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E X E C U TIV E  S U M M A R Y

U nusually am ong w estern states in the U nited S tates, C alifornia has no statew ide regulation of

groundw ater allocation or m anagem ent. R ather, a com plicated netw ork of local agencies m anages

groundw ater. The lack of state oversight m eans that there is little easily accessible inform ation about how

these agencies plan for the developm ent and m anagem ent of groundw ater resources. W e do know  that

significant areas of the S tate suffer from  critical conditions of overdraft, w here groundw ater pum pers

w ithdraw  a far greater volum e of groundw ater than appears to be sustainable. These continually low ering

w ater tables threaten serious econom ic, social, and environm ental harm s. E ven so, groundw ater use is

increasing, and is projected to increase at a greater rate in the future.

O ver decades, com m entators have advocated reform ing C alifornia's groundw ater law s to alleviate

problem s of groundw ater overdraft. M any suggestions derive useful inspiration from  the experience of

other S tates, and som etim es other countries. This report takes a different tack. It draw s inspiration from

how  local agencies currently m anage groundw ater in C alifornia. It analyzes a collection of over 50 local

groundw ater m anagem ent p la n s-m o st sourced directly from  the agencies them selves-to find prom ising

and innovative approaches to local groundw ater m anagem ent. These approaches are organized into four

key them es: involving stakeholders, collecting good inform ation, adopting a diverse "portfolio" of

approaches to groundw ater m anagem ent, and taking steps to ensure that a plan can be im plem ented in

practice.

C ontrary to popular expectations, the report uncovers a treasure trove of innovative strategies for

groundw ater m anagem ent in C alifornia. A m ong other things, w e see agencies using m easurable

objectives for lim iting groundw ater draw dow n; analyzing suites of m anagem ent options w ith transparent

decision criteria and sim ulations; collaborating w ith neighboring agencies; involving a broad range of

agricultural, m unicipal, environm ental, S tate, and federal stakeholders in their planning decisions;

undertaking groundw ater m etering as w ell as m onitoring; actively controlling pum ping to lim it groundw ater

draw dow n; and protecting hydrologically connected surface w aters and groundw ater-dependent

ecosystem s. These practices m ay not be com m on, but they should be. This report is intended, in part, as

a resource for local agencies, to enable these practices to becom e m ore w idespread.

The hom e-grow n innovations uncovered by this report point the w ay forw ard for local agencies to better

m anage groundw ater in C alifornia, and the w ay tow ards an updated and im proved S tate policy structure

to encourage them  to do so. S trengthening C alifornia's legislation for groundw ater m anagem ent planning,

inform ed by current best practice, w ould provide a path tow ards better groundw ater m anagem ent and

retain the S tate's historical focus on local agencies driving local change. The local planning actions

uncovered by this report are not only innovative, they are also practical, dow n-to-earth and d o a b le -th e y

are being undertaken by different types of local agencies, w ith w idely varying resources, across the S tate,

right now .
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P A R T  O N E : IN TR O D U C TIO N

U nusually am ong w estern states in the U nited S tates, C alifornia has no statew ide regulation of

groundw ater allocation or m anagem ent. A nd although the S tate W ater R esources C ontrol B oard has the

legal pow er to prevent the "unreasonable use" of groundw ater in the S tate and to control pum ping by

initiating adjudications of groundw ater rights (C al. W ater C ode §§ 2100-21 02), it does not exercise that

pow er (S andino, 2005, p. 478). Instead, by convention, the state refrains from  intervening and leaves

these m atters to local agencies, of w hich there are m any different "species" established under different

state statutes.

C om m entators have advocated reform ing C alifornia's groundw ater law s over decades. Their suggestions

have ranged from  regulating groundw ater at the S tate level (H anak et al., 201 0; S ax, 2003, p. 288;

Taylor, 201 0), to enforcing and im proving prohibitions on w asting w ater generally (N eum an, 1998), to

establishing a groundw ater reserve as protection from  drought (Langridge, 2009). M any suggestions

derive useful inspiration from  the experience of other S tates, and som etim es other countries. B ut in the

short term , w holesale S tate-level w ater reform  seem s a distant prospect.

This report takes a different tack. It draw s inspiration from  how  local agencies currently m anage

groundw ater in C alifornia. B ased on an analysis of a random ly selected collection of 52 groundw ater

m anagem ent plans m ade by local agencies under C alifornian law  (out of som e 130 in total), this report

highlights current "best practice" in local groundw ater m anagem ent planning in C alifornia. H ere, best

practice is defined by reference to accepted principles of w ater resources planning, like collecting

adequate inform ation, involving stakeholders, and pursuing m ultiple goals and strategies.

The innovations presented here are neither com m on nor representative of groundw ater m anagem ent in

C alifornia-they are exceptional. E ven putting the desirability of longer term  reform s aside, these

practices chart a path forw ard for local agencies in C alifornia in a w ay that is innovative, practical, dow n-

to-earth and d o a b le -a  path that requires only that C alifornians look to each other for inspiration.

This report m arks the start of a m ulti-year groundw ater research program -part of the Joint Initiative on

W ater in the W est, of the W oods Institute for the E nvironm ent and the B ill Lane C enter for the A m erican

W est at S tanford U niversity. A s a prelim inary step, it does not seek to offer definitive solutions. R ather, it

aim s to challenge the com m on view  of all groundw ater m anagem ent in C alifornia as law less and

backw ard, by highlighting innovative practice that can help chart a path to reform s w hich could grow

organically from  current practice. It also hopes to spur further em pirical research on how  groundw ater

m anagem ent planning activities on paper translate to challenges and successes on the ground, by

pointing to selected agencies and areas that show  prom ise.

P art Tw o of this report sets out key practical and policy rationales for local w ater agencies to engage in

groundw ater m anagem ent, w ith reference to the effects of overdraft. P art Three describes in m ore detail

w hat is m eant by "groundw ater m anagem ent planning" and presents a vision that defines "best practice"

for the purposes of this report. P art Four sets the stage, outlining the roles of groundw ater pum pers and

local w ater agencies in m anaging groundw ater in C alifornia, and how  C alifornian law  and policy provide

for groundw ater m anagem ent plans. It suggests that this law  and policy is now  out of date and in need of

reform , w hen com pared to other legal developm ents in w ater planning in C alifornia. P art Five gives

detailed exam ples of how  selected local agencies in C alifornia approach groundw ater m anagem ent in an

innovative and practical w ay. P art S ix concludes and suggests how  the innovations outlined in this report

could lead to further policy developm ents in, and research on, C alifornian groundw ater m anagem ent.
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P A R T  Tw o: W H Y  M A N A G E  G R O U N D W A T E R ?

To appreciate the need to m anage groundw ater, and the responsibilities that local agencies face in doing

so, it is necessary to consider how  groundw ater is used and the consequences of depletion at the ground

level. C alifornians use groundw ater prim arily for irrigation (around 75% ) and m unicipal and dom estic

purposes (around 23% ) (K enny &  U .S . G eological S urvey, 2009, p. 7). G roundw ater use is increasing,

and is projected to increase at a greater rate as clim ate change threatens the reliability of surface w ater

supplies (C al. D ep't of W ater R esources, 2008, p. 5).

E ven at current rates of use, in som e regions of C alifornia, groundw ater pum pers w ithdraw  a far greater

volum e of groundw ater than appears to be sustainable. The latest state assessm ent of critical

groundw ater overdraft in C alifornia dates from  1980. It found that 11 basins suffered from  "critical

conditions of overdraft", m eaning that "continu[ing] present w ater m anagem ent practices w ould probably

result in significant adverse overdraft-related environm ental, social, or econom ic im pacts"-term s w hich

are defined at the local level (C al. D ep't of W ater R esources, 2003, p. 98).

E conom ically, w ater production costs m ay increase because dim inishing groundw ater levels m ean that

m ore energy is needed to pum p w ater to the surface. It also costs m ore to treat groundw ater that has

been affected by quality problem s associated w ith overdraft, such as intruding seaw ater, saline

groundw ater, or new ly m obilized contam inants (Zekster, et al., 2005, pp. 402-403). A t the extrem e,

im paired quality can render groundw ater unusable (C al. D ep't of W ater R esources, 2003, p. 8), and

possibly w ithout econom ic value. G roundw ater extraction has caused groundw ater levels to decrease by

m ore than 200 feet in som e parts of C alifornia (U .S . G eological S urvey, 2003, p. 3), and ground

subsidence affects over half of the S an Joaquin V alley (Zekster, et al., 2005, p. 401). This perm anently

reduces the storage capacity of the aquifer and m ay dam age overlying infrastructure and aggravate

seaw ater intrusion. In som e areas, subsidence has resulted in the need for costly flood control

infrastructure (S anta C lara V alley W ater D ist., 2001, pp. 13, 44).

Intensive groundw ater use also represents a pow erful potential source of social conflict, although it has

certainly provided significant social benefits from  econom ic developm ent (Llam as &  M artinez-S antos,

2005). Though there appears to be little sustained w ork on the social effects of overdraft in C alifornia, the

econom ic harm s described above naturally have corresponding social effects.

In ecological term s, groundw ater depletion m ay adversely affect connected stream s, lakes, w etlands,

springs, coastal environm ents, and the flora and fauna w hich depend on aquifers directly, or on these

connected system s (A lley, et al., 1999, pp. 30-44). The ecological im pacts of groundw ater overdraft in

C alifornia include dim inished stream flow  and lake levels, dam aged vegetation, and corresponding effects

on fish and m igratory birds. E ffects are felt at Lake M erced near S an Francisco, R edw ood C reek in

northern C alifornia, the C osum nes R iver near S acram ento, and the O w ens R iver V alley, to nam e a few

(Zekster, et al., 2005, pp. 398-401).

G roundw ater m anagem ent planning is a key w ay to prevent and holistically deal w ith these effects on a

vital w ater supply for farm s and cities in C alifornia.

2
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P A R T  T H R E E : G R O U N D W A T E R  M A N A G E M E N T  P L A N N IN G

H istorically, w ater resource problem s w ere considered "technical challenges to be resolved through

purely technical m eans" (Feldm an, 1991, pp. 72-73). A  m ore m odern view  of w ater resources

m anagem ent conceives of a m uch m ore com prehensive, planning-based approach to w ater

m anagem ent. S uch an approach involves m anaging all w ater sources, involving stakeholders, m eeting

the basic needs of both hum an w ater users and the environm ent, and m anaging dem and through greater

efficiency, public education, and incentives to conserve w a te r-in  addition to sim ply augm enting w ater

supplies (B rooks, et al., 2009; P alaniappan &  G leick, 2009, p. 13). This report adopts this holistic

understanding of groundw ater m anagem ent and draw s out elem ents of C alifornia's local agency plans

that together, build such an approach. B efore discussing these local approaches in detail, it is appropriate

to consider in greater depth w hat each elem ent of this holistic vision of groundw ater m anagem ent

planning requires.

1. O verview  of w ater resources planning

W ater resources planning refers to a process of (G ardner, et al., 2009, p. 273; G leick, 1998):

· system atically gathering inform ation about a w ater resource, including its status and its

environm ental, social and econom ic values;

· identifying existing rights and interests;

· evaluating present and future w ater needs;

· setting guidelines for future m anagem ent;

· regularly review ing the plan to ensure it can adapt to changing circum stances; and

· publicly reporting on the plan's im plem entation.

W ater planning is particularly im portant as a w ay to form ally anticipate and deal w ith variable w ater

availability in arid and sem i-arid areas, and as groundw ater extraction and resource stress intensify.

A lthough som e jurisdictions use w ater plans as a prim ary w ay to control access to groundw ater, in

C alifornia, m anagem ent plans for groundw ater overlay allocation system s founded on com m on law  rights.

G roundw ater m anagem ent plans are one type of w ater m anagem ent plan am ong m any, including:

· the five-yearly S tate W ater P lan, w hich sets out goals and objectives (C al. W ater C ode§ 1 0004);

· integrated w ater resources m anagem ent plans (C al. W ater C ode §§ 10530-1 0550);

· urban w ater m anagem ent plans (C al. W ater C ode§§ 10610-1 0656); and

· agricultural w ater conservation program s (C al. W ater C ode §§ 10520-1 0523).

W hether or not they have legal force, plans are "the basic instrum ent for ensuring the rational

m anagem ent of the w ater resources available" (C aponera, 2007, p. 137; S ax, 2003, p. 317).

2. Involving stakeholders

P ublic participation has been a feature of w ater planning in the U nited S tates for decades, though its

im plem entation has not alw ays been uncontroversial (W engert, 1971). The tw o key issues are w ho to

consult, and w hat role they should play. It is increasingly recognized that in w ater m atters, "everyone is a

stakeholder'', including disadvantaged groups, individuals, non-governm ent entities, and local groups of

all kinds (G lobal W ater P artnership Technical A dvisory C om m ., 2000, pp. 15-17; lza &  S tein, 2009, p. 86).

S takeholders should m ake "significant contributions to outcom es", rather than m erely "legitim ize decisions

already m ade" (B ergkam p, et al., 2009, p. 39; G lobal W ater P artnership Technical A dvisory C om m .,

3
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2000, pp. 15-17). For exam ple, in the groundw ater sphere, stakeholders should be involved in "decid[ing]

the specific conditions under w hich the undesirable consequences [of groundw ater depletion] can no

longer be tolerated" (A lley, et al., 1999, p. 76). Form al advisory com m ittees of stakeholders assist local

w ater agencies by providing a variety of perspectives, reducing future conflicts, achieving local buy-in,

and broadening the discussion beyond purely operational issues (C ity of S an D iego W ater D ep't, 2007,

pp. 3-18).

3. C ollecting inform ation

P um ping groundw ater w ithout m onitoring extraction or the state of the aquifer has been com pared to a

business continually w ithdraw ing m oney from  a bank account w ithout any bookkeeping system  (U .S .

G eological S urvey, 2003, p. 4). Indeed, the C alifornian Legislature itself acknow ledges that inform ation

about groundw ater is required to properly m anage the resource (C al. W ater C ode § 1 0750(b)). The m ost

fundam ental data for groundw ater m anagem ent relates to groundw ater levels, quality, extraction (Taylor

&  A lley, 2001, p. 1), and the health of dependent ecosystem s. W hen local agencies require w ell ow ners

to register and m eter their w ells, and report groundw ater extraction, they gain crucial inform ation about

the stress on the resource and the w ider local im pacts of depletion, for exam ple, ground subsidence.

W hen they also collect ecological inform ation-inform ation that m ay initially seem  outside their

"m ission"-they gain the ability to m anage the resource for broader and longer-term  sustainability,

beyond a narrow  focus on short-term  w ater supply goals.

4. A dopting a portfolio approach to groundw ater m anagem ent strategies

A  portfolio approach to groundw ater m anagem ent, as presented here, has tw o key characteristics-it

involves m ultiple goals, and it involves using m ultiple strategies to pursue each goal. Traditionally, local

w ater agencies in C alifornia focus on a narrow  portfolio of goals. They focus very strongly on groundw ater

supply for consum ptive purposes, often to the exclusion of other goals, like m aintaining or restoring

ecosystem s, protecting connected surface w aters, or ensuring that groundw ater use m inim izes third-party

im pacts on society.

H istorically, C alifornia has also preferred engineering solutions to w ater problem s over other approaches,

and to som e extent, this rem ains true, unnecessarily im poverishing C alifornia's portfolio of w ater

m anagem ent strategies (H anak, et al., 2010, p. 25). R ather than seeking a "silver bullet", w ater problem s

are better approached w ith a portfolio of strategies (H anak, et al., 2010, p. 34). A lthough the local context

w ill determ ine w hich strategies are likely to be effective, em pirical evidence suggests that having a larger

and m ore diverse suite of w ater m anagem ent actions is likely to enhance overall effectiveness and

robustness; redundancy can encourage greater com pliance because different users w ill respond to

different approaches and increase "com plem entarity", w hereby different approaches reinforce each other

(C ash, 2006, p. 285).

