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Abstract

This is an effort to unify hydrology, water law, and economics for a

coherent evaluation of the California Bay-Delta water conflict between

environmental, agricultural, and urban interest groups. The integration of

groundwater into state water resources planning is a crucial step in reforming

California water policy. Groundwater and surface water are continuous

elements of the water cycle. Unregulated groundwater use threatens surface

flows, as well as being poor management of critical groundwater resources.

State case law, local regulation, and federal law all have some ability to

substitute for the lack of state groundwater code, but as yet these efforts

are disparate and uncertain. Stronger state or federal management is

essential. With water use permits for both groundwater and surface water, a

more effective water marketing scheme could be employed to ease water

rights restrictions and maintain water standards called for in the recent Bay-

Delta compromise.
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1.1.' INTRODUCTION

The West was won with water. Human designs on hydrology have

disguised the desert; watermelons grow next to cacti in Arizona, pirate ships

battle in a Las Vegas casino's private ocean. A victory over aridity, yet a

tenuous one. As human needs and populations swell, natural resources

shrink. Master-minded irrigation schemes combined with impunious urban

growth have spelled disaster for western water resources and associated

environmental endowments originally inviting pioneers.

And if there is one state in the West that can be held up as the

epitome of people in conflict with scarce water resources, it is California.

Statewide conditions are predominantly arid, though rainfall varies from over

90 inches per year in some mountainous pockets to less than 2 inches per

year in some of the deserts'. Buffered by the Pacific, California winters are

mild, ideal for crops and urban folk alike. California's climate can be blamed

for its number one dilemma; advertising a party without enough drinks to

serve the guests.

In vying for water rights California has hosted the most bitter water

Hundley 1992, 9.
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resources conflicts in American history. The interested scholar has all manner

of fascinating accounts to research: how Los Angeles drained the beautiful

Owens Valley south of Yosemite, how federal sponsorship of family farms

was twisted to allow multimillion dollar agricultural empires in the Central

Valley, the overeager engineering that led to the collapse of Saint Francis

Dam and the resulting flood that killed 450 people, to list only a few. The

most difficult thing about studying California water is deciding on a focus.

Yet one particular area has emerged as the epicenter of California's

water resources controversy; the Bay-Delta ecosystem. The Bay-Delta is

roughly between Sacramento and San Francisco, see figure 1. Here the

Sacramento River and San Joaquin River meet, with additional inflows from

the Mokelumne, Cosumnes, and Calveras rivers. Historically the Delta was a

broad deposition ground for riverine and tidal sediments, an enormous

wetland marsh. From the Delta, waters flow into Suisun Bay, San Pablo Bay,

and finally San Francisco Bay, gateway to the Pacific Ocean.

The Bay-Delta is an incredibly valuable area. Rich Delta soils are

intensively farmed, and protected by over 1,000 miles of levees. A bird's eye

view shows a network of 57 islands totaling 738,000 acres'. Downstream

Suisun Bay and adjacent Suisun Marsh are yet undeveloped, a rich wildlife

2 DWR 1995, 1.
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Figure 1: The Bay-Delta Area. 

The San Francisco Bay and San Joaquin River / Sacramento River Delta
Ecosystem.

From DWR 1994, Executive Summary, pg. 3.



area roamed by everything from Tule Elk to migrating birds on the Pacific

Flyway. San Francisco Bay's importance to California can hardly be

overstated. The quality of life in the Bay Area is renowned nationwide.

Fishing, boating, port commerce, tourism, and scenery are just a few of the

benefits Californians enjoy.

However it is not these in situ uses alone that make the Bay-Delta so

crucial to California. The Delta is the climax of nearly half the states total

surface water runoff, averaging nearly 28 million acre feet per year (maf/yr) 3 ,

twice the flow of the Colorado River. The Delta is the sole outflow of the

Central Valley, a roughly 64,000 square mile area consisting of four sub-

basins: San Francisco Bay, Sacramento River, San Joaquin River, and Tulare

Lake4, see figure 2. This tremendous coalescence of the state's limited

surface water has naturally made the Delta center of attention for California

water needs near and far.

Although there are approximately 1800 local agricultural diversions in

the Delta itself' and countless others along Central Valley rivers and streams,

two Delta diversions require particular attention. These two, the Central

3 DWR 1995, 19.

4 Here Central Valley refers to the entire watershed, not just the Valley floor.
Area calculated from DWR 1994 vol. II; 51, 121, 151, 179.

5 DWR 1995, 33.
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Figure 2: Hydrologic Subregions in California. 
San Francisco Bay, Sacramento River, San Joaquin River, and Tulare Lake are
part of the Central Valley watershed. From DWR 1994, Volume i I, pg. 3.
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Valley Project(CVP) and the State Water Project (SWP), move water on a

staggering scale. From the Delta, the SWP and CVP each divert

approximately 2.5 maf/yr6 . Figure 3 illustrates the magnitude of Delta water

exports, almost all of which are due to CVP and SWP operations. Most of

these exports serve farmland east and south of the Delta. Central Valley soil

is extremely rich but requires this irrigation. The top three agricultural

counties in the nation are in the southern end of the Central Valley, grossing

13 billion in 1983', ultimately responsible for wealth 3 or 4 times that

amount as spending spreads through the economy. Further, a substantial

portion of SWP water goes to Los Angeles, the nation's second largest

metropolitan area. A great deal of California's economy depends on surface

water diversions from Delta waters.

Brobdingnagian engineering has also incurred heavy costs. Thousands

of miles of concrete canals have been built to move water away from its

natural course, often against gravity. This entails huge energy requirements,

as just 1 acre foot of water (325,851 gallons) weighs about 2.7 million

pounds. More important however are spiraling environmental sacrifices. The

more fresh water exported for agricultural and urban use, the less available to

DWR 1995, 19.

7 USGS 1991, Bertoldi, Johnston, and Evenson, A3.
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NL

Hydrologic Regions

NC	 North Coast

SF - San Francisco Bay

CC	 Central Coast

SC	 South Coast

SR - Sacramento River

SJ - San Joaquin River

TL	 Tulare Lake

NL	 North Lahontan

SL - South Lahontan

CR	 Colorado River

a. South Bey Aqueduct 155
b. Contra Costa Canal 85
c. Mokelumne Aqueduct 245
d. Hatch Hetchy Aqueduct 267
e. San Felipe Unit 97

Figure 3: Water Transfers between California Subregions. 

Note the trend of transfers from the north to the south, reducing flow
through the Bay-Delta. From DWR 1994, Volume I, pg. 59.



support the estuary environment. Depleted Delta flows upset the natural

balance in the Bay-Delta. Water temperatures rise, dissolved oxygen is

reduced, fish may no longer be able to navigate between pools or upstream

from the ocean to spawn. Lower flows concentrate agricultural and urban

pollutants, poisoning what water remains. Less freshwater outflow also

allows salinity intrusion from the Pacific to advance further upstream.

Further, fish are entrained into the massive diversion pumps or disoriented by

the pumps' reversal of flow patterns.

But current fish problems are merely the latest chapter in Bay-Delta

environmental decline. The Bay once sheltered native oyster, clam, and

mussel populations, devastated late last century by wastewater pollution 8 .

Wetlands and mudflats of the Bay-Delta have been ploughed or paved,

restricting waterfowl and shorebirds using the area as a crucial stop on the

Pacific Flyway'.

Today environmental laws and awareness are beginning to catch up

with resource exploitation. After being listed under the Endangered Species

Act (ESA) in the early 1990's, the endangered Winter-Run Chinook Salmon

and threatened Delta Smelt have taken the unenviable position of challenging

8 Conomos, Leviton, and Berson eds. 1979, 1982.

9 Kockelman and Conomos eds. 1982, 19.
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the Central Valley agricultural machine and California urban growth. These

two fish species may soon be joined by others, most likely the Sacramento

Splittai1 10 . But the problems with Bay-Delta management swim deeper than

an already decimated salmon fishery and a handful of other native fish

species. The ESA is best seen as forcing the resolution of an insupportable

environmental problem. California failed to regulate Bay-Delta water quality

under the Clean Water Act", and an environmentally sensitive overhaul of

Bay-Delta management was long overdue.

The thankless task of regulating water issues in the Bay-Delta has

historically fallen on the California State Water Resources Control Board

(SWRCB). On December 15, 1994, the SWRCB successfully finalized

negotiations between key environmental, agricultural, and urban interest

groups for short term Bay-Delta water quality standards. These "Principles

for Agreement on Bay-Delta Standards Between the State of California and

the Federal Government" (the Bay-Delta Accord) may mark the dawn of

' Winter Run Chinook Salmon received federal threatened status in Dec.
1990 though it had been endangered under state law since 1989. Delta
Smelt became a threatened species under federal law in Mar. 1993. "Club
Fed" proposed listing the Sacramento Splittail for threatened status in Jan.
1994. Fish and Wildlife Service, Endangered Species Technical Bulletin, vol.
XV no. 22, 7; vol. XVIII no. 2, 13; vol. XIX no. 2, 12-13.

" Koehler 1995, 48.
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effective Bay-Delta oversight, a turning point in a dark history of insufficient

protection.

This thesis evaluates the Bay-Delta issue from hydrologic, legal, and

economic viewpoints. Part 1 reviews the evolution of the Bay-Delta dilemma

up to the Bay-Delta Accord, and argues there are still critical pieces missing

from the state management strategy. Some problems remain with

California's surface water policy, but these are not as important as the

conspicuous absence of coherent groundwater law. This leaves a

dangerously easy groundwater supply for those subject to surface water

restrictions under the Bay-Delta Accord. Through hydrologic continuity, as

manifest in the water cycle, these predicted groundwater stresses may

translate into surface water losses. Thus lack of groundwater control may

frustrate the Bay-Delta Accord's surface water control ambition. Coupled

groundwater and surface water regulation is the radical but necessary

approach for effective water resources management.

Part 2 examines possible solutions to this weakness of California

water policy exhibited in the Bay-Delta dilemma; from the dawning of

groundwater protection through local initiatives, the potential for state and

federal level groundwater protection, and the role of water marketing.

Throughout this analysis possible solution avenues are evaluated on their

24



hydrologic, legal, and economic merits. Emerging local efforts are

encouraging, but larger scale groundwater management is needed to resolve

statewide waters supply issues. The hydrologic cycle does not observe

political boundaries; the end recipient of the divergent groundwater decisions

in the Central Valley watershed is the Bay-Delta. If groundwater could be

controlled with state permits like surface water, California could relieve water

allocation inefficiencies with a hydrologically sound water market. This may

be the best formula to loosen the knots in California water policy, tangled in

a false legal tradition.

WAMDF2SMI&	 ar 7/./Çs'	 ywiseanzaraffismuv Tanswer

1.2: BAY-DELTA ACCORD BACKGROUND

In 1967 the SWRCB was created by the California Legislature as a

consolidation of water rights and water quality oversight. The impetus for

this integrated approach to solving water quality and water quantity

problems together was made specifically to address issues in the Bay-Delta'.

In 1971 the SWRCB released Decision 1379, a timid yet notable first action

towards Bay-Delta protection. The SWRCB committed to protect all

beneficial uses of the Delta, including environmental and aesthetic values,

but old water quality standards were not updated. The burden of attaining

12 Robie 1988, 1141.
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salinity standards was placed exclusively on the CVP and SWP, since the

SWRCB thought itself powerless to regulate diversions by other users. CVP

beneficiaries were enraged, since CVP water rights should be superior to

SWP rights, having been secured at an earlier date. Immediate litigation by

CVP recipients moved the SWRCB to remove Decision 1379 later in 1971 13 .

In 1978 the SWRCB issued water rights Decision 1485 and put forth a

new Water Quality Control Plan for the Delta and Suisun Marsh, the first

time it had synchronized water quantity and water quality regulations'.

However the SWRCB continued to limit itself by targeting only water rights

and water quality in connection with SWP and CVP operations. Decision

1485 continued to ignore water rights of upstream appropriators, and the

1978 Control Plan offered a "pre-project" water quality standard, meaning

that Delta salinity ought to be no worse than before the CVP and SWP began

diverting.

In 1986 the outcome of U.S. v SWRCB 15 (the Racanelli Decision)

challenging Decision 1485 forcefully restored and expanded the SWRCB's

authority and purpose. The court invalidated the "pre-project" test as too

' Robie 1988, 1126-1129.

14 Robie 1988, 1129.

15 182 Cal App 3d 82, 227 Cal Rptr 161.

26



weak since singling out state and federal water projects limited the SWRCB's

power to fulfill its Bay-Delta protection responsibilities; in addition historic

water quality levels were not necessarily relevant to current protection

needs'. The court emphatically declared the SWRCB's power to reasonably

protect all beneficial uses of the Bay-Delta through regulation of all Central

Valley water rights. The SWRCB was granted great latitude in determining

and administering water quality standards, even to reallocate water rights,

regardless of vested rights or effects on the CVP or SWP". The legal

foundation for the SWRCB's empowerment was a legal concept called the

"public trust." The public trust holds that state water resources are owned

by the state citizenry; private diversions can be revoked if contrary to the

collective will. The public trust was potently established in California by the

contemporary National Audubon Society v Superior Court of Alpine County 18

decision.

However the Racanelli Decision was an empty victory for the SWRCB,

since using the power granted continued to cause them no end of attack

from the status quo. The SWRCB began hearings in 1987 pursuant to the

' Littleworth and Garner 1995, 129-130.

17 Robie 1988, 1142.

18 33 Cal 3d. 419, cert denied, 464 U.S. 977, 1983.
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Racanelli Decision to enunciate the beneficial uses of the Delta to be

protected and associated water quality issues. From these the SWRCB

created the Draft Water Quality Control Plan for Salinity for the San

Francisco Bay and Sacramento-San Joaquin Delta Estuary. The 1987 Control

Plan was quite ambitious, recommending both flow and salinity standards

combined with an implementation plan extending water rights responsibility

for these standards to all users in the Bay-Delta watershed. The Plan drew

controversy from agricultural and urban interests for including water rights

changes earlier than expected according to details of the Racanelli Decision.

The SWRCB withdrew the plan, and proceeded to address solely water

quality. This bisected its dual mission, but was perhaps the only tack that

would avoid continual litigation.

In 1991 the SWRCB released the Water Quality Control Plan for

Salinity for the San Francisco Bay and Sacramento-San Joaquin Delta

Estuary. But now it appeared the SWRCB had conceded too much to

agricultural and urban interests, and environmentalists were crying foul.

Since the SWRCB put off flow requirements for the later water rights phase,

in the meantime endangered fish were not guaranteed actual water in which

to swim. Under pressure from 16 environmental organizations, EPA rejected

the 1991 Water Quality Control Plan through its responsibility under the
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Clean Water Act, declaring water quality standards were insufficient to

protect fish and wildlife habitat (33 U.S.C. sec. 1313) 19 .

The SWRCB declined the opportunity to create a new Control Plan, but

did release draft water rights Decision 1630 in 1992, designed for short-term

actions that could protect the Bay-Delta without significantly affecting water

supply. An effective water quality plan for the Bay-Delta was still lacking,

and EPA was forced to instill its own standards, issuing a draft Dec. 15,

1993 with a final plan required within a year. To enable the takeover the

tangle of federal agencies with Bay-Delta jurisdiction were consolidated into

the Federal Ecosystem Directorate ("Club Fed"), consisting of EPA, the

National Marine Fisheries Service, the United States Fish and Wildlife Service,

and the Bureau of Reclamation.

These forceful federal actions combined with the SWRCB's solicitation

of water quality plans from the public brought new urgency to Bay-Delta

constituencies. The California Urban Water Agencies (CUWA) brought out a

lengthy proposal stemming from the EPA plan but vastly different on key

points. CUWA argued for changing flow standard emphasis from ESA

sensitivity and minimum year round flows to dependence on Delta inflows

19 Koehler 1995, 48.
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and a focus on spring flows for fish spawning runs20 . An environmentalist

plan was also proposed requiring extensive water cutbacks but did not

achieve support from other groups. Agricultural interests receiving Delta

water exports joined CUWA, and the CUWA/AG plan became the basis for

negotiations as the deadline for a federally approved water quality plan drew

near.

On December 15, 1994, the last possible day before renewed EPA

control, the Bay-Delta Accord was completed and signed by state, federal,

agricultural, urban, and environmental interests. The Bay-Delta Accord was

meant as a short term water quality guide, good for three years, while long

run management was assigned to a federal and state agency coalition named

CALFED. The Bay-Delta Accord is a bewildering array of indices and sliding

averages designed to ensure water quantity and quality at various Delta

locations, especially during critical fish life cycles. Modeling predicts water

use must drop by about 1 maf/yr in critically dry years and between 200,000

and 350,000 maf/yr in average years21 . Until water rights are reassigned the

CVP and SWP are operating to meet Bay-Delta Accord standards, but so far

have had it easy as California enjoys a series of wet years.

20 Personal communication with Greg Cartrell of Contra Costa Water District.

21 Conversion with SWRCB employee, October 31, 1997.
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The Bay-Delta Accord also stresses "non-flow" issues to improve fish

conditions, requiring an initial payment of 10 million dollars per year from

urban and agricultural water suppliers eventually climbing to an estimated 60

million dollars per year. The non-flow priority is installing pump screens to

stop fish entrainment. The Bay-Delta Accord claims there will be "no

additional water cost" incurred from future ESA biological opinions, relying

on implementation flexibility under section 4(d) of the ESA, but Bay-Delta

management cannot avoid tightened ESA requirements should Bay-Delta

fishery conditions continue to worsen'.

The Bay-Delta Accord is a heartening first step, a short term

compromise on an incredibly complex and contentious issue. After an

excruciatingly slow regulatory evolution the Bay-Delta may have entered a

new era with clearer goals for the SWRCB to follow and better established

authority to do so. However certain points critically undermine the Bay-Delta

Accord.

Legally, the Bay-Delta Accord may dissolve at any time, relying solely

on goodwill between the signatories with no binding legal character'.

Renewed lawsuits from urban and agricultural interests were recently only

' Koehler 1995, 50.

' Koehler 1995, 49-50.
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narrowly avoided'''. Furthermore, California's experience thus far merely

articulating management standards bodes ill for the time when users

throughout the Central Valley begin to actually lose water during the

upcoming water rights reduction and reallocation phase. The SWRCB's

leeway in altering water rights is firmly established in the Racanelli Decision,

but the stakes involved ensure their authority will be challenged at every

step. Worse, California water law is extremely ambiguous, inviting litigation

for an extended visit. Legal questions have impeded Bay-Delta management

in the past, and no doubt will continue to do so.

The Bay-Delta Accord is also hydrologically flawed. Groundwater use

is absent from both the Bay-Delta Accord and the CUWA/AG proposal it

modifies; indeed groundwater issues have been allowed to sleep through the

entire proceedings. Yet groundwater and surface water are inextricably

connected, flowing together as a continuous resource. Groundwater effects

on surface flows are undeniable, a result of mass balance and nature's quest

for equilibrium. During the SWRCB's Nov. 18, 1996 workshop'',

groundwater was not mentioned. This despite the expected outcome of

24 Smith R.T. and R.J. Vaughan eds. Oct. 1996, 5.

25 This particular workshop reviewed flow objectives for San Joaquin River
inflow and initiated discussion towards water rights reallocation Central
Valley wide.
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surface water cutbacks being lawful, massive increase in groundwater use, in

turn affecting surface water flows and thus surface water rights and quality.

The SWRCB and the State of California's efforts in proceeding with the

historic Bay-Delta Accord may be frustrated by groundwater misuse. A long

term solution without integration of groundwater investigations and

regulation is impossible; Bay-Delta protection cannot be achieved while

dividing inseparable groundwater and surface water components of the

Central Valley hydrologic system. Yet the SWRCB is bound by the vagaries

of California Water Law.
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1.3: CALIFORNIA WATER LAW

1.3.1: SURFACE WATER

California water law is both fascinating and outrageous, both

sentiments stemming from the insecurity of state water rights. A primary

source of the chaos is that unlike many western states which have moved to

a uniform water law code, California continues to apply separate legal

doctrine to groundwater and surface water (figure 4). This separation may

seem rational enough from a legal accounting point of view, but is not a

division with which Mother Nature has chosen to conform (figure 5).

Through hydrologic interconnections use of groundwater affects surface
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Figure 4: California's (False) Legal Conception of Hydrology. 
There is no allowance for flow between water cycle components.
The only concession is redefinition of groundwater closest to the
stream as "underflow.” Underflow is surface water for legal
purposes, a weak attempt to account for groundwater / surface
water interactions.

LAND SURFACE

SURFACE WATER
CROSS-SECTION

Figure 5: The Hystrolggic_Cycle,
Characterized by flows between atmospheric,
surface, and underground components.
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water flows and hence surface water rights, and surface water use affects

groundwater. When surface water and groundwater interactions are

present, as they usually are, water rights to each is tantamount to doubly

committing a single resource.

Beyond this achilles heel, California applies different kinds of

appropriation systems within the bogus surface water and groundwater

compartments. In allocating surface water, California has concocted an

uneasy combination of riparian and prior appropriation schemes, a system so

oddly unique it is known simply as the "California Doctrine." A pure riparian

rights system automatically grants water rights to waterfront landowners.

These rights are connected to the waterfront property, regardless of whether

the right is exercised or not. Water use of riparian rights holders is typically

subject to a "reasonable and beneficial use" clause, to be judged in relation

to the other riparians' use. In case of shortage, acreage and

"reasonableness" of use are loosely used criteria in reallocating the reduced

water available.

The prior appropriation system is markedly different, adhering to more

of an all-or-nothing philosophy. Under prior appropriation those that first

appropriate surface water have the most "senior" right corresponding with
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the date they began to divert surface flows'. Every successive appropriator

is "junior" to the preceding appropriators. In this way a pecking order of

priority rights holders is established. The "reasonable and beneficial use"

clause also applies to priority systems, still necessary conditions to secure a

water right. However, in case of shortage relative reasonableness has no

bearing between prior appropriators as it does between riparian rights; the

most junior rights holders simply lose their allotments.

As may be imagined from the incongruity between these two surface

water allocations systems, a sort of Mother Teresa / Hitler union, the

marriage has not been happy. Early in statehood California borrowed pure

riparianism from English common law. But during the gold rush, miners used

prior appropriation to direct water claims for hydraulically assisted mining.

Prior appropriation was officially recognized in Irwin v Phillips", and coherent

prior appropriation laws were drafted in 1872.

A drought activated conflict between riparian and priority rights on the

Kern River. The dispute, manifest as Lux v Haggin, went to the California

Supreme Court in 1886 28 . The ruling was the longest (yet some say the

26 Or, sometimes when construction with intent to divert first occurred.

27 5 Cal 140 (1855).

28 69 Cal 255, 10 P 674.
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thinnest) in California history, but the upshot was general preeminence of

riparian rights. Priority rights holders statewide were naturally aghast. A

riparian right, unquantified and perhaps unused, seemed to have latent power

to supersede their investments and livelihoods based on lawfully vested prior

appropriation rights'.

In 1913 the California Water Commission Act finally offered some

relief to priority rights holders, erasing riparian rights unused for any 10 year

period subsequent to the Act. However in Herminghaus v Southern California

Edison Co.' the California Supreme Court implied that the 1913 Act was

unconstitutional. The Herminghaus ruling further protected a riparian

landowner depending on flood flow spillover to irrigate land, thus protecting

a riparian right to the entire flood flow. Such a ruling probably would not

occur today, as it would be considered wasteful water use; most of the

water right served only to boost a fraction of spillover to irrigate the

floodplain land. Wasteful water use has been banned since a 1928

amendment to the state constitution, Article X, sect. 2. This amendment

limited the dominance of riparian rights over prior appropriation rights, but it

also eliminated the 10 year limit of the 1913 Act, again allowing riparian

29 Sax, Abrams, and Thompson 1991, 333, 335-339.

' 200 Cal 81, 252 P 697 (1926).
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rights to lie in ambush for the unlucky prior appropriator'.

