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About the report and the workshop series

This report draws from a two-part workshop series

held at UC Berkeley School of Law in June and July of
2017. The two day-long workshops brought together
approximately twenty recognized thought leaders in
hydrogeology, law, and policy, including key academics,
practitioners, and decision makers. Participants were
asked to discuss a range of legal and technical dimensions
of groundwater-surface water interactions and water
rights under the Sustainable Groundwater Management
Act (SGMA). Topics included examples of conflicts
between groundwater and surface water users and how
conflicts have historically been resolved; how SGMA
alters or should alter legal relationships between

groundwater and surface water users; the tools needed

Navigating Groundwater-Surface Water Interactions

to identify and address potential conflicts between
groundwater and surface water uses; and the potential
interactions between SGMA and other laws governing
water use and environmental protection. Participants
discussed these issues both in general terms and through
the lens of specific case studies.

The authors synthesized content from the workshops
and conducted additional legal analysis and technical
and legal literature review to develop the policy-
focused themes reflected in this report. This report
strives to provide guidance for practitioners, including

groundwater managers and state agency staff.
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Executive Summary

California’s Sustainable Groundwater Management

Act (SGMA), passed in 2014, recognizes and addresses
connections between surface water and groundwater.
The statute is California’s first statewide law to explicitly
reflect the fact that surface water and groundwater

are frequently interconnected and that groundwater
management can impact groundwater-dependent
ccosystems, surface water flows, and the beneficial uses
of those flows. As such, SGMA partially remedies the
historically problematic practice of treating groundwater

and surface water as legally distinct resources.

SGMA requires groundwater sustainability agencies
(GSAs) to manage groundwater to avoid six undesirable
results, including significant and unreasonable adverse
impacts on beneficial uses of surface water. While

this aspect of SGMA is clearly important, significant
uncertainties exist regarding how GSAs will actually

define and achieve this goal.

Addressing SGMA’s requirements for groundwater-
surface water interactions will be difficult. Defining the
issues at stake in any given basin, let alone successfully
balancing the range of uncertainties and potentially
conflicting interests, will pose challenges for many
GSAs. No clear, pre-defined formula exists to guide
GSAs in determining what significant and unreasonable
depletions of interconnected surface water will be, or
whether planned actions will sufficiently avoid them.
Yet they are required to do so. Many GSAs will face
pressure to aggressively address impacts on surface
water in their basin. Many will face equal or greater
pressure not to draw the line. Nevertheless, it will fall
to the GSAs to make a determination, and to defend

it in their groundwater sustainability plans (GSPs).
Therefore, GSAs will likely take on some level of
risk—of successful political opposition to their GSP,

of succesful legal challenges to their GSP, of their GSP

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE

performing ineffectively, or of all of these outcomes.
Given the aggressive timeline inherent to SGMA,
addressing this risk early will be crucial for preserving

management options.

Challenges and risk are not the whole story, however.
The process of addressing groundwater-surface water
interactions also offers GSAs an opportunity to help
communities and other stakeholders resolve, or avoid,
difficult conflicts, and to do so in lasting ways. While
California law has only recently begun to seriously
address conflicts between surface and groundwater uses,
those conflicts have been occurring for decades, and in
some places for over a century. SGMA, in other words,
did not create conflict between groundwater pumping
and beneficial uses of surface water; instead it created an
opportunity—as well as an obligation—to respond to
those challenges. Embracing that opportunity will not
be casy, but GSAs that take SGMA as an opportunity to
resolve longstanding issues can do lasting good.

The research presented here examines some of the
legal and institutional questions that will inevitably
arise as GSAs seek to address groundwater-surface
water interactions under SGMA. The core goal of
this report is to help parties identify and address
these questions, and ultimately to let GSAs and
stakeholders manage groundwater-surface water

interactions proactively and effectively.

KEY QUESTIONS FOR SGMA
IMPLEMENTATION

While SGMA brings groundwater-surface water

interactions into fresh focus, many open issues remain.