W ater resources literature is filled w ith different m ethods of dealing w ith m anaging groundw ater to control

depletion. G iven the historical em phasis on engineered, supply-side solutions, this report focuses on how

local C alifornian agencies m anage groundw ater dem and using voluntary and m andatory m easures;

infrastructure m easures are covered to a lesser degree, w ith an em phasis on the conjunctive

m anagem ent context, as described below .

A  m andatory approach to dem and m anagem ent involves lim iting extraction to a target level by m andating

reductions in existing pum ping, lim iting the construction of new  w ells, or requiring conservation m easures.

Ideally, the target extraction level should avoid irrem ediable im pacts on im m ediate and dow nstream

freshw ater ecosystem s and m aintain their integrity; consider links w ith w ater quality; and include

4

L011246




"m easures aim ed at coping w ith droughts", such as a drought reserve, given that groundw ater is often

required as a buffer against drought (D ellapenna, 2004, pp. 89, 90; Flint, 2004, pp. 41, 4 7; N evill, 2009, p.

2627). S ince m andatory m easures often encounter strong opposition from  existing and aspiring rights-

holders; lim its should be set w ell before extraction approaches those levels (N evill, 2009, p. 2628).

A  voluntary approach to dem and m anagem ent entails using fees, educational m easures or w ater

efficiency projects to reduce groundw ater pum ping. The fee-based approach entails charging private w ell

ow ners fees for groundw ater extraction. In theory, the econom ic value of w ater com prises both its m arket

value and its "non-m arket values to hum an capital and ecosystem  service values" (Lant, 2007, p. 64). In

practice, realizing this vision through fees is d ifficu lt-it is far easier to leave out or under-account for

costs that are difficult to calculate, like the costs of "servicing the regulatory fram ew ork, environm ental

degradation, forced social change, im pacts on future generations and this generation in the future"

(C onnell, 2007, p. 31). O ne m ethod of introducing fees w hile reducing resistance and encouraging

conservation is to use tiered charges, or allow  users to pum p a certain volum e free of charge (S chiffler,

1998, p. 171).

Infrastructure m easures entail either constructing or changing the operation of existing infrastructure.

Infrastructure m easures include reducing dem and for local groundw ater by treating and recycling

w astew ater or im porting w ater from  other basins. H ow ever, it m ust be noted that relying heavily on

im ported surface w ater m ay be ecologically dam aging to the source area (Langridge, 2009, pp. 317-318).

A nother infrastructure-related m easure is conjunctive m anagem ent-using surface w ater and

groundw ater in a coordinated w ay, such that surface w ater is used to recharge groundw ater w hen surface

supplies are abundant, and groundw ater is used preferentially ("recovered") in tim es of shortage. This can

involve directly replenishing aquifers using spreading basins, injection w ells or riverbeds. W hile this has

obvious advantages, recovering groundw ater from  storage during a severe drought can com prom ise

connected surface w ater system s and cause all of the problem s of severe overdraft discussed above

(Langridge, 2009, pp. 317-318). A lternative solutions include changing the spatial or tem poral

m anagem ent of pum ping to reduce the intensity of local depletion effects (A lley, et al., 1999, pp. 72-73).

This P art has presented a theoretical vision of holistic groundw ater m anagem ent planning. W ith this

vision in m ind, P art Four now  exam ines the law  and policy of groundw ater m anagem ent planning in

C alifornia, before P art Five discusses C alifornian groundw ater m anagem ent planning in practice.
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P A R T  F O U R : G R O U N D W A T E R  P U M P E R S , W A T E R  A G E N C IE S , A N D  TH E  L A W  A N D  P O L IC Y  O F G R O U N D W A T E R

M A N A G E M E N T  P L A N N IN G  IN  C A L IF O R N IA

B efore discussing how  C alifornian law  provides for groundw ater m anagem ent plans, this report first sets

the stage by presenting answ ers to tw o vital prelim inary questions. W hat role do groundw ater users have

in controlling groundw ater? A nd w hich local w ater agencies have an interest in m anaging groundw ater?

1. W hat role do groundw ater pum pers have in m anaging groundw ater?

In m ost areas, w ell ow ners can pum p groundw ater w ithout holding any adm inistrative perm it (S ax, 2003,

p. 270). The com m on law  doctrine of correlative rights regulates the taking and use of groundw ater,

unless local arrangem ents apply. That doctrine lim its groundw ater pum ping to the "safe yield", being the

volum e of natural and artificial recharge of the aquifer, w hich is shared by overlying landow ners on an

"equitable basis" (regardless of their particular uses), and by non-overlying landow ners, if there is

sufficient w ater available (K atz v. W alkinshaw , 74 P. 766 (C al. 1903)).

These com m on law  rules have been heavily criticized as insufficient to properly m anage groundw ater or

control groundw ater depletion (S andino, 2005, p. 479). To lim it extraction, they require an individual user

to file a law suit to settle all the groundw ater rights in a basin, a course of action w hich is expensive and

tim e-consum ing (Langridge, 2009), and one w hich m ost agencies are very eager to avoid. A s a result it is

rarely done: adjudications cover only 22 of C alifornia's 431 basins (C al. D ep't of W ater R esources, 2003,

p. 1 06; 2009). W ithout basin adjudications, "users can continue their use unabated", and the system  m ay

even encourage overpum ping (K rieger &  B anks, 1962, pp. 61-62; S andino, 2005, p. 4 77). A djudications

are also lim ited them atically, since they cannot regulate groundw ater pum ping to protect w ater quality

(C al. D ep't of W ater R esources, 2003, p. 40), nor plan for future changes in supply. Finally, som e view

resolving w ater disputes adversarially, rather than collaboratively, as inherently "dysfunctional", a process

that "hinders our ability to create w in-w in outcom es" (S heer, 2010, pp. 3, 4).

G roundw ater m anagem ent plans can help to address som e of the problem s w ith this com m on law

system . In contrast to basin adjudications, groundw ater m anagem ent plans can cover large areas, and

can integrate considerations of w ater quantity and quality, all w ith an eye to the future. N onetheless, even

w ith C alifornia's system  of voluntary groundw ater m anagem ent plans, if local w ater agencies do not act,

groundw ater pum pers have com plete m anagem ent control over the resource, w ith no higher level of

cooperation or rational planning.

2. W hich local w ater agencies have an interest in m anaging groundw ater?

C alifornia's W ater C ode provides for an astounding array of over 20 general types of local w ater

agencies, w hich m ay be established anyw here in the S tate (C al. D ep't of W ater R esources, 2003, p.34,

Table 32). O n the ground, there are around 2300 of these agencies,

2 

w hich m ay have interests in

groundw ater. These agencies m ay supply groundw ater to their custom ers, or supply surface w ater to

custom ers w ho also use groundw ater, or they m ay w ish to protect the resource because they plan to use

it as a source of supply in the future. S uch agencies include C alifornia w ater districts, county w ater

2 

This num ber w as arrived at by taking the 20 statutes, w hich the current S tate G roundw ater B ulletin indicates m ay

have groundw ater m anagem ent pow ers, and noting the num ber of agencies w hich fall into these types, as set out in

the C alifornia C ontroller's latest report on special districts (C al. D ep't of W ater R esources, 2003, p. 34; C al. S tate

C ontroller, 2010, p. 1061 ).
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districts, irrigation districts, reclam ation districts, w ater conservation districts, w ater replenishm ent

districts, w ater storage districts, and w aterw orks districts.

In addition to these general types of agencies, several S tate acts target specific geographical areas

suffering from  local groundw ater problem s by creating special districts w ith pow ers tailored to dealing w ith

these problem s. Their pow ers include controlling in-basin pum ping in situations of actual or threatened

overdraft, lim iting exports, spacing w ells to m inim ize w ell interference, and im posing groundw ater-related

charges. S om e view  these districts as "the state-of-the-art in local groundw ater m anagem ent ...

successful in addressing their groundw ater problem s, and [] useful m odels to be considered for use in

other parts of the state", w hile conceding that S tate-level political w ill m ay be insufficient to extend this

technique to other overdrafted basins (S andino, 2005, p. 484). Indeed, som etim es a local w ater agency is

created in the form  of a general statutory district (not a special district) to deal w ith serious groundw ater

depletion problem s, possibly giving force to this view  (Turlock G roundw ater B asin A ssoc., 2008, pp. 33-

34). The D W R  lacks an oversight function in relation to w ater m anagem ent by both local w ater agencies

and also special districts (C al. D ep't of W ater R esources, 2003, p. 33).

A s these com plicated agency arrangem ents suggest, a vast range of local agencies has an interest in

m anaging groundw ater. This includes m any general statutory types of agencies w hich have varying

interests in m anaging groundw ater-as an existing or potential future user, or as a supplier of surface

w ater to custom ers w ho also use groundw ater. It also includes specially created districts w hich w ere

established to deal w ith serious local groundw ater problem s.

3. H ow  do C alifornian law  and policy provide fo r groundw ater m anagem ent plans?

In C alifornia, statutory arrangem ents for groundw ater m anagem ent plans overlay the com m on law

allocation system , and allow  agencies to m anage groundw ater m ore proactively than is possible under

com m on law  rules (H anak, 2003, p. 1 08; S andino, 2005, p. 484).

C alifornia's G roundw ater M anagem ent A ct (A B  3030) encourages local-level groundw ater m anagem ent

in basins w ith significant w ater use, w hich are not adjudicated (C al. W ater C ode §§ 1 0750(a), 10750.2,

1 0752(b)). It perm its a local agency, w hich includes a special district or a group of agencies, to adopt and

im plem ent a groundw ater m anagem ent plan (G W M P ) for all or part of the agency's service area (C al.

W ater C ode §§ 1 0752(g), 1 0753(a), 1 0755.2).

A dopting a G W M P  involves form al procedural steps, including m aking specific resolutions, issuing public

notices and conducting public hearings (C al. W ater C ode §§ 10753.2-1 0753.6). If landow ners

representing m ore than 50 percent of the assessed value of the land w ithin the local agency protest

against the G W M P , the local agency m ay not adopt it (C al. W ater C ode§ 1 0753.6). A  G W M P  m ay cover

12 enum erated m atters. The quantity-related m atters are: m itigating conditions of overdraft, replenishing

extracted groundw ater, m onitoring groundw ater, facilitating conjunctive use operations, and constructing

and operating groundw ater recharge, conservation, w ater recycling, and extraction projects (C al. W ater

C ode § 1 0753.8). An agency "shall adopt rules and regulations to im plem ent and enforce" a G W M P  (C al.

W ater C ode § 1 0753.9(a)).

W hen a local agency adopts a G W M P , it gains pow er to m anage groundw ater that m ay go beyond its

pow ers under its establishing legislation. First, it m ay lim it or suspend groundw ater extractions, provided it

"has determ ined through study and investigation that groundw ater replenishm ent program s or other

alternative sources of w ater supply have proved insufficient or infeasible to lessen the dem and for

groundw ater" (C al. W ater C ode§ 1 0753.9). In this context, it is im portant to note that pum ping lim its need

not am ount to a constitutional taking, since groundw ater pum pers are restricted to pum ping for a
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reasonable beneficial use (A llegretti &  C o. v. C ounty of Im perial, 42 C al. R ptr. 3d 122 (C al. A pp. 2006)).

S econd, a local agency m ay im pose charges for groundw ater extraction or replenishm ent on the

endorsem ent of a m ajority of voters (C al. W ater C ode § 1 0754.3). O n the other hand, failing to adopt a

G W M P  m akes a w ater agency ineligible to receive w ater grants and loans from  the state (C al. W ater

C ode§ 1 0753.7(b)).

C alifornian law  for G W M P s fills the void of com prehensive m anagem ent that com m on law  rules create,

granting C alifornia's com plicated w eb of local w ater agencies pow ers to plan and m anage local

groundw ater proactively. B ut it is now  out of date, and does not m atch up to m odern principles of

groundw ater planning. It em phasizes augm enting supply to the exclusion of m anaging dem and, and does

not require local agencies to take any sort of action, even in cases of severe overdraft (C ooley, et al.,

2009, p. 11; H anak, 2003, pp. 107-1 08). W hile procedures are set out for am ending a G W M P , a local

agency is not required to review  its G W M P , keep it up-to-date, or even im plem ent it. Indeed, agencies

have som etim es adopted G W M P s as a strategy to head off state intervention, w ithout a strong intention

to im plem ent them  (H anak, 2003, p. 1 07).

A lm ost tw enty years of groundw ater m anagem ent planning in C alifornia (since 1992) have seen policy on

the subject m ature. E arly G W M P s focused on preventing the export of groundw ater from  local areas

rather than on com prehensive m anagem ent, and did not focus strongly on im plem entation (C al. D ep't of

W ater R esources, 2003, p. 54). The Legislature responded by requiring greater rigor, directing the D W R

to develop criteria for evaluating G W M P s, and requiring a local agency to prepare a G W M P  that m et

certain requirem ents in order to be eligible for public funds for groundw ater projects (C al. D ep't of W ater

R esources, 2003, p. 54).

There are five broad types of inform ation that local agencies preparing G W M P s either m ust include to

m eet the funding criteria, or should include, according to the D W R  (C al. D ep't of W ater R esources, 2003,

pp. 54-62):

· C ontext: a description of the area to be m anaged under the plan, and a m ap show ing the basin,

the agency's service area, and surrounding agencies;

· P ublic and ag en cy involvem ent: a plan to involve other local agencies w ith overlapping service

areas; a description of current or planned actions to coordinate w ith agencies that have pow ers

over land use and surface zoning; a statem ent that the public w as inform ed of how  they could

participate in developing the G W M P ; and an advisory com m ittee of interested parties to help

develop and im plem ent the plan;

· B asin m an ag em en t objectives and links betw een these objectives and the goals and actions of

the plan;

· M onitoring: com ponents related to m onitoring and m anaging groundw ater levels and quality,

subsidence, and changes in surface flow  and surface w ater quality that directly affect

groundw ater levels or quality, or are caused by pum ping; m onitoring protocols for the purpose of

m easuring against the basin m anagem ent objectives; and a detailed description of the m onitoring

plan, including elem ents that relate to the type of m onitoring, the type of m easures, and the

frequency and locations of m onitoring;

· A cco u n tab ility and review : a com m itm ent to produce periodic reports that cover im plem entation

of m onitoring, m anagem ent actions, the success or otherw ise of m anagem ent actions in m eeting
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objectives, proposed m anagem ent actions, and any plan changes; and a com m itm ent to

periodically re-evaluate the entire plan.

W hile D W R 's official groundw ater bulletin sets out a sm all num ber o f exam ples in relation to som e of

these elem ents, it provides little guidance on innovative planning approaches or best practice (C al. D ep't

of W ater R esources, 2003, pp. 54-62). N onetheless, G W M P s have reached significant m ilestones,

som etim es the result of truly im pressive m ulti-year collaborations betw een m ultiple agencies and scores

of stakeholders (N .E . S an Joaquin C ounty G roundw ater B anking A uth., 2004, p. 4; S acram ento C ounty

W ater A gency, 2006, p. 1-8; S onom a C ounty W ater A gency, 2007, p. 1-6).

