U.S., 

water rights are granted in perpetuity, and therefore are not subject to regular review of whether 

they are set at appropriate levels. These elements, together with takings laws and perhaps a 

stronger popular desire to protect private property combine to create a sense that remedial tools are 

extremely intrusive. In addition, the relatively advanced state of adverse impacts in some western 

U.S. states indicates that prevention may be an efficient approach, if a significant proportion of 

permit applications may have undesirable impacts on connected resources. Consistent with this, 

some western U.S. states prefer to rely on a “cure”, rather than prevention.
373

 Nonetheless, 

relatively high levels of use also seems to point to benefits from a greater focus on repairing the 

institutional apparatus required for priority administration
374

 (or introducing alternative remedial 

                                                      
369 Id. at 183. 
370 Paul R. Portney, EPA and the Evolution of Federal Regulation, in PUBLIC POLICIES FOR ENVIRONMENTAL 

PROTECTION 11, 16 (Paul R. Portney & Robert N. Stavins eds., 2000). 
371 BALDWIN & CAVE, supra note 68, at 108.  
372 Supra Part 6.1.  
373 Supra note 184 and accompanying text. 
374 See supra Part 6.3. 
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methods of reining in groundwater use), since preventive tools alone cannot deal with the legacy 

of decades of simply handing out water rights without regard to interference.  

Australia has not developed preventive mechanisms to the same degree as in the western U.S., 

certainly at least in part because the adverse impacts of pumping groundwater have been less 

severe on account of generally lower levels of use. In addition, in Australia, governments have 

always reserved to themselves the right to qualify water entitlements, either by issuing only time-

limited rights, or using mandatory regulatory adjustments of rights, albeit with political difficulty 

even in the absence of takings issues.
375

 Nonetheless, expectations that rights be qualified in this 

way and a weaker property rights culture may combine to create a view that remedial tools are 

relatively less intrusive than they are considered in the U.S., shifting attention away from 

prevention and towards reliance on remedies after harm has occurred. 

(c) Importing flexibility 

As Part 5 describes, offsets appear as an adjunct to both preventive and remedial groundwater 

linking tools. They mirror responses to calls for flexibility in environmental regulation, as a 

reaction against direct (or “command and control”) regulation, on the basis of reducing cost for 

regulated entities and administering agencies, providing opportunity for creativity that could lead 

to better outcomes, and avoiding a passive, “compliance culture”.
376

 In the environmental sphere, 

this led to the increased use of economic cap-and-trade or offset-like instruments under, for 

example, U.S. air quality legislation, a phenomenon to which groundwater offsets are directly 

comparable.
377

 A common theme in both the environmental and also the groundwater spheres is 

economic pragmatism over compliance with strict direct-regulation tools that would severely 

constrain business activities without regard for economic consequences. This flexibility offered by 

offsets is perhaps even more important and warranted in the groundwater context in jurisdictions 

that use zero or very low complex numerical thresholds of acceptable harm to surface water rights. 

This almost complete rejection of risk appears in stark contrast to much regulatory literature, 

particularly in the environmental context, which tends to assume that the complete removal of risk 

will rarely be desirable or efficient.
378

 

In a preventive sense, offsets could be considered to push groundwater permitting processes that 

are constrained by numerical thresholds from being a technology standard (we’ll tell you if you 

can pump here and how much) to a performance-based standard (we’ll let you pump as you like as 

                                                      
375 NSW Office of Water, “Achieving Sustainable Groundwater Entitlements Program” (2013), 

http://www.water.nsw.gov.au/Water-management/Water-sharing-plans/Plans-commenced/achieving-

sustainable-groundwater-entitlements-program. 
376 Wyeth, supra note 364, at 14-18. 
377 For a detailed comparison of offsets under groundwater and environmental regulation, see Nelson, 

Offsetting Groundwater Pumping, supra note 148, at Part 2. 
378 BALDWIN & CAVE, supra note 68, at 120; Portney, supra note 370, at 17-18. 
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long as you can arrange for your net impact to be below a threshold), in policy design terms, as 

discussed earlier. In their remedial context, offsets attract substantial controversy in relation to 

who should pay for them—cost being an important policy design measure at a finer level of detail, 

to which I now turn.  

7.2 Policy design at a finer level: evaluation measures 

As introduced in Part 3, policy design literature offers a number of measures and criteria by which 

to evaluate policy tools at a finer level of detail. In the present case, four inter-related measures 

present particularly important distinctions between policy settings among the tools described in 

the conceptual typology: automaticity, discretion, cost, and equity. 

(a) Automaticity 

From a policy design perspective, simple and complex numerical thresholds offer a clear and 

striking manifestation of differences between the policy settings of linking tools in relation to 

automaticity—that is, the degree to which the tool depends on pre-existing administrative 

apparatus for its implementation, and is essentially self-executing, versus a tool that creates the 

need for further significant administrative work. High-automaticity tools have the benefit of less 

resource-intensive government administration. However, in general, they carry greater uncertainty 

as to whether their purpose will be carried out, since they can be grafted onto processes with 

different purposes—that is, they trade off “target efficiency” for administrative efficiency.
379

 That 

trade-off appears clearly in the case of linking tools for groundwater and connected resources. As 

described below, the distinction between high and low automaticity in this case also carries with it 

tension between the criteria of equity and cost. 

Simple numerical thresholds like no-go zones for new wells and moratoria on new pumping have 

high automaticity: they enable a quick determination of whether or not a permit proposal is 

permissible. Each permit application requires little analysis by the administering agency, against 

the background of the pre-existing administrative apparatus of the groundwater permitting 

program.
380

 However, simple numerical thresholds appear to trade off “target efficiency”, and 

arguably equity, for low administrative cost, simplicity and ease of communication. Their 

simplicity comes at the expense of the ability to consider individual circumstances under a more 

administratively intensive, low-automaticity but potentially more equitable approach. For 

example, simple distance rules do not account for aquifer heterogeneity, potentially excluding 

applicants from access to groundwater even though their local geological conditions would enable 

                                                      
379 Salamon & Lund, supra note 69, at 46.  
380 Id. at 46; Christopher K. Leman, Direct Government, in THE TOOLS OF GOVERNMENT: A GUIDE TO THE 

NEW GOVERNANCE 48, 51 (Lester M. Salamon ed. 2002). 
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them to pump within a “no-go” zone without impacting the surface water body that the zone is 

intended to protect.
381

  

Although at first glance, the low administrative burden of simple thresholds would suggest low 

cost, deceptively, certain types can also be expensive to enforce, even if they are not expensive to 

administer at the “front end”. Simple cease-to-pump or bypass flow rules,
382

 for example, require 

rigorous monitoring to ensure that well users comply with pumping prohibitions when river stages 

or aquifer levels decrease, as compared with the simplicity of checking compliance with a no-go 

zone for new wells.
383

  

By contrast with simple numerical thresholds, complex thresholds have more certainty of 

achieving their target of protecting connected resources, since they take into account the 

circumstances of a particular permit application. In addition to being more equitable in this way, 

because they do not deny access unnecessarily, complex thresholds facilitate more flexible and 

arguably equitable arrangements for applicants whose pumping proposal offends the threshold. 

States that use complex thresholds tend to make offsetting available to enable pumpers to take 

action to fall below the threshold, whereas this study uncovered no example of a state using a 

simple numerical threshold making offsets available. On the other hand, complex numerical 

thresholds are challenging to communicate, more resource-intensive to administer, and involve 

greater delays in administration and therefore not only significant administrative costs, but also 

transaction costs for permit applicants discussed below in section (c).  

(b) Discretion 

Another prominent theme in regulatory theory is that of the discretion available in the 

administration of a regulatory tool. Numerical and principle-based thresholds present a clear 

example of differences along this measure, accompanied by differences in other criteria, 

particularly accountability.  

Like complex numerical thresholds, qualitative principle-based thresholds have low automaticity, 

since if administered properly, they require the circumstances of an individual case to be 

considered in detail. But unlike the former, they inherently offer a great deal of discretion
384

 to 

water agency decision-makers in determining precisely what is protected by the threshold, and to 

what degree. In a positive sense, discretion provides decision-makers with flexibility to respond to 

                                                      
381 Interview with Ingrid Franssen, S. Austl., supra note 203 (describing this argument having been run by 

aspiring groundwater pumpers in the Mount Lofty Ranges of South Australia). 
382 See supra notes 104 and 105 and accompanying text. 
383 Interview with Ingrid Franssen, S. Austl., supra note 203. 
384 Salamon & Lund, supra note 69, at 37.  
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different situations.
385

 However, it can introduce an element of uncertainty for the regulated 

community; if undertaken non-transparently,
386

 this can threaten accountability—a generally 

accepted tenet of good regulation.
387

 If it leads to inconsistent decision-making, it can also threaten 

equity among applicants.  

A lack of transparency appears to be a particular issue in relation to principle-based thresholds. 

Without detailed and transparent guidelines for agencies implementing principle-based 

thresholds—whether they are public interest review, the public trust, or statutory environmental 

matters broadly—there can be no certainty that an agency routinely protects high-value 

ecosystems (or even considers them in a comprehensive way), and no transparency in the trade-

offs that may occur between ecosystem protection and other permitting considerations. The 

empirical findings of this project and others
388

 support speculation in the literature that in the 

absence of a statutory definition of the public interest, agencies can simply avoid considering the 

matter. Non-transparent exercise of discretion might be particularly problematic where an 

agency’s self-perception as a water use facilitator (Part 6.1) is inconsistent with the intention of a 

principle-based threshold to protect GDEs, for example.  

Multiple approaches to dealing with the potential problems of discretion have been proposed by 

regulatory theorists. These include constraining discretion using administrative law (a liberal 

legalism approach), and implementing an adaptive, learning process requiring decision makers to 

provide reasons that are peer-reviewed and lead to change where necessary (the Experimentalist 

Governance approach).
389

 

These approaches, and others, manifest in relation to principle-based thresholds as linking tools. 

One design approach to constraining discretion evident in linking tools in practice is to elaborate 

on the meaning of a broad principle in state statute or policy,
390

 or to ensure that, say, GDEs, are 

considered systematically by introducing an ecological risk assessment guideline as the basis for 

administering the threshold.
391

 

                                                      
385 Roberto R. C. Pires, Beyond the Fear of Discretion: Flexibility, Performance, and Accountability in the 

Management of Regulatory Bureaucracies, 5 REG. & GOVERNANCE 43, 46 (2011). 
386 Poh-Ling Tan, et al., Continued Challenges in the Policy and Legal Framework for Collaborative Water 

Planning, 474 J. OF HYDROLOGY 84, 87 (2012).  
387 BALDWIN & CAVE, supra note 68, at 28.  
388 See supra notes 113 to 115 and 130 to 132 and accompanying text.  
389 Pires, supra note 385, at 45-47. 
390 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 30 (with reference to the lack of such a 

criterion in Montana); Weeks, supra note 115, at 286-289 (advocating statutory public interest criteria with 

local public input on the local application of the criteria); C. Stephen Herlihy, Trading Water for Gas: 

Application of the Public Interest Review to Coalbed Methane Produced Water Discharge in Wyoming, 9 

WYO. L. REV. 456, 476 (2009).  
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While agencies sometimes consider impacts on streamflow and GDEs in the absence of an explicit 

environmental criterion for the public interest review,
392

 having such a criterion logically 

encourages an agency to consider these effects, where it might otherwise overlook them. Certainly 

in practice, groundwater permitting in western U.S. states that entirely lack a public interest 

review requirement includes only very weak environmental considerations, if at all.
393

 Countering 

an approach of specifying criteria are concerns about constraining an agency’s ability to flexibly 

interpret the standard to accommodate changing values and a variety of circumstances,
394

 inviting 

court action,
395

 and, more generally, the cost and delay caused by a detailed environmental 

review.
396

  

Rather than state-level elaboration of a threshold to constrain discretion, other states delegate to a 

local or regional body the task of defining a vague statutory threshold. A local body may draft a 

local “public welfare statement” or similar policy that sets out detailed region-specific 

considerations,
397

 or goals in the form of “desired future conditions”.
398

  

A further approach to constraining discretion is to use administrative procedures. This can involve 

requiring a permitting agency to consult with a local body in applying the threshold, as in 

                                                      
392 State water agencies have considered this in Washington and Nevada, which lack statutory public interest 

criteria (see supra note 116 and accompanying text), and the New Mexico water agency should do so 

pursuant to the Taos Regional Water Plan (see infra note 397 and accompanying text). 
393 Perhaps the only scenarios that warrant the label of “very weak” rather than non-existent are the Santa 

Cruz Active Management Area in Arizona, which was established in part to protect baseflow in the Santa 

Cruz River (AZ. Dep't of Water Resources, Arizona Water Atlas: Active Management Area Planning Area 89 

§ 8 (2010)); and the Texas groundwater conservation districts that restrict groundwater pumping with 

reference to spring ecosystem requirements, e.g. the ecological flow reserve established by the Barton 

Springs/Edwards Aquifer Conservation District: Rules & Bylaws, Vol. 1, Rules 1-4, at 9 (2012), available at 

http://www.bseacd.org/uploads/RulesRegs/BSEACD_RulesBylaws_BoardApproved_10_11_2012.pdf. 
394 Weeks, supra note 115, at 283; interview with Robert Shaver, N.D., supra note 116; implicit in interview 

with Brian Walsh, Wash., supra note 15: “The water code is predicated on settling the West … public interest 

changes over time … what might have been seen as more of … making that water work for the economy, 

now people just want to enjoy the water. They might be more info fly fishing or rafting or recreational 

enjoyment as opposed to what we think of as typically commercial applications of water”. Also interview 

with Ludovic Schmidt, supra note 334 (avoiding being “tied down” by quantitative targets or specified 

criteria).  
395 Weeks, supra note 115, at 282-283. 
396 Id. at 276. 
397 E.g. New Mexico’s water code leaves public interest entirely undefined at the state-wide level, but 

regional water planning groups (whose plans may be integrated into the state’s water plan): N.M. STAT. ANN. 

§ 72-14-3.1(C)(11) (2013). Weeks, supra note 115, at 283-285 (describing the formulation of such a 

statement by the Taos regional water planning group); TAOS REGIONAL WATER PLANNING STEERING COMM., 

TAOS REGIONAL WATER PLAN: VOLUME 1 - WATER PLAN 2-5 to 2-10 (2008). Idaho sets out simple public 

interest criteria at the state level: Definition of material injury is set out at: IDAHO ADMIN. CODE 37.03.11.042 

(setting out a series of considerations relevant to determining material injury) (2013). At least one county 

expands on this through a local public interest water policy: e.g. Blaine County Local Public Interest Water 

Policy: In the Matter of Application for Permit No. 37-20742 in the name of Robert. G. Friedman, No. 37- 

20742, Idaho Dep’t of Water Resources, 2003 Idaho Env. Lexis 21, ¶ 19. 
398 In Texas, groups of groundwater conservation districts for a groundwater management area define 

“desired future conditions”, which could theoretically allocate water so as to take account of effects on GDEs 

or surface water rights. However, this has apparently not occurred, perhaps because surface water 

appropriators have not become involved in these planning processes. Interview with Robert Mace, Tex., 

supra note 196. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=N.M.+Stat.+Ann.+%A7+72-14-3.1
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=N.M.+Stat.+Ann.+%A7+72-14-3.1
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=IDAPA+37.03.11.042
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Wisconsin.
399

 More unusually, Oregon codifies the legal significance of third party protests in the 

public interest review process. It provides that a public protest overcomes a presumption that 

certain proposed uses will not impair the public interest, and triggers a detailed public interest 

review by the permitting agency.
400

  

A final way of increasing the likelihood of agencies effectively considering principle-based 

thresholds, and increasing accountability, is to require them to document the way in which they 

have considered the criterion,
401

 and to make that assessment public.  

In addition to the issue of constraining discretion in relation to principle-based thresholds, the 

issue also arises in the form of guiding discretion in designating special management areas that 

allow the operation of more stringent linking tools. These designations can trigger moratoria on 

the issuing of groundwater permits,
402

 restrictions on typically freely available well permits for 

domestic use,
403

 and the formulation of special management plans.
404

 Some western U.S. states 

allow public involvement to initiate a special management area, as well as a government proposal 

to create such an area. In some cases, special management areas in the western U.S. have been 

initiated by environmental NGOs to curtail groundwater pumping.
405

 Third party involvement of 

this kind could valuably circumvent a situation in which groundwater pumpers pressure 

governments not to remedy the adverse effects of groundwater pumping, particularly where 

agencies’ self-perception makes them vulnerable to such pressure. Yet proactive roles for third 

parties of this kind are not present in Australia, at least on the face of the law. One potential reason 

for this regional difference in approaches may be the tradition of “direct democracy” in the 

majority of western U.S. states,
406

 specifically, popular or citizens’ initiatives proposing 

constitutional or statutory amendments—a tradition that Australia lacks. 

                                                      
399 In Wisconsin, the water agency consults with regional staff, including biologists, to determine whether 

there is potential for a significant impact. Interview with Eric Ebersberger, Wis., supra note 12. 
400 Oregon’s Water Resources Department “shall” presume that a proposed water use will not impair the 

public interest if certain listed criteria are fulfilled: OR. REV. STAT. ANN. § 537.153(2) (2012). The 

presumption may be rebutted if a criterion is not satisfied, or if a formal protest argues that the public interest 

would be impaired, and specifies how this would occur: id. § 537.153(2)(b) (2012). If the presumption is 

overcome, the Department must make a finding in relation to the public interest by considering a further list 

of seven factors:  id. § 537.170(8). 
401 E.g. VICT. DEP’T OF SUSTAINABILITY & ENV’T, supra note 338, at cl 24(1).  
402 Supra note 100 and accompanying text.  
403 Supra notes 266 to 268 and accompanying text. 
404 Supra note 54 and accompanying text. 
405 E.g. In the Matter of Petition Seeking Designation of a Critical Ground Water Area, Designation of a 

Ground Water Management Area, Moratoriums on Approval of New Water Right Appropriations, and Other 

Actions, Palouse, Idaho Dep’t of Water Resources, 2004 Idaho Env. Lexis 37.  
406 Initiative & Referendum Inst. at U. S. Cal., “State I&R”, available at 

http://www.iandrinstitute.org/statewide_i%26r.htm. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=ORS+%A7+537.153
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=ORS+%A7+537.170
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=2004+Ida.+ENV+LEXIS+37
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(c) Cost and equity 

Issues of cost to groundwater applicants and government, and equity among water users, have 

arisen throughout this discussion of policy design evaluation measures, as well as the discussion in 

Part 6 of issues that arise in implementing linking tools from a practitioner’s perspective. While 

cost and equity issues attach to the administration of every individual linking tool discussed 

here,
407

 those in relation to groundwater information run throughout many tools, and are the focus 

here.  

At a very early stage in designing tools to prevent harm to connected resources, a state must 

decide whether to invest in the administrative apparatus and prioritization tools for quantifying 

federal reserved water rights, like Montana’s Compact Commission, and those for identifying and 

prioritizing GDEs, like Australia’s GDE atlas and risk assessment tools (Part 6.3). Without doing 

this to some degree, it would be difficult even to gauge the risk that pumping poses to important 

categories of connected resources. Information about this risk is desirable to guide the high-level 

decision about the efficiency of formulating preventing tools, which Part 7.1(b) suggests relates to 

the number of cases that are likely to arise at this stage, versus at the remedial stage, if no 

preventive tool is used. This information is also required to set simple numerical thresholds such 

as no-go zones and moratoria, if these are the favored preventive approach.  

A state may decide to forgo this up-front investment in information about connected resources in a 

general sense, and instead rely on high-discretion tools that involve costs “as you go”. Principle-

based thresholds put off costs until administering them triggers investigations and arguments with 

applicants and possibly third parties about what they cover, for example, what the “public interest” 

requires.
408

 It is notable that states that retain vague principles in relation to the impairment of 

surface water rights
409

 lack intense competition for groundwater, and therefore appear to have 

decided that efficiency considerations favor putting off costs until individual cases of possible 

impairment arise. Complex numerical thresholds also delay costs for the state until the agency 

must review detailed technical data, assuming it does not decide to invest in large-scale modelling 

efforts. 

As discussed in Part 6.5, the location of the burden of proof of demonstrating the degree of 

connection between a well and possibly connected resources for the purposes of a complex 

threshold has substantial cost implications for the applicant. Equity concerns arise in relation to 

this cost where the cost of applying for a groundwater permit due to this information burden may 

not correspond to the risk that it poses to connected resources. This may be the case where, as in 

                                                      
407 For a detailed discussion of these issues in relation to preventive offsets, see Nelson, Offsetting 

Groundwater Pumping, supra note 148, at Parts 4.1, 4.2, 5.3 and 5.5. 
408 Supra notes 107 to 118 and accompanying text. 
409 Supra note 127 and accompanying text. 
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Montana, an applicant is required to provide an expert hydrogeological assessment regardless of 

the volume of groundwater sought. On the other hand, concerns about equity of access to water 

that appear to give rise to domestic well exemptions have proven to be problematic in terms of 

cumulative impacts on connected resources.
410

 

At the remedial stage, expensive groundwater data arguments also arise, but have been 

successfully headed off using collaborative model-building approaches.
411

 Equity concerns at this 

stage are particularly strong in relation to the distribution of acceptable harm to surface water right 

users versus costs to groundwater pumpers of remedying harm. Some groundwater pumpers 

question the value of protecting surface water rights absolutely, particularly in the case of long 

time lags, and support a general “mind-shift away from the exclusive protection of existing users 

and towards wise allocation”.
412

 These equity issues naturally also arise at the preventive stage, 

but arguably with less urgency, since the relevant harm will only occur in the future. They can be 

important, however, where a permit application exceeds a very low threshold by a small amount, 

as in court challenges over rejections of permits due to small future pumping effects that exceeded 

Montana’s zero impairment threshold.
413

  

In both the preventive and remedial circumstances, equity does not appear to clearly and 

universally favor one side over the other, particularly where matters are complicated by changing 

state agency policy over time, potentially long time lags between pumping and effects, and 

changing information and awareness about connected resources. As discussed in the next section, 

however, further development of linking tools could help to ease, in particular, the cost and equity 

concerns surrounding groundwater information aspects of linking tools. 

8. Recommendations for further developing linking tools 

The conceptual model presented at Part 5 reflects methods of controlling the adverse impacts of 

pumping groundwater on surface water rights and GDEs, which are established in law or policy, 

and are used to some degree in some regions. It reveals some tools that hold promise for use in 

other jurisdictions. In addition to these tools, the literature and reviews of laws and policies also 

reveal linking tools that are merely proposed, or are used in other contexts, but could theoretically 

be extended to groundwater. Parts 6 and 7 have also indicated practical challenges and policy 

design gaps and critiques that could be addressed by further developing entirely new linking tools 

(Table 2). This section reviews areas that present as particularly promising for this further 

development, either by refining or extending existing tools, or creating entirely new ones.  

                                                      
410 Supra Part 6.2. 
411 Supra notes 346 to 348 and accompanying text. 
412 CLARK FORK RIVER BASIN TASK FORCE, ET AL., supra note 95, at 16 (paraphrasing the view of Kevin 

Germain of the Moonlight Basin resort community in Big Sky, Montana).  
413 Interview with Tim Davis, Mont., supra note 94. 
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Table 2: Conceptual typology of law and policy tools for linking the impacts of pumping groundwater 

to surface water rights and groundwater-dependent ecosystems—scope for developing new tools 

(italics) 

 

8.1 Refining and extending existing linking tools 

(a) Public education and awareness 

The paucity of tools in the voluntary categories of the conceptual typology indicate that there is 

room to further develop such tools (acknowledging that such activities may occur at the local 

level, and thus not be captured by this study). At the most basic level, this could involve public 

education and awareness about the impacts of pumping groundwater on surface waters and GDEs, 

with the intention of encouraging groundwater users to prevent unnecessary impacts. There is 

some evidence that local-level groundwater districts are attempting to develop a “groundwater 

ethic” of conservation.
414

 Some U.S. states and other countries hold improbable-sounding 

“children’s groundwater festivals” to educate young people about groundwater, including its 

connection to other resources.
415

 

In addition, the importance of third parties to the implementation of linking tools suggests that 

increasing community awareness and supporting NGOs that are active in this area could contribute 

to better protecting surface water and GDEs. This is particularly the case where the state retains a 

high level of discretion, for example, in relation to principle-based thresholds. The job of a public 

protester or an investigating permitting agency could be made easier by providing comprehensive 

fine-scale information on the potential for groundwater pumping in a particular location to damage 

an element relevant to a principle-based threshold. Comprehensive scientific studies of the 

                                                      
414 BURKE & MOENCH, supra note 88, at 132 (with reference to the High Plains Underground Water 

Conservaton District in Texas) 
415 “Children’s Groundwater Festival”, The Groundwater Foundation, available at 

http://www.groundwater.org/pe/festival.html.  
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location of GDEs, such as the recent Australian National GDE Atlas,
416

 could work as powerful 

tools in this way, by giving agencies and the public a way easily to search for likely GDEs in the 

area of proposed groundwater extraction. A less costly option would be to link the concept of 

groundwater dependence with existing information to produce new, useful tools, for example, 

maps of the critical habitat of endangered species that rely on groundwater.
417

 

(b) Using simple numerical thresholds to introduce GDE protections in the western U.S. 

Australian preventive protections for GDEs are more developed than those in the western U.S., 

with complex numerical thresholds (like maximum allowable drawdown at a specified distance 

from a GDE) now emerging after years of using simple thresholds as blunt forms of protection. 

This study uncovered no evidence of any numerical threshold used to protect GDEs in western 

U.S. water law, though principle-based thresholds like the public interest test may be applied for 

this purpose.  

Although simple numerical thresholds are rarely used to protect any type of connected resource in 

the western U.S., they could offer an administratively simple way to achieve a measure of 

protection for a water body or GDE either on an ongoing basis, or quickly, as a first step, in the 

absence of detailed knowledge about hydrogeological conditions or environmental water needs. 

Although policy design theorists hypothesize that high-automaticity policy tools will have 

difficulty attracting political support on the basis of low “target efficiency”,
418

 their low ongoing 

costs to agencies and, accordingly, relatively short processing time delays for permit applicants, as 

well as the high background level of uncertainty in the true requirements of a “target” GDE may 

make them an attractive first step. Simple numerical thresholds also generally have the advantage 

of being easier to communicate to the regulated community,
419

 which may be particularly 

important where awareness of GDEs is low. By contrast, complex numerical thresholds rely on 

stakeholders appreciating that their pumping can adversely affect surface water, and rights to that 

surface water, that the effect may occur in the distant future, as determined by complex modeling, 

and that these effects can affect their ability to obtain a groundwater right.
420

  

As discussed in section 7.2(c), it is important to note that such thresholds need to rely on scientific 

work on GDE water requirements, or at least defensible “best guesses”. Until these are available, it 

                                                      
416 Bureau of Meteorology, supra note 291. 
417 Such a map could be constructed using literature that has uncovered the federally listed species that are 

likely to rely on groundwater: Emilie Blevins & Allison Aldous, Biodiversity Value of Groundwater-

Dependent Ecosystems, June WETLAND SCI. & PRACTICE 18 (2011). 
418 Salamon & Lund, supra note 69, at 46-47.  
419 Interview with Eric Ebersberger, Wis., supra note 12. But note that this can depend on local conditions 

and the precise form of the threshold. In New South Wales, Australia, the Office of Water rejected a 400 

meter setback approach for its coastal alluvial valleys because the rivers are so sinuous that the resulting “go” 

and “no-go” zones were a confusing kaleidoscope across the basin: interview with R. Michael Williams, 

N.S.W., supra note 103. 
420 Interview with Tim Davis, Mont., supra note 94. 
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is difficult to use preventive or remedial regulatory approaches that rely on numerical thresholds 

of impairment, but arguably easier to use principle-based approaches. If a state chooses the latter 

route, an alternative to relying too heavily on public protest to raise issues about GDEs and other 

connected resources is to clarify that water agencies have an affirmative duty to investigate the 

public interest, or environmental considerations, or impairment of instream water rights. 

(c) Using GDE-related offsets to make protections palatable 

In a remedial context in the western U.S., flexibility tools in the form of offset requirements tend 

to accompany either individual permit-stage requirements to meet surface water impairment 

standards, or individual or large-scale curtailment orders to reduce impacts to surface waters. It 

seems possible and desirable to investigate extending these mechanisms beyond surface water 

rights to GDEs at a preventive stage, and thereby reduce the need for later economically disruptive 

curtailment of existing pumping. That is, offsets could be used to smooth the introduction of 

linking tools for preventing harm to GDEs. California provides precedent for this, although in an 

arguably weaker form. There, mitigation actions are sometimes required in response to trigger 

levels of harm to groundwater-dependent vegetation in the implementation of environmental 

impact assessment and energy permitting statutes.
421

 

(d) Addressing cost concerns associated with groundwater information 

As discussed throughout this paper, groundwater information requirements associated with linking 

tools produce substantial concerns in relation to cost and equity, often without an obvious 

resolution in favor of groundwater users or surface water users or ecosystem advocates. However, 

some adjustments to linking tools encountered across the study jurisdictions could help overcome 

these concerns in circumstances in which they are particularly stark, affecting groundwater 

applicants at the permitting stage, and potentially threatening their access to water. This can occur 

where an applicant for a groundwater permit is required by default to supply expensive expert 

hydrogeological assessments regardless of the potential risk to connected resources, against the 

background of a low or zero threshold of acceptable impairment of surface water rights. In such a 

situation, a state could provide the applicant with a choice of whether to undertake and supply the 

assessment, or simply assume a default one-to-one link between pumped water and impairment to 

a surface water right, which could then be offset. Alternatively, a state could invest in the up-front 

cost of a groundwater model for areas in which groundwater is in high demand, then recoup the 

cost through permit fees, thereby sharing the burden of the production of information across a 

large group of permittees. A similar approach could be used to fund information gathering about 

GDEs. 

                                                      
421 Nelson, Wells Versus the Environment, supra note 53, at Part 4.3.2. 
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8.2 Developing new linking tools 

(a) Water prices and other economic tools 

Of all the ideas reflected in the conceptual model, those involving market or economic tools for 

defining acceptable levels of impact stand out as being the least developed. This is despite the fact 

that in the environmental field, analogous alternatives to regulation have been promoted and 

reasonably well-accepted for over a decade.
422

  

At present, market-related tools are used only in the context of providing flexibility for aspiring or 

established groundwater pumpers to comply with a regulatory requirement to meet a particular 

threshold of impact, through preventive or remedial offsets or remedial strategies like land 

fallowing contracts and groundwater buy-backs, which provide a politically more palatable 

alternative to mandatory curtailment. However, the study encountered no situation in which 

economic tools are presently used to define or otherwise establish (as in a carbon tax, for example) 

an acceptable level of impact. Yet this entirely new category of linking tool is possible under some 

existing state laws, as well as consistent with some existing formal policy. 

Economic tools could be used in a preventive and remedial sense by using groundwater 

withdrawal prices to produce an acceptable level of impact, by setting prices that reflect the 

quantified adverse impacts of groundwater pumping. An ecosystem services approach to 

valuation, which has been used in the context of setting limits on surface water withdrawals in 

Australia,
423

 would be one way of quantifying impacts. Setting a location-dependent price, for 

example, would encourage groundwater pumpers to locate—or re-locate—to areas in which 

pumping is cheaper, and results in fewer adverse impacts. As in the case of arguments in other 

contexts supporting natural resources taxes in preference to cap-and-trade schemes,
424

 such a 

mechanism could have the advantage of reducing adverse impacts beyond levels that are pre-

ordained in law or policy. In addition, from a property rights perspective, some have argued that 

failing to require private water users to pay market value for the right to use water should 

constitute “potentially unconstitutional ‘givings’ in derogation of the public trust”.
425

 

                                                      
422 See generally Wyeth, supra note 364. 
423 The cost-benefit analysis undertaken to inform the setting of sustainable diversion limits under the Basin 

Plan for the Murray-Darling Basin used an ecosystem services assessment only in relation to surface water; 

ecosystem services associated with groundwater were not considered in the assessment, though the existence 

of such services was noted in the relevant scientific report. CSIRO, ASSESSMENT OF THE ECOLOGICAL AND 

ECONOMIC BENEFITS OF ENVIRONMENTAL WATER IN THE MURRAY–DARLING BASIN: THE FINAL REPORT TO THE 

MURRAY–DARLING BASIN AUTHORITY FROM THE CSIRO MULTIPLE BENEFITS OF THE BASIN PLAN PROJECT 23 

(2012). See also Brad R. Murray, et al., Valuation of Groundwater-Dependent Ecosystems: A Functional 

Methodology Incorporating Ecosystem Services, 54 AUSTL. J. OF BOTANY 221 (2006). 
424 E.g. see generally Reuven S. Avi-Yonah & David M. Uhlmann, Combating Global Climate Change: Why 

a Carbon Tax Is a Better Response to Global Warming Than Cap and Trade, 28 STAN. ENVTL. L. J. 3 (2009).  
425 Shelley Ross-Saxer, The Fluid Nature of Property Rights in Water, 21 DUKE ENVTL. L. & POL’Y F. 49, 

111 (2010). 
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Internationally, there is much rhetoric about the need to price water appropriately, including to 

reflect the environmental impacts of extracting it.
426

 The Council of Australian Governments has 

formally taken this view.
427

 Some jurisdictions included in this study have explicit legal tools that 

would enable groundwater extraction to be subject to a fee or levy that relates to environmental 

impact.
428

 The use of such mechanisms in Australia has focused on the environmental effects of 

extracting surface water, by focusing on fees that apply within surface water irrigation districts, or 

are imposed by dam operators.
429

 Formal Australian water policy encourages states to employ user 

charges to recover direct and indirect management costs.
430

 The latter could arguably include 

environmental impacts, particularly where other agencies then take uncoordinated action to make 

good those impacts, for example, efforts to rehabilitate degraded ecosystems. This would not 

depart greatly from the idea inherent in groundwater offset schemes, which enable adverse impacts 

on surface water rights to be quantified by considering the market price of replacement water. It 

would also be conceptually consistent with fees charged by groundwater replenishment districts in 

some parts of the western U.S., which reflect the costs of avoiding exceeding safe yield by 

importing surface water.
431

 Admittedly, in the GDE context, particular difficulties would arise in 

dealing with non-linear environmental costs (as when irreversible environmental damage occurs at 

a threshold), and the complexity of structuring prices that would reflect changes in environmental 

costs that would occur with different volumes, timing, and locations of extraction.
432

 However, 

zones that approximate these costs over different geographic areas could help with this, and would 

be no less accurate than many simple numerical thresholds presently in use. 

In general, it has been noted that it is often difficult to combine broad-based economic 

instruments, such as taxes, with other instruments in a complementary or coordinated way.
433

 But 

it would be possible to do this in a sequenced way:
434

 if the environmental effects of pumping 

groundwater exceeded a threshold level, a tax could apply to all producers. 

                                                      
426 See generally, ROBERTO MARTÍN-HURTADO, PRICING WATER RESOURCES TO FINANCE THEIR SUSTAINABLE 

MANAGEMENT: A THINK-PIECE FOR THE EUWI FINANCE WORKING GROUP, EUROPEAN UNION WATER 

INITIATIVE FINANCE WORKING GROUP (2012), available at 

http://www.euwi.net/files/Water_Pricing_FINAL.pdf (particularly for a review of water levies around the 

world); Peter Rogers, Ramesh Bhatia & Annette Huber, WATER AS A SOCIAL AND ECONOMIC GOOD: HOW TO 

PUT THE PRINCIPLE INTO PRACTICE (1998), available at 

http://info.worldbank.org/etools/docs/library/80637/IWRM4_TEC02-WaterAsSocialEconGood-Rogers.pdf. 
427 PRODUCTIVITY COMM’N, supra note 7, at 262.  
428 E.g. Natural Resources Management Act, 2004, s 103 (S. Austl.). 
429 PRODUCTIVITY COMM’N, supra note 7, at 262.  
430 AGRIC. & RESOURCE MGMT. COUNCIL OF AUSTL. & NEW ZEALAND & STANDING C’TEE ON AGRIC. & 

RESOURCE MGMT., supra note 243, at 12. 
431 MADANI, supra note 26, at 10; see generally Chris Avery, et al., Good Intentions, Unintended 

Consequences: The Central Arizona Groundwater Replenishment District, 49 ARIZ. L. REV. 339 (2007). 
432 PRODUCTIVITY COMM’N, supra note 7, at 262. 
433 Gunningham & Sinclair, supra note 80, at 870. 
434 Id. at 873. 



 

83 
 
 
 

 

In addition to using an ecosystem services approach to quantify in economic terms the adverse 

impacts of groundwater pumping for the purposes of setting extraction prices, such an approach 

could be used in combination with other existing linking tools. For example, it could help define 

principle-based thresholds. One could speculate that seeing quantified ecological benefits through 

a public interest lens may make it more politically feasible to justify a decision to protect these 

benefits than protecting an ecosystem for its own sake.
435

 An ecosystem services approach could 

also be used in a relative, rather than absolute way, roughly to define the spaces in which special 

groundwater management areas should be established: such areas could be established in areas in 

which GDEs are more valuable than average. 

Economic tools could also be used in a preventive way to deal with uncertainty relating to the 

level of adverse impact that might be expected to occur as a result of proposed pumping. Recent 

New South Wales policy, which is yet to be fully operational, requires a proponent of a large-scale 

project that interferes with an aquifer to provide a security deposit “to assign the risk of unforeseen 

and ongoing impacts to the proponent of the aquifer interference activity and not other water users 

or the environment”, where the amount “will reflect the level of risk to the aquifer or its dependent 

ecosystems from the proposed activity”.
436

 Such a mechanism could be used either to require a 

one-off payment, as is contemplated in NSW, or to price groundwater extraction on a volumetric 

basis for particular classes of activities that are deemed to have significant and uncertain adverse 

impacts. 

Less ambitious than pricing water withdrawals, governments could strategically remove subsidies 

for groundwater pumping in areas in which it causes adverse impacts.
437

 

While the mechanisms described above would require government action, other types of economic 

tools would not. An emerging voluntary market in water offsets sells “water restoration 

certificates”, or similar, to individuals and companies to recover a volume of water equivalent to 

their consumptive water use, and dedicate it to dewatered streams or wetlands.
438

 This could be 

extended to groundwater.  

                                                      
435 See, e.g., CSIRO, supra note 423 (a report commissioned by the Murray-Darling Basin Authority to place 

a monetary value on the "multiple benefits" of limiting consumptive water extractions to protect 

environmental water). 
436 OFFICE OF WATER, supra note 99, at 30. 
437 E.g. Payments to farmers in the Klamath Basin to pump stream-connected groundwater, rather than 

surface water directly: Brent B. Boehlert & William K. Jaeger, Past and Future Water Conflicts in the Upper 

Klamath Basin: An Economic Appraisal, 46 WATER RESOURCES RES. W10518, 4 (2010). 
438 TODD REEVE, HARNESSING A VOLUNTARY MARKET TO RESTORE FLOW TO DEWATERED RIVERS AND 

STREAMS (2012), available at http://www.globalwaterforum.org/2012/08/14/harnessinga-voluntary-market-

to-restore-flow-to-dewatered-rivers-and-streams/. 
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(b) An in situ groundwater equivalent to instream flow rights 

In addition to extending the use of economic tools as linking tools, the existing basic water rights 

concept of an instream flow could be extended to act as a linking tool. Instream flows for surface 

water exist in western U.S. and Australian water laws either as formal water rights that are 

equivalent to any other, or, in Australia, as “rules-based” environmental water that operates as a 

constraint on the allocation of water for consumptive purposes. The latter form does not have the 

same status as a formal water right, and is vulnerable to change, or lack of enforcement, in 

response to pressures to increase consumptive allocations.
439

 In the case of groundwater, current 

protections for GDEs take the form of “rules-based” protections, rather than formal water rights: 

they define what cannot be done, rather than setting aside water for the positive purpose of 

environmental protection. There seems no particular reason why the alternative should not be 

possible, yet at present, it appears that a state would not generally allow a groundwater right to be 

held in-situ (as distinct from pumped to support a GDE), and some western U.S. water laws might 

well view this as abandonment. One example approximates this proposed structure: the Barton 

Springs Edwards Aquifer Conservation District in Texas holds a volumetric “Conservation 

Permit” that consists of permanently retired consumptive use groundwater permits, for the purpose 

of protecting spring flow.
440

  

The possibility of holding an “in-aquifer right” for groundwater would be relatively clumsy as a 

preventive tool, since rules based on groundwater levels or pressures would relate better to GDE 

water requirements than volumes.
441

 But it could be useful as a remedial tool where, for example, 

an environmental NGO sought to restore a GDE by buying a consumptive groundwater right and 

dedicating it to in situ GDE protection purposes. This is the situation in the Barton Springs 

example. Allowing for this possibility would be legally easier than aiming to strengthen the 

protection of GDEs by extending emerging mechanisms in the western U.S., for example, 

extending the public trust to groundwater or explicitly naming ecosystems in public interest 

permitting criteria. It would also be consistent with the property rights-focused culture of water 

management in the western U.S. 

                                                      
439 Western Australia uses groundwater level cease-to-pump rules in some license conditions, for the purpose 

of protecting GDEs, but 30 wetlands dependent on Gnangara Mound have legally enforceable water level 

criteria that are not met because of vital public water supply pumping and climate change effects: interview 

with Susan Worley, W. Austl., supra note 255; DEP’T OF WATER (W. AUSTL.), ENVIRONMENTAL 

MANAGEMENT OF GROUNDWATER FROM THE GNANGARA AND JANDAKOT MOUNDS: ANNUAL COMPLIANCE 

REPORT TO THE OFFICE OF THE ENVIRONMENTAL PROTECTION AUTHORITY 1 (2014), available at 

http://www.water.wa.gov.au/PublicationStore/first/106900.pdf. 
440 Barton Springs Edwards Aquifer Conservation District, supra note 393, at 57. 
441 Supra note 101 and accompanying text. 
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9. Concluding comments 

A wide variety of law- and policy-based linking tools is available in western U.S. and Australian 

jurisdictions to prevent and remedy the impacts of pumping groundwater on hydrologically 

connected surface water rights and groundwater-dependent ecosystems. Common implementation 

challenges arise across these different jurisdictions, despite the different range of linking tools that 

they adopt. There is enormous scope to derive inspiration from successful approaches to dealing 

with these challenges across different jurisdictions, to ensure that existing tools are implemented 

more effectively, without requiring whole-scale changes to legislation—though in some cases 

legislative change may be desirable to extend the range of linking tools in a jurisdiction, or to 

refine them. 

This study has sought to describe the range of linking tools available in sufficient detail that 

individual states can assess potential gaps in their systems, a range of ways to fill them, and the 

issues and challenges that they might encounter in doing so. It also points to broader 

generalizations about weaknesses in linking tools across the two study regions: protecting GDEs 

in the western U.S., and protecting surface water rights in Australia—though the job is by no 

means done on these fronts in the other region. The experience of the other region, as well as the 

experiences of pioneering states within each region, point to ways to strengthen these areas, which 

have been presented as recommendations. 

In addition to strengthening the availability of linking tools in law and policy, both Australian and 

western U.S. states could benefit from dealing with common practical themes that challenge the 

implementation of these tools in practice. These include many issues that, at their core, relate to 

gathering and negotiating information about connected resources: developing methods to prioritize 

or rank GDEs for protection; enhancing opportunities to engage sister state agencies and the public 

in protecting instream flow rights and GDEs; more consciously dealing with cumulative and time-

lagged impacts; and adopting techniques to minimize conflicts over the data used in groundwater 

modeling that supports regulatory decision-making. 

Taking a policy design perspective on linking tools, it becomes apparent that most rely on state-

based, direct regulatory action, some with extremely high aversion to risking surface water rights 

relative to regulatory systems for environmental protection. There is great variation across this 

form of tool: those that prevent and remedy adverse impacts, and those that involve forms of 

flexibility that reduce the rigidness of direct regulation and attempt to overcome key associated 

challenges. Some approaches create heavy administrative workloads and likely transaction costs in 

exchange for case-by-case specificity, greater certainty, and arguably greater equity. Others trade 

off simplicity and low cost for greater uncertainty and standardization. A further key measure of 
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variation between linking tools is the degree of discretion afforded to administrators, and the tools 

under study demonstrate a wide variety of ways to balance discretion with accountability. 

The dominance of direct state regulatory action to control the impacts of pumping groundwater on 

surface water rights and GDEs is expected, to a degree, given the pre-existing groundwater 

permitting framework in most states under study. However, there is clear scope for greater 

development of tools driven by non-state actors, perhaps with state involvement, particularly 

given the great extent of third party involvement in existing regulatory tools.  

The conceptual typology developed here notably lacks mechanisms that use economic tools to set 

thresholds of acceptable impact on surface water rights or GDEs. Economic tools for meeting 

regulatory thresholds are, however, present in the form of groundwater markets and offset 

programs. Economic approaches to letting the market determine the acceptable level of impact 

could proceed using such tools as groundwater fees and levies, or security deposits, that reflect 

quantified likely ecological impacts. These would add in a fundamental way to the existing suite 

of linking tools, but would require addressing technical challenges to monetizing ecological 

impacts. 

Any reform to groundwater law protections offered to surface water rights or GDEs is likely to be 

contentious. Despite the diverse circumstances and tools involved in the three examples of linking 

tools introduced at the beginning of this paper, each was accompanied by intense controversy. Yet 

a related paper also shows that conflicts will arise in the absence of specific linking tools, where 

users and advocates of surface waters and groundwater-dependent ecosystems lack effective 

means to protect these resources.
442

 In addition to being aware of the issues that arise in the 

implementation of linking tools, agencies must also be aware of the legal and political 

challenges—particularly takings issues in the western U.S.—that may arise in introducing them, 

and failing to introduce them. 

  

                                                      
442 See generally Nelson, Wells Versus the Environment, supra note 53. 
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Appendix 1 to Part A: Summary table of comparative findings  

Figure 1: Conceptual model of linking tools in the western U.S. and Australia, highlighting application to 

surface water rights and ecosystems and differences in the frequency with which they occur in each region  
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Appendix 2 to Part A: Interviews 

State Interviewees 
In person or 

phone 
Date 

Oregon 
Barry F. Norris, State Engineer; and Ivan Gall, Manager, 

Ground Water Division, Oregon Water Resources Department  

In person, Salem, 

Oregon 
25-Oct-11 

Washington 

Dave Nazy, Hydrogeologist; Brian Walsh, Policy and Planning 

Section Manager, Water Resources Program; Peggy Clifford, 

Manager, Trust Water Program, Washington Department of 

Ecology 

In person, Lacey, 

Washington 
27-Oct-11 

Idaho 

Brian W. Patton, Bureau Chief, Planning Bureau; and Shelley 

Keen, Manager, Water Rights Permits Section, Idaho 

Department of Water Resources 

In person, Boise, 

Idaho 
31-Oct-11 

Utah 

Kent Jones, State Engineer; Boyd Clayton, Deputy State 

Engineer; Todd Adams, Deputy Director, Utah Division of 

Water Rights 

In person, Salt 

Lake City, Utah 
2-Nov-11 

Colorado 
Kevin Rein, Deputy State Engineer; and Kathryn Radke, 

Program Manager, Colorado Division of Water Resources 

In person, 

Denver, Colorado 
7-Nov-11 

Wyoming 

Lisa Lindemann, Administrator, Ground Water Division; John 

Harju, Assistant Administrator, Ground Water Division, State 

Engineer's Office 

In person, 

Cheyenne, 

Wyoming 

8-Nov-11 

Nebraska 

Brian P. Dunnigan, Director; Jesse Bradley, Division Head, 

Integrated Water Management; Steve Gaul, Comprehensive 

Planning Coordinator, Nebraska Department of Natural 

Resources 

In person, 

Lincoln, 

Nebraska 

10-Nov-11 

Kansas 
Burke Griggs, Legal Counsel, Division of Water Resources, 

Kansas Department of Agriculture 

In person, 

Topeka, Kansas 
11-Nov-11 

Wisconsin 

Eric Ebersberger, Chief, Water Use Section, Bureau of 

Drinking Water and Groundwater; and Judy Ohm, Attorney, 

Wisconsin Department of Natural Resources 

In person, 

Madison, 

Wisconsin 

14-Nov-11 

California 
Jim Kassell, Chief, Hearings & Special Projects, California 

State Water Resources Control Board 
Phone 10-Jan-12 

Arizona 

Thomas Buschatzke, Assistant Director, Water Planning 

Division; and Michael Johnson, Assistant Director, Surface 

Water Division and Chief Engineer, Arizona Department of 

Water Resources 

Phone 8-Feb-12 

New Mexico 
David Heber, Statewide Projects Coordinator, N.M. Office of 

the State Engineer 
Phone 15-Mar-12 

Montana 
Tim Davis, Water Resources Division Administrator, Montana 

Department of Natural Resources and Conservation 
Phone 2-Aug-12 

Victoria 

Jennifer Fraser, Director, Groundwater and Licensing; and 

Patrick O'Halloran, Manager, Policy and Licensing, Victorian 

Department of Sustainability and Environment 

In person, 

Melbourne, 

Victoria 

24-May-12 

North Dakota 
Robert Shaver, Director, Water Appropriations Division, North 

Dakota State Water Commission 
Phone 25-May-12 

Texas 
Robert Mace, Deputy Executive Administrator, Water Science 

and Conservation, Texas Water Development Board 
Phone 1-Jun-12 

Queensland 
Moya Tomlinson,  Principal Policy Officer, Queensland 

Department of Natural Resources and Mines 
Phone 

16-Jul-12 

Queensland 
Saji Joseph, Director, Strategic Water Policy, Queensland 

Department of Natural Resources and Mines 
Phone 19-Jul-12 

Victoria 

Simon Cowan, Manager, Groundwater and Unregulated 

Systems; Bob Knowles, Water Resources Officer, Goulburn-

Murray Water 

In person, Tatura, 

Victoria 
30-Jul-12 
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New South 

Wales 

R. Michael Williams, Manager, Groundwater, New South 

Wales Office of Water 

In person, 

Sydney, New 

South Wales 

24-Jul-12 

Tasmania 

Ludovic Schmidt, Manager Water Management Branch; Ian 

Houshold, Senior Water Management Officer (Groundwater), 

Water Management Branch, Tasmania Department of Primary 

Industries, Parks, Water and Environment Phone 

13-Jul-12 

Western 

Australia 

Susan Worley, Branch Manager, Water Allocation Planning, 

Western Australia Department of Water 
Phone 6-Sep-12 

South 

Australia 

Neil Power, Director, State Research Coordination, Science, 

Monitoring and Information Division; Ingrid Franssen, 

Manager Policy; Mike Fuller, Associate Director Water 

Planning and Management; Andrew Moll, Principal Policy 

Officer, South Australia Department of Environment, Water 

and Natural Resources 

Phone 11-Sep-12 

South 

Australia 

Neil Power,  Director, State Research Coordination, Science, 

Monitoring and Information Division, South Australia 

Department of Environment, Water and Natural Resources 

Phone 12-Sep-12 
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C.  HOW CAN RULES FOR OFFSETTING (MITIGATING) GROUNDWATER PUMPING PROTECT 

CONNECTED RIVERS? 