This report focuses on several key unanswered questions:

Navigating Groundwater-Surface Water Interactions



1.  How will surface water law and groundwater law
interact under SGMA ?

2. What constitutes a significant and unreasonable
adverse impact on beneficial uses and users of

interconnected surface water?

3. Which entities are responsible for addressing what
aspects of the interactions between surface water

and groundwater?

4. What might a process for effectively resolving

groundwater—surface water issues and COIlﬂiCtS

look like?

5. What legal and technical aspects of groundwater-
surface water interactions under SGMA are
unknown or uncertain, to what degree, and how

and why might this uncertainty matter?

To begin to address these questions, UC Water and

the Wheeler Water Institute convened two workshops

at UC Berkeley School of Law in June and July 2017.
These workshops brought together recognized thought
leaders in hydrogeology, law, and policy, including key
academics, practitioners, and decision makers. These
discussions and additional research by the authors are the

basis for this report.

We intend for this report to provide general guidance

for SGMA’s implementers and interested stakeholders,
although definitive answers do not exist for every issue we
raise. Addressing groundwater-surface water interactions
in California is largely uncharted territory. Significant
physical, legal, and technical uncertainties will need to be
resolved over time. Further, the diversity and uniqueness
of groundwater and surface water basins around the state
suggest that one-size-fits-all solutions will rarely exist, and
that on some issues, each GSA will need to chart its own
course. And yet, SGMA’s timeline dictates that GSAs and
others need to make decisions and develop sustainability
plans within the next few years. To assist these efforts, we
examine the risks and benefits associated with different
approaches for addressing groundwater-surface water
interactions as part of SGMA implementation.

Navigating Groundwater-Surface Water Interactions

CONSIDERATIONS REGARDING
GROUNDWATER-SURFACE
WATER INTERACTIONS UNDER
SGMA

Several overarching considerations emerged from our
research. Below, we distill these considerations into a
set of pointers to help GSAs and others structure their

thinking about groundwater-surface water interactions.

1. GSAs must strive to understand how
groundwater management affects surface
water and its uses. This point is obvious but also
important: SGMA tasks GSAs with avoiding
depletions of interconnected surface water caused
by groundwater extractions if those depletions
have significant and unreasonable adverse impacts
on beneficial uses of the surface water. Beneficial
uses include consumptive and non-consumptive
human uses and environmental uses (including
by groundwater-dependent ecosystems).
What it means to address groundwater-surface
water interactions is less clear and will hinge
on how GSAs define what is “significant and
unreasonable”—a definition that must be backed
up with evidence in the development of a GSP.
But regardless of GSAS’ decisions about which
effects are significant and unreasonable, meeting
SGMA’s requirements will require GSAs to
develop a working knowledge of the hydrogeology
that controls the interconnections between surface
water and groundwater within their basins. The
nature and depth of understanding that will be
required in any given basin will vary, as will the
tools and methods needed. GSAs are not solely
responsible for managing water supplies, but the
basic task of developing this understanding is no

longer optional.

2. GSAswill need to consider how groundwater
rights, surface water rights, environmental
laws and regulations, and other relevant legal
principles interact. Understanding the ways
groundwater management intersects with

groundwater and surface water law is challenging,
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particularly because many legal questions remain
unresolved. But by taking on this task, GSAs can
reduce the risk of legal challenge to their GSPs. To
do so, they will need to develop an understanding
of appropriative and riparian surface water rights,
relevant environmental laws and regulations, and
instream flow requirements within the basin. Table
1 summarizes some potential interactions between
SGMA and specific areas of law and regulation

relevant to groundwater—surface water interactions.

3. GSAs must decide what is significant and
unreasonable, and these local decisions
will intersect with other laws. Beyond just
understanding how groundwater-surface water
interactions intersect with other state and federal
laws, GSAs also will need to make decisions that
affect these intersections. Most importantly,
GSAs must decide what counts as a significant
and unreasonable impact upon beneficial uses of
surface water. Those decisions will both affect and
be affected by other legal requirements.