R ecognizing that there is currently very little inform ation available on sophisticated groundw ater

m anagem ent planning efforts across C alifornia, and that w ater planning principles in C alifornia have

m oved beyond D W R 's recom m endations of 2003, the next section describes elem ents o f current local

G W M P s w hich capably address broader issues in groundw ater m anagem ent.

S tepping back from  G W M P s, w ater planning practice m ore generally has becom e m uch m ore

sophisticated both inside and outside C alifornia since the G W M P  provisions w ere last am ended. R igorous

legislative requirem ents, developed betw een 2002 and 2009, now  apply to urban w ater m anagem ent

plans (U W M P s). T hese requirem ents dem onstrate that best practice w ater planning in C alifornia now

involves higher expectations than local agencies are asked to m eet under the elem ents that are required

or recom m ended for G W M P s.

U nder the U W M P  legislation, large w ater suppliers m ust adopt U W M P s, including for groundw ater

sources, regardless of w hether they are seeking grants from  the S tate (C al. W ater C o d e § §  10610-

1 0656). U W M P s m ust include:

· G reater analysis o f the planning context through an evaluation of clim ate-related risks, and by

considering environm ental, social, and technological factors (C al. W ater C ode § 10631 (c), (g)(1 ));

· M ore extensive public involvem ent, nam ely involving disadvantaged groups in the planning

process (C al. W ater C ode § 1 0642);

· A  focus on m anaging dem and in addition to enhancing supply, including m ethods for

evaluating the effectiveness of dem and m anagem ent m easures, prohibiting w asteful uses during

w ater shortages and im posing penalties for excessive use (C al. W ater C ode §§ 10615, 1 0620(f));

and

· M ore rigorous requirem ents fo r acco u n tab ility and re vie w -re q u ire m e n ts to review  and

update U W M P s every five years and to im plem ent the U W M P  or becom e ineligible for w ater

m anagem ent grants or loans from  state w ater agencies (C al. W ater C ode §§ 10621 (a), 10631.5,

1 0640). U W M P s are also required to be m uch m ore accessible, transparent, and subject to

accountability requirem ents than G W M P s. U W M P s m ust be subm itted to the D W R , the C alifornia

S tate Library, and "any city or county w ithin w hich the supplier provides w ater supplies w ithin 30

days after adoption" (C al. W ater C ode § 1 0644(a)). D W R  m ust also subm it a report on the status

of U W M P s and data on their effectiveness to the Legislature (C al. W ater C o d e §  1 0644(b)). N one

of this is true o f G W M P  plans.

W ater planning law  and policy have undoubtedly m oved beyond the current requirem ents and policy

recom m endations in relation to G W M P s. In response, P art S ix suggests reform s, inspired by the vision of

groundw ater planning presented in P art Three, the new er provisions for U W M P s discussed here, and the

innovations in G W M P s now  presented in P art Five.
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P A R T  F IV E : IN N O V A TIO N S  IN  G R O U N D W A T E R  M A N A G E M E N T  P LA N N IN G  IN  C A LIF O R N IA

C alifornia's local w ater agencies have significant pow ers to plan and m anage their local groundw ater

resources. B ut they are not subject to any legal m andates to do so, and they m ay com e under significant

pressure from  local groundw ater users to refrain from  curbing local use or im posing additional

responsibilities (M endocino C ity C om m unity S ervices D ist., 1990 (as am ended, 2007), p. 39).

D espite these pressures, som e local w ater agencies in C alifornia develop and im plem ent innovative

approaches to groundw ater m anagem ent. B ut few  know  about them . N ot only is there very little academ ic

or policy literature on G W M P s in C alifornia, but there is no com prehensive S tate-w ide database of digital

G W M P s, and inform ation barriers som etim es prevent even neighboring agencies from  finding out about

planning activities. G W M P s them selves refer to the "independent character" of local w ater agencies

creating fragm ented governance and m anagem ent, and to the difficulty of sharing control, building trust,

and resolving inter-agency differences (G E l C onsultants, 2009, p. 60; K ings R iver C onservation D ist.,

2005, p. 5-1; N .E . S an Joaquin C ounty G roundw ater B anking A uth., 2004, p. 98). O thers also recognize

that acting independently, local agencies "have found it difficult to w ield the political and financial pow er

necessary to m itigate conditions of groundw ater overdraft" (N .E . S an Joaquin C ounty G roundw ater

B anking A uth., 2004, p. 20).

A cknow ledging these substantial pressures, and the present lack of any w idely available analysis of local

groundw ater m anagem ent planning efforts, the body of this report describes elem ents of current local

G W M P s that address key issues in groundw ater m anagem ent, and give substance to the theoretical

vision of holistic groundw ater m anagem ent planning presented in P art Three. W here possible, exam ples

of different statutory types of entities (for exam ple a county governm ent vs. a w ater district vs. an

irrigation district) or entities in different circum stances (a large vs. a sm all irrigation district) are given for

each issue. A s the exam ples show , elem ents of best practice planning are found in the actions of sm all

agencies w ith very lim ited resources, as w ell as in large agencies; in the actions of general w ater districts

as w ell as special districts dedicated to groundw ater m anagem ent; and in the elem ents of older as w ell as

m ore recent G W M P s.

W hile each solution m ay not be universally feasible or legally possible, it is hoped that local agencies

around C alifornia w ill consider the approaches described here in form ulating their ow n groundw ater

m anagem ent actions, recognizing that m anagem ent innovation is not necessarily precluded by scarce

resources, or any particular statutory form .

It is im portant to em phasize that this P art discusses exam ples of single innovative practices in

groundw ater planning. It does not evaluate each G W M P  as a w hole, but rather, suggests that the

particular elem ent found in that G W M P , together w ith other elem ents suggested here, w ould constitute

innovative practice. This P art also does not suggest that the elem ents of G W M P s given here are the only

exam ples of these elem ents, or that they are the best that G W M P s can be; indeed, there are elem ents of

best practice described in the foregoing sections that do not appear in any of the G W M P s review ed for

this report.

This P art largely takes the form  of tables w hich collate elem ents of agencies' G W M P s, in the follow ing

categories:

· P lanning fo r action: elem ents that help to ensure that G W M P s m ay successfully be

im plem ented, independent of their content;

o Table 1: E xam ples of governance structures for im plem enting G W M P s, listed in

increasing levels of form ality;
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o Table 2: D eterm ining goals and assessing and reporting perform ance;

· C ooperation and stakeh o ld er participation: elem ents for m eaningfully using stakeholder

collaboration to pursue the goals of a G W M P :

o Table 3: S ubjects of collaboration betw een w ater agencies in G W M P s;

o Table 4: S tructures for involving stakeholders in G W M P s;

o Table 5: A voiding and resolving disputes w hen form ulating and im plem enting G W M P s;

· C ollecting inform ation about the g ro u n d w ater context: ensuring inform ed planning by

collecting inform ation on groundw ater and its context:

o Table 6: G athering and standardizing inform ation on groundw ater status and use;

· A  portfolio approach to g ro u n d w ater m an ag em en t planning: em bracing m ultiple goals and

m ultiple strategies for achieving G W M P  goals:

o Table 8: M ethods of m anaging groundw ater dem and;

o Table 9: M ethods of using different w ater sources conjunctively;

o Table 10: M ethods of protecting and enhancing recharge and exam ples of w ater banking;

o Table 11: M ethods of protecting connected surface w aters;

o Table 12: M ethods of restoring ecosystem s and m inim izing ecological im pacts; and

o Table 13: M ethods of considering econom ic and financial sustain ability.

R eferences to groundw ater basins and agencies appear in bold.

1. M oving beyond w ords: P lanning fo r action

A s P art Four described, m any early G W M P s did not focus strongly on im plem entation-so m uch so that

the Legislature took action to require them  to be m ore rigorous. N onetheless, it stopped short of requiring

an agency to im plem ent its G W M P , as is the case for U W M P s. R egardless of legal requirem ents,

forem ost am ong the desirable characteristics of a G W M P  are that it should be able to be im plem ented,

and it should be possible to determ ine w hether it is w orking w ith reference to goals.

C hoosing an appropriate governance structure is an im portant part of ensuring that a G W M P  can be

im plem ented. V arious governance structures are used to im plem ent G W M P s, at varying levels of

form ality (Table 1). C onsiderations relevant to deciding on a governance structure include: the pow ers

necessary to im plem ent the plan; how  stakeholders w ill be represented; how  other interest groups can

participate; how  the group w ill coordinate w ith basin neighbors; how  it w ill be funded; and w hether an

independent coordinating group w ill construct projects, rather than individual m em bers (N .E . S an Joaquin

C ounty G roundw ater B anking A uth., 2004, p. 98).

Table 1: E xam ples o f governance structures fo r im plem enting G W M P s, listed in increasing levels

o f form ality

Loose group

based on M O U s

The S tanislaus and Tuolum ne R ivers G ro u n d w ater B asin A ssociation is

a loosely bound group of entities, organized around a m em orandum  of

understanding w hich aim s to prom ote coordination of groundw ater

m anagem ent planning activities (S tanislaus &  Tuolum ne R ivers G roundw ater

B asin A ssoc., 2005, A pp. A ).

S im ilarly, a series of M O U s links the K aw eah D elta W ater C onservation
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N on-profit

corporation

Joint pow ers

authority

D istrict and, as of 2007, each of 16 stakeholder entities (K aw eah D elta

W ater C onservation D ist., 2006, pp. 50-51; 2008, p. 19).

Local w ater and land m anagem ent agencies m ay becom e voluntary m em bers

of a non-profit corporation, to w hich they pay dues. This form  of group is not a

new  agency, but operates by consensus for the m utual benefit of its m em ber

agencies. The W ater R esources A ssociation o f S an B enito C ounty is one

such group. Its purposes include to "refine, select, and coordinate

im plem entation of m anagem ent actions" set out in the G W M P , deal w ith

proposals for w ater banking and transfers, and com m unicate w ith the public

(Jones &  S tokes A ssoc., 1998, p. 67; http://w rasbc.isoars.com /index.htm l).

A  joint pow ers authority (JP A ) is form ed by tw o or m ore public agencies. S uch

an entity is a separate legal entity w hich can, for exam ple, issue bonds,

em ploy staff, and construct, operate and m aintain facilities. JP A s them selves

can prepare, adopt, and im plem ent G W M P s.

E xam ples of such entities, w hich have adopted and im plem ented G W M P s,

are the S o qu el-A p to s A rea G ro u n d w ater M an ag em en t C om m ittee, the

C how chilla W ater D istrict-R ed Top R esource C onservation D istrict JP A ,

the S acram en to  C entral G ro u n d w ater A uthority, and the Tulare Lake B ed

G ro u n d w ater B asin JP A  (A ngiola W ater D ist. et al., 1999, p. 1; C how chilla

W ater D ist.-R ed Top R esource C onservation D ist. Joint P ow ers A uth., 1997;

S acram ento C ent. G roundw ater A uth., 2009, p. 1; S oquel C reek W ater D ist.

&  C ent. W ater D ist., 2007, p. 1).

A s a result of legislative am endm ents in 2002, C alifornian G W M P s are now  required to include basin

m anagem ent objectives (B M O s) to identify issues and goals for the plan area. R egardless of the precise

nature of groundw ater m anagem ent objectives (see section 5.4 for a discussion of their content), they

should have specific criteria that m ake it possible to determ ine w hether they are being achieved, and they

should trigger m anagem ent actions if they are not achieved (Table 2). A gencies m ay choose betw een the

m any m anagem ent options available to them  by running perform ance sim ulations and using decision

criteria that are keyed to their B M O s. A gencies can also dem onstrate their com m itm ent to im plem enting a

G W M P  and increase their accountability by including a plan of prioritized actions w ith a tim eline and

reporting structure.

Table 2: D eterm ining goals and assessing and reporting perform ance

U sing

m easurable

objectives

The objectives of the G W M P  for C entral S acram en to  C o un ty include:

· M aintaining the long-term  average groundw ater extraction rate at or below

273,000 af/yr, a level w hich w as agreed to avoid undue risk "to private and

public w ell ow ners by dew atering w ells, degrading w ater quality, creating

ground subsidence, and adding cost to pum ping groundw ater from  low er

elevations". The G W M P  provides a full definition of "long-term  average"

and supporting m aterial on the m odeling process used to develop the lim it

(S acram ento C ounty W ater A gency, 2006, pp. 2-29, 3-22).

· M aintaining groundw ater elevations w ithin all areas of the basin w ithin
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U sing triggers 

for m anagem ent 

action 

A nalyzing 

m anagem ent

options w ith

decision criteria

and sim ulations

specific operating ranges. A  five-square-m ile grid is used to define and

report on this objective (S acram ento C ounty W ater A gency, 2006, pp. 3-2

to 3-3).

T he E astern S an Joaquin G ro u n d w ater B asin G W M P  envisions setting

"basin operations criteria", being "quantitative target groundw ater levels and

descriptive basin condition levels". T he prim ary uses of these targets w ould

be judging the effectiveness of groundw ater recharge and controlling

groundw ater exports (N .E . S an Joaquin C ounty G roundw ater B anking A uth.,

2004, p. 147).

E ach objective of the C entral S acram en to  G W M P  has four defined "trigger

points", at w hich the basin governance body w ill consider taking specified

actions, in response to conditions not m eeting the objective. T hese actions

include: investigating the cause of the condition, reducing pum ping to com ply

w ith the objective, and im posing a m onetary assessm ent against w ell ow ners

w ho continue to pum p at high levels in areas that do not com ply w ith the

objective (S acram ento C ounty W ater A gency, 2006, p. 4-3).

S im ilarly, the O jai B asin G ro u n d w ater M an ag em en t A g en cy plans to

establish "action levels" for groundw ater elevations and stream  flow , at w hich

it w ill take special action to protect groundw ater supplies in the basin. T hese

w ill be im plem ented, in part, through ordinances dealing w ith conservation

m easures (O jai B asin G roundw ater M gm t. A gency, 2007, p. 9).

T he S an B enito G W M P  applies explicit selection criteria to com pare and

select m anagem ent options. O ptions are favored if they m eet m ultiple

objectives, do not adversely affect any objective, are cost-effective, equitable,

m aintain m anagem ent flexibility, involve relatively little adm inistrative effort,

have few  perm itting requirem ents and raise few  legal issues, and are likely to

w in public acceptance (Jones &  S tokes A ssoc., 1998, pp. 44-45).

B orrego W ater D istrict's G W M P  transparently evaluates the costs of

different com binations of strategies, w here each com bination w ould solve the

17,000 af annual overdraft experienced in the region (B orrego W ater D ist.,

2002, pp. 66-69).

T he G W M P  for the E astern S an Joaquin B asin describes a process o f

m odeling groundw ater elevations and groundw ater salinity based on a no-

action (status quo m anagem ent) scenario, projected to 2030. T he plan

considers a w ide range of m anagem ent options related to groundw ater

quantity, including options relating to surface supply, groundw ater recharge

and dem and reduction. F or each option, it com pares the cost per acre-foot of

w ater, infrastructure requirem ents, land requirem ents, effectiveness, and

operation and m aintenance requirem ents (N .E . S an Joaquin C ounty

G roundw ater B anking A uth., 2004, pp. 72-74, 85). H ow ever, it does not fully

explain the "effectiveness" criterion, nor how  this w as calculated for each

option. N or does it quantify or m odel the basin im pacts that w ould result from

im plem enting each option or com binations of options. A s a result, the

infrastructure-based projects described later in the plan seem  disconnected
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Form ulating an

im plem entation

plan

R eporting on

im plem entation

from  the groundw ater m anagem ent options initially presented.