1. Introduction 

Offsets for natural resources enable regulators charged with protecting those resources to permit 

an activity that impacts them adversely, in exchange for a compensatory measure that reduces or 

negates that adverse impact. Internationally, many well-known offset programs operate in the 

context of adverse impacts to elements of the environment, including wetlands, streams, water 

quality, air quality, endangered species, and native vegetation.
1
 They are so conceptually and 

practically attractive that they have also been used in social contexts, such as the supply of low-

income housing,
2
 and have been proposed to deal with other environmental contexts, like the by-

catch of seabirds in fisheries,
3
 and larger social harms, like poverty.

4
 In addition to being 

widespread and important in and of themselves, offsets warrant attention as a close cousin of 

environmental trading markets and water markets, an important form of government policy 

intervention that responds to key drawbacks of traditional regulation, and the focus of much 

modern environmental and water law scholarship.
5
  

Formally, an offset rule can be defined as a rule that allows regulated entities to undertake 

activities that produce adverse impacts—which would otherwise be disallowed under a regulatory 

scheme that limits the production of those impacts—by undertaking compensatory benefit-

producing activities.
6
 As conceived here, offset rules are a tool used to prevent “net” harm from 

                                                      
1 See generally Bruce A. McKenney & Joseph M. Kiesecker, Policy Development for Biodiversity Offsets: A 

Review of Offset Frameworks, 45 ENVTL. MGMT. 165 (2010); Robert Hahn & Kenneth Richards, 

Understanding the Effectiveness of Environmental Offset Policies, 44 J. REG. ECON. 103 (2013). 
2 See generally Harold A. McDougall, Regional Contribution Agreements: Compensation for Exclusionary 

Zoning 60 TEMP. L. Q. 655 (1987) (discussing the use of regional contribution agreements in New Jersey, 

under which a municipality was able to pay another municipality to fulfil part of the first’s obligations to 

provide low-income housing). 
3 See generally Sean Pascoe, et al., Biodiversity Offsets: A Cost-Effective Interim Solution to Seabird Bycatch 

in Fisheries?, 6 PUB. IBR. SCI. ONE e25762 (2011). 
4 See generally Ezra Rosser, Offsetting and the Consumption of Social Responsibility, 89 WASH. U. L. REV. 

27 (2011). 
5 See, e.g., Barton H. Thompson, Jr., Uncertainty and Markets in Water Resources, 36 MCGEORGE L. REV. 

117 (2005); LEE GODDEN & JACQUELINE PEEL, ENVIRONMENTAL LAW: SCIENTIFIC, POLICY, AND REGULATORY 

DIMENSIONS 188-191 (2010). Environmental trading markets are typically conceived of as pollution markets 

(which involve the trading of a right to emit, measured in volume or weight), and ecosystem service markets 

(which involve the trading of commodities measure by ecosystem function, given by metrics like acres or 

length). Philip Womble & Martin Doyle, The Geography of Trading Ecosystem Services: A Case Study of 

Wetland and Stream Compensatory Mitigation Markets, 36 HARV. ENVTL. L. REV. 229 (2012). Though not 

synonymous with them, offsets (including groundwater offsets) frequently occur alongside and benefit from 

such trading mechanisms (see infra Part 2). In contemporary usage, the term “offset” generally refers to 

benefits derived from activities that are undertaken by third parties not subject to a cap on impacts. This can 

be distinguished from, for example, a producer of impacts that reduces those impacts to a level below that 

required for compliance with an individual limit, who may trade this “allowance”.  
6 This definition is inspired by that proposed by Hahn and Richards, but modified to be applicable outside the 

purely environmental context: Hahn & Richards, supra note 1, at 105.  
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manifesting, and can be distinguished from tools used in the remedial context to compensate for 

harm that has already occurred.
7
 A set of offset rules establishes the requirements that apply to the 

creation and use of offsets through formal laws, regulation, and policies.
8
 

An increasingly popular and under-evaluated form of offset occurs in many western U.S. states to 

control the impacts of pumping groundwater on surface water rights.
9
 Groundwater offset rules 

have played a central part in important changes in water use across the West, as diverse as the 

development of corn ethanol plants in Nebraska
10

 and expanding high-end tourist resorts in 

Oregon.
11

 They will likely continue to provide an important way to facilitate access to the 

reliability and quality benefits of groundwater as a supply source in connected groundwater-

surface water systems. Evaluating and understanding the strengths and weaknesses of groundwater 

offsets can contribute not only to their development, but also to the development of natural 

resources offset rules more generally. 

This paper has five main parts. Part Two provides background on environmental and groundwater 

offsets and describes risks to the equivalence of impacts and offsets, which offset rules are 

designed to minimize. It then extends and translates an evaluation framework derived from the 

environmental offset literature into the groundwater context, to outline a method for evaluating 

how offset rules address risks to equivalence. Part Three uses this translated framework to 

evaluate groundwater offset rules across the western U.S., based on a comprehensive review of 

laws and policies that establish these rules. Part Four uses data from interviews with water agency 

staff to describe the challenges that agencies face in implementing offset rules. This discussion 

expands the issues under consideration beyond equivalence, to the challenges of cost, equity, 

communication and monitoring. Part Five explores these implementation challenges in a 

quantitative way, using a case study of Idaho’s groundwater offset rules, based on a large set of 

groundwater permit data. Part Six finally reflects on the implications of the paper’s findings for 

the design and use of groundwater offsets and natural resources offsets more generally.  

                                                      
7 For a brief discussion of groundwater rules that respond to impairment in this remedial sense, see notes 80 

to 86 and accompanying text. 
8 Sometimes offsets can take effect outside the realm of formal rules, for example through contractual 

mechanisms between the producer and victim of adverse effects (see infra note 74). This paper focuses on 

formal rules for reasons of data availability, as a first step to create a framework for evaluating these rules, 

which could later be expanded to encompass more informal mechanisms. 
9 Note that this paper considers rules that form part of state water laws, but not some minor rules that form 

part of other bodies of law, e.g. New Mexico’s replacement water requirements associated with mine 

dewatering, regulated under N.M. STAT. ANN. § 72-12A (2014). The paper does consider groundwater offset 

schemes that form part of state water law but are implemented using another law, e.g. requirements in 

Washington to obtain a groundwater offset before a building permit will be issued: Laura Ziemer, et al., 

Mitigating for Growth: A Blueprint for a Groundwater Mitigation Exchange Pilot Project in Montana, 148 J. 

CONTEMP. WATER RES. & EDUC. 33, 39-40 (2012).  
10 Interview with Brian P. Dunnigan, Director, Neb. Dep’t of Nat. Res., in Lincoln, Neb. (Nov. 10, 2011) 

(describing ethanol plants as large new water users that would buy irrigated land and cease applying water to 

it as a form of offset for their groundwater-intensive production processes). 
11 Interview with Barry F. Norris, State Engineer, Or. Water Res. Dep’t, in Salem, Or. (Oct. 25, 2011). 
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2. Environmental offsets, groundwater offsets, and linking the two 

2.1 What do environmental offset programs aim to do, and what key challenges do they strike? 

Broadly understood, environmental emissions trading programs have been used for over four 

decades, first having been introduced to help reduce airborne pollutants in the U.S.
12

 Rather than 

attempt a comprehensive description of these environmental programs—a job done by several 

excellent recent review and evaluation articles
13

—this section describes the main features of two 

notable and very different environmental programs that have, at their heart, offsets produced by 

third parties. It emphasizes features that have especially challenged their performance, and 

demonstrates how these challenges vary with the characteristics of the underlying resource. It then 

contrasts these with the nature and goals of groundwater offset rules, and suggests that despite 

important differences to environmental offset rules, an evaluation framework developed for the 

latter promises to yield useful lessons for the former.  

The basic goal of an environmental offset program is to enable a regulated project to go ahead, 

where that project would have an otherwise prohibited adverse environmental impact, on the 

condition that that impact is mitigated or neutralized by the project proponent taking some 

compensatory action.
14

 This compensation can be undertaken either directly by the project 

proponent, or indirectly, through a third party, usually using a credit banking mechanism.  

Importantly, an action that gives rise to the need to offset (an “impairing action”) can adversely 

impact many functions of a natural resource, of which law or policy will seek to protect only a 

subset. It is only possible to evaluate the degree to which the rules of an offset program protect the 

integrity of the underlying resource with a firm grasp of the valued functions that the rules seek to 

protect—effectively, the denominator in evaluating how well the system protects those 

functions—and those functions that the system does not seek to protect.  This is a key insight 

offered by analyzing groundwater offset rules, discussed further in Part Six.   

This paper uses two large and well-established offset systems to introduce the basic features of, 

and issues and concerns associated with, offsets at either ends of the environmental offset 

                                                      
12 Michael Gillenwater & Stephen Seres, The Clean Development Mechanism: A Review of the First 

International Offset Programme, 1 GREENHOUSE GAS MEASUREMENT & MGMT. 179, 181 (2011). 
13 See, e.g. id.; McKenney & Kiesecker, supra note 1; BRUCE MCKENNEY, ENVIRONMENTAL OFFSET POLICIES, 

PRINCIPLES, AND METHODS: A REVIEW OF SELECTED LEGISLATIVE FRAMEWORKS (Biodiversity Neutral 

Initiative, 2005); Colleen E. Bronner, et al., An Assessment of U.S. Stream Compensatory Mitigation Policy: 

Necessary Changes to Protect Ecosystem Functions and Services, 49 J. AMER. WATER RES. ASSOC. 449 

(2013). 
14 Environmental offsets also exist in non-regulatory contexts, enabling a user of environmental resources 

voluntarily to neutralize the effects of their use: Jonathan L. Ramseur, Cong. Research Serv., RL 34241, 

Voluntary Carbon Offsets: Overview and Assessment (2009), available at 

https://www.fas.org/sgp/crs/misc/RL34241.pdf. 
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spectrum. The first, wetland mitigation under the U.S. federal Clean Water Act (“CWA”)
15

 seeks 

to protect the ecological value of wetlands. It represents one end of the spectrum of 

“distinctiveness” of natural resources that have been regulated using offset arrangements. 

Wetlands are complex resources of many ecological types, the valued ecological characteristics of 

which are highly place-specific and take time to develop. The second, the Clean Development 

Mechanism (“CDM”) seeks to help developed country parties to the Kyoto Protocol to the United 

Nations Framework Convention on Climate Change
 16

 cost-effectively meet their greenhouse gas 

emissions reduction targets by allowing them to fund projects that reduce emissions in developing 

countries, where the cost of such projects is comparatively low. The CDM deals with the opposite 

end of the spectrum of distinctiveness of natural resources: greenhouse gases are freely circulating, 

common pollutants, the global warming effects of which are independent of where they are 

emitted, and the impacts of which do not “mature” as do the benefits of wetlands.    

2.2 Lessons from environmental offset rules at the poles: wetland mitigation and international 

carbon offsets 

A central provision of the CWA prohibits discharging a pollutant into U.S. waters.
17

 A person 

proposing to dredge or fill a wetland may, however, do so if they first obtain a section 404 

permit
18

 (though notably, the CWA does not prohibit groundwater pumping that damages 

wetlands equally).
19

 Since federal policy aims to achieve “no net loss” of wetlands, even a small 

loss of wetlands above a specified numerical threshold requires a permit.
20

 A frequent condition of 

such a permit is to undertake compensatory mitigation for that damage. This program was 

introduced after it became apparent early in the life of the CWA that the agencies administering 

the permitting program were not willing to deny permits to dredge or fill wetlands.
21

 In theory, 

mitigation becomes available only after measures have been taken to avoid and minimize harm, 

known as “mitigation sequencing,” though in practice, it seems that these requirements receive 

little attention in the permitting process.
22

  

Legally binding regulations and formal policies guide the application of offset requirements.
23

 

They provide that mitigation may be undertaken by “restoration (re-establishment or 

rehabilitation), establishment (creation), enhancement, and/or in certain circumstances 

                                                      
15 Federal Water Pollution Prevention and Control Act, 33 U.S.C. §§1251-1387 (LexisNexis 2014). 
16 Kyoto Protocol to the United Nations Framework Convention on Climate Change, Conference of the 

Parties, 3rd Sess., U.N. Doc. FCCC/CP/1997/L.7/Add.1 (1997) [hereinafter Kyoto Protocol]. 
17 33 U.S.C.S. § 1311 (LexisNexis 2014) 
18 33 U.S.C.S. § 1344; Royal C. Gardner, et al., Compensating for Wetland Losses under the Clean Water Act 

(Redux): Evaluating the Federal Compensatory Mitigation Regulation, 38 STETSON L. REV. 213, 234 (2009).  
19 Gardner et al., supra note 18, at 234. 
20 Bronner, et al., supra note 13, at 451, 453 (the threshold being above 1/10 acre or 404.7m2). 
21 Bronner, et al., supra note 13, at 450; Womble & Doyle, supra note 5, at 246. 
22 Bronner, et al., supra note 13, at 450, 459; Womble & Doyle, supra note 5, at 247.  
23 Compensatory Mitigation for Losses of Aquatic Resources, 33 C.F.R. 332 (2014); Compensatory 

Mitigation for Losses of Aquatic Resources 40 C.F.R. 230.91-230.98 (2014). 
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preservation of aquatic resources for the purposes of offsetting unavoidable adverse impacts”.
24

 

“In-kind” compensation (that is, the same wetland type) is preferable to out-of-kind compensation, 

though under a recent “watershed approach” to mitigation, the latter is possible where it is 

environmentally preferable to restore higher priority wetlands.
25

 Policy favors the permittee not 

directly undertaking the mitigation activity, but rather using mitigation banks (of which there were 

almost 800 in 2009, both for-profit and not-for-profit)
26

 that sell already-created wetland credits to 

compensate for adverse effects. An alternative is in-lieu fee programs, under which the permittee 

pays a fee in respect of future mitigation activity to be undertaken by a third party.
27

 Key trading 

limits are expressed in geographic terms, as spatial restrictions on the service areas of wetland 

mitigation banks, and restrictions on where a section 404 permittee that provides its own 

mitigation may do so.
28

  

Wetlands mitigation rules have been subject to several key criticisms over their integrity, that is, 

that they do not adequately ensure that permitted damage to a wetland will be truly compensated. 

Scholars argue that the scope of protected wetland functions is too narrow, concentrating only on 

environmental values, and ignoring the social and economic (e.g. recreational) values of wetlands, 

thereby inadvertently damaging the latter in offset transactions.
29

 Even the core protected 

environmental values are argued to be compromised by using overly simple requirements for 

substitutability, which allow for externalities relating to geography and wetland type or quality.
30

 

These simple requirements also disregard the connection between a wetland’s ecosystem services 

and its setting in the environment.
31

 In addition, temporal non-fungibility between impairing 

actions and offsetting actions has occurred where compensatory projects occur after the impacts. 

In the longer term, the success of wetland mitigation is uncertain if the administering organization 

goes bankrupt or is not responsible for poor performance,
32

 and long-term stewardship 

requirements (e.g. activities like removing invasive species), tend not to apply.
33

  

                                                      
24 33 C.F.R. 332.2; 40 C.F.R. 230.92. 
25 The current “watershed approach” to geographic restrictions holds that restoring historical distributions of 

wetlands may not be optimal for restoring watershed function, but rather that off-site or out-of-kind 

compensatory mitigation may be environmentally preferable where higher priority wetlands can be restored, 

filling more important watershed needs. This approach explicitly allows for the swapping of non-equivalent 

credits and debits. Womble & Doyle, supra note 5, at 253-255, 259. 
26 Id. at 249-251. 
27 Id.; Gardner et al., supra note 18, at 243.  
28 See generally Womble & Doyle, supra note 5. 
29 Bronner, et al., supra note 13, at 453. 
30 Id. at 456-457. E.g. they have allowed for relatively large distances between impact and compensation 

sites, compromising ecological integrity; and they unrealistically assume a compensation ratio of 1:1, 

whereas the restoration of 1 unit may not be equivalent to 1 unit of impact: id. at 454, 456-457, 459. More 

fundamentally, in-lieu fee programs sometimes set fees that have not been sufficient to cover the full costs of 

the impacts: Gardner et al., supra note 18, at 133-134.  
31 Gardner et al., supra note 18, at 221-234.  
32 ROYAL C. GARDNER, LAWYERS, SWAMPS, AND MONEY: U.S. WETLAND LAW, POLICY AND POLITICS 135-6 

(2011). 
33 Gardner et al., supra note 18, at 240-242, 245-247. 
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A further category of concern relates to governance and accountability. These concerns relate to 

more indirect risks to the equivalence of offset credits and debits. Scholars argue that policy 

insufficiently guides the methodology to be used in establishing a project, for example, the site 

design.
34

 They also suggest that insufficient record-keeping is required for compensation projects, 

for example, setting out performance criteria, tracking monitoring results and specifying and using 

evaluation methods;
35

 and that there are insufficient compliance activities, for example, ensuring 

that the mitigation action is actually undertaken, or is undertaken in a way that meets required 

performance standards.
36

  

Turning to the opposite end of the spectrum of natural resources distinctiveness, the largest global 

offset market is established under the Kyoto Protocol’s CDM.
37

 CDM projects produce Certified 

Emissions Reductions (CERs), which developed country parties to the Kyoto Protocol may use to 

meet their greenhouse gas emissions reductions requirements. The purchase of CERs is intended 

to be “supplemental to domestic actions”
38

—analogous to mitigation sequencing in CWA 

wetlands mitigation.
39

 Key types of projects used to produce CERs include those that capture 

industrial gases or methane, renewable energy facilities, facilities that use waste heat, and gas-

fired power projects.
40

  

An Executive Board regulates the CDM, undertaking functions that include assessing projects, 

issuing credits, adopting rules, and accrediting and supervising auditing firms. The Executive 

Board has approved 140 detailed standard methodologies for monitoring and quantifying 

emissions reductions. A project proposal is submitted using a standard “Project Design 

Document” based on an approved methodology, is submitted to the host country for approval, then 

audited by an accredited independent auditor who provides a validation report, subjected to a 30-

day public comment period, separately appraised by Board staff, then finally considered for 

approval.
41

 After the project has been operating, its reductions must be monitored and separately 

verified on a regular ongoing basis by a different independent auditor before the Board issues 

credits.
42

 

                                                      
34 Bronner, et al., supra note 13, at 455; Gardner et al., supra note 18, at 234-235.  
35 Bronner, et al., supra note 13, at 458, 459; see also Gardner et al., supra note 18, at 235-240. 
36 Bronner, et al., supra note 13, at 451; Gardner et al., supra note 18, at 216-217.  
37 MICHAEL W. WARA & DAVID G. VICTOR, A REALISTIC POLICY ON INTERNATIONAL CARBON OFFSETS 5 

(2008). 
38 Kyoto Protocol, supra note 16, art. 6(1)(d). 
39 See supra note 22 and accompanying text. 
40 WARA & VICTOR, supra note 37, at 10.  
41 Gillenwater & Seres, supra note 12, at 181-182. 
42 Id. at 182.  
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Putting criticisms related to its specific international context aside,
43

 several key concerns with the 

CDM remain, and are indicative of challenges experienced with offsets even at this end of the 

spectrum of natural resources distinctiveness. As in wetlands mitigation, a preliminary criticism 

relates to the scope of functions addressed under offset rules. Only functions relating to global 

warming are included; other characteristics of the gases that are related to human health, and are 

felt more locally, for example, indirect increases in respiratory illnesses in areas that are already 

polluted with ozone (itself a greenhouse gas),
44

 are not included. This potentially allows such 

impacts to be undesirably spatially concentrated if facilities emitting ozone, for example, can buy 

CERs more cheaply than reducing their own emissions.  

A key criticism relates to the types of projects that qualify: many argue that certain historically 

popular projects to rein in powerful greenhouse gases created as a by-product of industrial gases 

are inefficient and create perverse incentives to increase their production to gain valuable CERs.
45

 

Other projects are thought unlikely to represent “additional” reductions of greenhouse gases, 

compared to what would have occurred in their absence.
46

 Even worse, where it occurs, “leakage” 

means that emissions elsewhere increase as a result of CDM projects. Highly volatile prices for 

CERs threaten the economic viability of projects, particularly those that would produce higher 

quality, more expensive offsets.  

Procedural and governance concerns relate to potential conflicts of interest that arise in verifying 

project benefits, the allegedly political nature of some decision-making by the Executive Board, 

and delays in issuing credits because of burdensome reporting and approval requirements that 

precede issuance.
47

  

The broad outlines of wetlands mitigation under the CWA and CERs under the CDM demonstrate 

variation in the kinds of natural resources that may be subject to offsetting arrangements, and 

therefore the broad kinds of non-equivalence that can threaten the integrity of offset programs. 

Broadly, rules that deal with a more fungible resource or form of waste will be less problematic 

from an environmental integrity perspective than those that are less fungible along the same 

dimensions. The environmental values of wetlands are spatially dependent, take time to develop, 

and differ depending on the type of wetland. The impacts of greenhouse gas emissions, on the 

other hand, do not depend on the location at which they are emitted, and do not take significant 

time to mix in the atmosphere, and one ton of carbon dioxide is precisely equivalent to another in 

its global warming potential. The offset rules for these disparate natural resources show other 

                                                      
43 Such criticisms relate, for example, to the influence of the program on the actions of developing countries 

in avoiding commitments to reduce greenhouse gas emissions: Wara & Victor, supra note 37, at 18-19. 
44 Mark Z. Jacobson, On the Causal Link between Carbon Dioxide and Air Pollution Mortality, 35 

GEOPHYSICAL RES. LETTERS L03809 (2008). 
45 WARA & VICTOR, supra note 37, at 11-12.  
46 Id. at 13-15. 
47 Id. at 16-17. 



 

97 
 
 
 

 

important kinds of variation, particularly governance and accountability mechanisms, and 

dissatisfaction with particular elements of these mechanisms. Both sets of arrangements 

demonstrate the value of banking mechanisms, which allow the accumulation of a large quantity 

of certified benefits that can then be transferred to a number of impact producers as offsets.  

We turn now to examine, in overview, the goals and functioning of offset rules for groundwater – 

a natural resource that arguably falls somewhere between wetlands and greenhouse gases in 

distinctiveness. Following that, we use the examples of these three natural resources to examine in 

more detail how offset rules deal with the implications of distinctiveness for equivalence between 

impacts and offsets, and broader concerns such as efficiency and equity. 

2.3 What do groundwater offset programs aim to do? 

Groundwater offsets are fundamentally about paying off the conceptual “debt” of the adverse 

impacts of pumping groundwater, before these impacts manifest. Pumping groundwater has the 

potential to impact a great variety of physical things, including the quantity and potentially quality 

of water in the source aquifer and connected water bodies, dependent ecosystems, the land surface, 

the hydrologic cycle, and energy use.
48

 In addition, groundwater indirectly supports recreational, 

spiritual, and cultural services that benefit the public as a whole.
49

 Although offsets could in 

theory be used to address any of these impacts, it is the direct physical impacts that are more 

readily quantifiable and substitutable in-kind, which are generally the subjects of existing 

groundwater offset rules. Nonetheless, the range of these impacts demonstrates how groundwater 

is interconnected with many other elements of the environment, and suggests a highly distinctive 

resource.  

In practice, groundwater offset rules in the western U.S. tend to be directed to addressing only the 

impacts of pumping groundwater on surface water,
50

 and only in certain cases—where those 

physical impacts translate into impacts on a property right to surface water that has a higher legal 

priority than the ground water right, in terms of quantity (including location and timing) and 

usually quality.
51

 In the western U.S., these higher priority surface water rights are generally 

consumptive or in-stream water rights (that is, water rights for environmental purposes) that 

developed earlier in time. In addition to offsets dealing with competition between individual water 

                                                      
48 REBECCA NELSON & MEG CASEY, TAKING POLICY FROM PAPER TO THE PUMP: LESSONS ON EFFECTIVE AND 

FLEXIBLE GROUNDWATER POLICY AND MANAGEMENT FROM THE WESTERN U.S. AND AUSTRALIA 46 (Stanford 

Woods Institute for the Environment, 2013). 
49 DIXON H. LANDERS & AMANDA M. NAHLIK, FINAL ECOSYSTEM GOODS AND SERVICES CLASSIFICATION 

SYSTEM (FEGS-CS), EPA/600/R-13/ORD-004914 68-70 (2013). 
50 There are exceptions to this general statement. In Nebraska, offset rules derive from multiple concerns: 

meeting interstate compact obligations, complying with requirements of the Endangered Species Act, and 

dealing with conflicts and potential conflicts between groundwater and surface water users: NEB. DEP'T OF 

NATURAL RESOURCES, ET AL., BASIN-WIDE PLAN FOR JOINT INTEGRATED WATER RESOURCES MANAGEMENT OF 

OVERAPPROPRIATED PORTIONS OF THE PLATTE RIVER BASIN, NEBRASKA 1, 2 (2009).  
51 See, e.g., COL. REV. STAT. § 37-92-308(3)(b)(IV) (2013) (in relation to substitute water supply plans). 
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rights, offsets also operate to resolve inter-state competition—that between groundwater pumping 

in an upstream state and a legally enforceable right of a downstream state to receive certain 

surface water flows from the upstream state.
52

 This is not to say that the other types of impacts 

referred to above are ignored by other elements of groundwater permitting processes (though 

many are) – just that formal rules for offsets are generally not available to deal with them.
53

 The 

significance and implication of this are discussed further at Part Six. 

Even with this narrower view of the functions protected by groundwater offset rules, impacts on 

surface water rights can be relatively case-specific. Impacts tend to be more distinctive than the 

impacts of emitting a greenhouse gas on global warming, but probably less distinctive than the 

ecological function of a wetland. Pumping a well will deplete a stream in a particular stream reach, 

which can only be determined through technical study. Since groundwater quality may differ from 

the quality of the receiving stream, the depletion may also change the quality of stream water. 

Finally, the effects of pumping take time to fully propagate at a particular point of impact at the 

stream, and that time lag, in turn, depends on local hydrogeological characteristics.
54

  

Based on evidence gathered from interviews with state water agency staff who administer 

groundwater offset rules, the focus of these rules on surface water impacts corresponds to the goal 

of encouraging economic growth that depends on increasing groundwater extraction in two legally 

distinct contexts in which that would otherwise be impossible. The first is where connected 

surface water systems are fully allocated to intrastate rights holders; the second is where interstate 

compacts require an upstream state to maintain certain deliveries of surface water flows to a 

downstream state.
55

 In both cases, the alternative to an offset system is not permitting further 

pumping of stream-connected groundwater.
56

  

In addition to facilitating groundwater-dependent economic growth, groundwater offsets promote 

an oft-cited goal of modern water resources management—joint management of surface water and 

                                                      
52 Since latter can be conceived of as a simple version of the former, this paper will in general discuss 

individual “senior water rights”, noting that findings also apply to the interstate context. 
53 For an exception, see Washington state’s recent formal mitigation policy, which allows for offsetting 

adverse impacts on the “public interest”: Wash. Dep’t of Ecology, Water Resources Program Policy (POL-

2035): Evaluating Mitigation Plans, effective Feb. 20, 2013, 7, available at 

http://www.ecy.wa.gov/programs/wr/rules/images/pdf/pol2035.pdf.  
54 See infra note 95. 
55 Interview with Brian W. Patton, Bureau Chief, Planning Bureau, Id. Dep't of Water Res., in Boise, Id. (Oct. 

31, 2011); interview with Barry Norris, Or., supra note 11; interview with Kevin Rein, Deputy State 

Engineer, Colo. Div. of Water Res, in Denver, Colo. (Nov. 7, 2011) (fallowing groundwater-irrigated land to 

satisfy obligations to deliver Republican River water to downstream states). 
56 The Yakima Basin in Washington state demonstrates an extreme version of this state of affairs: state law 

prohibits appropriating any additional groundwater in the basin, unless that appropriation is in accordance 

with the “Upper Kittitas Ground Water Rule”. That Rule only allows additional appropriation of groundwater 

for usually permit-exempt purposes, and even then only when that appropriation is made “water budget 

neutral” through offsetting: WASH. ADMIN. CODE § 173-539A-040 (2014). 
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groundwater, having regard to their different characteristics.
57

 Offsets lower the overall cost of 

water by allowing for higher-value groundwater uses to proceed by buying and retiring lower-

value replacement water. This takes advantage of the connectedness of groundwater and surface 

water, and uses aquifers as a conveyance facility to enable users to access the cheapest, most 

appropriate water source.  

The benefits of this kind of joint management are not only economic, but also potentially 

environmental and equitable. By enabling a shift from direct surface water use to connected 

groundwater use, offsets can also achieve environmental benefits by distributing water extraction 

from streams over the year rather than concentrating it in low-flow periods when withdrawals are 

most likely to affect dependent human and non-human stream users. Offsets can improve equity of 

access to water by facilitating access to groundwater for those who, for geographic reasons, may 

lack access to surface water, and who would also lack access to groundwater if pumping 

groundwater were banned to protect surface water.  

Finally, politically, offsets may help increase the palatability of (or reduce the political pressures 

to weaken) limits on consumptive water extraction represented by in-stream flows, in much the 

same way as environmental offsets in other contexts are considered to serve as “politically 

important defensive policies to ensure the viability of [protections that come under fire].”
58

  

2.4 Key elements of groundwater offset rules and their water law context 

A review of western U.S. state water laws and interviews with state water agency staff reveal that 

detailed offset rules exist in eight states: Colorado, Idaho, Montana, Nebraska, New Mexico, 

Oregon, Washington, and Wyoming.
59

 These rules generally prohibit impairment of senior rights 

in relation to quantity, location, timing, and quality of water.
60

 

                                                      
57 E.g. Barton H. Thompson, Jr. , Beyond Connections: Pursuing Multidimensional Conjunctive 

Management, 47 IDAHO L. REV. 273, 279 (2011); John Hedges, Legislative Update: Currents in California 

Water Law: The Push to Integrate Groundwater and Surface Water Management through the Courts, 14 U. 

DENV. WATER L. REV. 375, 382-385 (2011); R. Timothy Weston, Harmonizing Management of Ground and 

Surface Water Use Under Eastern Water Law Regimes 11 U. DENV. WATER L. REV. 239 (2008); William 

Blomquist, et al., Building the Agenda for Institutional Research in Water Resource Management, 40 J. AM. 

WATER RESOURCES ASSOC. 925, 925 (2004). 
58 James Salzman & J.B. Ruhl, Currencies and Commodification of Environmental Law, 53 STAN. L. REV. 

607, 678 (2000).  
59 This list does not include some states that have groundwater offset regimes that both (1) lack detailed rules; 

and also (2) are not well used (i.e. only a handful of mitigated permits exist, based on interviews with water 

agency staff). In such states, a groundwater offset might occasionally be required as a condition of a 

groundwater permit, on an ad-hoc basis, in the absence of a formal policy or well-established practice of 

offsetting. As an example, mitigation requirements for groundwater use in the Cache Valley of Utah fall into 

this category: Interview with Kent Jones, State Eng’r, Utah Dep’t of Nat. Resources, Div. of Water Rights, in 

Salt Lake City, Utah (Nov. 2, 2011) (referring to several occasions in which groundwater users in the Cache 

Valley have been required to mitigate for stream depletions); interview with Boyd Clayton, Deputy State 

Eng’r, Utah Dep’t of Nat. Resources, Div. of Water Rights, in Salt Lake City, Utah (Nov. 2, 2011) (stating 

that the Cache Valley is the only area that has a management plan that requires depletions to be mitigated, 

though ad hoc requirements may be imposed in other locations); UTAH DEP’T OF NAT. RESOURCES, INTERIM 
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Before delving into the key substantive elements of groundwater offset rules, a few brief notes are 

warranted on the state administrative frameworks, which house these rules. These frameworks 

vary significantly by state, and display useful approaches to overcoming regulatory fragmentation, 

a subject to which Part Six returns. Administrative responsibility for offset rules tends to lie with 

the agency responsible for groundwater permitting. In most jurisdictions, this is the state water 

rights agency.
61

 This agency may be housed in an environment or natural resources department
62

 

or it may be a stand-alone, autonomous agency of the state.
63

 Some states adopt a more local 

focus, corresponding to their groundwater permitting arrangements. Nebraska’s groundwater 

offset rules are administered by, and apply at the level of the local-level natural resources district. 

However, these rules are influenced by a state-level plan and involve cooperation with Nebraska’s 

Department of Natural Resources,
64

 which permits surface water diversions according to a 

different allocation doctrine (prior appropriation in the case of surface water, correlative rights in 

the case of groundwater). Several other states adopt a sub-state focus in other ways. Some have a 

general set of offset rules that applies across the state, with tailored, more detailed rules applying 

in certain local areas, as in New Mexico and Washington.
65

 In others, environmental NGOs have 

been heavily involved in a locally specific element of administration, for example, establishing the 

equivalent of a mitigation bank in Oregon.
66

  

Groundwater offset rules, unlike those for wetlands mitigation or Kyoto Protocol greenhouse gas 

reductions, lack mitigation sequencing requirements. In theory, these could take the form of 

requiring groundwater pumpers to reduce their stream depletion by undertaking water 

conservation measures like using high-efficiency irrigation equipment, and only permitting offsets 

for the depletion that results from high-efficiency groundwater use. One potential reason for the 

lack of mitigation sequencing is that pre-existing elements of a state’s water law determine the 

level of efficiency required of applicants for water rights (though this is often described only in 

broad terms, which act as a low bar for users to meet—terms like “reasonable use” or not 

“wasting” water).
67

 Part Six canvasses this issue more fully. 

                                                                                                                                                 
CACHE VALLEY GROUND-WATER MANAGEMENT PLAN (effective Sept. 1, 1999), available 

http://www.waterrights.utah.gov/wrinfo/mmplan/ugw/cachevly.pdf.  
60 See infra Table 1 and Part Three. 
61 Colo. Div. of Water Resources, Idaho Dep’t of Water Resources, Mont. Water Resources Div., Or. Water 

Resources Dep’t, M.M. Office of the State Eng’r, Wash. Water Resources Program, and Wyo. State Eng’r’s 

Office. 
62 Wash. Dep’t of Ecology; Utah’s Div. of Water Rights falls within the Dep’t of Natural Resources; Colo. 

Div. of Water Resources (also known as the Colo. Office of the State Eng’r) within the Dep’t of Natural 

Resources; Mont.’s Water Resources Div. in its Dep’t of Natural Resources & Conservation; 
63 E.g. Or. Water Resources Dep’t; Wyo. State Engineer’s Office; Idaho’s Dep’t of Water Resources. 
64 NEB. DEP’T OF NATURAL RESOURCES, ET AL., supra note 50.  
65 E.g. N.M. Office of the State Eng’r, Roswell Basin Guidelines for Review of Water Right Applications 

IV(A) (2005); WASH. ADMIN. CODE § 173-539A (Upper Kittitas Groundwater Rule) (2014). 
66 Eva Lieberherr, Acceptability of the Deschutes Groundwater Mitigation Program, 38 ECOLOGY L. 

CURRENTS 25, 27 (2011). 
67 Janet C. Neuman, Beneficial Use, Waste, and Forfeiture: The Inefficient Search for Efficiency in Western 

Water Use, 28 ENVTL. L. 919, 923-948 (1998). In theory, these requirements reduce the pumping impacts of 
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Methods of providing an offset vary depending on the state. The most common is buying or 

leasing surface water rights for instream use
68

 to compensate for stream depletion caused by 

pumping groundwater. Other methods include: reducing another right holder’s use of connected 

groundwater
69

 for example, through a land fallowing program;
70

 conserving surface water and 

dedicating it to instream use;
71

 “pumping and dumping” water from unconnected sources into the 

river;
72

 and artificially recharging a connected aquifer, to cause the recharged water to discharge to 

the river over time.
73

  

Though it is often controversial, some states also allow non-water offsets. This can include 

compensating (financially or otherwise) affected surface water users,
74

 and undertaking 

environmental projects, such as restoring riparian areas or removing culverts to increase areas 

available for fish spawning
75

 in the case of affected in-stream flow rights. These practices do not 

accord with a strict water rights-protection view, under which the only way that a junior 

groundwater pumper could offset impairment to an affected senior water right would be by 

substituting the same volume of water of suitable quality at the same location and time. This 

protects the water right itself, in perpetuity; protecting the value derived from the water right in 

another way would not be considered sufficient by some state agencies. Some state water agencies 

take this strict view, doubting the legality of non-water offsets,
76

 even where they are not 

                                                                                                                                                 
an individual well by setting a threshold of acceptable use efficiency (in broad terms). In practice, the bar is 

set low. Though one could theoretically argue for setting the “beneficial use” bar higher for rights requiring 

an offset than those that do not, in return for the increased risk of impacts of the former rights, this does not 

appear in any offset rules studied here. 
68 E.g. NEB. REV. STAT. ANN. § 46-715(3)(e) (2013); OR. ADMIN. R. 690-505-0610(3)(b) (2014). This 

includes buying “contract water” from federal government storage projects, for release to a stream: Interview 

with Tim Davis, Water Resources Div. Administrator, Mont. Dep't of Natural Resources & Conservation (by 

phone, Aug. 2, 2012). 
69 E.g. OR. ADMIN. R. 690-505-0610(8) (2014). 
70 E.g. DICK WOLFE, SUBDISTRICT NO. 1 ARP APPROVAL: PLAN YEAR 2012: REVIEW, FINDINGS, AND 

APPROVAL OF SUBDISTRICT NO. 1'S 2012 ANNUAL REPLACEMENT PLAN 3, 10 (2012). 
71 E.g. OR. ADMIN. R. 690-505-0610(3)(a) (2014). 
72 E.g. Wash. Dep’t of Ecology, Water Resources Program Policy (POL-2035), supra note 53, at 9. 
73 E.g. id. at 9; William Blomquist, et al., Institutions and Conjunctive Water Management Among Three 

Western States, 41 NAT. RESOURCES J. 653, 678-679 (2001) (describing augmentation plans that involve 

diverting water into canals and recharging ponds in winter, which water then seeps back into the river in 

summer, and permits ongoing groundwater pumping); IDAHO ADMIN. CODE r. 37.03.11.043(03)(d) (2013). 
74 E.g. IDAHO ADMIN. CODE r. 37.03.11.010(15) (2013) (stating that a mitigation plan identifies ways to 

“prevent, or compensate holders of senior-priority water rights for, material injury…”); interview with Kent 

Jones, Utah, supra note 59 (describing an early practise of accepting monetary compensation, which occurs 

less often now). 
75 E.g. WASH. DEP’T OF ECOLOGY, FOCUS ON MITIGATION IN THE YAKIMA BASIN 2 (2012); interview with 

Kevin Rein, Colo., supra note 55 (in relation to the Colorado Water Conservation Board allowing injury to an 

instream flow right in return for another measure of environmental value, if, for example, replacement water 

cannot be found). 
76 Interview with Tim Davis, Mont., supra note 68 (“…somebody can't contractually go in and say, you 

know, “They paid me off.”); interview with Shelley Keen, Manager, Water Rights Permits Section, Idaho 

Dep't of Water Resources (Oct. 31, 2011) (referring to an agency view that it lacks the authority to require or 

authorize anything other than water for mitigation purposes). The basis for these concerns in not entirely 

clear: they may be based on the precise wording of particular state statutes, or perhaps feared contravention 

of the requirement that the power of eminent domain—here, affecting a surface water right—must be 
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expressly prohibited by law.
77

 At the extreme, the practice of some water agencies is to fiercely 

protect an impaired water right even if its owner is willing to accept impairment,
78

 or has not 

protested.
79

 This response suggests that states are seeking to protect the integrity of the water 

rights system itself, and perceive a threat to a single right to be a serious threat to the system as a 

whole. Part Six returns to this point. 

For completeness and context, it is necessary briefly to discuss the flip-side of a groundwater 

offset—the delivery call. Unlike in environmental offset systems, the concept of a delivery call is 

often available in western water law as a “back-up” to offsets, which are defined in this paper as 

mechanisms that prevent harm before it manifests.
80

 In prior appropriation systems, a delivery call 

enables a senior water right holder to “call” on a junior water right holder to refrain from 

exercising its right so that the senior may fulfill its higher-priority right after impairment of the 

right manifests. Some western U.S. states adopt a “wait and see” approach to addressing the 

impacts of pumping groundwater on surface water by focusing more on responding to impairment 

after it has taken effect than on preventing it from occurring at the permitting stage using an 

offset.
81

  

Conceptually, the availability of the delivery call might seem to decrease the importance of 

preventive offsets, since it essentially allows for a “loan” of water that can later be recalled, 

removing the corresponding impact. However, the practical difficulty and equity concerns 

associated with delivery calls suggest that preventive offsets are much preferable and of great 

importance. Commentators have noted that for a senior surface water appropriator to make a 

successful call against a junior groundwater appropriator can involve difficult problems of proof 

and the potential for time lags to make it impossible to achieve benefits in a timely way.
82

 In 

addition, in some states, the senior appropriator would bear the burden of the costs involved in 

                                                                                                                                                 
exercised for a public use: Alexandra B. Klass, Takings and Transmission, 91 N.C.L. Rev. 1079, 1089-1097 

(2013) (reviewing the meaning of “public use”). 
77 E.g. COLO. REV. STAT. 37-92-103(9) (2013) (prohibiting “the salvage of tributary waters by the eradication 

of phreatophytes” and “the use of tributary water collected from land surfaces that have been made 

impermeable, thereby increasing the runoff but not adding to the existing supply of tributary water”). 
78 Interview with Tim Davis, Mont., supra note 68. 
79 Interview with David Heber, Statewide Projects Coordinator, N.M. Office of the State Eng’r (by phone, 

Mar. 15, 2012) (explaining that an offset condition would be imposed if impairment of a senior surface water 

right were found, even in in absence of a protest about that impairment). 
80 See supra note 7 and accompanying text. 
81 E.g. interview with Kent Jones, Utah, supra note 59 (“…historically, when the Division of Water Rights 

has looked at impairment issues in the past, that people's water rights are being affected, they're complaining 

that water levels are dropping and, or having problems, we've generally been hesitant about approving new 

applications in those areas. But if people aren't complaining it has not been uncommon in the past for us to 

approve applications which may in fact exceed the safe yield of the basin… So if we ever get into a problem 

where groundwater levels start dropping or surface waters are impacted, we'll come back then and start 

administering, by priority, the first in time, first in right and cut off the junior users…”) 
82 Edella Schlager, Challenges of Governing Groundwater in U.S. Western States, 14 HYDROGEOLOGY J. 350, 

353, 357-358 (2006). 
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proving interference,
83

 which can amount to reversing the burden of proof that would apply in the 

case of an offset.
84

 In jurisdictions in which the state bears the cost of undertaking an impairment 

investigation, such investigations can be so time-consuming as to result in multi-year delays 

before seniors can benefit from curtailment,
85

 assuming the state has the pre-requisite political will 

to proceed with the investigation. Efforts to mitigate the impacts of groundwater pumping that 

result from delivery calls can prove complex, long-running, and litigious.
86

 

2.5 Risks to equivalence under offset rules: applying the experience of environmental offsets to 

groundwater 

As suggested above, natural resources are complex and distinctive in various ways. This section 

argues that this distinctiveness presents risks that offsets will not match impacts, that is, that they 

will be non-equivalent, in two major ways. First, and most fundamentally, the impact or offset 

may be mis-quantified at a basic level (“mis-quantification”). Second, and more subtly, 

characteristics of the impacts and offsets may be incompatible, that is, “non-fungible” in space, 

type or time (“non-fungibility”)—a concept originally offered by Salzman and Ruhl, which is here 

modified and extended to fit the groundwater context. Let us explore these two major risks in turn.  

(a) Mis-quantification 

Consider an offsetting process as two basic quantification tasks, designed to ensure that the 

quantity of the offset matches the quantity of the adverse impact. The first task involves 

determining the damage caused by an “impairing action” (e.g. filling a wetland, pumping 

groundwater, emitting greenhouse gases from a coal-fired power plant), which necessarily 

involves constraining the assessment to the valued functions that the offset system protects.
87

 The 

second involves determining whether an “offsetting action” (e.g. restoring a wetland, retiring a 

surface water right, building a renewable energy facility) is sufficient to offset the damage. Mis-

                                                      
83 E.g. interview with Kent Jones, Utah, supra note 59 (speculating that although Utah has not had much 

experience of senior surface water appropriators making a call against junior groundwater users, the 

protesting party would bear the burden of demonstrating that they are experiencing impairment caused by the 

pumping). 
84 E.g. MONT. CODE ANN. § 85-2-360(3)(b) (2013) (“The department may grant a permit for a new 

appropriation only if the applicant proves by a preponderance of the evidence that the adverse effect would 

be offset through an aquifer recharge or mitigation plan…”) 
85 E.g. HINCKLEY CONSULTING & AMEC EARTH & ENVTL. (FOR WYO. STATE ENGINEER’S OFFICE), HORSE 

CREEK GROUNDWATER/SURFACE WATER CONNECTION INVESTIGATION: GOSHEN AND LARAMIE COUNTIES, 

WYOMING 1-1 (2011), available http://seo.wyo.gov/ground-water/interference-investigations (noting that the 

investigation was the result of a long line of complaints, the last in April 2009, whereas the final report of the 

interference investigation was released in October 2011). 
86 E.g. Clive J. Strong, Conjunctive Administration of Surface and Ground Water: The Crossroads Between 

Law and Economics, Law Seminars International: Idaho Water Law, Boise, Idaho, Sept. 23, 2011 (2011) 

(describing litigation and resolution of a groundwater-surface water delivery call in the Eastern Snake Plain 

of Idaho). 
87 Supra notes 48 to 52 and accompanying text. 
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quantification will result in unintended harm to the natural resource if the impact is 

underestimated, or if the offset is overestimated.  

In the case of environmental offsets, the difficulty of determining the damage caused by the 

impairing action, and the risks of mis-quantification, vary. Replacing a wetland with a carpark 

destroys the wetland, as a clear and simple fact, but determining the greenhouse gas emissions of a 

project or nation is technically difficult. On the offsetting side of the equation, significant 

uncertainty attaches to the future ecological value of a wetland undergoing restoration, or the 

volume of carbon dioxide emissions that will truly be displaced by a renewable energy project.
88

 

These activities do not fall within a pre-existing scheme for permitting or accreditation, other than 

in the context of offsets. In the CDM context, where offset projects can be very diverse, individual 

projects historically have used distinct methodologies to calculate baselines and thereby quantify 

expected emission reductions.
89

 With time, a wide range of detailed, standardized approaches for 

different categories of projects has developed.
90

 Quantifying carbon offset benefits is also 

complicated by the difficulty of proving that the offsetting action makes a new contribution to the 

goal of the scheme (commonly called “additionality”), rather than rewarding a state of affairs that 

would exist in the absence of the credit for the offset (the baseline).
91

 In the carbon context, a 

company claiming an offset for carbon emissions reductions that are required by regulation 

anyway, or reductions that it was intending to make because doing so was the most financially 

advantageous option, would be non-additional.
92

 CDM projects, in particular, have been subject to 

significant concerns that non-additional projects have occurred inadvertently because of 

information asymmetry between project proponents knowledgeable about true incentives for 

projects, potentially biased project verifiers, and understaffed project approvers.
93

 

In the groundwater offset context, quantifying the offsetting action is clear in the common case of 

retiring surface water rights—since their location and volumes are specified in the replacement 

water right, and their quality is relatively easily discernible. This background water rights 

framework does the work of defining and “accrediting” water rights along the dimensions that are 

important for offsetting purposes. The risk of over-estimating the offsetting action comes about 

where a gap between this accreditation framework and reality produces a non-additional offset. 

This may happen where the right to be retired does not reduce river depletion relative to the 

baseline level of depletion because it had not actually been used, or used fully, in practice (“paper 

                                                      
88 See generally Margaret A. Palmer & Solange Filoso, Restoration of Ecosystem Services for Environmental 

Markets, 325 SCI. 575 (2009). 
89 Gillenwater & Seres, supra note 12, at 191-192. 
90 Id.  
91 Id., at 187-191; McKenney & Kiesecker, supra note 1, at 170-171. 
92 Wara & Victor, supra note 37, at 14. 
93 Id. at 14-15. 
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water”, not “wet water”), and presumably would remain unused into the future.
94 

Pumping 

groundwater justified by such an offset could well increase stream depletion if using “paper water” 

in this way gives it legitimacy that it would otherwise lack. Information asymmetry may be 

present in this situation too, albeit to a lesser degree: the surface water right holder (offset 

producer) possesses complete information about their history of use, and some regulators may not 

have complete information in the form of reports of use over time, or metering data to verify the 

information presented. 