4. Collaboration is important. GSAs have
significant authorities, but also must coordinate
with others. Their purview for achieving
sustainability is closely tied to the mandates of
other local, state, and federal entities, as well as
to consideration of the interests of a broad range
of stakeholders, some of whom SGMA explicitly
identifies. This is true of many aspects of SGMA,
but coordination is particularly important for
this particular undesirable result. Addressing
surface water depletion means considering a wide
range of stakeholder interests. Governance issues,
including resources, capacity, and complexity,
will be important and potentially limiting
factors in determining what GSAs can achieve.
Consequently, collaboration, negotiation, division
of responsibilities, and other forms of engagement
between GSAs and other entities will be crucial
in most or all basins. However, questions remain
about roles and responsibilities. Those questions

will create challenges for GSAs but also offer
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opportunities to craft creative institutional

arrangcmcnts.

5. GSAs will need to develop management plans
and make decisions despite significant legal
and technical uncertainties. Uncertainties
include future climate variability, future legal
developments, and technical uncertainties
regarding the hydrogeology and ecology of the
groundwater-surface water system. Legal and
technical uncertainties will sometimes intersect,
but GSAs will need to act even when neither the
science nor the law is clear. An iterative approach
may be appropriate: GSAs and other agencies and
institutions must, in some cases, make proactive
decisions as defensibly as possible in the face of
uncertainty, yet must also be prepared to adapt
as uncertainties are reduced through technical
studies, institutional developments, and changes in

the legal landscape.

SGMA’s recognition of the hydrogeological reality of
interconnected surface water represents a crucial step for
California towards fully integrated water management.
But this recognition does not on its own solve all of the
existing legal and management challenges. Rather, new
challenges arise when trying to implement the law, and
many of these challenges flow from the various legal

doctrines that will need to be reconciled.

In this report, we offer structure for those navigating the
legal, technical, and institutional challenges that relate
to groundwater-surface water interactions and that are
likely to arise during SGMA implementation. The report
enumerates key considerations developing innovative,
place-based solutions that reflect SGMA’s emphasis on
local management. We highlight some of the roles and
responsibilities of GSAs and others in addressing issues
related to groundwater-surface water interactions. Our
findings stress the importance of collaboration, not
only among neighboring GSAs, but also with many
other entities, in addressing the issues and challenges

of managing groundwater—surface water interactions

sustainably.

Navigating Groundwater-Surface Water Interactions



Table 1: Summary of key intersections between SGMA and other laws and regulations in the context of

groundwater-surface water interactions

Area of law or regulation

Reasonable Use Doctrine

Water rights

Regulatory takings

Public Trust Doctrine

Federal and State

Endangered Species Acts
(ESAs)

California Environmental
Quality Act (CEQA)

Clean Water Act and
Porter-Cologne Act

Instream flow
requirements

Navigating Groundwater-Surface Water Interactions

Key intersections between SGMA and other laws in the context of groundwater-surface
water interactions

Groundwater use, like all water use in California, is subject to the reasonable use
doctrine. But the practical implications of the doctrine are not entirely clear.
Reasonable use is, by nature, a flexible and highly context-dependent concept that
is based in part on value judgments.

SGMA explicitly does not alter surface water or groundwater rights. However,

the implications of bringing a groundwater basin’s water budget into sustainable
balance may bear directly on both. SGMA does not provide a formula for resolving
conflicts between surface water and groundwater rights, but it does provide
opportunity and a potential forum for doing so—if GSAs are ambitious.

Water rights in California are property rights, and surface or groundwater users
may bring takings claims if they believe regulatory restrictions on use have
effectively taken their property. However, inherent in those rights is susceptibility
to reasonable regulation. GSAs can reduce the risk of takings liability by managing
groundwater in a manner generally consistent with California water rights.