Over the ensuing fifty years the judicial point of view evolved until the

California Supreme Court's readjudication of the Long Valley Creek Stream

System' in 1979. This time prior appropriation essentially won priority over

unexercised riparian rights at the discretion of the SWRCI3 33 .

This decision, favoring prior appropriation rights, is in direct conflict

with the state constitution, favoring riparian rights. To reallocate water rights

in the Bay-Delta the SWRCB cannot help but reawaken this issue and its

controversy. States subscribing to either one of these two appropriation

codes have difficulty administering water rights; the California Doctrine

combining them is a regulatory nightmare.

Appropriative water rights vested before 1914 are also dangerous.

Since these predate the existence of the SWRCB, theoretically they escape

state control. Like riparian rights, pre-1914 appropriative rights are an

unfortunate handicap to surface water management as California struggles

with water scarcity.

31 Sax, Abrams, and Thompson 1991, 353-354.

32 25 Cal 3d 339, 158 Cal Rptr 350, 559 P 2d 656.

' From case text reprinted in Sax, Abrams, and Thompson 1991, 357;
"Thus the Board is authorized to decide that an unquantified riparian claim
loses its priority with respect to all rights currently being exercised..."
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Further troubling a water rights balance are undetermined

environmental flow allocations. Explicit instream flow rights for

environmental purposes are not permitted in California'. However all water

rights allocations are supposed to be subject to environmental considerations.

As stated in California water code section 1243: "The use of water for

recreation and preservation and enhancement of fish and wildlife resources is

a beneficial use of water. In determining the amount of water available for

appropriation for other beneficial uses, the SWRCB shall take into account,

whenever it is in the public interest, the amounts of water required for

recreation and the preservation and enhancement of fish and wildlife

resources."

On one hand instream flow has a sort of ultimately senior water right

which must be satisfied before other appropriations can be made. On the

other hand there is no guaranteed environmental allocation, instream flow

allowances may change at the SWRCB's discretion. The Bay-Delta case is

special in that past insensitivity to environmental needs are being remedied

retroactively. Environmental flows will come at the expense of already

established water rights.

The first remaining point of contention is how much environmental

' Sax, Abrams, and Thompson 1991, 353-354.
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water is needed. For this the SWRCB must distill volumes of biological

reports and reams of hydrologic modeling output. The second point of

contention is from where the water will come. This requires the SWRCB to at

last unravel the relative priorities of multiple surface water claims.

Unfortunately it appears unclear surface water rights criteria long

characterizing water disputes throughout California will continue to do so in

the Bay-Delta dilemma. Yet the SWRCB must clarify water rights to control

streamflows. Litigation in response to their reordering of water rights is all

but inevitable. The SWRCB is caught with the task of defining and enforcing

one of the most important and difficult surface water compromises in

California's colorful water resources history.

nu,

1.3.2: GROUNDWATER

Besides surface water law confusion is another, less obvious but

perhaps more dangerous threat to Bay-Delta protection. Groundwater, the

largest stock of fresh water available to California, comprises an estimated

35% of present water use'. This amounts to an average of 7.1 maf/yr,

nearly doubling during droughts36 . Yet groundwater remains unbelievably

35 DWR 1994 Executive Summary, 10. Calculated from data given.

DWR 1994 Executive Summary, 12.
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thinly regulated, without the benefit of any statewide management agency or

plan.

In 1913 the California Water Commission excluded groundwater in its

development of what would become the state water code. The Commission

was merely acting under contemporary conviction that groundwater

processes defied rational, legal framework'. Thus what would become the

SWRCB was given management control over surface water, but not

groundwater. The perpetuity of 1913 law given modern groundwater use is

an unfortunate anachronism. California now uses more groundwater than any

other state, almost twice as much as its nearest competitors" (Idaho and

Texas).

Section 1200 of the California water code defines the limited scope of

SWRCB groundwater authority; appropriable groundwaters are "subterranean

streams flowing through known and definite channels." Further groundwater

dissection appeared during litigation. A surface stream was said to have a

well-bounded underground component known as "underflow," which would

be considered surface water for legal purposes' (refer to figure 4). The

Schneider 1994, 49.

38 University of Arizona Water Law 641 Supplemental Materials 1996, II-19.

39 City of Los Angeles v Pomeroy (1899), 124 Cal. 597, 623-635.
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remainder of underground water is known legally as "percolating"

groundwater.

These legal definitions run afoul of modern hydrologic understanding.

Whereas groundwater / surface water interaction theory has been constantly

updated by new research, law continues to rely on outdated precedent.

Surface water and groundwater are in constant exchange, water molecules

themselves cannot be compartmentalized as surface water or groundwater

except at specific moments in time. The legal attempt to freeze the

implacable water cycle has allowed multiple parties to claim the same water.

The legal "underflow" concept is a weak attempt to allow for

groundwater / surface water interactions. By redefining groundwater near the

stream as "underflow" groundwater affecting surface flows in the near future

could be regulated as surface water. However the line between "underflow"

and "percolating" groundwater is impossible to determine. There is no set

distance at which connected groundwater and surface water no longer

interact, only varying time spans until interaction.

Through these false legal distinctions the vast majority of groundwater

escapes SWRCB authority'. Groundwater disputes must be decided in the

' Only recently have a few local jurisdiction groundwater statutes been

passed, enabled by Assembly Bill 3030 in 1992.
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courts. Currently, "percolating" groundwater rights allocation follows four

conflicting criteria: correlative rights, prior appropriation, mutual prescription,

and equitable apportionment'. Perhaps to an even greater extent than

surface water law, groundwater rights have had a tumultuous history as

appropriation criteria evolved and warred.

In regard to groundwaters California again emulated English common

law, employing the rule of "absolute ownership." This is also called a pure

capture system, since appropriators were entitled to capture as much water

from the aquifer as they could, regardless of effects on other users,

regardless even of beneficiality or reasonableness of use. But soon capture

rules were repudiated in 1903 by Katz v Walkinshaw42 , which invented the

correlative rights doctrine to replace capture. This doctrine is analogous to

riparianism for surface waters, but here water rights are inherent in land

overlying an aquifer instead of in waterfront property. Correlative rights

holders share rights to the aquifer below. Individual rights are unquantified

until a shortage occurs, in which case a vague "fair and just proportion" rule

is applied in divvying up the remaining water. "Surplus" water beyond the

needs of the correlative rights holders was available for off-tract uses, under

41 Weatherford, Malcolm, and Andrews 1982, 1033.

42 141 Cal 116, 74 P 766.
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a priority system.

Although correlative rights were uncertain in scope, they existed

whether one used them or not. Hence, landowners above an aquifer ought to

have been confident in having access to at least some water. If so they were

mistaken; in 1949 groundwater rights competition turned rabid with the

California Supreme Court ruling Pasadena v Alhambra'. In allocating rights to

the safe yield of the overdrafted aquifer, the court did not rely on overlying

land ownership, but instead on the highest continuous production of water

for beneficial use in any five year period, and not abandoned for any five year

period prior to the litigation'. And so the non-correlative users won water

rights by virtue of stealing them for a sufficient period of time. This is a

water rights application of a law concept called "mutual prescription." A

prescriptive right can only occur from open, continual harm to previous rights

holders. Here mutual prescription implies groundwater overdraft. Overdraft is

the condition where groundwater extraction exceeds groundwater recharge.

This jeopardizes long term groundwater availability and the capacity of

existing wells to reach lowering groundwater levels. Consider how the

incentives of the Pasadena decision impact the aquifer. The higher one's five

43 33 Cal 2d 908, 207 P 2d 17.

44 Weatherford, Malcom, and Andrews 1982, 1034.
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year pumping rate the higher one's quantified water right would be. Further,

non-overlying landowners could only acquire rights through continual,

adverse, overdraft-inducing pumping.

Amazingly, these "race to the pumphouse" incentives remained in

place for decades, until the California Supreme Court decision City of Los

Angeles v City of San Fernando". Here the court limited prescriptive rights

opportunities in three ways: it required notice of the onset of overdraft to

start the adverse use clock, public entities were exempted from losing

groundwater rights through others' adverse use, and "equitable

apportionment" criteria were held to be superior to the old five year rule for

settling shortages".

This brings us to present patchwork of California groundwater law.

Mutual prescription is apparently out of favor, but dissonance remains

between the three remaining systems. How far can inexplicit principles of

equitable apportionment go towards redefining the relationship between

correlative rights and prior appropriation rights, where the latter are

supposedly only applicable to "surplus" water? Groundwater regulation has

the same split criteria problems as surface water, worse yet since litigation is

' '14 Cal 3d 199, 123 Cal Rptr 1, 537 P 2d 1250 (1977).

46 Weatherford, Malcolm, and Andrews 1982, 1035.
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required to articulate the law in a particular instance. No statutory reference

exists.

The Bay-Delta Accord encompasses a tremendous array of surface

water and groundwater rights, huge quantities of wealth are at stake. The

face value of surface water rights alone may total up to 10 times the amount

of renewable supply'. Many of these rights are inactive or hopelessly junior,

but innumerable legitimate conflicts remain. Nothing could be worse than to

terminate progress by initiating a general adjudication of these rights which

could drag on for decades'. Besides inflaming regulatory woes of the

California Doctrine for surface water, the Bay-Delta dilemma requires the

SWRCB to confront the enormous, entrenched disregard of groundwater

regulation. Though neither correlative rights nor prior appropriation endorses

overdraft, the fact that no formal statewide groundwater code exists has

licensed groundwater users to pump with impunity. The SWRCB must

incorporate groundwater oversight into Bay-Delta management, or leave the

door wide open for stream depletion through groundwater pumping, and the

' Personal communication with Nick Wilcox, water rights section SWRCB
employee, 10/13/97.

48 The Gila River General Adjudication has been ongoing since 1974,
nowhere near a resolution today. See Glennon and Maddock, 1994 (See infra
page 127 for explanation of adjudications).
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exit of an effective Bay-Delta protection plan.
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1.4: HYDROGEOLOGY: CONCEPTS AND APPLICATION
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1.4.1: THE PREDEVELOPMENT CENTRAL VALLEY.

At 64,000 square miles the Central Valley is an enormous chunk of

land, even for California. Over this expanse, rainfall is highly variable, and

terribly fickle from year to year. Most of the watershed's precipitation occurs

in the Sierra Nevada and Klamath Mountains. These peaks defining the

eastern and northern boundaries of the Central Valley create a formidable

barrier to westerly winds off the coast, raising air masses and causing

condensation of water vapor. In other words, plenty of rain on the western

slope, especially in the north, which flows back into the thirsty valley. But

most of the Central Valley is in the "rain shadow" of the Coast Range, being

on the lee side of these smaller mountains and receiving mostly parched

winds.

Rainfall in the Central Valley basin is funneled either above or below

ground towards the valley floor. Infiltration of mountain surface water flows

is essential for recharge of Central Valley groundwater'. Historically these

USGS 1991, Bertoldi, Johnston, and Evenson, A17.
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flows kept Central Valley sediments topped off with fresh water, sediments

which may be several thousand feet thick. Much of the valley floor was

wetland and flooded periodically'. Central Valley surface flows essentially

coalesce into two rivers; the Sacramento draining the north and the San

Joaquin draining the south, 77% of Delta flow comes from the former and

15% from the latter. The southern third of the valley has interior drainage,

once supporting Tulare Lake. The Delta is the only natural outflow from the

Central Valley, leading to Suisun Bay, then San Pablo Bay, and finally San

Francisco Bay, gateway to the Pacific Ocean.

1.4.2: GROUNDWATER AND AQUIFERS

Groundwater is an integral component of the Central Valley water

cycle. Groundwater refers to water which is at the time of reference

underground, within pores or fractures in sediment or rock. Buried geologic

layers holding and transmitting significant quantities of groundwater are

called aquifers. Aquifers are broadly classified as either unconfined or

confined, both of which occur in the Central Valleys '.

Unconfined aquifers are those underground sediments saturated with

' Kahrl ed. 1978, 17.

51 USGS 1991, Bertoldi, Johnston, and Evenson, A16, fig 10.
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water but in free gaseous communication with the atmosphere. The level

below which pores and/or fractures of unconfined aquifers are saturated is

called the water table. Confined aquifers are saturated with water but are

trapped by overlying impermeable geology. Water in confined aquifers is

pressurized by the weight of overlying deposits. If one were to punch a hole,

or a well, through the confining layer water would rise to a level above the

top of the confined aquifer. Such a level defines one point of the

"potentiometric surface" for the confined aquifer. Multiple perforations will

further map the potentiometric surface, which may be thought of as a

reflection of the variable potential energy in the confined aquifer. The

potentiometric surface of a confined aquifer is analogous to the water table

associated with unconfined aquifers.

1.4.3: GROUNDWATER / SURFACE WATER INTERACTIONS

Groundwater / surface water interactions are common in all hydrologic

systems, but are strongest between unconfined aquifers and surface waters.

These are the most important and the easiest describe. However the reader

should bear in mind some level of interaction between confined aquifers and

surface flows can exist, as through leaky confining layers and intermediary

unconfined aquifers.
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The water table is essentially the surface of a stream moving slowly

through the earth. The contour of the water table dictates flow gradients;

groundwater attempts to flow towards lower water table elevations, just as

surface drainage flows downhill. Where the water table intersects the land

surface we find surface water. At the boundary between surface water and

adjacent sediments water flows between groundwater and surface water

compartments. Surface water and groundwater are terms applicable only in

space, but not in time since molecules of water are constantly exchanged.

This is how groundwater may feed a stream, or how a stream may feed

groundwater.

The direction from which the water table meets surface flow tells us

about the groundwater / surface water relationship. "If th'e water table slopes

downward towards the stream, groundwater is becoming surface water as it

flows through the streambed, as in figure 6. If the water table falls

downward laterally from the stream, surface water is becoming groundwater

as it flows through the streambed and into the earth, see figure 7.

In each case, the flux between surface water and groundwater is

mainly dependent upon three factors: the slope of the water table near the

stream, the hydraulic conductivity of the streambed, and the hydraulic

conductivity of other sediments through which the groundwater flows. By
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a reach where surface water is flowing into the aquifer.
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hydraulic conductivity (conductivity, or K) we mean the ability of the porous

medium, the sediment, to transmit flow. Sandy, uncemented deposits have

high conductivity while clays have low conductivity'. If we hold

conductivities constant, a steeper water table near the stream increases the

flux between groundwater and surface water. Spatial changes in K

(heterogeneity) also influence the direction of groundwater flow. If the

hydraulic gradient as defined by the surface of the water table points in the

direction of lower permeability deposits, groundwater will attempt to flow

around the obstruction. A final complication is possible directional influences,

known as anisotropy. Sedimentary rocks often preferentially convey

groundwater movement in weak areas between horizontally deposited layers.

Parallel rock fractures (a common geologic occurrence) also influence water

movement in a particular direction. Some degree of anisotropy is usually

present in real aquifer systems.

The widespread presence of heterogeneity and anisotropy necessitate

knowledge of both water table levels and aquifer geologic character to

predict groundwater movement. But if we hold these K factors constant,

52 As conductivity values may range over 13 orders of magnitude,
groundwater! surface water interactions vary greatly under different soil
conditions. Further, slow-moving streambeds are often clogged with fine and
organic sediments, inhibiting groundwater / surface water communication.
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simply by examining the water table position with respect to the stream, we

can also predict whether the stream is gaining water from the aquifer (figure

6) or losing water to the aquifer (figure 7). We can also estimate how much

the stream gains or loses through knowledge of the sediment permeability

and the slope of the water table. When the groundwater level or stream level

is changed, the flow between surface water and groundwater is also

changed, and may even reverse.

What we know so far is succinctly summarized in Darcy's Law, the

fundamental equation for groundwater flow:

q = -K(dh/d1)

Where

q = flow per unit area (volume per area per time)

K= hydraulic conductivity (length per time)

dh/d1= hydraulic gradient (dimensionless): the slope of the water table

calculated by change in water table elevation, also known as

change in head (dh), over a horizontal length (dl). The negative

sign in the equation ensures a positive "q" value in the direction

of falling head.
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This simplified analysis often works well, but if the hydraulic gradient

becomes too steep, groundwater flow cannot be estimated as horizontal, and

the gradient calculated over a horizontal reference no longer applies. With

extreme gradients and a losing stream, an essentially maximum depletion rate

occurs when the vertical distance between the stream level and water table

reaches twice the stream width 53 . If the water table has dropped to where its

hydraulic connection with the stream is severed the stream is said to be

"perched," as in figure 8. A stream may also be cut off from an aquifer by

Figure 8: Perched Stream Cross-Section 
Flow from groundwater to surface water is unsaturated; downward
shifts in the water table will not affect seepage.
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53 Bouwer and Maddock 1997.
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low permeability deposits in the streambed, common in slow moving streams

carrying fine grained sediments or with organic (e.g. algal) bed materials. In

these special cases the water table level has little or no bearing, seepage is

controlled mainly by conductivities in the earth beneath the stream. With

regard to streams in the Central Valley, surface flows are then directly

affected by groundwater to the extent that the water table level is not too

far below the stream and streambed materials allow infiltration. Such

conditions are the norm for perennial (flowing year round) streams and rivers,

the most important sources for Bay-Delta fresh water.

In assessing natural hydrologic systems, hydrologists usually make the

assumption of dynamic equilibrium'. Dynamic because water is indeed

cycling; equilibrium because average flow rates do not change over multiyear

averages. This is certainly likely in a natural system evolving over billions of

years, but not always true. As the United States Geological Survey (USGS)

has made this assertion for the Central Valley', and lacking information to

the contrary, this analysis will follow suit. Dynamic equilibrium implies a

constant flux between surface and groundwater in the Central Valley, varying

by location and season but stable over long periods. Such was the situation

Theis 1938, 889.

USGS 1991, Bertoldi, Johnston, and Evenson, A23.
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before human intervention.
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1.5: HUMAN IMPACTS ON CENTRAL VALLEY HYDROLOGY
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1.5.1 WATER RESOURCES DEVELOPMENT

Californians have a prodigious per capita thirst, about two and a

quarter acre feet per person per year. To go along with that, an enormous

and increasing population, 30 million in 1990, expected to reach 49 million in

202056 . Agricultural and urban demand have added up to extensive

alteration of Central Valley hydrology. The water cycle described earlier is

now highly managed plumbing. Nearly all streams draining the Sierra Nevada

and Klamath Mountains are dammed, sometimes several times each. From

the resultant reservoirs, and directly from the Delta, the SWP and CVP

transfer millions of cubic feet of water every year through thousands of miles

of canals. Figure 9 shows the complexity of California's water resources

development. A major motivation for this development was to assuage

overdraft and ensure the long-run viability of prosperous agricultural

enterprises.

Surface water transfers have eased pressure on southern valley

DWR Executive Summary 1994, 17, 25. Per person water use is combined
agricultural and urban use
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groundwater reserves. Imported surface water has relieved pumping

requirements, and excess irrigation water recharges aquifers underlying

farmland. Before the CVP, agricultural pumping in the San Joaquin Valley had

resulted in the deepest land subsidence in world history, locally exceeding 29

feet (figure 10). Since the onset of CVP and SWP water imports groundwater

levels in some areas have stabilized or even gone up. Ironically one of the

biggest agricultural problems in the San Joaquin Valley today is poor

drainage.

Yet groundwater overdraft remains a severe problem in parts of the

Central Valley, especially in the south-central San Joaquin Valley and in the

Tulare Lake sub-watershed. Pumping is still mainly attributable to agriculture,

now on a "gap-filling" basis. Farmers pump to irrigate land not covered by

water project delivery contract, or they pump in dry years when water

project deliveries are short'. In some areas surface water imports have

merely facilitated agricultural expansion and further groundwater exploitation.

Dual surface water and groundwater use in the Central Valley

combined with large scale surface water transfers make assessment of net

effects on the Central Valley water cycle complex. Impacts from current

' Personal communication with Dave Sundig, formerly with the Department
of Agricultural Economics, UC Davis.
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Figure 10: Land Subsidence in the San Joaquin Valley. 
In this area the land surface dropped nearly 30 feet, the largest recorded
subsidence in the world. From Bertoldi et al, USGS 1991, pg. A33.
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surface water and groundwater use must be combined, then overlain on

remnant groundwater effects from earlier water use eras. An ambitiously

applied integrated surface water and groundwater model for the entire

Central Valley is the best hope for sorting out these interrelationships and

predicting how the Central Valley will respond to future water resources

stress. Such a task is beyond the scope of this paper, but is a model towards

which California is making headway". This model and other Central Valley

research will be discussed in chapter 1.6. Here we will develop a broad

perspective of how human water resources development has influenced the

Bay-Delta.

1.5.2: CAPTURE

In accounting for stresses on hydrologic systems the concept of

"capture" is helpful. Capture stems from mass balance, a fundamental

scientific law and one articulation of the first law of thermodynamics. If one

considers an empty box with water flowing into, through, and out of the

box, we can say that inflow to the box equals outflow plus rate of change of

58 There is a Central Valley Groundwater Surface Water Model (CVGSM),
adapted from the generic Integrated Groundwater Surface Water Model
(IGSM). This model is discussed in more detail in section 1.6.5 and appendix
2.
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In this case change in storage equals
change in water height per time multiplied
by the length and width of the box:
dSidt = length*width*dH/dt

IL
Length

I
110111111111111111111111 111111/1111111111111111,,,

11111111111111111111 11111111111111111111111111114:

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1111111111111 1111111111111111111111111111111111111111111011111111111IN

I

dH/dt = Change in water level
indicates storage change

AI

I

Height

water stored inside the box, see figure 11. Water cannot be created or lost

while flowing through the box. It either flows out of the box, or stays inside:

Figure 11: Mass Balance: Qin = Qout + dS/dt
Water flow into a system (Qin) must equal water flow out of the system (Qout)
plus change in storage (dS/dt).

INFLOW

OUTFLOW

Inflow= Outflow + Change in Storage,

or, symbolically:

Qin= Qout + dS/dt; all three terms are rates (volume per time).

Groundwater pumping creates a cone of depression centered at the

well. The upside-down conical volume represents dewatered sediments, and
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thus loss of groundwater storage. In mass balance terms, we are increasing

outflow from the box, the box representing the aquifer. This new outflow

must be balanced by an increase in inflow or a decrease in storage. If the

outflow is borne entirely by storage loss, over time the stock of water in the

box drops further and further until empty. But to the extent increased

outflow can induce increased inflow to the box or decrease other outflows,

the box captures water and storage loss is reduced. Such capture is exactly

what occurs after groundwater pumping.

Since groundwater pumping affects the water table, it also affects

flow gradients. As the cone of depression expands, it is depleting storage at

the pumping rate, but reaching out for capture sources (figure 12). When

groundwater extractions lower water table levels, a depression is created

that groundwater moves to fill, just as water scooped out of a lake is

replaced. If the depression draws in water that was on its way to a gaining

stream, the capture process is streamflow denied (figure 13). If the

depression increases the gradient of surface water infiltration to the aquifer

as in a losing stream, the capture process is surface water seepage loss

(figure 14). Both these processes capture water for the aquifer at the

expense of surface water.

Lowering the water table can also capture water by reducing
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Eigure 12: Cone of Depressiotaun_COnflned case)
Groundwater pumping progressively depletes storage, manifest
In a deepening and widening cone of depression.

Figure 13: Capture from a Gaining Stream 
The cone of depression intercepts water on the way to a gaining stream,
lowering the water table and the level of the stream.