Quantifying the impacts of pumping groundwater, however, is far from straightforward. The 

magnitude, location and timing of the effects of pumping groundwater on a connected river 

depend on many factors: the distance between the wells and the stream, the rate of pumping, 

various properties of the aquifer, and recharge from the pumping activity.
95

 Calculating these 

effects can be very challenging, particularly where aquifer properties are highly spatially 

heterogeneous and there is little available data about them. The nature of the effects, for example, 

when the depletion will be felt and whether it fluctuates or is basically constant, can change 

significantly depending on these factors.
96

 These problems are further compounded when the 

focus shifts to quantifying the impact on a surface water right, as distinct from on surface water 

generally. The historical beneficial use of a potentially impaired surface water right may differ 

from what the right says on paper. Since Western water law typically does not recognize long-

unused water rights as valid under the doctrines of forfeiture and abandonment,
97

 determining the 

historical beneficial use of the potentially impaired water right is a further step necessary to 

quantify the effect of the impairing action and ensure equivalence with the volume of the 

offsetting action. 

                                                      
94 Note that other quantification concerns, while important elements of the environmental offset literature, 

such as enforcement, are best considered an aspect of the surrounding water rights system of which offsets 

are a part; others, such as leakage and verification would be much less problematic in the groundwater 

context, at least where the offset is sourced from a replacement surface water right. In particular, protection 

of surface water rights used for mitigation from more junior appropriators is important to maintain their 

value; similarly, ensuring that retired rights are no longer used. But there is no reason to expect that 

monitoring and enforcement of these water rights would be different than that for other water rights. 

Leakage—the change in impact that occurs outside the offset transaction—is a key issue in the carbon offset 

context, where an emissions reductions project simply causes an increase in emissions elsewhere. This is a 

potential concern in the groundwater context, where a requirement to offset groundwater pumping may 

simply encourage aspiring groundwater users to package their pumping in a way that takes advantage of rules 

that exempt some categories of pumping from offsetting. However, as with enforcement concerns, measures 

to prevent “leakage” in the groundwater context are really an element of the surrounding water rights system 

and how it structures permit exemptions for wells, rather than an element of the offset rules themselves. A 

final substantial area of discussion in the carbon offset context is validation and verification, meaning 

checking the eligibility of the project before implementation, and checking the performance of the project, 

post-implementation. Post-implementation auditing is less likely to be problematic in the case of groundwater 

offsets, because of the clear effects of retiring a surface water right that is adequately enforced. 
95 See generally John Bredehoeft & Eloise Kendy, Strategies for Offsetting Seasonal Impacts of Pumping on 

a Nearby Stream, 46 GROUND WATER 23 (2008). 
96 Id. at. 28-29. 
97 Neuman, supra note 67, at 928. 
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(b) Non-fungibility 

In addition to mis-quantification—essentially the problem of mis-calculation—the second major 

risk to equivalence between impacts and offsets is “non-fungibility” of space, type, or time, which 

gets at the problem of mis-characterization of impacts and benefits. Non-fungibility of space 

occurs where the value of a resource, or the impacts of an impairing action, are location-

dependent, such that trading a resource credit in one location for a debit in another location results 

in diminished resource value. Non-fungibility of space can cause a spatial redistribution of impact, 

leading to impact “hot spots”.
98

 The classic manifestation of this in relation to groundwater offsets 

is a dewatered stream reach caused by the point of diversion of the replacement water right being 

downstream of the location of depletion caused by pumping groundwater. 

Non-fungibility of type occurs where the impacts and benefits are not in the same metric, such that 

trading them diminishes resource value. The potential for non-fungibility of type arises in 

groundwater offsets because groundwater withdrawal may influence the quality of water in 

connected streams (including temperature), since the quality of discharged groundwater can differ 

from that of surface water. This can affect surface water users that are sensitive to water quality, 

such as industrial users, as well as fish that are often the primary intended beneficiaries of 

instream flow rights.
99

 

Non-fungibility of time occurs where the timing of impacts differs from the timing of benefits, 

such that the overall resource value is diminished for a period of time. Non-fungibility of time has 

four elements in relation to groundwater. The first relates to the initiation and incremental increase 

in river depletion. The effects of withdrawing groundwater take time to propagate through to the 

stream; stream depletion increases with time until the full level of depletion is felt, at which time 

the system reaches equilibrium. This can cause a temporal mismatch between depleting the stream 

and compensating for the depletion. Second, and more substantially, non-fungibility of time can 

present an ongoing problem, since the impacts of withdrawing groundwater and the benefits of the 

replacement water may relate to different times of the year, e.g. year-round vs. irrigation season 

rights. This is further complicated by the fact that the impacts on a stream of pumping 

groundwater from April-October, for example, can be displaced by days, weeks, months or longer, 

because of the time lag that occurs between pumping from a well located distant to a stream, and 

propagation of those effects to the stream. Non-permanent offsets are a further manifestation of 

non-fungibility of time, and a key concern of the environmental offset literature.
100

 The benefits of 

                                                      
98 Womble & Doyle, supra note 5, at 231-232. 
99 E.g. the principal intended beneficiaries of Oregon’s Deschutes Groundwater Mitigation Program are flows 

for scenic waterways and instream water rights: Water Resources Department, Oregon, Deschutes Ground 

Water Mitigation Program 1 (undated), http://www.oregon.gov/owrd/docs/deschutes_mitigation_7-5-

2007.pdf. 
100 Gillenwater & Seres, supra note 12, at 196.  
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retiring a water right to offset groundwater pumping would be lost if the water dedicated to in-

stream mitigation purposes were appropriated by another individual for consumptive use.
101

 

Finally, where the availability of offset water is affected by climatic conditions, a drought year, for 

example, could reduce the availability of the source and cause a mismatch between offsets and 

impacts. This would occur, for example, where the source of replacement water is a relatively 

junior surface water right or a contractual right to have stored water released from a reservoir.   

Table 1 summarizes the nature of these threats to integrity (unshaded cells) with reference to the 

most common method of offsetting in each offset context: restoring a degraded wetland; buying an 

existing surface water right and dedicating it to in-stream flow; and building a renewable energy 

project to replace a facility that produces more greenhouse gases, respectively. Table 1 also 

indicates the potential for each kind of threat to manifest in each case, in the absence of a rule to 

constrain transactions, that is, the potential that exists just by virtue of the nature of the resource in 

question.
102

 

  

                                                      
101 This will not be treated directly in the evaluation framework proposed here, since enforcement of water 

rights is conceived as a feature of the background water rights system, rather than a feature of offset rules 

specifically. More indirectly, the permanence of the benefits of retiring a surface water right may be reduced 

or lost through future external changes, for example, climate change significantly reducing the reliability of 

the retired surface water right (it would be able to be fulfilled in fewer years than historically was the case), 

such that dedicating it to instream flow had a lesser impact on actual flows. Similarly, climate change could 

increase the consumptive component of a groundwater right by increasing evaporation (BRYSON BATES, ET 

AL., CLIMATE CHANGE AND WATER: INTERGOVERNENTAL PANEL ON CLIMATE CHANGE TECHNICAL PAPER VI 

27 (2008)) and reducing return flows, thereby increasing the amount of offset required over time, and leading 

to a corresponding shortfall in the offset provided using calculations made pre-climate change. However, the 

policy question of who should bear these burdens seems more open and given that this is a significant 

question for water rights systems as a whole, it is not discussed further here. 
102 Note that this assessment of the potential threat may not correspond to the difficulty of designing an offset 

rule to address it, for example there is high potential for groundwater offsets to experience non-fungibility of 

time, but this could be addressed relatively easily by a rule that requires substituting a year round surface 

water right in response to year round groundwater depletion. 
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Table 1: Threats to the integrity of offset rules, and their potential to manifest—the examples of 

wetlands, groundwater, and carbon offsets 

Threat & 

potential to 

manifest  

Wetland mitigation Groundwater offsetting Carbon offsetting 

Non-

fungibility 

of space 

Restored wetland provides 

services to fewer people 

than original 

Depletion occurs upstream of 

point of diversion of surface 

water right, causing dewatered 

stream reach 

-- 

High potential: error 

extends in two or three 

dimensions, as benefits of 

wetlands vary in all 

directions from the site 

Medium potential: error 

restricted to one dimension 

(along line of river) 

No potential: GHGs mix 

completely in atmosphere 

and move freely 

Non-

fungibility 

of type 

Functions of restored 

wetland have different 

ecological value to original  

High quality GW discharge 

substituted for low-quality SW 

-- 

High potential: ecological 

functions of wetlands are 

highly distinctive 

Medium potential: replacement 

water from same stream 

unlikely to be of substantially 

different quality, relative to 

other sources 

Low potential: GHGs can 

be characterized using 

their global warming 

potential 

Non-

fungibility 

of time 

Wetland fully restored 

some time after damage to 

original sustained 

Year-round depletion caused 

by pumping GW replaced by 

seasonal SW right 

Offset project fully 

operational sometime after 

credit claimed 

High potential: wetland 

maturation can take a long 

time 

High potential: SW rights 

available as replacement water 

likely to be for irrigation, 

therefore seasonal 

Low potential: operational 

status of offset project 

easily discernible, time to 

completion relatively short 

 

Table 1 shows that concerns about non-fungibility that apply in the context of environmental 

offsets also apply to groundwater offsets. In each case, the extent of the potential of groundwater 

offsets to suffer from a particular threat to fungibility falls within the same continuum of concern 

as applies to environmental offsets. Both of these facts demonstrate the potential mutual benefits 

of analyzing the features, functions and performance of groundwater and environmental offsets to 

guide the improved design of a more general class of “natural resources offsets”- a point which 

Part Six explores further.  

Two important side notes should accompany the observation of this comparability between 

groundwater and environmental offsets. The first is that it stands despite the apparent difference in 

the character of the underlying goods—public in the case of wetlands and climate, and private in 

the case of water rights. However, western U.S. water rights also have a strong public character. 

This is the case most obviously in the case of water rights held by the state
103

 or private 

                                                      
103 All western U.S. states with formal groundwater offset rules also provide for instream flow rights, which 

are generally held by a state agency for the benefit of the public. OKLA. WATER RESOURCES BD, OKLAHOMA 

COMPREHENSIVE WATER PLAN 2011 UPDATE: TECHNICAL MEMORANDUM - INSTREAM FLOWS IN OKLAHOMA 

AND THE WEST 3-2 (2009). For a list of states with detailed offset programs, see supra note 59 and 
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individuals for public-benefic environmental purposes.
104

 More profoundly, though less obviously, 

rights to use water may generally be considered private property, but the water itself is owned by 

the public, held in trust by the state,
105

 and accordingly, water permitting processes involve 

explicit public interest considerations.
106

 In the cases of both environmental resources and water 

rights, “there are interests beyond those of the traders that must be taken into account”.
107

 In 

addition, in both cases, the compliance obligation being offset is a private liability. 

The second side note is that an important difference between groundwater and environmental 

offsets lies in the way that impacts and offsets propagate. In the case of environmental offsets, 

impacts and offsets may propagate outward from the relevant site in all directions. In the case of 

offsets designed to compensate for the effects of pumping groundwater on surface water rights, 

they propagate down a river. In addition, groundwater pumping most strongly affects down-

gradient, rather than up-gradient water rights;
108

 filling in a wetland can affect birds that travel to 

the wetland from many different, and potentially unpredictable, places. This difference arguably 

means that there is a lesser risk of spatial non-fungibility than is the case where assessing impacts 

requires a spatially broader, less geographically predictable scope of assessment. Even when 

impacts to right holders are considered beyond the point of diversion, for example municipal 

rights for cities that are far from the point of diversion, these impacts are likely to be along known 

corridors. These differences should be borne in mind when considering the relative degrees to 

which groundwater offset rules provide mechanisms to address non-equivalence. 

                                                                                                                                                 
accompanying text. Since instream rights are frequently relatively junior, they are more likely to be impacted 

by new or altered groundwater extraction than older, more senior consumptive surface water rights. 
104 “Regular” surface water rights of varying priority dates may also be held by individuals for wildlife or 

environmental purposes, which carry a clear public benefit despite their private holding: Arlene J. Kwasniak, 

Water Scarcity and Aquatic Sustainability: Moving Beyond Policy Limitations, 13 U. DENV. WATER L. REV. 

321, 343-345 (2009-2010).  
105 E.g. “All water within the State is the property of the people of the State”. CAL. WATER CODE § 102 

(Deering 2010). Under this provision, which was “perhaps . . . intended as a preemptive strike against any 

private effort to claim "ownership" in a proprietary sense”, the state “owns” groundwater in the abstract sense 

that the people of the state own it. Cal. v. Riverside County Superior Court, 78 Cal. App. 4th 1019, 1026, 

1030 (2000). 

106 The “public interest” is a frequent consideration that applies to permitting new water diversions and 

changes to existing diversions across the western U.S.: see generally Amber Weeks, Defining the Public 

Interest: Administrative Narrowing and Broadening of the Public Interest in Response to the Statutory 

Silence of Water Codes, 50 NAT. RESOURCES J. 255 (2010). As explained further below, groundwater offset 

transactions usually involve permitting a new groundwater diversion, or changing the purpose of a surface 

water right (which is used as replacement water to compensate for depletion caused by pumping 

groundwater), or both, thereby enlivening these public interest considerations. In addition, offset transactions 

excite the same potential for third party impacts (for example, “downstream” economic detriment) as are 

considered by some to require public involvement in water marketing generally: JOSEPH L. SAX, ET AL., 

LEGAL CONTROL OF WATER RESOURCES: CASES AND MATERIALS 289-298 (Thomson/West 4th ed. 2006). 

107 Salzman & Ruhl, supra note 58, at 668.  
108 PAUL M BARLOW & STANLEY A LEAKE, STREAMFLOW DEPLETION BY WELLS: UNDERSTANDING AND 

MANAGING THE EFFECTS OF GROUNDWATER PUMPING ON STREAMFLOW 21 (2012). 
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2.6 A framework for assessing approaches to deal with threats to the integrity of groundwater 

offsets 

The foregoing section demonstrates the potential threats to the integrity of offset rules: mis-

quantification and non-fungibility. This section builds a framework for evaluating approaches or 

measures that are adopted in groundwater offset rules to address the most important of those 

threats. It first provides an overview of the broad types of approaches that offset rules across the 

western U.S. use in practice to deal with these threats, then presents these as an ordered range of 

approaches,
109

 giving an example of each.  

Risks of mis-quantification are addressed in a preliminary way by ensuring that the relevant water 

rights are real or “wet”. This involves proving that the water right to be used as a source of 

replacement water is beneficially used in practice. This ensures that the offset offers real benefit.  

Beyond basic proof of use, adequate quantification requires accurately calculating the volume of 

water that will be drawn from the river by the proposed well, which means first knowing how 

much water will be consumptively used. Consumptive use can be calculated using assumptions 

about evaporation and other factors that are site-specific to a greater or lesser degree.
110

 

Calculating stream depletion then involves determining a method that is likely to yield a 

reasonably accurate result given local conditions and data.
111

 This could be done using—in 

decreasing order of the likelihood of accurately quantifying volumetric impacts—a numerical 

model, an analytical stream depletion equation, or a simple hydrological calculation.
112

 However, 

even the most complex models are unlikely to ensure complete accuracy, because the 

characteristics of subsurface environments are rarely completely known. Accordingly, in some 

rare instances, groundwater offset rules explicitly include measures to counter the possibility of 

errors in quantification, such as a cap on offsets,
113

 or a ratio that requires more than one unit of 

replacement water for each predicted unit of stream depletion.
114

 

                                                      
109 This evaluation system is presented as a practical way to judge the degree to which certain elements of 

offset rules prevent externalities, but the ordinal scale used is not intended to be viewed as conclusive in a 

normative sense, for two reasons. First, as Part Four explains further, the integrity of offset rules is not the 

only consideration in designing such rules, though it is a major concern. Second, different combinations of 

measures could, in theory, achieve high integrity offset rules, though some may be more likely than others to 

work in practice. 
110 For examples of approaches to calculating consumptive use, see OR. WATER RESOURCES DEP’T, 

DESCHUTES BASIN MITIGATION PROGRAM: FIVE-YEAR PROGRAM EVALUATION REPORT 6 (2008) (offset 

requirement calculated based on average consumptive uses for different use types); Modified North Platte 

Decree, Nebraska v Wyoming, 325 U.S. 589, 665(1945), modified and supplemented in Nebraska v. 

Wyoming, 345 U.S. 981 (1953), further modified in Nebraska v. Wyoming, 534 U.S. 40 (2001), Appendix G, 

Exhibit 6A (Procedures for Calculating Consumptive Use of Irrigation Water Above Guernsey Reservoir, 

Wyoming) 208. 
111 Depletion in some situations can be well estimated using simple techniques: Bredehoeft & Kendy, supra 

note 95, at 26.  
112 For a technical explanation and examples of approaches, see id. at 54-72 
113 More specifically, a volumetric limit on the new groundwater rights that can be permitted conditional on 

obtaining an offset. Caps are frequently proposed to deal with concerns about integrity in the context of 
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Risks of non-fungibility can be addressed using three types of approaches described in general 

terms by Salzman and Ruhl.
115

 I continue to use their terminology, but translate it into a form 

suitable for evaluating groundwater offsets. The first approach is to specify a detailed “currency” 

or unit of exchange between impacts and offsets, which ideally captures all the important variables 

that reflect the valued characteristics that will be exchanged, and leaves out none.
116

 The key 

currency variables related to groundwater offsets are, in addition to volume (which I have 

characterized as a quantification issue), timing, location and water quality. As demonstrated by 

Table 1 and Part Three, some groundwater offset rules adopt a currency that involves all four of 

these variables. Salzman and Ruhl hypothesize that such a currency approach could seriously 

conflict with the goal of efficiency—in the sense of achieving protections at less cost than 

alternative mechanisms—by substantially increasing transaction costs, and thinning offset markets 

to the point of threatening their very viability.
117

 Since the adoption of comprehensive currencies 

in the environmental offset context has been largely theoretical, and minimal in practice,
118

 the 

case of groundwater offsets presents a unique opportunity empirically to test these hypotheses 

about the dangers of comprehensive currencies. Part Five takes up this opportunity using the case 

of Idaho’s groundwater offset rules, and Part Six discusses the possible implications of the 

findings for natural resources offsets generally. 

The second approach to addressing non-fungibility is to use market rules to constrain substitutions 

that would result in a mis-match between characteristics that are not defined in the currency.
119

 

Market restrictions can limit “who can trade, where they can trade, when they can trade, and what 

the exchange rate of the currency should be”.
120

 The most common use of market rules for 

groundwater offsets addresses non-fungibility of space. Rules restrict the geographic area
121

 from 

                                                                                                                                                 
carbon offsets, but in reality only limit the damage caused by non-equivalence, rather than reduce the risk of 

the damage occurring. Wara & Victor, supra note 37, at 5. Caps on offsets also exist, but are uncommon, in 

the groundwater context: e.g. Groundwater offset arrangements in Oregon’s Deschutes Basin, where a 200 

cf/s cap on offsets applies. Phillip C. Ward, Memorandum to Water Resources Commission (Oregon): 

Deschutes Basin Ground Water Mitigation Program Five-Year Review 3 (2008) (noting that environmental 

groups have generally supported the cap, but others suggest that the cap has encouraged the submission of 

speculative groundwater applications) 
114 Deschutes River Conservancy, Temporary Mitigation vs. Permanent Mitigation, undated, available 

http://www.deschutesriver.org/Temporary-Mitigation-v-Permenant-Mitigation.pdf (using a ratio of 1:8 

credits in the case of leased, rather than permanently retired water). 
115 Salzman & Ruhl, supra note 58, at 630. 
116 Id. at 614. Salzman and Ruhl describe currency as simple (for example, volume), universal (which 

involves conversion, for example, to dollars) or comprehensive (a metric that involves multiple variables 

simultaneously); these represent an increasing degree of capturing important variables in the currency unit, 

thereby preventing non-fungibility. Id. at 631-637. 
117 Id. at note 21 and accompanying text, 636. 
118 Id. at 636-637. 
119 Id. at 642-645. 
120 Id. at 637. 
121 Id. at 638-640; Womble & Doyle, supra note 5, at 232. Another common market rule among offsets 

generally deals with non-fungibility of time, through the considered issue, and perhaps expiry of an offset, for 

example, issuing a credit only when the benefit is fully functional: Salzman & Ruhl, supra note 58, at 642. 

This factor does not differentiate modern groundwater offset rules, since all now formally require an offset to 
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which offsets can be sourced, relative to the location of the proposed well. This minimizes the 

spatial difference between the impact and the offset, and avoids causing a dry stream reach 

between the depleted stream reach and the source of the replacement water. Salzman and Ruhl 

hypothesize that comprehensive currencies correspond to reduced use of market rules, and that 

simple currencies result in highly restrictive market rules.
122

 Part Three tests this hypothesis in the 

case of western U.S. groundwater offset rules. 

A third and final approach to preventing non-fungibility entails using public oversight to deal with 

remaining externalities that may arise due to the incentives of agencies and traders to accept them, 

contrary to the public interest,
123

 and threatening the environment and social welfare.
124

 Unlike 

currency and exchange measures, public review measures act as a back-up, rather than a principal 

mechanism for ensuring equivalence. Typically, review measures give the public the right to 

oversee offset transactions. Public participation poses a fundamental design challenge of finding a 

path between the “largely ineffectual practice of commenting on trades that are effectively fait 

accompli and absolute veto power”, while avoiding potential for unhelpful interest group 

interference.
125

 Potential mechanisms include public veto, expert review panels, and courts. 

Salzman and Ruhl note that environmental offsets rarely involve public review, but rather generic 

rules and the government as umpire.
126

 Groundwater offset rules tend to use a range of public 

comment and public hearing mechanisms as the key form of public review. Some would likely 

place the burden on the public protester to demonstrate the potential for impairment; others require 

the proponent to prove no impairment will occur.
127

 As such, they again offer a unique window 

into the challenges of using these mechanisms in an offset context, with implications for other 

natural resources discussed at Part Six. 

The table below crystallizes the discussion above into an ordinal scale of general approaches to 

addressing the most important risks to the equivalence of groundwater offsets and pumping 

impacts.
128

 They are demonstrated by the types of rules that appear empirically in groundwater 

                                                                                                                                                 
be arranged before impacts manifest. A final exchange mechanism, exchange rates, appear in the form of 

offset replacement ratios, where the number of credit units required to offset a debit unit exceeds 1:1. Such 

mechanisms are used in Oregon, for example: supra note 114 and accompanying text.  
122 Salzman & Ruhl, supra note 58, at 638. 
123 Id. at 675-680 (discussing incentives of parties to an offset transaction that tend to ignore the public 

interest). That is, project proponents and regulators may have overlapping interests in ensuring simple and 

low-transaction cost approvals (reducing project costs, and protecting the “political defense of regulatory 

power”, respectively) to create high externalities. Id. at 676. 
124 Id. at 680. 
125 Id. at 687-688. 
126 Id. at 668-669. 
127 Supra notes 83 and 84 and accompanying text. 
128 Note that this evaluation framework excludes quantification matters that are often dealt with on a case-by-

case basis, rather than set down in generally applicable rules. Methods of calculating consumptive use, the 

choice of analytical or numerical model, and the use of uncertainty ratios all fall into this category. See, e.g. 

re choice of model: Idaho Dep’t of Water Resources, Mitigation Plan Evaluation Checklist 1 (2009), 

available 
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offset rules across the western U.S., separated into those that would theoretically provide high- to 

low-equivalence (low- to high-externality) groundwater offsets. Note that this table works with the 

main method of groundwater offsetting, being retiring surface water rights; particular challenges 

posed by other methods are discussed further in the next section.  

 

Table 2: Approaches to addressing risks to the equivalence of groundwater pumping and offsetting by 

retiring a surface water right 

 

Integrity* Definition of rating Example^  

Q
u

a
n

ti
f’

n
 

P
ro

vi
n

g
 

o
ff

se
t 

is
 r

ea
l High Rules require proof of historic 

beneficial use of replacement 

water right  

Colorado (rules for augmentation plans): must provide 

“records or summaries of records of actual diversions of 

each right”129 to be used as replacement water 

Low No proof required Theoretical possibility (no example found) 

F
u

n
g

ib
il

it
y 

C
u

rr
en

cy
 

Very 

high 

Metric relates to location, 

volume, timing and water 

quality; impact modeled using 

monthly or seasonal time-step 

Colorado (rules for substitute water supply plans): 

Depletion locations and lags calculated using specified 

accepted methods.130 State Engineer makes a water quality 

finding.131 Monthly accounting of impacts and offsets 

required.132 

High As above, but impact modeled 

using annual time-step 

Idaho (rules apply across the state). Depletion analysis 

deals with volume, location and timing,133 Quality may be 

considered.134  

Med Metric relates only to 

location, volume and timing, 

not quality 

Oregon (rules for Deschutes Basin). Location element 

determined using broad zones (see exchange measure).135 

Water quality impacts not considered.136 Annual time-scale 

used to estimate depletion.137 

Low Metric relates only to volume Wyoming (rules for “Above Guernsey Dam” area under 

2001 Modified North Platte Decree): Caps on groundwater-

irrigated acreage and consumptive use apply in stream-

connected areas. Depletion above cap required to be offset 

only at NE-WY state line.138 

 E
xc

h
a

n
g

e 

High Uses small zones to restrict 

the geographic areas from 

which replacement water 

rights may be sourced 

Central Platte Natural Resources District rules restrict 

location of offsets to “the same landowner’s property 

whenever possible”, and otherwise upstream or within 

approximately one mile west of the depletion.139 

Med As above, but uses larger Oregon (rules for Deschutes Basin): General zone of impact 

                                                                                                                                                 
http://www.idwr.idaho.gov/WaterManagement/WaterRights/WaterRightTransfers/PDFs_09/Mitigation_Plan

_Eval_Checklist.pdf. 
129 COLO. REV. STAT. § 37-92-302(2)(a) (2013). 
130 COLO. OFFICE OF THE STATE ENG’R, POLICY 2003-2: IMPLEMENTATION OF SECTION 37-92-308, C.R.S. 

(2003) REGARDING SUBSTITUTE WATER SUPPLY PLANS 2-3 (2003).  
131 COLO. REV. STAT. § 37-92-3084(a)(IV) (2013). 
132 COLO. OFFICE OF THE STATE ENG’R, supra note 130, at 4. 
133 Jeff Peppersack, Memorandum to Regional Offices, Water Allocation Bureau Re: Evaluation of 

Mitigation Plans for Water Rights Permits (Application Processing Memo #72) 2 (2010), available 

http://www.idwr.idaho.gov/WaterManagement/WaterRights/WaterRightTransfers/2010/App-Process_72.pdf. 
134 Id. at. 1, 5.  
135 OR. WATER RESOURCES DEP’T, supra note 110, at 20. 
136 Deschutes Ground Water Mitigation Program: House Bill 3494 Report 38 (2009).  
137 OR. WATER RESOURCES DEP’T, supra note 110, at 29 (describing decrease in percentage time that flow 

requirements met due to mis-match between uniform groundwater extractions over year vs. seasonal 

mitigation).  
138 State of Wyo., infra note 155, at II.H. 
139 Cent. Platte Natural Resources Dist., Rules and Regulations for Groundwater Use in Fully and Over 

Appropriated Areas rr. 4.3, 8.2.4 (2006, as amended 2012). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=C.R.S.+37-92-302
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=C.R.S.+37-92-308
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zones addresses regional impacts, 6 local zones address localized 

impacts.140 Zones used to ensure mitigation occurs at 

location where impacts broadly anticipated.141 

Low Zones not used as basis for 

market restrictions 

Colorado (rules apply state-wide): No zones used to guide 

location of suitable replacement water.  

R
ev

ie
w

 
Very 

high 

As for “High”, but in 

addition, the decision-maker 

formally undertakes to consult 

non-government parties 

before making a decision 

Washington (rules apply state-wide).142 

High Water right holders and others 

may protest+ proposed 

approval of a groundwater 

right that is required to offset 

Idaho (rules apply state-wide): state publishes a notice of 

proposed appropriation, usually including the offset 

component,143 and if there is a protest by “any person”, a 

hearing is held.144 

Med Only water right holders or a 

person affected may protest  

Montana (rules apply state-wide): “A person has standing to 

file an objection … if the property, water rights, or interests 

of the objector would be adversely affected by the proposed 

appropriation.”145 

Low Rules do not provide for 

protests  

Wyoming – North Platte. An application for a groundwater 

permit is generally not subject to any notice requirement, 

and no protest procedure applies.146 

* These measures relate to the effectiveness of rules in promoting integrity, not the effectiveness of their 

implementation in practice; nor do they relate to performance in terms of efficiency or equity 

^ Examples have been chosen to represent maximum variation in approaches 
+ Protest means that the rules require notice of the proposed approval, allowing formal protests to be made to the 

administering agency 

 

3. Evaluating groundwater offset rules across the Western U.S.  

As foreshadowed above, and set out in detail in Table 2, great variation is evident in the 

approaches taken by groundwater offset rules to ensure water right integrity, particularly in the 

categories of quantification and fungibility. The table below summarizes the combination of 

policy settings used in western U.S. groundwater offset rules in these categories and their sub-

categories.  

  

                                                      
140 OR. WATER RESOURCES DEP’T, supra note 110, at 19-21. 
141 Id. at 19. 
142 Wash. Dep’t of Ecology, supra note 53. 
143 See infra note 235 and accompanying text. 
144 IDAHO CODE ANN. § 42-203A (2013); IDAHO ADMIN. CODE r. 37.03.11.043.02 (2013). 
145  MONT. CODE ANN., § 85-2-308(3) (2013).  
146 Interview with John Harju, Assistant Administrator, Ground Water Div., Wyo. State Eng’r’s Office, in 

Cheyenne, Wyo. (Nov. 8, 2011). 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Idaho+Code+%A7+42-203A
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=Mont.+Code+Anno.%2C+%A7+85-2-308
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Table 3: Policy settings of groundwater offset rules across the western U.S. 

 CO 

(state-

wide) 

ID 

(state-

wide) 

MT 

(state-

wide) 

NE: 

Central 

PlatteS 

NM: 

Ros-

wellS 

OR: 

Deschutes 

Basino 

WA 

(state-

wide) 

WA: 

Yakima 

basinS 

WY: 

North 

Platteo  

Addition’y  High147 High148 High149 High150 High151 High152 High153 High154 Low155 

Currency  V. 

high156 

High157 V. 

high158 

Low159  High160  Med.161 High162 Med.163 Low164 

                                                      
147 See supra note 129 (in relation to augmentation plans). 
148 A mitigation plan must include information on historic use of replacement water: Peppersack, supra note 

133, at 3, 5. 
149 MONT. CODE ANN. § 85-2-360 (in relation to mitigation supported by an application for a change in 

appropriation right or right); MONT. ADMIN. R. 36.12.1902 (2014). 
150 Irrigation history of the land must be proven to be certified as “irrigated acres”, which are available as 

offsets: Cent. Platte Natural Resources Dist., supra note 139, at rr. 5, 6; Cent. Platte Natural Resources Dist., 

Groundwater Management Plan: Rules and Regulations for the Enforcement of the Nebraska Groundwater 

Management and Protection Act, rr. 4.6, 5 (2013). 
151 N.M. Office of the State Engineer, supra note 65, at IV.B, E. 
152 Creating mitigation credits requires changing the use of a right to mitigation, which involves proving 

beneficial use: OR. REV. STAT. ANN. § 540.520(2)(g) (2013); Deschutes River Conservancy, Whychus Water 

Bank Feasibility Study: Final Report 8 (2010), available http://www.deschutesriver.org/Whychus-Water-

Bank-Feasibility-Study.pdf. 
153 See, e.g. WestWater Research, Beneficial Use Analysis Water Right Certificate G2-26862GWRIS: Final 

Report 5-19 (2010) (setting out history of use, calculating mitigation water by consumptive quantity of the 

water right over the last five years of use, and stating that this is Department policy), available 

http://olympiawa.gov/city-utilities/drinking-water/~/media/Files/PublicWorks/Water-

Resources/MitigationPlan_Apx_E.pdf. 
154 WASH. REV. CODE ANN. § 90.42.080(4), (8), (10), (11) (2013), WASH. ADMIN. CODE § 173-539A-050 

(2013) (in relation to mitigation achieved using the state’s trust water rights program, which is used for 

mitigation in the Yakima River Basin). 
155 Additionality may be implied but is not explicit: STATE OF WYO., DEPLETIONS PLAN, PLATTE RIVER BASIN, 

WYOMING (WYOMING'S DEPLETIONS PLAN) II.D.2.a (2006) (“…if a project proponent wants to implement a 

new project, the proponent could retire an existing water use that depletes water in the same quantity as the 

new project…” 
156 See supra notes 130 to 132. 
157 See supra notes 133 to 134. 
158 MONT. CODE ANN. § 85-2-361 (individualized, location-specific data/modelling exercise to neutralize 

adverse effect, which is differentiated from net depletion; hydrogeological assessment required with 

application in closed basins must include any predicted water quality changes). 
159 Cent. Platte Natural Res. Dist., supra note 139 (volume of depletion is calculated on the basis of irrigated 

acres and crop type, rather than volume: “# of acres to be taken out of irrigation production are equal or 

greater in depletion than the acres to be newly irrigated”); Cent. Platte Natural Resources Dist., Request for 

Variance/Transfers Location of Use: Irrigation 1 (CPNRD 1/08), 

http://www.cpnrd.org/Variance_Request_Form.pdf. There are no specific rules for considering water quality 

impacts. The time-step for calculating depletion is very long—50 years: id. at r. 4.3. 
160 Individual modelling of depletion is carried out using a default numerical model. It is assumed that the 

entire diversion is consumptively used: N.M. Office of the State Eng’r, supra note 65, at IV(A). Quality 

effects are considered on a case-by-case basis using a default method and consultation with the N.M. Env’t 

Dep’t: id. at (V) (using the "chloride concentration ratio" method, which can decrease the permitted 

diversion). However, the timing of depletion is considered on an annual time-step: interview with David 

Heber, N.M., supra note 79. 
161 Supra notes 135 to 137. 
162 Mitigation plans are assessed on a case-by-case basis, considering timing (on at least a seasonal basis), 

location, water quality effects and quantity using “detailed hydrological analysis, which may include an 

analytical or numerical model”: Wash. Dep’t of Ecology, supra note 53, at 5, 8. Note that under some 

situations, the Department of Ecology will accept offsets that are out-of-kind, out-of-location, or out-of-time: 

id. at 6-7, 10-11. Also note that in the case of offsetting impairment to instream flows, the Department of 

Ecology explicitly considers instream biological needs, fish species affected, and quality of fish habitat 

affected—considerations that are not explicitly mentioned in any other state’s offset policy: id. at 12. 
163 Applications for new groundwater appropriations allowable under the Upper Kittitas Ground Water Rule 

(permit-exempt uses) must be accompanied by a determination of “water budget neutrality”, which involves 

https://advance.lexis.com/api/document/collection/administrative-codes/id/58MR-9HY0-006W-T53T-00000-00?context=1000516
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=lt&search=Mont.+Code+Anno.%2C+%A7+85-2-361
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Exchange Low Low Low High165 Low Med.166 Low  Med.167 Med.168 

Review  High169 High170 High171 High172 Med.173 High174 V. 

high175  

Low176  Low 

o Only basin in the state where offsets are used under a formal policy. Ad-hoc application of offsets applies 

elsewhere.177 

S Offsets are used in several basins in the state, with different rules applying to each. This basin is used as an 

example because it has a feature of particular interest. E.g. Roswell, NM (water quality included in currency); 

Central Platte above Chapman, NE (very high degree of groundwater development); Yakima, WA (detailed rules 

apply to permit-exempt wells) 

                                                                                                                                                 
assumptions about the proportion of water used for various categories of use being consumptively used: 

WASH. ADMIN. CODE § 173-539A-050 (2013). The Department of Ecology must determine that the water 

right proposed to be put into the Trust Water Rights Program as mitigation water (i.e., the offset measure), 

must not result in impairment of senior water rights if it located downstream of the point of withdrawal of the 

proposed groundwater right:  WASH. ADMIN. CODE § 173-539A-060(4) (2013). It is assumed that one unit of 

consumptively used groundwater results in stream depletion of one unit. A seasonal time-step is used: e.g., 

Wash. Dep’t of Ecology, Letter to Mark & Jane Rattray, Re: Determination of Water Budget Neutrality for 

Request No. (14-35584), July 31, 2013, available 

http://www.ecy.wa.gov/programs/wr/cro/images/pdfs/wbn/07312013-rattray-approve.pdf. In relation to 

location, the adequacy of a particular replacement water right is guided by indicative maps of suitability of 

such rights to offset groundwater pumping in particular locations of the watershed, but the Department retains 

discretion in approving the offset, or requesting more information to facilitate its determination that the offset 

will result in the groundwater appropriation being “water budget neutral”: supra note 167. 
164 Supra note 155, at 24. The time-step used to calculate depletion is seasonal (i.e. if impacts occur during 

irrigation season, they must be mitigated during the irrigation season; if impacts occur during the off-season, 

they must be mitigated during the off-season). 
165 Supra note 139. 
166 Supra notes 140 and 141. 
167 The usual way of obtaining replacement water is through buying a “mitigation certificate” from an offset 

bank (in Washington, called a “water exchange”), of which there are six in Upper Kittitas County 

(http://www.ecy.wa.gov/programs/wr/cro/wtrxchng.html). Maps produced for each water exchange show the 

areas of groundwater withdrawal for which a mitigation certificate purchased from the bank would likely be 

suitable, unsuitable, or for which more information would be required: e.g. 

http://www.ecy.wa.gov/programs/wr/cro/images/pdfs/sbwb/roan-mitigation-map.pdf.  
168 The same sub-basin or river reach is preferred, but if mitigated effects on intervening water rights holders, 

can source replacement water from a different river reach: State of Wyo., supra note 164, at 4, II.C.3, 

II.D.2.a. 
169 COLO. REV. STAT. 37-92-302(3) (2013) (in relation to augmentation plans); COLO. REV. STAT. 37-92-

308(4)(a)(II) (2013) (in relation to substitute water supply plans). 
170 Supra note 144. 
171 Supra note 145. 
172 Public hearing notice and public hearing required before Board of NRD makes decision. Cent. Platte 

Natural Resources Dist., supra note 139, at r. 4.3.  
173 To protest, one must either be a water right holder asserting impairment or a non-water right holder 

asserting detriment to the public welfare or that the action would be contrary to conservation of water in state 

and that the objector will be “substantially and specifically affected by the granting of the application”; all 

political subdivisions and agencies have standing. N.M. STAT. ANN. § 72-12-3(D) (2014). 
174 OR. REV. STAT. §§ 390.835(9)(f), 537.620(6), (7), 537.621, 537.622 (2013) (outlining process of public 

notice, call for public comments, and contested case hearing). 
175 In the case of potential impairment of instream flows, the Department of Ecology consults with various 

parties (e.g. tribes, wildlife department) before making a determination: Wash. Dep’t of Ecology, supra 

note 53, at 12. 
176 Determinations of water budget neutrality, required for mitigation, are not subject to any special public 

hearing procedures; only the general right to appeal a decision of the Department to the Pollution Control 

Hearings Board applies: WASH. ADMIN. CODE § 173-539A-090 (2013); personal communication, Dave Nazy, 

Hydrogeologist, Wash. Dep’t of Ecology, Feb. 22, 2014. 
177 Interview with Barry Norris, Or., supra note 11. 

http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=C.R.S.+37-92-302
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=C.R.S.+37-92-308
http://www.lexis.com/research/xlink?app=00075&view=full&searchtype=get&search=C.R.S.+37-92-308
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In relation to quantification, the table shows that groundwater offset rules are strongly focused on 

the “paper water” problem in relation to replacement water rights, ensuring that they have been 

historically beneficially used. Often this concern is dealt with under procedures for changing a 

water right to mitigation purposes, which almost universally include requirements to show proof 

of historic use, rather than through a specific component of offset rules.  

In relation to fungibility, the table shows that the majority of groundwater offset rules studied use 

currency measures to control externalities, that is, they focus greatly on the specifics of individual 

situations rather than more generalized pre-determined market rules. Cost differences present as 

the main potential reason for the general preference for currencies over market rules—or more 

precisely, preferences for encumbering different parties with the cost burdens associated with 

quantification. Producing maps restricting where groundwater pumping-induced depletion can be 

offset with replacement water, the most common form of market rule, involves a significant up-

front cost in terms of technical study to determine areas of similar hydrogeological parameters and 

therefore baseline conditions. The state would typically bear this cost. By contrast, groundwater 

applicants pay for case-specific technical studies under a currency approach.  

This hypothesis about the relationship between preferences in imposing technical costs on 

agencies versus applicants, on the one hand, and preferences for currencies versus market rules, on 

the other hand, seems supported by fact that the rulesets which do adopt strong market rules all 

either apply to areas smaller than the state, which likely contains the costs that accrue to the state; 

or, in the case of Nebraska, these rules are adopted by local natural resources districts, which, 

unusually, obtain their funding directly from user taxes.
178

 Further support for this explanation 

appears when considering the nature of the typical groundwater applicant, and their ability to 

shoulder a significant cost burden. In Oregon’s Deschutes and Washington’s Yakima basins, 

quasi-municipal users and individuals using groundwater for domestic or hobby farm use are the 

typical users requiring offsets.
179

 These users are less likely to be able to shoulder the burden of 

expensive, case-specific technical studies, making it more politically palatable to emphasize 

market restrictions, rather than currency, mechanisms.  

Another possible reason for preferring a currency approach to market rules is that the latter may be 

considered to pose an unacceptably large potential to impair surface water rights. States that are 

highly protective of water rights, for example, those in which the agency seeks to avoid 

impairment even if the impaired right holder would accept it,
180

 accordingly reject this approach. 

By contrast, offset rules that adopt market restrictions occur in regions where the water rights that 

are sought to be protected are less likely to be vigorously defended, either because they are 

                                                      
178 Christina Hoffman & Sandra Zellmer, Assessing Institutional Ability to Support Adaptive, Integrated 

Water Resources Management, 91 NEB. L. REV. 805, 841 (2013). 
179 Or. Water Res. Dep’t, supra note 110, at 8; supra note 56. 
180 Supra note 78 and accompanying text. 
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instream flow rights held by a state agency (the impairment of which does not result in direct 

economic loss) or because the main intended beneficiaries are downstream states that are likely to 

consider impairment at a higher aggregate level rather than take an interest in individual water 

right applications.  

In describing environmental offset programs, Salzman and Ruhl hypothesized an inverse 

relationship between the strength of currency measures and the strength of market rules.
181

 This 

relationship is very clearly borne out in the case of groundwater offsets. Not only does this happen 

at the extremes (high-currency/low-market rules, and low-currency/high-market rules), but also in 

the case of the mid-point (medium-currency, medium-market rules), where the state publishes 

guidance information in the nature of market restrictions, but retains ultimate discretion to approve 

the transaction based on case-specific factors. Although I have found no evidence demonstrating 

that state agencies consciously choose to focus on currency or market rules in this way, it makes 

sense: strength in one measure reduces the need for strength in the other to control externalities.  

As distinct from the significant variation seen across currency and market approaches, the extent 

of public review of offset transactions in most states is generally high. This may be explained by 

the long tradition of public involvement in state water administration. A weak review requirement 

in Wyoming occurs where the driver for the offset rules is compliance with an interstate compact, 

rather than intrastate water rights. In this case, the agency may assume the public is less interested 

or likely to object to externalities to offset transactions.  

4. Implementation challenges 

We have seen that groundwater offset rules in different jurisdictions seek to ensure equivalence 

between impacts and offsets in different ways and to different degrees, illuminating various 

options to the designer of offset rules. Making a decision about those options will often involve 

other goals alongside ensuring equivalence, for example, economic efficiency, equity, and 

stakeholder satisfaction. We turn now to consider these other goals through interview data that 

discloses water agencies’ perspectives implementing these rules, and the relative advantages and 

disadvantages of different approaches. These implementation issues relate to transaction costs, 

equity, communication, and monitoring. They generally confirm the potential risks of 

comprehensive currencies and precise quantification requirements to which theory points. 

4.1 The cost challenge 

A general goal of offsets is to reduce the public and private cost of achieving regulatory 

objectives.
182

 Groundwater offset rules can help to avoid incurring the opportunity costs of 

                                                      
181 Salzman & Ruhl, supra note 58, at 637-638. 
182 Hahn & Richards, supra note 1, at 104. 
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foregoing groundwater development to protect connected surface water. However, as has been 

argued in relation to environmental offsets, there is a trade-off between achieving certain 

protections and lowering costs.
183

 Groundwater offset schemes avoid some significant costs 

associated with environmental offsets, like developing certification processes for credits—that is, 

the cost of defining and establishing property rights—since the surface water rights typically used 

as offsets already exist in a “certified” form.
184

 However, costs are still incurred in the form of 

private transaction costs, like gaining knowledge of the rules, finding an offset, purchasing the 

technical expertise required to apply for an offset right, as well as the associated public 

administrative costs.
185

 

Offset rules can affect these costs. As set out above, more certain protections—lower 

externalities—are achieved by narrowing the definition of an equivalent unit for the purpose of an 

offset currency or narrowing the geographic area of exchange allowed by market rules. Both 

approaches risk creating a thin market,
186 

where there are few possible candidates for providing 

offsets, for example few water rights eligible for retirement to provide offsets at a particular 

location. As has been recognized in relation to both markets generally and environmental offset 

markets in particular, thin markets result in relatively low competition, low incentive for 

innovation, and higher potential for strategic behavior among providers, all of which can result in 

higher and more volatile prices for credits.
187

 Where groundwater offset rules do not allow for 

non-water mitigation, an inability to buy replacement water for a reasonable price may jeopardize 

the potential to develop groundwater that requires an offset: a groundwater right applicant will not 

proceed where compliance and transaction costs exceed benefits. This occurred dramatically in the 

South Platte basin in Colorado, under complex circumstances that involved a court finding that the 

offset actions of well user organizations, which were formed to help small-scale diverters access 

replacement water cheaply and quickly without a formal court-managed process, were undertaken 

unlawfully.
188

 Thin markets may also make it more difficult to identify what few water rights are 

eligible to act as offsets—the needle in a haystack problem.
189

 Oregon has experienced this effect 

in certain zones in the Deschutes Basin.
190

 

                                                      
183 Id. 
184 Anthea Coggan, et al., Influences of Transaction Costs in Environmental Policy, 69 ECOLOGICAL ECON. 

1777, 1778 (2010). 
185 Id., at 1779. 
186 Salzman & Ruhl, supra note 58, at 631-637, 647, note 100; Hahn & Richards, supra note 1, at 10 (thin 

markets in relation to water quality trading programs in small watersheds). 
187 Womble & Doyle, supra note 5, at 273-274. 
188 Empire Lodge Homeowner's Association v. Moyer, 39 P.3d 1139 (Colo. 2001); Lain Strawn, The Last 

Gasp: The Conflict over Management of Replacement Water in the South Platte River Basin, 75 U. COLO. L. 

REV. 597, 613-614 (2004). 
189 Interview with Peggy Clifford, Manager, Trust Water Program, Wash. Dep't of Ecology, in Olympia, 

Wash. (Oct. 27, 2011). 
190 Or. Water Res. Dep’t, supra note 110, at 24. 
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Other common elements of groundwater offset rules are also theoretically likely to lead to high 

compliance and transaction costs and delays. High transaction costs are associated with technical 

modeling where offset rules require impacts to be precisely quantified. Government and public 

reviews of individual transactions can be lengthy, particularly under currency approaches, which 

can increase transaction costs (monetary costs and delay) and increase uncertainty for pumping 

proponents.
191

 These transaction costs pose a problem not only for groundwater applicants; offset 

processes that are excessively costly or time-consuming may “create strong political pressure to 

loosen the rules and grease the wheels of issuance, thus potentially undermining a key component 

of an offset system’s environmental effectiveness”.
192

 Water agency staff also acknowledge the 

potential for thin markets and relatively high transaction costs in relation to groundwater offsets,
193

 

though groundwater proponents in jurisdictions in which offsets have long been established seem 

more prepared to accept these costs relative to those in which the rules are newer.
194

  

However, useful tools have arisen to deal with these transaction and compliance costs. Various 

institutions are used to increase information availability, so that groundwater applicants can access 

all opportunities within potentially thin markets for replacement water. Some states use state-

facilitated water rights clearinghouses, which can be as simple as a web page that enables buyers 

to find sellers.
195

 In the absence of state action, private brokers have arisen in some other states to 

mirror the function of a clearinghouse.
196

 

A more sophisticated option is a water bank, which “stocks” water rights that have already had 

their use changed to mitigation, or have already been parceled into mitigation “credits”,
197

 thereby 

shortening and cheapening the process of finding and having replacement water applied to a 

mitigation purpose.
198

 Such water banks have arisen through the creation of special-purpose public 

and private banks,
199

 and also through the re-purposing of existing water banks, for example those 

established for temporary in-stream environmental purposes.
200

 The ease of assessing the benefits 

                                                      
191 Salzman & Ruhl, supra note 58, at 673. 
192 Wara & Victor, supra note 37, at 17. 
193 E.g. Interview with Brian Walsh, Policy and Planning Section Manager, Water Resources Program, Wash. 

Dep't of Ecology, in Lacey, Wash. (Oct. 27, 2011). 
194 Interview with Tim Davis, Mont., supra note 68 (referring to the cost of hiring technical consultants for 

mitigation purposes, borne by the groundwater permit applicant as “very, very controversial”); interview with 

Kevin Rein, Colo., supra note 55 (describing the attitude of groundwater right applicants to the costs 

involved in hiring technical consultants for mitigation purposes: “It’s accepted. Absolutely.”)  
195 E.g. interview with Peggy Clifford, Wash., supra note 189 (referring to such a web page established 

during a period of drought).  
196 Interview with Tim Davis, Mont., supra note 68; interview with Kevin Rein, Colo., supra note 55.  
197 E.g. OR. ADMIN. R. 690-521-0100 (2014); State of Wyo., supra note 164, at II.C.3.a (outlining 

arrangements for the Wyoming Water Bank under Wyoming’s Depletions Plan pursuant to the Modified 

North Platte Decree). 
198 Interview with Brian Walsh, Wash., supra note 193. 
199 Mont. 62nd Legislature, 2011, House Bill 24 in 2011; Address of Bob Lane, Chief Legal Counsel of Mont. 