If groundwater pumping within a GSA’s jurisdiction draws water from aquifers that
are tributary to surface waterways, the public trust doctrine is likely to be relevant.

Endangered species laws apply to groundwater allocation decisions that may impact
listed species. GSAs seeking to avoid consequences under the ESA should be aware
of these species within the basin and explicitly address their needs when developing
GSPs.

The preparation and adoption of GSPs is specifically exempt from CEQA. However,
implementation actions taken by a GSA under a GSP would remain subject to
CEQA. Compliance with CEQA would include analyzing and mitigating potential
negative impacts on interconnected surface waters.

Although water quality is also addressed separately within SGMA, it is relevant to
groundwater-surface water interactions, including through effects on streamflow
volume and temperature.

To avoid significant and unreasonable adverse impacts on surface water, minimize
risk of litigation, and maximize their GSPs’ defensibility, GSAs will need to be aware
of instream flow requirements set by the State Water Resources Control Board and
consider them when developing and implementing GSPs.

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE



|.  Introduction

Until recently, California largely adhered to the “legal
fiction™ that groundwater and surface water are separate
resources. This fiction was at odds with physical reality, for
surface water and groundwater are frequently connected.
Consequently, groundwater management can impact flows
in rivers and streams, and affect the beneficial uses and users
of those flows. But those interconnections, though long
accepted by scientists, were not integrated into California

water law.

With the passage of the 2014 Sustainable Groundwater
Management Act (SGMA),? that is beginning to change.
SGMA requires California’s new groundwater sustainability
agencies (GSAs) to manage groundwater to avoid significant
and unreasonable adverse impacts on beneficial uses of
interconnected surface water.® Thus, understanding and
managing the interactions between groundwater and surface

water is an essential part of SGMA implementation.

However, significant uncertainties exist regarding how exactly
GSAs will achieve this goal. Those uncertainties include
unresolved legal questions, technical questions about the
nature of groundwater-surface water interactions in particular
basins, and institutional questions about who is responsible
for developing and implementing solutions. Nevertheless,
GSAs must deliver credible groundwater sustainability plans
(GSPs) within a few short years, and those plans must address

this element—and other elements—of sustainability.

This report’s goal is to articulate and examine key legal

and institutional questions about the interactions between
groundwater and surface water in California under SGMA,
and to propose considerations for GSAs and other relevant
stakeholders as they work to develop answers for their
basins. The report strives to help various parties, including
GSAs, state regulators, water users, and the legal community,

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE

identify important SGMA-related legal and institutional
considerations involving groundwater-surface water
interactions. While GSAs must decide what is significant
and unreasonable, these decisions will be made in the context
of other state and federal laws, which raises risks that a local
GSA’s decisions could be challenged or undermined. This

report aims to help GSAs minimize that risk.

A. REPORT FOCUS AND KEY QUESTIONS

The report focuses on the intersections between surface
water law and the emerging SGMA regime. The report also
focuses on questions about how potential conflicts involving
intersections between surface water and groundwater might
be resolved. While SGMA brings groundwater-surface
water interactions into fresh focus, many key questions
remain unanswered. The following questions are particularly

important, and are the focus of the remainder of this report:

1. How will surface water law and groundwater law
interact under SGMA ? What tensions might arise
between surface water rights and groundwater rights,
and how might these tensions be navigated? How does
environmental regulation of surface water uses intersect

with groundwater management?

2. What constitutes a significant and unreasonable
adverse impact on beneficial uses and users of
interconnected surface water? When will impacts
to surface water uses—including both human and
environmental uses—necessitate a response by
groundwater managers? How might a GSA, or a state

regulator, approach this determination?

Navigating Groundwater-Surface Water Interactions 5



3.  Which entities are responsible for addressing the
interactions between surface water and groundwater?
Which responsibilities legally fall to GSAs and which
to other entities (e.g., individual groundwater users,
individual surface water users, other government
agencies)? Legal obligations aside, what roles might
GSAs and other entities play in addressing potential or
identified problems?