GROUNDWATER PUMPING
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The cone of depression steepens the hydraulic gradient between the streamand the aquifer, lowering the water level in the stream.

transpiration and evaporation (evapotranspiration) losses. Lowering the water

table will tend to reduce evaporative losses, see figure 15. The water table

may also be lowered beyond the reach of plants' roots. By curtailing

transpiration losses the aquifer is capturing water (and killing plants), see

figure 16. Wetland areas provide sources for evapotranspiration capture.

Groundwater / surface water interactions via capture are hardly new

concepts, though still unappreciated in California water policy. As Charles

Theis stated in 1938:

"Under this [capture] concept the cone of depression may be

considered a pirating agent created by the well to procure water for it,

first robbing the aquifer of stored water and finally robbing surface

water or areas of transpiration in the localities of recharge or natural
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REDUCED WHEN THE WATER TABLE DROPS
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Figure 16: Capture of Transpiration 
The cone of depression lowers the water table beneath plants' roots, reducing
transpiration.
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Figure 15: Capture of Evaporation
The cone of depression lowers the water table, drying up wetlands
and reducing evaporation.

Theis 1938, 893.
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Through capture, groundwater use in the Central Valley has great

capacity to alter the predevelopment Central Valley water cycle discussed

earlier. Groundwater use can cause streamflow loss and / or reduced

evapotranspiration. Potential for evapotranspiration capture was once quite

high. The predevelopment water cycle fostered enormous wetland areas in

the Central Valley floor and Delta, which were the primary sites of

groundwater discharge'. These wetlands totaled approximately 4 million

acres, but are now reduced by 96% 6 1 . The explanation usually given for

wetland loss is not capture but agricultural reclamation. Regardless, wetland

decimation has made more water available to the aquifer, offsetting increases

in groundwater extraction. With few remaining wetland areas to tap this

source of capture will cease. This leaves either loss of groundwater storage

or surface water depletion to balance groundwater pumping.

With hydrologically connected surface water and groundwater, loss of

aquifer storage will temporary absorb pumping extractions. But as cones of

depression expand, streams are threatened. Targeted streamflows will be

leeched at increasing rates until either a constant maximum seepage is

reached or until increased seepage capture equals the groundwater pumping

' USGS 1991, Bertoldi, Johnston, and Evenson, A17.

61 Dennis and Marcus 1984, iv.
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rate, establishing a new equilibrium. Loss of wetlands and delayed effects of

pumping may have salvaged streamflows thus far, but as groundwater use

continues these mitigating factors are wearing thin.

Clarification of the relationship between overdraft and equilibrium is

important. Overdraft is initially necessary to instigate capture. However as

capture sources broaden, overdraft may disappear and established

groundwater use will appear harmless, though holding evapotranspiration or

streamflow capture hostages. Thus perpetuating overdraft is not necessary

for streamflow depletion. Water managers speak of "safe basin yield" goals,

but this is what nature strives for independent of human assistance. With

connected groundwater and surface water, there is no unique safe basin

yield; there are infinite possibilities depending on the development and

management path. Any increase in water use with corresponding outflow

loss constitutes a new permutation. Trends in groundwater levels or surface

water flows over time indicate a natural movement towards a safe yield

plateau, as nature shifts surface water to groundwater or vice-versa in

response to water use stresses.

In contrast to the insidious effects of groundwater exploitations,

surface water development has had immediate, profound effects on the

Central Valley water cycle. Most obvious are the numerous reservoirs
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littering the Sierra Nevada and the gargantuan aqueducts radiating from the

Delta (figure 9). These structures and the intense surface water they

represent have irrevocably transformed the Central Valley riverine ecosystem.

Fish are rerouted, blocked, poisoned, or simply denied sufficient water. Bay-

Delta exports are infamous for degrading Bay-Delta ecology, but celebrated

for restoring southern Valley groundwater and agriculture.

Surface water use incurs its own brand of capture effects, similar but

reversed to those of groundwater use. Increased surface water diversions

result in lower average stream levels. Lower stream levels affect linked

hydraulic gradients, inducing either more flow from the aquifer to the stream

if the stream is gaining, or reduced flow to the aquifer if the stream is losing.

Either way groundwater loses, as now it is the stream capturing from the

aquifer'. In general capture effects from surface water use are weaker than

those of groundwater use, since hydraulic gradients are affected more by

drastic groundwater level changes than less variable stream depths.

Explanation of this "reverse capture" is included here only for completeness.

The effects of surface water and groundwater development have thus

far been discussed at only a primary level. Typically there is excess water

In the literature and for the remainder of this analysis, capture implies
aquifer gain, though technically capture can also be surface water gain.
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from surface diversions returning to the stream system ("return flow") or

infiltrating to recharge the underlying aquifer. Likewise, a percentage of

groundwater pumped for irrigation may also runoff to a surface drainage or

go back to the aquifer. Hydrologic feedback can be on a larger scale as well.

If an aquifer captures evapotranspiration in response to lower water table

levels, it reduces water vapor into the atmosphere. Somewhere then is less —

potential rainfall and thus less streamflow and aquifer recharge.

In the Central Valley massive surface water and groundwater

exploitation occur simultaneously. Exactly how the new water cycle operates

is incredibly difficult to quantify, especially as the system is constantly

deflected from equilibrium by changing water use patterns and expanding

water resources development. The USGS found overall Central Valley water

circulation has increased sixfold, driven by intensified agricultural pumping

for irrigation; resultant infiltration; and recurrent pumping of the same

water'. An accelerated water cycle implies more losses. During each round

of the water cycle more water is removed from circulation, expended on crop

consumption, human consumption, and evaporative losses.

Besides less water quantity is progressively worsening water quality.

The more water is recycled through agricultural soils, the higher the dissolved

' USGS 1991, Bertoldi, Johnston, and Evenson, Al.
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load of pesticides and naturally occurring salts the water will carry. These

pollutants are concentrated by crop consumption and evaporative loss of

fresh water. Municipal and industrial groundwater pollution is also

widespread in the Central Valley. This contamination is nearly impossible to

remediate, all groundwater clean-up methods being frustratingly indirect.

Thus in addition to concerns of groundwater use stealing streamflows, are

perhaps equally important fears of groundwater contributions fouling surface

water quality.

Groundwater / surface water interactions have not been well

appreciated thus far in the Bay-Delta controversy. Hopefully this thesis will

spur deeper such investigations, to complement ongoing Bay-Delta surface

water and biologic research. Groundwater / surface water interactions are a_

necessary element in predicting how current and future hydrologic stresses

throughout the Central Valley affect the Bay-Delta; a crucial issue for

California water management agencies struggling to implement the Bay-Delta

Accord.

tteen 7,s,	glcv

1.5.3: CAPTURE POTENTIAL: REGIONAL QUALITATIVE ANALYSIS

In analyzing the possible effects of groundwater exploitation in the

Central Valley on Bay-Delta surface water it is helpful to divide the Central
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Valley into four sub-basins (as delineated in figure 2); Sacramento River, San

Joaquin River, Tulare Lake, and San Francisco Bay. The San Joaquin River

and Tulare Lake basins are referred to collectively as the San Joaquin Valley.

Unless otherwise noted the following data is from Volume II of the 1994

California Water Plan Update published by DWR (refer to table 1).

The Sacramento River basin is the largest and least developed of the

four sub-basins. Agricultural demand constitutes 58% of the water demand,

with urban demand being only 6%, and environmental demand being 32%.

Net water use in a normal year is about 12 maf, 78% of which comes from

surface water, and 22% from groundwater. The Sacramento River basin is

blessed with 36 in/yr of rainfall', lessening irrigation requirements and

renewing local water resources. Groundwater overdraft is only 0.03 maf/yr".

The basin has excellent surface water and groundwater quality with a few

localized exceptions. DWR has characterized the region as having high

potential for future groundwater development". Many water poor areas in

California look hungrily at the Sacramento basin's groundwater riches,

64 DWR Volume 11 1994, 121.

65 DWR Volume 11 1994, 126.

66 DWR 1975, 59. This is DWR's Bulletin 118, an overview of the state's
groundwater resources, reprinted in 1994 but not updated.
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especially after recent state law facilitation of water transfers. However

outside water demands will be competing with local population growth,

expected to nearly double by 2020. Most of this will occur near the city of

Sacramento, which relies heavily on groundwater supplies, and is in danger

of land subsidence. Subsidence refers to downward motion of a land surface

relative to a stable reference. Subsidence is a signal of intense overdraft. As

pores in the aquifer are dewatered structural support for overlying sediments

is reduced, the pores are compressed, and the land surface drops, with

dangerous and expensive impacts on infrastructure.

Although Tulare Lake basin receives voluminous water imports (see

figure 3), making up 48% of its water supply, natural recharge is scant and

groundwater is heavily employed in certain areas. This basin supports an

immense agricultural industry, accounting for 95% of the water demand.

Total water demand is just over 8 maf/yr in an average year. Groundwater

overdraft is highest of all sub-basins at 0.65 maf/yr'. Groundwater quality

suffers from natural salinity problems along the basin's western border and

scattered anthropogenic contaminants elsewhere. Tulare Lake basin is an

area of interior drainage only releasing surface drainage north to the Bay-

Delta in extremely wet years. Thus its intense water use and contamination

DWR 1975, 183.
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difficulties pose no direct threat to Bay-Delta waters. Over a long time scale

migration of cones of depression into the neighboring San Joaquin River

basin may become important.

The San Joaquin River basin also enjoys extensive water imports,

mostly from the CVP, which meet 29% of water demand. Groundwater

supplies 19% and surface water the remaining 52% of water demand. A

small fraction of surface water is allocated for environmental use. Overdraft

is estimated at 0.21 maf/yr68 . The San Joaquin River basin is also based on

an agricultural economy, draining 85% of the water supply. Like Tulare Lake,

Groundwater use in the San Joaquin River basin is limited by poor water

quality, mainly from natural salinity on the western side of the Valley but also

from diverse agricultural pollutants. Unlike Tulare Lake, the San Joaquin River

basin is linked to the Bay-Delta, so low quality groundwater contributions to

surface water as well as capture of Delta-bound water are both of concern.

The source of most of the imports southern Valley areas receive is

directly from Delta surface flows within the Sacramento. Delta farms also

rely almost exclusively on surface water rights'. In the San Francisco Bay

68 DWR Volume II 1994, 158.

69 Proximity of Delta flows have been a mixed blessing, as Delta farms are
constantly in danger of flooding. Through a combination of land subsidence
and soil erosion these farms can be as much as 20 ft. below sea level. DWR
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basin environmental needs receive by far the greatest share of water, 79%

of total supply. This is also the most urbanized of the four sub-basins; urban

water demand drafts 20% of the water supply, and agriculture uses only

1%. Groundwater overdraft in the San Francisco Bay basin is apparently

nonexistent. This may change, as the region expects an additional 1.5 million

people by 2020 over their 1990 population.

In total, estimated overdraft in the Central Valley is about 0.89 maf/yr.

Most of this occurs in the Tulare Lake basin, where groundwater effects do

not propagate to the Bay-Delta. Yet the overdraft that remains between the

San Joaquin River basin and the Sacramento River basin is still significant at

0.24 maf/yr. Particularly in light of population growth groundwater use and

overdraft is certain to increase. Between 1990 and 2020 the San Joaquin

River, San Francisco Bay, and Sacramento River basins expect over 5 million

more people.

There are other evolving water demand factors that may offset

burgeoning urban need. These can be divided into supply augmentation and

demand reduction. There are still new surface water rights possibilities during

very high flow periods, when even the tremendous storage capacity of

existing Central Valley reservoirs has been filled, environmental allocations

1995, 30-31.
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have been met, and there is still water leftover. A few new reservoirs are

being considered to store these peak flows, and many areas are already

storing excess water underground. Wastewater reclamation will probably

also increase. DWR has even researched cloud seeding over the Sierra

Nevada, to augment precipitation'. Demand reductions consist of

agricultural land retirement due to poor drainage, increasingly saline soil, or

poor selling conditions; replacement of cropland by urban land; increased

agricultural water use efficiency; and heightened urban conservation.

The above supply additions and demand subtractions are optimistically

built into the future water conditions predicted in Volume II of DWR's 1994

California Water Plan Update. Of the three sub-basins contributing to Bay-

Delta flows; Sacramento River, San Joaquin River, and San Francisco Bay,

only the San Joaquin River basin experiences a modest shortfall in supplies in

normal water years by 2020, working out to less than their current overdraft.

Water use in the Sacramento River and San Francisco Bay basins actually

decreases. Tulare Lake basin is scheduled to have a continuing shortfall of

585,000 af/yr. Groundwater overdraft is the most likely means of satisfying

this shortfall. And although Tulare Lake is not naturally connected to the

70 Mountain communities have already protested an increase of what they
believe is already plenty of snow, and Nevada is certain to be equally
nonplused about possible reductions in their precipitation.
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Delta, it is linked by aqueduct. Depending on how their groundwater holds

out and the severity of future shortfalls, Tulare Lake may be able to win

additional Delta exports.

The DWR 1994 Water Plan Update was published before new

environmental demands under the Bay-Delta Accord. DWR based its analysis

on defunct SWRCB Decision 1485 criteria, but did include the 0.8 maf/yr

environmental flows allocated under the CVPIA. It appears the Bay-Delta

Accord will require at least a few hundred thousand af/yr on top of that.

Continuing uncertainty in how much water is requiréd for Bay-Delta

protection and outstanding threats of additional ESA listings question DWR's

light overdraft predictions.

Recall as well overdraft is not necessary to effect stream loss. The

current level of groundwater use in the three sub-basins contributing to Bay-

Delta flows is estimated at 3.9 maf/yr. This groundwater stress was absent

before human development. Groundwater losses seem to have been partially

counteracted by surface water irrigation recharging aquifers and reductions in

groundwater outflow to wetlands. But some streamflow capture has also

begun. Cones of depression in the Sacramento River and San Joaquin River

basins are the cloaked thieves of Delta flows. Continuing overdraft in these

sub-basins indicate the possibility for more capture in the future.
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Furthermore, groundwater use in the San Joaquin River basin is expected to

increase by 63,000 af/yr by 2020, matched by 65,000 af/yr of additional

pumping in the San Francisco Bay basin. These increases are for normal

water years. Under drought conditions groundwater use in the San Joaquin

River basin goes up by over 1 maf/yr, and up by over 0.5 maf/yr in the

Sacramento River basin. In the 1994 California Water Plan Update DWR

failed to consider how these increased groundwater drafts could deplete

depended on surface supplies. By this they have risked double counting

water supplies millions of Californians will depend on.

As long as hydrologic connection is maintained between groundwater

and surface water the integrated system adjusts holistically to new stresses.

Hydrologic interactions will in time bring surface flows and groundwater

levels to a new equilibrium. Yet groundwater flow reactions to pumping can

be excruciatingly slow. Surface water effects may take anywhere from

weeks to centuries, depending on aquifer character and the distance between

the well and the river.

Groundwater is the most important water resource of the coming age.

Already scarce surface flows will be further tightened under the Bay-Delta

Accord, while California water law gives the green light to new pumping.

Characterization of how groundwater use will affect surface water is crucial
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at this crossroads before California erupts into an era of groundwater abuse.

Groundwater extractions in response to surface water scarcity simply

displace water resources stress, which may rebound back to the Delta

through surface water capture. Without combined surface water and

groundwater control California may find itself in an endless loop of surface

water restrictions and groundwater increases.

AWOtt

1.5.4.• POTENTIAL CAPTURE: LEGAL CONSIDERATIONS

This section concentrates on the relative water rights between the four

Central Valley sub-basins, thus outlining the possibilities for how new

groundwater stress resulting from the Bay-Delta Accord will be distributed.

This in addition to the background water resources pressures detailed in the

previous section will bring us towards an more complete understanding of

the potential for capture of Bay-Delta flows.

The SWRCB has published seven alternatives addressing how present

water rights may be limited to grant new water rights for environmental

purposes'. Among these seven alternatives are options which have greater

and lesser probabilities of meeting Bay-Delta flow standards, as well as

71 California State Water Resources Control Board, 1996.
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having differing water rights impacts. Water rights cutbacks are anticipated

to be between 200,000 and 350,000 af/yr. The Board is currently finishing

the final draft environmental impact report describing the effects of these

alternatives. The Board has wisely decided not to choose from these options

itself, this selection will be determined by water rights hearings to begin early

in 1998. In the meanwhile the CVP and SWP have agreed to take

responsibility for Bay-Delta Accord standards until December 31, 1998.

Hopefully a final water rights decision will be reached by this date, though

the author is not optimistic.

Disentangling Central Valley water rights is an herculean task. The

truth is lost in a series of ambiguous laws complicated by politics and inertia.

Current state water management focuses on surface water, but even this

simplification encompasses several difficult issues. The outcome is

anybody's guess; here we can set forth the issues, but cannot hope to solve

them.

As explained in section 1.3.1 there are definite [idles in state surface - -

water management. First of all, there is no specific limitation to riparian

surface water rights. Riparian water use must only satisfy a vague

"reasonable and beneficial use." Riparian claims are unquantified by definition

and thus may be changed, upsetting the delicate water rights balance. The
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SWRCB has no direct means of regulating riparian diversions. Pre-1914

water rights are also outside of SWRCB control, and though not many such

rights exist, their total diversion privilege is large. The true policemen of

riparian and pre-1914 rights holders are the watchful eyes of neighboring

water uses and the threat of lawsuit.

But the focus of the water rights hearings is expected to be how

water rights secured before the SWP and CVP were built have changed in

value by virtue of these projects. Before the reliability of streamflow allowed

by reservoir storage and release, older water rights were subject to the

vagaries of natural runoff. It is unclear how much water older rights ought to.

be allotted via the now unavoidable project infrastructure.

Also at issue are the Bureau of Reclamation's practices in operating

the CVP. The Bureau has been stretching its deliveries beyond filed place-of-

use destinations, and may be forced to direct the CVP less loosely in the

future. The Bureau has also proposed to use SWP Delta pumping facilities for

CVP use. SWP pumps are within Clifton Court Forebay, and have less

environmental impact than the Bureau's own pumping facilities. The

environmental benefits are clear, but the proposal would allow more water

export south, always a contentious notion. Also tied up in this topic are state

vs federal power issues.
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In addition to the seven options for achieving flow standards the Board

distributed, in the same document are alternatives for complying with various

water quality standards. The Board is hoping that if flow standards are met

water quality standards will also be met, but this may not be true. Thus even

after the hearings sort out a solution for water quantity, water quality may

still be lacking. This chafes an old wound amongst Delta farmers. Although

these are amongst the most ancient farms with the most senior water rights,

being at the furthest downstream location their water is polluted with the

most dissolved solids. The cause of the Delta farmers has not much

sympathy, as these lands are sometimes of marginal productivity, and their

rivals upstream hold the most profitable cropland in the nation.

A final problem, threatening all the work that has been done, is that

the Bay-Delta Accord itself is in jeopardy. Apparently the compromise was

not reached through strict consensus; agricultural groups on San Joaquin

River tributaries were unrepresented and are unhappy with the new

standards. One can be also be sure that the agricultural interests that were

involved (represented by CUWA/AG) will use their economic power to

explore all options to minimize their water resources loss. CUWA/AG had

even once suggested the SWRCB instigate no formal water rights reallocation
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at all, proposing instead voluntary compliance'.

Even beyond these surface water problems is groundwater. Regardless

of the outcome of the water rights hearings, groundwater resources will be

further abused as water rights losers attempt to regain their previous scale of

operation. Despite water rights uncertainty due to the pending hearings, the

Board has a fairly good idea of how water rights losses will be spread

geographically. They have even taken the next step and predicted which

areas will turn to groundwater. Farms along the middle of the San Joaquin

River basin are generally unaffected, having ancient riparian rights which they

have exchanged for exports via the Delta-Mendota canal'. There will be

water rights losses in the Sacramento River basin but these are expected to

be made up through purchases from the CVP, specifically from the Shasta

Reservoir. The Board predicts most new groundwater overdraft will be along

the western boundary of the San Joaquin Valley, mainly in the San Joaquin

River basin'''. Thus most groundwater overdraft is hydrologically connected

7 2 Broached at the Nov. 18, 1996 workshop. This workshop reviewed flow
objectives for San Joaquin River inflow and initiated discussion towards
water rights reallocation Central Valley wide.

73 Personal communication with Charlie Kratzer, SWRCB employee, June 27,
1997.

74 Conservation with SWRCB employee, water rights section, October 31,
1997.
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to Bay-Delta flows, increasing capture potential.

Yet even in the face of capture, Bay-Delta environmental flows are

theoretically safe, ensured by CVP and SWP reservoir releases upstream.

Capture simply adds an water rights loss on top of what will drop out of the

Bay-Delta Accord. Proponents of groundwater control ought to be CVP and

SWP recipients, however these same entities are those expected to enact

pumping increases. Low priority water rights holders can buy time through

groundwater replacement, as streamflow effects may be far in the future.

Ongoing groundwater use in the Central Valley has been taxing

streamflows continually, now to be superimposed on sharp groundwater

increases after the Bay-Delta Accord. This and continuing urban development

suggest a time when the burden of groundwater capture on surface flows

will necessitate a more sophisticated method of water rights administration.

In a sense the Bay-Delta Accord has merely accelerated a latent issue.

Groundwater and surface water resources simply cannot be managed

separately, to ignore one is to neglect the other.   

Nig 'fi(fea:VFffiLMWM:&MF.,,Ma    

1.6: SUPPORTING EVIDENCE: PREVIOUS RESEARCH

te.,777*,.,,,M

1.6.1: CONTEXT

Before reviewing past research the reader should appreciate the
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complexity of groundwater flow. Tedious math has led to reliance on

computer programs, the output of which is often blindly trusted without

regard for the model's idealizations. And since groundwater flow cannot be

viewed directly, even data fed to computer models is suspect. Hypothesizing

groundwater behavior is like mathematical detective work, with a smattering

of groundwater wells for clues.

Groundwater / surface water interactions are cloudier still, needing

both idealized groundwater and surface water conditions for a tractable

solution. The development of groundwater / surface water interaction theory

is reviewed in appendix 1. Thus in this thesis I have accepted past

hydrogeologic research concerning the Central Valley with caution. This is

not in disrespect for or distrust of past researchers, but in acknowledgment

of the difficulties of applied hydrology.

1.6.2: THE USGS RASA STUDY

The USGS received a congressional mandate to study the nation's

important groundwater systems in 1977, initiating the Regional Aquifer

Systems Analysis (RASA) series. The USGS completed the Central Valley
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RASA report in 1991. The report offers a good deal of qualitative

evidence for a strongly connected groundwater / surface water system:

"Prior to irrigation development, most ground water was discharged as

evapotranspiration in the central trough of the valley, and to a lesser extent,

it was discharged to streams."' The central valley trough is also the

collecting ground for the Sacramento and San Joaquin Rivers, so what was -

not lost to plants or evaporation went on to the Bay-Delta.

They later describe post-pumping effects in the southern Valley:

"Groundwater now flows primarily toward cones of depression at pumping

centers rather than toward the preexisting natural discharge areas along the

Sacramento and San Joaquin Rivers and around Tulare Lake, but there is still

a large component of flow toward the Delta Area."" Also; "Streamflow, an

important factor in recharging the aquifer system, is influenced by

precipitation in the mountains surrounding the valley.. .Ground water quality

in the Central Valley is generally influenced by the water from streams that

are a major source of recharge."'