Dep’t of Fish, Wildlife & Parks, House Natural Resources Comm., HB 24, Jan. 19, 2011, available 

http://leg.mt.gov/bills/2011/Minutes/House/Exhibits/nah14a02.pdf. 
200 E.g. Washington state’s trust water program: interview with Peggy Clifford, Wash., supra note 189.   
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of the major type of offsetting action (retiring a surface water right) suggests that the offset system 

is well suited to banking mechanisms. These should be able to avoid some of the problems of 

delay experienced in certifying CERs, and wetland mitigation credits, and shortfalls in funding 

from in-lieu fees, all of which are products of a special-purpose process of quantifying and 

certifying offsetting actions. Part Five of this paper investigates the use of these water banking 

mechanisms in Idaho.  

In addition to measures to deal with the information problems of thin markets, some state and 

local governments take an active role in “thickening” markets by themselves developing physical 

projects that create offsets.
201

 This essentially socializes this portion of the transaction costs 

involved in offsetting. The state may also sponsor schemes to free up replacement water, for 

example through land fallowing programs, under which governments pay groundwater irrigators 

not to use their rights.
202

 Such measures are relatively common in response to state requirements to 

offset groundwater pumping to meet compact obligations.
203

 

Mechanisms have also arisen to lower the costs to proponents of precise quantification 

requirements, in the form of groundwater modeling that is necessary under currency approaches. 

A state itself may produce a large-scale groundwater model where demand for groundwater rights 

is high, thereby removing or reducing these costs for individual applicants.
204

 Alternatively, 

private individuals may pool their resources to undertake collective modeling and offsetting, 

thereby reducing per-user costs.
205

 Though this study uncovered no evidence of it in practice, one 

could also imagine a hybrid, staged version of state action and collective benefits, whereby the 

state would pay for an initial groundwater model, then recoup the cost of doing so over time 

through fees for groundwater right applications, which would reduce per-capita costs. 

Finally, “leasebacks” present a way to reduce costs related to purchasing the replacement water 

itself. Given that depletion to surface water caused by pumping groundwater increases with time, a 

                                                      
201 Interview with Brian Patton, Idaho, supra note 55 (referring to the Yakima and Odessa regions of 

Washington state); Cent. Platte Natural Resources Dist., ‘Water Bank’, undated, available 

http://www.cpnrd.org/Water_Bank.html.  
202 E.g. interview with Kevin Rein, Colo., supra note 55 (describing using the Conservation Reserve 

Enhancement Program for this purpose). 
203 E.g. New Mexico’s “pump and dump” scheme, under which the Interstate Stream Commission purchased 

water rights and constructed wells in the Pecos Basin to provide replacement water to fulfill compact delivery 

requirements to Texas: interview with David Heber, New Mexico, supra note 79. See also Wyoming’s efforts 

to comply with the requirements of the North Platte Decree (with Nebraska) to replace water by buying 

reservoir storage in federal reservoirs or entering into contracts to release stored water: interview with John 

Harju, Assistant Administrator, Ground Water Division, Wyo. State Engineer's Office, in Cheyenne, Wyo. 

(Nov. 8, 2011). 
204 E.g. interview with Brian Patton, Idaho, supra note 55 (in relation to the model for the Eastern Snake 

Plain Aquifer). 
205 Generally this occurs only where offsetting is required retrospectively, to avoid curtailing rights, rather 

than prospectively, as a precondition to obtaining a right: id. (referring to groundwater users organizing into 

“groundwater districts” for the purpose of collectively mitigating for their actions, the benefit being smaller 

per-user costs); see generally Strawn, supra note 188. 
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state may require the ultimate amount of replacement water to be secured in advance of approving 

a new groundwater right, but may allow a decreasing portion of that right to be leased back to the 

current owner, in line with increasing depletions.
206

 

4.2 The equity challenge 

Despite their costs, even high-equivalence groundwater offset rules have the potential to create at 

least three species of distributional equity concerns. First, impacts on surface waters may be 

distributed so as to adversely affect certain communities. That is, like environmental markets, 

groundwater offset rules could lead to “hotspots” of impact and associated environmental justice 

concerns.
207

 Under most groundwater offset rules, dewatering of stream reaches that supply public 

or ecological benefit is allowed where no water right is impaired. This could occur where 

groundwater pumping affects a river in a particular reach, and the location of the water right to be 

used as a source of replacement water to offset effects on a downstream water right is significantly 

downstream of the location of the first significant impact. In some cases, offset rules deal with this 

by allowing public protests based on detriment to public welfare.
208

 While recognizing the 

potential for these hotspot impacts, it is interesting to note that a spatial redistribution of water that 

results from an offset transaction may actually increase environmental and public benefits 

associated with instream flows. This would occur where a surface water right is retired and 

dedicated to instream use upstream of the river reach within which depletion from groundwater 

pumping would be felt. The river reach between these locations would experience an increase in 

flows relative to the baseline situation. There is some evidence that this has occurred in practice.
209

 

Related to hotspot concerns, a second equity concern relates to the potential economic impacts of 

redistributing water among sectors or geographic locations, even where there are no stream 

impacts. This is a common concern with any type of water trading,
210

 the potential for which is 

explored empirically in the case of Idaho in Part Five.  

Finally, equity concerns may arise from the distribution of the burden of offsetting. Some 

purposes of groundwater use—notably domestic purposes—are often exempt from offsetting 

requirements, whereas uses for a comparable or smaller volume, for a different purpose, may 

require an offset to be permitted. This has the potential to create frustration on the part of small 

non-exempt groundwater users.
211

 It also gives rise to the potential for significant cumulative 

impacts. Groundwater offset rules in Washington state demonstrate that it is, however, possible to 

require offsets for usually permit-exempt domestic uses by requiring them as a precondition to 

                                                      
206 Interview with David Heber, N.M., supra note 79.  
207 Womble & Doyle, supra note 5, at 233. 
208 N.M. STAT. ANN. § 72-12-3(D) (2014). 
209 Or. Water Resources Dep’t, supra note 110, at 28-31. 
210 Supra note 106. 
211 Interview with David Heber, N.M., supra note 79. 



 

123 
 
 
 

 

another kind of approval, such as a building permit.
212

 Rules that use market restrictions can be the 

cause of similar frustrations where a permit applicant must source replacement water from a zone 

in which water is more expensive relative to other zones.
213

 

4.3 The communication challenge 

Unsurprisingly, communicating often complex groundwater offset rules to stakeholders has 

proven to be a challenge, particularly where rules are relatively new.
214

 Aspiring permittees need 

to understand many legal, technical and practical issues, each of which can inspire indignation or 

disbelief: the need for a permit to pump groundwater; the fact that pumping groundwater can 

affect surface water with a variable time lag; the rule that pre-existing surface water rights trump 

new groundwater rights that affect them; the prohibition on obtaining a new groundwater permit 

unless pre-existing surface water rights are protected through offsets; and the realization that the 

offset process can be lengthy and expensive. Applicants may also find it difficult to accept the 

need to offset to protect against future impacts in dry years when current conditions are good.
215

 

Experience of groundwater offset rules suggests that a concerted communication effort is required 

so that proponents—and stakeholders who may play a public review role in relation to proposed 

offset transactions—understand them.  

4.4 The monitoring and verification challenge 

Monitoring the physical effectiveness of offsets—that is, the absence of net impacts beyond the 

acceptable level—is a noted gap in relation to many environmental offset programs.
216

 It also 

appears as a gap in many groundwater offset rules. Few groundwater offset rules include 

requirements to see whether the system is actually working by determining whether offsets 

actually avoid impairing surface water rights. This is sometimes based on important physical 

reasons: it would be difficult to detect the results of offsets for relatively small volumes of 

replaced water where river flows are large and variable for many reasons.
217

 Oregon’s Deschutes 

Basin takes an alternative approach, recognizing this limitation. Rules for the program require 

                                                      
212 Ziemer et al., supra note 9, at 39-40.  
213 Interview with Ivan Gall, Manager, Ground Water Div., Or. Water Resources Dep’t, in Salem, Or. (Oct. 

25, 2011).  
214 Interview with Tim Davis, Mont., supra note 68 (“I think that's been the biggest struggle over the last, five 

years, is just getting people to understand the law [regarding mitigation requirements in closed basins]”); 

Lieberherr, supra note 66, at 32. 
215 Interview with Kevin Rein, Colo., supra note 55 (noting the difficulty that groundwater users have 

reconciling legal requirements to shut down wells when, due to a good rain year, groundwater levels are high; 

this gives rise to calls to relax regulation of wells). 
216 Bronner, et al., supra note 13, at 456; Gardner et al., supra note 18, at 235-240; Margaret S. Race & Mark 

S. Fonseca, Fixing Compensatory Mitigation: What Will it Take?, 6 ECOLOGICAL APPLICATIONS 94, 96, 99 

(1996). 
217 Interview with Shelley Keen, Idaho, supra note 76 (in relation to high flows in the Snake River); interview 

with David Heber, N.M., supra note 79; interview with Ivan Gall, Or., supra note 213 (in relation to the 

Deschutes River). 
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five-yearly reviews of the effectiveness of the pilot program, and must annually evaluate the 

implementation of the rules, which involves determining “whether scenic waterway flows and 

instream water right flows … continue to be met on at least an equivalent or more frequent basis 

as compared to long-term, representative base period flows”.
218

 Other rules also include objectives 

relating to the evaluation of the performance of offsets, but these obligations have not yet fallen 

due.
219

 

Where offsetting actions predominantly involve existing surface water rights—retiring them 

permanently or contracting for their non-use—the risks of not achieving equivalence in practice 

are relatively limited in nature, and arguably, degree. Risks of non-equivalence include the 

replacement water provider continuing to divert the water, a risk that existing compliance 

mechanisms like metering and water masters address; the replacement water provider activating 

“paper water” that was not previously used, which is best (and often) addressed up-front through 

the permitting process;
220

 or the replacement water being insufficient to offset the pumping 

depletion because the modeling did not precisely reflect real-world conditions, that is, a significant 

failure of quantification occurred. Additional monitoring or analysis of existing monitoring data 

may be able to detect this last risk, which would likely otherwise remain hidden. However, 

distinguishing between different possible causes of differences in streamflow is likely to be 

difficult. Departmental resources would also need to be consciously dedicated to this task, since 

spare monitoring capacity may not be available.
221

  

In certain situations, there may be additional risks of the “credit” not performing as expected. This 

is particularly the case where non-water offsets are accepted, for example environmental 

restoration works, or where non-conventional “pumps and pipes” sources of replacement water are 

used, for example, enhanced aquifer storage designed to discharge to a river.
222

 In the last case, 

which mirrors the higher risk profile of wetland mitigation or carbon offsetting, greater monitoring 

is warranted. Washington state’s recent policy on groundwater offsetting—the only formal policy 

                                                      
218 OR. ADMIN. R. 690-505-0500(2), (3) (2014). 
219 E.g. Neb. Dep’t of Natural Res., et al., supra note 50, at 11. 
220 See supra notes 94, and 147-155, and accompanying text. 
221 Interview with Peggy Clifford, Wash., supra note 189; personal communication with Shelley Keen, Idaho 

Dep’t of Water Resources, by email to Rebecca Nelson, Sept. 4, 2013 (describing current use of watermasters 

to ensure the implementation of mitigation plans, but where these watermasters are often busy with their 

regular task of administering water rights in accordance with priority rules).  
222 Interview with Brian Walsh, Wash., supra note 193 (saying, before the implementation of Washington’s 

state mitigation policy, “…if [mitigation] requires somebody to flip on a switch every Saturday morning or 

something to pump it will create havoc when the pump goes down or when the person dies. Trying to get 

accountability around a system like that is very hard.”) A similar issue arises in relation to calculating 

consumptive groundwater use, where, for example, a septic system that returns water to the ground may be 

replaced in the future with a piped system, thereby increasing consumptive use in a way not accounted for 

through offsets: interview with Dave Nazy, Hydrogeologist, Wash. Dep't of Ecology, in Olympia, Wash. 

(Oct. 27, 2011). This also has potential to manifest through across-the-board requirements to replace water 

into a river to offset existing uses based on average current consumptive use values, which may increase with 

the use of increased efficiency irrigation equipment: interview with John Harju, Wyo., supra note 203. 
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to accept non-water offsets—includes such detailed monitoring conditions.
223

 The CDM literature 

highlights the desirability of creating consistent approval processes where project types can differ 

substantially, and avoiding potentially biased verification processes.
224

  

5. Case study: Idaho groundwater offset rules 

Thus far, this paper has set out a framework for evaluating groundwater offset rules based on a 

framework modified from the environmental offset literature, and has applied this framework to 

produce the first comparative analysis of groundwater offset rules in the western U.S. It shows that 

these rules generally seek to ensure a high degree of equivalence between offsets and impacts 

through detailed quantification requirements and a highly case-specific “currency” approach. It 

has also discussed key challenges associated with implementing such an approach, based on state 

agency interviews and a review of key institutional mechanisms that have arisen to deal with these 

challenges. The paper now shifts from a qualitative institutional focus on the western U.S. as a 

whole to a specific case study set of offset rules, considered using a quantitative approach to a 

large set of water rights data. With this finer-grained focus, this part investigates several questions 

raised by earlier observations about the risks of high costs, thin markets, and distributional equity. 

Specifically, it asks: To what degree are offset rules actually used in practice? How burdensome is 

it to comply with offset requirements? Are water right clearinghouses (called “banks” in Idaho) 

useful in minimizing these burdens? Do offset transactions concentrate economic burdens on 

communities or particular industries? And are active public review procedures associated with 

substantially increased delays in approving groundwater ermits with offset conditions? 

Idaho’s offset rules are selected for the case study for several reasons. They occur at the high-

equivalence, currency-focused end of the spectrum of groundwater offset rules (see above 

Table 3), so to the extent that the challenges raised in Part 4 are likely to occur, they should occur 

in this case. Groundwater offsets have been used in Idaho for over two decades, avoiding any 

“teething” problems distorting the data. Idaho also has an active water marketing system,
225

 which 

allows for testing the theoretical assertion that water banks provide powerful institutional 

mechanisms to deal with key challenges of implementing groundwater offsets. Idaho’s water 

allocation system is substantially similar to most other western U.S. states, and its rules are 

motivated by a concern to protect surface water rights in general, rather than one class of rights or 

                                                      
223 Wash. Dep’t of Ecology, Water Resources Program Policy (POL-2035), supra note 53, at 14-15. 
224 Wara & Victor, supra note 37, at 19. 
225 Idaho Dep’t of Water Res., Annual Report 2012 (Water Supply Bank) 2 (2012), available 

http://www.idwr.idaho.gov/WaterManagement/WaterRights/waterSupply/pdfs/2012%20annual%20report.pd

f. 
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deliveries to downstream states.
226

 These factors all suggest that the performance of Idaho’s offset 

system is of both theoretical and wide practical interest. 

5.1 Background on Idaho groundwater permitting processes and terminology 

In Idaho, a groundwater right is generally established by applying for a permit before constructing 

a well. One of four regional offices of the Department of Water Resources (DWR)
227

 makes a 

decision on the permit application after a public notice procedure, which may include a public 

hearing if protests are filed.
228

 Idaho has adopted a broad public review requirement, allowing 

“[a]ny person, firm, association or corporation” to file a protest against a permit application.
229

 

Once the permit is issued, the appropriation is perfected after the permittee puts the water to full 

beneficial use, and proves that this has occurred.
230

 

Offset requirements, which are known as “mitigation” in Idaho, are applied either as a condition of 

granting or transferring a permit, and allow out-of-priority diversion by preventing injury to senior 

water rights. For simplicity, this section will empirically examine only offset requirements that are 

applied at the permit stage, in relation to effects on senior surface water rights. Mitigation is 

required if the exercise of one water right has the potential to injure another water right in quantity 

or quality (such as to make it unusable for the purposes of the existing right), or would force “the 

holder of an existing water right … to an unreasonable effort or expense to divert his existing 

water right”.
231

 A new water rights database was implemented in 2001, and since that date 

mitigation procedures became more standard.
232

 Idaho introduced formal mitigation policies in 

2010, which set out processes that staff must follow in evaluating applications and determining 

injury, and examples of common scenarios.
233

 Permit applicants bear the burden of analyzing the 

quantity, location and timing of depletion, including hiring a professional engineer, geologist or 

hydrogeologist where required.
234

 The published legal notice for the application generally must 

describe the mitigation plan.
235

 Mitigation requirements are often applied in certain areas, which 

                                                      
226 Cf. Oregon, driven primary by concerns for one category of surface water rights: instream flows (Oregon 

Water Res. Dep’t, supra note 110, at 1), or Nebraska, where a major driver is requirements to deliver surface 

water in several river systems to downstream states to meet interstate compact requirements (Interview with 

Jesse Bradley, Division Head, Integrated Water Mgmt., Neb. Dep’t of Nat. Resources, in Lincoln, Neb. (Nov. 

10, 2011)). 
227 Personal communication, Shelley Keen, Manager, Water Rights Permits Section, Idaho Dep't of Water 

Res., Oct. 1, 2014. 
228 IDAHO CODE ANN. § 42-203A (2013). 
229 IDAHO CODE ANN. § 42-203A(4) (2013). 
230 IDAHO CODE ANN. § 42-204 (2013). 
231 IDAHO ADMIN. CODE r 37.03.08.045.01(a) (2013). 
232 Personal communication, Shelley Keen, Water Rights Section Manager, Idaho Dep’t of Water Resources, 

by email to Rebecca Nelson, May 7, 2013. 
233 Peppersack, Application Processing Memo #72, supra note 148; Memorandum to Regional Offices, Water 

Allocation Bureau Re: Water Rights Dedicated for Mitigation Protected from Forfeiture (Application 

Processing Memo #71, Transfer Processing Memo #27). (2010). 
234 Peppersack, Application Processing Memo #72, supra note 148, at 2.  
235 Peppersack, Application Processing Memo #71, supra note 233, at 2. 
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are designated as having water that is highly or fully allocated (e.g. formally recognized 

“moratorium areas”, “critical groundwater management areas”, and “groundwater management 

areas”).
236

 Where mitigation is authorized and in effect, a senior surface water right holder may 

not make a delivery call for curtailment of pumping by the junior groundwater right holder 

undertaking mitigation.
237

  

Terminology will be important in the following discussion. I use the term “permit” to refer to the 

authorization to divert groundwater that a person has before submitting proof of beneficial use. I 

use the term “water right” to refer to the authorization to divert groundwater that a person has after 

they submit proof of beneficial use and a field examination confirms it, or after they are found to 

have a perfected water right following a court process.
238

 A permit may lapse, or be relinquished 

or voided before it becomes a water right (a situation that I refer to as “unusable”; I use the term 

“usable” to refer to permits that may be used). I refer to a permit that is subject to a condition to 

offset the impacts of stream depletion as an “offset permit”. Unless otherwise specified, the data 

on which this section is based generally relates to permits that were issued between January 1, 

1992 (before which very few permits were issued subject to mitigation requirements)
239

 and 

September 30, 2013. 

5.2 To what degree are groundwater offset rules actually used in practice?  

As explained above, the main purpose of groundwater offset rules is to enable groundwater 

development to go ahead, which would otherwise be prohibited on account of effects on senior 

surface water rights. This purpose will not be carried out where the rules are not used in practice. 

Yet Parts 2 and 4 raise concerns in theory and practice that groundwater offset systems that use 

comprehensive currencies or tight market restrictions to ensure the equivalence of impacts and 

offsets risk creating thin markets and low levels of use. Accordingly, to evaluate the significance 

in practice of this concern, a key question is: How many, and what overall proportion of permits 

are offset permits? This question was assessed by analyzing data provided by the Idaho DWR,
240

 

and determining the number of offset permits state-wide, by basin, and by usable or unusable 

status, then comparing these figures to the total number of permits in these categories. This 

analysis shows that a significant number of permits are subject to an offset requirement, although 

their distribution is not spatially uniform. Idaho’s offset rules are indeed used in practice, though, 

                                                      
236 Personal communication, Shelley Keen, May 7, 2013; Peppersack, Application Processing Memo #72, 

supra note 148, at 1-2. 
237 IDAHO ADMIN. CODE r 37.03.11.042.02 (2013). 
238 Idaho Dep’t of Water Res., Idaho Water Rights: A Primer (2007) 1-2, available 

http://www.idwr.idaho.gov/WaterManagement/WaterRights/PDFs/Water_Rights_Primer_Brochure_Aug07.p

df. 
239 Personal communication, Shelley Keen, Idaho Dep’t of Water Resources, Feb. 20, 2014. 
240 Data supplied by Shelley Keen, Water Rights Section Manager, Idaho Dep’t of Water Resources, by email 

to Rebecca Nelson, October 1, 2013, and July 5, 2013. 
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as described further below, they tend to take a weaker form in practice than is evident from the 

face of the rules.  

 

The greatest number of permits are located in Idaho’s western and northern regions (45% and 

26%, respectively), however, its western and southern regions account for the greatest diversions 

of groundwater (38% and 34% of total groundwater diversions, respectively) (Figure 1(a) and (b)). 

Across the state, 30% of permits are issued subject to at least one offset condition. On its face, the 

western region accounts for by far the most significant groundwater offset activity (1134 offset 

permits, which constitutes 90% of offset permits issued across the state), however, as explained 

below, the vast majority of these offset requirements relate to obligations which may only arise in 

the future. In that region, offset permits account for 61% of permits issued, and 70% of all 

groundwater permitted to be diverted). By contrast, although the northern region accounts for over 

half of the number the permits issued in the western region, only one permit in the north has been 

issued with an offset condition. At a smaller scale, offsets are significant even outside the western 

region. They have been applied to permits issued in 34 of Idaho’s 56 water basins. In 17 basins, 

15% or more of the total number of permits issued were subject to at least one offset condition 

(see Figure 1(a)). In 13 basins, that figure is 30% or more (i.e. above the state average). These 

numbers increase when analyzed by percentage of total permitted groundwater diversions 

comprised by offset permits (see Figure 1(b)). Table 4, below, gives a regional summary of the 

distribution of permits in general, and offset permits. The Appendix gives detailed numerical data 

by basin.  

Spatially, the use of offsets corresponds strongly with the spatial extent of current regulatory 

orders such as moratorium areas, critical groundwater management areas and groundwater 

management areas, which indicate a high degree of water allocation, past expired orders, or in one 

case, being tributary to an area subject to restrictions.
241

 In other words, the use of offsets 

corresponds strongly with scarcity that is brought about by, or recognized by, regulatory orders. 

Figure 1(c) shows the generally increasing trend in the percentage of all permits issued each year, 

which are subject to an offset condition, in three of Idaho’s four water regions. Variation in the 

percentage from year to year may be due to different demand being experienced in different 

                                                      
241 Personal communication, Shelley Keen, Idaho Dep’t of Water Res., May 7, 2013; spatial datasets of 

regulatory restriction areas: “Critical Ground Water Management Areas”, “Ground Water Management 

Areas”, “Moratorium Areas”, “Moratorium Areas – Eastern Snake”, “Moratorium Areas – Snake Non-Trust”, 

“Moratorium Areas – Salmon-Clearwater”, “Moratorium Areas – Twin Falls Geothermal”, “Moratorium 

Areas – Wilderness Moratorium”, “Trust Water Areas”, all available at Idaho Dep’t of Water Res., IDWR 

Regulatory Areas, available http://www.idwr.idaho.gov/GeographicInfo/gisdata/regulatory_basins.htm. The 

one case in which groundwater offsets are used extensively, but the area is not itself subject to a regulatory 

order is the Weiser River Basin (Basin 67), where significant numbers of offset groundwater permits occur 

(see Table 7, Appendix). The Weiser River is a tributary of the highly restricted Snake River, and the offset 

conditions applied in the Weiser River basin are “future” conditions (see infra notes 243, 244, and 

accompanying text) that allow the Director of the IDWR to require mitigation for consumptive use if this is 

required to protect salmon in the Snake River (see also rows 1-3, Table 8, Appendix 1). 
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administrative basins (at the sub-region level), in which, as Figure 1(a) and (b) show, offsets are 

used to differing degrees. This variation could, in turn, be caused by climatic or business factors. 

Idaho’s groundwater offset rules use a comprehensive currency that takes into account changes to 

water quantity, quality, timing and location, and uses detailed quantification requirements, and 

these rules are commonly used in practice. That use varies with space, but tends to coincide with 

regulatory orders indicating a high degree of allocation. They have been used increasingly over 

time, and the trend established over the past two decades is for their use to increase even further. 

The related question of whether the burden posed by a comprehensive currency, in particular, is 

significant enough to prevent permits subject to offset requirements maturing into groundwater 

rights (for example, because compensatory water cannot be found) is addressed next.  
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Figure 1: Significance of offset conditions for groundwater permits issued Jan. 1, 1992 to Sept. 30, 2013 by 

region and basin, by (a) percentage of groundwater permits issued (by number of permits); (b) percentage of 

cumulative permitted groundwater diversions; (c) percentage of groundwater permits issued annually (by 

number) 
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5.3 How burdensome is it to comply with offset requirements?  

Transaction costs are a noted concern in relation to offset rules in general, particularly those that 

adopt precise quantification methods or a comprehensive currency system, both of which are the 

case for groundwater offsets in Idaho. No readily available data exists on the cost of complying 

with offset rules in Idaho. However, a basic indicator of the burden posed by offset conditions is 

the percentage of offset permits that are unusable because they are voided, relinquished, or lapsed 

(that is, that fail to become perfected groundwater rights), compared to the percentage of non-

offset permits. This difference is not significant: overall, 16% of offset permits fall into these 

categories, compared to 13% of permits generally. Even examining the data by region, the 

proportion of offset permits that are unusable tends to be about the same as the proportion of all 

permits that are unusable (see Table 4). Given that permits could be voided, relinquished or lapsed 

for reasons other than an inability of the permittee to comply with a burdensome offset condition, 

the frequency of unusable offset permits does not appear to be significantly greater than that for 

“regular” permits, and does not suggest that offset conditions are so burdensome as to cause a 

permit to fail to become a perfected right. It is important to note that this data does not include 

instances in which permits are not applied for because the potential applicant perceives offset 

requirements to be too burdensome. However, as noted in Part 4.3, there is generally a low level of 

understanding of offset rules in states that have them: if this is true of Idaho, we would not expect 

these perceptions to be well developed or have a great effect.  

 

Table 4: Application of offset conditions to groundwater permits issued in Idaho from 1/1/1992 to 

9/30/2013 by administrative water region and status as usable/unusable: (a) all groundwater permits; 

(b) groundwater permits subject to ≥ 1 offset condition (“offset GW permit”) 

(a)  

Region 

# All 

GW 

Permits 

Cumulativ

e 

Diversion 

Rates of 

All GW 

Permits 

# 

Usable 

GW 

Permits 

Cumulative 

Diversion 

Rates of 

Usable GW 

Permits 

# Unusable 

Permits 

Unusable 

Permits as 

% of all 

permits 

Cumulative 

Diversion 

Rates of 

Unusable 

GW Permits 

% 

Unusable 

Permits by 

Cumulative 

Diversion 

Rate 

Northern 1084 471 932 410 152 14 62 13 

Eastern 749 755 641 634 108 14 122 16 

Southern  486 1509 435 1483 51 10 26 2 

Western 1868 1701 1607 1474 261 14 227 13 

Direct 

diversion

- Snake 

R 5 5 5 5 0 0 0 0 

Total 4192 4443 3620 4006 572  -- 436  -- 
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(b)  

Region 

# Offset 

GW 

Permits  

Offset GW 

Permits as 

% of all 

Permits 

Cumulative 

Diversion 

Rate of 

Offset GW 

Permits  

Offset GW Permits 

as % of Cumulative 

Diversion Rate of 

all GW Permits  

# Unusable 

Offset GW 

Permits  

Unusable Offset 

GW Permits as 

% of all Offset 

GW Permits 

Northern 1 0 0 0 1 100 

Eastern 69 9 89 12 4 6 

Southern  58 12 136 9 8 14 

Western 1134 61 1188 70 188 17 

Direct 

diversion- 

Snake R 4 80 5 96 0 0 

Total 1266  -- 1418  -- 201 -- 

 

The transaction costs and general burden of complying with an offset condition after it has been 

imposed (as opposed to doing the initial scientific modeling required as an input to determining 

how much water must be replaced) are also likely to relate to the type of action required to be 

undertaken to neutralize the predicted depletion to the river.
242

 Therefore, to understand the 

general nature of the burdens imposed by an offset rule system, it is crucial to understand the 

nature and frequency of the actions that offset conditions require. This study determined each 

distinct type of offset condition that can be applied to a groundwater permit, based on data 

provided by ID DWR, and how frequently those conditions have been applied. 

Offset requirements in Idaho can appear as 13 different “formal” kinds of conditions on 

groundwater permits.
243

 Offset conditions fall into two main categories, based on whether the 

offset is in place as a condition of the permit (“current offset”)
244

 or merely allows the DWR to 

require offsetting action to occur in future (“future offset”). Current offsets are of their nature 

more burdensome and expensive to comply with because they require immediate action to be 

taken to neutralize depletion to a river. Future offsets put off any expenditure until some 

indeterminate future point, which may or may not even arise. Although less burdensome, future 

                                                      
242 By contrast, transaction costs associated with modeling are likely to be strongly place-specific, e.g. 

depending on hydrogeological complexity and local data availability. 
243 Idaho Dep’t of Water Res., Conditions and Remarks Usage Report, May 7, 2013, supplied by Shelley 

Keen, Idaho Dep’t of Water Resources, on file with author. See also Table 8, Appendix. 
244 E.g. the offset condition requires a specific right to be held, or other measure to be taken, in mitigation of 

injury to a senior water right that would otherwise occur. An offset was noted as current if a specific right 

was required to be held even if a further step is to be taken in the future, e.g. “The right holder shall use the 

surface water right appurtenant to the Mountain View Subdivision or shall make the surface water available 

for a mitigation project when notified by the Department. If the surface water right(s) appurtenant to the place 

of use is sold, transferred, leased or used on any other place of use, this right to divert groundwater shall not 

be used without an approved transfer pursuant to Section 42-222, Idaho Code, or approval of the Department 

if a transfer is not required.” [in relation to water right 63-12275]. 
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offsets appear to be substantially less robust than current offsets in that there is less certainty that 

they will be available in response to impairment to another water right. Making a future offset 

available requires a chain of events, any one of which might fail: the state must first become aware 

of the impairment that must be offset, the state must take action to activate the offset requirement, 

and replacement water must be available, or the state must curtail the groundwater right. This 

study did not uncover any evidence that future offsets have yet been called upon to any significant 

degree. 

Future offsets are very much more common than current offsets, indicating that the burden of 

Idaho’s offset rule system on groundwater permit holders is likely to be significantly lower than 

might be expected from simply considering the raw numbers of offset permits. About three 

quarters of offset permits have only a future offset condition (85%, or 1079 permits), leaving only 

187 with a current offset condition. These numbers change only slightly when analyzed by the 

cumulative total diversion capacity (the other measure that is common to all permits): 81% (1046 

cfs) of the groundwater diverted under offset permits is subject only to a future offset condition. 

There is a significant difference between the mean diversion capacity of a permit with a future 

offset condition and that of one with a current offset condition (1.08 cfs and 1.73 cfs, 

respectively). These statistics suggest that although most offset conditions involve a negligible 

burden (at least up front at the permitting stage) and are arguably less robust, larger-capacity rights 

tend to be the subject of more robust and burdensome conditions. Despite the different nature of 

the burdens represented by future and current offsets, only 10% of permits with current offset 

conditions are voided, relinquished, or lapsed—contrary to what one would expect given the 

apparently more burdensome nature of this type of condition. The larger capacity of these permits 

may mean they tend to be more important to the operations of the permittee than other permits, 

which tend to be for smaller volumes, and perhaps for this reason it is less likely for the permittee 

to allow it to fail. 

The distribution of current and future offset conditions varies significantly across space, 

representing very different burdens on permit holders (and conversely, arguably, degrees of 

protection for senior surface water right holders). In the western region, which accounts for 90% 

of offset permits, 93% of offset permits have only future offset conditions. In addition to the lesser 

use of regulatory orders,
245

 this is likely to be more generally driven by the degree of allocation of 

surface water in different reaches of the Snake River. In the eastern and southern regions, levels of 

allocation are such that senior surface water users of the Snake River and tributary springs would 

generally be injured by a new appropriation of groundwater from the Eastern Snake Plain Aquifer; 

by contrast, in the western region, surface water users still have their rights largely satisfied, even 

                                                      
245 See supra note 241 and accompanying text. 
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in low flow years.
246

 A secondary possibility is that spatial disparities may be due to different 

permitting practices of different agency offices, since regional office managers have the authority 

to issue groundwater permits, though they are encouraged to consult with state managers in doing 

so, in the case of unique or particularly complicated permits.
247

 

Interestingly, it also appears that there may be differences in the beneficiaries of current and future 

offsets, respectively. The wording of the various conditions suggests that instream flow rights to 

benefit salmon are the dominant beneficiaries of the arguably weaker future offset conditions,
248

 

whereas current offset conditions are used to deliver benefits more generally, or perhaps 

predominantly used to benefit consumptive surface water rights. This could suggest greater 

willingness to constrain new groundwater pumping where pumping would threaten existing water 

uses that are clearly economically productive than when other uses are threatened. This would be 

consistent with the explicit economic orientation of Idaho’s Water Code in the form of economic 

considerations relevant to determining injury to a senior water right holder, and economic 

components of public interest criteria for approving permit applications,
249

 though offset 

provisions and policy do not explicitly make this distinction.  

Overall, the use in practice of Idaho’s offset conditions results in a significantly lower level of 

burden on permittees than might be expected from the face of the rules, given that extensive use is 

made of “future” offset conditions. These conditions put off the need to buy replacement water 

until a future date to be determined by the DWR, presumably with reference to a particular 

impairment trigger, though this is not clear from the conditions themselves. The balance between 

future and current offset conditions, which require expenditure to secure replacement water at the 

permitting stage, varies significantly between regions, and may correspond to different intended 

beneficiaries—environmental or consumptive rights.   

5.4 Are water banks useful in minimizing transaction costs?  

As discussed above, comprehensive currencies can lead to thin markets and high transaction costs 

associated with finding offsets. The experience of offset systems for a range of natural resources 

shows that banking mechanisms (in the sense of exchanges or facilitated “noticeboards” of 

available offset credits) are a key measure to lower these costs. Idaho is known for having an 

active water marketing system in general, and its mitigation policies contemplate using this system 

to acquire replacement water,
250

 which raises the question of the extent to which water banks are 

actually used in practice to facilitate offset transactions. Idaho has one central Water Supply Bank, 

                                                      
246 Personal communication, Shelley Keen, Idaho Dep’t of Water Res., Feb. 20, 2014. 
247 Personal communication, Shelley Keen, Idaho Dep’t of Water Res., October 1, 2013. 
248 See rows 1-3 of Table 8 in the Appendix. 
249 IDAHO ADMIN. CODE r 37.03.08.045 (2013). 
250 Peppersack, Application Processing Memo #72, supra note 148, at 3. 
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administered by the Idaho Water Resource Board, and six local “rental pools”, administered by 

water district watermasters.  

Despite the development of its water marketing system, it appears that it is rarely used to source 

mitigation water. Local rental pools are rarely, if ever, used to source replacement water for 

groundwater offsets.
251

 Similarly, Idaho’s Water Supply Bank is rarely used for this purpose. This 

is likely to be due to several reasons. Idaho’s Water Supply Bank generally provides only a 

temporary source of water, which is not considered adequate to mitigate for long-term uses of 

groundwater,
252

 and is unlikely to be approved for mitigation, since the IDWR lacks the resources 

to re-evaluate mitigation plans annually to determine if they are sufficient.
253

 Similarly, local 

rental pools are generally not a reliable source of mitigation water, though for different reasons. In 

some basins, particularly the Snake River system, rental pool water is in high demand for other 

purposes, such as supplemental water and mitigation water for delivery calls, and may therefore be 

difficult to secure when required for mitigation at the permit application stage.
254

 Basins in which 

such water is more commonly available tend to experience lower levels of groundwater 

development that would cause injury to senior surface water rights, thereby requiring 

mitigation.
255

 In addition, the nature of water rights available through local rental pools tends to be 

storage rights from the “last-fill” portions of reservoirs, meaning that it constitutes a lower-

reliability source of water that may be unsuitable for mitigation water, similar to Water Supply 

Bank water.
256

 

This situation contrasts with water banks in some other states, which source at least some of their 

credits, for example, from permanent instream transfers of water rights.
257

 In addition, it appears 

that some other states may be more comfortable accepting a higher degree of risk in approving 

temporary transfers. They deal with this risk by adopting a higher than 1:1 ratio of credits to 

impacts,
258

 and require banks to hold an equivalent amount of credits in reserve.
259

 

Ultimately, it appears that the usefulness of water banks as a tool to reduce transaction costs 

associated with finding offsets depends on many local factors. These include the reliability of 

water rights that are typically offered through such banks, whether they are offered for temporary 

                                                      
251 Personal communications with Tony Olenichak (administrator, Snake River Basin), Jan. 14, 2014; John 

Leedom (administrator, Water District 65K, Lake Fork Creek, Payette River Basin), Jan. 17, 2014; Kevin 

Lakey (administrator, Wood River Basin Enhancement Water Supply Bank), Jan. 17, 2014. 
252 Peppersack, Application Processing Memo #72, supra note 148, at 3. 
253 Personal communication, Shelley Keen, Idaho Dep’t of Water Res., Feb. 20, 2014. 
254 Id.  
255 Id. 
256 Id. 
257 E.g. the Deschutes River Conservancy’s Groundwater Mitigation Bank creates temporary as well as 

permanent credits: Deschutes River Conservancy, Groundwater Mitigation in Central Oregon (undated), 

available http://www.deschutesriver.org/what-we-do/water-banking/groundwater-mitigation-bank/. 
258 Deschutes River Conservancy, Temporary Mitigation vs. Permanent Mitigation, undated, available 

http://www.deschutesriver.org/Temporary-Mitigation-v-Permenant-Mitigation.pdf. 
259 OR. ADMIN. R. 690-521-0300(3) (2014). 

http://www.deschutesriver.org/Temporary-Mitigation-v-Permenant-Mitigation.pdf
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or permanent transfer, levels of demand for banked rights for other purposes, and the attitude of 

agency staff towards using more risky, less reliable water rights for offset purposes. Merely 

having a water marketing system is not a guarantee that it will be useful in the offset context, and 

developers of offset policies would likely need to ensure that the local circumstances of a pre-

existing water bank would support, rather than impede the use of banked rights for offset 

purposes.  

5.5 Do offset requirements concentrate economic burdens on particular industries? 

Concerns about equity may remain in the context of offsets even where there is perfect or near-

perfect fungibility between impacts and benefits. In addition to the spatial distribution of offset 

permits (see above, Figure 1), offset permits also tend to be much more common for some uses of 

water—particularly irrigation and domestic use—than others (see Table 5, noting that a single 

permit may have multiple uses, so the percentages add to more than 100%).
260

 Irrigation and 

domestic use are noted on 61% and 31%, respectively, of offset permits. For some uses, a 

significant proportion of all permits issued are offset permits, and in some cases, this is true of 

major uses of groundwater (see columns 3 and 5 of Table 5). For example, almost half of all 

groundwater permits are for irrigation and domestic uses, and 38% and 19% of permits issued for 

these uses, respectively, are offset permits. Some other uses, which are less significant in terms of 

number of groundwater permits issued, may be subject to an even higher incidence of offset 

conditions, for example aesthetic uses and mining uses, 67% and 46% of which are offset permits, 

respectively.  

This concentration of offset requirements on particular industries may be a by-product of 

relatively large diversions (which exceed the threshold of acceptable harm to senior surface water 

rights) being more common in some industries than others. It may also be attributable to the 

greater advantages that groundwater provides, relative to surface water, for some use types, and 

accordingly, the greater acceptance of the additional costs of mitigation. For example, dairies are 

Idaho’s most significant agricultural industry in terms of cash receipts.
261

 They prefer to access 

groundwater for its higher quality compared to surface water, and are considered by the Idaho 

DWR to be, as an industry, a significant driver of demand for groundwater permits in areas that 

require offsets.
262

 

                                                      
260 This was calculated by counting instances of groundwater permits with offset conditions by basin (see 

Table), and determining unique uses to which permits with offset conditions are put. The final data is 

presented as a simplified set of broader categories of uses to aid analysis, since Idaho uses over 80 different 

categories of water uses. http://www.idwr.idaho.gov/GeographicInfo/gisdata/PDF/WaterUseCode.pdf. 
261 U.S. DEP’T OF AG., IDAHO AGRICULTURAL STATISTICS 1 (2013), available 

http://www.nass.usda.gov/Statistics_by_State/Idaho/Publications/Annual_Statistical_Bulletin/Annual%20Sta

tistical%20Bulletin%202013.pdf. 
262 Personal communication, Shelley Keen, Idaho Dep’t of Water Res., Feb. 20, 2014. 
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The data also shows that offset requirements are relevant to a large number of industries, for 

which groundwater, and delays in accessing it, may carry very different economic value and costs. 

These different industries may also have very different levels of familiarity with water law and 

water transactions. Irrigators, for example, seem more likely to be “repeat players” operating in a 

business community for which water is a prime concern and a subject of knowledge sharing, 

compared to users of groundwater for aesthetic or recreational (e.g. pond-filling) reasons. These 

differences of economics and familiarity have implications for law and policy measures designed 

to address transaction costs and communicate offset rules, respectively (see further, Part 6). 

 

Table 5: Application of offset requirements to groundwater permits by simplified use category 

 

Number of 

GW Permits 

with this 

Use that 

have Offset 

Conditions 

% of All GW 

Permits with this 

Use that have 

Offset 

Conditions 

Number of 

all GW 

Permits that 

have this Use 

% of all 

GW 

Permits 

that have 

this Use 

% of GW 

Permits 

with Offset 

Conditions 

that have 

this Use 

Aesthetic 97 67% 144 3% 8% 

Commercial 112 38% 298 7% 9% 

Cooling 9 11% 80 2% 1% 

Diversion to storage263 84 49% 173 4% 7% 

Domestic 394 19% 2033 48% 31% 

Fire Protection 62 31% 198 5% 5% 

Fish 5 23% 22 1% 0% 

Heating 27 23% 117 3% 2% 

Industrial 33 41% 80 2% 3% 

Irrigation 771 38% 2020 48% 61% 

Mining 6 46% 13 0% 0% 

Municipal 103 28% 373 9% 8% 

Power 0 0% 2 0% 0% 

Recreation 41 44% 94 2% 3% 

Stockwater 170 33% 513 12% 13% 

Wildlife 42 40% 106 3% 3% 

 

                                                      
263 The “diversion to storage” use is included for completeness, but note that it is not a use that stands alone, 

but rather, is paired with another use: id.  
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5.6 How do offset conditions, and associated public review procedures, affect permitting 

approval times? 

A further aspect of transaction costs associated with offsets is their potential to influence the time 

required to obtain a permit. In addition to delays caused by the technical requirements of 

establishing offset conditions, such as reviewing hydrological modeling, the offset literature 

discloses concerns that public review of offset conditions can increase transaction costs by 

increasing delays to approval.
264

 This section investigates, firstly, the effect of offset conditions 

themselves on approval times; and secondly, the effects of public protests against applications for 

offset permits on delays to approval. In each case, it compares data for offset against non-offset 

permits. 

Several measures confirm that approval times for offset permits in Idaho are significantly longer 

than for non-offset permits, suggesting accompanying increases in transaction costs. Across the 

state, obtaining an offset permit takes more than twice as long as obtaining a “regular” (non-offset) 

permit.
265

 The state median approval time for an offset permit is 220 days, as opposed to 99 days 

for regular permits. However, a very variable picture emerges when using the basin as the unit of 

analysis, thereby reducing the influence of possible differences in hydrogeological conditions. 

Taking only those basins in which 10 or more offset permits have been issued (“10+ basins”, used 

to reduce the possible influence of a lack of familiarity with the rules or local hydrogeological 

conditions on the part of the permittee or the water agency official), it takes between 24% and 

536% longer (median) to approve a permit with an offset condition than one without (Table 9 in 

Appendix).  

Data on public protests against permit applications from 2001 (when reliable records on protests 

began to be kept) until 2013 show that a much greater proportion of non-offset permits are subject 

to a protest (24%) than those that go on to receive an offset condition (7%). There is no clear 

explanation for this since the available data do not provide reasons for protests. One possibility is 

that the public focuses more on objectionable matters other than impacts of proposed pumping on 

surface water rights, for example, impacts on the “local public interest”
266

 that cannot be 

compensated using a water offset. Alternatively, it may be that where surface water impacts are 

                                                      
264 See supra Part 2.6. 
265 This question focuses on water permits, rather than water rights. This is for reasons of data logistics. 

IDWR has advised that public protests and approval times are difficult to track for water permits that have 

become fully-fledged water rights, since the identification numbers can change, and also because some water 

rights may not have been permits, but rather they may have been based on court decrees and received a 

mitigation requirement because of a transfer process. This is also difficult to track back to determine public 

protest information. The statistics in this section were calculated by finding the difference between the 

approval date and either the application date, when available, or the priority date (as a proxy for the 

application date). An analysis of permits for which both application date and priority date were available 

showed a median difference of 0 days between these two dates, justifying the use of the priority date as a 

proxy. 
266 IDAHO ADMIN. CODE r 37.03.08.045.01(e) (2013). 
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likely to be of concern, other concerns may be less evident, and the public may generally consider 

that surface water rights are adequately dealt with by the mitigation plan that must generally be 

described at the permit application notice stage.
267

  

Interestingly, of the permit applications that are protested, those that go on to receive an offset 

condition are subject to slightly more protests, on average, than those that do not receive such a 

condition (1.06 protests, as opposed to 1.03 protests). It seems possible that where an offset is 

proposed, this alerts the public to the possibility of impacts on surface water rights, which then 

produces more protests about the nature of those conditions than would otherwise be the case. 

However, unexpectedly, median approval times for protested permits are actually faster than those 

for non-protested permits, regardless of whether there is an offset condition (see Table 6). It may 

be that public protests prompt agency staff to prioritize protested permit applications. 

Alternatively, another factor may explain both approval times and the presence of a protest. The 

size of the diversion is one possibility: Table 6 shows that protests relate to larger rates of 

diversion, which correspond to shorter approval times. Geography appears to have an effect, with 

some basins experiencing greater differences between protested and non-protested permit approval 

times than others Table 10, Appendix). Where this difference is most significant, in Basin 63, this 

may be explained by a temporary application processing hold that was in place for some years 

while scientific studies were undertaken, which may skew the data.
268

 However, geography is 

unlikely to provide a complete explanation, given that other basins that were not subject to such 

administrative arrangements still show the tendency for protested permits to be processed more 

quickly than unprotested permits (Table 10, Appendix). 

Table 6: Approval times and diversion rates for protested and non-protested groundwater permits 

 Protested offset 

permit 

Non-protested 

offset permit 

Protested regular 

(non-offset) permit 

Non-protested 

regular (non-

offset) permit 

Median approval time 143 days 248 days 86 days 120 days 

Median diversion rate 0.36 cfs 0.27 cfs 0.18 cfs 0.15 cfs 

 

Overall, it appears that offset requirements significantly increase approval times for groundwater 

permits, but this seems not to be due to the mere availability of public protests, since offset 

groundwater permits do not attract more public protests than non-offset permits, and protests are 

correlated with faster approval times (though diversion size is a possible confounding factor). 

Instead, agency time required to review technical models and data submitted with mitigation plans 

may explain the difference between approval times for offset versus non-offset permits. These 

findings highlight the desirability of policy measures to reduce delays, for example, due to 

                                                      
267 Supra note 235 and accompanying text. 
268 Personal communication, Shelley Keen, Idaho Dep't of Water Resources Feb. 20, 2014. 
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technical burdens. They also refute the suggestion in the environmental offset literature that the 

availability of public review, desirable to reduce externalities in offset transactions that are not 

otherwise covered by the offset rules, increases transaction costs—at least in so far as transaction 

costs are represented by delays in permit approval times.  

This empirical case study has approached key practical and theoretical issues associated with 

offsets at a macro level, using a large water rights data set to determine overall trends. Further 

research could focus on more detailed questions that would be answerable using more micro-scale 

and qualitative research methods. Many important questions remain, including the reliability of 

different forms of offset action, from straightforward replacement water to “pipes and pumps” 

measures; the extent of compliance with offset conditions in practice; and the extent to which 

permittees, protesters and agency staff are satisfied with current offset processes and outcomes. 

6. Lessons and concluding thoughts 

The findings of this paper carry implications not only for the design of groundwater offset rules 

generally, but also for offset systems that apply to other natural resources, or that apply to 

groundwater in other legal contexts.
269

 

6.1 Lessons for the use and design of groundwater offset rules 

(a) Potentially useful additional measures to address risks of non-equivalence of 

groundwater offsets 

Comparing the design of rules for environmental offsets with those for groundwater offsets 

uncovers additional, potentially useful institutional approaches to dealing with risks to 

equivalence. These could help deal with some of the implementation challenges being experienced 

in relation to groundwater offsets. Groundwater offset rules in the western U.S. have adopted 

precise quantification requirements and comprehensive currencies in a bid to ensure equivalence 

between offsets and impacts, but the result can be high costs and difficulties in communicating 

complex requirements. This approach may also fail to fully recognize the uncertainty associated 

with groundwater modeling—a noted problem in the area.
270

 By contrast, environmental offsets, 

which have admittedly been criticized for adopting too simple an approach to currency,
271

 have 

adopted two useful ways of compensating for the resulting risk of non-equivalence: mitigation 

sequencing, introduced in Part 2.2, and offset ratios, which are either totally absent or rare in 

                                                      
269 E.g. groundwater-related offsets have been required as part of energy licensing processes, where 

groundwater consumption by the power plant would otherwise have significant impacts: Cal. Energy 

Comm’n, Commission Decision: Genesis Solar Energy Project, at Soil and Water 10-13 (September 2010), 

available http://docketpublic.energy.ca.gov/PublicDocuments/Regulatory/Non%20Active%20AFC's/09-

AFC-8%20Genesis%20Solar/2010/Oct/TN%2058859%2010-12-10%20Commission%20Decision.pdf. 
270 Nelson & Casey, supra note 48, at 8-15. 
271 Supra note 30 and accompanying text. 
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groundwater offset rules. Applied to groundwater offset rules, these measures could provide a 

lower-cost alternative to precise quantification and comprehensive currencies, and transparently 

deal with modeling uncertainty.  