4.  'What might a process for effectively resolving
groundwater-surface water issues and conflicts look
like? How might potential conflicts involving the
interaction between surface water and groundwater be
resolved fairly and efficiently in the context of SGMA?

5. What legal and technical aspects of groundwater-
surface water interactions under SGMA are still
unknown or uncertain, and to what degree? How do
legal uncertainties and technical uncertainties intersect
with one another? How and why might uncertainty
matter?

For many of these questions, definitive answers do not

yet exist. Thus, this report is intended to provide general
guidance for those involved in SGMA implementation.
SGMA implementation, and in particular, legally addressing
groundwater-surface water interactions, is largely uncharted
territory for California. Significant physical, legal, and
technical uncertainties will need to be resolved over time,

so many of the questions raised in the report simply do not,
or do not yet, have clear answers. Further, the diversity and
uniqueness of groundwater and surface water basins in the
state suggests that one-size-fits-all solutions will never exist,
and that each GSA will need to chart its own course. And yet,
SGMA’s timeline dictates that GSAs and others need to make
decisions and move forward with developing their plans to

achieve sustainability.

In light of the tension between lack of clarity and the need
to act quickly, we discuss each element in terms of existing
knowledge, unanswered questions, and potential risks that
might arise for parties as they seck to move forward in the
face of uncertainty. This approach offers structure to decision

makers and interested parties for near-term decisions, as well
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as clarifying why adapting to future developments will be

essential in the long term.

B. WHO SHOULD READ THIS REPORT?

The information and analysis in this report may be relevant to
arange of audiences, including:

Groundwater Sustainability Agencies. Understanding and
addressing groundwater-surface water interactions is now an
obligation for GSAs. For many GSAs, avoiding this particular
undesirable result presents a challenge. This report addresses
legal issues, constraints, and opportunities that GSAs might
face, and discusses how GSAs might go about navigating the

uncertainties involved.

State and federal regulatory, water supply, and wildlife
agencies. SGMA implementation raises questions about
institutional responsibilities for addressing groundwater-
surface water interactions. This report examines potential
institutional roles and interactions between GSAs and other
entities, including the California Department of Water
Resources (DWR) and State Water Resources Control Board
(SWRCB); state and federal water supply agencies including
DWR and the United States Bureau of Reclamation
(USBR); and state and federal wildlife agencies including
the California Department of Fish and Wildlife (CDFW),
the United States Fish and Wildlife Service (USFWS), and
National Oceanic and Atmospheric Administration Fisheries
(NOAA Fisheries), as well as the Bureau of Indian Affairs
(BIA).

Other stakeholders involved in groundwater management.
SGMA also affects other stakeholders with diverse interests,
and the issues discussed in this report may be of interest to

a number of other stakeholders including environmental
groups, community groups, native American tribes,
individuals and entities with surface or groundwater rights,

technical consultants, and legal practitioners.
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. Understanding groundwater-surface water

interactions

While this report focuses primarily on legal dimensions
of groundwater-surface water interactions, one cannot
understand those legal issues without some technical

and scientific background. This section briefly explains
the physical links between groundwater and surface
water, the ecological consequences of those links, and the
tools used to measure, characterize, and model the flows

between groundwater and surface water.

A. LINKS BETWEEN GROUNDWATER
AND SURFACE WATER

Groundwater and surface water are highly
interconnected in many landscapes.* Streams, wetlands,
and lakes can gain water from groundwater, lose water
to groundwater, or do both at different locations or at
different times of the year (Figure 1).° The relationship
between groundwater and surface water largely depends
upon the elevation of the water table relative to the
elevation of the stream surface. If the water table is
higher than the surface water, groundwater flows into
the stream or water body, and the surface water body is
characterized as gaining. If the water table is lower than
the stream surface, but still connected to the stream

by a saturated zone, the stream or water body loses
water to the water table, and the surface water body is
characterized as losing. In some cases, when the water
table has dropped far enough in clevation that the surface
water and groundwater are separated by an unsaturated

zone, a stream is characterized as disconnected.