T he S onom a  V alley G W M P  assesses the benefit o f different m anagem ent

options by m odeling them  under a range of different w ater availability

scenarios, taking into account projected changes in dem and. The results are

presented as quantified changes in groundw ater storage and levels to 2030

for each scenario. The plan anticipates, but does not quantify, changes in

extraction costs, quality degradation, stream flow , and environm ental

conditions (S onom a C ounty W ater A gency, 2007, pp. 2-38 to 2-41).

S im ilarly, the G W M P  for the C onsolidated Irrigation D istrict uses an

integrated surface and groundw ater m odel to sim ulate changes in

groundw ater levels and flow  direction (G E l C onsultants, 2009, pp. 37-44).

T he S acram ento G ro u n d w a te r A u th o rity considers how  clim ate change

m ight im pact future hydrologic conditions, and how  such im pacts m ight affect

conjunctive use operations (S acram ento G roundw ater A uth., 2008, pp. 55,

65).

T he C entral S acram ento C o u n ty G W M P  m odels different m anagem ent

options and m easures im pacts in term s of w ater quality degradation,

dew atering of w ells, higher pum ping costs, and ground subsidence. S ee

Table 7: M ethods o f controlling groundw ater extraction.

In its im plem entation plan, B utte C o u n ty sets out an im plem entation

schedule for a series o f actions. T hey are categorized into five G W M P

"com ponents" w hich aim  to achieve seven m anagem ent objectives. T he

actions range from  cooperating w ith other parties to undertake groundw ater

m onitoring, to sponsoring annual stakeholder m eetings, to adm inistering

ordinances that relate to the proper construction and perm itting of w ells, lim its

on w ell pum p capacity, w ell spacing, and m inim um  dom estic w ell depths

(B utte C ounty, 2005, pp. 3-1 to 3-22).

T he F ox C anyon G ro u n d w a te r M anagem ent A gency's G W M P  presents an

action plan that categorizes and ranks its strategies (m ost of w hich are

physically carried out by other agencies) m ore broadly, in 5-year intervals

(F ox C anyon G roundw ater M gm t. A gency, et al., 2007, pp. 82-85).

T he S an B e nito  C o u n ty W ater D istrict provides an electronic, publicly

available annual report on groundw ater resources. The report includes w ater

m anagem ent activities, w ater supply sources, groundw ater levels and trends,

w ater dem and, revenues, expected future conditions, and recom m endations

for refining m anagem ent (Todd E ngineers, 2009).

T he S anta C lara V alley W ater D istrict produces an electronic, publicly

available annual report on groundw ater protection and augm entation

activities. The report includes inform ation on current and project w ater

requirem ents, program s to sustain the reliability o f w ater supplies, and

financial inform ation (S anta C lara V alley W ater D ist., 2009). The D istrict also

provides a m onthly report on groundw ater levels

14

L011256




(http://w w w .valleyw ater.org/S ervices/G roundw aterM onitoring.aspx).

B utte C ounty's G W M P  plans the developm ent of quantitative B M O s,

supported by a county ordinance (now  C h. 33A , B utte C ounty C ode) (B utte

C ounty, 2005, pp. 3-13, 13-20). That ordinance requires representatives from

each B M O  sub-area annually to report groundw ater levels, groundw ater

quality, and subsidence m onitoring results to the C ounty w ater departm ent to

be assessed against the B M O s. U nder its G W M P , B utte C o u n ty also

com m its to pursuing funding to develop a w eb-based B M O  Inform ation

C enter for m onitoring and reporting inform ation. The Inform ation C enter's

interactive m aps show  m onitoring w ells for four adjacent counties. E ach w ell

can be selected to show  current and historical groundw ater elevation and

quality data (som etim es stretching back decades), color-coded to show

com pliance or non-com pliance w ith the county's B M O s. S ee Figure 1: B asin

M anagem ent O bjective Inform ation C enter for B utte, Teham a, G lenn and

C olusa C ounties - screenshot o f m ap interface and individual w ell

inform ation. The Inform ation C enter also houses annual B M O  docum ents for

each B M O  sub-area, w hich explain how  B M O s w ere developed for that year,

and include m onitoring data

(http://w w w . buttecou nty. net!W ater% 20and% 20 R esou rce% 20C onservation/B

M O .aspx).
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F igure 1: B asin M anagem ent O bjective Inform ation C enter for B utte, Teham a, G lenn and C olusa C o u n tie s- screenshot o f

m ap interface and individual w ell inform ation

(http://gis.buttecounty.net/bm oic3/G is/D efault.asp?loadfile=m ap.asp& county)
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2. C ooperation and stakeholder participation

There are num erous barriers to local w ater agencies cooperating in groundw ater m anagem ent planning,

including difficulties in building trust betw een local w ater m anagem ent entities, and difficulties in m atching

benefits and funding burdens (G E l C onsultants, 2009, p. 60). Further barriers prevent local w ater

agencies from  cooperating w ith other agencies, w hich undertake activities that can affect groundw ater

m anagem ent, for exam ple city land-use planning departm ents. Y et cooperation can save agencies tim e

and m oney by reducing duplication in m anagem ent efforts, taking advantage of econom ies of scale w hen

contracting for sim ilar goods and services, and avoiding inadvertently counterproductive m anagem ent

m easures being taken by neighbors that are unaw are of each other's actions. The exam ples given below

show  the w ide range of groundw ater m anagem ent issues on w hich local w ater agencies can cooperate.

Table 3: S ubjects of collaboration betw een w ater agencies in G W M P s

C ollaborating to

investigate G W

resources

C ollaborating on 

a strategic data

collection plan

C oordinating to 

control

groundw ater-

intensive

developm ent

In 2001, a group of 15 local w ater districts in the S an Joaquin V alley, including the

P oso C reek R egional M anagem ent group of 7 districts, jointly prepared a report

analyzing local groundw ater resources to identify favorable areas for groundw ater

recharge and recovery (K ern-Tulare W ater D ist. &  R ag G ulch W ater D ist., 2006, p. 17).

A fter the S acram ento G rou ndw ater A uthority identified significant inconsistencies

betw een the data collection m ethods of its 14 m em ber agencies, it initiated a S tandard

O perating P rocedure (S O P ) for collecting w ater level data, provided m em ber agencies

w ith D P H  guidelines for the collection of w ater quality data, and offered training in the

use of these standards (S acram ento G roundw ater A uth., 2008, pp. 44, A pp.D ).

N B : S ee also Table 6: G athering and standardizing inform ation on groundw ater status

and use.

An ordinance of the S ierra V alley G roundw ater M anagem ent D istrict (S V G M D )

(O rdinance 83-01) puts in place arrangem ents com m only know n as "assured w ater

supply" rules. It requires any person w ho is seeking a land use approval from  a local

land use agency for a developm ent that w ill use groundw ater w ithin the S V G M D 's

boundaries, to file docum ents regarding the w ater source w ith the S V G M D . The

S V G M D  m akes a finding as to w hether there is sufficient groundw ater available, and

only then m ay the local agency approve the developm ent.

N B : In relation to groundw ater intensive developm ent, see also Table 8: M ethods o f

m anaging groundw ater dem and.

In addition to local agencies collaborating betw een them selves, a vast range of stakeholder groups has

helped form ulate G W M P s in C alifornia. U ndeniably, broad stakeholder involvem ent takes tim e. S om e

G W M P s that cover large areas report up to 6 years of consensus-building and negotiation w ith tens of

stakeholder groups (S acram ento C ounty W ater A gency, 2006, p. 1-4). H ow ever, broad stakeholder

involvem ent brings m ultiple perspectives to help m eet m ultiple objectives, and can help avoid conflicts

that have derailed past groundw ater m anagem ent efforts, w hich w ere otherw ise prom ising (Thom as,

2001, pp. 15-16, 19). Their involvem ent also helps to ensure that plans and program s are consistent

across agencies, avoiding potential inter-governm ental conflict, w hich can be particularly problem atic in

the groundw ater sphere, w hen jurisdictional boundaries are blurred and m ay overlap (Thom as, 2001, pp.

17

L011259




24-25). Table 4 sets out exam ples of different structures for involving stakeholders in G W M P s.

Table 4: S tructures fo r involving stakeholders in G W M P s

S tructures for

involving

stakeholders

Involving a 

broad range o f

stakeholders 

S takeholders m ay be involved as part of a form al S takeholder G roup, or on form al

com m ittees such as a Technical C om m ittee or P olicy C om m ittee form ed to advise

the G W M P  agency, as is the case at the B orrego W ater D istrict (B orrego W ater

D ist., 2002, p. 17).

S im ilarly, the G lenn -C olu sa Irrigation D istrict's G W M P  provides for establishing a

B asin M anagem ent C om m ittee consisting of stakeholder representatives, w hich is

charged w ith creating a Technical A dvisory C om m ittee to set lim its on w ithdraw als

and m itigation m easures. The B asin M anagem ent C om m ittee considers changes to

the G W M P , the rules and regulations required to im plem ent it, and budget issues

(G lenn-C olusa Irrigation D ist., 1995, p. 35}.

G W M P s have involved a w ide range of stakeholders, including:

· O ther local w ater supply-oriented entities, including w ater districts, irrigation

districts, city utility departm ents, w ater agencies, w ater conservation districts,

public w orks districts, county w ater districts, private w ater com panies, surface

w ater m asters, etc (C astaic Lake W ater A gency, 2003, p. 4; Y uba C ounty W ater

A gency, 2005, p. 29).

· G eneral agricultural and business interests, e.g. farm  bureaus, and cham bers of

com m erce (S acram ento C ounty W ater A gency, 2006, p. 3-1 0).

· Local residents w ho pum p groundw ater, including agricultural users and dom estic

users, and representatives from  w ater users associations (B utte C ounty, 2005,

pp. 3-17, 13-18; H ydroM etries LLC , 2007, p. 8).

· M em bers of the public generally (H ydroM etries LLC , 2007, p. 8).

· Local, regional, and state-level environm ent- and com m unity-oriented entities, e.g.

the S ierra C lub, The N ature C onservancy, other local environm ental non-profits,

the League of W om en V oters, recreation and parks districts, and com m unity

associations (C ity of S an D iego W ater D ep't, 2007, A pp.G ; S acram ento C ounty

W ater A gency, 2006, p. 3-1 0).

· S tate participants, including staffers of m em bers of the S tate S enate and

A ssem bly, representatives of the D epartm ent of W ater R esources, the

D epartm ent of Fish and G am e, R egional W ater Q uality C ontrol B oards, and

nearby S tate P arks (H ydroM etries LLC , 2007, p. 8; N .E . S an Joaquin C ounty

G roundw ater B anking A uth., 2004, p. 4)

· Federal participants, including the N atural R esource C onservation S ervice, U .S .

G eologic S urvey, U .S . A rm y C orps of E ngineers (N .E . S an Joaquin C ounty

G roundw ater B anking A uth., 2004, p. 27).
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C ollaborating w idely w ith agencies and stakeholders w ith different interest areas can attract num erous

benefits, but m ay also invite disputes. G W M P s can address this proactively by incorporating explicit

procedures for resolving disputes locally. S uch procedures exist at various levels o f form ality (Table 5).

Table 5: A voiding and resolving disputes w hen form ulating and im plem enting G W M P s

R eaching

consensus and

avoiding

disputes

T he planning efforts of the N ortheastern S an Joaquin G ro u n d w ater B anking

A uthority and the S acram en to  G ro u n d w ater A uthority (form erly S acram ento N orth

A rea G roundw ater M anagem ent A uthority) both benefited from  using the C alifornia

C enter for C ollaborative P olicy as a neutral third-party facilitator. T hese entities

consider that using professional facilitators in the context o f com plex stakeholder

negotiations is a key factor contributing to the success o f their efforts (N .E . S an

Joaquin C ounty G roundw ater B anking A uth., 2004, p. 1 02; T hom as, 2001, p. 48).

R esolving 

disputes 

T he O lym pic V alley and S oquel A rea G W M P s explicitly nom inate a process and a

forum  for resolving disputes. T he body charged w ith im plem enting the G W M P  hears

disputes, receives subm issions, holds public hearings, and m akes decisions by

m ajority vote, guided by "w hat action w ould serve the best interest o f the public"

(H ydroM etries LLC , 2007, p. 95; S oquel C reek W ater D ist. &  C ent. W ater D ist., 2007,

p. 136).

T he K aw eah D elta W ater C onservation D istrict uses a form al dispute resolution

policy to avoid litigation in relation to groundw ater m anagem ent by encouraging

m ediation (K aw eah D elta W ater C onservation D ist., 2006, A pp.C ).

T he G W M P  for the Turlock G ro u n d w ater B asin uses m eetings of the T urlock

G roundw ater B asin A ssociation, an association of local w ater agencies, to resolve

issues associated w ith groundw ater m anagem ent. M eetings are open to the public

(T urlock G roundw ater B asin A ssoc., 2008, pp. 1, 67).

3. C ollecting inform ation about g ro u n d w ater context

Form ulating a G W M P  often occurs in com plex and uncertain hydrological and ecological contexts.

C ollecting inform ation about the status of groundw ater bodies and groundw ater use; standardizing data

collection; sharing data; and considering the ecological im pacts of m anagem ent options all arise as

concerns for G W M P s.

H istorically, C alifornian local w ater agencies have strongly resisted m etering groundw ater use. This

sentim ent is slow ly changing. M any special districts and som e general districts now  apply m andatory or

voluntary groundw ater m etering. T here is great variation in the m otivations and practice o f m etering.

S om e agencies use m etering as part of a program  o f im posing groundw ater augm entation charges on

users; others sim ply to im prove their know ledge of the groundw ater resource. A gencies require m etering

at different levels o f use, and w ith different arrangem ents for reporting use.

T here is m uch greater acceptance of the need to m onitor groundw ater levels, as distinct from  use.

H ow ever, m any problem s can strike a m onitoring system , potentially com prom ising its

com prehensiveness, accuracy, and the length of its record. S uch issues appear com m on around the

S tate. It is w orth listing a sm all selection o f these problem s, to dem onstrate the challenges that G W M P s

should be designed to w ithstand. E conom ic factors can intervene: budget cuts can result in data gaps
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and infrequent m easurem ents; older w ells w ith long m easurem ent records can be abandoned w hen they

require expensive m aintenance; and production w ells m ay be used w ithout any dedicated m onitoring

w ells, w hich can risk inaccurate data caused by a non-static w ater surface (K ings R iver C onservation

D ist., 2005, p. 4-26; T urlock G roundw ater B asin A ssoc., 2008, p. 55; Y uba C ounty W ater A gency, 2005,

p. 31). D ata m ay be collected but not com piled into a useful form at for m any years (Y uba C ounty W ater

A gency, 2005, p. 31). In som e cases, the construction data associated w ith m onitoring w ells m ay be

unknow n, so that it is not clear w hich of several aquifers are being m onitored (C ity of Tracy, 2007, p. 27).

S om etim es m onitoring system s are sim ply not evaluated for their sufficiency, particularly for assessing

w hether a G W M P  is m eeting its objectives, or to m odel the safe yield, or to m odel predicted responses to

m anagem ent actions selected for the G W M P .

T here is also significant variation across the S tate in relation to m onitoring groundw ater quality, w hich is

m uch less com m only m onitored outside of m unicipal areas (see e.g., C arpinteria V alley W ater D ist.,

1996, p. 2; K rein berg, 1994, p. 3-5). This m akes it quite difficult to draw  links betw een overdraft and

changing w ater quality, although it is not uncom m on for agencies to report such a connection (Indian

W ells V alley C ooperative G roundw ater M gm t. G roup, 2006, p. 2; S tanislaus &  T uolum ne R ivers

G roundw ater B asin A ssoc., 2005, p. 12; T urlock G roundw ater B asin A ssoc., 2008, p. 41). U sing standard

data collection and m anagem ent m ethodologies or protocols to ensure that the data collected are

accurate and consistent is as im portant as m onitoring.