In addition, as suggested in Part Two, there are many types of impacts that groundwater pumping 

can have that are not covered by offset rules. These pose risks of externalities that are not 

controlled. The advent of non-water offsetting increases the risk of non-equivalence. These factors 

all point to the potential usefulness of the concept of using risk-reduction techniques like 

mitigation sequencing and offset ratios in groundwater offsets in at least some situations.  

Mitigation sequencing could be expressed in groundwater offset rules as a requirement to achieve 

a certain level of water efficiency of the proposed use. In short: a groundwater pumper pays for the 

privilege of introducing a risk to a fully appropriated river by only being allowed to use water at a 

“best-practice” level of efficiency. This expression of mitigation sequencing would have a distinct 

advantage over its use in the wetland context, which has proven to be problematic.
272

 Water use 

efficiency is relatively easy to define, and water efficiency goals are commonplace. In addition, 

because water using activities are likely to be common around the site of new extraction that is to 

be subject to an offset (since offset requirements apply where rivers are fully allocated to other 

users), there may be local benchmarks of water use efficiency. Relative to wetlands, the 

availability of these reference points may make implementing groundwater mitigation sequencing 

relatively straightforward. This approach to groundwater mitigation sequencing would also be 

consistent with growing interest in legal and policy measures to increase water use efficiency.
273

 

Mitigation sequencing requirements could also take effect immediately as a component of 

otherwise relatively weak forms of offset requirements, like “future” offsets in Idaho. 

Equity concerns with mitigation sequencing may arise, however. A groundwater pumper may well 

question the fairness of selectively imposing strict water use efficiency requirements given that 

earlier failure to robustly apply anti-waste doctrines to all water users
274

 arguably caused the 

extent of appropriation and degree of water scarcity that makes offsets necessary in the first place. 

Efficiency improvements may also be more difficult to make in relation to some crop types and 

geographic regions than others. In addition, economic efficiency considerations may discourage a 

mitigation sequencing requirement, on the basis of data that shows that reducing water use by one 

unit using water efficiency infrastructure can be more expensive than simply buying one unit of 

water directly.
275

  

                                                      
272 Supra note 22 and accompanying text. 
273 See, e.g. Cal. Dep’t of Water Res. et al., 20x2020 Water Conservation Plan (2010), available 

http://www.water.ca.gov/wateruseefficiency/sb7/docs/20x2020plan.pdf. 
274 See generally Neuman, supra note 67. 
275 PRODUCTIVITY COMM’N (AUSTL.), MARKET MECHANISMS FOR RECOVERING WATER IN THE MURRAY-

DARLING BASIN: PRODUCTIVITY COMMISSION RESEARCH REPORT 128 (2010). 
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Offset ratios greater than 1:1 are another approach to the risk of remaining externalities, which are 

used in environmental offsets. They can also be conceived as a more general way of dealing with 

uncertainty in equivalence calculations by requiring the provision of more than one unit of offset 

per unit of impact, to insure against the offset being less effective than assumed.
276

 It is rare for a 

western U.S. groundwater offset rule to require more than one unit of replacement water per unit 

of calculated depletion,
277

 and indeed, some rules explicitly prohibit this practice.
278

 Yet perhaps 

offset ratios offer a useful way to address the remaining risk, the cost and potentially also the 

communication challenges of precise quantification and comprehensive currency approaches to 

groundwater offsetting. Groundwater offset rules could allow a groundwater pumper to minimize 

transaction costs by undertaking relatively simple and cheap hydrological analysis to calculate the 

replacement water required to offset proposed pumping, but then apply an offset ratio to account 

for the increased uncertainty of that approach.  

Wyoming rules provide precedent for a “two track” groundwater offset system, which allows for a 

groundwater pumper to choose between over-estimating the required replacement water and 

undertaking modeling to more precisely quantify the depletion.
279

 The significant increase in 

approval times for offset groundwater permits in Idaho, which appears to be caused by technical 

review requirements, suggests that policy innovations to minimize the burden posed by these 

technical requirements could be very valuable to both permittees and agency staff. The simplest 

type of offset assumption that would ensure equivalence would be to assume that one unit of 

groundwater pumped would immediately cause a stream to be depleted by one unit. In some cases, 

sourcing the same volume of replacement water may be cheaper than undertaking the hydrological 

investigations required for a precise analysis of depletion. This may be the case particularly where 

the groundwater permit application relates to a high-value use of groundwater, for example, 

mining, municipal or industrial use—all business types that are affected by offsets in Idaho. 

Groundwater may also offer advantages beyond surface water, such as reliability, location, and 

quality, which recommend seeking an offset groundwater permit rather than simply buying and 

using the surface water right that would be used as replacement water. 

(b) Rules that allow non-equivalence 

Since the general purpose of offset rules is to achieve equivalence between impacts and offsets, 

rules that allow for, or even encourage strict non-equivalence, may seem anomalous. They tend to 

                                                      
276 See, e.g. Atte Moilanen, et al., How Much Compensation is Enough? A Framework for Incorporating 

Uncertainty and Time Discounting When Calculating Offset Ratios for Impacted Habitat, 17 RESTORATION 

ECOLOGY 470 (2009). 
277 Interview with Dave Nazy, Wash., supra note 222 (referring to preliminary work on a proposed model for 

the Dungeness system). 
278 MONT. CODE ANN. § 85-2-362 (2011). 
279 An applicant can choose to “assume that the water pumped has the same effects as a surface water 

diversion or may complete groundwater modelling to determine actual effects on surface water”: State of 

Wyo., supra note 164, at 26.  
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appear where non-equivalence is intended to lead to overall environmental benefit. The 

“watershed” approach to wetland mitigation is one such example, whereby a higher environmental 

benefit may be obtainable by restoring a different kind of wetland than the wetland that is 

proposed to be impacted.
280

 Groundwater offsets also have some potential to achieve 

environmental benefits through non-equivalent offsets. For example, a state agency could choose 

to accept impairment of an instream flow in one location in return for replacement water 

purchased and dedicated to supporting another location (or the same location, but at a different 

time) that has higher ecological value. These possibilities come about because the marginal value 

of a unit of water is context-dependent, differing with reference to place and also the condition of 

a stream relative to some ecological tipping-point. As yet, Washington appears to be the only state 

that has a formal policy that seeks to take advantage of these differences in marginal value by 

allowing non-equivalent offsets that would increase overall ecological gain.
281

 The agency 

discretion that is required when considering non-equivalent offsets, and Salzman and Ruhl’s 

caution about the coincidence of agency and proponent interests in approving cheap, non-

equivalent offsets, both suggest the desirability of formal policies along with public review in 

these cases. 

Similar to the instream flow situation, a reduction in available water to a consumptive user can 

have different effects, depending on the nature of the use. A pasture irrigator who loses access to 

one unit of water will suffer a smaller economic penalty than a vineyard irrigator whose product 

has a higher economic worth per unit of water consumed. Groundwater offset rules that prohibit 

financial offsets seem to be inefficient where they conceive of impact only in physical terms, 

where the thing valued by the impaired water right holder is not the physical substance, but the 

money produced by using the water, and this can vary depending on the use impaired. That is, if 

the economic cost to the impaired surface water right holder would be less than the cost of 

replacing the depleted water, and there are no intervening values that would be affected, then 

efficient groundwater offset rules should arguably allow the transaction.  

Both the instream flow and consumptive use situations recall a point raised earlier in this paper, 

being the importance of determining whether the offset system seeks to protect water rights, or the 

(economic or environmental) value derived from water rights. This paper argues that there will be 

circumstances in which the latter will be desirable—as has been recognized in relation to wetland 

mitigation. This is not to say that states should change the underlying currency of the transaction 

(as defined by Salzman and Ruhl), for example, replacing references in water codes to equivalence 

in volume, timing, and location to equivalence in dollars. But perhaps rules could allow a 

                                                      
280 See supra Part 2. 
281 Wash. Dep’t of Ecology, Water Resources Program Policy (POL-2035), supra note 53, at 10 (“Out-of-

time or out-of-place mitigation can be acceptable if it provides an equal or greater benefit to the environment 

(e.g. a more critical stream reach will have increased flow) than would be achieved through water-for-water 

or pooled mitigation.”) 
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proponent to show equivalence or overall increase in environmental or economic value in the case 

of instream and consumptive rights, respectively, and permit such a transaction to be approved 

with the agreement of the impaired right holder and, especially, appropriate public review.  

(c) Expanding the use of groundwater offsets 

A final point on the design of groundwater offsets relates to their absence, and promise, in some 

western U.S. states. Some notable groundwater-using western states—California, Arizona and 

Texas—do not recognize the surface water-depleting effects of pumping groundwater in law, or do 

so to a very limited extent.
282

 In addition, they manage groundwater and surface water using 

different levels of government, and different allocation systems or practices. These factors pose 

substantial barriers to addressing the fragmentation between groundwater and surface water 

management. In these states, trying to create connections between groundwater and surface water 

allocation is likely to be politically impossible where this would mean curtailing existing 

pumping.
283

 On the other hand, a preventive mechanism based on offsets may be a more 

achievable way to recognize these interactions even across levels of government, and different 

principles of allocation, as in Nebraska, discussed further below.  

6.2 Lessons for the use and design of natural resources offsets generally 

(a) Thresholds for requiring offsets and cumulative impacts 

An important feature of environmental offsets is the presence of a quantified, numerical threshold 

of acceptable impact, above which an offset will be required in order to allow a project to proceed. 

Transparently stating this threshold is important to clarifying the potential for uncompensated 

damage, at least at the level of individual actions. However, it does not address the potential for 

small individual actions to have cumulatively significant impacts.  

Groundwater offset rules in some western states do address this potential for cumulative impacts 

by regulating normally exempt groundwater uses and requiring them to be offset in particularly 

stressed basins, while allowing them to remain exempt from offsetting requirements elsewhere. 

This indicates a more formalized potential solution to the issue of cumulative impacts derived 

from the operation of thresholds—both numerical thresholds that allow impacts caused below an 

                                                      
282 Rebecca Nelson, How Can States Control the Impacts of Wells on Rivers and Ecosystems? A 

Comparative Empirical Approach to Law and Policy Solutions (Part B, J.S.D. dissertation, Stanford 

University, 2014) Part 2.2. 
283 For example, various proposals to use legal mechanisms that focus on the common law doctrine of the 

public trust and a regulatory expansion of the definition of unreasonable use to achieve this in California have 

not yet been successful: Light, et al. v. State Water Resources Control Board, Mendocino Superior Court 

Case No. SCUK CVG 11 59127 (invalidating regulations that applied to the Russian River watershed, which 

sought to declare as “unreasonable” diversions of surface water or stream-connected groundwater that 

occurred in the absence of a “water demand management program”); Thompson, Beyond Connections, supra 

note 57, at 295. 
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acceptable limit, and those that exclude certain categories of impact. First, adopt a clear threshold 

of impact for individual actions in the default case; second, at the same time, set a trigger value of 

cumulative impacts beyond which previously exempt or low-impact activities will be brought 

within the sphere of regulated activities, and ensure regular accounting of those impacts. 

Determining this trigger value up front in the rule design could well minimize the potential for 

later political obstruction to the expansion of regulatory and offset requirements.
284

  

(b) Approaches to dealing with the challenges of implementing offsets 

Rules for groundwater offsets across the western U.S. have the potential to create high transaction 

costs. In Idaho, groundwater permits with offset conditions take twice as long to approve as those 

without. Water banking mechanisms in groundwater offsetting may help address this, as they have 

in other offset contexts, notably wetland mitigation banks.  

Groundwater offset systems have also evolved very simple mechanisms that could help buyers of 

offsets to find sellers through online clearinghouse mechanisms that simply inventory available 

offsets. Such mechanisms may provide a simple, low-tech way of addressing transaction costs in 

natural resources offsets more broadly. However, Idaho’s experience demonstrates that designers 

of offset systems need to confirm the suitability of pre-existing water banks for the new purpose of 

supplying replacement water in accordance with offset policies, and should not assume that such 

banks will ease transaction costs associated with finding replacement water. 

(c) Different perceptions of the value of things protected by offset rules—threats and 

win-win solutions 

As described in Part Two, important criticisms leveled against environmental offsets are really 

disagreements about exactly what values the rules seek to protect, for example ecological benefits 

as opposed to public benefits of environmental assets (approaching an ecosystem services 

perspective). This issue appears starkly in the case of groundwater offsets. The rules generally 

seek to protect water rights, but the thing that water right holders value about their rights can be 

very different depending on their use. Generalizing, instream flow holders value ecological 

benefits and consumptive users value economic benefits. The implications of differences in 

perceptions of these protected values are significant for the design of offset rules. They affect what 

should be included in a currency or market rules approach to ensuring equivalence, and what 

values are “left over” to be addressed only by public review. They also affect the types of 

information that offset process must produce to allow the public to play an informed oversight 

role. A value that is not deemed important enough to be included in currency or market 

restrictions, but is thought protected by the “catch-all” nature of the public review, may not 

                                                      
284 Charles Jonathan Nevill, Managing Cumulative Impacts: Groundwater Reform in the Murray-Darling 

Basin, Australia, 23 WATER RESOURCES MGMT. 2605, 2628 (2009). 
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actually be protected if the offset process does not produce any information about the value, which 

the public could use to make a decision about the desirability of the transaction. In this way, 

differences in valued functions can result in negative non-equivalent outcomes from offset 

transactions. 

But differences in valued functions can also point to win-win solutions achievable through out-of-

kind offsets that take advantage of these differences. If a potentially impaired surface water right 

holder values the economic benefit realizable through the right more than the right itself, then the 

groundwater proponent can use this to achieve a least-cost offset where buying replacement water 

would be more expensive than making a payment to the impaired right holder. Markets are 

inherently about achieving win-win solutions based on differences in value, and offsets can be 

used to realize these solutions. In short, the example of groundwater offset rules suggests that non-

equivalence, or differences in the value of the things protected by the offset system may not 

always be negative, and offset rules should countenance allowing out-of-kind offset transactions 

accordingly, accompanied by appropriate safeguards. 

(d) Offsets as instruments to deal with fragmentation in the administration of natural 

resources 

At a higher level, fragmentation of the administration of natural resources is a noted challenge in 

the western U.S., and indeed around the world, as science increasingly recognizes connections 

between different elements of the natural environment. Some of these fragmented administrative 

arrangements may be well entrenched and unlikely to change, regardless of the mismatch with 

scientific realities. There is therefore a need to reflect links between resources in law and policy 

while working with some degree of institutional fragmentation. Offsets provide a way of doing 

this, because at the permitting stage in relation to one resource, impacts on another resource—

including impacts that are quantified under a different administrative structure for the second 

resource—can be taken into account.  

Western U.S. groundwater offsets demonstrate the potential of offsets as tools to address 

regulatory fragmentation in natural resources. They enable groundwater regulators to consider 

impacts on surface waters regulated under different arrangements, whether that be because 

intrastate groundwater allocation must meet the requirements of interstate surface water compact 

requirements, or because state-level water regulation is fragmented. Nebraska’s administrative 

arrangements for groundwater offsets demonstrate this to the extreme, where groundwater offsets 

are possible even though local-level districts permit groundwater pumping and the state regulates 

surface water, and even though the principles used to allocate the two resources are fundamentally 

different.  
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It is not difficult to think of other connected natural resources that are administered by different 

levels of government. In the U.S., these include water quality (federal) and water quantity (state or 

local); water quantity and land development (state or local); energy (federal and state) and water 

quantity; groundwater (state or local) and wetlands dredging or filling (federal). Where the effects 

of interactions between the use of separately administered but connected resources are considered 

serious and widespread enough to warrant large-scale action, but curtailing existing impacting 

actions is not tenable, jointly administered offset schemes might be a potential solution. To take a 

current specific issue, one could imagine, for example, city planners in California using 

groundwater recharge maps produced by local groundwater management districts under recent 

California water legislation
285

 to assess the impact on recharge of a development that involves 

building extensive impermeable surfaces. As a condition of a development approval, they could 

then require a proponent of such a development to work with the local groundwater management 

district to offset the hydrological change. They could, for example, increase recharge by 

contributing to the development of a local aquifer storage and recovery project, or they could buy 

and retire (or pay for the non-use of) groundwater rights equivalent to the reduction in recharge, or 

they could pay for landscaping changes that would reduce impermeable surfaces in another 

development. 

(e) Natural resources which lend themselves to offset programs 

If making regulatory links between connected resources is seen as desirable, and offsets are 

considered a valuable way to make new regulatory connections palatable, then the question arises: 

what natural and institutional characteristics of a natural resource lend themselves to such an 

approach? The discussion of risks to equivalence at Part Two clearly indicates the following as 

desirable natural characteristics: a relatively low level of distinctiveness, which leads to inherently 

greater fungibility of impacts and benefits; and impacts and benefits that take effect immediately 

or almost immediately.  

In institutional terms, it is instructive to contrast governance issues (record keeping, compliance) 

that have arisen in the wetlands and climate change contexts with the strong, pre-existing 

structures that are available to address these issues in the case of groundwater offsets (though it 

must be noted that compliance with groundwater offsets has not been studied empirically). 

Establishing offset rules is likely to be easiest where record-keeping and compliance activities 

already apply to the resources, for example activities that are subject to formal permitting 

requirements and ongoing administration, as in the case of local watermasters in Idaho. The 

hypothetical recharge-impermeable surface situation outlined above, for example, could take 

advantage of the pre-existing institutional infrastructure of building permits and plans and 

                                                      
285 CAL. WATER CODE § 10753.7(a)(4) (2014). 
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adjudicated groundwater rights, with the associated compliance systems, in establishing new 

regulatory and offset rules to connect these resources at low cost relative to resources that lack 

those pre-existing structures.  

6.3 Concluding thoughts 

In addition to being a significant and comparatively under-studied feature of western water law, 

groundwater offset rules are an instructive example of regulatory tools that can address 

institutional fragmentation in the management of connected resources more generally. They take 

advantage of a variety of different mechanisms for crossing institutional divides (state-local and 

NGO-government) and allocation regimes (prior appropriation-correlative rights). They 

demonstrate a group of solutions to one oft-cited problem of regulatory fragmentation, that is, 

regulating the impacts of exploiting one natural resource on a connected resource, where those 

resources are administered by different levels of government. This may be useful in other states in 

which groundwater and surface water are regulated by different governments, like California, or 

even outside the water sphere, where two sets of natural resources are regulated by different 

governments, but impact each other. 

It is important to recognize that offset rules will never ensure complete equivalence between 

impact and offset. This is demonstrated in various ways through the chronology of a groundwater 

offset. Constructing offset rules necessarily involves deciding what characteristics of a resource 

are valued, for the purposes of designing rules that structure acceptable exchanges. Some values 

will necessarily be left out. Groundwater offset rules are directed to impacts on surface waters, or 

more specifically, surface water rights, but generally ignore the impacts that groundwater pumping 

has on ecosystems not protected by such rights. The task of offset rules is not to constrain 

activities that would normally be allowed to go ahead—just to make more flexible prohibitions on 

certain categories of impacts. Non-equivalence will also arise through the trade-offs inherent in 

weighing up the higher transaction costs, but higher benefits to equivalence of precise 

quantification requirements and comprehensive currencies, versus the lower costs but higher risks 

of market rules. And some measure of non-equivalence will also arise because of the practical 

impossibility of completely characterizing complex resources, like aquifers and groundwater.  

Nonetheless, offset rules can achieve significant benefits for the economic, social, political and 

potentially also environmental sustainability of a regulatory regime that imposes a cap on the 

exploitation of a natural resource. Realizing these benefits will involve dealing with challenges 

relating to cost, equity, communication, and monitoring. The experience of Idaho demonstrates a 

system of groundwater offsets that is well used, and that sheds light on these challenges in the 

groundwater context.  
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Appendix to Part C 

Table 7: Significance of offset conditions on groundwater permits in Idaho, by number and proportion of usable 

and unusable groundwater permits and permitted groundwater diversion capacity, by administrative water 
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3 

Direct 
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Snake R 1 4.73 1 4.73 0 0 0.00 0 1 100 4.73 100 

11 Eastern 19 6.94 17 6.72 2 11 0.22 3 4 21 2.57 37 

13 Eastern 25 10.87 21 7.19 4 16 3.68 34 2 8 1.13 10 

15 Eastern 131 280.5 106 214.48 25 19 66.02 24 0 0 0 0 

17 Eastern 8 29.13 7 24.23 1 13 4.90 17 0 0 0 0 

21 Eastern 64 16.85 55 14.74 9 14 2.11 13 1 2 0.2 1 

22 Eastern 115 112.32 88 105.26 27 23 7.06 6 7 6 7.56 7 

23 Eastern 29 11.16 25 10.00 4 14 1.16 10 5 17 1.06 9 
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25 Eastern 81 77.29 75 73.96 6 7 3.33 4 12 15 20.44 26 

27 Eastern 22 32.86 19 30.52 3 14 2.34 7 4 18 12.24 37 

29 Eastern 73 45.86 64 29.37 9 12 16.49 36 14 19 1.08 2 

31 Eastern 13 8.83 13 8.83 0 0 0.00 0 0 0 0 0 
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36 Southern  119 

1171.1
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45 Southern  26 32.59 23 32.34 3 12 0.25 1 2 8 0.82 3 
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51 Western 13 2.01 12 1.81 1 8 0.20 10 4 31 1.3 65 

55 Western 6 15.38 6 15.38 0 0 0.00 0 4 67 15.34 100 

57 Western 122 77.66 98 63.11 24 20 14.55 19 77 63 54.09 70 

61 Western 51 35.415 43 31.37 8 16 4.05 11 20 39 17.045 48 

63 Western 

108

2 

1150.8

86 953 1,026.76 129 12 124.13 11 672 62 768.63 67 

65 Western 401 289.24 339 229.98 62 15 59.26 20 236 59 224.26 78 

67 Western 133 

117.45

5 100 92.95 33 25 24.51 21 102 77 97.74 83 

69 Western 1 0.11 1 0.11 0 0 0.00 0 0 0 0 0 

71 Southern  22 5.92 20 5.64 2 9 0.28 5 0 0 0 0 

72 Southern  58 32.39 48 27.61 10 17 4.78 15 2 3 0.54 2 

73 Eastern 9 33.72 8 26.72 1 11 7.00 21 3 33 17.15 51 

74 Eastern 21 10.58 19 8.47 2 10 2.11 20 4 19 3.66 35 

75 Eastern 43 11.62 37 8.59 6 14 3.03 26 0 0 0 0 

77 Western 17 1.57 16 1.37 1 6 0.20 13 3 18 0.62 39 

78 Western 27 9.53 25 9.29 2 7 0.24 3 11 41 7.16 75 

79 Western 15 2.22 14 2.09 1 7 0.13 6 5 33 1.38 62 

81 Northern 7 0.58 7 0.58 0 0 0.00 0 0 0 0 0 

82 Northern 2 0.22 2 0.22 0 0 0.00 0 0 0 0 0 

83 Northern 16 3.31 16 3.31 0 0 0.00 0 0 0 0 0 

84 Northern 21 8.26 18 7.92 3 14 0.34 4 0 0 0 0 

85 Northern 92 39.94 83 36.88 9 10 3.06 8 1 1 0.02 0 

86 Northern 48 13.05 34 11.09 14 29 1.96 15 0 0 0 0 

87 Northern 41 18.79 34 8.09 7 17 10.70 57 0 0 0 0 

91 Northern 19 10.55 15 2.67 4 21 7.88 75 0 0 0 0 

92 Northern 9 2.61 9 2.61 0 0 0.00 0 0 0 0 0 

93 Northern 6 1.29 6 1.29 0 0 0.00 0 0 0 0 0 

94 Northern 68 22.76 54 20.41 14 21 2.35 10 0 0 0 0 

95 Northern 501 245.5 438 227.51 63 13 17.99 7 0 0 0 0 

96 Northern 173 52.97 141 39.72 32 18 13.25 25 0 0 0 0 

97 Northern 34 17.05 32 16.58 2 6 0.47 3 0 0 0 0 
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98 Northern 47 34.54 43 30.95 4 9 3.59 10 0 0 0 0 

Tot

als 

 

419

2   

362

0 4006.276 572   436.46   1266   

1417.56

5   
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Table 8: Types of offset conditions applied to groundwater permits in Idaho 

Cond# Type General nature Detailed nature 

103 Future Director may 

require future 

action 

Condition 103 for licenses and transfers (used 4/19/1999 

onwards), and conditions 120 and 121 for permits (used 

3/17/1998-8/27/1999, and 8/27/1999 onwards, respectively): 

condition on right to put holder on notice that Director may 

require mitigation (e.g. purchased or leased natural flow or 

stored water) equivalent to consumptive use if this is needed to 

support salmon or steelhead migration in the Snake River. 

120 Future 

121 Future 

11E Future Director may require future streamflow augmentation to 

protect prior rights. 

113 Current Change in 

volume of right 

to mitigate 

same right 

(Used 12/26/2002 onwards): Imposes a schedule of increasing 

annual diversions used when the volume of a transferred water 

right is used to mitigate for a change in point of diversion in 

the Eastern Snake Plain aquifer. 

194 Current (Used 12/22/2006 onwards): To mitigate effects of a change in 

the nature of use or change in point of diversion, requires the 

right holder to cease diverting and using a portion of the right 

116 Current Use of other 

right to provide 

mitigation 

(Used 12/26/2002 onwards): Requires control of other rights 

for mitigation purposes under a transfer approval for the 

Eastern Snake Plain aquifer 

137 Current (Used 4/20/2004 onwards): Used on rights that serve as 

mitigation for transfers of other rights 

170 Current (Used 10/6/2005 onwards): Used on a right that is being 

mitigated by the non-diversion and non-use of part or all of 

another right 

139 Current Participation in 

mitigation plan 

or individual 

approved 

mitigation 

Prior to diversion and use, right holder must provide evidence 

of participation in mitigation plan or provide individual 

approved mitigation 

203 Current For every year that water is diverted under the right, the holder 

must participate in a mitigation plan or provide individual 

approved mitigation (replaces condition 139 when the right to 

which 139 attached converts from a permit to a license).  

201 Current Offsetting 

transfer used to 

mitigate effects 

of changes to 

point of 

diversion 

Records that transfer provides mitigation to reaches of the 

Snake River due to changes in point of diversion of the right. 

X52 Current Various Applied by request. Review of detailed conditions reveals 

current obligations. 

Mit’n 

Flag 

Current Various A review of random RightIDs with Mit Flag = yes suggest that 

this flag is only applied in the case of current mitigation, e.g. 

enabling the right to be used only where surface water is 

diverted for recharge water in the same year (RightID 22-

13691), or ceasing diversion of another right (RightIDs 25-

14344 and 13-7649). 

 

 



 

153 
 
 
 

 

Table 9: Days to approve groundwater permits (granted 2001 and later) with and without offset conditions  

Basin # Region 

Approval time: GW 

Permits with Offset 

Conditions (days) 

Approval time: GW 

Permits with no Offset 

Conditions (days) 

Difference in 

approval 

times (days) 

% Difference 

in approval 

times  

2 

Direct 

diversion- 

Snake R 142 103 39 38% 

11 Eastern 1034 111 923 832% 

13 Eastern 364.5 83 281.5 339% 

21 Eastern 61 74 -13 -18% 

22 Eastern 159 96 63 66% 

23 Eastern 76 102 -26 -25% 

25 Eastern 146.5 67 79.5 119% 

27 Eastern 532 101 431 427% 

29 Eastern 474 74.5 399.5 536% 

32 Eastern 733 256.5 476.5 186% 

34 Eastern 757 86.5 670.5 775% 

35 Eastern 347 92.5 254.5 275% 

36 Southern  150 121 29 24% 

37 Southern  244 127 117 92% 

41 Southern  3704 107 3597 3362% 

45 Southern  353.5 104.5 249 238% 

47 Southern  105.5 143 -37.5 -26% 

51 Western 156.5 100 56.5 57% 

55 Western 248 232 16 7% 

57 Western 211 87 124 143% 

61 Western 207.5 108.5 99 91% 

63 Western 280 111 169 152% 

65 Western 154 88 66 75% 

67 Western 164 84 80 95% 

72 Southern  434.5 112 322.5 288% 

73 Eastern 154 189 -35 -19% 

74 Eastern 320 93 227 244% 

77 Western 596 85.5 510.5 597% 

78 Western 187 106 81 76% 

79 Western 153 143 10 7% 

85 Northern 84 102 -18 -18% 
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NB: the table above only shows basins in which groundwater permits have been issued both with and 

without offset requirements. A negative number in column 6 indicates that offset groundwater permits are 

processed, on average, more quickly than non-offset groundwater permits. Shaded rows indicate basins in 

which fewer than 10 offset groundwater permits have been issued. 
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Table 10: Days to approve groundwater permits (granted 2001 and later) with and without protests  

Basin 

# Region 

Number of 

protested 

permits 

Approval times 

for protested 

permits  

Number of 

non-protested 

permits 

Approval 

times for non-

protested 

permits 

Non-protest 

approval time - 

protested 

approval time 

2 

Direct diversion- 

Snake R 3 142 0 N/A N/A 

3 

Direct diversion- 

Snake R 0 N/A 1 298 N/A 

11 Eastern 2 56 4 1034 978 

13 Eastern 11 93 0 N/A N/A 

15 Eastern 85 89 4 120 31 

17 Eastern 3 77 0 N/A N/A 

21 Eastern 36 78 1 7377 7299 

22 Eastern 41 96 34 118.5 22.5 

23 Eastern 8 113 14 102 -11 

24 Eastern 0 N/A 0 N/A N/A 

25 Eastern 16 71 36 148 77 

27 Eastern 7 93 2 496.5 403.5 

29 Eastern 22 71 14 116 45 

31 Eastern 7 68 0 N/A N/A 

32 Eastern 0 N/A 2 388.5 N/A 

33 Eastern 0 N/A 0 N/A N/A 

34 Eastern 1 56 5 253 197 

35 Eastern 17 97 23 159.5 62.5 

36 Southern 12 90.5 14 153 62.5 

37 Southern 39 92 62 117 25 

41 Southern 0 N/A 1 8009 N/A 

43 Southern 0 N/A 2 156.5 N/A 

45 Southern 3 84 10 172 88 

47 Southern 14 106.5 10 182.5 76 

51 Western 3 176 4 145.5 -30.5 

55 Western 1 349 4 248 -101 

57 Western 3 83 55 197 114 

61 Western 2 353 16 615 262 

63 Western 53 132 642 303.5 171.5 

65 Western 0 N/A 227 158 N/A 

67 Western 0 N/A 85 168 N/A 
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Basin 

# Region 

Number of 

protested 

permits 

Approval times 

for protested 

permits  

Number of 

non-protested 

permits 

Approval 

times for non-

protested 

permits 

Non-protest 

approval time - 

protested 

approval time 

69 Western 0 N/A 0 N/A N/A 

71 Southern 0 N/A 12 108.5 N/A 

72 Southern 0 N/A 22 337.5 N/A 

73 Eastern 0 N/A 5 221 N/A 

74 Eastern 0 N/A 12 320 N/A 

75 Eastern 0 N/A 21 210 N/A 

77 Western 0 N/A 8 158 N/A 

78 Western 0 N/A 15 183 N/A 

79 Western 0 N/A 12 156 N/A 

81 Northern 0 N/A 5 127 N/A 

82 Northern 0 N/A 1 77 N/A 

83 Northern 0 N/A 6 107.5 N/A 

84 Northern 0 N/A 14 159.5 N/A 

85 Northern 0 N/A 50 158 N/A 

86 Northern 0 N/A 18 85.5 N/A 

87 Northern 0 N/A 20 156 N/A 

91 Northern 0 N/A 13 130 N/A 

92 Northern 0 N/A 4 94 N/A 

93 Northern 0 N/A 4 105.5 N/A 

94 Northern 0 N/A 54 100 N/A 

95 Northern 0 N/A 391 119 N/A 

96 Northern 0 N/A 102 104 N/A 

97 Northern 0 N/A 21 90 N/A 

98 Northern 0 N/A 27 107 N/A 

NB: Shaded rows indicate basins in which fewer than 10 offset groundwater permits have been 

issued in the category of either protested or non-protested groundwater permits. 
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D.  WELLS VERSUS SURFACE WATER RIGHTS AND THE ENVIRONMENT: DEALING WITH CONFLICT 

THROUGH LAW 

1. Introduction and background 

Conflicts over natural resources—whether violent or non-violent, legally formal or informal 

disagreements—have long attracted attention from governments, policy makers, and academics, 

driven by a desire to understand their implications on economic production, political economy, 

environmental degradation, and humanitarian need (Le Billon, 2001). Conflicts over freshwater 

are an important component of the empirical literature and political rhetoric about natural 

resources and conflict, creating the well-known prediction of “water wars” in the context of 

climate change and increasing population and demand for this essential resource (Gleditsch et al., 

2006; Hensel et al., 2006). This investigation aims to extend this empirical literature into largely 

unstudied territory: publicly known, intrastate conflicts—defined as expressed differences of 

interests or wills—involving groundwater pumping and impacts on hydrologically connected 

resources, being surface water and ecosystems (“connected resources”).  

Groundwater supports significant economic interests worldwide. The value of the extracted 

resource alone is estimated at US$20 billion in the United States (National Ground Water 

Association, 2010), and over A$4 billion in Australia (Deloitte Access Economics, 2013). 

Groundwater also feeds rivers,
1
 lakes, wetlands, springs, floodplains, estuaries, aquifer-dwelling 

fauna and even terrestrial vegetation (all groundwater-dependent ecosystems, or GDEs) (Boulton, 

2009; Danielopol et al., 2003; Tomlinson, 2011). At the same time, groundwater resources are 

significantly and increasingly threatened by unsustainable depletion and contamination (Gleeson 

et al., 2012b; Llamas and Martinez-Santos, 2005; Wada et al., 2010).  

Despite its significance, and predictions of increasing conflict over groundwater (Llamas and 

Martinez-Santos, 2005), the water conflict literature concentrates overwhelmingly on surface 

water. Its groundwater focus is limited to a small number of case studies (Blomquist and Ingram, 

2003; Esteban and Dinar, 2013; Llamas, 1988). The empirical water conflict literature is 

dominated by studies of international or otherwise transboundary resources (Gleditsch et al., 2006; 

Hensel et al., 2006), with a focus on armed conflicts. Studies on the peaceful resolution of water 

disputes are rarer (Hensel et al., 2006), despite evidence that violent “water wars” seem to be, 

empirically, a myth, at least on a large scale (Barnaby, 2009; Hensel et al., 2006; Yoffe et al., 

                                                      
1 Note that in some cases, diverting surface water can impact groundwater supplies and ecosystems by 

reducing recharge to aquifers in “losing” streams Brodie, R., Sundaram, B., Tottenham, R., Hostetler, S., 

Ransley, T., 2007. An Adaptive Management Framework for Connected Groundwater-Surface Water 

Resources in Australia. Bureau of Rural Sciences, Canberra. For reasons of brevity, this paper focuses solely 

on the impacts of pumping groundwater on surface waters and ecosystems. 
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2003). Past empirical work on intra-jurisdictional water conflicts in the American West tends to 

emphasize case studies of well-known, large scale conflicts (Madani and Lund, 2012; Walton, 

1992; Weinberg, 1997), but generally not larger-scale empirical work. 

This study makes an initial foray into a new area of water conflict, a term that Part 2 defines in 

detail for the purposes of this study, which operates at the intersection of many of the gaps 

indicated above. Rather than the typical focus on international conflicts over surface water 

between governments, it focuses on conflicts over the impacts of pumping groundwater on 

connected resources in a single state of a developed nation, among a range of parties, including 

government as well as non-government parties. It also focuses on “institutions” at a finer level 

than is generally adopted in the conflict literature, which tends to look at institutions at a high 

scale, as in presidential versus parliamentary regimes, or democracies versus non-democracies, 

measures of the rule of law, political stability, or the presence of absence of river-specific 

institutions (Gleditsch et al., 2006; Hensel et al., 2006; Le Billon, 2001).  

This study also intersects with an important theme of water resources policy and scholarship: in 

many parts of the world, linking groundwater, surface water, and ecosystems in law seriously lags 

the development of scientific understanding of these links. Forming these links in law is proving 

to be a stubborn challenge, even where groundwater laws generally are well developed (Gleeson et 

al., 2012a; Hall, 2010; Hoffman and Zellmer, 2013; Nelson, 2013; Ross, 2012; Thompson, 2011; 

Tomlinson, 2010; Weston, 2008). Recent U.S. work has examined how stakeholders can use 

western water laws despite these and other deficiencies (Thompson, undated)—laws that have 

been described by many as inflexible and outdated in their appreciation for water science (Evans, 

2010; Little Hoover Commission, 2010; Nelson, 2012b; Thompson, 2011). This study adds an 

empirical element to this literature, by focusing strongly on the institutional aspects of the 

conflicts, and demonstrating how stakeholders use “workaround strategies” to deal with these 

deficiencies and challenges in water law. More broadly, the study also presents an example of how 

stakeholders use tools present in many developed legal systems, including laws relating to 

environmental impact assessment and endangered species, to deal with emerging resources 

conflicts, where no specific law or policy regime has developed to address them. 

California presents a useful case-study of conflicts between groundwater users and users and 

advocates of connected resources (“groundwater connection conflicts”). Groundwater is 

economically important in California (Hanak et al., 2012). It supports activities that evoke the 

essence of California: expanding urban development; vast expanses of productive agriculture; and 

ambitious, high-tech energy projects. However, using groundwater can also deplete surface waters 

and harm groundwater-dependent species—from salmon runs, to watering holes for bighorn 
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sheep, to oak forests—equally iconic parts of California. It is a large state with high natural, social 

and institutional diversity, which is accordingly likely to demonstrate a relatively high degree of 

diversity in conflict types. Yet, like many jurisdictions around the world (Evans et al., undated), it 

has few water law options for addressing the impacts of pumping groundwater on surface water 

and GDEs, since water law rarely recognizes these dependencies. Rather, it relies on a complex 

patchwork of other laws, administered at different levels of government, to deal with these 

conflicts. California has no comprehensive statewide regulation of groundwater; it relies instead 

on a combination of a small number of “adjudicated” basins, in which a court has determined 

individual rights and pumping restrictions; voluntary local management plans, which rarely 

impose pumping restrictions; management rules in a small number of “special districts”; and state 

permit requirements that apply only in the exceptional case of pumping water from a 

“subterranean stream”, which is so closely associated with a stream that it is treated legally as 

surface water (Nelson, 2011; Nelson, 2012b). In addition to the theoretical attractiveness of 

focusing on conflicts in California, understanding the distribution of conflicts that implicate these 

laws and their institutional contexts can help guide California decision-makers in structuring 

improved law and policy responses to a thorny problem (Brody et al., 2004). 

2. Methods 

This study seeks to answer the following sets of inter-related research questions. The first set of 

questions is quantitative, seeking to bring to light basic aspects of a form of water conflict that is 

new to the literature. The study asks: What characterizes conflicts between groundwater and 

surface water users (human and ecological) in California? That is, where do the conflicts occur, 

what are the water uses involved, and who are the disputants? The second set of questions is 

qualitative, delving into institutional aspects in detail: In the absence of comprehensive water laws 

that ideally would constrain pumping impacts, what laws and policies are implicated in dealing 

with these conflicts? How much potential do existing laws and policies have to protect 

groundwater-connected surface water and ecological resources? What challenges arise in using 

them? What does all of this suggest for reform of groundwater laws and policies?  

Both of these sets of quantitative and qualitative questions are addressed by analyzing a database 

of groundwater connection “conflicts”. In line with the novel nature of the study, it aims to capture 

the widest possible set of circumstances by defining “conflict” broadly, as: (a) expressed 

difference of interests or wills
2
 (which, of practical necessity, were taken at face value) in relation 

to (b) proposed or actual groundwater pumping, that (c) affects or is alleged to affect surface water 

                                                      
2 Webster’s Third New International Dictionary defines a conflict as a “clash, competition, or mutual 

interference of opposing or incompatible … ideas, interests, wills”. 
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rights or a groundwater-dependent ecosystem,
3
 that is (d) publicly known. This includes conflicts 

across a broad spectrum of severity of impacts and geographical significance, from an individual’s 

letter to a newspaper editor complaining of the effects of existing groundwater pumping on a local 

stream, to an environmental assessment process for a proposed project that produces hundreds of 

formal protest comments and lawsuits spanning multiple years.  

The novel nature of the study gives rise to some methodological challenges. These include the 

need to construct a new database of conflicts from a wide variety of sources, rather than being able 

to rely on existing databases, as has been the case in some other water conflict work (e.g. the 

Transboundary Freshwater Dispute Database, used in Hensel et al., 2006; Yoffe et al., 2003). This 

database was constructed so as to address two key issues. Firstly, California lacks a unified body 

of law or policy to deal with these conflicts because its water law does not recognize that 

groundwater pumping can damage ecosystems or deplete surface water, except in narrow 

circumstances (Sax, 2002; Thompson, 2011). Rather, a set of many laws and policies may be 

involved, of which none or only a small number may apply in any given situation, depending on 

the precise impacts and the particular actors involved. The implications of this wide range of laws, 

impacts, and actors is that there is no one clear pre-existing dataset that describes the population of 

conflicts of interest, and no clear search terms: searches must uncover a particular fact situation 

that may be addressed in multiple ways involving very different parties.  

A second issue that faced the database construction was that because the science of groundwater 

dependence is relatively recent, uncodified in regulation, and largely unknown to laypeople 

(including reporters, judges, agency officials, and the public), there is no established and well-

known terminology that applies. Accordingly, searches needed to capture a broad range of terms, 

but avoid being so broad as to produce excessive results and make analysis of the results 

unworkable. Knowledge of this type of conflict is likely to be dispersed among many people in 

different professions, organizations, and locations; there is no clear group of potential survey 

respondents or interviewees that is likely to have a comprehensive view. Accordingly, public 

documents were selected as the key source of data for the project, supplemented by interviews to 

confirm that this process produced no significant data gaps. 

To address these issues, a database of conflicts was built from multiple general and regulation-

specific sources, using complex search strings (see Appendix 1). Two general (i.e. non-regulation-

specific) data sources were used: local California newspaper articles; and state and federal court 

filings. All the available sources were used, which were public, searchable, and geographically 

centralized (i.e., not individual databases for each of California’s 50 counties). Since many public 

                                                      
3 Note that impacts on groundwater rights are not within the scope of the project, although they are likely to 

be present in many of the conflicts covered. 
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conflicts of the type studied here seemed unlikely to attract reporters’ attention nor a lawsuit, three 

regulation-specific data sources were used: orders of the State Water Resources Control Board 

(“SWRCB”), which issues and enforces permits to divert water from a “subterranean stream”; 

comments on environmental impact assessments (EIAs) under the California Environmental 

Quality Act (CEQA) and the National Environmental Policy Act (NEPA); and California Energy 

Commission (CEC) Dockets, all for the 5-year period 2008-2012 inclusive (details in 

Appendix 1). When evidence of a conflict was found from one or more of these sources, but 

insufficient details were available to populate the codes described below, further documents from 

other key sources party to the dispute (e.g. meeting minutes or recordings of relevant decision-

making organizations; press releases of protesting organizations) were sought to expand upon the 

main data sources.  

Conflicts were coded as follows (see Appendix 2 for detailed categories): the type of ecosystem 

alleged to be affected by pumping groundwater, if any; the purpose for which the groundwater 

was, or was proposed to be pumped; the consumptive use of any surface water that was alleged to 

be impacted by groundwater pumping; and the nature of the law that was being invoked (applied 

or argued to apply) to deal with the alleged impact.
4
  

Each conflict in the database was assigned a geographic location based on the location of impacts 

or an approximation of this location. Where the location of impacts was not known, e.g. from an 

environmental impact assessment, the location of groundwater pumping was chosen as the closest 

proxy. Where this was also unknown, another location critical to the conflict, which approximated 

the general location of impact was chosen (e.g. office location of a local protesting NGO). Where 

the location of impacts or of pumping was not a single point (e.g. a river reach, or multiple wells), 

the area of apparent greatest intensity of impact or of wells, respectively, was chosen. To be clear, 

where projects involved pumping and exporting groundwater across local boundaries, the point 

chosen reflected the location of pumping, and the “beneficiary” location was not noted.  

This process of database construction produced a relatively small dataset of 55 conflicts. The 

implications of the construction process are investigated in two ways: first, by undertaking careful 

analysis to understand the influence of potential biases, discussed next; and second, by seeking to 

understand the general nature of conflicts that the database might omit, that is, those that meet the 

major part of the definition used here, but which have not appeared in the data sources used (e.g. 

district court lawsuits, the records of which are not electronically searchable), and may not be 

public. To that end, 7 interviews were carried out with individuals who were likely to work 

                                                      
4 Note that if the conflict does not appear in a particular category, this does not mean that those legal 

requirements do not apply, only that they have not been invoked to control the impacts of groundwater 

pumping on surface waters or ecosystems. 
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directly with those affected by groundwater pumping, and who were likely to be aware of less 

public forms of conflicts. These included staff of Resource Conservation Districts, counties, 

Regional Water Quality Control Boards and mediation services in hydrologic regions in which the 

dependence of rivers and other ecosystems on groundwater has been determined to be high 

(Howard and Merrifield, 2010) (see Appendix 3 for details).  

Before proceeding to discuss results, I first present an introductory analysis of the influence of 

potential biases on the dataset, an issue to which each section returns as relevant. The aim of 

constructing the dataset was to obtain as close as possible to a census of the population of publicly 

known conflicts for the study time period by using all known relevant, electronically searchable 

source types. However, the combination of data sources used might be thought to bias the 

resulting dataset, relative to the true population, by over-representing conflicts that involve the 

legal requirements and types of impacts covered by the regulation-specific sources. While this 

potential is acknowledged, several factors serve to minimize it. First, two general—that is, not 

regulation-specific—sources are used. The database of local newspapers, in particular, is very 

large, covering almost 300 state and local newspapers across California, and over 5,000,000 

individual articles over the period studied. Second, though the EIA and CEC documents are 

formally specific to particular areas of law and organizational mandates, because the focus of the 

study was the conflict and not the actual presence or absence of impact, the focus of the review of 

these documents was the public comments sections. Many public comments tend to be wide-

ranging (including, for example, comments on issues relating to water rights: Palen Solar, Calico 

Solar), rather than constrained to the formal legal context of the assessment. The potential for the 

regulation-specific databases to over-represent categories of groundwater pumpers that are caught 

by these laws, such as energy developers, is somewhat balanced by the general datasets, but is 

likely to remain to some degree. However, this observation also usefully highlights the fragmented 

and narrow nature of existing laws for dealing with these conflicts—a topic to which Part 4.1 

returns.  

Also relevant to evaluating the potential for bias in the dataset is the way in which the different 

sources contribute to the overall dataset. As shown in Figure 1(a), most sources contribute to the 

dataset in a relatively spatially uniform way, taking into account the relatively small numbers 

contributed by some sources (Figure 1(c)). The exception is orders of the SWRCB, which were 

not sources for any dataset conflicts in south-eastern California, for which two other sources 

provided significant conflicts. Since SWRCB orders in the dataset relate to water transfers and 

enforcement actions against holders of permits to divert water from a subterranean stream, the 

reasons for the lack of SWRCB orders in these regions are relatively clear and do not indicate bias. 

These regions are not source regions for water exports, being water-scarce themselves, so are 
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unlikely to give rise to conflicts over groundwater substitution transfers. These regions are also 

likely to have relatively few holders of permits to divert water from a subterranean stream, since 

they have fewer perennial streams—the surface waters in relation to which this legal category of 

groundwater is traditionally conceptualized (Sax, 2002)—and “very few of California’s 

monitoring resources are invested” to monitor perennial streams that do exist in these regions 

(California Water Boards, 2011). Figure 1(b) shows that many of the conflicts that make up the 

dataset are derived from a single data source, for example, a set of environmental assessment 

documents. However, it is important to note that a “single source” conflict may involve numerous 

public comments to several environmental impact assessment documents. The most common type 

of single source conflict is SWRCB orders (20 dataset conflicts).  

Figure 1: Contribution of data sources to conflict dataset (a) data sources by county in which conflict 

occurred; (b) number of sources per conflict; (c) number of conflicts, by source 

 

3. Quantitative results and discussion: Key characteristics of groundwater connection conflicts  

In discussing the results of the study, the remainder of this paper will refer to specific examples of 

groundwater connection conflicts, given in italics. These are set out in Figure 2 to give geographic 

context to textual examples. Appendix 4 sets out brief descriptions of each conflict, and the 

corresponding source documents. 

(
a
) 

(
b
) 

(
c
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Figure 2: Groundwater connection conflicts in California, 2008-2012 

 

3.1 Subjects of concern 

In theoretical work, Llamas and Martinez-Santos (2005) predicted increasing social conflict over 

groundwater, proposing a series of groundwater policy stages that would precede the development 

of serious conflict, and suggesting key actors and subjects of concern. Those stages involve the 

participation of farmer lobbies in response to increasing crop value and groundwater irrigation 

costs, the subsequent entry of conservation and environmental lobbies (largely to protest the 

effects of surface water infrastructure required to address groundwater problems—an indirect 

“groundwater connection” conflict), and ultimately, the ripening of conflict (Llamas and Martinez-

Santos, 2005). This study reveals that in California there are significant groundwater connection 
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conflicts, in a more direct sense than has been anticipated, and in a much wider range of 

manifestations than might have been anticipated.  