Groundwater plays an important role in many
ecosystems.” Groundwater-dependent ecosystems

(GDEs) are comprised of springs and seeps, wetlands and

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE

Figure 1: Groundwater-surface water relationships:
Gaining, losing, and disconnected streams. Source:
USGS.6

A GAINING STREAM

Flow direction

Saturated zone

B LOSING STREAM

Flow direction

Unsaturated
zone

c LOSING STREAM THAT IS DISCONNECTED
FROM THE WATER TABLE

Flow direction

Unsaturated
zone
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associated vegetation, or stream flows from groundwater
discharge (baseflow).? Groundwater pumping can
impact these groundwater-dependent ecosystems; as
groundwater is extracted, the water table drops, which
can cause stream depletion via reduction in baseflow®
and can impact groundwater-dependent ecosystems that

receive less water as the water table lowers."

It can be difficult to understand the precise nature of the
connections between groundwater and surface water in
a particular area because many groundwater basins have
locally complex geology and ecology that complicates
groundwater flow and groundwater-surface water
dynamics. In the sedimentary basins currently subject

to SGMA, groundwater-surface water interactions are
shaped by stream geomorphology, subsurface structural
discontinuities, and aquifer composition, including the
distribution of bodies of sedimentary rock and flow

characteristics throughout a given area."

Impacts on streamflow and GDEs from groundwater
pumping can be difficult to directly attribute to
particular pumpers. One reason for this difficulty is that
impacts are often time-delayed (by days, months, years,
or even decades) and are complicated by temporal and
spatial patterns of groundwater pumping, sometimes

in conjunction with managed aquifer recharge.”
Relationships between perched aquifer systems (those
separated from underlying groundwater by a less
permeable layer and an unsaturated zone) and regional
pumping also are complex. While pumping of a regional
aquifer may have an impact on surface waters at some
point, stream reaches tied to perched aquifer systems
are isolated from and not susceptible to groundwater
pumping in the regional aquifer system below. Perched
aquifer systems are also often important for GDEs, but
may be difficult to manage from a regional perspective.
Additionally, climate uncertainty and associated
variability are likely to affect surface water availability,
instream flows, and groundwater recharge,” presenting

yet another set of complicating factors.
Groundwater-surface water dynamics, like groundwater

flow, are complicated and rarely straightforward to
understand and manage. Ecosystem dynamics can

Navigating Groundwater-Surface Water Interactions

be complex, with many GDEs requiring different
groundwater flow conditions at different times of year.
Adequately understanding groundwater-surface water

interactions may thus require substantial study.

B. TOOLS AND METHODS FOR
UNDERSTANDING GROUNDWATER-
SURFACE WATER INTERACTIONS

A range of tools and methods can be used to shed light
on the complex relationships between groundwater and
surface water. There have been many technological
advances in data collection, analysis, and modeling that
contribute to a stronger knowledge of groundwater-
surface water dynamics.” Table 2 summarizes a number
of different tools and methods for monitoring and
measuring stream—aquifer dynamics, ranging from simple
to more complex methods, and summarizes some of the
key factors that may be involved in deciding whether a

tool is a good fit for use in a given basin.

These tools and methods have not been applied

evenly across the state of California. For many basins
throughout the state, significant uncertainty about
groundwater-surface water interactions still exists.® Data
collection, monitoring, and analysis remain limited in
many areas. The uncertainty and limited availability

of information regarding groundwater-surface water

interactions present challenges for GSAs.