75 USGS Professional Papers 1401-A to 1401-D, various authors and
publication dates.

76 USGS 1991, Bertoldi, Johnston, and Evenson, A17.

77 USGS 1991, Bertoldi, Johnston, and Evenson, A17.

78 USGS 1991, Bertoldi, Johnston, and Evenson, Al (abstract).
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The integrated hydrologic system these phrases paint contrasts with

the USGS's numerical results. Overall their Central Valley water balance

shows no net increase in stream depletion between predevelopment and the

1970's' (more recent data not available). Their balance indicates pumping

was offset through irrigation return flows and eliminated evapotranspiration

losses. Apparently although massive groundwater pumping predated the CVP

and SWP, groundwater effects moved slowly enough that later surface water

imports were able to recharge the aquifers before any damage was done.

However, a decrease in aquifer storage is shown, and the report

includes a useful comparison of water table levels for the two periods

(figures 17A and 17B), exhibiting extreme storage loss in many areas. Their

balance also shows continuing overdraft of 0.8 maf/yr, somewhat higher

than DWR estimates above in section 1.5.3. This overdraft indicates a

system still at disequilibrium. If capture has not yet occurred it may be

forthcoming, as they say; "...as water levels decline, more recharge is

captured and less discharge to surface water bodies would occur. Therefore,

at the present level of development, the withdrawal from aquifer storage

will eventually diminish and the aquifer will reach a new equilibrium

condition. However, if ground-water development continues at an increasing

79 USGS 1991, Bertoldi, Johnston, and Evenson, A26 figure 17.
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Figure 17A: Central Valley Predevelopment Water Table Contour Map. 
The Delta is at approximately 38 degrees latitude, 120 degrees longitude.
From Bertoldi et al, USGS 1991, pg. A18.
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Figure 17B: Central Valley Water Table in 1976. 
The Delta is at approximately 38 degrees latitude, 120 degrees longitude.
From Bertoldi et al, USGS 1991, A20.
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rate, the aquifer system will take a longer time to reach equilibrium."' The

first part of this quote shows the potential for streamflow capture at the

present level of development. The latter part mirrors our fears of

groundwater use increasing as a result of the Bay-Delta Accord.

It may be the USGS simply did not have enough data to perceive

capture. As they admit; "The losses and gains from streams for the

predevelopment conditions are poor estimates because they were derived

from post development estimates which are not necessarily the same."' The

post development estimates were 0.3 maf/yr stream recharge from

groundwater and 0.5 maf/yr discharge from streams to the aquifer, based on

the period 1961-1977 82 . These years span both peak groundwater pumping

and the emergence of large scale water imports to the southern valley,'

hardly a stable period upon which to base natural groundwater / surface

water conditions.

There are other limitations of the RASA study. The overall

groundwater / surface water interaction values are based on individual

USGS 1989, Williamson, Prudic, and Swain, D104.

81 USGS 1989, Williamson, Prudic, and Swain, D57.

82 USGS 1989, Williamson, Prudic, and Swain, D38.

USGS 1990, Belitz and Heimes, 12-13 and figure 10.
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stream budgets. 84 For each of these, stream gains and losses are- back-

calculated from streamflow measurements, tributary inflows, and diversion

data. Thus all the error associated with each of these terms, particularly

diversions and inflows, is lumped into the gain / loss term. Stream losses

calculated this way also include evapotranspiration. The report notes "In the

Sacramento River, unmeasured gains from small creeks are of significant

size. This causes an underestimate of stream losses.. .The Tule River also has

unmeasured diversions that are significant. This causes an overestimate of

stream losses."' Perhaps the net error cancels out, perhaps not.

One must also have some experience in calibrating a groundwater

model to appreciate the subservience of data to achieving acceptable model

output. They explain the process well: "Calibration of a ground-water-flow

model is achieved by adjusting the values of one or more aquifer properties

or recharge/discharge such that the computer-simulated hydraulic heads

match...the observed heads in the aquifer system."' Hydraulic head, the

elevation of the water table or potentiometric surface, is thus used as

calibration criteria, though itself only indirectly and spatially sporadically

84 See USGS 1985, Mullen and Nady, for the original report on stream

budgets.

USGS 1989, Williamson, Prudic, and Swain, D22.

USGS 1989, Williamson, Prudic, and Swain, D31.

91



observable. Groundwater model calibration is like trying to solve an equation

with too many variables. What modelers do is start with their best guess,

and methodically adjust values until the modeled water table conforms with

observed head levels, there is no unique solution.

The tendency is to adjust first and justify later. A few parameters were

particularly troublesome in the RASA study. Horizontal hydraulic conductivity

and vertical hydraulic conductivity were both adjusted. This was followed by

_
across the valley cuts in groundwater / surface water interactions; "Because

no reasonable change in any other parameter could solve this problem, all net

recharge/discharge values calculated from stream budgets were divided by

5." 87 But the researchers were never satisfied with this solution, stating

"...there is a definite need for improvement in data, methods of estimating,

and methods of distributing the [recharge/discharge] values geographically. If88

Hundreds of pages of data and methodology description in the RASA report

were superseded, victims of calibration. There's an old joke about

hydrologists measuring with a micrometer but calibrating with a chainsaw.

Certainly we can make the case there simply isn't enough data to

identify groundwater / surface water interactions in the Central Valley. The

87 USGS 1985, Williamson, Prudic, and Swain, D32.

88 USGS 1985, Williamson, Prudic, and Swain, D101.
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USGS, embodying federal hydrogeologic expertise, continually noted

recharge/discharge estimates as error prone. In addition, there is still no

consensus on the simple question of whether the Central Valley is confined

or unconfined. Quite often one sees the vague term "semi-confined." Studies

previous to and since RASA have separated the Central Valley aquifer into

the northern Sacramento Valley and the southern San Joaquin Valley. The

northern valley was characterized as having an unconfined aquifer, and the

southern valley as having an unconfined aquifer on top with a confined

aquifer beneath, separated by a geologic unit called the Corcoran Clay. The

RASA model completely changed this approach, envisioning the Central

Valley as a single, "mostly confined" heterogeneous aquifer having

"Numerous overlapping, discontinuous clay beds."' The RASA assertion,

changing the aquifer conceptual framework from Neopolitan to Rocky Road,

adds great uncertainly to groundwater movement. Statistically an average

hydraulic conductivity can be calculated, but regional flow will vary greatly

depending on how many clay layers a flow pattern intercepts.

W	 M.M.S5 N,UV £	 R	 3 W.. t

1.6.3: THE USGS 1991 SAN JOAQUIN RIVER STUDY

Besides the RASA study tackling the entire Central Valley are a few

89 USGS 1991, Bertoldi, Johnston, and Evenson, A16 & figure 10.
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regional groundwater studies. In 1991 the USGS published a Water-

Resources Investigations Report entitled "Quantity and Quality of Ground-

Water Inflow to the San Joaquin River, California."' This particular study

was meant to research how groundwater contributed to San Joaquin River

pollution, focusing on a 19 mile river reach (figure 18).

Like the RASA study, the 1991 San Joaquin River study stresses

human influence on the water cycle, particularly impacts from groundwater

pumping. "Agricultural practices greatly influence the ground-water flow

system in the study area. Irrigation is the primary source of recharge,

supplementing much smaller amounts of natural recharge from precipitation

and infiltration from streams... Pumping of ground water from agricultural

wells is a primary discharge mechanism, supplementing the natural

mechanisms of evapotranspiration and discharge to the San Joaquin River." 91

Furthermore; "Ground-water pumping on the east side of the Crow's

Landing site results in (1) a diversion of water from the natural discharge

zone (the San Joaquin River) and (2) a component of flow underneath the

San Joaquin River from west to east across the valley trough.. .significant

east-side pumping and flow underneath the San Joaquin River... is evident at

USGS 1991, Phillips, Beard, and Gilliom.

91 USGS 1991, Phillips, Beard, and Gilliom, 8.
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the Crows Landing and Patterson sites and to a lesser extent at the Newman

site." 92 "East of the river, agricultural pumpage has resulted in the formation

of a ground-water divide... East of the divide, which is parallel to the river,

the water table slopes eastward toward a cone of depression. " 93

What these quotes describe is in fact capture. Evident at all three

transects of the study, groundwater from the west side of the river that

should be recharging surface flows is instead draining to groundwater wells

east of the river. The groundwater divide east of the river also blocks

potential recharge to the San Joaquin River from the east side of the valley.

Their model predicts an average of 2.0 cubic feet per second of

groundwater inflow per mile of river, about 4% of river flow. This works out

to 0.03 maf/yr over the 19 mile stretch. They also utilized an empirical water

balance approach, entailing direct measurement of river inflows and

diversions, which yielded an estimate of 3.2 cubic feet per second of

groundwater inflow per mile of river. The latter is a significant departure from

the modeled value, but still minimal within the regional water balance.

The implication from the capture described is that groundwater inflow

rates may have been higher before groundwater development. The study

92 USGS 1991, Phillips, Beard, and Gilliom, 15.

USGS 1991, Phillips, Beard, and Gilliom, 8.
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determined groundwater discharges to pumping were three times as much as

groundwater outflow to the San Joaquin River. But to the degree surface

water imports have generated return flows to streams and groundwater

recharge, capture is offset. It may even be that surface water imports have

increased groundwater inflow to the San Joaquin River flow over historical

levels".

Apparently unsatisfied by the RASA Central Valley aquifer model, the

USGS started from scratch for the 1991 San Joaquin study. They revived

the stacked aquifer model for the San Joaquin Valley, and assumed virtually

no vertical groundwater flow between the confined aquifer below the

Corcoran Clay and the unconfined, or semi-confined, aquifer above it.

Groundwater flow parallel to the river was similarly assumed away. The

groundwater model was then separately calibrated for three different upper

aquifer configurations: isotropic and homogeneous, isotropic and

homogeneous except for a thin horizontal low permeability layer, and

anisotropic and homogeneous.

A combination of the latter two models produced the best results,

"...suggesting that the real system may be some combination of the two

94 Personal communication with Charlie Kratzer, SWRCB employee, June 27,
1997.
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simplified models."' Continuing uncertainty within the 1991 USGS San

Joaquin River study and contrasting their approach with the earlier RASA

study urge further research into exactly what types of aquifers there are in

the Central Valley. Such knowledge could be used to mitigate propagation of

the negative effects of groundwater use to surface water. For example, if in

fac the Corcoran Clay insulates the confined aquifer from hydrologic

connection with surface water, groundwater wells could tap just this

confined aquifer without foreseeable capture effects.

The 1991 San Joaquin study is most valuable for establishing the

presence of capture processes. Perhaps not yet significant over the entire

Central Valley water cycle, groundwater wells are still affecting surface flows

in the San Joaquin River and thus surface water rights. If groundwater use

were to increase and begin to create many new cones of depression, capture

would increase accordingly.

1.6.4: THE DWR WATER BANK STUDY

Another study was done when the state was forced to temporarily

manage groundwater at the inception of the "Drought Water Bank" in

USGS 1991, Phillips, Beard, and Gilliom, 24.
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1991 96 . This program initiated incentives for surface water rights users

having access to groundwater to switch on their pumps to free up surface

water for others. The California Department of Water Resources saw the

possibility of capture: potentially paying farmers to indirectly deplete streams

instead of directly deplete them. DWR funded a Master's Thesis to examine

the problem more closely97 . The study area was a six mile square agricultural

area including a section of the Sacramento River. A groundwater model

predicted about 30% of pumped water to be from stream depletion.

Unfortunately this number cannot be rotely extended to other locales in the

Central Valley, or even to the study area over a long period of time. Stream

depletion changes as cones of depression expand in response to continued

overdraft". However it is a study quantifying stream depletion from

groundwater pumping under specific conditions.

The DWR also managed water banks in subsequent drought years. In

their documentation DWR exhibits expert familiarity with groundwater /

surface water interactions. Apparently the dire short term water needs of the

state forced them to gamble that these effects would be minimal. Much

96 State of California, The Resources Agency, and DWR Nov. 1993.

97 Collins 1992.

99 Jenkins C.T. 1968, fig 1 page 38.
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more about the DWR experience with capture and water banking is discussed

later in sections 2.3.4 and 2.3.5.

affi#RMAASSW

1.6.5: THE BUREAU OF RECLAMATION ARWRI STUDY

In 1996 the U.S. Bureau of Reclamation published the planning report

and draft environmental impact report for the American River Water

Resources Investigation (ARWRI)". The ARWRI covers a 3,350 square mile

area in the middle of the Central Valley, including the Delta (figure 19). The

study compares three management options for dealing with rapidly increasing

water demand; no-action, conjunctive operation of groundwater and surface

water resources, and a new reservoir on the American River near Auburn.

The study simulates the effects of each of these three options up to

the year 2030. Water demand is expected to increase by over 0.5 maf/yr

over this planning horizon'', net of assumed municipal and irrigation

efficiency improvements of 15% 1°1 . To satisfy new demand the ARWRI

proposes a combination of new water rights, water service contracts,

enactment of existing but unused water rights, and water transfers. Under

99 Bureau of Reclamation, 1996.

100 Bureau of Reclamation 1996, 7-2.

101 Bureau of Reclamation 1996, ES-20.
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Figure 19: American River Water Resources Investigation Study Area. 

The Delta is three-quarters of the way down the left side of the picture.

From Bureau of Reclamation 1996, pg. ES-5.
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no-action demand is met through new groundwater pumping when available.

Impossible as it may seem, new water rights are still available. During

short peak flow periods, as with spring runoff, there may be flow beyond

that necessary for Bay-Delta environmental regulations and the fulfillment of

all other water rights. The conjunctive use alternative would divert these

flows and store them underground or in existing reservoirs. The Auburn dam

alternative incorporates these features of the conjunctive use alternative, but_

with the added abilities of a new surface reservoir.

There is also a capability for municipalities to expand their water use

through provisions of standing contracts (unlike most water rights which are

lost through non-use). For example, the City of Sacramento has a contract

with the Bureau of Reclamation from the 1950's allowing it to increase its

contract with the CVP to as much as 230,000 af/yr. Placer county has a

water right with the CVP for 120,000 af/yr, but now can only receive up to

35,000 af/yr. This water right will be recontracted in 2005 if Placer County

can demonstrate need 102 .

Increased groundwater extractions are only predicted under the no-

action scenario. The two other alternatives are projected to actually increase

1 02 Personal communication with Al Candlish at the Bureau of Reclamation,
Sept 9, 1997.
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the amount of groundwater in storage. The Bureau of Reclamation

demonstrates full awareness of groundwater's importance, and the danger of

exposing the area's groundwater reserves to continued abuse. They state:

"...the future water demands of the ARWRI study area would not be satisfied

by currently available water supplies. Continued reliance on ground-water

pumping to satisfy projected demands in excess of available surface water

supplies would result in continued ground-water decline, degradation of

ground-water quality in certain areas, and loss, perhaps permanent, of parts

of the ground-water system."'

Continued exploitation of groundwater in the ARWRI study area is a

dangerous choice indeed. Several examples of serious groundwater

contamination are cited in locations throughout the study area. In addition,

the basin is one of 11 in California listed for "critical overdraft" by DWR.

Overdraft is known to have been ongoing for at least 50 years', at a

current rate of about 270,000 af/yr". Cones of depression in remaining

uncontaminated areas induce spreading of contaminated groundwater from

elsewhere. To minimize continued groundwater degradation, it was a primary

103 Bureau of Reclamation 1996, 4-1.

104 Bureau of Reclamation 1996, 2-10, 2-11.

105 Bureau of Reclamation 1996, EIR / EIS 4b-2.

103



goal of the ARWRI to stabilize the aquifer; "...to maintain ground-water

storage at no less than actual 1990 conditions...n 106

In addition to its unusually progressive stance condemning overdraft,

the study also displays a lucid understanding of groundwater / surface water

interactions; "...as water levels are lowered due to additional ground-water

pumping, more percolation is induced from streams, thus increasing the

amount of water entering the ground-water basin and decreasing flow in the

streams. The ground-water levels will eventually 'stabilize' at a level

depending on the rate of pumping, as long as the streams maintain hydraulic

connection with the ground water."'

The ARWRI is the only study found to have treated groundwater /

surface water interactions in detail. It is also the most recent study, and

hopefully marks the beginning of a more integrated approach to future

California watershed studies. In aiming for responsible groundwater

husbandry the ARWRI apparently meets its objective. Modeled groundwater

in storage under the conjunctive use and Auburn dam options actually

increase by 32,000 af/yr and 33,000 af/yr respectively. Even groundwater

overdraft under no-action is light, at only 54,000 af/yr. However there are

1 06 Bureau of Reclamation 1996, 4-2.

107 Bureau of Reclamation 1996, EIR / EIS 4b-1.
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numerical inconsistencies and buried assumptions which undermine the

ARWRI's optimistic predictions.

First of all, the peak flows the ARWRI hopes to secure are coveted by

other entities as well. CALFED for example, the agency charged with solving

long-term Bay-Delta issues, also predicates its success on the availability of

excess flows'.

Second, as stated above, current overdraft in the ARWRI study area is

270,000 af/yr. It is difficult to resolve this number with the 54,000 af/yr of

overdraft predicted under no-action, which will occur under greatly increased

demand levels and nearly 400,000 af/yr of additional groundwater

pumping'. The principal groundwater model reviewer for the ARWRI did not

know the origin of this number, and knew of no reputable study estimating a

current groundwater balance in the study area 110 . It may be that the 270,000

af/yr number came from another study, or reflects remnant effects from a

past drought.

Third is another inconsistency in comparing surface water losses

109 CALFED 1996, esp. page 13.

1 09 Groundwater use increase estimate from Bureau of Reclamation 1996,
EIR / EIS 3-25 to 3-26

110 Personal communication with David Moore at the Bureau of Reclamation,
Sept. 16, 1997.
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induced from groundwater pumping between current conditions and no-

action. Current seepage from streams to groundwater is estimated at

440,000 af/yr, about a third of total aquifer recharge (note this is much

higher than the 4% contribution estimated by the RASA study). The ARWRI

study models increases in groundwater capture under each of the three

alternatives. Under no-action (continued groundwater abuse), groundwater

gains from streams are estimated at 435,000 af/yr 111 . This is even less than

current stream seepage loss. Again, this can only be blamed on information

from an errant study that was somehow quoted into this document. We only

know at least one of the numbers is wrong.

Fourth, a closer look at the groundwater balance given for each

alternative reveals interesting variations in "cross-basin recharge," basically

referring to differences in groundwater recharge across the ARWRI study

boundary. Cross-basin recharge under no-action is 453,000 af/yr, over

100,000 af/yr more than under the other two alternatives. This reflects the

increases in groundwater pumping under no-action, and concomitant cones

of depression pulling groundwater in from beyond the area of management.

This can hardly be called responsible practice from a watershed perspective.

The absence of groundwater regulation allows the displacement of water

111 Bureau of Reclamation 1996, EIR / EIS 4b-8 table 4b-1.
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supply dilemmas to neighboring regions with no hand in the decision. Even

within the study area are strained relations as Sacramento County pulls

groundwater from underneath less developed Placer County.

Fifth, a potential monkey wrench in ARWRI water supply projections is

the pending SWRCB decision as to exactly how much water is needed to

meet Bay-Delta Accord standards, and who will lose water rights priority to

ensure standard concordance. New water rights and expansion of municipal

water contracts look good on paper, but in this time of environmental water

law reform all water rights are insecure. As stated earlier, the City of

Sacramento is hoping to increase its contract, and water managers are

hoping this venue may be used to supply Sacramento County at large. As

this entails a change in the place of use of the water right, it is likely to draw

controversy and perhaps litigation.

Besides the above are inherent problems with the model the ARWRI

used for groundwater / surface water interactions. The study area was

broken into three subareas, each based on the Groundwater Surface Water

Model (IGSM), and then linked together. The Bureau of Reclamation is

currently refining a version of IGSM for the Central Valley (CVGSM) 112 . The

112 Written communication with David Moore, Bureau of Reclamation
employee, December 3, 1996.
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CVGSM provided boundary conditions for the three linked IGSM models in

the study area. The IGSM models were then coupled with two models that

account for the complex surface water operations in the Central Valley,

PROSIM and SANJASM 113 .

The IGSM is a sophisticated model, but has an important flaw. The

model breaks groundwater / surface water interactions into three cases, just

as was done supra on pages 50-54. However, in the case of a losing stream,

there is no allowance for a changing hydraulic gradient. Thus no modeled

increase in surface water seepage will result from a steepening hydraulic

gradient, as from of a deepening cone of depression. This and other model

imperfections are described in appendix 2. 
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1. 7: CONCLUSIONS TO PART 1

Bay-Delta issues have revived unresolved regulatory demons that have

haunted California for a century. Current Bay-Delta proceedings are especially

intense as Bay-Delta interests are many and powerful, among them;

multibillion dollar agricultural enterprises, Los Angeles and San Francisco area

megalopolises, and federal Endangered Species Act obligations. Stewardship

choices for the Bay-Delta at this juncture require careful consideration.

1 " Bureau of Reclamation 1996, D-20.
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Management agency actions will be continuously challenged by conflicting

interests. Regulators can only hope to base management decisions on

supportable law and science. Unfortunately these tools are lacking.

The California Doctrine joins two fundamentally opposed surface water

allocation schemes: riparianism and prior appropriation. At present, state

statutory law favors the former, state case law the latter. Unless riparian

rights are quantified the possibility remains for them to upset the pending

water rights decision stemming from the Bay-Delta Accord. Pre-1914 water

rights also escape state control, another gap in surface water management.

California's approach to groundwater regulation is more perplexing

still, being nearly nonexistent despite its importance in satisfying Central

Valley water demands. Laws that do exist reside largely in a series of

ambiguous judicial decisions, the open-ended nature of which have left

groundwater easily exploitable. The weakness of groundwater law has also

jeopardized Bay-Delta surface waters and surface water rights. Central Valley

groundwater and surface water are a continuous resource, components of a

dynamic Central Valley water cycle. Groundwater pumping can capture water

from streamflows through altered groundwater flow gradients.

Past studies by the USGS, the DWR, and the Bureau of Reclamation all

demonstrate massive groundwater flow towards cones of depression. Yet
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none characterize capture as an important threat to streamflows. The

mandate of mass balance presses us to find reasons why larger increases in

stream seepage to aquifers have not been documented. Groundwater use

may be balanced by recharge from surface water imports. Capture of

wetland evapotranspiration may also have delayed capture of streamflow.

Also, capture is a delayed phenomenon and is spread over a long time period.

Preliminary effects will be negligible. Reliable groundwater / surface water

interaction data is difficult to obtain, and capture may simply be escaping

detection. Whatever the reason thus far, wetlands are gone, groundwater

use continues to increase, and time is catching up. Loss of streamflow under-

current groundwater management is inevitable.

This thesis was meant to bring surface water and groundwater

interactions issues the attention they deserved during the Bay-Delta

negotiations, now terribly exacerbated by California water law duplicity. The

Bay-Delta Accord and the CUWA proposal it is based on focus on more

stringent regulations for surface water diversions, without a word about

limiting groundwater pumping. Limitations on surface water use will translate

to increased groundwater pumping, perhaps foiling the Bay-Delta Accord

with more and larger cones of depression and increased surface water

depletion. The SWRCB's new 1995 Water Quality Control Plan similarly
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continues to avoid groundwater issues.

CALFED, charged with a long run solution for the Bay-Delta which

should be especially sensitive to groundwater use, also leaves out any

discussion of groundwater rights. CALFED does enthusiastically endorse

"conjunctive management," meaning planned use of both surface water and

groundwater. In California conjunctive use usually means active banking of

excess surface water underground during wet years for use during droughts.

CALFED recognizes that overdraft is not a viable long run management

choice, but its Phase I Final Report"' remains silent as to how to limit

increased overdraft expected in wake of the Bay-Delta Accord, or even how

to retain rights to water banked underground.