Significant numbers of conflicts surround impacts of groundwater pumping on GDEs, spanning a 

whole range of ecosystem types. Most often, they fall into two environmental categories: 

(1) depletion to the flow of rivers and related impacts on riverine species (39 dataset conflicts, 

79%); and (2) the adverse effects of lowering the groundwater table on vegetation that uses 

groundwater, and the fauna that it supports (28 dataset conflicts, 51%). Other environmental 

objects of conflict include wetlands, lakes, springs, riparian areas, and even the micro-fauna that 

live in aquifers. Overall, 50 of the 55 dataset conflicts (91%) involve concerns about GDEs.  

In addition to environmental concerns, 29 dataset conflicts (53%) involve concerns about the 

impacts of pumping groundwater on surface water right holders. However, in 23 of these dataset 

conflicts, a specific water right holder is not identified, and no specific water right holder 

protested; rather, the concern is raised in relation to surface water users of a river system 

generally. It is important to note in this context that while an important data source used for the 

study, EIA documents, could be expected to focus narrowly on environmental issues and not 

surface water right issues, in practice many public comments in these documents raise surface 

water rights issues (see Part 2). Accordingly, the use of this data source is not expected to 

upwardly bias representation of impacts on ecosystems as distinct from surface water rights. 

The relative scarcity of concerns about impacts on surface water rights, and the apparently lower 

level of those concerns where they are expressed (given that they are expressed in very general 

terms), is surprising, particularly given the highly property rights-focused culture of water 

management in California and the western U.S. generally (Nelson, 2014b). Interviewees 

confirmed a relatively low level of concern about impacts on surface water rights, and suggested 

two key reasons for this: surface water users are often also opportunistic groundwater users, 

dissuading them from protesting against groundwater use, and giving them an alternative if their 

surface water rights are affected; and proving impacts would be very difficult in a technical sense 

(Interviews with Lester Messina; Ben Letton; Todd Sloat). The lack of available legal solutions to 

the problem, except in limited circumstances, may also play a role. The only cases in which 

specific surface water rights were identified appear to support the significance of relatively easy 

proof of connectedness and the availability of ready legal solutions to this type of conflict. They 

related to a large proposed casino project, which threatened to impact spring users (springs being 

particularly sensitive to changes in groundwater levels, and this being comparatively easy to 

prove), a permit application and an enforcement action regarding diverting water from a 

subterranean stream (which requires a permit from the SWRCB), where a high degree of river-
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connectedness was not at issue (Enterprise Rancheria Casino; Clear Ridge Enforcement; Millview 

Enforcement). 

3.2 Groundwater use contexts and users involved in connection conflicts 

The majority of the dataset conflicts involve three contexts, each of which accounts for over 10% 

of dataset conflicts: new “groundwater substitution transfers”, which involve exporting surface 

water across local boundaries, and pumping a correspondingly increased volume of groundwater 

locally (20 conflicts, 36%); proposed utility-scale renewable energy projects (11 conflicts, 20%); 

and existing pumping for municipal purposes (9 conflicts, 16%).  

These figures are surprising in several ways. Whereas one might also expect some representation 

of conflicts about the impacts of pumping groundwater for domestic purposes, this is absent. The 

cumulative impacts of many domestic wells have proven to be contentious elsewhere in the 

western U.S. (Bracken, 2010; Vinett and Jarvis, 2012). The absence of any conflicts in this context 

may be because in California, the impacts of more significant, largely unregulated uses (see 

Part 4.1) simply dwarf the impacts of domestic wells. Groundwater export projects, which cross 

local boundaries, attract a high amount of concern, consistent with reports of counties adopting 

restrictive ordinances to constrain the practice (Hanak and Stryjewski, 2012). However, this may 

seem surprising in light of the fairly modest volumes of water involved: in 2009 (the year of 

California’s well-known Drought Water Bank, the subject of the Drought Water Bank Transfers 

conflict), the dataset conflicts about groundwater substitution transfers related to an additional 

2.55 m
3
/s of groundwater pumping, which equates to around 0.5% of the U.S. Geological Survey’s 

estimate of California’s total annual groundwater withdrawals (Kenny and U.S. Geological 

Survey, 2009). However, such transfers may reflect an increment of concern that reflects not 

simply concern about impacts, but concern that those impacts are caused for the benefit of 

“others” (Interview with Lester Messina). Renewable energy projects also represent a surprisingly 

high proportion of the conflicts, relative to the usually low level of attention they attract for their 

groundwater impacts. This may reflect an unusually high number of such projects being proposed 

in the study period, due to the "solar gold rush" that followed President Obama’s 2009 economic 

stimulus program, which subsidized renewable energy (Lochhead, 2013), and their nature as 

proposed projects, discussed next.  

Overall, most of the dataset conflicts (41 conflicts, or 75% of the dataset) occur in the context of 

proposed, rather than existing pumping (14 conflicts, 36%). This is consistent with suggestions in 

the water conflict literature that water development projects drive conflict (Yoffe et al., 2003). 

There are several possible reasons for this. To some extent, an over-representation of conflicts 

about new pumping reflects the data sources used (Table 1). EIA and CEC documents relate 
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overwhelmingly to new projects, the one exception being the settlement of litigation about the way 

in which CEQA applied to a long-running pumping project (Owens Valley Hatcheries). However, 

conflicts sourced through newspaper articles, orders of the SWRCB, and federal and state court 

filings are not restricted in this way. Overall, these first three data sources tend to relate to 

proposed pumping more than existing pumping: of the 39 conflicts supported by data from at least 

one of these three sources (accounting for the fact that some conflicts are supported by multiple 

data sources), only 14 (36%) relate to existing pumping. Accordingly, the dominance of conflicts 

about proposed pumping is unlikely to be an artifact of bias in the dataset. 

 

Table 1: Groundwater connection conflicts relating to proposed and existing pumping, by data source  

 Newspapers (16) Court filings (7) SWRCB (24) EIA (23) CEC (6) 

Existing 7 (44%) 4 (57%) 7 (29%)  1 (4%) 0 (0%) 

Proposed 9 (56%) 3 (43%) 17 (71%) 22 (96%) 6 (100%) 

There are at least three theoretical explanations for the predominance of conflicts about proposed 

pumping. First, conflicts about existing pumping may be less likely to arise if a potential disputant 

thinks that their chances of success, or even attention, are slim. One reason for making this 

assessment is the higher social, economic, and political costs of damaging an existing project, on 

which a variety of parties have come to rely. Substantial modifications to traditional water law 

doctrines have occurred in the western U.S. to protect existing water diversions (Benson, 1998), 

giving support to that fear. Another is the sheer difficulty of proving that pumping, rather than 

other causes (including natural causes) is responsible for a depleted river or damaged GDE. This 

rationale was proposed by several interviewees (Interviews with Ben Letton; Dave Ceppos; Lester 

Messina). 

Second, a potential disputant may be dissuaded from protesting against existing pumping given 

the potentially significant time delay between ceasing pumping and water tables levels rising or 

groundwater discharge to a river increasing at a distant point (Tomlinson, 2011). In this case, 

ecological damage may be unavoidable even if a protest is successful.  

Third, psychological theories about decision-making under uncertainty may explain the 

dominance of conflicts about future pumping that has uncertain effects rather than apparently 

known harm from existing groundwater pumping. The principle of loss aversion holds that when 

faced with a deviation from the status quo with uncertain results, most people tend to over-weight 

losses relative to their probability, and under-weight gains. Prospect theory holds that people tend 

to under-weight a high-probability gain, and over-weight a lower-probability loss (i.e. to be risk-

averse) (Tversky and Kahneman, 1992). Accordingly, when faced with a pumping proposal with 
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uncertain but comparatively low adverse impacts and high-probability economic gains, potential 

disputants may under-weight the gains, over-weight the losses and oppose the proposal 

accordingly. In addition, “familiarity bias” leads people to view less familiar events as less likely 

to occur than more familiar events (Fox and Levav, 2000), which may lead them to assume that 

the status quo level of impacts under an existing pumping scenario is likely to continue rather than 

increase. Related to this, because the impacts of pumping groundwater are diffuse and potentially 

slow to manifest, potential disputants may not appreciate the full extent of current impacts, nor the 

likely ultimate effects. By contrast, considering these effects theoretically, as is possible with 

models produced to accompany project proposals, brings home the full scale of impacts more 

dramatically. 

3.3 Locations of conflict and relationships with institutions 

Groundwater connection conflicts are not restricted to one region or landscape type. The 55 

dataset conflicts occur in northern and southern California, on the coast and in the desert, in 

urbanized and remote areas. Hotspots of certain types of conflict appear in certain regions, 

reflecting the suitability of particular landscapes to particular projects, like water export projects 

from California’s comparatively water-rich, northern region, and solar energy projects in 

southeastern desert California. For the conflicts identified, two regions stand out for the intensity 

and uniformity of their conflicts, comprising seven contiguous counties (Butte, Colusa, Glenn, 

Sacramento, Sutter, Yolo, Yuba) and two contiguous counties (Riverside, San Bernardino). These 

account for 25 (45%) and 12 (22%) of the dataset conflicts, dominated by proposed water export 

projects and proposed renewable energy projects, respectively (Figure 3). Also notably, coastal 

counties (Mendocino, Monterey, San Francisco, San Luis Obispo, and Sonoma) account for 9 

(16%) of the dataset conflicts, dominated by existing effects of municipal and agricultural 

pumping constrained by the SWRCB.  

Understanding how the locations of groundwater connection conflicts relate to their institutional 

context, discussed next, is valuable in several ways. First, it can assist policy-makers to construct 

appropriate policies for dealing with these problems, having regard to the appropriate scale (e.g. 

local, county, or state measures). Determining the appropriate scale for groundwater management, 

and coordination between levels of government, are key management concerns (Blomquist et al., 

2004; Nelson, 2012a; Varady et al., 2013). In California, which currently lacks widespread state 

regulation of groundwater, popular rhetoric argues that local jurisdictions are best equipped to deal 

with groundwater management (Association of California Water Agencies, 2011). However, as 

shown in Figure 3, conflicts manifest in many counties (21 of the total 58 counties), suggesting 
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that introducing policy or legal measures to address them without state coordination, if not a 

mandate, may not be the most efficient approach.  

Figure 3: Locations of groundwater connection conflicts by number of conflicts normalized by county 

area  

 

Secondly, understanding the locations of groundwater connection conflicts relative to policy 

designations can test whether the latter adequately capture concerns about groundwater pumping 

affecting surface waters and ecosystems, as opposed to the kinds of concerns that are more 

commonly expressed about groundwater management, such as impacts on other well users or 

increasing pumping costs. Though California has no systematically determined designations for 

groundwater basins that are at risk, it does use the designation of basins in “critical overdraft”, 

which was most recently determined in 1980 (California Department of Water Resources, 2003). 

As Figure 4shows, no dataset conflicts arise in critically overdrafted basins. This is not altogether 
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surprising, since in these basins, groundwater levels have likely long been so low that groundwater 

no longer supports rivers or ecosystems (Barlow and Leake, 2012). That is, no current impacts of 

groundwater pumping are being felt by connected resources, and none are likely to result from 

increased pumping, since the systems are more likely to have long been disconnected. 

Nonetheless, the apparent lack of correspondence—indeed, the apparently negative correlation—

between conflicts and critically overdrafted basins carries important policy implications: 

California does not currently have any policy designation that captures the potential for 

groundwater pumping in a basin to affect rivers or the environment – it appears that the “critical 

overdraft” designation only comes into play long after the damage has been done, when it may be 

for all practical purposes irreversible.  

As described in the introduction, a small number of groundwater basins in California are 

adjudicated, that is, rights to extract groundwater in those basins have been finally determined, and 

therefore extraction is controlled (Bachman et al., 2005). Accordingly to conventional thought, 

adjudicated basins are well managed, at least on the basis that they have reduced overdraft 

(Association of California Water Agencies, 2011; California Department of Water Resources, 

2003; Heikkila, 2003). Figure 4 suggests that adjudication does not act to solve all groundwater 

problems, given that some dataset conflicts occur within (Scott Valley Ag Pumping; Inland Empire 

Peace II) and just outside the boundaries of adjudicated areas (Abengoa Mojave Solar, Ocotillo 

Express Wind). This is also unsurprising, given that the legal standards used to allocate 

groundwater generally do not take into account (and certainly do not comprehensively take into 

account) the impacts of withdrawing that groundwater on rivers or ecosystems. This underscores 

that traditional legal concepts of “safe yield”, which guide adjudications, may not be sufficient to 

address modern concerns about the sustainability of groundwater use, which go beyond historical 

concern that was directed solely to balancing withdrawals with recharge for the benefit of other 

groundwater users (Nelson, 2011) (see also Part 4.2(a)). 
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Figure 4: Location of groundwater connection conflicts relative to adjudicated, critically overdrafted, 

and recognized groundwater basins  

  

Finally, understanding how the appearance of groundwater conflicts relates to levels of water use 

also enables the testing of a common underlying water management assumption, being that close 

management is not required in areas of low water use, but is required as water use increases. Most 

fundamentally, management is generally only thought to be required in recognized “groundwater 

basins”. Yet Figure 4 shows that some dataset conflicts occur, for example along the coast, outside 

recognized groundwater basins (California Department of Water Resources, 2003). That is, they 

involve pumping from superficial groundwater bodies that are not productive enough to be 

considered “basins”. Overlooking management activities in these areas could mean overlooking 

measures that could help to prevent or resolve such conflicts. In addition, active groundwater 

management is generally only thought to be required in areas that are subject to a threshold level 

of groundwater extraction; this is a common assumption not just in California, but further afield 
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(Taylor, 2010), though one that appears to be changing based on recognizing the importance of 

connected resources (Sinclair Knight Merz, 2011). Yet, whether measuring county groundwater 

use (the lowest geographic level at which this data is available) per unit area or per capita, 

significant numbers of conflicts appear within counties in the lowest quartile of the measure 

(Figure 5). To the extent that preventing and resolving groundwater connection conflicts is an aim 

of groundwater management, this brings into question the assumption that low groundwater use 

justifies neglecting to consider management of these areas. 

The policy implications of these findings are unsettling. Groundwater connection conflicts occur 

outside areas with known or obvious groundwater management issues, and may occur inside areas 

where such issues had been thought solved. To address these conflicts, policy-makers must expand 

their usual geographical scope of concern about groundwater management. They must not 

overlook adjudicated basins or areas with low groundwater use, and they must look beyond areas 

of critical overdraft and even beyond groundwater basins. These findings also serve to highlight 

the desirability of, at minimum, special policy designations that indicate the likelihood that 

groundwater pumping could affect connected resources, and ideally, tailored laws considering 

these impacts. 



 

173 
 
 
 

 

Figure 5: Conflicts against county groundwater use normalized by (a) area; or (b) population 

 

(
a
) 

(
b
) 



 

174 
 
 
 

 

3.4 Disputants in groundwater connection conflicts 

Challengers in groundwater connection conflicts form a diverse community. Non-government 

entities that challenge existing and proposed groundwater pumping tend to be local and national 

environmental NGOs, residents’ groups, and water utilities that use surface water. Government 

“challengers” represented in the dataset conflicts tend to be permitting or enforcement bodies like 

the SWRCB, the CEC, and the U.S. Bureau of Land Management (“BLM”), which directly permit 

the activities in question, as well as a range of other government agencies with environmental 

interests, such as the U.S. Fish and Wildlife Service, the U.S. National Park Service, and U.S. 

Environmental Protection Agency.  

Federal agencies are connected with groundwater connection conflicts in a variety of ways, and to 

a surprising extent, given that they lack extensive regulatory power over water quantity (Percival 

et al., 2009). In total, 44 of the 55 dataset conflicts (80%) have a connection with the federal 

government (noting that only one of the six data sources used to construct the dataset specifically 

related to an area of federal regulatory capacity: see Part 2). In some cases, the connection is very 

direct, as in the 11 conflicts (20%) in which the pumping activity is proposed to occur on federal 

land, most commonly BLM desert land proposed for use for renewable energy projects (e.g. Palen 

Solar) or land proposed to be taken into trust for the purpose of tribal developments (e.g. 

Enterprise Rancheria Casino). In 19 conflicts (35%), federal interests in connected resources may 

potentially be affected by the pumping, as in federal reserved water rights (e.g. Eagle Mountain 

Hydroelectric), federally listed Wild and Scenic rivers (e.g. Scott River, Scott Valley Agricultural 

Pumping) or federally managed GDEs (e.g. Harper Dry Lake wetlands, Abengoa Mojave Solar). 

Though no conflicts arise in the dataset about the effects of pumping groundwater on GDEs 

restored on private land using federal funding, staff at the U.S. Fish and Wildlife Service confirms 

that they are actively exploring how groundwater pumping, which is increasing due to drought, 

might affect wildlife on such private lands, though no conclusion has yet been reached (personal 

communication, Sheli Wingo, Partners for Fish & Wildlife Program Coordinator, USFWS, Feb. 

12, 2014). 

Other types of federal connection are more indirect. At least 20 conflicts involve a federally listed 

endangered species, generally fish (e.g. coho salmon, North Gualala Enforcement) but also 

sometimes birds (Least Bells Vireo, Inland Empire Peace II) and reptiles (e.g. desert tortoise, 

Cadiz ASR). Four conflicts (7%) involve concerns about impacts on the Colorado River, which is 

subject to an interstate compact to which the federal government is a party. Eleven conflicts (20%) 

involve miscellaneous other federal roles, like funding the pumping project (e.g. Anderson-

Cottonwood Wells), funding preservation action designed in response to the threat of pumping 
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(e.g. Cosumnes River Preserve, Cosumnes River Ag/City Pumping); and commenting on 

groundwater impact aspects of the project on technical grounds (e.g. U.S. Geological Survey, 

Enterprise Rancheria Casino). Outside the context of conflicts, it is also striking that significant 

scientific work on GDEs in the U.S. is being conducted by federal agencies, for example the U.S. 

Forest Service’s GDE inventory, monitoring and business requirements work (U.S. Department of 

Agriculture, 2012), and the U.S. EPA’s work on the ecosystem goods and services associated with 

groundwater (Landers and Nahlik, 2013).  

The extensive degree of federal involvement in groundwater connection conflicts in California 

speaks, more generally, to the impact of broad federal regulations that empower third parties to 

assert the need to protect covered matters, like endangered species. It also highlights the potential 

of the federal government’s interests in land and associated waters to support it increasing its 

attempts to help resolve resources conflicts. It administers 48% of land in California and 28% of 

all U.S. land (Gorte et al., 2012). It also supplies, manages and regulates very significant volumes 

of surface water in California through the Central Valley Project and Lower Colorado River 

system.  

4. Qualitative results and discussion: Institutional aspects 

4.1 Laws and policies implicated in dealing with conflicts 

Expanding now from the usual reach of water conflict literature, I turn to consider in detail the 

institutions, primarily laws, that are implicated—either used or invoked by disputants as needing 

to be used—in dealing with the groundwater connection conflicts in the dataset. For completeness, 

I first consider the degree to which the dataset conflicts implicate different categories of laws, 

acknowledging that these numbers may be swayed by the database construction. More important 

are the findings that result from more qualitative analysis of the laws used. Not only is no single 

law capable of dealing with groundwater connection conflicts comprehensively—in terms of 

geography or activities covered—but even taken together, there are striking gaps in the ability of 

California law to deal with groundwater connection conflicts. 

The laws that are most commonly raised in groundwater connection conflicts are state and federal 

EIA laws (CEQA and NEPA) (29 conflicts, 53%) and state regulation (chiefly through the 

SWRCB’s permitting powers in relation to subterranean streams and groundwater substitution 

transfers): 27 conflicts (49%). Naturally, the presence of some number of conflicts involving these 

laws is expected, given the CEQA, NEPA and SWRCB data sources used (although there was not 

necessarily any reason to expect that these numbers would not be outweighed by greater numbers 

of conflicts implicating other laws, derived from the general newspaper and court filing data 



 

176 
 
 
 

 

sources, though this turned out not to be the case). More unexpectedly, endangered species laws at 

the federal or state level are implicated in 25 (46% of conflicts), even though no regulation-

specific data source was used. Other important laws and policies include local groundwater 

management plans (8 conflicts, 15%), energy licensing processes (7 conflicts, 13%), local 

ordinances (11 conflicts, 20%), and claims about the public trust doctrine (7 conflicts, 13%). The 

substance of these laws is discussed later in this Part. 

More significant than the overall numbers of conflicts that implicate different categories of laws, 

are the obvious gaps in those laws. Many only apply to small geographic areas, or to very specific 

groundwater uses. Figure 6 shows cumulative groundwater withdrawals in California (bubble size, 

x-axis) against the number of dataset conflicts in which they are involved (y-axis), and the 

potential for existing California laws that would typically regulate that use to require consideration 

of the impacts of pumping groundwater on connected resources (color of bubble – rationale 

explained below). A preliminary observation is that the number of dataset conflicts in which the 

groundwater use arises are not correlated with the corresponding cumulative withdrawals. Hence 

thermoelectric power is responsible for a very small share of groundwater use in the state, but a 

significant number of conflicts, and domestic uses are cumulatively significant in the state, but 

arise in no dataset conflicts.  

Figure 6: Groundwater uses involved in connection conflicts compared to statewide usage and 

potential for legal consideration of impacts of pumping groundwater on connected resources 
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The starting point for assessing the significance of the gaps in California’s laws for considering 

connected resources is that very few laws or other rules have the potential to constrain 

groundwater pumping due to its impact alone, as opposed to due to the nature of the activity that 

causes the impact. Very little groundwater in California is classed as a “subterranean stream” that 

requires a permit from the SWRCB to pump, and which involves considering impacts on pre-

existing surface water rights; most is classed as “percolating groundwater” and requires no such 

permit (Bachman et al., 2005). Most local groundwater management plans do not consider the 

impacts of pumping groundwater on ecosystems or surface water rights (Nelson, 2012). In any 

case, these plans have limited legal effect—only in relation to groundwater substitution transfers 

(California Water Code CWC § 1745.10) and county ordinances that require groundwater 

extraction activities to occur in accordance with a GWMP, e.g. San Bernardino’s County Code 

(§ 33.06552(b)(1)). Presently, 30 counties have groundwater ordinances in some form (California 

Department of Water Resources, 2013), but few counties have groundwater ordinances that go 

beyond permits to construct wells or export water to consider the impact of actually pumping 

groundwater generally (Hanak, 2003). Although California law exempts the building of wells 

from the requirement to obtain a conditional use permit under county or city building and zoning 

ordinances (California Government Code §§ 53091(d), (e)), a few such ordinances require new 

developments to evaluate the potential cumulative impacts of accessing water to the environment 

(Butte County General Plan Water Resources Element Policy W-P2.9) or may require a 

conditional use permit for an inter-basin water transfer, which may be granted based on a showing 

that the transfer would not unreasonably affect the environment (Inyo County Code §§ 18.77.015-

18.77.035). Endangered species laws are rare in constituting a potential constraint on groundwater 

pumping regardless of the nature of the activity, but they apply only to a small subset of 

environmental impacts. While groundwater substitution transfers (not shown separately in 

Figure 6) are controlled by ordinances in an increasing number of counties (Hanak and Stryjewski, 

2012), they constitute a small proportion of overall groundwater pumping (see Part 3.2). 

Considering the impacts of groundwater pumping on connected resources is largely left to 

incidental consideration through other laws that apply to specific activities, or activities in specific 

places or undertaken by specific entities. The study dataset demonstrates how this incidental 

consideration arises for different kinds of activities, and together with general legal analysis, 

suggests the general potential to regulate the pumping impacts of those activities. A project must 

undergo an EIA process if it involves a state or federal agency action, such as a grant, occurrence 

on state or federal land, or a requirement to obtain a government permit (provided the project 

meets certain legal thresholds) (Percival et al., 2009). The study dataset shows that occurring on 

public land and requiring production permits is generally how the impacts of pumping for 

renewable energy or mining projects are considered (e.g. Ivanpah Solar; Palen Solar; Stateline 
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Solar; Coso Geothermal; Liberty Quarry). Conflicts involving supplying groundwater for 

municipal purposes involve a requirement to obtain a water supply permit under California’s Safe 

Drinking Water Act (e.g. Inland Empire Peace II). The one aquaculture project was operated by a 

state agency (Owens Valley Hatcheries). Both of these triggered EIA requirements. If privately 

operated, aquaculture facilities would likely require pollution discharge permits. By contrast, the 

impacts of industrial pumping (which, in the dataset structure, included self-supplied commercial 

pumping, notably three casino projects) attracted attention by being located on federal land 

(Enterprise Rancheria Casino (Yuba), (Butte); Ione Miwok Casino); theoretically pumping for 

these purposes could also require town planning permission, triggering EIA requirements. Though 

it did not appear in the dataset, impacts from supplying groundwater to livestock could also be 

expected to occur on federal land in some cases. By contrast, irrigation, which accounts for the 

vast majority of groundwater pumping in California, is very rarely subject to legal requirements to 

consider its impacts. Agricultural pumping rarely requires a permit of any kind, and it usually 

occurs on private land. The dataset conflicts demonstrate that consideration of agricultural impacts 

is generally triggered only where agricultural use formed part of a groundwater substitution 

transfer project (e.g. Glenn-Colusa Transfer 2010; Tule Basin Farms Transfer 2009), where it 

required a permit to pump from subterranean streams (Green Valley Enforcement), was facilitated 

by a federal grant to construct new pumps (Anderson-Cottonwood Wells), or was subject to 

innovative litigation that attempted to extend the surface water doctrine of the “public trust” to 

groundwater (Environmental Law Foundation vs. SWRCB and County of Siskiyou in Scott Valley 

Ag Pumping). For similar reasons, pumping groundwater for domestic use, which Figure 6 shows 

is a cumulatively significant use, is theoretically very unlikely to attract consideration of its 

impacts on connected resources, and probably even less so than agricultural use, given the absence 

of these triggers. 

Ultimately then, considering the relative size of largely unregulated groundwater-using activities 

(“very low” and “low” categories in Figure 6) in California, there is significant potential for 

groundwater pumping to cause the kind of impacts that people care about, in circumstances in 

which they have little power to do anything about it, or even have these impacts formally 

considered.  

A further important and surprising gap uncovered by a qualitative analysis of the laws and policies 

used to address the dataset conflicts, as well as the interviews, is that few conflicts invoked solely 

policy (that is, non-mandatory) mechanisms to address impacts on connected resources, like state 

grant funding to finance ecosystem protections, or voluntary water conservation, or industry-led 

codes of conduct or best practice guides. The only examples of relevant policy appeared as 

voluntary water conservation measures, infrastructure works like recharge ponds designed to 
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remedy stream depletion impacts, cooperative data sharing with objectors, and philanthropic 

action to secure ecologically high-value land (e.g. Owens Valley Hatcheries, Cosumnes River 

Ag/City Pumping; Lower Tuscan Monitoring). Proponents of local control of groundwater often 

argue that local management and investment—that is, non-regulatory policy instruments—are 

sufficient to manage groundwater in California, and that bureaucracy and regulation are simply not 

needed (Association of California Water Agencies, 2011). Yet it seems that policy instruments are 

not widely used in practice to deal with this important type of groundwater conflict. Instead, 

California relies, by default, on law to deal with these conflicts, and law appears under-equipped 

for the task. 

4.2 Key challenges of relying on existing legal tools to deal with conflicts 

Even where groundwater connection conflicts theoretically attract the patchy laws described 

above, a qualitative analysis of the source documents describing the dataset conflicts reveals 

numerous practical problems in using those laws. Some problems revealed by the dataset conflicts 

appear likely to affect the ability of many laws to address groundwater connection conflicts 

(“general challenges”); others arose in the context of EIA laws, and seem likely to affect them 

particularly (“EIA challenges”)  

(a) General challenges 

At a fundamental level, a lack of general awareness or widespread data about GDEs or 

groundwater-surface water connections poses a general challenge to the use of the laws described 

above to protect against pumping impacts on connected resources. Certain types of GDEs are 

entirely, or almost entirely absent from the conflict dataset, for example, stygofauna (aquifer-

dwelling organisms) and coastal ecosystems that depend on offshore groundwater discharge, like 

mangroves and seagrass beds, and the fauna for which they are habitat, like turtles and fish 

(Tomlinson, 2011). This is unlikely to be because groundwater pumping does not impact these 

systems. Rather, impacts may go unnoticed, because of a lack of monitoring, or may not be 

thought to be linked to groundwater pumping, due to a lack of awareness of the groundwater-

dependence of these systems.  

It is also worth noting that relative to other U.S. states, California is home to an exceptionally high 

number of groundwater-dependent endangered species (Blevins and Aldous, 2011), so we might 

expect to see many more conflicts involving the impacts of groundwater pumping on more species 

than are evident here. Although 25 conflicts in total raised endangered species issues, most related 

to a small number of species, notably anadromous fish (e.g. Green Valley Enforcement). Likely 

reasons for this relatively narrow focus include a lack of awareness about this groundwater 
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dependence, and the relative difficulty of tracing pumping to impacts, particularly given that much 

pumping tends to occur on private land away from the public gaze. Lack of awareness on the part 

of potential disputants could more generally result in the number of conflicts falling significantly 

below the extent of impacts on surface water rights and GDEs. Many public documents uncovered 

in the searches undertaken for this study were excluded from the database because they focused 

exclusively on the direct impacts of pumping groundwater on groundwater supplies for human 

consumption, without contemplating indirect impacts on rivers or ecosystems. Others were 

included because of concerns over impacts on surface water rights, but did not consider “indirect” 

impacts on ecosystems (e.g. Anderson-Cottonwood Wells). 

Public awareness of groundwater-surface water and groundwater-ecosystem connections tends to 

be lower than that for other groundwater problems (Interview with Ben Letton). While systematic 

public opinion data on water issues to support these contentions appear scarce, in a 2008 survey of 

adult California residents, only 5% of respondents believed water supply issues to be the most 

important environmental issue facing California (Baldassare et al., 2008). Given that much of this 

concern could be expected to relate to better publicized surface water issues, such as those 

surrounding litigation about water deliveries through the Sacramento-San Joaquin Delta (e.g. 

Madani and Lund, 2012), one would expect a low level of awareness on the part of a large 

proportion of the population in relation to groundwater environmental issues, when water issues as 

a whole fail to rate as pressing concerns. Globally, too, groundwater-environment issues are 

frequently noted to attract low public awareness (Boulton, 2009; Esteban and Dinar, 2012; Nelson 

and Casey, 2013).  

Paucity of data about GDEs, their ecological response functions, and groundwater-surface water 

connections could make decision-makers hesitant to impose pumping constraints. These data gaps 

are an oft-noted global problem from which California also suffers (Howard and Merrifield, 2010; 

Tomlinson, 2011). Even assuming above-average data were available about connected resources 

in a particular area, using laws to control impacts on them appears prone to suffer from vague 

legal language and a lack of quantitative standards about acceptable levels of impact, judging by 

the laws that arise in the dataset conflicts. This is true of quite varied laws. County groundwater 

ordinances aim to protect GDEs in Inyo County (Coso Geothermal) and San Bernardino County 

(Cadiz ASR, Stateline Solar). They prohibit groundwater pumping, respectively, having a 

“significant adverse effect on the environment” with regard to listed elements of the environment 

(s18.77.030, Inyo County Code), and exceeding “groundwater safe yield”, the definition of which 

includes “adversely affecting the health of associated lakes, streams, springs and seeps or their 

biological resources” (s33.06553, San Bernardino County Code). Neither ordinance includes any 

quantified standard accompanying these prohibitions. Similarly, EIA laws include the notoriously 
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ambiguous and troublesome requirement to consider the “significant” environmental impacts of 

actions (Percival et al., 2009). By contrast, some groundwater-specific laws with similar intent in 

other jurisdictions include numerical standards (NSW Department of Primary Industries Office of 

Water, 2012). 

As challenging as ambiguous water laws are those that are internally inconsistent. Key concepts of 

California water law and policy fall into this category. California surface water law includes the 

concept of the public trust, which recognizes the need to safeguard certain ecological water uses 

(Frank, 2012), and California surface water policy recognizes ecological goals as “co-equal” with 

consumptive uses (Hanak et al., 2011). By contrast, California groundwater law theoretically 

limits pumping to “safe yield”—a concept that does not usually consider ecological dependence 

on groundwater at all, and is only implemented in practice in adjudicated basins (Nelson, 2012b).  

Highlighting the ecological risks that adjudication leaves unresolved, the conflict dataset reveals 

that agencies may assume that if new extraction of groundwater is within their rights in an 

adjudicated basin, no adverse impacts from pumping groundwater are possible. In fact, ecosystems 

can be harmed or surface water depleted under these conditions (Foglia et al., 2013). Perhaps the 

most dramatic demonstration of this appears in the conflict over the Inland Empire Peace II 

pumping project. It proposed to increase groundwater pumping from the adjudicated Chino Basin 

to achieve “hydraulic control”, meaning reducing groundwater discharge to the Santa Ana River to 

“de minimis” quantities, on account of the poor quality of this water. This would increase 

overdraft from 200,000 acre-feet to 600,000 acre-feet by 2030, beyond safe yield, but would 

apparently be considered consistent with controls on withdrawals established by the governing 

adjudication. Protesters pointed to the potential impacts of lowering groundwater levels on the 

habitat of an endangered riparian bird, and other species dependent on the groundwater-fed Prado 

Basin, which is the largest area of wetland in southern California, and various tributaries of the 

Santa Ana River. In some circumstances, pumping at “safe yield” can pose a dire threat to 

groundwater-dependent endangered species, as demonstrated in another conflict involving a 

petition to list springsnails as endangered in southern California (Great Basin Springsnails).  

Controlling groundwater pumping to protect surface water rights can also pose practical problems, 

and as outlined in Part 4.1, the legal opportunities to do so are narrow, presently confined to 

pumping from “subterranean streams” (as in most of the SWRCB orders in the dataset), and 

recognizing the surface water impacts of groundwater substitution transfers (e.g. Glenn-Colusa 

Transfer 2010; South Sutter Transfer 2009). While a private individual’s reluctance to assert their 

surface water rights might not be considered problematic, such reluctance can have wider effects 

in the case of special surface water rights held by the federal government (“federal reserved 
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rights”). Such rights may attach to federal lands, for example, to protect the flow of rivers that 

supports key wilderness values. Though government agencies cannot authorize activities that will 

impair the public use of federal reserved water rights (Idaho v. U.S. 526 U.S. 1012 (1999); 

Cappaert v. U.S., 426 U.S. 128, 145 (1976)), many such rights have not been quantified, and it 

appears more often that environmental NGOs, and not federal agencies, assert the potential of 

groundwater pumping to harm these rights. Even then, this potential impact may not be explored 

on the basis that no federal agency had asserted a right (Calico Solar). Alternatively, the issue may 

not be considered because it is deemed to fall within the jurisdiction of the SWRCB, rather than 

the agency conducting an environmental assessment (Eagle Mountain Hydroelectric). 

(b) EIA challenges 

As indicated in Part 4.1, EIAs are the most common context in which the dataset conflicts arise, so 

particular attention to the challenges of using this legal vehicle to deal with connection conflicts is 

warranted. The source documents underlying the dataset conflicts reveal challenges in relation to 

interpreting groundwater data, assessing impacts, and requiring mitigation for impacts. As an 

initial issue, hydrology and hydrogeology involve intuition, creativity and insight (Savenije, 

2009), and accordingly, the relevant data is amenable to multiple interpretations that can feed 

conflict. EIA laws may provide little scope for iteration, and may produce initial documents that 

are not adequate to fully assess impacts. In the case of the Eagle Mountain Hydroelectric project, 

which was supplemented by groundwater, the U.S. National Park Service (“NPS”) indicated gaps 

in groundwater information in the draft EIS, which were not addressed to its satisfaction in the 

single iteration between that and the final document. Subsequently, in Palen Solar, the NPS 

showed that the project, located in the same groundwater basin as Eagle Mountain Hydroelectric, 

assumed inconsistent hydrogeological characteristics, and it appears that standard EIA processes 

did not provide enough potential for iteration to correct inconsistencies. 

At a more fundamental level, it appears that the effects of pumping groundwater on rivers or 

ecosystems, which in the EIA context are considered an indirect impact of pumping, may be 

overlooked by EIAs, despite the fact that they are theoretically supposed to consider indirect 

impacts (Percival et al., 2009). Groundwater pumping projects involving, for example, potable 

water supply to the Corona and Glendale areas in southern California, were excluded from the 

dataset because they considered only direct impacts such as lowering of groundwater levels 

without considering the flow-on impacts to surface waters or ecosystems, and no protests about 

this omission were evident. Whether indirect pumping impacts are considered varies even among 

assessments carried out by the same agency. The U.S. Bureau of Indian Affairs considered these 

impacts in assessing a casino development proposed by the Estom Yumeka Maidu Tribe 
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(Enterprise Rancheria Casino), but not in the case of a casino development proposed by the Ione 

Band of Miwok Indians, which it assessed in the same year (Ione Miwok Casino).  

If historical over-pumping of groundwater has already lowered the water table such that no 

discharge to streams or springs occurs, or such that it is inaccessible to terrestrial ecosystems (as 

discussed in Part 3.3), EIAs may determine that further pumping cannot cause further impact. This 

artificially creates a “point of no return”, apparently justified by an underlying policy goal of 

ensuring only that conditions do not deteriorate. However, it makes re-connecting aquifers to 

rivers or ecosystems to restore a base level of ecosystem health more difficult. Treatment of these 

issues in EIAs appears inconsistent. The Sunrise-Douglas Residential subdivision in Rancho 

Cordova did not regard as significant lowering groundwater levels below already disconnected 

reaches of the Cosumnes River. By contrast, the Abengoa Mojave Solar project was required to 

conserve groundwater to maximize the chance of recovering groundwater levels that supported 

nearby wetlands.  

Finally, if unacceptable impacts are found as a result of an EIA, “mitigating” potential impacts on 

GDEs may take the form of monitoring requirements, which often lack quantified triggers for 

specific action if particular physical conditions appear (Calico Solar). Sometimes just figuring out 

potential management actions is considered a “mitigation” action, as in the mitigation measure 

designated as protecting groundwater-dependent riparian habitat potentially impacted by the 

Inland Empire Utility District’s Peace II Project.  

4.3 Approaches to using a patchy legal framework for dealing with groundwater connection 

conflicts 

Thompson (undated) notes that traditional water institutions in the western U.S. suffer from 

deficiencies in responding to and adapting to increased demand for water and less reliable water 

supplies—a criticism common to other jurisdictions (Bruch, 2009). Relevant to the present 

context, these deficiencies include fragmentation between regulatory responsibilities of different 

levels of government, and between groundwater and surface water, exacerbated by heterogeneous 

rights (including rights with different legal status held by governments as opposed to private 

parties, groundwater and surface water rights government by different principles); ineffectively 

policed regulations, for example, prohibiting waste; and environmental externalities that are 

ignored. As Part 4.2 makes evident, the challenges of California’s legal framework for linking 

groundwater pumping to connected resources epitomize these concerns.  

The question then remains—how should water users, managers and stakeholders deal with these 

challenges? Thompson (undated) proposes the following approaches: “local reordering” using 
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private contractual mechanisms, local quasi-governmental organizations, or more substantial 

“institutional overlays”; exploiting the flexibility of existing laws; or changing laws through 

legislation or the courts. These categories form a convenient structure for analyzing how water 

users, managers and stakeholders have dealt with groundwater connection conflicts, through the 

examples of the study dataset, as well as how they might deal with them in future.  

(a) Local reordering and new organizations 

Without fundamentally changing a water law framework, groundwater connection conflicts could 

be dealt with by contractual mechanisms to allocate responsibility for harm to surface water rights 

or ecosystems. Other work has identified the practice of water users in other western U.S. states 

using contracts under which groundwater pumpers compensate surface water users for harm to 

their rights (Nelson, 2014b). However, interviews undertaken for this study in California did not 

reveal an equivalent practice. If it in fact does not exist in California, one reason may be the 

practice of surface water users opportunistically pumping groundwater, dissuading them from 

pushing for compensation from groundwater pumpers, and the related reasons suggested in 

Part 3.1.  

It appears that quasi-government organizations have been established, which could deal with 

groundwater connection conflicts. Interviews with current and former staff of some northern 

California counties indicated that non-regulatory “water advisory committees” were intended to 

help local landholders solve groundwater-related conflicts, though as yet only conflicts between 

groundwater users have been addressed (Interviews with Mary Fahey and Lester Messina). More 

directly, the Scott Valley Ag Pumping conflict involved Siskiyou County creating local advisory 

committees to advise the county on groundwater issues, with a view to helping resolve 

groundwater connection conflicts.  

More comprehensive “institutional overlays” could be created through large-scale non-regulatory 

policies that recognize links between groundwater pumping and connected resources. While such 

approaches do not appear in the dataset conflicts, they could include grant-making activities; 

technical assistance programs; or industry-led guidance, following the example of individual 

groundwater-using companies, which have developed voluntary programs in partnership with 

government agencies and environmental non-profits to replenish aquifers and restore dependent 

watershed features (Coca Cola Company, 2013; PepsiCo and The Nature Conservancy, 2011). 

(b) Exploiting the flexibility of existing laws 

As well as illuminating the many challenges of relying on existing, non-tailored legal tools to deal 

with conflicts about the impacts of pumping groundwater on connected resources, the dataset 
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conflicts also suggest the theoretical and in some cases actual potential of using the flexibility in 

existing laws to avoid and manage them. These examples show that jurisdictions which lack laws 

that comprehensively recognize links between groundwater and connected resources, and in which 

political or other obstacles make it unlikely that they could be readily adopted, can still achieve 

worthwhile protections and deal with the challenges outlined in Part 4. 

To combat the basic challenge of a lack of awareness of potential impacts on connected resources 

on the part of project proponents and agency staff, quasi-regulatory landscape management plans 

could include a pre-evaluation of landscape sensitivity to groundwater pumping. Landscape-scale 

land management plans, for example, the California Desert Conservation Area Plan and the 

Northern and Eastern Colorado Desert Coordinated Management Plan, influenced EIAs in many 

of the dataset conflicts involving renewable energy projects (e.g. Genesis Solar; Ivanpah Solar; 

Ocotillo Express Wind). Understanding the distribution of sensitive landscapes could help more 

rapidly evaluate locations that could produce groundwater connection conflicts, and indicate 

where particular attention should be paid to considering them. Existing scientific work to map 

GDEs could form a basis for this approach (Bureau of Meteorology (Australia), 2013; Howard and 

Merrifield, 2010).  

A further approach to using existing laws would be to require “indirect” pumping impacts on 

connected resources to be consistently considered by decision-makers that already consider 

groundwater projects, to correct the problems of inconsistency outlined in Part 4.2(b). In 

California, this could take the form of including this issue, and advice on how impacts should be 

monitored and managed, in agency policy and guidance documents that act as checklists for 

legally approving activities or planning processes that involve pumping groundwater. Examples of 

such documents include the CEQA environmental checklist used by agencies conducting state-

level EIAs (California Code of Regulations §§ 15064ff); the California Department of Water 

Resources’ “Required and Recommended Components of Local Groundwater Management Plans” 

and its Groundwater Management Model Ordinance (California Department of Water Resources, 

2003).  

Where data paucity prevents a robust analysis of the severity of potential effects of pumping 

groundwater on GDEs, comprehensive metering and ecological monitoring conditions should be 

linked to remedial actions required in response to monitoring data, for example in conditions that 

may be applied to permits for energy developments (e.g. Genesis Solar), federal grants of interests 

in land (e.g. Ione Miwok Casino), or state approval of groundwater substitution transfers (e.g. 

Glenn-Colusa Transfer 2010). Among the dataset conflicts, remedial actions take several forms. 

The Genesis Solar project included a condition requiring reduction in pumping or relocating wells 
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to protect groundwater-dependent vegetation if adverse effects were noted; the Palen Solar project 

required modification to pumping and restoration of equivalent habitat in analogous 

circumstances. Similarly, the conditional use permit for the Coso Geothermal installation required 

monitoring of springs, and included drawdown trigger points for ceasing groundwater pumping. 

The Eagle Mountain Hydroelectric project also limited groundwater level decreases based on 

ecological concerns. Somewhat less robustly, the Cadiz ASR project included quantified 

drawdown levels that would trigger a county review of the project pursuant to the relevant 

ordinance. Wells for the Enterprise Rancheria Casino were required to be drilled only outside 

buffer zones around sensitive flowing streams and vernal pools. The settlement of litigation over 

groundwater pumping in the Owens Valley Hatcheries conflict contemplated combining pumping 

limits with enhanced groundwater infiltration to protect springs and alkali meadows.  

EIA processes that reveal a paucity of information about potential impacts on surface water rights 

could be addressed by requiring the project proponent to identify potentially affected water rights, 

including federal reserved water rights, and show that effects on those rights will be unlikely, as 

occurred in the Genesis Solar project, rather than being permitted to assume that groundwater 

pumping will not impact any water rights. Where impacts on surface water rights are anticipated, 

preventive and remedial actions can include offsetting of these effects through activities that 

decrease groundwater consumption elsewhere, as in the water supply plan to offset impacts on a 

neighboring basin adjacent to the Colorado River in the Genesis Solar project. Large-scale, water 

law-based offset policies are relatively common in other western states, and occur even where 

groundwater is managed separately from surface water (Nelson, 2014a). An alternative course is 

to require a pumper to monitor impacts on surface water users and compensate affected users as a 

condition of a permit, as in requirements of the Enterprise Rancheria Casino project in relation to 

users of springs affected by groundwater pumping. 

(c) Changing laws through legislation or courts 

In showing that existing laws can leave the impacts of important activities unregulated, this Part 

has indicated that introducing new laws may be desirable to comprehensively deal with 

groundwater connection issues. While recommendations on the best ways of doing this will 

naturally differ between jurisdictions, the California case provides an example of how changing 

laws could be done in a great diversity of ways to ensure better consideration of groundwater-

connected resources.  

A local option for rule change in California would be for more counties to introduce and 

implement well-specified ordinances that included the kind of constraints that appear in those of 

San Bernardino and Inyo Counties (see Parts 4.1, 4.2(a)). Such a course was suggested by 
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protesters in at least one dataset conflict (North Coast Rivers Pumping). This would accord with 

California’s political preference for local approaches, and therefore would be a relatively 

politically straightforward option. However, the wide distribution of groundwater connection 

conflicts through the state suggests that relying on rule change at the county level alone would be 

likely to maintain the current geographic patchiness of the legal framework for dealing with these 

conflicts, since coordinated action by many counties seems unlikely. 

At the state level in California, one regulatory option includes removing the conceptual 

inconsistencies described in Part 4.2(a) by expanding environmental protections in surface water 

laws (like the public trust doctrine) to groundwater pumping. This is being attempted through 

litigation in the Scott River Ag Pumping conflict (Environmental Law Foundation vs. SWRCB and 

County of Siskiyou). Another approach would be to extend state water permitting powers to 

groundwater generally, rather than restricting it to narrow legal categories of groundwater that 

bear little resemblance to hydrological reality (Sax, 2002). Alternatively, state legislation could 

mandate local agencies to prepare (presently voluntary) local management plans, which consider 

connected resources, in areas experiencing a threshold level of groundwater depletion, and support 

these requirements with state and citizen suit enforcement options (Nelson, 2012b). The dataset 

conflicts confirm that these plans currently are considered and have legal weight in certain narrow 

circumstances (see Part 4.1), which suggests they have potential for expanded influence. Finally, 

the state could legislatively clarify prohibitions on groundwater “waste” and “unreasonable use” in 

a way that encompasses in-stream and ecological concerns, as has been suggested by an 

environmental NGO in northern California (Fisher, 2013). 

Each of these suggestions essentially involves increasing controls over groundwater extraction, 

which can be a politically contentious proposition in jurisdictions which, like California, have 

relied primarily on hands-off local management. But it is worth pointing to another significant 

groundwater-using western U.S. state, Nebraska, to demonstrate that joint state-local management 

of groundwater can be workable. Nebraska uses joint efforts between the state’s Department of 

Natural Resources, which permits surface water diversions, and local natural resources districts, 

some of which permit groundwater extraction, to impose requirements to offset the impacts of 

extracting groundwater on surface water before a groundwater pumping proposal may proceed 

(Nelson, 2014a). This system both retains a strong, politically valuable element of “localism”, 

while using the flexible concept of offsets to avoid the need to altogether prohibit further 

groundwater allocation in over-allocated basins. 
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5. Conclusion 

The impacts of pumping groundwater on surface waters and ecosystems are generally under-

recognized in California, as in many other jurisdictions around the world, yet they can cause a 

significant number of conflicts. This study appears to be the first systematic empirical study of 

these “groundwater connection conflicts”. It shows that in California, law and policy to deal with 

these conflicts is under-developed and tends to be inconsistently applied. This may well also be a 

significant, systemic issue beyond the borders of California, and of the United States.  

Understanding the nature of groundwater connection conflicts, and the methods that are currently 

used to address them, can help shape better laws and policies for dealing with them in the future. 

In the case of California, the geographic distribution of the sample of conflicts studied here 

suggests that current policy designations used in groundwater management are inadequate to 

capture concerns about the impacts of pumping groundwater on connected resources, since they 

were formulated with narrower concerns about groundwater supply for human purposes in mind. 

The nature of these conflicts also suggests greater concerns about proposed than existing 

pumping—in particular, groundwater proposed to be pumped for large-scale solar thermal 

generation and groundwater export projects—which is supported by psychological theories, 

particularly prospect theory and familiarity bias. The distribution of the dataset conflicts 

throughout 21 of California’s 58 counties suggests that state coordination would be an efficient 

way of pursuing reforms. At a more qualitative level, the documents underlying the dataset 

conflicts reveal both the challenges of relying on existing laws to control the impacts of 

groundwater pumping on connected resources, as well as examples of effectively exploiting the 

flexibility of existing laws to achieve these controls, patchy and incomplete though these laws are. 