One challenge is related to maintaining GSA

credibility with water users. Given limited information,
groundwater users may not think that their pumping
impacts surface water. For example, private pumpers five
miles away from a river may not believe (or may refuse to
believe) that their pumping could impact surface water.
If these pumpers then dispute the basic factual premises
for a GSA’s management actions, and the GSA cannot

respond with robust data, it will face credibility issues.

A second challenge is that GSAs will need to decide
what amount of uncertainty is acceptable. As Table 2
outlines, there are a variety of tools and methods for

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE



measuring groundwater-surface water interactions. These
tools vary widely in terms of cost and accuracy. There is
also wide variance in the depth and accuracy of data and
information that will be needed to understand a given
basin, given that the precise nature of groundwater-
surface water connections differs greatly within and

between groundwater basins. Determinations about

what constitutes an adequate conccptualization of
groundwater-surface water interactions—and the costs
of obtaining the information deemed adequate—are
thus likely to vary widely. Data acquisition and analysis
come with costs, and questions will arise regarding the
acceptable balance of uncertainty and expense.

Table 2: Tools and methods for monitoring and measuring stream-aquifer dynamics

TOOL / DESCRIPTION
METHOD

Groundwater Relies on monitoring
level water levels in wells on
monitoring a seasonal or finer-scale

basis. Well levels can be
compared to surface
water elevation to
determine the direction
of flow (into or out of the

near streams'

stream).
Streamflow Estimating baseflow by
gaging and examining hydrographs
hydrograph to separate groundwater-
analysis'® derived flow from

stormwater flows.
Seepage Using a device to directly
meters'? measure flow between

surface water bodies and
groundwater. Commonly
used to measure water
losses from irrigation
canals.

FIELD SAMPLING AND MEASUREMENT METHODS

Monitoring of
physical and
geochemical
properties?®

Monitoring of
properties such as water
temperature, isotopes,
electrical resistivity, and
salinity.

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE

BENEFITS COSTS AND

LIMITATIONS

May be overly simple
in many cases; does
not provide a full
picture of complex
groundwater-surface
water dynamics;
existing well network
may be inadequate.

Simple; low cost (if
existing network is
adequate); relies on
existing groundwater
monitoring well
network. Very useful
for monitoring long
term trends.

Requires continuous
stream gaging at
appropriate (often
multiple) locations.
May not provide a full
picture of complex
groundwater-surface
water dynamics.

Relatively simple and
low cost if streamflow
gages already exist at
appropriate locations.
Provides a direct
measure of streamflow
contribution from
groundwater.

Numerous sources of
error exist. Not well
suited for surface
water bodies with
currents or fast water,
rocky sediment, or
very soft sediment.

Device is low cost and
simple to operate.

Ability to track
movement of
groundwater through
a connected system.
Useful in combination
with other methods.

Possibly expensive
data collection and
analysis.

Navigating Groundwater-Surface Water Interactions
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MAPPING AND MODELING METHODS

TOOL /
METHOD

Mapping
groundwater
dependent
ecosystems
(GDEs), streams,
and seasonally
dry streambeds?

Water balance?

Analytical
modeling:
stream-
depletion
function?*

Numerical
modeling:
integrated
groundwater-
surface water
modeling?®

Navigating Groundwater-Surface Water Interactions

DESCRIPTION

Mapping GDEs,
interconnected

streams, and seasonally
dry streambeds to
understand groundwater-
surface water
connections.

Calculating groundwater
contribution to
streamflow in the

form of baseflow on

an annual, seasonal, or
monthly basis. Basin-
scale groundwater
contribution is estimated
as a closure term based
on estimates of water
inputs and outputs within
a basin.

Simple analytical model
that calculates stream
depletion from well
pumping, along with
stream recharge, taking
into account the distance
of pumping/recharge
from the stream.

Computer model of
groundwater system or
integrated hydrologic
system, which typically
includes basin geometry
and hydrogeological
parameters.

BENEFITS

Contributes

a detailed
understanding of the
characteristics and
spatial distribution
of streams and
GDEs. Focuses on
identifying locations
where groundw