A revolution of California water law is required to adjust Central Valley

water rights, legal imperative and power for surface water reform was

supplied by the Racanelli Decision. California needs to extend this sort of

regulatory empowerment to groundwater, in tandem with a research

imperative to elucidate the extent dispersed groundwater overdraft will have

on Bay-Delta water quantity and quality. Surface water depletion can only

increase as groundwater use replaces surface water restricted under the Bay-

Delta Accord. A modern and comprehensive groundwater / surface water

114 CALFED Sept. 1996.
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interaction research program for the Central Valley basin would be an

excellent partial use of the 1.4 billion dollars committed this year from both

California and Federal funds to restore the Bay-Delta 115 .

The everlasting continuity of surface water and groundwater resources

defy legal divorce. California water law must be renovated to reflect modern

hydrologic understanding and environmental needs. The SWRCB and CALFED

cannot effectively protect the Bay-Delta environment without addressing

groundwater and surface water as one. 
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PART 2: THE SOLUTION   
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2.1: INTRODUCTION

Earlier chapters discussed the separate evolution of California surface

water and groundwater law. The legal polarization between groundwater and

surface water was initiated at the 1913 California Water Commission. Nearly

a century later their unenlightened decision persists, left far behind by

advancements in hydrologic theory (refer to figures 4 and 5). We now know

surface water and groundwater form a continuous resource, linked in the

115 Numbers from: Smith, R.T. and R.J. Vaughan eds. Oct. 1996, 2.
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water cycle. Distinguishing between "underflow" and "percolating"

groundwater is hydrologically impossible, though legally necessary, proving a

conundrum for the courts'. Regardless of artificial classifications,

groundwater use trespasses on surface water rights, and surface water use

likewise endangers groundwater rights. For sustainable water use in a

watershed there can only be as many total water rights as renewable supply;

rainfall plus imports. In allowing rights to both surface and groundwater

irrespective of hydrologic connection, California sanctions an unusual and

contestive system in which multiple entities can claim the same water.

In the Bay-Delta, the largest watershed in California, innumerable

surface water and groundwater claims conflict. As statewide development

continues and environmental streamflow reservations take effect

groundwater use is expected to increase. But groundwater replacement

merely buys time; most aquifers are connected to surface flows, so that

groundwater draft is eventually taken from streams. Resultant  streamf low

reductions will come out of surface water rights, frustrating management

authority limited to surface water. The onus is on surface water rights

holders to fight for groundwater restrictions.

116 See City of Los Angeles v Pomeroy, 124 Cal. 597, 57 P. 585 (1899),
appeal dismissed, 188 U.S. 314 (1903); Cave v Tyler, 147 Cal. 454, 82 P.
64 (1905). These cites taken from Thompson 1996, 20.
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When aquifers are isolated from surface flows there are still incentives

for groundwater management. Like any resource, groundwater use must be

thoughtfully managed for optimal benefit. Groundwater mining yields short

term returns to a farm or other pumping entity, but limits groundwater

availability to other landowners and clouds groundwater availability in the

future. Mining finite groundwater reserves merely delays a long term water

supply solution. Nonetheless, careful, cooperated planning and extraction has

not typified groundwater use. Pumping decisions are generally made by

landowners in their own self interest. Such open access can lead to the

"tragedy of the commons," whereby all users have incentive to deplete

groundwater reserves as quickly as possible, lest their neighbors deplete it

first.

Continued availability of groundwater is crucial in meeting state water

demand. As agricultural and urban water needs grow, groundwater sates

demand unquenched by surface water. During times of drought, groundwater

reserves can be tapped when even California's largest surface reservoirs are

dangerously low, as occurred during the 1976-1977 and 1987-1992

droughts. Groundwater management deserves more attention for the sake of

state welfare.

The challenge has been to effect management retroactively in the face
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of entrenched groundwater extraction practice. Groundwater users statewide

have traditionally enjoyed the ability to pump with impunity, limited only by a

coarse legal net and the depth of their wells. Along with unrestricted

groundwater access comes a great deal of power and wealth, limitations on

which groundwater users naturally oppose. What courts defined as a

correlative right, meant to be judged in reasonable end beneficial relation to

other users has in practice been the rule of "the largest pump wine', as

spiraling litigation costs repel disputes.

Yet groundwater problems have been severe enough to compel some

level of groundwater management, accelerated in areas where significant

investment or human health is at stake. Still, management remains stunted

by turn of the century hydrologic understanding embodied in the state water

code. This chapter reviews the methods by which state, local, and federal

groundwater management efforts have attempted to fill the vacuum left by

California's statutory silence.

117 Schneider 1994, 47.
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2.2: INSTITUTIONAL POSSIBILITIES

2.2.1: STATE LEVEL GROUNDWATER MANAGEMENT

The SWRCB has largely avoided questions of groundwater regulation.

At the state level, questions of groundwater rights must be resolved in the

courts. The evolution of state groundwater case law developed in section

1.3.2 applies to what is legally known as "percolating" groundwater. To

review, there are three concepts in "percolating" groundwater case law;

correlative rights, appropriative rights, and equitable apportionment.

Correlative rights are supposedly superior to appropriative rights, yet strict

protection of the former would probably be tempered by equitable

apportionment, to defend investments in the latter.

Recall as well the fickle case law of surface water rights described in

section 1.3.1. Apparent superiority of riparian rights is increasingly

endangered by massive investments in surface appropriations, such as

priority rights held by the CVP and SWP. The tenuous relationship between

priority and riparian surface water rights mirrors groundwater disputes

between priority and correlative rights. And just as SWRCB authority over

groundwater is deficient, SWRCB jurisdiction over surface water is also

incomplete, lacking authority over riparian rights and pre-1914 surface

appropriations. Such legal exceptions run afoul of hydrologic continuity,
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perilously undermining state water management.

Natural connection between groundwater and surface water has

forced litigation addressing interference between surface water and

groundwater rights, further entangling ongoing imbroglios within

groundwater and surface water rights case law. Litigation between

groundwater and surface water users are of eight different scenarios,

corresponding to each possible right combination"' (figure 20). When a new

groundwater use injures surface water rights, new pumping can be under

either correlative or appropriative rights, and can harm either riparian or

appropriative surface water rights. Likewise, when new surface water

diversions injure groundwater rights, new diversions can be under either

riparian or appropriative rights, and can harm either correlative or

appropriative groundwater rights.

Unfortunately none of these permutations are well litigated. Best

reviewed are new groundwater appropriations affecting surface water rights.

In Tulare Irrigation District v Lindsay-Strathmore Irrigation District (1935) 119 ,

new groundwater appropriations by the Lindsay-Strathmore Irrigation District

diminished riparian right satisfaction of the Tulare Irrigation District

118 Thompson 1996, 23-24.

119 45 P.2d 972.
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Reasonable Use Rule

Hudson (1909)

Uncertain

Larsen (1936)
Fallbrook (1958)

Surface Water Right Wins

Barton Land & Water Co. (1915)
Cohen (1904)
McClintock (1903)
Tulare (1935)

Figure 20 Case Law History for Groundwater / Surface Water Disoutes 

There are two matrices, depending on the direction of sue between surfacewater and groundwater rights holders. In each permutation are listed therelevant cases and their general ruling.

Suit brought by surface water user...

TYPE OF SURFACE WATER RIGHT

Riparian	 Appropriative

Suit brought by groundwater user...

TYPE OF GROUNDWATFR RIGHT

Correlative
	

Appropriative

Uncertain
	

Uncertain

Compromise Though Groundwater
Has Superior Right

Miller (1910)
City of Lodi (1936)

This figure is adapted from Thompson, 1996.

.(r;

2
a.
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downstream. The trial court inflexibly protected the riparians, but the

California Supreme Court reversed and instructed the trial court to apply a

rule of reasonableness. If any of the riparians' use was found unreasonable or

nonbeneficial excess water would be available for groundwater appropriation.

Other decisions have similarly prohibited new appropriations of groundwater

to protect either riparian or priority surface water rights'''.

A reasonableness standard has also been applied to newly exercised

groundwater correlative rights impinging on surface riparian rights'.

However here both riparian and correlative rights holders are entitled to some

reasonable use of water, whereas the Tulare case allowed exclusion of new

groundwater appropriations. This is consistent with the theoretical inferiority

of groundwater appropriations to correlative rights.

The outcome of new correlative rights pumping impairing surface

appropriations is uncertain. In Larsen v Apollonio (1936) 1 '2 , the California

12
0 Thompson 1996, 22. See Barton Land & Water Co. v Crafton Water Co.,

171 Cal. 89, 152 P. 48 (1915); Cohen v La Canada Land & Water Co., 142
Cal. 437, 76 P. 47 (1904); McClintock v Hudson, 141 Cal. 275, 74 P. 849
(1903); and one federal case, United States v Fallbrook Utility District, 165
F. Supp. 806 (S.D. Cal. 1958).

121 Thompson 1996, 22. See United States v Fallbrook Public Utility District,
165 F. Supp. 806 (S.D. Cal. 1958); Hudson v Dailey, 156 Cal. 617, 195 P.
748 (1909).

122 5 Cal. 2d 440, 55 P.2d 196.
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Supreme Court favored the surface appropriator; but United States v

Fal !brook Public Utility District' suggested dominance of correlative rights.

Litigation arising from new surface water diversions harming

groundwater rights is sparser still. There are no decisions dealing directly

with groundwater rights injury caused by new riparian uses'. Yet there is

one famous case dealing with new surface appropriations; City of Lodi v East

Bay Municipal Utility District' (1936). The East Bay Municipal Utility District

had built a dam on the Mokelumne River, reducing recharge to the aquifer

below the downstream city of Lodi. The Court suggested a "physical

solution" whereby all water uses could continue in part. A physical solution

might mean deepening the wells in Lodi or frequent releases from the East

Bay Municipal Utility District dam. Physical solutions are quite often

employed in water rights case law, as judges struggle to make as full use as

possible of the state's water resources as mandated by Article X, section 2

of the state constitution.

The above cases do show acknowledgment and basic understanding

of groundwater / surface water interaction processes. The Fallbrook case in

123 165 F. Supp. 806.

124 Thompson 1996, 22.

125 7 Ca1.2d 316, 60 P2d 439.
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particular offers a nugget of wisdom: "The [groundwater and surface water]

rights are correlated just as they would be from any other common source,

with riparians and overlying owners having 'coequal, except as to quantity,

and correlative' rights to use their reasonable share of the water on their

riparian or overlying land.. .and appropriators having the right to use any

remaining surplus in the order of their priority. "126 This statement outlines a

consistent, coherent approach for administrating the various groundwater

and surface water right types in California.

Unfortunately courts have not always followed Fallbrook guidelines,

and leave more questions than answers as to how groundwater / surface

water disputes will be resolved. Relevant cases are both ancient and few,

poor statistics for California's historically unpredictable water law. When

there is a representative case for a particular groundwater / surface water

rights combination, there are deeper issues it may or may not address.

Among the many open questions are: the degree of groundwater / surface

water interaction proof needed to bring infractious water users to court; the

relative protection entitled public and private agencies' water rights; and

whether groundwater must be transported away from a watershed or simply

away from the land of origin to be considered an appropriation.

126 165 F.Supp. 806 at 847.
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The precedential worth of the cases we do have is also subverted by

the lack of a clear winner in most of the eight scenarios. A flavor of

compromise based on "reasonableness" of use is the most usual result.

Compromise is by its nature different for each factual scenario and societal

era; application to modern cases is limited. Courts are the solitary, sluggish

arbitrators of these compromises. Only extreme water rights damage would

justify litigation.

In addition, the trend of court reliance on "physical solutions" to

appease all parties 127 is hydrologically flawed. The court's goal is to make as

full reasonable and beneficial use of state water resources as possible, yet

the very existence of interference between uses may indicate water

resources depletion, unsustainable use. Unless the physical solution is to

import new water from outside the watershed it will either redistribute water

rights, or increase groundwater mining. If wells are deepened once they will -

need to be deepened repeatedly until groundwater reserves are emptied,

unless capture water from surface flows or evapotranspiration renew steady-

state. Physical solutions can be a euphemism for state-sanctioned overdraft.

Related to groundwater / surface water rights disputes is conjunctive

use; simultaneous management of surface water and groundwater to

127 Schneider 1994, 48.
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optimize water supply benefit. Central to conjunctive use operations is ability

to recharge and recover groundwater. The bugbear of conjunctive use is

possible capture of recharged water by extraneous groundwater entities,

exercising their legal right to pump. Sections 1005.1, 1005.2, and 1005.4

of the water code may protect claims to unused groundwater or naturally

recharging at the option of groundwater users. However these sections are

untested by courts 128 and do not mention purposeful groundwater recharge

through injection wells or artificial ponds.

Two court decisions may establish legal feasibility of conjunctive use.

Niles Sand & Gravel Co. v Alameda County Water District (1974) 1'

concerned groundwater banking activities that were flooding open pit gravel

mines. The court enjoined the Niles Co. from removing water from their

mining pits without requiring compensation from Alameda County 130 . The

decision did not give Alameda County specific right to the groundwater that

they had banked, but merely found Niles' draining of their mining pits to be a

128 Thompson 1996, 29.

129 37 Cal.App.3d 924, 112 cal. Rptr. 846 (1st Dist. 1974), cert. denied,
419 U.S. 869.

13
0 The decision also rested on the water table not being raised above its

natural level. Thompson 1996, 28.
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wasteful use compared with Alameda County's conjunctive use'''. One year

later, the missing link was added in City of Los Angeles v City of San

Fernando'''. Here the California Supreme Court held public entities could

store water in aquifers and retain exclusive right to banked waters'''. Yet

groundwater access ease still deters conjunctive use investments. These 25

year old decisions have not been sufficient to assuage lawsuit risk.

So, while there is some case law history dealing with groundwater /

surface water interactions, it is a broken legacy with questionable application

today. The cases are decades old, from another time scientifically, judicially,

politically. If the tumultuous course of water law holds true, rules derived

from this handful of dusty decisions are not to be trusted. Court results were

none too satisfying besides. Inconsistent and hydrologically insensitive

outcomes point to the need for a fresh start, in common law or otherwise.

One critical issue that may benefit from review is the burden of proof.

Proving water rights injury via groundwater / surface water interactions

would probably be upon the injured party'''. Unfortunately the scientific

131 Kidman 1996, 13.

132 14 Cal. 3d 199, 123 Cal. Rptr. 1, 537 P.2d 1250 (1975).

133 Thompson 1996, 28.

134 Arroyo Ditch and Water Co. v Baldwin (1909) 155 Ca1.280, 284.
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expense of such proof could effectively eliminate all but the wealthiest

litigants. Recompense would rely on implicated groundwater being of the

appropriable types; underground streams or underflow. As the former are

incredibly rare", and the latter impossible to define, litigation is risky.

Peabody v City of Vallejo' in 1935 suggested an alternative. The question

before the Court should not be whether there is a groundwater / surface

water connection, but the significance of the connection 137 . Since some

degree of groundwater / surface water interaction is more common than

mutually isolated surface and groundwater flows, the burden of proof may be

better served by the Peabody standard.

Yet this position too is faulty on two scores. First of all it seems

anathema to the great American motto "innocent until proven guilty," since

there are in fact cases where there is no groundwater / surface water

connection. Second, interactions between groundwater and surface water

can be greatly displaced in space and time, complicating determination of

injury with necessary consideration of appropriate spatial and temporal

jurisdictional scales.

135 DWR, Water Facts #6, 1996, page 2.

136 Cal. 2d 351.

137 Schneider 1994, 50.
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Crucial in the development of integrated water law is determination of

a planning horizon. There will usually be some component of groundwater

use translating into stream depletion. Aquifers in communion with surface

water will capture either streamflow or evapotranspiration as cones of

depression deplete storage, searching for steady-state. The question is how

far in the future surface water effects must occur before present day wealth

can be predicated on hydrologically connected groundwater. Courts must

make decisions on contingent occurrences, predictions of how groundwater

processes will interact with surface flows in the future. They are

understandably loathe to enjoin immediate beneficial groundwater uses to

protect surface flows at some indeterminate time. Explicit definition of a

planning horizon would facilitate water management tremendously. The

weight would then shift to hydrologists, who could investigate the time

scales over which aquifers and streamflows interact across California.

With direct state involvement in groundwater use, much more could be

researched about how groundwater pumping would be expected to affect

surface flows in various locales. Groundwater research is most easily done

through well tests. If the state had authority to use the innumerable private

wells for data collection and testing, the best data would be in the areas of

greatest groundwater use. An inventory could be built as to how regional
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groundwater extractions are expected to split between storage loss,

evapotranspiration capture, and surface flow capture. With such a database

indexed by parameters such as well depth, pumping rate, and geographic

location, the court could assign a proper burden of proof based on the

planning horizon and regional hydrologic information. State groundwater and

surface water rights would then drift towards integration, as litigation risk

would be reduced for parties seeking justified protection.

There is another avenue for state groundwater management:

adjudication. An adjudication is also a court process, though now embroiling
-

all water rights in a watershed. A traditional adjudication defines and

prioritizes all groundwater and surface water rights in the basin. Total water

use is limited to safe basin yield'. Adjudications thus resolve numerous

potential lawsuits at once, disentangling all affected parties' bids for rights.

Upon completion of the adjudication a watermaster to monitor the basin is

appointed by the court. The SWRCB has authority to initiate an adjudication

to protect groundwater quality under section 2100 of the water code.

There are at present writing sixteen adjudicated basins in California 139

(see figure 21). All of these are in the southern third of the state, where

138 Neese 1996, 49.

139 Figure and information from DWR Water Facts #3, 1996.
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population explosion and seawater intrusion' have necessitated a vanguard

of groundwater management. Adjudication is only permitted for those

aquifers which have been in a state of overdraft for at least five years'.

Adjudications are typically even slower and more expensive than ordinary

court solutions. And unfortunately, even upon completion adjudication can be

imperfect. The determination of the safe yield of the basin may be in error,

resulting in either too many or too few water rights. Furthermore,

adjudications are sometimes based solely on water quantity and do not

address water quality problems.

Expense excludes adjudication for all but the most beleaguered

aquifers. With the immensity of the Central Valley aquifer in figure 21,

appearing as large again as all the other aquifers in the state, it is plain why

nobody has suggested adjudication to resolve Central Valley water rights.

Such an undertaking is beyond consideration.

A third judicial means the state may use to regulate water rights is

through the concept of "public trust." The National Audubon Society v

140 Seawater intrusion is a common problem in coastal aquifers. Groundwater
pumping near the coast both pulls seawater into the cone of depression
laterally, and induces upward movement of saline water from beneath less
dense fresh water. Saline water renders aquifers useless until flushed with
freshwater, via slow natural processes or expensive human intervention.

141 Neese 1996, 48.
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Superior Court of Alpine County' decision (1983) is California's landmark

precedent for protecting water resources for the public interest. Amongst all

public trust case history, it is regarded as the most far-reaching such

protection afforded by any state.

The National Audubon case dealt with surface water of Mono Lake

and its tributaries, to which L.A. had properly vested legal right. The level of

Mono Lake had fallen considerably over the years, exposing islandic bird nest

sites to predation from the shore. From this and other environmental

concerns the court perceived a greater public value on the Mono Lake

ecosystem than on the value of L.A.'s water use. And, since the state's

water is said to reside perpetually in ownership of its citizenry at large,

rescinding L.A.'s "loan" was justifiable.

The public trust has already been applied to the Bay-Delta. In United

States v State Water Resources Control Board' (the "Racanelli Decision"

referred to in chapter 1.2) the Bureau of Reclamation contested the

SWRCB's increased environmental flow requirements for the Bay-Delta, as

these would infringe on CVP surface water rights. The Court soundly

endorsed and enlarged the SWRCB's ability to rescind water rights.

142 33 Cal. 3d. 419, cert denied, 464 U.S. 977.

143 182 Cal. App. 3d 82, 227 Cal Rptr. 161 (1986).
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Protecting the public trust was key in the decision, bolstered by SWRCB

authority under state water code section 1394, and the state constitutional

amendment Article X section 2 banning waste or unreasonable use of

water'. Looking beyond a strict priority approach, the court held all

competing uses of water were liable in rebalancing human and environmental

water needs 145 . Thus public trust responsibility may be spread to all water

users in the Central Valley.

The Racanelli Decision began a new era of environmental protection

for the Bay-Delta, buttressed in the 1990's by federal endangered species

listings. Though neither the Racanelli Decision nor National Audubon were

groundwater cases, groundwater routinely contributes to surface ecology.

Thus it is conceivable that groundwater use deleterious to valued

environmental sites could be controlled under the doctrine of public trust.

Although the SWRCB does not have direct authority to protect

groundwater quantity, it does have license to protect groundwater quality.

And since groundwater quality hazards endanger groundwater supply, the

SWRCB has indirect control over groundwater use. The SWRCB has taken

action to protect groundwater quality when local management is negligent or

144 Sax, Abrams, Thompson 1991, 592.

145 Littleworth and Garner 1995, 130.
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insufficient, as with salinity problems the Salinas Valley 146. There are several

other state agencies having some responsibility for groundwater quality

protection; the Department of Toxic Substances Control, the Department of

Pesticide Regulation, the California Integrated Waste Management Board, the

State Office of Environmental Health Hazard Assessment, the Office of

Drinking Water, the Department of Conservation, the State Water Pollution

Control Board'', and the California Environmental Protection Agency 148.

Fractured state management may have weakened the state role. The

state only becomes involved in groundwater control under dire

circumstances. Lack of a specific state groundwater agency and local

distrust of state involvement have frustrated past state groundwater

management efforts. Today local control appears to be the best political

option; top officials of the State Water Resources Control Board and the

Department of Water Resources have both publicly pronounced their support

of local groundwater management'. It remains to be seen how well

146 Western Water, Sept /Oct 1993, McClurg, 5-6.

147 The State Water Pollution Control Board and nine regional boards regulate
water quality as expressed in the Porter-Cologne Water Quality Control Act
of 1969.

148 List of state agencies from Diaz and Harris 1994, 68 & 70.

149 Diaz and Harris 1994, 67; Kennedy 1994, 36.
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localities will pick up the reins.

272.2: LOCAL GROUNDWATER MANAGEMENT

There are hundreds of water agencies in California, of at least 22

distinct types'. Each type of agency has different water management

authority, and each agency has used its authority in different ways. Though

primarily designed to manage surface water, some agencies also have

indirect ability to manage groundwater. Particular types of agencies may tax

pumping through a "replenishment tax;" raise additional funds to replace

groundwater through general land assessments; or simply influence water

use by adjusting water charges. The extent of these base-level groundwater

management practices across the hundreds of water agencies is unknown'',

yet two agencies are repeatedly cited as models for groundwater

management practices; Orange County Water District (OCWD) and Santa

Clara Valley Water District (SCVWD).

Orange County is just south of L.A. Rapid population growth

commencing early this century increased groundwater overdraft, jeopardizing

groundwater supplies and instigating seawater intrusion. The Orange County

15
0 Personal communication with Carl Hauge at DWR, 5/28/97.

151 DWR Water Facts #4, 1996.
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Water District formed in 1933 to address these and other water management

concerns. OCWD requests groundwater producers limit pumping to a

percentage of total water use, setting a target ratio of groundwater to

surface water use called the "Basin Production Percentage." OCWD also

taxes all groundwater extractions, via a "Replenishment Assessment." Funds

are used to buy and recharge water to replace basin overdraft. OCWD also

uses a "Basin Equity Assessment," designed to reward member agencies

complying with the Basin Production Percentage and to penalize those who

do not'. Though having no authority to directly regulate groundwater

extraction, OCWD has been successful in groundwater management through

these incentives and voluntary compliance of its members.