Changing existing laws and policies remains a more challenging option. However, the conflicts 

described here show that multiple implementation paths to better laws and policies—whether 

improved existing laws or new innovations—have already been charted by agencies and 

stakeholders. Now it remains to follow them. 
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Appendix 1 to Part D: Data sources and search approaches 

1. Access World News (http://www.newsbank.com/schools/product.cfm?product=24) California 

news sources 

a. The following search strings were used for the period 01/01/2008-12/31/2012: 

i. Search 1 (focus on the impacts of pumping groundwater on consumptive surface 

water rights)  

 

"wells" OR groundwater OR "ground water" OR "underground water" OR "well 

water" OR wellwater in Lead/First Paragraph and diversion OR divert! OR 

withdraw! OR exploit! OR extract! OR abstract! OR pump! in All Text and river 

OR stream OR waterway OR "water way" OR surface OR lake in All Text and 

right OR permit OR license in All Text not habitat OR wetland OR "springs" 

OR ecosystem OR wildlife OR phreatophyte OR threatened OR endangered in 

All Text 

 

ii. Search 2 (focus on the impacts of pumping groundwater on instream flows for 

environmental purposes) 

 

"wells" OR groundwater OR "ground water" OR "underground water" OR "well 

water" OR wellwater in Lead/First Paragraph and diversion OR divert! OR 

withdraw! OR exploit! OR extract! OR abstract! OR pump! in All Text and river 

OR stream OR waterway OR "water way" OR surface OR lake in All Text and 

right OR permit OR license in All Text not habitat OR wetland OR "springs" 

OR ecosystem OR wildlife OR phreatophyte OR threatened OR endangered in 

All Text and 04/01/2003 - 03/31/2013 in Date 

 

iii. Search 3 (focus on the impacts of pumping groundwater on groundwater-

dependent ecosystems 

 

"wells" OR groundwater OR "ground water" OR "underground water" OR "well 

water" OR wellwater in Lead/First Paragraph and diversion OR divert! OR 

withdraw! OR exploit! OR extract! OR abstract! OR pump! in All Text and 

habitat OR wetland OR "springs" OR ecosystem OR wildlife OR phreatophyte 

OR threatened OR endangered in All Text  
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NB: Search strings were developed after experimentation with different varieties 

of words carrying similar meanings. For example, the following words for 

wetlands were tried, with none of them adding any search hits beyond the string 

above: “marsh”, “swamp”, “peatland”, “bog”. 

 

b. Citations of search hits were then entered into a spreadsheet, duplicates were removed 

and the resulting search hits were scanned and coded for relevance by research assistants.  

c. To be considered relevant, a document needed to have the following features 

i. A link between groundwater pumping (existing or proposed) and an effect on 

surface water, including surface water rights or instream flows; or ecosystems 

that depend on groundwater, 

ii. In relation to a specific location (i.e. not noting that the phenomenon exists 

generally), 

iii. That is the subject of complaint or disagreement. 

The following commonly reported effects were not considered relevant for the purposes 

of this project: effects on other groundwater wells, but not surface water or ecosystems; 

matters related to groundwater contamination; and groundwater pumping exceeding 

natural recharge, where no adverse effects on the environment or surface water are noted. 

d. Relevant documents were coded. 

 

2. Bloomberg Law (California State Court Dockets, U.S. District Courts of California Dockets, U.S. 

Ninth Circuit databases): 

a. The following search string was used for the period 01/01/2008-12/31/2012: 

 

(("wells" OR groundwater OR "ground water" OR "underground water" OR "well water" 

OR wellwater) AND (diversion OR divert! OR withdraw! OR exploit! OR extract! OR 

abstract! OR pump!)) AND ((habitat OR wetland OR "springs" OR ecosystem OR 

wildlife OR phreatophyte OR threatened OR endangered) OR ("wild and scenic" OR 

"reserved water" OR "national wildlife refuge" OR "national park" OR "national forest" 

OR "national monument" OR instream OR "in stream" OR "environmental water" OR 

"minimum flow" OR "public trust") OR ((river OR stream OR waterway OR "water way" 

OR surface OR lake) AND (right OR permit OR license))) NOT Fargo 

 

b. The resulting search hits were scanned for relevance and coded.  
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3. NEPA and CEQA documents 

a. Full-text and extended abstracts of NEPA EISs were searched for on the Proquest EIS 

database (http://search.proquest.com/eisdigests/index), using the search string 

(groundwater OR "ground water") AND ti(california). These were checked for relevance 

(e.g. removing those that did not involve mention of groundwater pumping or 

groundwater use, but rather, e.g., groundwater contamination). Online searches of project 

titles were carried out to locate Environmental Impact Statements and related documents, 

which were then coded.  

b. Abstracts of CEQA documents were searched on the CEQANet Database 

(http://www.ceqanet.ca.gov/QueryForm.asp) using the keyword "groundwater". Each 

entry was reviewed for references to groundwater pumping (i.e. not groundwater 

contamination or groundwater recharge), and concerns that could encompass links with 

surface waters or ecosystems (e.g. if issues listed as being associated with the project 

included “wetland/riparian” or “biological resources”). Relevant documents were located 

online, and then coded. If not available online, attempts were made to secure copies of 

the documents directly from agencies to assess relevance, however, these attempts were 

not successful in 8 cases. 

 

4. SWRCB Orders 

a. Each order of the SWRCB for 2008-2012 

(http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/) 

was reviewed for relevance, then coded. 

 

5. CEC Dockets 

a. Staff assessments and CEC decisions 

(http://www.energy.ca.gov/sitingcases/alphabetical.html) were searched using the word 

“groundwater” by accessing individual dockets for 2008-2012. Documents were 

reviewed for relevance and relevant documents coded. 

 

  

http://search.proquest.com/eisdigests/index
http://www.ceqanet.ca.gov/QueryForm.asp
http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/
http://www.energy.ca.gov/sitingcases/alphabetical.html
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Appendix 2 to Part D: Coding categories for connection conflicts 

Note that a conflict may fall into multiple categories: 

(a) The type of ecosystem alleged to be affected by pumping groundwater, if any: lake, riparian area, river 

(including impacts on species living in a river or creek channel), spring, subterranean, terrestrial 

vegetation/fauna, wetland, or unknown. It was outside the scope of this project independently to evaluate 

the evidence upon which an allegation of ecological effects, or the potential for ecological effects, was 

made. 

(b) The purpose for which the groundwater was, or was proposed to be pumped: domestic self supply, 

aquaculture, industrial self-supply, irrigation, livestock, mining, power, public supply, or unknown (based 

on categories in Kenny and U.S. Geological Survey, 2009).  

(c) The use of any surface water that was alleged to be impacted by groundwater pumping: as for (b). 

(d) The nature of the law that was being invoked to deal with the alleged impact:
5
 endangered species 

protections (federal or state); interstate compact compliance requirements, federal lands controls, 

environmental impact assessment legislation (federal or state), county planning rules in general, county 

groundwater ordinances, the public trust doctrine, adjudication of water rights, state regulation of 

groundwater pumping, unknown, or no mention.  

 

  

                                                      
5 Note that if the conflict does not appear in a particular category, this does not mean that those legal 

requirements do not apply, only that they have not been invoked to control the impacts of groundwater 

pumping on surface waters or ecosystems. 
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Appendix 3 to Part D: Interviews 

 

Interviewee Organization Date 

Dave Ceppos Associate Director and Managing Senior Mediator, Center for 

Collaborative Policy (Sacramento, California) 

17 December 2013 

Ben Letton Engineering Geologist, Central Valley Regional Water Quality 

Control Board (Redding, California)  

31 January 2014 

Todd Sloat Watershed Coordinator, Pit and Fall River Resource Conservation 

Districts (Redding, California) 

23 January 2014 

Mary Fahey Colusa Basin Watershed Coordinator, Colusa County Resource 

Conservation District (Colusa, California) 

8 February 2014 

Lester Messina Independent consultant, former Water Coordinator, Glenn County 

(Willows, California) 

8 February 2014 

Less formal interviews were also carried out with two employees of San Bernardino County and Riverside 

County. 
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Appendix 4 to Part D: Conflict summaries and source documents 

Note that the order in which the conflicts are listed, and the naming convention, reflects the number and 

name assigned to the conflict in Figure 2 of the main text. 

Anderson-Cottonwood Wells 

The Anderson-Cottonwood Irrigation District proposed to use federal and state grants to fund the 

installation of two new 3,500 gpm-capacity groundwater wells for irrigation water supply, triggering 

environmental impact assessment requirements. AquAlliance provided comments to the Draft Initial Study 

and Finding of No Significant Impact that drew attention to the lack of study of the impacts of the 

additional groundwater pumping on the environment generally, including flora and fauna. According to the 

Draft Initial Study, one of the project goals is to "Minimize any potential impacts on adjacent groundwater 

users and surface streams" (p. 1-5). The document also notes that in the area, groundwater levels affect 

streamflow, and groundwater generally discharges to streams, except where groundwater levels drop 

significantly (p. 3-2). Groundwater pumping impacts to streamflow in the Sacramento River and nearby 

creeks were estimated to be less than 2% of total streamflow, and this was determined to be insignificant 

(p. 3-13), though the basis for this assessment of significance was unclear. Indirect impacts on biological 

resources caused by effects on groundwater tables, beyond direct construction impacts, were not considered 

(p. 3-26). 

Sources: Bureau of Reclamation, Final Environmental Assessment/Initial Study and Finding of No 

Significant Impact/Mitigated Negative Declaration, Anderson-Cottonwood Irrigation District Integrated 

Regional Water Management Program – Groundwater Production Element Project (2011), available 

http://www.usbr.gov/mp/nepa/documentShow.cfm?Doc_ID=8561; Bureau of Reclamation, Final 

Environmental Assessment/Initial Study and Finding of No Significant Impact/Mitigated Negative 

Declaration, Anderson-Cottonwood Irrigation District Integrated Regional Water Management Program – 

Groundwater Production Element Project (2011), available 

http://www.usbr.gov/mp/nepa/documentShow.cfm?Doc_ID=8161. 

Abengoa Mojave Solar 

The Abengoa Mojave Solar Project is a 250MW proposed solar project using wet-cooled parabolic trough 

solar collectors, located on private land. The project required certification by the California Energy 

Commission (CEC). Up to 1,077 acre-feet of groundwater would be used for cooling the project, sourced 

from new on-site wells and covered by adjudicated water rights. The project area is located close to the 

ecologically valuable Harper Dry Lake, which contains marsh that sustains sensitive bird species and other 

wildlife, including coyote and desert kit fox. It is considered one of the most ecologically productive areas 

in the Mojave Desert. Groundwater pumping in the area has lowered groundwater levels to such an extent 

that artesian springs that previously sustained the Harper Dry Lake have ceased to flow (in addition to a 

reduction of irrigation runoff to sustain water at the marsh), and the marsh habitat is now artificially 

sustained by the Bureau of Land Management pumping groundwater from a well located on the project site 

(p. 231, Commission Decision), which would be substituted with another well at another location after 

construction of the project (p. 259, Commission Decision). CEC certification for the project was 

conditioned on groundwater conservation measures, which had been urged by Defenders of Wildlife, to 

increase the chance of groundwater levels recovering and the wetlands at Harper Dry Lake becoming self-

sustaining; monitoring of groundwater levels (Conditions of Certification SOIL&Water-6 and -7); and the 

consistent availability of pumped groundwater for the wetlands (Conditions of Certification BIO-20 and 

SOIL&WATER-11 and -12). 

Sources: California Energy Commission, Commission Decision: Abengoa Mojave Solar Project 

(September 2010), available http://www.energy.ca.gov/sitingcases/abengoa/documents/index.html; 

California Energy Commission, Supplemental Staff Assessment - Part B: Abengoa Mojave Solar (May 

2010), available http://www.energy.ca.gov/sitingcases/abengoa/documents/index.html. 
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Scott Valley Ag Pumping 

Environmentalist and fishing groups challenged Siskiyou County's groundwater extraction and well 

permitting, which they allege damages the Scott River and its salmon, which they claim are protected by 

the public trust doctrine. The groups have filed a lawsuit against Siskiyou County and the State Water 

Resources Control Board, which they also claim has not regulated groundwater in accordance with public 

trust principles. In addition, the Karuk Tribe alleges that groundwater pumping has adversely affected the 

Scott River. A 1980 court adjudication of local surface water rights also deals with "interconnected 

groundwater". To help in dealing with the conflict, Siskiyou County has adopted an ordinance allowing for 

the creation of local advisory committees, which takes a voluntary, participatory approach to groundwater 

management, advising the County's Board of Supervisors on local groundwater issues. The Scott Valley 

Groundwater Advisory Committee has also formulated a groundwater management plan under the 

California Water Code. Multiple groups in the watershed are building different, "dueling" models of 

groundwater-surface water interaction. Parts of the Scott River are designated as a federal and state Wild 

and Scenic River, and are listed as impaired under the federal Clean Water Act for high sediment and 

temperature. One potential solution to the conflict being considered is encouraging beaver dams to improve 

groundwater levels and surface flows. 

Sources: Letter from Leaf Hillman, Bill Jennings, Glen Spain, Linda Sheehan, Konrad Fisher, and Sara 

Aminzadeh to Tom Howard and Chuck Bonham, "Re: Request for emergency action to augment flows in 

Scott River", August 8, 2013, available http://www.klamathriver.org/Documents/13-08-08-Ltr-to-SWRCB-

DFWA-Scott-flows.pdf; John Bowman, Beaver Valley - Scott Valley groups consider beaver for river 

health, Siskiyou Daily News (Yreka, CA), May 10, 2013, at A1; John Bowman, BOS to review voluntary 

groundwater plan, Siskiyou Daily News (Yreka, CA), November 5, 2012, at 1; David Smith, Siskiyou 

County responds to groundwater lawsuit, Mt. Shasta Herald (CA), August 4, 2012, at A3; John Bowman, 

Karuk Study Results Released - Tribe: Report Will Have 'Critical Effect' On All Natural Resources, 

Siskiyou Daily News (Yreka, CA), June 4, 2012, at 1; John Bowman, Parallel water studies underway on 

Scott River, Mt. Shasta Herald (CA), 5 October, 2011, at B3; John Bowman, Karuk Tribe, North Coast 

Regional Water Quality Control Board conduct parallel studies, Siskiyou Daily News (Yreka, CA), 

October 3, 2011; David Smith, Board undecided on groundwater advisory committee, Siskiyou Daily News 

(Yreka, CA), August 6, 2010. 

Cosumnes River Ag/City Pumping 

Environmental groups alleged that pumping groundwater for agricultural and municipal purposes in 

Sacramento County has depleted flows in the Cosumnes River, which supports salmon. They also allege 

that pumping has affected groundwater-dependent oak forests, riparian and wetland ecosystems. Private 

and public philanthropy has supported the establishment of the Cosumnes River Preserve to support these 

ecosysems. A further perceived threat to the Cosumnes River system is groundwater use associated with an 

expansion of the town of Elk Grove. 

Sources: E. Ortiz, Environment: Warning issued on groundwater – Study: Valley’s Farms’ Usage Could 

Imperil Supply, The Sacramento Bee (CA), July 22, 2012, at B1; Case van Steyn, Any tinkering with 

Cosumnes must keep food, future in mind, The Sacramento Bee (CA), August 16, 2009, at E3. Mike Eaton, 

To save Delta: Ditch the groundwater myth, The Sacramento Bee (CA), July 26, 2009, at E5; Bill Kutzer, 

City lacks resources to manage ecosystem, The Sacramento Bee (CA), June 12, 2008, at G5; Allen 

Pierleoni, Trail boss - Sacramento conservationist Steve Evans wrote the book on top area hikes, The 

Sacramento Bee (CA), March 6, 2008, at E1. 

Hidden Valley Enforcement 

California's State Water Resources Control Board entered into a settlement agreement regarding the 

prosecution of the Hidden Valley Lake Community Services District for not releasing supplemental flows 

to the Putah Creek, to which it had water rights to divert underflow for municipal use. The requirement to 

provide supplemental flows during periods of low flow in the Putah Creek was a condition of the water 
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right, imposed to maintain aquatic habitat (though the effect of the supplemental releases in doing this was 

in question). The settlement included a fine of $8000, and the requirement to submit weekly reports on 

diversions and supplemental releases. 

Sources: State Water Resources Control Board, Order Approving Settlement Agreement and Cease and 

Desist Order WR 2012-0014·EXEC, October 3, 2012, available at 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2012/wro2012_0014_e

xec.pdf. No local newspaper reports available. 

South Sutter Transfer 2010 

In 2010, South Sutter Water District proposed to transfer 10,000 acre-feet of stored surface water, which 

would result in pumping 10,000 acre-feet of additional local groundwater (in accordance with an applicable 

Groundwater Management Plan, as per California Water Code requirements). The Department of Water 

Resources (DWR) entered into the following agreement with the district: Agreement between the DWR of 

the State of California, Antelope Valley-East Kern Water Agency and South Sutter Water District for the 

Storage and Conveyance of 2010 Transfer Water, which includes "a monitoring and reporting plan to 

address the impacts of additional groundwater pumping within SSWD". Comments to the proposed transfer 

were submitted by the California Water Impact Network, AquAlliance and the California Sportfishing 

Protection Alliance, alleging that the groundwater substitution would have impacts on other water users and 

unspecified "environmental impacts". 

Sources: State Water Resources Control Board, Order WR 2010-0022-DWR, In the Matter of License 

11118 (Application 14804) Petition for Temporary Change Involving the Transfer of up to 10,000 acre-feet 

of water from the South Sutter Water District to Eight State Water Contractor Agencies, July 1, 2010, 

available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2010/wro2010_0022dw

r.pdf. 

South Sutter Transfer 2009 

In 2009, South Sutter Water District proposed to transfer 10,000 acre-feet of stored surface water to the 

2009 Drought Water Bank, which would result in the district pumping 10,000 acre-feet of additional local 

groundwater (in accordance with an applicable Groundwater Management Plan, as per California Water 

Code requirements).  This transfer was approved by the State Water Resources Control Board (SWRCB) 

subject to the same considerations that applied to the 2009 River Garden Farms transfer in relation to the 

effects of pumping groundwater on State Water Project (SWP) and Central Valley Project (CVP) rights in 

the Sacramento River, as follows. Transfers to the Drought Water Bank involving groundwater substitution 

in the Sacramento Basin were evaluated by the U.S. Bureau of Reclamation (USBR) to affect streamflow, 

with potential impacts to the SWP and CVP. In order to address these concerns, the SWRCB Order requires 

wells within 2 miles of a water course to be cased to 150 feet, and the Drought Water Bank will only 

transfer 88% of the groundwater pumped in exchange for surface water, to account for the modelled impact 

of 12% streamflow depletion from groundwater pumping. To address the impacts of pumping groundwater, 

the Order requires compliance with mitigation and monitoring plans, which were prepared by the USBR, as 

a condition of the transfer. 

Sources: State Water Resources Control Board, Order WR 2009-0040-DWR: In the Matter of License 

11118 (Application 14804) Petition for Temporary Change Involving the Transfer of Up To 10,000 acre 

Feet of Water From the South Sutter Water District to the 2009 Drought Water Bank Administered by the 

Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0040_d

wr.pdf. 
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Garden Hwy Transfer 2010 

In 2010, the Garden Highway Mutual Water Company proposed to transfer 5,802 acre-feet of surface 

water, which would result in pumping additional local groundwater to make up for the transfer (in the 

absence of an applicable Groundwater Management Plan). The Department of Water Resources (DWR) 

entered into the following agreement: Agreement between the DWR of the State of California, Antelope 

Valley-East Kern Water Agency and Garden Highway Mutual Water Company for the Storage and 

Conveyance of 2010 Transfer Water, which includes "a monitoring and reporting plan to address the 

impacts of additional groundwater pumping within GHMWC". Comments were submitted by the 

California Water Impact Network and AquAlliance, the California Sportfishing Protection Alliance, and 

California Fisheries and Water Unlimited, alleging that the groundwater substitution would have impacts 

on other water users and unspecified "environmental impacts". 

Sources: State Water Rights Control Board, Order WR 2010-0023-DWR, In the Matter of License 2033 

(Application 1699) Petition for Temporary Change Involving the Transfer of up to 5,802 Acre-Feet of 

Water From the Garden Highway Mutual Water Company to Eight State Water Contractor Agencies, July 

2, 2010, available 

http://www.waterboards.ca.gov/waterrights//board_decisions/adopted_orders/orders/2010/wro2010_0023d

wr.pdf. 

Garden Hwy Transfer 2009 

In 2009, the Garden Highway Mutual Water Company proposed to temporarily transfer 4000 acre-feet of 

water to the 2009 Drought Water Bank. The Company proposed to pump additional groundwater to make 

up for the transfer. The California Water Impact Network (CWIN), the California Sportfishing Protection 

Alliance (CSPA), the California Salmon and Steelhead Association (CSSA), and the County of San Joaquin 

and the San Joaquin County Flood Control and Water Conservation District (County) submitted comments 

protesting the application. Among the grounds for protest were concerns that "transfers relying on 

groundwater substitution may cumulatively impact water temperatures in tributaries to, and in wetlands 

located along, the Sacramento River, reducing salmonid and giant garter snake habitat at critical times", 

and affect flows in rivers, wetlands, and groundwater available to important floodplain habitat areas for 

these species. This transfer was approved subject to the same considerations that applied to the 2009 River 

Garden Farms transfer in relation to the effects of pumping groundwater on State Water Project (SWP) and 

Central Valley Project (CVP) rights in the Sacramento River, as follows. Transfers to the Drought Water 

Bank involving groundwater substitution in the Sacramento Basin were evaluated by the U.S. Bureau of 

Reclamation (USBR) to affect streamflow, with potential impacts on the SWP and CVP. In order to address 

these concerns, the State Water Resources Control Board (SWRCB) Order approving the transfer requires 

wells within 2 miles of a water course to be cased to 150 feet, and the Drought Water Bank will only 

transfer 88% of the groundwater pumped in exchange for surface water, to account for the modelled impact 

of 12% streamflow depletion from groundwater pumping. The Order requires compliance with mitigation 

and monitoring plans to address the impacts of pumping groundwater, which were prepared by the USBR, 

as a condition of the transfer. Concerns about ecological impacts seemed to have been downplayed based 

on the fact that the Department of Fish and Game offered no comments about the proposal.  

State Water Rights Control Board, Order WR 2009-0041-DWR, In the Matter of License 2033 

(Application 1699) Petition for Temporary Change Involving the Transfer of up to 4,000 Acre-Feet of 

Water From the Garden Highway Mutual Water Company to 2009 Drought Water Bank Administered by 

the Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0041_d

wr.pdf. 

RD 108 Transfer 2009 

In 2009, Reclamation District 108 proposed to temporarily transfer 2,805 acre-feet of water to the 2009 

Drought Water Bank. The Company proposed to pump additional groundwater to make up for part of the 
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transfer. Comments and concerns raised, as well as measures included in the Order to deal with these, were 

identical to those raised in the 2009 Garden Highway Mutual Water Company transfer proposal.  

Sources: State Water Rights Control Board, Order WR 2009-0042-DWR, In the Matter of License 3067 

(Application 1589) Petition for Temporary Change Involving the Transfer of up to 2,805 Acre-Feet of 

Water From Reclamation Distrit No. 108 to the 2009 Drought Water Bank Administered by the 

Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0042_d

wr.pdf; map location drawn from 

http://www.usbr.gov/mp/cvpia/3404c/lt_contracts/2005_exec_cts_sac_river/05_sacriver_reclamation_108_

map.pdf. 

Tule Basin Farms Transfer 2010 

In 2010, Tule Basin Farms proposed to transfer 3,520 acre-feet of surface water, which would result in 

pumping additional groundwater to make up for the shortfall in surface water (in the absence of an 

applicable Groundwater Management Plan). The Department of Water Resources (DWR) entered into the 

following agreement: Agreement between the DWR of the State of California, Antelope Valley-East Kern 

Water Agency and Tule Basin Farms, LLC for the Storage and Conveyance of 2010 Transfer Water, which 

includes "a monitoring and reporting plan to address the impacts of additional groundwater pumping within 

TBF". Comments were submitted by the California Water Impact Network and AquAlliance, the California 

Sportfishing Protection Alliance, and California Fisheries and Water Unlimited, alleging that the 

groundwater substitution may have third party impacts. 

Sources: State Water Resources Control Board, Order WR 2010-0024-DWR, In the Matter of License 2840 

(Application 10030) Petition for Temporary Change Involving the Transfer of up to 3,520 Acre-Feet of 

Water from Tule Basin Farms to Eight State Water Contractor Agencies, July 2, 2010, available 

http://www.waterboards.ca.gov/waterrights//board_decisions/adopted_orders/orders/2010/wro2010_0024d

wr.pdf. 

Tule Basin Farms Transfer 2009 

In 2009, up to 3,765 acre-feet of surface water from Tule Basin Farms was proposed to be temporarily 

transferred to the 2009 Drought Water Bank, to be replaced by groundwater pumping. Comments and 

concerns raised, as well as measures included in the Order to deal with these, were identical to those raised 

in the 2009 Garden Highway Mutual Water Company transfer proposal.  

Sources: State Water Rights Control Board, Order WR 2009-0043-DWR, In the Matter of License 2840 

(Application 10030) Petition for Temporary Change Involving the Transfer of up to 3,765 Acre-Feet of 

Water From Greg Amaral Ltd. Pension Plan and Trust and Tule Basin Farms, LLC to the 2009 Drought 

Water Bank Administered by the Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0043_d

wr.pdf. 

Pelger Transfer 2009 

In 2009, the Pelger Mutual Water Company proposed to temporarily transfer up to 1,750 acre-feet of 

surface water to the 2009 Drought Water Bank, to be replaced by groundwater pumping. Comments and 

concerns raised, as well as measures included in the Order to deal with these, were identical to those raised 

in the 2009 Garden Highway Mutual Water Company transfer proposal.  

Sources: State Water Rights Control Board, Order WR 2009-0044-DWR, In the Matter of License 8547B 

(Application 12470B) Petition for Temporary Change Involving the Transfer of up to 1,750 Acre-Feet of 

Water From Pelger Mutual Water Company to the 2009 Drought Water Bank Administered by the 

Department of Water Resources (June 30, 2009), available 
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http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0044_d

wr.pdf. 

RD 1004 Transfer 2009 

In 2009, Reclamation District 1004 proposed to temporarily transfer up to 7,220 af of surface water to the 

2009 Drought Water Bank, to be replaced by groundwater pumping. Comments and concerns raised, as 

well as measures included in the Order to deal with these, were identical to those raised in the 2009 Garden 

Highway Mutual Water Company transfer proposal.  

Sources: State Water Rights Control Board, Order WR 2009-0045-DWR, In the Matter of License 3165 

(Application 27) Petition for Temporary Change Involving the Transfer of up to 7,220 Acre-Feet of Water 

From Reclamation District No. 1004 to the 2009 Drought Water Bank Administered by the Department of 

Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0045_d

wr.pdf 

Sac. River Ranch Transfer 2009 

In 2009, Sacramento River Ranch, LLC and Sacramento River Ranch II, LLC proposed to temporarily 

transfer up to 2,752.59 acre-feet of surface water to the 2009 Drought Water Bank, to be replaced by 

groundwater pumping. Comments and concerns raised, as well as measures included in the Order to deal 

with these, were identical to those raised in the 2009 Garden Highway Mutual Water Company transfer 

proposal.  

Sources: State Water Rights Control Board, Order WR 2009-0046-DWR, In the Matter of License 9995 

(Application 4901) Petition for Temporary Change Involving the Transfer of up to 2,752.59 Acre-Feet of 

Water From Sacramento River Ranch, LLC and Sacramento River Ranch II, LLC to the 2009 Drought 

Water Bank Administered by the Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0046_d

wr.pdf. 

Pleasant Grove Transfer 2009 

In 2009, the Pleasant Grove-Verona Mutual Water Company proposed to temporarily transfer up to 7,300 

acre-feet of surface water to the 2009 Drought Water Bank, to be replaced by groundwater pumping. 

Comments and concerns raised, as well as measures included in the Order to deal with these, were identical 

to those raised in the 2009 Garden Highway Mutual Water Company transfer proposal.  

Sources: State Water Rights Control Board, Order WR 2009-0047-DWR, In the Matter of Licenses 6389A, 

6389C, 11001, 7064A, AND 7064B (Applications 7641A, 7641C, 15606, 15856A, 15856B) Petition for 

Temporary Change Involving the Transfer of up to 7,300 Acre-Feet of Water From Pleasant Grove-Verona 

Mutual Water Company to the 2009 Drought Water Bank Administered by the Department of Water 

Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0047_d

wr.pdf. 

Sac. Suburban Transfer 2009 

In 2009, the Placer County Water Agency proposed to temporarily transfer up to 6,400 acre-feet of surface 

water to the 2009 Drought Water Bank, to be replaced by groundwater pumping. This water would be used 

to supply the Sacramento Suburban Water District. Although this proposal did not attract comments and 

concerns from environmental NGOs in relation to the effects of groundwater pumping, as did most of the 

other 2009 groundwater substitution transfers, as in those other transfers, this one was subject to a 

"depletion factor" to ensure that the groundwater pumping did not affect surface water users, required by 
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the Bureau of Reclamation and the Department of Water Resources. Another request earlier in the same 

year was for an almost identical groundwater substitution transfer covering up to 2,902 acre-feet of surface 

water, which was also subject to the same depletion factor arrangement. NB: the location pin shown on the 

map reflects the location of the Sacramento Suburban Water District offices, since information about the 

location of wells was not available. 

State Water Rights Control Board, Order WR 2009-0053-DWR, In the Matter of Permits 13856 and 13858 

(Applications 18085 and 18087) Petition for Temporary Change Involving the Transfer of up to 6,400 

Acre-Feet of Water From Placer County Water Agency and Sacramento Suburban Water District to the 

2009 Drought Water Bank Administered by the Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0053_d

wr.pdf; State Water Rights Control Board, Order WR 2009-0054-DWR, In the Matter of Permit 11360 

(Application 12622) Petition for Temporary Change Involving the Transfer of up to 2,902 Acre-Feet of 

Water From City of Sacramento and Sacramento Suburban Water District to the 2009 Drought Water Bank 

Administered by the Department of Water Resources (June 30, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0054_d

wr.pdf. 

Sac. City Transfer 2009 

In 2009, the City of Sacramento proposed to temporarily transfer up to 667 acre-feet of surface water to the 

2009 Drought Water Bank, to be replaced by groundwater pumping. This transfer is similar to, but distinct 

from, the 2009 transfer from the Sacramento Suburban Water District. The concerns raised are the same. 

Sources: State Water Rights Control Board, Order WR 2009-0055-DWR, In the Matter of Permits 11360 

(Application 12622) Petition for Temporary Change Involving the Transfer of up to 667 Acre-Feet of 

Water From City of Sacramento to the 2009 Drought Water Bank Administered by the Department of 

Water Resources (August 26, 2009), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0055dw

r.pdf. The location pin is located at the approximate center of a major Sacramento City wellfield (Figure 8, 

Urban Water Management Plan: http://www.cityofsacramento.org/utilities/media-

room/documents/2010_Urban_Water_Management_Plan.pdf). 

Garrapata Enforcement 

After issuing a draft Cease and Desist Order to the Garrapata Water Company in 2008, in 2010 the State 

Water Resources Control Board settled its dispute over the Company's diversion of underflow for 

municipal and irrigation purposes. The Company had failed to comply with conditions of its permit to 

record meter readings, which were required to check compliance with a condition that required the 

Company to cease diverting under low-flow conditions, in order to protect riparian habitat, steelhead, and 

other public trust resources. The Company acknowledged that it had regularly exceeded its diversion limit, 

and agreed to undertake a compliance plan as part of the settlement agreement. 

Sources: State Water Resources Control Board, Order WR 2010-0028-EXEC, In the Matter of the 

Diversion and Use of Water by Garrapata Water Company, Order Approving Settlement Agreement and 

Cease and Desist Order, April 13, 2010, available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2010/wro2010_0028ex

ec.pdf. 

Green Valley Enforcement 

Plaintiffs—Coho Salmon, Northern California River Watch, and Coast Action Group—argued that 

Defendant Green Pastures Valley, LLC, breached section 9 of the Endangered Species Act (which prohibits 

the take of endangered species) by, among other things, de-watering the habitat of Coho Salmon, Chinook 

Salmon and Steelhead Trout. Defendant pumped groundwater as part of a frost protection strategy for a 
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vineyard near a tributary to the Russian River. NB: Plaintiffs also argue that Defendant’s pumping of “near 

stream groundwater” amounts to wasting water and unreasonable use, though they do not expand this 

argument [para 23]. The litigation was settled. 

Sources: Salmon et al v. Folger, Docket No. 3:10-cv-00741 (N.D. Cal. Feb. 22, 2010). Green Pastures 

Valley and Northern California River Watch, Settlement Agreement and Release of Claims, August 27, 

2011, available at http://www.ncriverwatch.org/legal/case_pdfs/2011-08-24_green_pastures-

ncrw_settle_agreement-executed_08-24-11.pdf. 

Enterprise Rancheria Casino (Yuba) 

The Estom Yumeka Maidu Tribe (Enterprise Rancheria) proposed to take land into federal trust status to 

develop a hotel and casino, which required the approval of the Bureau of Indian Affairs. This triggered 

environmental impact assessment requirements. The Preferred Alternative for the project was located in 

Yuba County, as displayed on the map. The facilities would use approximate 137 acre-feet/year of 

groundwater as their primary water supply source. The U.S. Geological Survey expressed concern at the 

potential impacts on streamflow and springs from pumping groundwater. The Final Environmental Impact 

Statement proposed to use buffer zones between water supply wells, flowing streams and vernal pools to 

address these potential impacts, as well as water conservation measures like water-efficient fittings (FEIS 

pp. viiii, ixi). In relation to another project alternative located in Butte County, the proponent proposed to 

monitor spring outflow used by other water users for residential purposes for at least the first year of 

operation, and if the outflow reduced, compensate those other users (FEIS pp. x, xi). 

Sources: Bureau of Indian Affairs, Final Environmental Impact Statement: Enterprise Rancheria Gaming 

Facility and Hotel Fee-to-Trust Acquisition (May 2009), available 

http://www.enterpriseeis.com/documents/final_eis/report.htm. 

Enterprise Rancheria Casino (Butte) 

The Estom Yumeka Maidu Tribe (Enterprise Rancheria) proposed to take land into federal trust status to 

develop a hotel and casino, which required the approval of the Bureau of Indian Affairs. This triggered 

environmental impact assessment requirements. The Preferred Alternative for the project was located in 

Yuba County (see separate entry). Groundwater pumping for the Butte Project Alternative had the potential 

to impact residential users of nearby spring waters. The proponent proposed to monitor spring outflow for 

at least the first year of operation, and if the outflow reduced, compensate those other users (FEIS pp. x, 

xi). 

Sources: Bureau of Indian Affairs, Final Environmental Impact Statement: Enterprise Rancheria Gaming 

Facility and Hotel Fee-to-Trust Acquisition (May 2009), available 

http://www.enterpriseeis.com/documents/final_eis/report.htm. 

Ione Miwok Casino 

The project proposes that the federal government take land into trust for the Ione Band of Miwok Indians, 

for the construction of a casino and associated facilities on the land. This required the approval of the 

Bureau of Indian Affairs, and triggered environmental impact assessment requirements. The preferred 

alternative (which was the proposed alternative) would be supplied by 108,000 gallons per day of 

groundwater pumped on- and off-site. The Foothills Conservancy raised concerns about the off-site impacts 

of pumping groundwater on wetlands and creeks (Comment P9-11). Unlike some other EISs discussed 

here, this one does not analyze any of the potential indirect impacts of pumping groundwater (for example 

on several local springs, wetlands, and creeks), though its analysis of the direct impacts of pumping 

groundwater mentions that the local basin is in overdraft (pp. 4.3-1, 4.3-10), and its analysis of the 

biological and water resources of the project area mentions that on-site wetlands are fed by seeps of 

shallow groundwater (p. 3.5-7, FEIS). 
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Sources: Bureau of Indian Affairs, Final Environmental Impact Statement: Ione Band of Miwok Indians 

228.04-Acre Fee-to-Trust Land Transfer and Casino Project, Amador County, CA (February 2009), 

available http://www.ioneeis.com/documents/final_eis/report.htm. 

Clear Ridge Enforcement 

Two protesters, nearby residents, opposed a decision of the State Water Resources Control Board 

(SWRCB) to grant a permit to the Clear Ridge Mutual Water Association to divert 42 acre-feet/year 

underflow of the Big Sur River for the purposes of supplying 42 residences. The basis for the protesters' 

opposition was concern about impacts on in-stream flows required to protect fish and the potential to 

adversely affect one protester's junior surface water appropriation. One of the protesters referred to 

Monterey County's Big Sur Protected Waterway Management Plan, adopted in 1985, in arguing her 

position. A point of difficulty was that the Department of Fish and Game had not yet completed its in-

stream flow assessment of the Big Sur River, though the SWRCB noted that after following the appropriate 

procedures, the SWRCB would have jurisdiction to add minimum flow requirements for the protection of 

fish and wildlife if a fisheries or other study were completed.   

Sources: State Water Resources Control Board, Order WR 2011-0013-EXEC, In the Matter of Petitions for 

Reconsideration of Lorri W. Lockwood and Carolyn H. Motzel Regarding Division Decision 2010-02 

Approving Applications A030946 of Clear Ridge Mutual Water Association and Issuing Permit 21272, 

Order Denying the Petitions for Reconsideration, May 27, 2011, available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2011/wro2011_0013.p

df. 

Inland Empire Peace II 

The Peace II project involved expanding the pre-existing capacity of the Inland Empire Utilities Agency to 

pump and desalinate groundwater to achieve the goal of "hydraulic control", which is defined by the project 

as reducing the discharge of groundwater from the Chino Basin to the Santa Ana River to "de minimis" 

quantities, on account of the poor quality of this water. This meant increasing the overdraft in the Chino 

Basin from 200,000 acre-feet to 600,000 acre-feet by 2030. Environmental assessments revealed some 

degree of impact on groundwater-dependent riparian and wetland vegetation, but determined that it would 

not be significant. Protests related to concerns over the impacts of lowering groundwater levels on 

vegetation that was habitat for an endangered riparian brid, the Least Bells Vireo, and other species 

dependent on the Prado Basin, which is the largest area of wetland in southern California, and various 

tributaries of the Santa Ana River. Mitigation measures consisted of continuing to monitor riparian habitat 

and establishing a baseline of data on habitat quality and identifying management options to minimize 

adverse effects (measure 4.4-3). Protesters advancing these concerns included the Orange County Water 

District, which had invested several million dollars in riparian habitat restoration in the area, and the 

California Department of Fish and Game, which tries to maintain the ecological integrity of riparian areas. 

Sources: Tom Dodson & Associates, Final Subsequent Environmental Impact Report for the Inland Empire 

Utilities Agency Peace II Project, Chino, California (September 2010), available 

http://www.ieua.org/news_reports/docs/2010/PEACE/Peace_Final_SEIR/files/peace%20ii%20final%20sei

r.pdf; Tom Dodson & Associates, Draft Subsequent Environmental Impact Report for the Inland Empire 

Utilities Agency Peace II Project (May 2010), available 

http://www.ieua.org/news_reports/docs/2010/PEACE/Vol%20I/Peace%20II%20DPEIR%20%28Vol%201

%29-A.pdf. 

Millview Enforcement 

The State Water Resources Control Board (SWRCB) issued a Cease and Desist Order to the Millview 

County Water District, which supplies water for domestic purposes, to cease unlawfully diverting water 

from the Russian River (including underflow of the Russian River), in excess of its rights to do so. This 

followed a complaint by a downstream surface water right user. The order of the SWRCB found that the 
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unlawful diversion was likely to harm in-stream flows needed for fish and also to harm two downstream 

surface water users - the Mendocino County Russian River Flood Control and Water Conservation 

Improvement District, and the Sonoma County Water Agency. The California Department of Fish and 

Game had also been involved in the matter. 

Sources: State Water Resources Control Board, Order WR 2011-0016, In the Matter of the Threat of 

Unauthorized Diversion and Use of Water by Thomas Hill, Steven Gomes, and Millview County Water 

District: Cease and Desist Order - Russian River in Mendocino County, October 18, 2011, available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2011/wro2011_0016.p

df. 

Cal-Am Enforcement 

In 2009, the State Water Resources Control Board (SWRCB) issued a cease and desist order, Order WR 

2009-0060, directing the California American Water Company (Cal-Am) to take various actions to curtail 

and reduce its 7,150 acre-feet/year of illegal diversions of water from the Carmel River, via wells close to 

the river. The illegal diversions were found to have a negative impact on riparian habitat and dependent 

wildlife, as well as in-stream flows on which steelhead depend. Steelhead are federally listed under the 

Endangered Species Act, and the Carmel River is designated critical habitat. This damage was also found 

to constitute damage to public trust resources. This 2009 Order was made following evidence that Cal-Am 

had failed to comply with a similar 1995 cease and desist order. However, local politicians condemned the 

order as requiring excessively rapid reductions in water use. Several environmental organizations, 

including the Sierra Club, the Public Trust Alliance, and the Carmel River Watershed Conservancy, stood 

in favor of it. In 2010, several companies that have water entitlements from the Monterey Peninsula Water 

Management District, which is supplied by Cal-Am, as well as a group of landowners, petitioned for 

reconsideration of the 2009 cease and desist order. Their petition was dismissed as not raising any 

substantial relevant issues. 

Sources: Kevin Howe, Faceoff in pumping limits plan,Monterey County Herald (California), March 31, 

2008; State Water Resources Control Board Order WR 2010-0001, In the Matter of the Petitions for 

Reconsideration by Pebble Beach Company, Quail Lodge, Inc., CVR HSGE, LLC, Baylaurel, LLC, Del 

Monte Forest Property Owners Regarding Order WR 2009-0060 – Order Denying Reconsideration, 

January 5, 2010, available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2010/wro2010_0001.p

df; State Water Resources Control Board, Order 2009-0060, In the Matter of the Unauthorized Diversion 

and Use of Water by the California American Water Company - Cease and Desist Order,October 20, 2009, 

available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0060.p

df.  

North Coast Rivers Pumping 

Local river advocate Denver Nelson warned of groundwater pumping problems arising on the Mattole, 

South Fork of the Eel, and Upper Klamath rivers. He says that groundwater is essential for the overall 

health of the rivers as well as the wildlife that depend on their flows. In a state like California, where there 

is very little regulation of groundwater, Nelson argued for county ordinances to begin managing important 

groundwater supplies more responsibly. 

Sources: John Driscoll, Program aims to sample groundwater on the North Coast, Eureka Times Standard 

(CA), July 11, 2009. 

Russian River Pumping 

Conservationists consider the Russian River Basin to be one of the most degraded watersheds in California. 

Groundwater pumping, along with gravel mining, channelization of creeks, and agriculture, are said to have 
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contributed to the demise of the now endangered coho salmon that used to thrive in the river. Various 

voluntary techniques have been used to help fish survival in the affected rivers, including building artificial 

spawning locations, restoring habitat, and using hatcheries. However, none of these solutions addresses the 

impacts of groundwater pumping. 

Sources: Peter Fimrite, Fake stream a real dream, The San Francisco Chronicle (CA), March 27, 2010, at 

A1. 

Cadiz ASR 

This 50-year project, proposed by Cadiz, Inc., would pump an average of 50,000 acre-feet of groundwater 

from the Mojave Desert and use the pumped basin to stored imported surface water. The ultimate use of the 

water would predominantly be municipal use in Southern California, with some railroad uses. Opposers of 

the project alleged that it would have harmful effects on the threatened desert tortoise, bighorn sheep and 

Joshua trees in the Mojave National Preserve, as well as ephemeral lakes to which the groundwater would 

naturally flow (on which a salt mining company relies), and springs, possibly including springs in the 

Mojave National Preserve. The proponents argued that groundwater supported neither vegetation nor 

springs in the area, since it was either too salty or too deep. The fundamental aim of the project was to 

"conserve water that would otherwise be wasted" by flowing into a saline groundwater body and 

evaporating in dry lakes down-gradient in the closed Cadiz Basin. The project was subject to San 

Bernardino County's Desert Groundwater Ordinance, which requires the preparation of a Groundwater 

Management, Monitoring and Mitigation Plan (GMMMP). The GMMMP includes springs monitoring that 

would not otherwise be required under CEQA, and includes a maximum initial drawdown of 80 feet, at 

which time the County may evaluate effects and may modify or suspend the project. A California senator 

has also called for a federal review of the project. The project has resulted in a lawsuit brought by Delaware 

Tetra Technologies Inc., a mining company, arguing that actions of the County of San Bernadino in relation 

to the project violated local environmental ordinances and CEQA. A separate lawsuit was brought by the 

National Parks Conservation Association, Center for Biological Diversity, Sierra Club, and San Bernardino 

Valley Audubon Society in San Bernardino County Superior Court. A further lawsuit (later dismissed for 

lack of federal jurisdiction) was brought at the federal level by archaeologist Ruth Musser-Lopez, on behalf 

of the Archaeological Heritage Association, River Branch, naming Cadiz Inc., the U.S. Department of 

Interior, the Bureau of Land Management, San Bernardino County and the Santa Margarita Water Co. as 

defendants, and arguing violations of the National Historic Preservation Act and the Federal Land Policy 

and Management Act. 

Sources: Santa Margarita Water District, Cadiz Valley Water Conservation, Recovery, and Storage Project: 

Final Environmental Impact Report (July 2012), available http://www.cadizwaterproject.com/eir/. Lawsuits 

filed in the Orange County Superior Court: regarding the May 2012 approvals of the Memorandum of 

Understanding between Cadiz, SMWD and the County related to the Project’s Groundwater Management, 

Monitoring & Mitigation Plan (GMMMP): Tetra Technologies v. Santa Margarita Water District (filed 

May 25, 2012) and Tetra Technologies v. San Bernardino County (filed June 13, 2012); regarding the 

adequacy of the EIR certified by SMWD on July 31, 2012: Tetra Technologies v. Santa Margarita Water 

District (filed August 28, 2012), Citizens and Ratepayers Opposing Water Nonsense v. Santa Margarita 

Water District (filed August 31, 2012), Center for Biological Diversity, et al. v. San Bernardino County 

(filed August 31, 2012), and Rodrigo Briones, et al., v. Santa Margarita Water District (filed August 31, 

2012); and regarding the approval of the GMMMP by the County Board of Supervisors on October 1, 

2012: Delaware Tetra Technologies, Inc. v. County of San Bernardino, et al. (filed October 30, 2012); and 

Center for Biological Diversity, et al. v. County of San Bernardino, et al. (filed November 1, 2012) [lawsuit 

details available from EDGAR-ONLINE, available through Newsbank Access World News Online 

Database]. Newspaper articles: Joe Nelson, Federal lawsuit challenging Cadiz pipeline project dismissed, 

The Sun (San Bernardino, CA), October 5, 2012; San Bernardino County OKs Mojave water project, 

Associated Press State Wire: California, October 2, 2012; Joe Nelson, San Bernardino County Board of 

Supervisors approve desert groundwater pipeline plan, The Sun (San Bernardino, CA), October 1, 2012; 

Joe Nelson, Supervisors to consider plans for controversial pipeline project, The Sun (San Bernardino, 

CA), September 29, 2012; Editorial, EIR challenge all wet, The Orange County Register, September 21, 
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2012; Environmentalists sue over Mojave groundwater, Associated Press State Wire: California, September 

4, 2012 Janet Zimmerman, Groups sue over Cadiz project, The Press-Enterprise (Riverside, CA), 

September 1, 2012, at A3; Janet Zimmerman, Cadiz water plan clears hurdle, The Press-Enterprise 

(Riverside, CA), August 2, 2012, at A2; Jimmy Biggerstaff, Locals weighed into Cadiz water fray, Hi-

Desert Star (Yucca Valley, CA), July 28, 2012; Janet Zimmerman, Crowds hit Cadiz water meeting, The 

Press-Enterprise (Riverside, CA), July 26, 2012, at A2; Joe Nelson, Mining company sues San Bernardino 

County over pipeline project, The Sun (San Bernardino, CA), June 7, 2012; Winston H. Hickox, Cadiz 

project will employ sustainable groundwater practices, The Sacramento Bee, April 19, 2012, at A13; John 

Bredehoeft and Newsha Ajami, Plan to tap groundwater for profit shows need for better state policy, The 

Sacramento Bee (CA), April 13, 2012, at A13. 

Owens Valley Hatcheries  

Groundwater pumping to support trout hatcheries operated by the California Department of Fish and Game 

(DFG) in the Owens Valley has dried up springs and damaged rare, groundwater-dependent alkali 

meadows. The LA Department of Water and Power owned the land on which the hatcheries were situated, 

and owned and operated the wells that supplied them. Though the water used by the hatcheries was then 

exported to LA, the groundwater pumping that supported the hatcheries, which amounted to 40-60% of the 

groundwater pumped in the Owens Valley, was exempt from controls that apply to pumping groundwater 

in the Owens Valley for municipal exports. A settlement between the Owens Valley Committee (OVC) and 

the DFG ended litigation that the OVC had filed in the Sacramento Superior Court surrounding the 

application of CEQA to the activities, among other things, the selection of a baseline from which to 

calculate environmental impacts. The settlement will involve pumping limits and possibly groundwater 

infiltration works. 

Sources: Owens Valley Committee, OVC and DFG settle hatchery and stocking EIR lawsuit, December 14, 

2011, available  http://www.ovcweb.org/item/OneNews.asp?qitemid=273, retrieved June 4, 2013; M. 

Bodine, Blackrock settlement means less pumping - DFG to propose plan to LADWP to reduce water 

pumped to local hatcheries, Inyo Register (Bishop, CA), January 5, 2012, at 1; Owens Valley Committee v. 

California Department of Fish and Game, Petition for Writ of Mandate, Sacramento Superior Court, 

February 9, 2010, available http://www.ovcweb.org/docs/Petition4WritMDFG.pdf; ICF Jones and Stokes 

(prepared for California Department of Fish and Game and U.S. Fish and Wildlife Service, Final Hatchery 

and Stocking Program Environmental Impact Report/Environmental Impact Statement (January 2010), 

available http://www.dfg.ca.gov/fish/Hatcheries/EIR/. 