Final, as ecological concerns are becom ing m ore prevalent in G W M P s, the plans should include

strategies to collect inform ation to determ ine how  ecological conditions influenced by groundw ater

m anagem ent are faring.

Table 6 sets out exam ples of how  agencies gather and standardize data on groundw ater and its context.

Table 6: G ath erin g  and stan d ard izin g  info rm ation  on g ro u n d w ater status and use

M onitoring the

status o f

groundw ater

bodies

M etering 

groundw ater use 

T he S acram en to  G ro u n d w ater A u th o rity (S G A ) and W estern  P lacer C o u n ty

G W M P s aim  to m aintain a "consistent long-term  netw ork" of w ells to m onitor

groundw ater elevation, each m easured at least sem i-annually. The w ells are selected

"to provide uniform  geographic coverage" throughout the respective areas, using a grid

of polygons, each containing a m onitoring w ell. N on-producing w ells w ith long records

of consistently collected data are favored for inclusion in the netw ork (C ity of R oseville

et al., 2007, p. 3-8; S acram ento C ounty W ater A gency, 2006, p. 3-11; S acram ento

G roundw ater A uth., 2008, pp. 38-39).

B utte C ounty's G roundw ater C onservation O rdinance requires a countyw ide

groundw ater m onitoring program  that involves m onitoring groundw ater elevations

either continuously using w ater level sensors, or otherw ise at least four tim es per year

(B utte C ounty, 2005, p. 3-3), w hereas sem i-annual readings are m uch m ore com m on

throughout the S tate.

Y u b a C o u n ty uses its m onitoring netw ork "both for the health of the long-term  basin

storage and for localized-short-term  im pacts of pum ping", w ith the latter particularly

aim ed at the effects o f external groundw ater transfers (Y uba C ounty W ater A gency,

2005, p. 30).

T he P ajaro V alley W ater M an ag em en t A g en cy generally requires every groundw ater

pum p that produces 10 af/yr or m ore to be m etered. It reads each flow  m eter tw ice per
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S tandardizing

data collection

and

m anagem ent,

and sharing data 

C ollecting data 

relevant to the

health o f

groundw ater

dependent

ecosystem s

year for the purposes of assessing groundw ater augm entation charges (P ajaro V alley

W ater M gm t. A gency, 1993; 1996).

The Fox C anyon G ro u n d w ater M anagem ent A g en cy requires m etering of all w ells

except those w hich serve dom estic purposes on parcels of land of one acre or less.

The ow ner is responsible for associated expenses and m ust report groundw ater use

tw ice annually. The A gency undertakes random  checks of m eter reports to ensure they

are accurate (Fox C anyon G roundw ater M gm t. A gency, et al., 2007, p. 49).

In certain zones of the S alinas V alley, the M onterey C o un ty W ater R esources

A g en cy requires w ells used for agricultural, urban or industrial purposes to be m etered

if they have a diam eter of three inches or m ore, w ith operators required to report their

use annually (M onterey C ounty W ater R esources A gency, 2006, p. 4-2).

The prim ary purpose of the G W M P  for the G illibrand G ro u n d w ater B asin is to

"present a standard m ethodology for the collection of data" on groundw ater levels, use

and quality, w hich applies to the basin's tw o largest w ater users, being a county

w aterw orks district and a private m ining com pany. The m ethodology covers

m easurem ent instrum ents, the frequency of m easurem ent, quality assurance

procedures, data storage, and procedures for reporting data (G eoscience S upport

S ervices Inc., 2007). The G W M P  dem onstrates that private and public entities can

w ork together to standardize data collection and m anagem ent.

The S an B enito G W M P  includes in its list of actions for m eeting its objectives, a plan

to develop jointly w ith "all local agencies involved in w ater-related data collection and

m anagem ent ... a strategic program  for data collection and m anagem ent", aim ed at

supporting groundw ater m anagem ent decision-m aking. It should "specify the types of

data to be collected and the frequency of m easurem ent; evaluate the accuracy of data

collection procedures; outline the structure, form at, and units to be used in

com puterized databases; and indicate procedures to ensure data consistency and

transfer am ong agencies" (Jones &  S tokes A ssoc., 1998, p. 65).

The S acram en to  G ro u n d w ater A uthority is also developing a standard W ater

A ccounting Fram ew ork for its m em ber agencies. S ee Table 10: M ethods o f protecting

and enhancing recharge and exam ples o f w ater banking.

The Lassen C o un ty G W M P  "supports efforts to m ap and com pile inform ation on

riparian habitats and phreatophyte vegetation" (B row n &  C aldw ell, 2007b, p. 3-7).

W hereas m uch groundw ater use for consum ptive purposes in C alifornia depends on

deep aquifers, ecosystem s associated w ith w etlands m ay be connected to shallow

aquifers. In such situations, m onitoring the state of shallow  aquifers is im portant to

assessing ecological im pacts. The S q u aw  V alley P ublic S ervice D istrict's G W M P

includes m onitoring shallow  groundw ater levels in the O lym pic V alley m eadow , w hich

are connected to w etlands that have high ecological and aesthetic value (H ydroM etries

LLC , 2007, p. 64).
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4. A  portfolio approach to groundw ater m anagem ent planning

A  portfolio approach to groundw ater m anagem ent planning responds to inform ation collected (including

inform ation from  stakeholders) about the values of a resource, w ith goals that cham pion those values and

m ultiple strategies for pursuing those goals. G oals include securing w ater supplies for consum ptive

purposes, m aintaining or restoring ecosystem s, protecting connected surface w aters, and ensuring that

groundw ater use m inim izes third-party im pacts on society. This section sets out exam ples of agencies

that adopt and pursue each of these goals, and the strategies they use to do so.

4.1 S ecuring gro und w ater supply fo r the long term

S ecuring groundw ater supplies for consum ptive purposes is the overriding focus of m any G W M P s. The

innovative strategies presented here em phasize an extensive range of options, beyond sim ply building

m o re -o r bigger-infrastructure solutions. They include lim iting w aste or draw dow n in different w ays,

m anaging w ater dem and using fees and education, using different w ater sources conjunctively, protecting

and enhancing recharge, and w ater banking.

Table 7 outlines various m andatory m easures to lim it pum ping, either directly, or by controlling

developm ents that use groundw ater intensively.

Table 7: M ethods of controlling groundw ater extraction: lim iting w aste, gro und w ater draw dow n,

or pum ping

D efining 

sustainable yield 

and an

acceptable

operating range

Taking action in 

response to non-

com pliance w ith

B M O s

The C entral S acram ento C ounty G W M P  uses a "long-term  average annual pum ping

lim it" of 273,000 af/yr w hich stakeholders accepted as a negotiated lim it "under w hich

groundw ater can be pum ped and not exceed average natural recharge over a long-

term  period of tim e". N egotiators developed this lim it by using groundw ater m odels to

quantify basin conditions in term s of four key areas of im pact:

· w ater quality degradation;

· dew atering of w ells;

· higher pum ping costs; and

· ground subsidence,

in 1 0-year increm ents from  1990 to 2030, com paring the im pacts of different pum ping

levels to baseline pum ping levels. The chosen sustainable yield level w as found to

m axim ize the yield of the aquifer w hile m inim izing the four key im pacts. In addition, the

G W M P  sets out an "operating range" of groundw ater levels that w ill m inim ize these

im pacts for different areas of the basin (S acram ento C ounty W ater A gency, 2006, pp.

2-29, 3-23, A pp.A ). H ow ever, the projections included in the G W M P  do not include

uncertainties, and it appears that historical hydrological data w as used rather than data

w hich attem pts to factor in potential clim ate change im pacts.

G lenn C ounty's G W M P , w hich itself is an ordinance, sets out a process for taking

action in the event that its basin m anagem ent objective for groundw ater levels is

breached. Its Technical A dvisory C om m ittee reports the details of the non-com pliance

to its W ater A dvisory C om m ittee and the public, and recom m ends a course of action

w ithin five days. N egotiation w ith parties in the area is the preferred w ay to resolve the

non-com pliance, but should that fail, "the W ater A dvisory C om m ittee m ay recom m end

a plan to the B oard to m odify, reduce or term inate groundw ater extraction in the
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C ontrolling

pum ping by

using area lim its

C ontrolling

pum ping by

using individual

extraction

perm its

C ontrolling

pum ping by

prohibiting new

w ells

affected area for the rem ainder of that irrigation season", first in relation to w ells

involved in exports, then in relation to all other w ells (G lenn C ounty, 2000, [20.03.120],

[120.1 03.130]).

The W estern C anal W ater D istrict G W M P  envisions its B oard of D irectors annually

re-evaluating its basin m anagem ent objectives, including by considering w hether to

establish "quantitative lim itations on groundw ater extractions from  particular areas ...

to lim it adverse im pacts of groundw ater extractions on w ells w ithin and w ithout the

D istrict" (W estern C anal W ater D ist., 2005, [3.2.3]). The D istrict has adopted rules and

regulations to im plem ent and enforce its G W M P  (W estern C anal W ater D ist., 2006);

this w ould presum ably be the vehicle for im plem enting pum ping lim its.

The G roundw ater E xtraction P erm it O rdinance of the M endocino C ity C o m m u n ity

S ervices D istrict (M C C S D ) requires any person w ho seeks "to extract groundw ater

for a new  developm ent, change in use, expansion of existing use, or to construct or

m odify a w ell" to obtain a perm it. A  perm it allow s the holder to extract only the quantity

of w ater w hich is deem ed necessary under "w ater use standards" that form  part of the

O rdinance. N ew  w ells are m etered, and the D istrict retains the right to enter the perm it

holder's prem ises to collect m eter inform ation. V iolating the ordinance attracts

penalties, including rescission of an extraction perm it (M endocino C ity C om m unity

S ervices D ist., 1990 (as am ended, 2007), p. 21, 2007).

M C C S D 's G W M P  envisions prohibiting any new  w ells in tim es of serious w ater

shortage, in addition to other m andatory m easures (M endocino C ity C om m unity

S ervices D ist., 1990 (as am ended, 2007), p. 1 08).

U nder S u tter E xtension W ater D istrict's G W M P , after 1995, landow ners w ho w ish to

construct new  w ells "m ay be required" to request the approval of the D istrict's B oard of

D irectors, w hich m ay approve the request w ith conditions (S utter E xtension W ater

D ist., 1995, p. 8).

C ontrolling w ater The P ajaro V alley W ater M an ag em en t A g en cy has adopted an ordinance prohibiting

w aste w ater w aste (O rdinance 92-1 ). The O rdinance defines w ater w aste and prohibits listed

w asteful practices w ithin the boundaries of the A gency. It prohibits w asteful practices

in agriculture as w ell as urban settings, although the form er are specified in vague

term s (e.g. "unreasonable evaporation loss" and "unreasonable deep percolation

loss"). The O rdinance sets out a system  of w arnings follow ed by enforcem ent

proceedings heard before a panel, and a penalty structure for first and repeated

violations.

A djudicating

groundw ater

basins

Lim iting the

expansion o f

w ater-intensive

uses

O nly one G W M P  review ed for this report-that of the B orrego W ater D istrict-lists

adjudicating the groundw ater basin as a m anagem ent tool, albeit the low est priority

option (B orrego W ater D ist., 2002, p. 74).

S purred by the recom m endations of a local planning advisory group, B orrego W ater

D istrict's G W M P  includes the follow ing potential strategies to lim it the developm ent of

w ater-intensive land uses (B orrego W ater D ist., 2002, pp. 57-59):

· prohibiting the as-of-right conversion of unused land to agriculture (agriculture

w ould only be allow ed to be developed under a perm it to be issued after a public
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R otating/

fallow ing

cropland

hearing and environm ental review );

· designating all unused land as "D esert E state", w hich w ould allow  10 or 20 acre lot

subdivisions, but w ould lim it the use of non-native plants to a sm all portion of the

lot; and

· requiring future developm ents that seek a dom estic w ater service from  the B orrego

W ater D istrict to sign over their rights to extract groundw ater to the D istrict (a

strategy for w hich there is a precedent in the B orrego V alley).

The E astern S an Joaquin B asin G W M P  very cautiously m entions "voluntary crop

rotation", w hich w ould com pensate farm ers for rem oving cropland from  production, as

a groundw ater m anagem ent tool (N .E . S an Joaquin C ounty G roundw ater B anking

A uth., 2004, p. 87).

The B orrego W ater D istrict m ore proactively includes in its G W M P  a goal of obtaining

funding to acquire agricultural land from  w illing sellers, and contem plates "paying

farm ers to not farm ". The G W M P  suggests that such a program  could be funded by a

w ater use fee, and sets out sam ple costs (B orrego W ater D ist., 2002, pp. 60-64, 71-

73).

G W M P s com m only include general statem ents about "raising public aw areness" of overdraft and

groundw ater m anagem ent or im plem enting "education m easures" about conservation. H ow ever, relatively

few  refer to concrete actions to m anage w ater dem and; even few er are specific to groundw ater, or relate

to non-m unicipal contexts. M oreover, no surveyed plan quantifies the effectiveness of such voluntary

dem and m anagem ent program s. It is therefore difficult to describe best practice in this area.

S om e exam ples of education m easures contem plated by G W M P s include: w ater utilities participating in

local fairs, inserts in w ater bills detailing w ater conservation tips, public signs, dem onstration gardens for

low  w ater use, fact-sheets, w ater use audits and surveys, school education, rebates on w ater efficient

appliances, w ater education classes and presentations (B orrego W ater D ist., 2002, p. 73; C ity of S an

D iego W ater D ep't, 2007, A pp.G -6; H ydroM etries LLC , 2007, p. 86; M endocino C ity C om m unity S ervices

D ist., 1990 (as am ended, 2007), pp. 111-112; N eum an, 1998; O range C ounty W aterD ist., 2009, p. 1-9;

S oquel C reek W ater D ist. &  C ent. W ater D ist., 2007, pp. 59, 113-117, 125-127).

In the agricultural conservation sphere, program s include supporting organizations that carry out field

irrigation evaluations and farm  w ater conservation assistance and farm  w ater tours (K aw eah D elta W ater

C onservation D ist., 2006, p. 16; N orth K ern W ater S torage D ist. &  R osedale R ange Im provem ent D ist.,

1993, p. 1 0; R eclam ation D ist. 2068, 2005, p. 3-9). M ore detailed exam ples of agricultural w ater dem and

reduction program s have been com piled outside of G W M P s (A gricultural W ater M gm t. C ouncil, 2008).

R educing w ater dem and m ay, unfortunately, jeopardize the ability of agencies to carry out resource-

intensive groundw ater m anagem ent program s by reducing revenue (O range C ounty W ater D ist., 2009, p.

6-14). E nsuring that groundw ater m anagem ent program s are financially sustainable is vital (see section

4.4 of this report).

Fees can be used both to reduce dem and and also to sustain other groundw ater m anagem ent actions.

Table 8 sets out m ethods of reducing dem and using fees.
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Table 8: M ethods o f m anaging g ro u n d w ater dem and

U sing fees to

m anage

dem ands on

aquifers

U nder O range C o un ty W ater D istrict's m uch-celebrated pum p-and-pay system ,

retail groundw ater pum pers pay fees (a "replenishm ent assessm ent") to O C W D

based on their m etered usage. A dditional fees (a "basin equity assessm ent") apply

above a pre-determ ined allow able pum ping am ount, expressed as a ratio of the

custom er's groundw ater pum ping to its total w ater usage (the "basin production

percentage", B P P ). T hese fees are used to purchase im ported w ater to replenish

groundw ater, adm inister w ater m onitoring, and m aintain the replenishm ent system s.