The Santa Clara Valley Water District was formed in 1952, enabled by

the 1929 California Water Conservation Act. The Santa Clara Valley is south

of San Francisco, and like Orange County has experienced radical urban

growth. Seawater intrusion and land subsidence from groundwater overdraft

necessitated groundwater management. SCVWD also applies a tax on

groundwater extractions, and in 1989 was further empowered to directly

restrict pumping when necessary to avoid permanent aquifer damage.

152 Orange County Water District information from Hess 1991, esp. chapter

2, 13-19.
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However such action is considered a last resort, invoked only if heightened

pump taxes and recharge efforts prove insufficient'.

There are special factors contributing to the success of the OCWD and

SCVWD. Their primary strength is a legacy of management begun decades

ago. Groundwater problems appeared early, so groundwater and surface

water management evolved in tandem. Agencies without such a history must

fight long-established groundwater practice when initiating a groundwater

control plan. Also, both Orange County and the Santa Clara Valley basins

have not been adjudicated, facilitating needed water rights flexibility in their

conjunctive use operations'. Furthermore, approximate coincidence of

SCVWD administrative boundaries with those of the aquifer has maximized

district control over groundwater resources and insulated it from poor water

management elsewhere l ".

Agencies introducing new groundwater management efforts, or

without fortuitous agency geographic bounds, may be stymied. Traditional

avenues of groundwater management through authority of special types of

water agencies may not be appropriate for modern, immediate, widespread

153 Santa Clara Valley Water District information from Hess 1991, esp.
chapter 1, 11-15.

154 Hess 1991, chapter 2, 22.

155 Hess 1991, chapter 1, 21.

135



groundwater problems.

Some water agencies have applied for more sophisticated groundwater

management ability, and have been able to drive special legislation for their

needs. There are now 10 agencies that have state authority to enact local

ordinances directly regulating groundwater extraction or limiting groundwater

export; Willow Creek Ground Water Management Agency, Honey. Lake Valley

Ground Water Management District, Long Valley Ground Water Management

District, Sierra Valley Ground Water Management District, Mendocino City

Community Services District, Mono County Tri-Valley Ground Water

Management District, Pajaro Valley Water Management Agency, Ojai Ground

Water Management Agency, Fox Canyon Ground Water Management

Agency, and Monterey Peninsula Water Management District'''.

Unfortunately only a few of these agencies actually use this authority.

An ongoing paradox in California groundwater law is the inconsistency

between a correlative right to pump, undefined by definition, and ordinances

that limit pumping. Nine of the ten agencies received their special authority in

the 1980's or 1990's: their practical ability to limit pumping is largely

untested. Groundwater management success seems to depend more on

building consensus as in OCWD and SCVWD than on theoretical

156 DWR Water Facts #4, 1996.
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groundwater restriction abilities. For example, when the Sierra Valley Ground

Water Management District ventured an ordinance limiting groundwater use

in accordance with state given authority, a landowner challenged it in court

and it was withdrawn'''. Special legislation for groundwater regulation has

both an enaction barrier (the locality must initiate special action of the state

legislature), and implementation barriers.

Broader local empowerment was passed in 1992. AB 3030 for the

first time allowed all public water agencies to adopt groundwater

management plans. AB 3030, with amendments in 1993 under AB 1152, is

now embodied in state water code sections 10750-10755.4. Similar bills

had been proposed as early as 1983 15', but were repeatedly defeated by

agricultural groups.

Among the twelve allowable groundwater - management components in

AB 3030 are; controlling of seawater intrusion, mitigating overdraft,

replenishing groundwater, monitoring groundwater levels, facilitating

conjunctive use operations, and developing relationships between state and

federal regulatory agencies (see section 10753.7).

A DWR survey showed nearly 100 water agencies had taken

157 DWR Water Facts #4, 1996.

158 Adams 1996, 44.
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advantage of AB 3030 159 and have adopted groundwater management plans,

including some important agricultural districts; Tulare Lake Basin WSD,

Westlands WD, and Kings River WD. These early responses indicate AB

3030 was long overdue. No doubt many other agencies have management

plans still in process.

Aiding AB 3030 proliferation are increasing incentives for groundwater

management. Part of the Central Valley Project Improvement Act (CVPIA), a

federal law passed in 1992, requires agencies receiving CVP water to

develop groundwater management plans. Under state water code section

1745.10 a groundwater management plan is prerequisite for groundwater

export, and terms of export must be consistent with the plan. Finally, as

statewide groundwater conditions worsen, AB 3030 enablement of local

groundwater management reduces the threat of state or federal intervention.

AB 3030 has allowed first steps to integrated surface water /

groundwater management. But, quite discouraging is the absence of

groundwater / surface water interactions in the twelve possible areas of

groundwater management under AB 3030. "Facilitating conjunctive use

operations" is included, but normally this refers to purposeful groundwater

159 DWR, Groundwater Management in California, Draft 14, 23 May 1997,
pg. 5-6.
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banking, not insidious streamflow loss from groundwater pumping. Basic

hydrologic science continues to escape legal comprehension, even into the

1990's.

Also, the power AB 3030 does offer is severely debilitated by section

10753.8 b which states; "Nothing in this part shall be construed as

authorizing the local agency to make a binding determination of the water

rights of any person or entity." Hence AB 3030 itself has no "teeth," true

groundwater management must be drawn from goodwill between the agency

and its member groundwater users. Groundwater regulation remains indirect,

with taxing powers as described in use by OCWD and SCVWD. For the

particular types of water agencies already having this power, AB 3030 had

no effect.

There is also the questiorr as to how well *a local management plan

built under AB 3030 truly represents community interests. A sequence of

public hearings precedes plan adoption, but protests can only be filed by

landowners (section 10753.6 a), with blocking power only possible by

petition from landowners holding over 50% of the value of the land within

agency boundaries (section 10753.6 c). Here wealth clearly leads to power,

though not necessarily correlating with stake in groundwater resources. Land

does not have to farmland to be valuable, and not all farms use groundwater.
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In addition, private land interests and community interests at large often

diverge. A community is more likely to desire sober husbanding of

groundwater reserves to ensure regional economic viability long into the

future, while individual planning horizons may be much shorter.

Where aquifers support multiple water agencies, as in the Central

Valley, aquifer conservation actions of one agency can easily be taken

advantage of by neighboring agencies. There are some phrases in AB 3030

encouraging cooperation amongst agencies sharing an aquifer (see sections

10750, 10755.2, 10755.3), but these are recommendations, not

requirements.

Moreover, AB 3030 only applies to the groundwater aquifers defined

in DWR Bulletin 118, excluding thirty-nine agencies from the AB 3030

option 160 . Human aquifer definition is slanted to human water needs, which

can be far in excess of environmental needs. Groundwater undoubtedly

supports some measure of vegetation or scattered surface water oases

within the bounds of these agencies. Though no official aquifer exists, where

there are people there are wells to tap whatever groundwater there is. Lack

of groundwater control in these areas endangers ecology evolved to survive

16
0 DWR, Groundwater Management in California, Draft 14, 23 May 1997,

pg. 11.
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on what little water is available._

Furthermore, though AB 3030 facilitates groundwater management

plans, there is nothing requiring plans be competent. There are no mandatory

provisions, no standards. Agencies may very well draft a plan of overdraft.

Statewide overdraft can be expected to continue, though now under the

guise of management. Such irresponsibility should not be tolerated, as it is

taxpayers who will later foot the bill for emergency water supply measures.

AB 3030 implied consent to overdraft runs contrary to other areas of

California water law. The 1949 case City of Pasadena v City of Alhambra'

held groundwater withdrawals could be judicially limited to safe basin

yield 162 . Article X, section 2 of the state constitution is normally used to

justify intense water use. But this provision against waste cuts both ways,

and has also been interpreted to forbid overdraft. In the 1970's a proposed

surface water transfer from the Anderson Farms Company in Yolo County to

the Berrenda Mesa Water District was denied by the SWRCB, who reasoned

increased groundwater use in Yolo County might violate the state

constitution 163 . During the Mohave River adjudication recently completed in

161 33 Cal. 2d 908; 207 P. 2d 17.

162 Weatherford et. al. 1982, 1034.

163 Thompson 1996, 26.

141



1996, the trial court avoided determining relative priority amongst

groundwater pumpers as all had been contributing to persistent groundwater

overdraft. Thus all pumpers' use was deemed an unconstitutional waste and

unreasonable use of water'. These scattered local cases banning overdraft

can only work towards the long run sustainability of California economy.

There is another, late-breaking possibility that may add the needed

authority for direct local groundwater regulation. Local governance guards

the health of its citizenry under '"police power." But - local police power can

only operate when there are holes in the protection of state law. In 1994

Baldwin v County of Tehama was upheld on appear', endorsing the

capacity of local ordinance to complement state groundwater law. Tehama

county retained its ordinance which was the subject of the suit, and Butte,

Imperial, San Benito, San Diego, San Joaquin, and Yolo counties have since

adopted groundwater ordinances 166 . The cities of Folsom and Sacramento are

also in the midst of forming a groundwater council under this avenue'''.

164 Kidman 1996, 14.

165 31 Cal. App. 4th 166 [36 Cal. Rptr. 8861.

166 DWR, Groundwater Management in California, Draft 14, 23 May 1997,
pg. 4.

167 Personal communication with Ed Schnabel of the Sacramento .

Metropolitan Water Authority, 9./3/97.
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Although potentially a strong technique, the extent of local police power is

hard to predict.

Another avenue of local groundwater control is through land planning

agencies. During land use zoning and permitting land planning agencies must

reconcile proposed land use with considerations of water supply, protection

of natural resources, and public nuisances. Under state law land development

must be consistent with local land use general plans, which include water

resources provisions'''. Bills have been introduced which may increase

planning control over groundwater use'''.

A final method of local groundwater control is contractual

arrangement'''. Groundwater users may amongst themselves adopt and sign

contracts defining their water use. However such contracts are rare. If any

users want to remain flexible in their groundwater use, a contract will be

unattractive. Each groundwater user must sign the contract for it to be an

effective management.

Though possibilities for local groundwater management seem

numerous, manifestations of strong administration are rare. A few areas such

168 Neese 1996, 51.

169 Neese 1996, 54.

179 Neese 1996, 49.

143



as Orange County and Santa Clara Valley manage groundwater and surface

water together quite well, while most of the state is without groundwater

management leadership or political ability to enact local groundwater control.

The best political option, local management entails its own pitfalls. Perhaps

recent passage of AB 3030 and the possibility of local ordinances to regulate

pumping mark a beginning of local groundwater authority.

Unfortunately local groundwater control in the Central Valley is

inherently flawed. The Valley encompasses hundreds of water agencies, each

with varying levels of groundwater management under variegated local

agendas and management abilities. Yet the enormous Central Valley aquifer

links groundwater use in each of these diverse agencies regardless of their

political boundaries. In addition to inter-agency groundwater interference are

cumulative surface water effects on the Bay-Delta, sole outflow of the

Central Valley watershed. As continued and increased groundwater use

appropriates future surface flows, either Central Valley surface water rights

or Bay-Delta protection will suffer. Some degree of oversight beyond the

local scale is clearly necessary. The emerging popularity of groundwater

transfers between agencies and even between watersheds, and state

taxpayer exposure to local recklessness emphasize the need for statewide

groundwater law. Perhaps the state could enact basic legislation recognizing
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intra and inter basin interactions while maintaining a large degree of local

control. Failing coherent local or state groundwater management, the

importance of Central Valley groundwater may eventually elicit federal

protection.

2.2.3: FEDERAL GROUNDWATER MANAGEMENT

The federal government does have some history of groundwater

management nationwide. However as with state and local management, the

extent of federal control is uncertain. One way the federal government has

protected water resources is through federal reserved rights'. The

establishment of federal reserved rights is traced to a 1908 U.S. Supreme

Court case, Winters v United States'. The Court held that when the federal

government sets aside a national reservation, such as a national park, forest,

monument, or Native American land, it does so with an implied application

for unappropriated water rights -sufficient for the purpose of the reservation.

These implied rights have been considered to enter the state's prior

appropriation hierarchy as of the date of federal reservation.

171 Most of the following discussion of federal reserved rights follows

Glennon and Maddock 1994, 599-609.

172 207 U.S. 564.
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Another Supreme Court case, Cappaert v United States', addresses

federal reserved rights in a groundwater / surface water interaction setting.

Groundwater use at the Cappaert ranch had reduced water levels in nearby

Devil's Hole National Monument, Nevada. Falling water levels in Devil's Hole

diminished the scenic value of underground lakes and threatened spawning

area of resident desert pupfish. Since both federal surface water rights and

the Cappaert groundwater claims were made under the priority system, the

Court decided to apply the prior appropriation doctrine across both surface

and groundwater rights. Since the proclamation of Devil's Hole as a national

site was made in 1952, while the Cappaerts did not begin pumping until

1968, federal rights were held senior. Yet the Cappaerts' pumping was only

enjoined to the degree it would affect the purposes of the reservation: "the

level of the pool may drop to the extent that the drop does not impair the

scientific value of the pool as the natural habitat of the species sought to be

preserved." 174

The Cappaert case establishes precedent for extending protection of

federal reserved water rights to hydrologically connected groundwater: "the

United States can protect its [reserved] water from subsequent diversions,

173 426 U.S. 128 (1976).

174 Sax, Abrams, Thompson 1991, 812; quoting from case text.
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whether the diversion is of surface or groundwater." 175 Yet as often happens

with solitary judicial decisions, uncertainties remain.

The Cappaert case was simplified by Nevada's rule of priority for both

surface water and groundwater; in California various classes of groundwater

and surface water rights complicate Cappaert's guidance. In principle federal

reserved rights are aloof of vagaries in state law; it would seem the same

protection should be given to Devil's Hole Monument no matter what state it

is in. As stated by the Cappaert court: "Federal water rights are not

dependent upon state law or state legal procedure."However there is a long

history of federal deference to state law. Thus although the federal

government certainly has the ability to transcend state law, state law wields

significant influence'.

Also unclear is how the extent of hydrologic connection between

surface water and groundwater (e.g. time to a specific percentage of surface

water depletion) bears on the scope of federal reserved rights protection. The

hydrologic effect of the Cappaert's groundwater use on Devil's Hole was

175 426 U.S. at 143.

176 Especially manifest in the McCarran Amendment (43 USCA sect. 666,
1970) where the U.S. allows its water claims to be subject to state

adjudications. See also California v United States (438 U.S. 645, 1978) for a

discussion of the history of federal deference to state law.
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obvious. The Cappaerts were the first to pump groundwater in the area, and

their ranch was only 2.5 miles from Devil's Hole'''. In modern cases,

numerous groundwater users of varying pumpage rates at various distances

befuddle blame distribution. Further, real aquifers rarely mimic simplistic

groundwater models, and can be wildly heterogeneous and anisotropic. A

great deal of field research and model calibration would be needed to sort out

pumping causes and surface water effects for each lawsuit. Expense

associated with this type of advanced hydrologic research make the

responsibility of burden of proof crucial in the outcome of the case (see

pages 1 24-1 27 supra for discussion of burden of proof reform).

The largest uncertainty with federal reserved rights is determination of

exactly how much water is impliedly reserved. Federal reserved rights have

varied with different types of reservations. Arizona v California"' in 1963

held that Native American reservations deserve water rights sufficient to

farm all practicably irrigable acreage'''. United States v New Mexico"' in

1978 held National Forests reserve water rights to conserve water flows and

177 Sax, Abrams, Thompson 1991, 811; quoting from case text.

178 373 U.S. 546.

179 Sax, Abrams, and Thompson 1991, 809.

180 438 U.S. 696.
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to furnish a continuous supply of timber'. These rulings offer some

guidance, but federal reserved rights standards in general are ill-defined.

Application of federal reserved rights for Bay-Delta waters is dim.

There are thousands of acres of National Forest in the Central Valley

watershed but these are mainly in the headwaters; lowlands are

predominantly in private ownership. Even if the National Forests bordered the

Bay-Delta, federal reserved rights criteria for National Forests set forth in

United States v New Mexico exclude aesthetics, recreation, and wildlife

preservation as goals of National Forests, being supposed "secondary"

purposes. Even if the Bay-Delta were to be newly recognized as a federal

reservation, the priority of attached water rights would be hopelessly junior.

Another federal water control is the Clean Water Act (CWA). Section

404 in particular, concerning permits for dredged or fill material, has been

used to protect surface waters from environmental damage. EPA is

authorized to deny a permit for release of dredged and fill materials when the

"discharge of such materials...will have an unacceptable adverse .affect on

municipal water supplies, shellfish beds and fishery areas (including

spawning and breeding areas), wildlife, or recreational areas."' Section 404

181 Glennon and Maddock 1994, 602.

182 33 U.S.C.A. sect 1344, sect 404 c.
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restrictions have been interpreted as continuing to apply even after

completion of the structure for which dredge and fill permits were needed.

Situations "...where the flow or circulation of navigable waters may be

impaired or the reach of such waters be reduced, shall be required to have a

permit under this section."' Thus the CWA can influence both reservoir

construction and operation, under both water quality and water quantity

criteria.

Though often referring simply to "navigable waters," the CWA defines

these as "waters of the United States.' Waters of the United States have

been interpreted to include essentially any surface water body that can affect

interstate commerce'. Clearly the CWA is meant to protect riverine and

wetland environmental resources from negative water quality and quantity

effects of surface water projects. However applicability of the CWA to

groundwater is less certain.

Normally groundwater development incurs no direct discharge of

dredged or fill material into streams. Thus section 404 offers no protection.

However operation of groundwater wells certainly affect stream water

183 33 U.S.C.A. sect 1344, sect 404 f2.

184 33 U.S.C. sect 1367(7).

185 Glennon and Maddock 1997, pg 22-56.
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quantity. When wells are used for irrigation water quality is impacted by

increased water cycling. Water picks up agricultural and natural solutes on

each lap between application to the soil and recapture by the well pump, all

the while concentrated by evaporation and crop consumption of fresh water.

Groundwater that reaches streams is thus quite polluted. One study on the

San Joaquin River found groundwater contributed four times as many

dissolved solids per volume to the river as surface water".

Although section 404 doés not apply to groundwater, certainly the

CWA's intent "to restore and maintain the chemical, physical, and biological

integrity of the Nation's waters."' is undermined by groundwater pollution.

Thus it is conceivable that groundwater contamination may be regulated

under the CWA. Nationwide courts are split on this issue. Some courts have

not regulated groundwater contamination under the CWA 188 , while others

have recognized the connection'.

186 USGS 1991, Phillips, Beard, and Gilliom, 4.

187 33 U.S.C. sect 1251(A).

188 Quivira Mining Co. v United States Environmental Protection Agency (765
F.2d 126); Umatilla Water quality Protective Association, Inc. v Smith
Frozen Foods, Inc. (962 F. Supp. 1312); United States v GAF Corp. (389
F. Supp. 1379); Kelly v United States (618 F. Supp. 1103, W.D. Mich.
1985). From Glennon and Maddock 1997, pg. 22-57 to 22-59.

189 Washington Wilderness Coalition v Hecla Mining.Co..(870 F. Supp. 983,
E.D. Wash. 1994). Glennon and Maddock 1997, pg. 22-60.
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One factor frustrating the courts is that the Federal Environmental

Protection Agency (EPA) in charge of CWA administration has never officially

asserted jurisdiction over groundwater'. As cases are appealed one of them

may go to the U.S. Supreme Court, a hope for resolving nationwide

inconsistency. Key in this review will be interpretation of congressional intent

in the CWA. Perhaps misunderstandings and uncertainties of groundwater /

surface water interactions moved congress to defer the question to the

judicial branch.

The CWA has potential for remediating Bay-Delta surface water uses,

but unfortunately falls short in groundwater regulation. Expected judiciary

reviews may establish the CWA's ability to protect against point source

groundwater pollution, but as most contamination in the Central Valley is

from widespread agriculture, even this contingent groundwater control may

be meaningless. Furthermore, the problem of groundwater use impinging on

surface water quantity will still be unresolved. The best potential of the CWA

may be to define surface water quality and quantity indices, while

groundwater influences on these parameters must be controlled through

other means.

The best federal protection possibility in the Bay-Delta, in fact primarily

19
0 Glennon and Maddock 1997, pg. 22-58.
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responsible for the current era of environmental sensitivity in Central Valley

water use, is the Endangered Species Act (ESA) 191 . The most important

provisions of the ESA have been sections 7 and 9. Section 7 requires

everything implicating federal involvement be done with especial regard to

minimizing risk to species listed under the ESA; everything from authorizing

water projects to funding their construction. Section 7 suggests federal

agencies consult with the United States Fish and Wildlife Service (USFWS) to

decide whether the plan they are involved in is potentially damaging to

endangered species. USFWS then releases a "biological opinion" by which it

either determines "jeopardy," "no jeopardy," or jeopardy with possibility for

mitigation.

Section 9 states "it is unlawful for any person subject to the

jurisdiction of the United States to.. .take any [listed] species... 11192 To "take"

listed species is broadly defined in the ESA, and has been held to include

habitat modification 193 . Together sections 7 and 9 have thwarted historically

routine development practice. One of the most powerful elements of the ESA

131 16 U.S.C.A. sects 1531-1544.

132 Sax, Abrams, Thompson 1991, 606; quoting from 16 U.S.C.A. sect
1538.

193 Babbitt v Sweet Home Chapter of Communities for a Great Oregon

(1995), 115 Supreme Court Reporter 2409.
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is a burden of proof favoring protection. If a proposal's influence on water

resources may conceivably have adverse effect on listed species there must

be mitigation measures or further study to determine that significant effects

are unlikely.

Most enactions of the ESA in water resources have concerned surface

water use. However one case has limited groundwater pumping to protect

surface water habitat; Sierra Club v Babbit in 1993 1
94 . The subject of the

case were aquifer-fed ponds in the vicinity of San Antonio, Texas, that were

diminished by heavy aquifer use in the city. These ponds support five ESA

listed species; the Fountaindarter, the Texas Blind Salamander, the San

Marcos Gambusia, Texas Wild Rice, and the San Marcos Salamander'''.

The Texas case is parallel to the situation in the Bay-Delta. Endangered

Delta Smelt and Chinook Salmon require certain flows to survive. Definition

of these flows has characterized the Bay-Delta controversy thus far. The

next step is determining where the environmentally allocated water will come

from. The SWRCB has broad authority under the Racanelli Decision to revoke

water rights to attain these flows. What is not yet being considered is

groundwater regulation in tandem with surface water rights restrictions.

194 995 F.2d 571, 5th Cir. 1993; interpretation from Kidman 1996, 17.

195 Kidman 1996, 17.
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Texas saw the connection, and inevitably California will too. Of all federal

influence, the ESA has the most potential to override state groundwater law

passivity and local management insularity. 
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2.3: WATER MARKETING POSSIBILITIES

2.3.1: OVERVIEW

The Bay-Delta Accord succeeded in defining flow and quality

standards for Bay-Delta waters, but offered no plan for their realization. The

SWRCB is currently working towards a water rights reductions decision

meant to achieve Bay-Delta Accord standards. The purpose of this chapter is

to explore what potential water marketing may hold for improving the

SWRCB's ability to meet Bay-Delta Accord standards at least cost to society.

As we will see, groundwater regulation remains a crucial step indispensable

to any long term solution.

Economic theory in general and water marketing in particular find a

perfect subject in the Bay-Delta. Water resources in the Central Valley are

already stretched to the limit, and now environmental water demands of the

Bay-Delta Accord have violently upset whatever fragile balance there may

have been between various agricultural and urban water users. Furthermore,

California's population continues to grow, promising relentless water
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resources tension in the future.