Coso Geothermal 

Controls on pumping groundwater for geothermal power production applied to a project at Hay Ranch to 

protect against effects on Little Lake, located downstream on private land, and associated wetlands and 

dependent waterfowl. The project location spanned private land as well as land managed by the U.S. 

Bureau of Land Management. The controls applied through a Hydrologic Mitigation and Monitoring 

Program required by a Conditional Use Permit granted by Inyo County, which allowed an exception to the 

usually applicable planning laws. Environmentalists including the Sierra Club, the California Native Plant 

Society, and the private Little Lake Ranch and Hunting Club opposed the project. Additionally, the 

property is held sacred by local Native Americans. Groups like the Sierra Club took Little Lake Ranch's 

side, arguing that any further draw-downs of groundwater levels would negatively affect the health of the 

springs and the wildlife that depended on them. A lawsuit brought by Little Lake against Coso about the 

Environmental Impact Report for the Project was settled. 

Sources: Mike Gervais, County Upholds Coso Geo Decision - Appellant Was Arguing Against Water 

Dept.'s Approval Of Pump Measures, Inyo Register (Bishop, CA), July 23, 2011, at A1; Coso Groundwater 

Study Completed - New pumping duration and rate for Coso now available for review, Inyo Register 

(Bishop, CA), February 5, 2011, at A1; Mike Bodine, Coso completes first year of Hay Ranch pumping - 

Third-party consultant working on model to determine future pumping, Inyo Register (Bishop, CA), 

January 8, 2011; Project No Project, Hay Ranch Project, Coso Operating Company, Inyo County, CA, last 
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updated November 9, 2010, available http://www.projectnoproject.com/2010/12/hay-ranch-project-coso-

operating-company-inyo-county-ca/; At a Glance, Inyo Register (Bishop, CA), February 27, 2010, at A3; 

Mike Bodine, Coso pumps, Little Lake Ranch objects - Hunting club formally protests proposed 

groundwater baselines as company begins pumping water to geothermal reservoirs, Inyo Register (Bishop, 

CA), January 7, 2010, at 1, 5; Mike Bodine, Coso and Little Lake strike a deal - Geothermal plant agrees to 

'provide improvements' to ranch as part of secret accord, Inyo Register (Bishop, CA), August 27, 2009, at 

A1, A5; At a Glance, Inyo Register (Bishop, CA), June 11, 2009, at A3; Letters to the Editor - Why should 

anyone care about Little Lake?, Inyo Register (Bishop, CA), June 6, 2009, Editorial at A4; Mike Bodine, 

Coso Geothermal to begin pumping at Hay Ranch - With county's approval and almost all monitoring wells 

in place, utility company eager to complete pipeline & commence energy project, Inyo Register (Bishop, 

CA), May 26, 2009, at 1, 3; Mike Bodine, Supes split over Coso pump permit - Coso Geothermal given the 

OK to pump water from Hay Ranch by a 4-1 vote after about 12 hours of testimony, Inyo Register (Bishop, 

CA), May 9, 2009, at A1, A3; Mike Bodine, Coso pumping opponents appeal to Inyo supervisors - Board 

to hear Little Lake Ranch's appeal of Coso Geothermal permit on Wednesday, Inyo Register (Bishop, CA), 

May 5, 2009, at 1, 3; Letters to the Editor, Inyo Register (Bishop, CA), April 14, 2009, at 4; Approving 

pump permit is like enabling addicts - Letter to the Editor, Inyo Register (Bishop, CA), March 17, 2009, at 

4; Mike Bodine, Coso Geo given green light to pump water - Planning Comm. OKs permit with minor 

changes after 9-plus hours, heated testimony, Inyo Register (Bishop, CA), March 14, 2009, at A1, A5; A 

chance to support Inyo's economy and green energy, Inyo Register (Bishop, CA), March 10, 2009, at 

Opinion: 4; Mike Bodine, Coso investing $12 million-plus on merits of pump proposal - Principals behind 

geothermal plant answer critics, discuss plan to pump water for renewable energy as Planning Commission 

consideration nears, Inyo Register (Bishop, CA), March 7, 2009, at A1, A5; Thank you to the Inyo County 

Water Commission - Letters to the Editor, Inyo Register (Bishop, CA) January 29, 2009, at Letters: 4; 

Letters to the Editor, Inyo Register (Bishop, CA), January 17, 2009, at Letters: 4; Mike Bodine, Decision 

on horizon for Coso pump proposal? - Ruling could come Monday on request to extract water from Hay 

Ranch; appeal from loser likely, Inyo Register (Bishop, CA), January 10, 2009, at 1; Mike Bodine, Coso 

counting on water from Hay Ranch - Geothermal plant proposal to pump near Little Lake gaining critics, 

Inyo Register (Bishop, CA), September 2, 2008, at 1; Bureau of Land Management, Environmental 

Assessment: Hay Ranch Water Extraction and Delivery System (December 2008), available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/ridgecrest/ea.Par.4165.File.dat/HayRanchEA.pdf. For 

an environmental NGO's collection of documents on the project, see 

http://www.ovcweb.org/issues/coso.html. 

Eagle Mountain Hydroelectric 

The proposed project involved constructing a pumped storage hydroelectric power facility in two depleted 

mining pits near Desert Center in Riverside County, CA. Access to the site was limited at the time of EIS 

submission, so no on-ground data collection about groundwater was possible, and analysis was based on 

document and photographic review (Final EIS p. A-33); further subsurface investigation was needed to 

determine the impacts of groundwater pumping. The project would pump groundwater from the 

Chuckwalla Valley Aquifer, not to exceed historical irrigation pumping levels, to fill the reservoirs and 

replace water lost to evaporation (which would cause degrading quality in the reservoirs and seepage into 

groundwater). The project involved  plans to monitor water quality and levels of reservoirs, brine ponds, 

and leakage, and prepare a groundwater hydrologic budget. Impacts on groundwater were considered a 

primary environmental issue (Final EIS p. xxii). Metropolitan Water District expressed concern that 

groundwater pumping would result in unauthorised diversion from the Colorado River; the response to this 

concern was that there would be no unauthorized diversion since the groundwater elevation was 

significantly above the Colorado River Accounting Surface, but monitoring and reporting requirements 

were included to address this issue (Final EIS p. A-38). The Center for Biological Diversity was concerned 

about impacts to the public use of federal reserved water rights to surface water (Final EIS p. A-51); and 

the National Park Service disputed many elements of the groundwater modeling used to estimate impacts 

(Final EIS pp. A-38 to A-51) (noting that the project area is located in the Joshua Tree National Park Desert 

Bighorn Sheep Wildlife Habitat Management Area: Final EIS p. 141). Fifteen entities commented on the 

draft EIS, including federal agencies, local water agencies, local citizens, and environmental NGOs (Final 
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EIS pp. 15-16). Staff recommendations for licensing the project included the development of a 

comprehensive groundwater monitoring plan including developing a groundwater hydrologic budget, filing 

annual reports on groundwater levels, and setting maximum allowable changes in groundwater levels, in 

part, to address the concerns of these commenters. 

Sources: Federal Energy Regulatory Commission, Final Environmental Impact Statement for the Proposed 

Eagle Mountain Pumped Storage Hydroelectric Project (P-13123-002), January 30, 2012, available 

http://www.ferc.gov/industries/hydropower/enviro/eis/2012/01-30-12.asp. 

Ocotillo Express Wind 

The project involved building and operating 155 wind turbines near Ocotillo, CA. A water supply was 

required, mostly for construction. No water from the local Ocotillo-Coyote Wells Aquifer was to be used 

for the project, since the area was in long-term overdraft. Instead, the project proponents proposed that 

water be imported from an unidentified private well in (non-adjudicated) Pine Valley. Alternatives included 

using treated wastewater from City of Brawley, Dixieland Mine groundwater supply well, and Imperial 

Irrigation District West-Side Canal water. Environmental groups expressed concern at the potential impacts 

of withdrawing groundwater on groundwater-dependent springs and creeks. The sale of groundwater from 

a private well owner is defined as a "Groundwater Extraction Operation" under the Zoning Ordinance of 

San Diego County and requires obtaining a Major Use Permit from the County. 

Sources: Bureau of Land Management, Proposed Plan Amendment & Final Environmental Impact 

Statement/Final Environmental Impact Report for the Ocotillo Wind Energy Facility (February 2012), 

available http://www.icpds.com/?pid=2843. No relevant local newspaper articles available. 

Stateline Solar 

The project would involve installing a 2,143 acre, 300 MW solar photovoltaic generation plant. It would 

require approximately 1,900 acre-feet of groundwater for construction purposes and regular business use at 

the facility post-construction, and the project includes an application for permits from San Bernardino 

County to construct wells on or near the site. The project is located on Bureau of Land Management land 

covered by the California Desert Conservation Area Plan (1980), which needed to be amended if the 

project was to go ahead, triggering environmental impact assessment requirements. A proposed mitigation 

plan would restrict offsite drawdown to 5 feet at 1.5 miles from the primary well (at which point a water 

supply contingency plan would be implemented, using another water source) (Draft EIS/EIR p. 4.19-7). 

Sources: Bureau of Land Management and San Bernardino County, California, Stateline Solar Farm Project 

Draft Environmental Impact Statement/Environmental Impact Report (November 2012), available 

http://www.blm.gov/ca/st/en/fo/needles/stateline_solar_farm.html; Bureau of Land Management and San 

Bernardino County, California, Collated Public Comments on Stateline Solar Farm, Mar. 8, 2013, available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/needles/lands_solar.Par.34103.File.dat/Stateline_Publi

c_Comments_3-8-13.pdf. 

Blythe Solar 

The project as originally proposed included 750 MW and 1000 MW alternatives for a solar thermal power 

plant (solar trough design) in Blythe. In this area, the report states that any groundwater withdrawal is 

considered a withdrawal from the Colorado River, raising concerns with Metropolitan Water District, the 

EPA, and environmental groups. The Bureau of Land Management, and conditions of certification imposed 

by the California Energy Commission, would have required mitigation or offsetting of impacts on the river. 

A later modification to the project, which proposed to use PV rather than solar thermal generation 

technology, would significantly reduce the amount of groundwater that would need to be pumped for the 

project, largely removing concerns about impacts on the Colorado River. 
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Sources: Bureau of Land Management, Plan Amendment/Final EIS for the Blythe Solar Power Project, Vol 

1 (August 2010) available 

http://www.blm.gov/ca/st/en/fo/palmsprings/Solar_Projects/Blythe_Solar_Power_Project.html; California 

Energy Commission, Commission Decision: Blythe Solar Power Project (September 2010), available 

http://www.energy.ca.gov/2010publications/CEC-800-2010-009/CEC-800-2010-009-CMF.PDF; 

WorleyParsons and Tetra Tech, Plan of Development Supplement: Blythe Solar Power Project (March 

2013), available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/palmsprings/blythe_feis0.Par.93190.File.dat/BSPP_P

OD_Supplement_%20031813.pdf. 

Calico Solar 

As originally approved in 2010, the project would have involved constructing a 850-MW air-cooled solar 

thermal power plant in the Mojave Desert in San Bernardino County. The plant would have used 145 acre-

feet per year of groundwater during construction and 21 acre-feet per year of groundwater for operational 

purposes (potable water, mirror washing, fire protection, dust control). Under a later amendment, the 

project would have involved constructing an 8,230 acre photovoltaic solar plant with a capacity of 850 MW 

in the Mojave Desert. A relatively small amount of groundwater extraction for construction and operations 

would have been needed. However, public comments about the project revealed concerns about potential 

impacts of the pumping on ecosystems and federal reserved water rights. The proponent company cancelled 

the project after switching to photovoltaic due to a lack of government funding.  

Sources: Bureau of Land Management, Final Environmental Impact Statement and Proposed Amendment 

to the California Desert Conservation Area Plan for the Calico Solar (formerly SES Solar One) Project, San 

Bernardino County, (August 2010), available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/Barstow/calico_feis.Par.17665.File.dat/Calico-FEIS-

Index.pdf; Bureau of Land Management, Public Comments on Final EIS, Calico Solar Project, available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/Barstow/calico_feis.Par.12418.File.dat/Calico%20Sol

ar%20FEIS%20comments.pdf; California Energy Commission, Commission Decision: Calico Solar Power 

Project (October 2010), available 

http://docketpublic.energy.ca.gov/PublicDocuments/Regulatory/Non%20Active%20AFC's/08-AFC-

13%20Calico/2010/November/TN%2059031%2011-16-10%20Commission%20Decision.pdf. 

Genesis Solar 

This proposed project involved constructing a 1,746 acre, 250 MW capacity concentrated solar thermal 

plant (with 125 MW alternative) near Blythe, and connected to SoCal Edison's Colorado River substation. 

The Final EIS predicts significant effects on vegetation if groundwater is used for cooling (up to 1386 acre-

feet/yr of groundwater would be used in Alternative A), but a dry cooling alternative (218 acre-feet/yr of 

groundwater) was provided specifically to reduce those effects, which might otherwise be "substantial", to 

"not substantial" (FEIS pp. 4.17-21, 4.21-15). The FEIS notes that "There is insufficient information to 

fully assess indirect and cumulative impacts to groundwater-dependent vegetation, but these impacts may 

be considered substantial under the Proposed Action and [a project] Alternative." (FEIS p. 4.17-21). The 

impacts of pumping groundwater on ecosystems and surface water (the connected Colorado River) were 

noted to be of concern in many public comments on the project (FEIS pp. 5-7 to 5-75) and conditions on 

the projects were imposed to require the applicant to offset those effects (FEIS G-116 to G-120). The 

project proponent subsequently committed to pursuing the dry-cooling alternative to reduce groundwater 

use. Conditions of the project approval included detailed requirements for monitoring groundwater-

dependent vegetation and remedial action in the event of declining water tables greater than normal year-to-

year variability (FEIS p. G-60 to G-62). Conditions of certification required by the California Energy 

Commission imposed similar requirements. 

Sources: Bureau of Land Management, Record of Decision for the Genesis Solar Energy Project and 

Amendment to the California Desert Conservation Plan, Riverside County, California (November 2010), 

available 
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http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/palmsprings/genesis.Par.95255.File.dat/Genesis%20R

OD.pdf; Bureau of Land Management, Plan Amendment/Final EIS for the Genesis Solar Energy Project 

(August 2010), available 

http://www.blm.gov/ca/st/en/fo/palmsprings/Solar_Projects/Genesis_Ford_Dry_Lake.html; California 

Energy Commission, Commission Decision: Genesis Solar Energy Project (September 2010), available 

http://docketpublic.energy.ca.gov/PublicDocuments/Regulatory/Non%20Active%20AFC's/09-AFC-

8%20Genesis%20Solar/2010/Oct/TN%2058859%2010-12-10%20Commission%20Decision.pdf. 

Soda Mountain Solar 

This 350 MW solar photovoltaic project was proposed for a site northwest of the Mojave National 

Preserve. The project would use 6 acre-feet of groundwater for washing solar panels during operation, and 

60 acre-feet per year during construction. Several comments to the scoping report for the project's EIS 

expressed concern about the impact of groundwater pumping for the project on the endangered Mojave tui 

chub, a fish which lives in the groundwater-dependent Soda Springs nearby, bighorn sheep, which also visit 

the springs, and spring input to the Mojave River. For example, the California Department of Fish and 

Game and the USEPA urged the Bureau of Land Management to consider the impacts of extracting 

groundwater on springs. The National Park Service also drew attention to potential effects on the tui chub. 

Sources: David Danelski, "Solar farm next to national preserve takes heat", The Press-Enterprise 

(Riverside, CA), Dec. 27, 2012, at 12; Joe Nelson, "BLM to do environmental review of proposed solar 

plant near Baker." The Sun (San Bernardino, CA), October 24, 2012; Notice of Intent to Prepare a Draft 

Environmental Impact Statement, a Possible Land Use Plan Amendment, and a Public Lands Segregation 

for the Proposed Soda Mountain Solar Project, CA, Federal Register, Vol. 77, No. 205, Tuesday, October 

23, 2012, p. 64824; Bureau of Land Management, Scoping Letters (2012), available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/Barstow/soda_mountain.Par.30966.File.dat/Soda%20

Mountain%20Scoping%20Letters_508.pdf; Bureau of Land Management and San Bernardino County, 

Public Scoping Report: Environmental Impact Statement/ Environmental Impact Report: Soda Mountain 

Solar Project (January 2013), available 

http://www.blm.gov/pgdata/etc/medialib/blm/ca/pdf/Barstow/soda_mountain.Par.78177.File.dat/Soda%20

Mountain%20Scoping%20Report_Final_508.pdf. 

Palen Solar 

The Palen Solar Power Project would require an amendment to the California Desert Conservation Area 

Plan and the grant of a right of way for a solar (parabolic trough) energy generation project. The Solar 

Power Project, which would use dry-cooling technology, would use 300 acre-feet/yr of groundwater from 

10 wells for solar mirror washing, feedwater makeup, fire water supply, onsite domestic use, and cooling 

water for auxiliary equipment heat rejection. The FEIS concludes that there is "potential for serious adverse 

impacts to groundwater-dependent plant ecosystems" (p.4.17-32) and proposes mitigation in the form of 

monitoring, a trigger for remedial action in the case of 20% or greater loss in plant vigor, and habitat 

compensation for loss of ecosystem function (pp. B-79 to B-84). Critical comments to the DEIS were 

received from the Colorado River Board of California, the Center for Biological Diversity, the Wilderness 

Society, Natural Resources Defense Council, Defenders of Wildlife, and California Unions for Reliable 

Energy in relation to the impacts of pumping groundwater on surface waters and ecosystems. After the 

FEIS was published, the original project owners filed for chapter 11 bankruptcy, and new owners (Nalep 

Solar LLC) redesigned the project to use solar power tower technology. This would use less groundwater 

(400 acre-feet/yr during construction, for a total of 1,130 acre-feet during the construction period, and up to 

201 acre-feet/yr during operation), but give rise to groundwater-related impacts of the same general type. 

There was no substantial change to the conditions of certification that corresponded to these impacts. 

Sources: Bureau of Land Management, Plan Amendment/Final EIS for the Palen Solar Power Project (May 

2011), available 

http://www.blm.gov/ca/st/en/fo/palmsprings/Solar_Projects/palen_solar_electric/Palen_Solar_Power_Proje

ct.html; California Energy Commission, Palen Solar Electric Generating System: Final Staff Assessment 
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for the Palen Solar Electric Generating System, Part A- Amendment to the Palen Solar Power Project 

(September 2013), available http://docketpublic.energy.ca.gov/PublicDocuments/09-AFC-

07C/TN200442_20130910T145445_Palen_Solar_Electric_Generating_System_FSA__Part_A.pdf. No 

relevant newspaper articles are available. 

Ivanpah Solar  

The Ivanpah Solar Electric Generating System preferred alternative project involved constructing and 

operating a 400MW solar concentrating thermal power plant. Approximately 100 acre-feet/year of 

groundwater would be used during the operational phase of the project. Various parties expressed concern 

about the groundwater pumping for the project having the potential to affect springs and seeps used by 

bighorn sheep and desert tortoise. The FEIS found that this was unlikely (p. 4.3-70, FEIS).  

Sources: Bureau of Land Management, California Desert Conservation Area Plan Amendment/Final 

Environmental Impact Statement for Ivanpah Solar Electric Generating System (July 2010), available 

http://www.blm.gov/ca/st/en/fo/needles/nefo_nepa.html; California Energy Commission, Commission 

Decision: Ivanpah Solar Electric Generating System (September 2010), available 

http://docketpublic.energy.ca.gov/PublicDocuments/Regulatory/Non%20Active%20AFC's/07-AFC-

5%20Ivanpah%20Solar%20Electric/2010/October/TN%2058716%2010-05-

10%20Final%20Commission%20Decision.pdf; Public Comments on the FSA and Draft Environmental 

Impacts Statement and Draft California Desert Conservation Area Plan Amendment, available 

http://www.energy.ca.gov/sitingcases/ivanpah/documents/index.html; Bureau of Land Management and 

California Energy Commission, Ivanpah Solar Electric Generating System: Final Staff Assessment and 

Draft Environmental Impact Statement and Draft California Desert Area Conservation Area Plan 

Amendment - Application for Certification (October 2009), available 

http://www.energy.ca.gov/2008publications/CEC-700-2008-013/CEC-700-2008-013-FSA.PDF; David 

Danelski, "BLM gets earful on Ivanpah", The Press-Enterprise (Riverside, CA) April 1, 2011, News: A7. 

Sunrise-Douglas Residential 

This conflict concerns the development of the 22,503-residence, 6,042 acre Sunrise-Douglas urban 

development in the city of Rancho Cordova, and a 2,632 acre component of that development, known as 

Sunridge Properties. A 2008 Sacramento Superior Court judgment compelled the city of Rancho Cordova 

to rescind an earlier approval for the Sunrise Douglas community plan, and a more detailed plan that deals 

with the first section of the plan, Sunridge Properties. The order was based on an earlier judgment of the 

Supreme Court of California (Vineyard Area Citizens for Responsible Growth v. City of Rancho Cordova 

(40 Cal.4th 412)), which found that the environmental review for the project was inadequate. Among other 

things, the review did not consider the possible impact of pumping groundwater on the Cosumnes River 

and the migration of fall-run Chinook salmon and ESA-listed steelhead trout. Environmental groups 

involved in the litigation included the Environmental Council of Sacramento, the Nature Conservancy, the 

Sierra Club and Vineyard Citizens for Responsible Growth, a residents' group. Revisions to the 

environmental impact analysis found that groundwater pumping for the project would not have any 

additional adverse impacts on the Cosumnes River or the migrating endangered fish, because groundwater 

pumping had already disconnected the aquifer from the river bed at crucial locations. 

Sources: AECOM, Final Environmental Impact Report: Sunrise Douglas Community Plan/Sun Ridge 

Specific Plan Long-Term Water Supply Plan (2011), available 

http://www.cityofranchocordova.org/Modules/ShowDocument.aspx?documentid=8015; U.S. Army Corps 

of Engineers, Final Environmental Impact Statement: Sunridge Properties, Rancho Cordova, California 

(2010), available 

http://www.spk.usace.army.mil/Missions/Regulatory/Permitting/EnvironmentalImpactStatements.aspx; 

AECOM, Revised Draft Environmental Impact Report: Sunrise Douglas Community Plan/SunRidge 

Specific Plan Long-Term Water Supply Plan (January 2011), available 

http://cityofranchocordova.org/Modules/ShowDocument.aspx?documentid=6945; Douglas Quan, 

Kimberley Pierceall, and Janet Zimmerman, A Press Enterprise Special Report- Crisis On Tap: California's 
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Water Reckoning, The Press Enterprise (Riverside, CA), March 22, 2009, at S01; Cathy Locke, Council 

rescinds disputed Sunrise Douglas plans, The Sacramento Bee (CA), September 21, 2008, at B2; Mary 

Lynne Vellinga, Housing project hits snag - Redo environmental review, judge orders, The Sacramento Bee 

(CA), June 6, 2008, at B1; Vineyard Area Citizens for Responsible Growth v. City of Rancho Cordova (40 

Cal.4th 412), available http://caselaw.findlaw.com/data2/californiastatecases/S132972.PDF. 

Drought Water Bank Transfers 

This matter concerns a petition to change the place of use of water rights held by the Central Valley Project 

(CVP) and the State Water Project (SWP), to allow a redistribution of water within the CVP and SWP 

areas, including to contribute up to 16,000 acre-feet of water to the 2009 Drought Water Bank. Protesters 

alleged that approving a petition for a change of use in water would facilitate groundwater substitution 

transfers (exporting surface water and compensating for this by pumping more groundwater) that would 

reduce flows in surface streams and adversely affect fishery resources. However, this was predicated on the 

assumption that granting the petition would cause an increase in transfers through the Sacramento-San 

Joaquin Delta Estuary, which the State Water Resources Control Board (SWRCB) held was not the case 

because the transfers would happen in any case - only the end users would be different. That is, the petition 

would allow transfers between State Water Project and Central Valley Project contractors. The SWRCB 

approved the change petition, finding that doing so would not affect any fish, wildlife or other instream 

beneficial uses. In addition, the SWRCB held, based on the Governor's Emergency Drought Proclamation, 

that the decision was exempt from consideration under CEQA. In 2010, in an Alameda County Superior 

Court case against the Department of Water Resources and Alameda County Water District, the Butte 

Environmental Council, the California Sportfishing Protection Alliance and the California Water Impact 

Network, argued that the emergency drought declaration in February 2009 did not exempt the transfers 

from review under CEQA. Judge Alice Vilardi ruled that the state acted improperly when it did not conduct 

an environmental review under CEQA. The challengers pointed to the potential for these transfers to create 

impacts as a result of the groundwater pumping that would occur in northern California to replace the 

surface water sent south, in particular, impacts on "the environment" and on salmon-rearing streams. 

Sources: State Water Resources Control Board, Order WR 2009-0033, In the Matter of Specified License 

and Permits of the California Deparment of Water Resources and United States Bureau of Reclamation in 

Response to Drought Conditions, May 19, 2009, available at 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0033.p

df; Heather Hacking, Judge: Drought water transfers required environmental review, Chico Enterprise-

Record (Chico, CA), March 18, 2010; California Water Impact Network, Judge Vilardi Rejects DWR’s 

2009 Drought Water Bank Approval, Press Release, undated, available http://www.c-win.org/news/judge-

vilardi-rejects-dwr%E2%80%99s-2009-drought-water-bank-approval.html; Butte Environmental Council, 

California Sportfishing Protection Alliance and California Water Impact Network v. California 

Department of Water Resources and Alameda County Water District et al, County of Alameda Superior 

Court, Case No. RG09446708,  April 30, 2010 (Judge Alice Vilardi), available http://www.c-

win.org/webfm_send/273. 

Lower Tuscan Monitoring 

In 2008-9, concern about impacts on local streams and oak forests was expressed by the Butte 

Environmental Council (BEC) in response to an aquifer testing project to be be carried out by Butte County 

with the support of the Department of Water Resources under Proposition 50 funds. The project related to 

the Lower Tuscan Formation. Although the program did not involve installing any production wells, and 

monitoring wells were not to be pumped, concerns arose over the alleged intention of the project to provide 

data for future pumping of groundwater to be exported to southern California (though this was disputed). 

The BEC later sued the County over the program in the Butte County Superior Court, alleging that the 

CEQA review for the project was inadequate. The lawsuit was settled after the County rescinded its 

original approval, and completed a revised environmental assessment. Also as part of the settlement, the 

County agreed to give "more public notice of project activities and to appoint a representative of BEC to 

the Technical Steering Committee", and to provide model data to BEC.  
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Sources: Heather Hacking, Water study suit settled amicably, Chico Enterprise-Record (Chico, CA) 

October 28, 2010; Butte County, Draft Initial Study/Proposed Mitigated Negative Declaration:  Lower 

Tuscan Aquifer Monitoring, Recharge and Data Management Project (May 2010), available 

http://www.buttecounty.net/Water%20and%20Resource%20Conservation/Tuscan%20Aquifer%20Project/

CEQA%20Documentation.aspx; Joe Brobeck, County should challenge water plans, Chico Enterprise-

Record (Chico, CA) January 6, 2009, Letters To The Editor; Heather Hacking, County sued over water 

research project, Chico Enterprise-Record (Chico, CA) December 6, 2008. 

Glenn Colusa Transfer 2010 

In 2010, the Glenn-Colusa Irrigation District in the Sacramento Valley proposed to transfer 20,000 acre-

feet of surface water (by pumping substitute groundwater) to the Westlands Water District in the San 

Joaquin Valley, with the U.S. Bureau of Reclamation assisting the transfer through the Sacramento-San 

Joaquin Delta. The project was acknowledged to cause 2,400 acre-feet reduction in stream flow. Opponents 

also held concerns for groundwater-dependent oak forests, and foothill streams. The environmental 

assessment, which found that there would be no significant environmental impact from the transfer, was 

criticized for not considering the effects of lower groundwater levels on native trees. Ultimately, the 2010 

transfer was cancelled due to a lack of pumping capacity in the Delta. 

Sources: Letter: Water sales will impact north valley, Chico Enterprise-Record (Chico, CA), April 11, 

2010;  Glenn Colusa Irrigation District, "Groundwater Transfer Program Cancelled", Water Focus 

Newsletter, April 22, 2010, available http://www.gcid.net/documents/Newsletters/2010/04-22-

10WaterFocus.pdf. 

Sac. City & Suburban Transfer 2010 

In 2010, the City of Sacramento and the Sacramento Suburban Water District proposed to transfer up to 

4,377 acre-feet of surface water (by pumping substitute groundwater instead, in the absence of an 

applicable Groundwater Management Plan). The California Department of Water Resources entered into an 

agreement (Agreement between the DWR of the State of Cal, Antelope Valley-East Kern Water Agency 

and Sacramento Suburban Water District for the Storage and Conveyance of 2010 Transfer Water), which 

included "a monitoring and reporting plan to address the impacts of additional groundwater pumping within 

SSWD". Comments and protests were submitted by the California Water Impact Network and 

AquAlliance, the California Sportfishing Protection Alliance, and California Fisheries and Water Unlimited 

submitted protests arguing that the project was improperly exempted from CEQA requirements, and could 

adversely affect water levels, temperature and flow timing in the Sacramento River. The California 

Sportfishing Protection Allicance argued that the groundwater substitution transfer should be subject to a 

"public trust analysis" by the State Water Resources Control Board. NB: The location pin is located at the 

approximate center of a major Sacramento City wellfield (Figure 8, Urban Water Management Plan: 

http://www.cityofsacramento.org/utilities/media-

room/documents/2010_Urban_Water_Management_Plan.pdf). 

Sources; State Water Resources Control Board, Order 2010-0025-DWR, In the Matter of Permit 11360 

(Application 12622) Petition for Temporary Change Involving the Transfer of up to 4,377 Acre Feet of 

Water From the City of Sacramento and Sacramento Suburban Water District to Eight State Water 

Contractor Agencies, July 2, 2010, available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2010/wro2010_0025dw

r.pdf; protests of the California Water Impact Network and the California Sportfishing Alliance available 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/transfers_tu_orders/docs/1

2622cwina_comments.pdf, 

http://calsport.org/dev/cspa_files/Sac%20Sac%20Suburban%20protest%20CSPA%20061410.pdf. 
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River Garden Farms Transfer 2009 

This matter concerns a temporary water transfer and associated groundwater substitution applied for in 

2009. River Garden Farms Company (the major landowner in Reclamation District 787) applied to transfer 

up to 3,500 acre-feet of water for use within the Central Valley Project (CVP) and State Water Project 

(SWP) areas. This would involve pumping additional groundwater for local use. The transfer was 

consistent with Reclamation District 787's Groundwater Management Plan, and Yolo County provided a 

letter indicating that the groundwater substitution would not cause adverse impacts to the affected 

groundwater basin, in accordance with Yolo County Ordinance No. 1195, which requires a permit to export 

surface water that leads to the pumping of additional groundwater. That ordinance prohibits issuing such a 

permit if the extraction would exceed the safe yield of the basin, which is defined as the amount of water 

that can be withdrawn without having certain effects. Among those effects is "observable environmental 

damage". River Garden Farms Co paid $5000 to Yolo County as "mitigation" funds "to meet the 

obligations and concerns that underlie the Ordinance", and which Yolo County endeavored to devote to 

groundwater monitoring. Transfers to the Drought Water Bank involving groundwater substitution in the 

Sacramento Basin were evaluated by the U.S. Bureau of Reclamation (USBR) to affect streamflow, with 

potential impacts to the SWP and CVP. In order to address these concerns, the State Water Resources 

Control Board Order approving the transfer required wells within 2 miles of a water course to be cased to 

150 feet, and the Drought Water Bank would only transfer 88% of the groundwater pumped in exchange 

for surface water, to account for the modelled impact of 12% streamflow depletion from groundwater 

pumping. The Order required compliance with mitigation and monitoring plans to address the impacts of 

pumping groundwater, which were prepared by the USBR, as a condition of the transfer. No public 

comments were received in response to the transfer application. 

Sources: State Water Resources Control Board, Order WR-2009-0038-DWR, In the Matter of License 1718 

(Application 575) Petition for Temporary Change Involving the Transfer of 3,500 Acre-Feet of Water from 

River Garden Farms Company to the 2009 Drought Water Bank Administered by the Department of Water 

Resources, Order Authorizing Temporary Change in Points of Divesion, Place of Use, and Purpose of Use, 

June 25, 2009, available at 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0038_d

wr.pdf; Letters to and from Yolo County, available at 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/applications/transfers_tu_notices/2009/

575tt090310_letter.pdf. 

Great Basin Springsnails 

The Center for the Protection of Biological Diversity filed a lawsuit against the Secretary of the Interior and 

the U.S. Fish and Wildlife Service (FWS) to compel them to take action in relation to a petition to list 42 

species of Great Basin springsnails as endangered under the Endangered Species Act. The Complaint stated 

that the springsnails "depend on desert springs in California, Nevada and Utah for survival, [and] are 

threatened by groundwater withdrawal, spring diversion, and livestock grazing." Springsnails are 

particularly sensitive to groundwater pumping, since they are often endemic to single, very small water 

bodies (e.g. springs less than 1m wide and 1cm deep) and cannot easily disperse to escape habitat 

modification. Reduced spring flow can be lethal to them. While most of the springsnails covered by the 

petition are found primarily in Nevada and Utah, one, the the Amargosa Tryonia (Tryonia variegata) occurs 

in the Upper Amargosa watershed in Inyo County, at Shoshone Spring and a spring near Grimshaw Lake 

(point shown on map). The key alleged threat to this particular spring area is pumping by the Southern 

Nevada Water Authority, which is projected to cause groundwater level declines that extend into 

California. In its lawsuit, the Center argued that the defendants had failed to take action in response to the 

petition, in violation of the Endangered Species Act. In its petition, the Center recommended that the 

following steps be taken to protect spring flow: enforceable measures to protect spring discharge (including 

ceasing groundwater pumping) and a monitoring system to detect any reduction in spring discharge before 

it became severe enough to extirpate a species. The initial lawsuit was settled. In September 2011, the FWS 

determined that there was sufficient evidence to justify a year-long review of biological information. In 

April 2012, the Center for Biological Diversity launched a further lawsuit, arguing that the FWS had not 
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complied with requirements to take subsequent action. As of November 2013, the FWS listed the species 

status as "under review". 

Sources: Complaint for declaratory and injunctive relief against all defendants by Center for Biological 

Diversity, in Center for Biological Diversity v. Salazar et al, Docket No. 2:10-cv-00401 (E.D. Cal. Feb 17, 

2010); Center for Biological Diversity, Before the Secretary of the Interior: Petition to List 42 Species of 

Great Basin Springsnails from Nevada, Utah, and California as Threatened or Endangered under the 

Endangered Species Act (2009), available 

http://www.biologicaldiversity.org/species/invertebrates/Great_Basin_spring_snails/pdfs/Great-Basin-

Springsnail-Petition.pdf; Scott Sonner, Feds' snail study ups ante in Vegas water fight, Associated Press 

State Wire: California (CA) September 13, 2011; U.S. Fish and Wildlife Service, Endangered and 

Threatened Wildlife and Plants: 90-Day FInding on a Petition to List 42 Great Basin and Mojave Desert 

Springsnails as Threatened or Endangered with Critical Habitat, Federal Register vol. 76, No. 177, pp. 

56608-56630 (September 13, 2011); U.S. Fish and Wildlife Service, Species Profile: Amargosa tryonia 

(Tryonia variegata), http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=G011; Center 

for Biological Diversity, Lawsuit Launched to Protect 35 Springsnail Species Threatened by Las Vegas 

Water Grab, Press release, April 26, 2012, available 

http://www.biologicaldiversity.org/news/press_releases/2012/springsnails-04-26-2012.html. 

Templeton Change Application 

Defenders of Wildlife (Defenders) alleged that approving a change petition for a new point of diversion for 

underflow of the Salinas River (shifting the point of diversion 2100 feet) for the Templeton Community 

Services District would negatively impact habitat for threatened steelhead. The protest was dismissed on 

the grounds that Defenders had not submitted "substantial evidence" to support the allegation, and that 

there was no information suggesting that the new well location would have adverse water resource impacts. 

Defenders' argument relied on the fact that the user had never previously diverted its full right. In 

approving the petition, the State Water Resources Control Board (SWRCB) assumed in the absence of 

other evidence that existing wells were capable of diverting the full right, so there were no additional 

environmental impacts from the change. Even if the new well increased the District's overall capacity to 

pump water from the Salinas River,  the SWRCB found that the mere capability to divert more water than a 

permit allowed was not relevant. NB: the map location is at the only currently active point of diversion for 

the relevant license. 

Sources: State Water Resources Control Board, Order WR-2009-0028-EXEC, In the Matter of the Petitions 

of the United States Bureau of Reclamation, Fallbrook Public Utility District and the California Department 

of Water Resources for Reconsideration of Order WR 2009-0028-DWR, which denied the United States 

Bureau of Reclamation's Petitions for Extension of Time for Water Right Permits 8511, 11357 and 15000B 

(Applications 11587, 12179 and 21471B, respectively, Order Granting Petitions for Reconsideration, 

December 7, 2009, available at 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0028ex

ec.pdf. 

Liberty Quarry 

Granite Constructions proposed to build a quarry to produce aggregate materials in Riverside County. The 

proposal became the center of what some have claimed was the most contentious land development ever in 

the County. While the quarry was not proposed to use any local groundwater directly for operations, there 

was concern about the impacts that intercepting the groundwater table (and therefore "using" groundwater 

indirectly through evaporation) would have on nearby streams and rivers, including the Santa Margarita 

River, oak forests, and the adjacent Santa Margarita Ecological Reserve. The project proponents argued 

that evaporation of groundwater was not a potential impact because there was no aquifer beneath the site 

and the site was hydraulically isolated from adjacent areas. Both the County's Planning Commission and its 

Board of Supervisors voted to deny a surface mining permit for the project. In November 2012, the 

Pechanga Band of Luiseño Indians, which held the area as sacred (and was one of the parties protesting 
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potential impacts of groundwater-dependent ecological features) agreed to buy the land of the proposed 

quarry from Granite Constructions. Ultimately, the dispute stretched over 7 years and 6 public hearings 

involving thousands of people, and produced 52 hours of public comments. 

Sources: Lilburn Corporation, Liberty Quarry Surface Mining Permit No. 213 Final Environmental Impact 

Report No. 475 (March 2011); Draft Environmental Impact Report No. 475, Liberty Quarry Surface 

Mining  

Permit No. 213 (July 2009); Jeff Horseman, Pit Mine Sale a Win-Win Deal, The Press-Enterprise 

(Riverside, CA), November 16, 2012, p. A1; Jeff Horseman, Supervisors Deny Quarry, The Press-

Enterprise (Riverside, CA), February 23, 2012, p. P1. 

North Gualala Enforcement 

In 2009, the State Water Resources Control Board (SWRCB) issued an order (Order WR 2009-0036-

EXEC) approving a settlement agreement, including cease and desist terms, in relation to a diversion 

pumped through wells near the North Fork of the Gualala River by the North Gualala Water Company. The 

diversion had been the subject of complaints over several decades about impacts on low streamflows 

required for endangered coho salmon and steelhead, as well as silver salmon, and litigation over whether 

the source was a subterranean stream under the permitting jurisdiction of the SWRCB or percolating 

groundwater, outside its jurisdiction. The California Court of Appeal held in 2006 that the water being 

pumped was from a subterranean stream subject to the SWRCB's jurisdiction, and accordingly, that a 

condition of the relevant permit (which North Gualala argued did not apply to withdrawal through the 

wells) applied to prevent pumping during low-flow periods. An administrative civil liability order and draft 

cease and desist order were issued in 2008 regarding North Gualala's contravention of the low-flow bypass 

conditions. The 2009 settlement agreement included requirements for North Gualala to submit a plan 

detailing how it would meet municipal supply needs during low-flow periods, and a mandatory water 

conservation plan. 

Sources: State Water Resources Control Board, Order WR 2009-0036-EXEC, In the Matter of the 

Diversion and Use of Water by North Gualala Water Company, May 12, 2009, available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2009/wro2009_0036.p

df; State Water Resources Control Board, Administrative Civil Liabilty Complaint, In the Matter of 

Unauthorized Diversion by the North Gualala Water Company, October 24, 2008, available 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/ngwc_aclcdo/docs/acl102408.

pdf; State Water Resources Control Board, Order WR 2008-00XX-DWR, Cease and Desist Order In the 

Matter of Violation of Terms and Conditions of Permit 14853 by the North Gualala Water Company 

(Draft), available 

http://www.waterboards.ca.gov/waterrights/water_issues/programs/hearings/ngwc_aclcdo/docs/draftcdo10

2408.pdf; North Gualala Water Company v. State Water Resources Control Board,  139 Cal. App. 4th 1577 

(Cal. App. 1st Dist., 2006), available http://gualalariver.org/river/Gualala-Groundwater.pdf. No newspaper 

articles available on the Access World News database covered this conflict. 

San Fran. Supply 

In 2009, the San Francisco Public Utilities Commission gave public notice of the preparation of an 

environmental impact report for the San Francisco Groundwater Supply Project. The Project would add 

groundwater to the municipal supply sources for San Francisco. Comments on the Draft Environmental 

Impact Report, published in 2013, disclose concern (expressed by, for example, the Golden Gate Audubon 

Society) about the potential impacts of the project on water levels in Lake Merced, among other things, and 

corresponding impacts on its recreational and fishing value, and stranding lake-side nests of special-status 

birds. Under a proposed mitigation measure, the level of Lake Merced would be monitored and maintained 

at levels predicted to occur without the project, using a combination of adding supplemental water and 

altering pumping patterns. The Draft Environmental Impact Report also considered effects on vegetation 

from lowering lake levels. 
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Sources: City and County of San Francisco San Francisco Planning Department, San Francisco 

Groundwater Supply Project, Responses to Comments (October 2013), available 

http://sfmea.sfplanning.org/2008.1122E_RTC.pdf; City and County of San Francisco San Francisco 

Planning Department, San Francisco Groundwater Supply Project, Draft Environmental Impact Report, 

Volumes 1 and 2 (March 2013), available http://www.sf-planning.org/index.aspx?page=1829. No 

newspaper articles on the Access World News Database relate to this conflict. NB: location pin located at 

point of diversion. 

Glenn-Colusa GW Distribution 

The Glenn-Colusa Irrigation District (GCID) proposed to use landowner's wells to pump 160,000 acre-feet 

of groundwater for distribution throughout the district, to compensate for lower-than-usual availability of 

surface water supplies to meet irrigation demand in 2008-2009. The Department of Water Resources and 

the U.S. Bureau of Reclamation expressed concerns about the impacts of pumping this groundwater on 

rivers and streams, and both entities' ability to meet Bay-Delta water quality standards and in-stream flow 

requirements for fish. GCID "coordinated" with both entities to establish a well approval process to avoid 

these impacts. However, a GCID newsletter reported that the Butte Environmental Council "indicated that 

GCID needs to do a more “exhaustive” California Environmental Quality Act (CEQA) review in regard to 

... impacts to streams and the Sacramento River; monitoring and identification of third party impacts; 

cumulative and growth inducing impacts and water quality impacts to the groundwater and surface waters" 

and threatened to sue if the program proceeded. 

Sources: Glenn-Colusa Irrigation District, Initial Study and Proposed Negative Declaration: Glenn-Colusa 

Irrigation District Landowner Groundwater Well Program 2008-2009, August 27, 2008, available 

http://www.gcid.net/documents/Initial%20Study%20and%20Proposed%20Negative%20Declaration.pdf; 

Glenn-Colusa Irrigation District, Water Focus Newsletter, August 7, 2008, available 

http://www.gcid.net/documents/Newsletters/2008/2008August7.pdf. NB: no information was available 

about the location of wells; location pin is at the approximate center of Glenn-Colusa Irrigation District 

(http://www.gcid.net/images/Maps/GCID%20District%20Map.pdf). 

Lower Yuba River Accord 

In 2008, the State Water Resources Control Board (SWRCB) approved a proposal of the Yuba County 

Water Agency (YCWA) for the long-term transfer of 200,000 acre-feet of surface water to the Department 

of Water Resources (through its Environmental Water Account) and the U.S. Bureau of Reclamation, up to 

120,000 acre-feet of which was to be made available by groundwater pumping freeing up surface water to 

be transferred. The groundwater pumping would occur under the terms of "conjunctive use agreements" 

between the YCWA and its member water districts, which provide for a series of payments from the 

YCWA to the member district, and the farmers running groundwater pumps. These agreements are part of 

the set of arrangements known as the Lower Yuba River Accord, which settled over two decades of 

litigation about in-stream flows in the Lower Yuba River. The Board approved the proposal subject to, 

among other things, mitigation measures to ensure that groundwater levels did not decrease to a critical 

point in relation to other groundwater users. The measures include a monitoring and reporting plan that 

focuses on groundwater levels, a plan to manage impacts on third party well owners, and an "adaptive 

management" approach: "As more data become available from monitoring during future groundwater 

transfers, YCWA and its Member Units would adopt an adaptive management program for taking actions 

that would determine a safe pumping volume and pumping location based on the considerations of the 

basin conditions for groundwater levels and storage, groundwater surface water interactions..." This 

adaptive management program appears to be the main way that groundwater-surface water interactions and 

impacts will be considered, but no set of principles for selecting wells to take account of these impacts 

could be located. In addition, the SWRCB decision does not make explicit reference to concerns and 

discussion that emerged from the environmental impact assessment process, which dealt with the potential 

for groundwater pumping to have adverse impacts on hydraulically connected local rivers and 

streams.Instead, it focused only on impacts to third party well owners and groundwater levels generally. 
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Sources: State Water Resources Control Board, Corrected Order 2008-0014: In the Matter of Yuba County 

Water Agency’s Petition to Modify Revised Water Right Decision 1644 related to Water Right Permits 

15026, 15027, and 15030 (Applications 5632, 15204, and 15574) and Petition for Long-Term Transfer of 

up to 200,000 Acre-Feet of Water Per Year from Yuba County Water Agency to the Department of Water 

Resources and the United States Bureau of Reclamation under Permit 15026 (Application 5632) (March 18, 

2008), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2008/wro2008_0014co

rrected.pdf; State Water Resources Control Board, Order 2008 - 0025: In the Matter of Petitions for 

Reconsideration by Anglers Committee of California, California Salmon and Steelhead Association and 

Yuba County Water Agency Regarding Order WR 2008-0014 (May 20, 2008), available 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/orders/2008/wro2008_0025.p

df. For a complete set of documents on the Lower Yuba River Accord, see 

http://www.ycwa.com/projects/detail/8. NB: location pin located at approximate centroid of Yuba County 

Water Agency member areas (as shown in http://acwi.gov/swrr/Rpt_Pubs/wef_session68/068_0400.pdf). 

Envt'l Water Account 2008 

In 2004, a group of state and federal agencies proposed an Environmental Water Account (EWA) program 

to improve water reliability and ecological outcomes for the Sacramento-San Joaquin Delta. The 

environmental assessment for the program was supplemented in 2008 to reflect a longer implementation 

timeframe and scientific advances. The program included two water purchase measures involving 

groundwater: (1) groundwater substitution transfers, which involve purchasing surface water supplies from 

users who forego using those supplies and instead pump groundwater, and (2) purchasing stored 

groundwater, that is, groundwater stored under a managed aquifer recharge program. Commenters to the 

supplemental environmental assessment were concerned about the impacts of pumping groundwater on 

surface waters and their fish, terrestrial and riparian vegetation like valley oaks, and wetlands. The 

assessment concluded that the originally proposed groundwater mitigation arrangements would be 

sufficient to deal with these impacts. Mitigation arrangements also dealt with the possibility that 

groundwater level decreases would affect water levels in adjacent surface water canals. Mitigation 

arrangements consisted of (a) a Well Review (under which hydrologists from the Department of Water 

Resources (DWR) and the U.S. Bureau of Reclamation (USBR) review individual wells for participation in 

the program, based on well-specific hydrogeological information); (b) a Pre-Purchase Groundwater 

Evaluation (DWR and USBR hydrologists review wells for monitoring data, recharge, recent and historical 

hydrology, expected extraction, and "areas of special concern"), (c) a Monitoring Program (involving 

monitoring well levels before, during and after the transfer, water quality, extraction, and subsidence); and 

(d) a Mitigation Program (including a "(1) procedure for the seller to receive reports of potential impacts 

and to report that information to the Review Team; (2) procedure for investigating reported effect; (3) 

development of mitigation options, in cooperation with the affected party; (4) assurances that adequate 

financial resources are available to cover reasonably anticipated mitigation needs; and (5) commitment to 

avoid or mitigate such effects during future transfers to the EWA": Final Supplemental EIR, p. 5-12). The 

potential time-lag between vegetation being adversely affected by falling groundwater levels, and noticing 

these effects, was proposed to be addressed by the Implementation of Environmental Measures in the 2004 

EIS/EIR Section 10.2.4. Commenters included the Butte Environmental Council, Natural Resources 

Defense Council, and the Valley Water Protection Association. Groundwater substitution transfers covered 

by the EWA could be sourced from several agricultural districts: Glenn Colusa Irrigation District, 

Reclamation District 108, Natomas Central Mutual Water Company, Anderson Cottonwood Irrigation 

District, Western Canal Water District, Joint Water District, and Garden Highway Mutual Water Company, 

Yuba County Water Agency, and Merced Irrigation District. The map location shows the approximate 

centroid of these district locations.  

Sources: Environmental Water Account: Final Supplemental Environmental Impact 

Statement/Environmental Impact Report- to the EWA Final EIS/EIR (March 2008), available 

http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=107; Record of Decision: Environmental 
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Water Account Final Environmental Impact Statement (March 2004), available 

http://www.usbr.gov/mp/nepa/nepa_projdetails.cfm?Project_ID=107. 
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