T he fees are structured so as to create a disincentive to use groundw ater above the

B P P  (O range C ounty W ater D ist., 2009, pp. 1-5, 5-28, 26-13).

S im ilarly, the Fox C anyon G ro u n d w ater M an ag em en t A g en cy im poses penalties

on pum pers w ho extract m ore w ater than is allow ed under the A gency's detailed

allocation system . Its G W M P  proposes using these penalties to purchase w ater to

replace the extracted w ater (F ox C anyon G roundw ater M gm t. A gency, et al., 2007,

p. 80).

T he S oquel C reek W ater D istrict uses tiered pricing (also described as increasing

block w ater pricing) in the context of groundw ater distribution system s for residential,

com m ercial and agricultural purposes (S oquel C reek W ater D ist. &  C ent. W ater

D ist., 2007, p. 59).

B eyond m anipulating dem and by m andatory, voluntary or fee-based m eans, agencies m ay effectively

increase their w ater supplies by using w ater from  different sources in a conjunctive w ay (Table 9). This

can involve introducing altogether new  sources of w ater w ith different characteristic reliability profiles. F or

exam ple, desalinated w ater and recycled w ater from  m unicipal sources provide a supply that is largely

unaffected by clim atic conditions. M anaging pum ping distribution can "sm ooth" pum ping pressure and

ensure m ore uniform  draw dow n, avoiding deep cones of depression. This technique is also used to help

avoid harm ing groundw ater quality, and the flow s and quality of connected surface w aters.

Table 9: M ethods o f using different w ater sources conjunctively

E ncourage

greater surface

w ater use

M anaging

surface w ater-

groundw ater

substitutions

A gencies in the M odesto S ub-B asin and the C how chilla G ro u n d w ater B asin

regard annexation as a potential groundw ater m anagem ent tool, through in-lieu

recharge-annexation enables areas reliant solely on groundw ater to access surface

w ater, thereby reducing pum ping pressure (C how chilla W ater D ist.-R ed T op

R esource C onservation D ist. Joint P ow ers A uth., 1997, p. 13; S tanislaus &

T uolum ne R ivers G roundw ater B asin A ssoc., 2005, pp. 28-29, 96).

T he S oquel C reek W ater D istrict uses incentives to encourage private w ell ow ners

to cease using w ell w ater and connect to w ater distribution system s (S oquel C reek

W ater D ist. &  C ent. W ater D ist., 2007, p. 107).

T he W estern C anal W ater D istrict envisions transferring surface w ater out of the

district, to be replaced by increased groundw ater pum ping. In such cases, m onitoring

and m etering rules apply to ensure that: (1) the action does not create or exacerbate

overdraft; (2) the additional volum e pum ped does not exceed the volum e of surface

w ater transferred; and (3) to m itigate any adverse effects o f low er groundw ater levels
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U sing

desalinated

seaw ater or

brackish

groundw ater

M anaging

pum ping

distribution

on farm ers, e.g. by com pensating them  for additional energy costs (W estern C anal

W ater D ist., 2005, p. 19, 2006, section V I).

S everal agencies com m it to investigating and pursuing desalinating brackish

groundw ater as an additional source of supply (C ity of S an D iego W ater D ep't, 2007,

pp. 1-5, 3-49, 43-50; M onterey C ounty W ater R esources A gency, 2006, p. 2-1).

A lam ed a C o u n ty W ater D istrict's N ew ark D esalination Facility (part of its A quifer

R eclam ation P rogram ) has desalinated brackish groundw ater caused by past

seaw ater intrusion, since 2003. The P rogram  aim s to m eet m ultiple objectives:

"1) increase useable basin storage, 2) im prove overall w ater quality, 3) prevent

m ovem ent of brackish w ater tow ard A C W D  production w ells, and 4) provide (future)

supply augm entation" (A lam eda C ounty W ater D ist., 2010, p. 6; 2001, pp. 4, A 1-7,

A 1-8). A gencies in the Fox C an yo n  G ro u n d w ater M an ag em en t A gency's area

have also seriously considered desalinating brackish groundw ater to m ove pum ping

aw ay from  areas of low ering groundw ater levels, increase supply, deal w ith w ater

quality degradation, and potentially also restore coastal w etlands (Fox C anyon

G roundw ater M gm t. A gency, et al., 2007, pp. 54-58).

The S o q u el C reek W ater D istrict intends to partner w ith the C ity o f S an ta C ru z to

construct and operate a seaw ater desalination plant as a w ay to reduce pum ping

dem ands during dry years and reduce the potential for seaw ater intrusion (C ity of

S anta C ruz &  S oquel C reek W ater D ist., 201 0; S oquel C reek W ater D ist. &  C ent.

W ater D ist., 2007, p. 62).

O range C o u n ty W ater D istrict's Tem porary C oastal P um ping Transfer P rogram

shifted pum ping pressure from  the coast to inland areas to m inim ize seaw ater

intrusion (O range C ounty W ater D ist., 2009, pp. 6-16). S im ilarly, m odeling a shift in

pum ping pressure in the P ajaro V alley w as found to "nearly double the basin

sustainable yield" by preventing seaw ater intrusion (P ajaro V alley W ater M gm t.

A gency, 2002, p. 3-4).

In the inland area of Indian W ells V alley, m anaging the spatial distribution of new

w ells to m inim ize adverse effects on groundw ater quality is a G W M P  objective

(Indian W ells V alley C ooperative G roundw ater M gm t. G roup, 2006, p. 3). S im ilarly,

the G W M P  for the M odesto S u b -B asin  contem plates optim izing w ell operations to

achieve m ultiple different objectives, including "m inim izing pum ping costs,

m aintaining groundw ater levels w ithin a specified range ... avoiding the m igration of

contam inant plum es", and im proving dow nstream  w ater quality by reducing high

groundw ater levels in areas of poor groundw ater quality (S tanislaus &  Tuolum ne

R ivers G roundw ater B asin A ssoc., 2005, p. 123).

C ounty w ell perm itting requirem ents that apply w ithin the Fox C anyon G ro u n d w ater

M an ag em en t A gency's area shift pum ping from  a low er aquifer system  to an upper

aquifer system , to reduce the potential for overdraft and seaw ater intrusion in the

low er system  and ensure conjunctive use of both groundw ater sources. A nother tool

considered in the area is shifting pum ping to areas w hich are com paratively easy to

recharge (Fox C anyon G roundw ater M gm t. A gency, et al., 2007, pp. 47, 76).
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In addition to lim iting extraction from  a basin, agencies' G W M P s also plan to m axim ize "deposits"

to a basin, by either protecting or enhancing natural recharge, or "banking" w ater for them selves

or third parties, using recharge basins or injection w ells (Table 1 0).

C alifornia's groundw ater la w s -o r rather, legal uncertainties-challenge the developm ent of

groundw ater banking. Legal uncertainties surround w ho is liable for displacing natural recharge;

how  to control the actions of third parties w ho are not party to m anagem ent agreem ents, w here

their actions affect the quality or quantity of stored w ater; and liability for changes in w ater quality,

to nam e a few  (Faley-G annon, 2008). O ne G W M P  refers to "the m onum ental task of overcom ing

the institutional, political, financial and physical challenges of groundw ater banking" (N .E . S an

Joaquin C ounty G roundw ater B anking A uth., 2004, p. 20).

Table 10: M ethods o f protecting and enhancing recharge and exam ples o f w ater banking

P rotecting

existing

recharge areas

E nhancing

recharge

A s an initial step, the S o no m a V alley G W M P  calls for "studies to identify

groundw ater recharge areas, to develop approaches to enhance groundw ater

recharge, and to identify w ays to protect recharge areas from  being covered by low

perm eability surfaces" (S onom a C ounty W ater A gency, 2007, p. 3-3).

T he G W M P  for the M odesto S ub-B asin takes a slightly m ore developed approach.

It directs its im plem enting agencies to "[i]dentify areas having high potential for

contributing to aquifer recharge and encourage agencies to com m unicate w ith land

use planning entities to enact m easures that w ill protect these lands from

developm ent that w ould reduce their value as recharge sites". It also includes, as a

potential groundw ater m anagem ent tool, "pricing and incentive program s to

encourage the continued use of surface w ater for flood irrigation" in areas w ith

significant recharge potential (S tanislaus &  T uolum ne R ivers G roundw ater B asin

A ssoc., 2005, pp. 108, 120).

T he G W M P  of the Fox C anyon G ro u n d w ater M an ag em en t A g en cy considers a

strategy of requiring "Low  Im pact D evelopm ent" to m axim ize the infiltration o f

storm w ater in new  developm ents that overlie recharge areas, but does not outline

how  this m ight be achieved (F ox C anyon G roundw ater M gm t. A gency, et al., 2007,

p. 69).

T he G W M P  for the S o qu el-A p to s area outlines an objective o f participating in land

use planning processes and supporting S anta C ruz C ounty to protect and enhance

groundw ater recharge zones. S pecific actions include supporting the C ounty to

update its groundw ater recharge m aps, supporting U S G S  in its w ork characterizing

recharge areas, and pursuing a form al system  for allow ing w ater agencies to review

developm ent proposals that could affect prim ary recharge zones (S oquel C reek

W ater D ist. &  C ent. W ater D ist., 2007, pp. 75, 99, 1 00).

T he G W M P  for the S o qu el-A p to s area docum ents cooperation betw een S anta C ruz

C ounty, the G W M P  agencies, and other neighboring w ater and resource agencies to

introduce a recharge enhancem ent elem ent to projects designed to control erosion

and reduce storm w ater runoff. The G W M P  agencies pledge to "support C ounty

efforts to develop a program  that w ill include standards regulating im pervious

surfaces ... and provide for w ater im poundm ents, protecting and planting
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vegetation, and installing cisterns, dry w ells, biosw ales and other m easures to

increase runoff retention and groundw ater recharge". They also com m it to

incorporating such design features in their ow n construction projects (S oquel C reek

W ater D ist. &  C ent. W ater D ist., 2007, pp. 102-103).

The S anta C lara V alley W ater D istrict m anages extensive recharge facilities,

including 90 m iles of stream  channel and spreader dam s, 71 off-stream  recharge

ponds, and an injection w ell. Its recharge w ater sources are im ported w ater and local

surface w ater. The aim  of the program  is to "sustain groundw ater supplies through

the effective operation and m aintenance of D istrict recharge facilities" (S anta C lara

V alley W ater D ist., 2001, pp. 16-18). The D istrict releases an annual report on its

groundw ater augm entation activities, the m ost recent of w hich states that 65%  of

groundw ater pum ped in the C ounty originates from  artificially replenished w ater

(S anta C lara V alley W ater D ist., 2010, p. i).

The K ings R iver C onservation D istrict G W M P  includes the N orth Fork G roup

P rogram  as an econom ical recharge strategy. It involves flooding seasonally

fallow ed agricultural areas and keeping canals full to increase percolation. It

proposes to continue this P rogram  and develop better w ays of m onitoring and

m easuring recharge (K ings R iver C onservation D ist., 2005, pp. 4-10,14-11,14-14,

16-14, 16-15).

The A rvin E dison W ater S torage D istrict is party to a 25-year agreem ent w ith the

M etropolitan W ater D istrict o f S outhern C alifornia (M W D ), w hich began in 1997,

to bank 250,000 ac-ft of M W D 's w ater below  A rvin-E dison. W ater is delivered to

A rvin-E dison using the C ross V alley C anal, and is returned (since 2003) during

drought years, using the C alifornia A queduct. The program  funded $25 m illion of

capital w orks and reim burses A rvin-E dison for pass-through w ater banking costs

(A rvin-E dison W ater S torage D ist., 2003, p. 6). A rvin-E dison's R ules and

R egulations specify that w here it spreads w ater, or delivers surface w ater to

landow ners in lieu of them  pum ping, it has the exclusive right to use the groundw ater

storage to recover the w ater to supply district landow ners or third parties (A rvin-

E dison W ater S torage D ist., 2006, cl.9).

The S acram en to  G ro u n d w ater A uthority, w hich m anages the N orth A rea

G roundw ater B asin in cooperation w ith its 14 m em ber agencies, is developing a

centralized W ater A ccounting Fram ew ork (W A F) to support groundw ater banking

program s by "setting forth rules for operating a m odel groundw ater bank, and

m onitoring the basin to ensure its sustainability". The S G A  w ill m aintain m odeling

and m anagem ent tools needed to assess conjunctive use operations and m aintain

accounting system s for "deposits" and "w ithdraw als" (S acram ento G roundw ater

A uth., 2008, pp. 54-55).

The G W M P  of the N ortheastern S an Joaquin C ounty G ro u n d w ater B anking

A uthority, w hich has eleven m em ber agencies, adopts third party w ater banking

and conjunctive use partnerships as a key elem ent of the plan. This involves m any

individual sites, som e then operating and som e to be developed, num erous different

surface supply sources, and all form s of recharge m ethods (direct injection,

percolation, and in-lieu) (N .E . S an Joaquin C ounty G roundw ater B anking A uth.,

2004). The A uthority recently released its E astern S an Joaquin Integrated
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C onjunctive U se P rogram  D raft E nvironm ental Im pact R eport

(http://w w w .gbaw ater.org/new s_events/public_notices.htm l).

4.2 P rotecting connected surface w aters

C alifornian law  generally treats groundw ater and surface w ater separately, though there are som e

exceptions to this (H anak, et al., 2010, pp. 54-57). S om e local agencies explicitly seek to ensure that

groundw ater pum ping does not cause adverse im pacts on surface w aters, and im plem ent corresponding

m easures (Table 11). These m easures include studying the interaction betw een w ater bodies and

reducing the effects of groundw ater extraction on surface w ater.

Table 11: M ethods o f protecting connected surface w aters

E xplicitly 

recognize a goal 

relating to

surface w ater

im pacts o f

groundw ater

pum ping, or vice 

versa 

S tudy surface 

w ater-

groundw ater

interaction

Include

m easures to

reduce pum ping

im pacts on

surface w aters

The S o no m a V alley G W M P  includes as a B asin M anagem ent O bjective (B M O ) to

"protect against adverse interactions betw een groundw ater and surface w ater" in

relation to S onom a C reek, w hich provides habitat for fish and other w ildlife and is a

source of supply for agriculture, businesses and residences (S onom a C ounty W ater

A gency, 2007, pp. 3-4).

The O lym pic V alley G W M P  includes B M O s to "[p]rom ote viable and healthy riparian

and aquatic habitats by avoiding or m inim izing future im pacts from  pum ping on

stream  flow s" and to "[s]upport ongoing stream  restoration efforts as they relate to

groundw ater m anagem ent" (H ydroM etries LLC , 2007, p. 70).

The W estern C anal W ater D istrict G W M P  aim s both to "[m ]inim ize changes to

surface w ater flow s and quality that directly affect groundw ater levels or quality" and

also to "[m ]im im ize the effect of groundw ater pum ping on surface w ater flow s and

quality" (W estern C anal W ater D ist., 2005, [1.2]), although the G W M P  does not

appear to include any m easures directly specifically to these aim s.

A  com ponent of the S o qu el-A p to s area G W M P  is to use stream  gauges and shallow

groundw ater m onitoring w ells adjacent to and in S oquel C reek to investigate surface

w ater-groundw ater interactions (S oquel C reek W ater D ist. &  C ent. W ater D ist., 2007,

pp. 77, 83).