Achieving efficiency in the face of resource scarcity by facilitating

market processes is a classic goal of applied economics. Water marketing

offers an opportunity to relieve inefficiencies in Central Valley water

allocation while maintaining a higher level of protection for Bay-Delta flows.

However there are drawbacks to market allocations, especially when used for

natural resources.

Water markets incur many unvalued and invaluable impacts,

weakening any solution based solely on economic accounting. "Externalities"

are common in water transfers. This is the name given to impacts beyond

those involved in the transaction. A classic example is neglect of

environmental benefits. Since these effects are not valued in the water sale,

the transfer may be inefficient. Water marketing will probably improve the

overall efficiency of water allocation and water use in the Central Valley,

though any given sale cannot hope to address all environmental and social

external effects.

Even if all externalities could be weighed in each sale, those transfers

deemed beneficial will still only profit those involved in the transaction. In the

abstract, it is possible to redistribute slices so that nobody is made worse

off. However real world administrative costs would make such distribution
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impossible. The efficacy of ripple effects from water transfers is thus open to

challenge.

Related to the idea of externalities, lawyer Joseph Sax eloquently

argues for the rights of communities to water. He cites judicial decisions

upholding this contention'''. Community water rights are a public

responsibility; water supply is an invaluable resource base, indispensable for

community health. Community water rights must be protected, exempt from

sale by community members. The implication is that there ought to be some

restrictions on community members who wish to sell water rights.

Intergenerational effects from water trans -fers can also occur. Future

viewpoints are not represented in current debates. Here economics and

morality merge. We must realize the impact present water use has on the

future and decide how that ought to affect our present decisions. Historic

water management in California can hardly be called sustainable. The Bay-

Delta ecosystem is nearly destroyed through surface water use, and untold

aquifer volume has been polluted. This is one point where groundwater

regulation in tandem with water marketing reform is especially important.

Water transfers will solve nothing if they merely lead to increased

groundwater use. Future generations will suffer the result of groundwater

196 Sax 1994, 12.
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losses in reduced streamflows and less aquifer storage.

A water market requires a careful blend of market facilitation with

enough central control to guarantee environmental and social goals. In the

1990's California has made steps to a rudimentary water market. We will

review and critique their progress thus far. We will pay particular attention to

the impact of water marketing on the Bay-Delta, and the role of groundwater

in achieving a stronger marketing framework.

2.3.2: THE WATER MARKETING CONCEPT

At first it may be surprising that water marketing is not the status quo:

it would seem a logical extension of America's capitalism. Just as we have

the ability to sell items we own water marketing simply means that those

with water rights in California may sell water to someone else. If anyone

valued additional water more than anyone else, a water transaction could be

made by which both buyer and seller would be made better off. This is

essentially how market transactions are said to achieve economic efficiency,

by allowing resources to find their way to their most highly valued use. The

idea of efficiency coinciding with seemingly random decision making

between many buyers and sellers in a free market is the foundation of the

capitalist philosophy, heavily espoused by the USA and increasingly popular
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around the globe.

A water market would seem to make eminent sense in California.

Simply by improving the efficiency of the water allocation in the present

developed supply, California can avoid costs of conservation, of developing

more reservoir storage, or of desalinization to meet growing water demands.

Costs of these alternatives have been estimated at $290-$360/at, $270-

$800/af, and $900-$1000/af respectively. Water marketing would cost just

$65-$135/af 197 .

The California Water Plan Update authored by DWR projects

California's population to reach 49 million by the year 2020, up from 30

million in 1990, and associates with this an increase of 5 maf in urban water

use 199 . Since agricultural water use is four times larger than water use for

urban purposes, transfer of only a small percentage of agricultural water to

urban uses can easily meet critical drinking water needs of the growing

population 199 .

Agricultural water rates are routinely berated as grossly undervalued,

analyses which never fail to target the CVP as the quintessential federal

197 Gardner and Warner 1994, 7.

198 DWR 1994, California Water Plan Update, Executive Summary, 18.

199 DWR 1993, Water Transfers in California: Translating Concepts into
Reality, 7.
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irrigation subsidy. It has been estimated that CVP subsidies were nearly

$300 million per year in the early 1980's. During this time CVP supplied

lands were growing surplus crops on 59% of their acreage'. Subsidized

water was used to grow subsidized crops. The federal government's long

record in supporting irrigation was perhaps originally meant to create an

economic base and settle the west. With California now well settled, such

subsidies require a fresh examination.

Artificially low irrigation water costs do not provide long run incentives

for water conservation of realistic rates. Properly valued water is essential for

long run efficiency no matter what its use. Yet classical economic argument

suggests that what farmers pay for water does not affect their decision to

sell water at the market price, since they would gain the same profit from

water sales regardless of what they pay. This assumes purely monetary

occupational choice. In truth farmers no doubt value their lifestyle and will

continue farming as long as they can at least break even, which subsidized

water rates allow them to do.

Urban water value is always higher than agricultural value, being

between $450 and $1,000/af compared to farm rates of $15/af through the

20
0 Sax, Abrams, and Thompson 1991, 650.
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CVP and $55/af through the SWP201 . Cities can often pay farmers full

compensation for lost farm profit and still benefit from buying water. Still, all

of these water "costs" rarely reflect the value of the water itself. Typically

only the cost of maintaining, transferring, or building water supply

infrastructure are included. Agricultural water rates are often below even this

minimal reimbursement.

Also gaining ground on agricultural values are environmental merits of

water for instream flow. Here water must be valued for its in-situ use, and

finally an intrinsic value is included. lnstream flows not only directly benefit

wildlife, but an array of human recreational and scenic uses as well. The

ability of such environmental benefits to compete with agricultural and urban

uses has been established in California' and many other locales in the

U.S.' In the Bay-Delta, the ESA has effectively mandated an additional

allocation of such instream flow for the public interest. This revocation was

beyond the market in that it occurred without compensation. The justification

is that California law considers water resources to be property of all people in

201 Gardner and Warner 1994, 6.

202 Loomis and Creel 1992, 11; Loomis and Cooper 1990, 28.

203 Loomis 1987, 178; Crandall and Colby 1992.
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the state'''. Hence it never really leaves public ownership even when under

private use, always subject to the public trust. A display of public trust

strength occurred in 1983 when Los Angeles lost its legally vested

appropriative rights to Mono Lake waters. The California Supreme Court ruled

that the public valued Mono Lake more highly as wildlife habitat'.

55K

2.3.3: INITIAL BARRIERS TO TRADE

Although water marketing may seem an elegant solution to California's

water resources mess, the very nature of California water rights have

severely limited the ability of water to move towards its most efficient use.

The priority system controls the bulk of surface water rights in California,

allocating water on the basis of "first come first serve" rather than economic

efficiency criteria. Appropriators used as much water as possible, to secure a

large water right. In addition, the "use it or lose it" priority philosophy

discouraged any leasing or other reduction in water use even temporarily.

Hence priority rights became locked into potentially wasteful uses with few

possibilities for efficiency adjustments over time.

204 Rosegrant 1994, 74.

205 National Audubon Society v Superior Court of Alpine County, 33 Cal. 3d
419.
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Riparian rights make up the balance of surface water allocations in

California. These rights are appurtenant to waterfront land. Riparian rights

are unquantified, limited only by a "reasonable use," and unlike priority rights

cannot be lost through nonuse. However they are inseparable from the

waterfront land, prohibiting trading of riparian rights for use on other lands. A

more poorly constructed property right for trading purposes can hardly be

imagined.

However California groundwater rights go a step further, having no

statewide statutory definition whatsoever. Groundwater rights allocation is

guided almost exclusively by case law. The courts have stated three ways to

obtain groundwater rights in California; correlative rights, priority rights, and

equitable apportionment. Correlative rights are analogous to riparian rights.

Correlative rights holders share rights to the aquifer below. Such rights are

unquantified until a shortage occurs, in which case a vague "fair and just

proportion" rule is applied in establishing pumpage rights. "Surplus" water

beyond the needs of the correlative rights holders is available for off-tract

uses, under a priority system. Equitable apportionment is as yet an untested

concept set forth in a California Supreme Court decision', with uncertain

potential to upset correlative and priority groundwater rights. However, since

206 Weatherford, Malcolm, and Andrews 1982, 1035.
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groundwater rights are generally not quantified, there is no specific limit on

groundwater extraction and groundwater is essentially an open access

resource to anyone able to tap an aquifer with a pump.

This may answer why groundwater rights had not traditionally been

traded, there really were no groundwater rights. If someone could afford to

reimburse a well owner for pumpage and transference costs they could

probably do better drilling their own well. If by chance the aquifer did not

extend to the potential buyer's property, they were probably quite far away,

presenting more problems. Wells are designed to produce water for on site

use, not necessarily drilled for convenient transfer to other places. Working

out a delivery system and negotiating terms of groundwater trade are more

difficult the further the distance between buyer and seller.

The inflexibility of California's water rights system, an outdated federal

program for agricultural water subsidy, and increasingly important urban and

environmental needs have attracted increasing scrutiny. As a society grows

and changes over time, priorities of resource use also evolve. Environmental

legislation such as the Endangered Species Act and the protection it affords

fish in the Bay-Delta is just such a manifestation of changing preferences.

Efficiency gains from water marketing would seem to be an irresistible

method of facilitating water resources transfers in reply to changing water
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demand conditions.

Clearly defined and transferable property rights are a primary

requirement for a well functioning market. California's surface water rights

rigidity and lack of groundwater rights described above critically impaired

market formation. California law is evolving to address these barriers, but has

also found itself victim to externality problems as water marketing begins.

These issues are best described in context after a review of the advent of

California water marketing.

2,3.4: TRADING EXPERIENCE THUS FAR

The seed was planted as early as 1859, when the California Supreme

Court recognized the right to use and trade appropriative rights'. Statutory

authority to transfer water did not appear until 1979. At this time the priority

system was modified to allow some efficiency incentives with California

water code section 1011, allowing transfer of conserved water to be

considered a "beneficial use. " 208 This allows priority rights holders to

conserve water through more efficient water use practices and lease the

freed water without losing permanent water rights. Previously, conserved

207 Rosegrant 1995, 75.

208 Gray 1994, 139.
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water could be lost under the "use it or lose it" principle, the ability to

conserve interpreted as evidence of wasteful use. It is not clear exactly when

transfers of water regardless of conservation effort became a beneficial use

as well, but section 1244 added to the water code in 1991 clearly

guarantees rights protection to water transferors, even stating "This section

does not constitute a change in, but is declaratory of, existing law." These

laws and the ensuing discussion all relate to water right leases, outright sale

of water rights are rare.

Part of water transfers' slow beginning was no doubt due to lingering

uncertainty of legal repercussions, though a more significant barrier was

probably physics. Water is heavy; pumping costs are high, trucking costs

prohibitive. Without water transfer infrastructure the only feasible transfer

option was for downstream users to buy from upstream.users. Significant

water marketing did not begin until 1982, when California began officially

encouraging water transfers'. In 1986 passage of water code section 1810

extends use of state or regional water transference infrastructure as long as

fair compensation is paid the state and no harm results to other legal uses of

water. Transfer potential in California exploded as access to thousands of

miles of SWP canals opened.

209 Rosegrant 1995, 72.

166



Along with state encouragement came state management. In line with

its general responsibility over water rights the SWRCB has authority over

changes in water use, and considers two criteria in reviewing proposed short

term transfers, as enunciated in water code section 1725:

1. No legal user of water will be injured from the transfer via any

hydrologic condition including water quantity, quality or timing.

2. No unreasonable impact on fisheries or instream flow uses.

Long term transfers are subject to more demanding environmental impact

study under the California Environmental Quality Act (CEQA) 210 .

The number of proposed transfers varies, increasing under drought

conditions. Anywhere from zero to as much as 274,700 af of transferred

water per year have occurred between 1983 and the present day through

SWRCB channels. Some rights predate the SWRCB's inception in 1914, and

are thus exempt from SWRCB control and review, unfettered in terms of

potential externalities from trading, a loophole that seems to be well

exercised. The amount of pre-1914 rights transfers usually surpass SWRCB

approved transfers several times over each year211 . Trades within irrigation

districts are also exempt from review, since the water rights are vested with

210 Rosegrant 1995, 78.

211 Rosegrant 1995, 73. Taken from tabulated information.
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the district and not the individual farmers. Still, even at peak trading in the

late 1980's transferred water comprised only a few percentage points of

total water use, important flexibility at the margin but hardly a marketing

revolution.

A lengthy drought in the late 1980's and early 1990's forced new

action. To address urgent urban water need and to protect agricultural

investments the Governor mandated a Drought Water Bank in 1991 to be

directed by the California Department of Water Resources. The Drought

Water Bank was much more aggressive than the previous SWRCB approval

system. The DWR actively solicited water purchases and stocked water

rights purchases without having guaranteed buyers, boldly creating an

administratively facilitated market where no central water transfer entity had

previously existed. This profoundly reduced transactions costs of buyers

locating sellers, particularly strengthening participants' confidence in the

transaction. Not only is the DWR a governmental body meant to serve the

people of the state and answerable to the public, the DWR also controls the

SWP by which the water would actually be transferred.

DWR found that rights holders were still uncertain of their legal ability

to transfer water. So to inspire more trading, additional legal encouragements
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were passed in Assembly Bills 9 and 10 in 1991 212 . AB 10 once again clearly

protected water rights of those who could temporarily transfer their water to

another use. AB 9 went a step further, allowing water suppliers to deal with

individual members to free up water for the bank without offering the water

to remaining members of the water supplier's district. Normally only water

surplus to the needs of all members (usually farmers) would be available for

sale.

The 1991 Drought Water.Bank tapped three sources for water: crop .

fallowing, groundwater, and excess reservoir storage, in that order'. In

negotiating potential purchases for the bank, DWR followed criteria similar to

that of the SWRCB. When considering a water purchase to the bank, DWR

classified the water as "new," "real," or "paper"'. New water is water

previously unavailable to the hydrologic system. New water would be created

by reducing water flows into unusable areas, such as the ocean or polluted

aquifers. Real water is water that does not come at the expense of other

water rights holders. Thus, if a farmer were to free water by fallowing land,

only the consumptive use of irrigation water is real water and available for

212 Gray 1994, 140-141.

213 DWR, The 1991 Drought Water Bank, 21.

214 DWR 1993, Water Transfers in California: Translating Concepts into

Reality, 9-10.
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transfer, since return flows remaining in the system supply other water rights

holders downstream. Paper water by contrast is
- water that would potentially

come at the expense of another user, a water right existing only on paper.

DWR expended a great deal of effort attempting to separate new water and

real water from paper water to minimize external effects of water transfers.

With the additional legal incentives AB 9 and AB 10 along with a

generous buying price of $125/af the Drought Water Bank of 1991 soon

found itself swimming in 820,664 af of real and new water from 351

different sources215 . California learned that even under drought conditions a

substantial amount of water was available. They were even left with a

265,000 af surplus, the cost for which DWR swallowed, and stored for

future use in SWP reservoirs.

In 1992, unrelenting drought conditions again forced Governor Wilson

to decree a Drought Water Bank. DWR set out once again to champion

urgent water needs in the state, now with somewhat more experience. This

time DWR acted as broker rather than true bank, lining up sellers and buyers

rather than holding water rights. In 1992, water purchases were almost

entirely from groundwater substitution, to avoid controversy over negative

economic effects of land fallowing. To address environmental externality

215 DWR 1992, The 1991 Drought Water Bank, 2.
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complaints of the 1991 Bank, the Department of Fish and Game was invited

to sit on the Water Purchase Committee. Water scarcity was not quite as

severe as in 1991, and payments for groundwater did not need to reimburse

farmers for lost crop income from fallowing. Thus In 1992 the Bank

purchased water for only $50/af, transferring 193,246 af (minus conveyance

losses).

The Drought Water Bank fired up again in 1994, and operated on par

with the 1992 Bank. In 1994 DWR accumulated 220,000 af at a price of

$501af216. In 1995 DWR began a new tack, purchasing options for water

which could be sold should the drought continue. As it happened, winter

storms met demands and DWR's option payments were lost.
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2.3.5: WATER BANK PROBLEMS

California's first attempts in creating a water market, under emergency

conditions at that, were highly applauded. But like all water issues in

California, the Drought Water Banks were extremely controversial. At the

forefront were reported negative local economic effects from land fallowing.

Water is a resource base which supports a host of beneficiaries beyond the

farmer using it for irrigation. When a farmer fallows land and instead harvests

216 Jercich 1997, 60.
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water for cash, the local field help loses work, the local seed supply loses

business, tractor repair slows down, all kinds of effects ripple through the

local economy. This is known as the multiplier effect. These agriculturally

dependent people and businesses may be able to garner enough continuing

support from remaining farmers in the area. Otherwise they may have to take

their expertise elsewhere or even begin a new way of life. An economy is

called "frictionless" to the extent such displaced resources are able to find

new niches. In reality this translation can be difficult. At the very least there

will be short term local economic losses, with long run losses probable. Such

losses imply that too much water will be sold at too low a price, since total

societal costs are not internalized in the transaction price.

Yet as pointed out in an analysis of effects of land fallowing in Yolo

and Solano Counties by Richard Howitt, an economist at UC Davis, there are

also positive effects to consider'''. Since a farmer would not fallow land

unless they could earn at least as much profit from selling water as from

farming, there is still substantial money entering the local economy. Water

sale profits have offsetting positive multiplier effects. For example,

investment in water conserving technology went up by 19% and 11.5% in

217 Howitt 1994, 101.
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Yolo and Solano Counties respectivel y218. The issue then becomes not so

much one of efficiency but of distributive equity, a reshuffling of economic

benefits rather than a loss of them.

Howitt modeled negative gross agricultural income effects at just 5.0

% in Yolo County and 3.2% in Solano County219 . Most crops fallowed had a

low water use to crop profit ratio. Also, agriculturally related county income

reflects only 18.8 percent of gross county revenue in Yolo County and 6.4

percent in Solano County. These areas combined supplied nearly one-third of

all Bank water derived from land fallowing, 140,000 af220 . The RAND

corporation conducted an analysis of land fallowing, also showing mild

economic impacts 221 .

Yet the issue seems to be more protection of a way of life than a

question of monetary compensation. Agricultural communities tend to pride

their identity as such. Water transfers out of irrigation threaten their culture,

a heritage which to many locals is no doubt priceless. Furthermore, farmers

settled California. They were the original governors, and still command a

219 Howitt 1994, 110.

219 Howitt 1994, 115.

220 Howitt 1994, 104.

221 Rosegrant 1995, 80.
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strong lobby. Agricultural pressure has severely limited land fallowing as a

mechanism by which to bank water in California.

Specific legal provisions limit water transfers from fallowing. AB 2897

limits surface water transfers fro- 1m a water supplier to 26% of total supplies

per year unless more is permitted after a public hearing222. Water code

section 1810 part d disallows use of SWP facilities for transfers that would

unreasonable affect areas of origin. Thus fallowing remains a limited option

under SWRCB approval channels, but rejected altogether by DWR in

administering 1992 and later Water Banks.

More relevant to the Bay-Delta dilemma are negative environmental

externalities from Water Bank operations. Since most of the water supplied

for transfer came from northern California while most of the demand was in

the south, water transfers were pumped through the Delta, the only link in

California's surface water infrastructure. SWP and CVP pump stations in the

Delta already face stringent environmental impact restrictions. Delta pumping

is a primary cause of endangered fish species mortality, due to direct fish

capture and reversal of natural flow gradients. The Bay-Delta is an

engineering as well as an environmental bottleneck, probably the most

limiting factor to water transfers.

222 DWR, The 1992 Drought Water Bank, 10.
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Had DWR water bank actions been subject to SWRCB approval, such

endangered species effects would have received due consideration (see

section 1725 paraphrased above). Yet one of the most interesting stories

behind the Drought Water Banks is how DWR managed to sidestep the

SWRCB's authority, streamline the transfer process, and avoid formal legal

procedure223 . First of all, many of the rights transferred were old

appropriative and riparian Sacramento River rights, secured before the

SWRCB or the CVP existed. These rights are beyond the SWRCB's

jurisdiction. However many of these rights are now delivered by the CVP,

since Sacramento River flow is controlled by releases from CVP reservoirs

upstream. Thus, although these rights had been integrated into the CVP

pursuant to permits administered by the SWRCB, DWR argued these rights

retained their previous legal character excluding their transfer from SWRCB

review.

This is a clever argument, but not without critics. Professor of law

Brian Gray at U.C. Berkeley argues that these rights have become more

reliable, benefitting from CVP reservoir storage upstream. Thus they are

fundamentally changed from their previous status, and should be subject to

223 Gray 1994, 143-161.
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SWRCB transfer requirements 224 .

Successful transfer of riparian rights required added chicanery.

Riparian rights, as we have explained, are non-transferable from the land to

which they are appurtenant. To -avoid this problem, DWR simply paid

riparians not to divert, allowing DWR to collect the water downstream in

SWP pumps. Although this water legally briefly "returned to the river" for

appropriation, most riparian rights transferred were from Delta lands just

upstream from SWP pumps.

Finally, DWR also avoided SWRCB evaluation of surface water

obtained through groundwater substitution. Although it was groundwater

farmers used for their crops and surface water they transferred to the Bank,

DWR classified transferred water as groundwater, for which the SWRCB

again has no jurisdiction. However, this action trespassed on area of origin

protection and groundwater export restrictions. State water code section

1216 added in 1984 states: "A protected area [these areas include most of

the Central Valley] shall not be deprived.. .of the prior right to all water

reasonably required to adequately supply the beneficial needs of the

protected area..." Section 1220 added in 1993 disallows groundwater

exports from the Sacramento River or Delta basins unless the export

224 Gray 1994, 157.
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complies with local groundwater management practice (e.g. under AB 3030,

passed in 1992). To circumvent these issues, DWR simply turned on its

heels and reclassified the transferred water as surface water.

The sum result of DWR duplicity and SWRCB naivety was SWRCB

review of only 2 out of 351 water bank transfers in 1991. Although DWR

effectively avoided official SWRCB transfer criteria, they did, as discussed,

initiate a system of their own. In addition, during all Water Banks DWR

released about 20% more water from the north than it sold in the south, to

offset transference losses and ameliorate pumping effects in the Delta 225 .

However the fact remains that the SWRCB, primarily responsible for water

_-
resources management in California, easily surrendered its responsibility over

hundreds of acre feet of water. This in combination with DWR actions, the

only other state water management agency, deliberately avoiding water

transfer legislation is quite troubling226. Emergency measures necessitating

prompt water bank institution offer some excuse, though clearly adherence

to lawful guidelines is desired in the future. Clearly the gaps in California

water law need plugging, to ensure environmental allocations do not leak to

clever lawyering.

225 Rosegrant 1995, 80; Jercich 1997, 60.

226 Gray 1994, 160-161.
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Recent years have yielded increasing legal measures designed to

protect environmental water needs. The addition of section 1707 in 1991 at

last allowed instream flow as a beneficial use of water. Now private and

public environmental organizations can bid for transferred water alongside

urban and agricultural users, and have done so227 . However, section 1707

has limited practical effect. Efficient instream flow valuation faces two major

barriers to effective bids in the water market. The first problem is

organization of private environmental groups. Whereas members of a

particular irrigation district or city are already closely associated and may

easily pool resources, environmental beneficiaries tend to be diverse

individuals. Valuation is further complicated since many people can enjoy

instream benefits simultaneously (boaters, fishermen, hikers, etc.). These

two elements lead to the public goods problem, another classic market

pitfall. Each person has little individual incentive to contribute to an instream

flow. Just as people may not trouble to vote since individual votes have

minimal effect, marginal contributions probably will not decide whether or

not the instream flow is secured. At least some will thus - attempt to freely

benefit from instream flow contributions by others, and the bid for instream

flow will fall below optimality.