The O lym pic V alley G W M P  includes as m anagem ent m easures participating in

stream /aquifer interaction studies, and annually analyzing baseflow  trends, shallow

groundw ater level trends, and "changes in apparent stream -aquifer interaction"

(H ydroM etries LLC , 2007, p. 71).

The C entral S acram en to  C o un ty G W M P  provides for updating and using an

integrated groundw ater and surface w ater m odel (S acram ento C ounty W ater A gency,

2006, p. 3-22).

The S o qu el-A p to s area G W M P  docum ents a policy of the S oquel C reek W ater

M anagem ent D istrict to use incentives (such as reduced connection fees) to

encourage groundw ater users w ith w ells located near S oquel C reek to connect to the

D istrict's distribution system . The G W M P  includes m odifying pum ping distribution

based on annual analyses of data collected under the D istrict's groundw ater and
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surface w ater data program , if, for exam ple, it discloses evidence of baseflow

depletion (S oquel C reek W ater D ist. &  C ent. W ater D ist., 2007, pp. 107-1 08).

The O lym pic V alley G W M P  envisions carrying out its B M O s related to surface w ater

interaction by redistributing pum ping to reduce surface w ater im pacts and reducing

pum ping through conservation (H ydroM etries LLC , 2007, pp. 70-71). It does not

explicitly address the potential reduction in runoff from  conservation, and any

consequences for stream flow .

4.3 R estoring ecosystem s and m inim izing ecological im pacts

M any of the m easures described above in relation to securing a long-term  groundw ater supply and

protecting surface w aters from  the adverse im pacts of groundw ater pum ping also help to protect

ecosystem s from  adverse im pacts. For exam ple, conservation m easures can reduce total groundw ater

extraction, lim iting groundw ater draw dow n and therefore helping to m aintain connections w ith w etlands.

C onversely, som e ecological projects can benefit groundw ater storage, for exam ple, stream  restoration

can result in greater recharge, increasing shallow  groundw ater levels and thereby increasing shallow

groundw ater storage (H ydroM etries LLC , 2007, p. 64).

Table 12 presents exam ples of agencies consciously aim ing for and acting on ecological goals in

groundw ater m anagem ent planning.

Table 12: M ethods o f restoring ecosystem s and m inim izing ecological im pacts

E xplicitly

recognize

ecological goals

The S q u aw  V alley P ublic S ervice D istrict's G W M P  includes as one of three

overarching goals, to "protect, prom ote, and im prove the environm ental quality of

O lym pic V alley" (H ydroM etries LLC , 2007, p. 62). The B asin M anagem ent O bjectives

w hich underlie this goal include to:

R ecognize and

quantify

environm ental

w ater dem ands

· "prom ote viable and healthy riparian and aquatic habitats by avoiding or

m inim izing future im pacts from  pum ping on stream  flow s",

· "m inim ize future im pacts from  pum ping on identified w etlands", and

· "support ongoing stream  restoration efforts as they relate to groundw ater

m anagem ent" (H ydroM etries LLC , 2007, pp. 63-64).

The Lassen C o un ty G W M P  includes as an objective to "m aintain springs, seeps

and riparian habitat" (B row n &  C aldw ell, 2007b, pp. 1-2).

The A lpine C o un ty G W M P  includes, by w ay of characterizing the aquifer and its

context, environm ental w ater dem ands, w hich "w ould include S tate and Federal

w ildlife refuges, and publicly or privately m anaged w etland habitat". H ow ever, for

reasons that are unclear, these dem ands are allocated zero acre-feet of w ater

(B row n &  C aldw ell, 2007a, p. 37).

S im ilarly, the C entral S acram en to  C o un ty W ater A uthority G W M P  recognizes

"environm ental w ater" as a source of dem and, but sim ply notes that the dem and has

not been defined for various stream s, and does not allocate responsibility for defining
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M itigate effects

o f overdrafted

areas on stream

flow s

Locate &  design

recharge basins

to enhance

w ildlife habitat

R em ove non-

native invasive

species

these dem ands or attem pt to estim ate them  (S acram ento C ounty W ater A gency,

2006, p. 2-47).

The S oquel-A ptos area G W M P  seeks to "avoid alteration of stream  flow s that w ould

adversely im pact the survival of populations of aquatic and riparian organism s". This

is defined as m aintaining baseflow  depletion (caused by pum ping aquifers adjacent

to identified stream s) below  current detection levels in order to avoid "significant

adverse biological effect" (S oquel C reek W ater D ist. &  C ent. W ater D ist., 2007,

p. 76).

The E ast S acram ento C ounty R eplacem ent W ater S upply P roject, described in the

C entral S acram ento C ounty W ater A uthority G W M P , provides for releasing

environm ental w ater to the ecologically significant C osum nes R iver. A lthough the

C osum nes R iver historically flow ed year-round, it now  has com pletely dry stretches

during sum m er (prim arily due to groundw ater pum ping), w hen flow s are lost to the

aquifer. The P roject pre-w ets the riverbed so that a sm aller volum e of late fall and

sum m er flow s is lost from  the river to the underlying overdrafted aquifer, w ith

adverse effects on riparian habitat (S acram ento C ounty W ater A gency, 2006, pp. 2-

7,2-44, 3-18).

The K ings R iver C onservation D istrict's G W M P  describes the 6000-acre

G ragnani constructed w etland project, w hich w as designed for habitat purposes. It

has the secondary benefit of providing "in lieu recharge" by offering an alternative

w ater supply to form er groundw ater users. The project w as developed by the U S D A

N atural R esources C onservation S ervice purchasing conservation easem ents and

recharging the w etlands using flood w aters (K ings R iver C onservation D ist., 2005,

pp. 4-2, 4-3).

The Farm ington groundw ater recharge project described in the E astern S an

Joaquin G W M P  uses land leased from  farm ers at m arket rates, prim arily to reduce

saline intrusion and overdraft, and secondarily to provide seasonal habitat for

m igratory w aterfow l. The A m erican S ociety of C ivil E ngineers aw arded it the

W ater/E nvironm ent P roject of the Y ear in 2003 (N .E . S an Joaquin C ounty

G roundw ater B anking A uth., 2004, pp. 30, 133-137;

http://w w w  .farm ingtonprogram .org/).

The S an D iego C ity w ater departm ent supports program s that m ap and rem ove

giant reed, tam arisk, and perennial pepperw eed, w hich are local non-native invasive

species that im pact groundw ater quantity, although the G W M P  does not quantify

w hat im pact this has on w ater supplies (C ity of S an D iego W ater D ep't, 2007, p. 2-

44).

4.4 C onsidering econom ic and financial sustainability

E conom ic factors are often the elephant in the groundw ater m anagem ent room . W hile m any G W M P s cite

the econom ically "unfeasible" nature of reducing groundw ater usage through m ethods such as voluntary

crop fallow ing, no G W M P  review ed for this report quantified such im pacts, nor estim ated the im pacts of

not controlling groundw ater use. E ncouragingly, som e G W M P s at least recognize the gravity of the latter.
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S om e agencies also seek to put in place m easures to com pensate w ell ow ners for the adverse econom ic

im pacts of decreasing groundw ater levels.

Ironically, w ater shortages, including shortages caused by overdraft, threaten not just w ater users, but

also the financial ability of agencies to undertake groundw ater m anagem ent actions to alleviate

shortages. The costs of m anaging groundw ater are likely to increase m arkedly during droughts, w ith

additional enforcem ent and public outreach, for exam ple, w hile the revenue of an agency m ay decrease

as w ater usage drops. Finding a m echanism  for sustainably funding groundw ater m anagem ent, under

w hich custom er w ater usage is decoupled from  agency revenue is therefore vitally im portant (M endocino

C ity C om m unity S ervices D ist., 1990 (as am ended, 2007), p. 112).

Table 13 presents exam ples of agencies considering econom ic and financial sustainability in groundw ater

m anagem ent planning.

Table 13: M ethods o f considering econom ic and financial sustainability

C onsidering the

econom ic costs

o f not controlling 

groundw ater use 

M itigating the 

econom ic costs

o f overdraft

E nsuring 

sustainable

funding for

groundw ater

m anagem ent

The G W M P  for the M erced G ro u n d w ater B asin acknow ledges that long-term

groundw ater level declines due to pum ping can increase the cost of pum ping w ater

and "restrict econom ic developm ent" (A M E C  G eom atrix Inc, 2008, p. 6). The

E astern S an Joaquin G ro u n d w ater B asin G W M P  recognizes that failing to

address w ater m anagem ent needs w ill lead to adverse im pacts that w ill result in

"business flight, job loss, loss of revenue for public services and general econom ic

decline" (N .E . S an Joaquin C ounty G roundw ater B anking A uth., 2004, p. 20).

H ow ever, neither plan attem pts to quantify these effects, or assess the long-term

econom ic costs of overdraft against the short-term  econom ic benefits of pum ping.

The C entral S acram en to  C o un ty G W M P  includes establishing a C entral B asin W ell

P rotection P rogram , including a "w ell protection trust fund". The fund w ill

com pensate ow ners of w ells that have failed due to declining groundw ater levels for

the cost of deepening or replacing w ells. The fund w ill be financed by fees collected

as part of building perm its for new  construction, or w ell drilling perm its. O nly w ell

ow ners w ho register their w ells are eligible for com pensation, so that the system  also

im proves inform ation about groundw ater use. The fund cam e about because the

sustainable yield negotiated for the G W M P  w as expected to result in further declines

in groundw ater levels, before they stabilized, and "current groundw ater users should

not have to subsidize future grow th in the basin by paying the cost of deepening or

replacing existing w ells" (S acram ento C ounty W ater A gency, 2006, pp. 4-7 to 4-9).

The recent econom ic dow nturn has resulted in the im plem entation of the fund being

delayed (S acram ento C ent. G roundw ater A uth., 2009, p. 22).

The M endocino C ity C o m m u n ity S ervices D istrict ensures that its groundw ater

m anagem ent activities are sustainable even during droughts, w hen revenue m ay

drop, by using a surcharge on w astew ater and sew er usage fees to fund

groundw ater m anagem ent (M endocino C ity C om m unity S ervices D ist., 1990 (as

am ended, 2007), p. 112).
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P A R T  S IX : C O N C L U S IO N  A N D  N E X T  S T E P S

The stage for C alifornia's groundw ater m anagem ent planning is a com plicated and crow ded one, filled

w ith num erous actors of different types, w ho face difficult and som etim es critical groundw ater depletion

problem s. V arious institutional barriers often prevent these actors from  talking to each other and sharing

their stories of groundw ater m anagem ent successes and challenges. S ince C alifornia's groundw ater

m anagem ent planning law s do not involve S tate oversight, inform ation about G W M P s is difficult to collect,

and the state of C alifornian groundw ater m anagem ent has rem ained in shadow .

First and forem ost, this report has shone a spotlight on som e of these actors, and dem onstrated that

elem ents of their groundw ater m anagem ent planning efforts present prom ising and innovative

approaches to local groundw ater m anagem ent. W hile their innovations are not necessarily com m on, they

chart a path to better groundw ater m anagem ent that is practical and doable in a w ide variety of different

agency circum stances. It is hoped that local agencies around C alifornia w ill consider the approaches

described here in form ulating their ow n groundw ater m anagem ent actions, recognizing that m anagem ent

innovation is not necessarily precluded by scarce resources, or any particular statutory form .

H aving used G W M P s to identify agencies w hose w ater planning efforts stand out as exceptional in

C alifornia, the next step is to determ ine w hether these efforts are resulting in successful im plem entation,

on the ground. Further research should ask of agencies questions like:

· D o you actively use your groundw ater m anagem ent p la n -is it a "living" docum ent, or a

reference for occasional use?

· W hich elem ents of your plan have been im plem ented?

· D id the process of form ulating and im plem enting the plan lead to changes in how  you

m anage groundw ater?

· W hat are your success stories in form ulating and im plem enting the plan?

· W hat constraints have you encountered in form ulating and im plem enting the plan?

A t a higher level, this report has contrasted C alifornia's groundw ater m anagem ent planning law s w ith

those for urban w ater m anagem ent plans, and suggested that w ater planning law  has m oved far beyond

the current requirem ents and policy in relation to G W M P s. The m any exam ples of innovative groundw ater

m anagem ent planning by C alifornia agencies also confirm  that the aspirations of G W M P  law  and policy

are out of date.

Q uestions of S tate regulation of groundw ater aside, there is a need to reform  C alifornia's G W M P  law s

and policies to include dem and m anagem ent, and require greater analysis of the planning context,

greater accountability through stakeholder participation, and the pursuit of m ultiple goals. S trengthening

C alifornia's legislation for groundw ater m anagem ent planning provides a path tow ards better groundw ater

m anagem ent, retaining the S tate's historical focus on local agencies driving local change. R eform  that

strengthen and update this legislation w ould build on a fam iliar base, and, judging from  the significant

num ber of plans in C alifornia, one w ith w hich m any local agencies are com fortable. Law  and policy

should follow  C alifornia's innovative local groundw ater m anagem ent agencies, and lead its groundw ater

agencies as a w hole, dow n the path that this report suggests is both desirable, and also possible.

33

L011275




REFERENCES

A gricultural W ater M gm t. C ouncil. (2008). E fficient W ater M anagem ent: Irrigation D istrict A chievem ents.

A vailable at http://w w w .agw atercouncil.org/P ublications/E fficient-W ater-M anagem ent-irrigation-

district-achievem ents/m enu-id-86.htm l.

A lam eda C ounty W ater D ist. (2001). G roundw ater M anagem ent P olicy.

A lam eda C ounty W ater D ist. (201 0). S urvey R eport on G roundw ater C onditions.

A lley, W . M ., R eilly, T. E ., &  Franke, 0 . L. (1999). S ustainability o f G round-W ater R esources: U .S.

G eological S urvey C ircular 1186. A vailable at http://pu bs. usgs.gov/circ/circ1186/.

A M E C  G eom atrix Inc. (2008). M erced G roundw ater B asin G roundw ater M anagem ent P lan U pdate:

M erced C ounty, C A.

A ngiola W ater D ist., A tw ell Island W ater D ist., C ity of C orcoran, C orcoran Irrigation D ist., M elga W ater

D ist., &  Tulare Lake B asin W ater S torage D ist. (1999). Tulare Lake B ed C oordinated

G roundw ater M anagem ent P lan.

A rvin-E dison W ater S torage D ist. (2003). G roundw ater M anagem ent P lan.

A rvin-E dison W ater S torage D ist. (2006). R ules and R egulations for D istribution o f W ater.

B ergkam p, G ., G regory J. H obbs, J., &  lza, A . (2009). Linking P olicies to R ealities. In A . lza &  R . S tein

(E ds.), R ule: R eform ing W ater G overnance, 31. G land, S w itzerland: IU C N .

B orrego W ater D ist. (2002). B orrego W ater D istrict G roundw ater M anagem ent P lan.

B rooks, D . B ., B randes, 0 . M ., &  G urm an, S. (E ds.). (2009). M aking the M ost o f the W ater W e H ave: The

S oft P ath A pproach to W ater M anagem ent. London: E arthscan.

B row n &  C aldw ell. (2007a). A lpine C ounty G roundw ater M anagem ent P lan.

B row n &  C aldw ell. (2007b). Lassen C ounty G roundw ater M anagem ent P lan.

B utte C ounty. (2005). B utte C ounty G roundw ater M anagem ent P lan.

C al. D ep't of W ater R esources. (2003). C alifornia's G roundw ater: B ulletin 118 (U pdate 2003). A vailable at

http://w w w .w ater.ca.gov/groundw ater/bulletin118/bulletin118update2003.cfm .

C al. D ep't of W ater R esources. (2008). M anaging an U ncertain Future: C lim ate C hange A daptation

S trategies for C alifornia's W ater. A vailable at

http://w w w .w ater.ca.gov/clim atechange/docs/C iim ateC hangeW hiteP aper.pdf.

C al. D ep't of W ater R esources. (2009). C ourt A djudications. A vailable at

http://w w w .w ater.ca.gov/groundw ater/gw m anagem enU court_adjudications.cfm .

C al. S tate C ontroller. (201 0). S pecial D istricts A nnual R eport 2007-2008 (58th ed.). A vailable at

http://w w w .sco.ca.gov/ard_locarep_districts.htm l.

C aponera, D . A . (2007). P rinciples o f W ater Law  and A dm inistration (2nd ed, rev. and updated by

M arcella N anni ed.). London: T aylor &  Francis.

C arpinteria V alley W ater D ist. (1996). G roundw ater M anagem ent P lan.

34

L011276


http://www.agwatercouncil.org/Publications/Efficient-Water-Management-irrigation-district-achievements/menu-id-86
http://www.agwatercouncil.org/Publications/Efficient-Water-Management-irrigation-district-achievements/menu-id-86
http://pu
http://www.water.ca.gov/groundwater/bulletin118/bulletin118update2003.cfm
http://www.water.ca.gov/climatechange/docs/CiimateChangeWhitePaper.pdf
http://www.water.ca.gov/groundwater/gwmanagemenUcourt_adjudications.cfm
http://www.sco.ca.gov/ard_locarep_districts.html


C ash, D . W . (2006). M ining W ater, D rying W ells: M ultilevel A ssessm ent and D ecision M aking for W ater

M anagem ent. In R . B. M itchell, D . W . C ash &  W . C . C lark (E ds.), G lobal E nvironm ental

A ssessm ents: Inform ation and Influence, 271. C am bridge, M A , U S A : M IT P ress.

C astaic Lake W ater A gency. (2003). G roundw ater M anagem ent P lan: S anta C lara R iver V alley

G roundw ater B asin, E ast S ubbasin.

C how chilla W ater D ist.-R ed Top R esource C onservation D ist. Joint P ow ers A uth. (1997). G roundw ater

M anagem ent P lan.

C ity of R oseville, C ity of Lincoln, P lacer C ounty W ater A gency &  C alifornia A m erican W ater C o. (2007).

W estern P lacer C ounty G roundw ater M anagem ent P lan.

C ity of S an D iego W ater D ep't. (2007). S an P asqua/ G roundw ater M anagem ent P lan.

C ity of S anta C ruz, &  S oquel C reek W ater D ist. (201 0). scw d

2


: C ollaborating to C onserve, P rotect and

C reate R eliable W ater R esources. A vailable at http://w w w .scw d2desal.org/.

C ity of Tracy. (2007). T racy R egional G roundw ater M anagem ent P lan.

C onnell, D . (2007). The S ustainability of S ustainable Lim its to E xtraction Inform ing the N W I. Land and

W ater A ustralia P roject 2006/7.

C ooley, H ., C hristian-S m ith, J., &  G leick, P. (2009). S ustaining C alifornia A griculture in an U ncertain

Future. O akland, C A , U S A : P acific Institute.

D ellapenna, J. (2004). Is S ustainable D evelopm ent a S erviceable Legal S tandard in the M anagem ent of

W ater? W ater R esources U pdate, Feb. 2004 (127), 87.

Feldm an, D . L. (1991). W ater R esources M anagem ent: In S earch o f an E nvironm ental E thic.

Flint, R . W . (2004). The S ustainable D evelopm ent of W ater R esources. W ater R esources U pdate, Feb.

2004 (127), 41.

Faley-G annon, E. (2008). Institutional A rrangem ents for C onjunctive W ater M anagem ent in C alifornia and

A nalysis of Legal R eform  A lternatives. H astings W -N . W  J. E nv. L. &  P ol'y, 14, 1105.

F ox C anyon G roundw ater M gm t. A gency, U nited W ater C onservation D ist., &  C alleguas M unicipal W ater

D ist. (2007). 2007 U pdate to the F ox C anyon G roundw ater M anagem ent A gency G roundw ater

M anagem ent P lan.

G ardner, A ., B artlett, R . H ., G ray, J., &  C arney, G . (2009). W ater R esources Law . C hatsw ood, N S W ,

A ustralia: LexisN exis B utterw orths.

G E l C onsultants. (2009). C onsolidated Irrigation D istrict G roundw ater M anagem ent P lan.

G eoscience S upport S ervices Inc. (2007). G roundw ater M anagem ent P lan: G illibrand G roundw ater B asin

(prepared for V entura C ounty W aterw orks D istrict N o. 8 - C ity o f S im i V alley and P. W  G illibrand

C om pany).

G leick, P. H . (1998). W ater in C risis: P aths to S ustainable W ater U se. E cological A pplications, 8(3), 571.

G lenn C ounty. (2000). O rdinance N o. 1115: O rdinance A m ending the C ounty C ode, A dding C hapter

20. 03, G roundw ater M anagem ent.

G lobal W ater P artnership Technical A dvisory C om m . (2000). Integrated W ater R esources M anagem ent.

S tockholm , S w eden: G lobal W ater P artnership.

35

L011277


http://www.scwd2desal.org/


H anak, E. (2003). W ho S hould B e A llow ed to S ell W ater in C alifornia? Third-P arty Issues and the W ater

M arket. S an Francisco, C A : P ublic P olicy Institute of C alifornia.

H anak, E ., Lund, J., D inar, A ., G ray, B., H ow itt, R ., M ount, J., et al. (201 0). M yths of C alifornia W ater-

Im plications and R eality. H astings W -N .W  J. E nv. L. &  P ol'y, 16, 3.

H ydroM etries LLC . (2007). O lym pic V alley G roundw ater M anagem ent P lan (prepared for S quaw  V alley

P ublic S ervice D istrict).

Indian W ells V alley C ooperative G roundw ater M gm t. G roup. (2006). C ooperative G roundw ater

M anagem ent P lan for the Indian W ells V alley.

lza, A ., &  S tein, R . (2009). B uilding a S ound Institutional M echanism . In A. lza &  R . S tein (E ds.), R ule:

R eform ing W ater G overnance (pp. 71-95). G land, S w itzerland: IU C N .

Jones &  S tokes A ssoc., Inc. (1998). G roundw ater M anagem ent P lan for the S an B enito C ounty P art o f

the G ilroy-H ollister G roundw ater B asin (Final).

K aw eah D elta W ater C onservation D ist. (2006). G roundw ater M anagem ent P lan.

K aw eah D elta W ater C onservation D ist. (2008). G roundw ater M anagem ent P lan 2007 A nnual R eport.

K enny, J. F., &  U .S . G eological S urvey. (2009). E stim ated U se o f W ater in the U nited S tates in 2005 (1st

ed.). R eston, V A , U S A : U .S . G eological S urvey.

K ern-Tulare W ater D ist., &  R ag G ulch W ater D ist. (2006). G roundw ater M anagem ent P lan.

K ings R iver C onservation D ist. (2005). Low er K ings B asin G roundw ater M anagem ent P lan U pdate.

K reinberg, G . A. (1994). S outh S an Joaquin Irrigation D istrict G roundw ater M anagem ent P lan.

K rieger, J. H ., &  B anks, H . 0 . (1962). G round W ater B asin M anagem ent. C al. L. R ev., 50, 56.

Langridge, R . (2009). C onfronting D rought: W ater S upply P lanning and the E stablishm ent of a S trategic

G roundw ater R eserve. U. D env. W ater L. R ev., 12, 295.

Lant, C . (2007). W ater R esources S ustainability: A n E cological-E conom ics P erspective. In L. W . M ays

(E d.), W ater R esources S ustainability, 55. N ew  Y ork: M cG raw -H ill; A lexandria, V A , U S A : W E F

P ress.

Llam as, M . R ., &  M artinez-S antos, P. (2005). Intensive G roundw ater U se: S ilent R evolution and P otential

S ource of S ocial C onflicts. J. o f W ater R esources P lanning &  M anagem ent, S ept/O ct 2005, 337.

M endocino C ity C om m unity S ervices D ist. (1990, as am ended 2007). G roundw ater M anagem ent P lan

and P rogram s.

M endocino C ity C om m unity S ervices D ist. (2007). O rdinance N o. 07-1: G roundw ater E xtraction P erm it.

M onterey C ounty W ater R esources A gency. (2006). M onterey C ounty G roundw ater M anagem ent P lan.

N .E . S an Joaquin C ounty G roundw ater B anking A uth. (2004). E astern S an Joaquin G roundw ater B asin

G roundw ater M anagem ent P lan.

N eum an, J. C . (1998). B eneficial U se, W aste, and Forfeiture: The Inefficient S earch for E fficiency in

W estern W ater U se. E nvtl. L., 28, 919.

N evill, C . J. (2009). M anaging C um ulative Im pacts: G roundw ater R eform  in the M urray-D arling B asin,

A ustralia. W ater R esources M anagem ent 23, 2605.

36

L011278




N orth K ern W ater S torage D ist., &  R osedale R ange Im provem ent D ist. (1993). O rganization o f E xisting

G roundw ater M anagem ent P rogram s under C alifornia W ater C ode S ections 10750 E t Seq. (A B -

255).

O jai B asin G roundw ater M gm t. A gency. (2007). O jai B asin G roundw ater M anagem ent A gency

G roundw ater M anagem ent P lan U pdate.

O range C ounty W ater D ist. (2009). 2009 U pdate: G roundw ater M anagem ent P lan.

O range C ounty W ater D ist. (2009). 2009 U pdate: G roundw ater M anagem ent P lan.

P ajaro V alley W ater M gm t. A gency. (1993). O rdinance 93-2: A n O rdinance O f the B oard o f D irectors o f

the P ajaro V alley W ater M anagem ent A gency R equiring the Installation and U se o f F low  M eters

at W ater P roduction Facilities and Im plem enting a G round W ater A ugm entation C harge.

P ajaro V alley W ater M gm t. A gency. (1996). O rdinance 96-3: A n O rdinance O f the B oard o f D irectors o f

the P ajaro V alley W ater M anagem ent A gency A m ending R equirem ents for S em i-A nnual M eter

R eadings and A ssigning R esponsibility for A ugm entation C harge A ssessm ents.

P ajaro V alley W ater M gm t. A gency. (2002). R evised Final B asin M anagem ent P lan.

P alaniappan, M ., &  G leick, P. H . (2009). P eak W ater. In P. H . G leick (E d.), The W orld's W ater 2008-2009:

The B iennial R eport on Freshw ater R esources, 1. W ashington, D C : Island P ress.

R eclam ation D ist. 2068. (2005). G roundw ater M anagem ent P lan.

S acram ento C ent. G roundw ater A uth. (2009). B asin M anagem ent R eport 2007-2008.

S acram ento C ounty W ater A gency. (2006). C entral S acram ento C ounty G roundw ater M anagem ent P lan.

A vailable at http://w w w .scgah2o.org/files/C S C G M P  _final. pdf.

S acram ento G roundw ater A uth. (2008). S acram ento G roundw ater A uthority G roundw ater M anagem ent

P lan.

S andino, D . A . (2005). C alifornia's G roundw ater M anagem ent S ince the G overnor's C om m ission R eview :

The C onsolidation o f Local C ontrol. M cG eorge L. R ev. 36, 471.

S anta C lara V alley W ater D ist. (2001). S anta C lara V alley W ater D istrict G roundw ater M anagem ent P lan.

S anta C lara V alley W ater D ist. (2009). A nnual R eport on the P rotection and A ugm entation o f W ater

S upplies o f the D istrict.

S anta C lara V alley W ater D ist. (201 0). P rotection and A ugm entation o f W ater S upplies 2010/2011: 39th

A nnual R eport. A vailable at http://w w w .valleyw ater.org/W orkA rea/D ow nloadA sset.aspx?id=3804.

S ax, J. L. (2003). W e D on't D o G roundw ater: A  M orsel of C alifornia Legal H istory. U. D env. W ater L.

R ev., 6, 269.

S chiffler, M . (1998). The E conom ics o f G roundw ater M anagem ent in A rid C ountries: Theory, International

E xperience and a C ase S tudy o f Jordan. London: F rank C ass P ublishers.

S heer, D . P. (201 0). D ysfunctional W ater M anagem ent: C auses and S olutions. Journal o f W ater

R esources P lanning and M anagem ent, Jan/Feb 2010, 1.

S onom a C ounty W ater A gency. (2007). S onom a V alley G roundw ater M anagem ent P lan.

S oquel C reek W ater D ist., &  C ent. W ater D ist. (2007). G roundw ater M anagem ent P lan- 2007: S oquel-

A ptos A rea.

37

L011279


http://www.scgah2o.org/files/CSCGMP
http://www.valleywater.org/WorkArea/DownloadAsset.aspx?id=3804


S tanislaus &  T uolum ne R ivers G roundw ater B asin A ssoc. (2005). Integrated R egional G roundw ater

M anagem ent P lan for the M odesto S ubbasin.

S utter E xtension W ater D ist. (1995). G roundw ater M anagem ent P lan.

Taylor, C . J., &  A lley, W . M . (2001). G round-W ater-Level M onitoring and the Im portance o f Long-Term

W ater-Level D ata: U .S. G eological S urvey C ircular 1217. D enver, C O , U S A : U .S . D epartm ent of

the Interior.

Taylor, M . (201 0). Liquid A ssets: Im proving M anagem ent o f the S tate's G roundw ater R esources-A n LA O

R eport. A vailable at http://w w w .lao.ca.gov/laoapp/P ubD etails.aspx?id=2242.

Thom as, G . A. (2001). D esigning S uccessful G roundw ater B anking P rogram s in the C entral V alley:

Lessons from  E xperience. A vailable at http://w w w .n-h-

i. org/u ploads/tx_rtgfiles/7 550 _ C onjusefinal. P D F.

Todd E ngineers. (2009). S an B enito C ounty W ater D istrict A nnual G roundw ater R eport. A vailable at

http://w w w .sbcw d.com /A nnuaiG W R eport.pdf.

T urlock G roundw ater B asin A ssoc. (2008). Turlock G roundw ater B asin G roundw ater M anagem ent P lan.

U .S . G eological S urvey. (2003). G round-W ater D epletion A cross the N ation. A vailable at

http://pubs.usgs.gov/fs/fs-1 03-03/JB artolinoFS (2.13.04).pdf.

W engert, N . (1971). P ublic P articipation in W ater P lanning: A  C ritique of Theory, D octrine, and P ractice.

W ater R esources B ulletin, 7(1), 26.

W estern C anal W ater D ist. (2005). G roundw ater M anagem ent P lan.

W estern C anal W ater D ist. (2006). R ules and R egulations o f the W estern C anal W ater D istrict

Im plem enting G roundw ater M anagem ent P lan.

Y uba C ounty W ater A gency. (2005). G roundw ater M anagem ent P lan.

Zekster, S ., Loaiciga, H . A ., &  W olf, J. T. (2005). E nvironm ental Im pacts of G roundw ater O verdraft:

S elected C ase S tudies in the S outhw estern U nited S tates. E nvironm ental G eology, 47, 396.

38

L011280


http://www.lao.ca.gov/laoapp/PubDetails.aspx?id=2242
http://www.n-h-i
http://www.n-h-i
http://www.sbcwd.com/AnnuaiGWReport.pdf
http://pubs.usgs.gov/fs/fs-1