227 Gardner and Warner 1994, 8.
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A second problem of faces a public agency attempting to correct

private instream bid failure. This is the problem of valuation; since people do

not pay for instream flow no one is certain what it is worth. As stated earlier

in this chapter, agricultural and municipal water charges typically only reflect

the cost of water supply infrastructure, if that. To value instream flow

economists have had to develop sleuthing techniques.

The travel cost method (TCM) estimates the worth of instream flows

via consumers' costs of reaching the riverine site, i.e. transportation and the

opportunity cost of lost pay. There are serious flaws with the TCM; some

visitors may consider driving part of the vacation, or be visiting an area for

reasons other than instream flow related benefits.

The contingent value method (CVM) addresses these problems,

directly surveying the public for what they would be willing to pay to

maintain instream flow in a particular place. The main drawback to the CVM

is that it values instream flow without proof of consumer actions. However

this also allows the CVM to capture the category of "nonuse" benefits the

TCM cannot. These nonuse benefits are those people enjoy without actually

visiting an instream flow area. Nonuse benefits are often split into existence,

option, and bequest values. To illustrate, far more people than ever plan to

visit Niagara Falls would be upset by a plan to dam it, because they value the
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existence of such a fantastic natural phenomenon. One may also value an

option to one day canoe through the Alaska wilderness, however unlikely it

may be. Finally, we may value bequeathing the beauty of Lake Champlain to

future generations. Considering such future and intergenerational impacts of

economic decisions are especially problematic, involving _a great deal of

uncertainty as well as moral decisions.

lnstream values are gaining credulity: recent economic research shows

high values for instream flows in California and nationwide 228 . In some

studies even nonuse benefits were often substantial, in one case larger than

direct use values. Many of the total instream values per acre foot reported

are within the range of past Water Bank prices. And even these studies

cannot hope to value the more subtle instream flow benefits, such as

wetland ability to assimilate pollution, intricate ecological links, even spiritual

value. Further, to the extent ecological systems deserve protection aside

from human interests, instream benefits are greater still.

The worth of instream flow validates the new Bay-Delta flow

standards. The government stepped in to protect the public interest by

demanding more instream flow. Although the public does not directly

228 Loomis and Cooper 1990; Loomis and Creel 1992; Loomis 1992; Crandall

and Colby 1992; Loomis 1987.
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reimburse the government for this water, we do pay taxes.

Environmental considerations must figure largely in California's water

marketing efforts. Past legal finesse in avoiding environmental review should

be eliminated to ensure Bay-Delta protection. Local economic effects from

exports may also become more important. There are new laws which may

help address these concerns.

2.3.6: THE FUTURE OF WATER MARKETING IN CALIFORNIA

The Central Valley Project Improvement Act (PL 102-575, or CVPIA)

passed in 1992 applies perfectly at this juncture in California's water

marketing evolution. Ailing ecology in the Bay-Delta make it clear that not

only should continued degradation be halted, restoration is crucial. For this -

the CVPIA guaranteed an additional 800,000 af/yr for instream flows

through the Delta (these flows later became part of those necessary under

the Bay-Delta Accord in 1994). The act also initiated further water marketing

reforms specific to the Central Valley Project, though these too are subject to

no negative environmental effect. The CVPIA is thus perfectly suited for the

Bay-Delta Dilemma, maintaining environmental protection while facilitating

CVP water trades. The act is especially significant given the Bureau of

Reclamation's refusal to allow contractors to sell project water outside the
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CVP (base-supply contractors did sell some water)'. The CVP instead

happily operated as a one-way valve, accepting and delivering bank water

purchased by its contractors.

The CVPIA allows any CVP contractor receiving CVP water to transfer

all or part of their water for any beneficial use recognized under California

state law. 23° This sounds quite sweeping, until one realiz -es most CVP

contractors are large irrigation districts with long term contractual obligations

of their own to farmers. To address this difficulty another CVPIA reform goes

straight to the farmers. Members of an irrigation district or other water

agency supplied by the CVP can now transfer up to 20% of the district's

water rights without district involvement 231 . In this way those that ultimately

use the water can decide whether to transfer, eliminating levels of

negotiation and lowering transactions costs. This also avoids the right of first

refusal of district surplus generally enjoyed by district members.

However, embedded in its first formal bow to water transfers, the

Bureau of Reclamation has retained an ace in the hole. They maintain the

right to offer CVP water made available for transfer outside the system to

239 Howitt 1994, 12.

239 Gardner and Warner 1994, 6.

231 Howitt 1994, 10.
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any other CVP contractor at the terms of the transfer. Thus CVP recipients

always have first call on CVP water, though they may not be able to match

the market price'. This loyalty is probably efficient, given the ease at which

water can be transferred within the CVP. However the Bureau of

Reclamation has similarly parochial attitudes in extending its facilities for

transfers extraneous to the CVP. Should a non-CVP entity attempt to buy

water from another entity also extraneous to the project and use CVP

facilities, this water is first subject to use by any CVP recipient. In the

unlikely event these restrictions are survived, the water will reach its

intended destination. The CVPIA goes far to ease market transactions of CVP

water, but is tempered by protection of environmental and CVP interests.

Matching marketing efforts of the CVP, DWR published a draft

programmatic EIR for a "State Water Project Supplemental Water Purchase

Program" (SWPP) in December, 1996 233 . This document articulates

guidelines for a DWR managed water bank that could last periods of up to six

years. An EIR is needed to satisfy CEQA requirements for transfers lasting

more than one year, and would then be used as an environmental checklist

232 Conversation with Gail Heffler at Bureau of Reclamation, 4/30/97.

233 DWR 1996, State Water Project Supplemental Water Purchase Program

(SWPP).
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for future transfers of water using SWP facilities under the program. DWR

predicts a supply of 400,000 af/yr in years of program activation, half from

surplus reservoir storage and half from groundwater substitution'. The

exclusion of land fallowing perpetuates the trend begun in the 1992 Water

Bank, meant to avoid regional externalities discussed above. DWR is quite

optimistic about avoiding environmental difficulties as well. Delta pumping

cannot exceed levels mandated by Winter-Run Chinook Salmon and Delta

Smelt biological opinions, which vary according to fish life cycles. DWR

would time reservoir releases for noncritical periods and offer monetary

mitigation where fish loss is unavoidable235 . Such measures reflect language

of the CVPIA, which also requires either no impact on fish and wildlife from

CVP transfers or compensating measures to offset the impacts (Delworth

and Gardner, pg. 8). DWR even suggests possible fish benefit from the

program; "Transfers of water from the proposed program would increase

instream flows. In some areas, transfers delayed to late summer and early

fall would benefit migrating adult salmon." 236 Much like the CVPIA, the

SWPP walks the tightrope between minimized externalities while facilitating

234 DWR 1996, SWPP, 4.

235 DWR 1996, SWPP, VII.

236 DWR 1996, SWPP, IV.
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trades. California is beginning to bridge the gap between season-long leases

and long term transfers.

Finally, a statewide water transfer bill is due for consideration,

probably during the next legislative session. This bill was partially sponsored

by the Bank of America, who are trying to sort out the intricacies of

California water transfers for loan information. This bill, in conjunction with

the CVPIA, SWPP, and drought water banks, have all been initiated in the

1990's. Californians are earnestly pursuing water marketing options, but are

inexperienced. Further improvements are no doubt possible.

2. iT'L;VaiWs--67 -zw6Î-6-6-r6;z-LTiiiiWs-ifi'i'/-i--fi'k-E-fiWaTôiTcT'

Thus far we have reviewed the commencement of water marketing in

California. This was done to examine the ability of water transfers to ease

California water resources demand, particularly their capacity to strike a new

balance between agricultural use, growing urban use, and new environmental

allocations for the Bay-Delta. This section critiques California's water

marketing experimentation from a hydrologic point of view, particularly their

treatment of groundwater / surface water interactions. We hope to add

hydrologic clarity at this crucial junction in the evolution of transfer policy.

A basic, undeniable flaw in California's water marketing in its failure to
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regulate groundwater. This stems from narrow legal avenues for groundwater

management predating water transfers. As discussed, groundwater and

surface water are inextricable, they are the same resource linked in time via

the water cycle, separate but equal. Surface water rights cutbacks are

pending, necessary to meet higher environmental flow standards. Water

marketing has the potential to redistribute reduced allocations at least cost to

society; those losing highly valued rights could replace them through the

water market.

Instead the cure has fed the disease; water marketing combined with

open groundwater access has actually expanded the potential for

groundwater exploitation and associated streamflow depletions in California.

The SWRCB is expected to use a priority system to limit rights, which will

primarily affect CVP and SWP appropriative rights'. Water rights losers will

thus predominantly be in the San Joaquin Valley. This area, with limited

groundwater reserves, numerous aquifer pollution problems, and home of the

few local groundwater management areas that do exist, has limited ability to

replace lost surface water with groundwater. Most of the available

groundwater is the Sacramento Valley, where rainfall is relatively high,

237 SWRCB, Bay/Delta Draft EIR - Alternatives Under Consideration, 1996, 2-

5.
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surface water rights generally sate demand, and groundwater is tapped only

to fill seasonal or drought supply gaps. Under current, legal, state

encouraged water marketing practice, well owners in the Sacramento Valley

can now sell surface water to buyers in the San Joaquin Valley, and pump

groundwater for their own needs. This works in the short term, but is hardly

a long run solution to drought. Water marketing allows the scourge of

groundwater exploitation, already manifest in the south, to spread to the

north.

Lack of respect for groundwater / surface water interactions is

consistent throughout California water marketing efforts. Since top levels of

water management are involved, omission of this basic hydrologic principle is

amazing. In the case of SWRCB approved transfers, since the SWRCB does

not assert authority over groundwater, they have no mechanism to limit a

water transferor from replacing their supply through groundwater use. The

SWRCB instead relies on the "responsibility and diligence" of local entities to

protect their groundwater resources from these types of groundwater

substitution trades'. First of all, local groundwater management is an

extremely novel option in California; local entities have barely had time to

respond. Second, groundwater management need not be safe yield, it may

238 Conversation with Bert Parkinson, SWRCB employee, 4/30/97.
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be a plan of overdraft. Third, groundwater and surface water interactions

transgress political boundaries, subjecting the entire watershed to the

disparate, self-interested choices of each locality. Areas furthest

downgradient thus have the least control over water resources conditions. In

the Central Valley the most downstream of all is the Bay-Delta. In its

responsibility to protect water resources of the State, of which the Bay-Delta

always tops the list, groundwater requires the SWRCB's attention.

DWR also avoids groundwater jurisdiction, though their role is

somewhat more damaging as active facilitators of groundwater substitution

during the water banks. By legal artifice they even sidestepped the thin net

of groundwater law that does exist. DWR is easily seen in violation of its

own system of classifying water for transfer. Groundwater substitution,

considered "real water" for bank purposes and thus supposedly not taken at

the loss of other legal water users, is clearly "paper water." Through capture

flows for downstream users are diminished.

Consider one farm engaging in groundwater substitution. Assume they

use the same amount of groundwater on crops as they would surface water.

Surface water application would be a new input, having some component

beyond crop consumptive use and evaporative loss that would recharge the

aquifer under the farm. On the other hand, groundwater application
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diminishes the aquifer by crop consumptive use and evaporative losses,

Switching from the former to the latter case depletes the, aquifer twofold;

reduction by the amount of the consumptive use of the crop and evaporation

losses, and loss of aquifer recharge from previously applied surface water.

Aquifer recharge gains are picked up wherever the traded surface water is

applied, but total water use has at least increased by the consumptive use of

the purpose for which the water was traded. Groundwater substitution

allows a doubling of consumptive water use, temporarily displacing water

demand stress underground. These underground stresses do not disappear,

but as discussed initiate capture of water from future streamf low as the

hydrologic system tends back to equilibrium.

Inconsistent with its endorsement of groundwater substitution, DWR

disallows other types of trades that would subtract from aquifer recharge.

When DWR accepted water freed by fallowing land in the 1991 Bank, only

the consumptive portion of the water use was allowed for trade, since the

excess becomes return flow depended on by downstream users. DWR

realized that leaving the nonconsumptive use of transferred water in the

stream, unavailable for transfer as "paper water," was equivalent to

previously recharging the nonconsumptive use to the aquifer below the farm.

Yet hydrologic sanity is found in DWR's documentation. For example,
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a section in their pamphlet "Water Transfers in California: Translating

Concept into Reality" designed to educate the lay public, summarizes the

problem beautifully: "In essence, ground water withdrawals are borrowed

from future streamflow...pumping that causes a local depression in ground

water levels anywhere creates an uncontrolled draft on future stream flow...

If the ground water recharges naturally, it will ultimately deplete future

streamflow...lf the interconnection of ground water with surface water is

overlooked or ignored, a ground water transfer can give rise to what amounts

to an involuntary reallocation of - surface rights." 239

These words directly indict their past and proposed bank actions. DWR

envisions even more groundwater substitution reliance in the future. They

expect groundwater to comprise 50% of water acquisitions for the proposed

State Water Project Supplemental Water Purchase Program (SWPP) 240 . What

could explain this contradiction? As they admit, DWR is essentially borrowing

time: "Most ground water transfers to date have been based on the implicit

assumption that the induced future depletions of surface water will occur

during times of surplus or that the risk of future impacts will be low. In other

239 DWR, Water Transfers in California: Translating Concept into Reality,

1993, 16-17.

24
0 DWR, SWPP, 1996, III.
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words, the ground water withdrawn from transfer is assumed to refill largely

from future flows that are in excess of all in-basin demands and Delta

outflow requirements."' Yet in the preceding paragraph - DWR admits "The

problem is that current knowledge of ground water seldom permits prediction

of just where or when that depletion will occur. ”242 So , not only are they

compromising future streamflows to satisfy present demand, they cannot

predict when those effects will occur.

DWR's position, understanding the potential problem but denying its

importance, is seen again in the SWPP EIR. Surface water depletion was not

even listed as a possible impact of groundwater substitution 243 . However

DWR once again cogently describes just this possibility in a special section

titled "Surface Water / Groundwater Interaction" within the document'. In

this section they outline plans to monitor groundwater levels and even

develop groundwater flow models to guard against streamflow. DWR right to

limit pumping in case of streamflow depletion would be encoded in the

241 DWR, Water Transfers in California: Translating Concept into Reality,

1993, 16.

242 DWR, Water Transfers in California: Translating Concept into Reality,

1993, 16.

243 DWR, SWPP, 1996, VIII.

244 DWR, SWPP, 1996, 65.
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groundwater substitution contract.

DWR funded a Master's thesis to investigate the possibility of capture

in the early 1990 1 s 245 . The study area was a six mile square agricultural area

including a section of the Sacramento River. About 30% of pumped water

was seen to be from stream depletion. This number only applies to the

specific hydrogeologic and pumping conditions of the study, and cannot be

extended to other areas of the Central Valley. Even within the study area

over time stream depletion will increase as cones of depression expand in

response to continued overdraft'. The study is valuable for authenticating

the danger of capture.

DWR's present groundwater stance has validity given the critical thirst

from which California suffers during periodic drought, but can hardly be

considered an optimal model for the future of water marketing. As marketing

activity increases, the precedent of groundwater substitution encourages

more and more "uncontrolled" drafts on future streamflow, released

throughout the Central Valley like time bombs. To be sure, surface water

depletion effects are spread over time, but the sum effect of many

groundwater extractions will be more substantial as time goes on, and would

' Collins 1992.

246 Jenkins C.T. 1968, fig 1 page 38.
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continue for some while even if groundwater pumping is arrested.

Increased groundwater regulation is often suggested to reform

California water marketing, but these analyses focus on problems of

groundwater substitution beyond detrimental effects on streamflows. A

primary danger is land subsidence initiated by overdraft. The Central Valley is

no stranger to subsidence, one portion of the San Joaquin Valley dropped

nearly 30 ft. from groundwater pumping before surface water deliveries

began under the CVP247 (see figure 10). Such unpredictable land movements

could cause billions of dollars of damage to water project infrastructure and

other property. The Sacramento County Water Agency, in an area usually

thought of as safe yield territory, received an exclusion from the CVPIA

allowing continued surface water use despite environmental effects to halt

recent subsidence'.

Another problem with poor groundwater regulation is unclear property

rights, impairing market potential. One researcher showed that groundwater

rights were not as easily traded as more secure rights'. Clear groundwater

property rights can allow tremendous system-scale advantages. By

247 USGS 1991, Bertoldi, Johnston, and Evenson, A33.

248 Conversation with Bert Parkinson, SWRCB employee, 4/30/97.

248 Howitt 1994, 125.
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employing conjunctive use the storage capacity of aquifers California could

increase their insurance against periodic drought. The Natural Heritage

Institute estimates an average 1 million af/yr could be garnered from various

California river sources if only groundwater storage were plausible'. This

would cover the new Bay-Delta environmental flow needs. Aquifer storage

has key advantages over surface reservoirs, there are no dams to upset

riverine ecology, and evaporation losses are almost absent. But there are

disadvantages, underground reservoirs do not offer simultaneous recreation

benefits, and having no set boundaries are more unpredictable storage sites.

But most limiting is the fact that those banking water underground have

uncertain right to retain the water under California law. Legal inadequacies

haunt the search for a solution to California's increasingly urgent water

resources management problem at every step.

Water marketing, with great potential to increase the efficiency of

water allocation in California, has instead facilitated increased groundwater

exploitation. Such exploitation buys time during droughts, but cannot be

supported in the long run as California water demand continues to expand.

Groundwater pumping reappears as vanished Delta streamflow. Groundwater

does not generally tap "new" water. California's complex and expanding

250 Thomas and Moench 1996, 169.
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water needs are due for a more sophisticated legal regime, one that

recognizes water as water, without discriminating between its transient

location above or below ground. Serious reform of present water marketing

practice is needed to conform with modern hydrologic understanding.

Z 3.8: MARKETING REFORM: A HYDROLOGIC PERSPECTIVE

The current political climate has identified Bay-Delta degradation as a

negative environmental externality which can no longer be sustained,

meaning a failure in the current water allocation system. The pending

reordering of water rights to comply with new Bay-Delta standards will itself

be an inflexible solution. Water marketing can ease its impact.

This section proposes a water marketing system whereby principles of

hydrology and economics are jointly considered. Unfortunately, since none of

these reforms comply with California's present legal backdrop, it is merely an

academic exercise. Yet California water policy is in a time of change, in

which the ensuing suggestions may find some purchase.

The following framework for environmental regulation is borrowed

from The Theory of Environmental Policy' by Baumol and Oates, a classic

reference for problems of environmental pollution. In the following discussion

251 Baumol and Oates 1988. The arguments of this section follow chapter 8.
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keep in mind theirs is a theoretical world, rarely directly applicable. We will

attempt to bridge the gap in applying their analysis to the Bay-Delta.

The Bay Delta dilemma can be thought of as a problem of

environmental pollution. Each water user in the Central Valley contributes to

Bay-Delta pollution, either simply by reducing Bay-Delta inflows or by

worsening water quality. Agriculturally applied water will return to the river

laden with agricultural chemicals and salts leached from farm soils. Municipal

wastewater likewise returns to rivers with foreign nutrients. The number of

times water has been cycled through agricultural and human uses increases

downstream, with progressive water quality degradation. These pollutants

are further concentrated by reductions to flow through agricultural, human,

and industrial consumptive use. In the Central Valley these processes have

finally reached the point where ESA listings and public outcry have mandated

restoration of Bay-Delta ecology.

Regulatory tools addressing market failure fall into two categories,

taxes and permits. The Baumol and Oates approach is mathematically

rigorous, but is easily summarized. The objective of both taxes and permits is

to alter market incentives such that pollution is decreased to an optimal level.

Determination of this optimal pollution level is a separate, difficult economic

problem. For us it will be the water quality and quantity standards embodied
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in the SWRCB's 1995 Water Quality Control Plan for the San Francisco Bay /

Sacramento-San Joaquin Delta 252 . Optimal taxes would raise water costs

such that water use would diminish to the point where Delta standards

would just be met. Too little flow would mean additional water is more highly

valued instream than for other uses, and taxes should increase. Too much	 .

flow would imply that more water use should occur, and taxes should be

lowered. There would be adverse impacts on economic pursuits depending

on water, but these negative effects should already be embedded in the

determination of optimal pollution standards.

Besides the political unpopularity of new taxes, they are an indirect

approach for targeting pollution levels. Instead of directly setting pollution

levels, water prices hoped to achieve certain pollution levels are set. Thus

besides not knowing exactly how dispersed water use translates to Bay-Delta

pollution, regulators must know how water costs affect water use.

Baumol & Oates favor a system of marketable pollution permits. For

us, the closest we can get is a market for water use. The pollution market

would be indirect, pollution in the Delta being some function of water use.

There would be an optimal number of water use permits, i.e. water rights,

252 SWRCB, 1995 Water Quality Control Plan for the San Francisco Bay /

Sacramento-San Joaquin Delta.
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available within the Central Valley watershed matching the water use that

would just meet Bay-Delta standards. We will assume a societal goal of

sustainability, and thus stipulate this water use must not deplete future

water supply, either by drawing down reservoirs or emptying aquifers.

Targeting optimal water use is an incredibly difficult step. We must

know exactly how dispersed water use in the Central Valley translates to

Bay-Delta pollution. For each water user there will be a different pollution

effect. Pesticide use, soil type, irrigation efficiency, and crop consumptive

use are major pollution factors if water is agriculturally applied. Wastewater

treatment systems, urban conservation, and unique pollution effects of local

industry are important if water is municipally used.
-

The ratio of surface water to groundwater use will also impact the pollution

index for a given locale. Surface water use will have a more direct impact on

the Bay-Delta, but groundwater use eventually effects the surface water

system as well.

As long as there is no overdraft, uncertain future impacts on

streamflows from groundwater pumping are eliminated. The emergence of

conjunctive use offers hope that aquifers may be managed like surface water

reservoirs. Drawn down in times of drought, refilled during times of excess

flow. The success of the OCWD and the SCVWD prove the benefits of
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conjunctive management, a strategy now envisioned for northern California

in the ARWRI.

If sustainable conjunctive management catches on we can concentrate

on pollution effects of surface water use, still a nightmarish task. But again

the SWRCB can help us; hydrologic modeling is ongoing to determine how

many surface water rights need to be curtailed to achieve Bay-Delta

Standards'. In order to inculcate efficiency gains from market processes,

we must allow these permits, these water rights, to be transferable. The

upcoming SWRCB water rights reduction decision would supply the initial

permit allocation.

To keep water quality and quantity at the Delta constant, we must

weight water rights trading according to how different water users affect

conditions in the Delta. For a sale of water from a less polluting user to a

more polluting user, not all of the water sold can be transferred, only as

much as will keep Delta pollution constant. This is the most difficult step of

all. Only with knowledge of how each water user affects water conditions at

each of the Delta monitoring points can theoretically exact trading weights

be established to maintain Delta- requirements.

253 SWRCB, Bay/Delta Draft EIR Alternatives Under Consideration, 1996,

Attachment 1.
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Unfortunately, Bay-Delta Standards do not even rely on a single

pollution index. The SWRCB's 1995 Water Quality Control Plan shows

dissolved oxygen requirements and electrical conductivity ceilings (a measure

of salinity) in addition to flows'''. The trading weight would have to be

based on the most limiting index for a particular trade, which would no doubt

vary depending on the trading partners.

The problem has become very complex, but we may be able to make

some simplifying assumptions. The SWRCB indicates that the flow standard

is likely to be the most limiting target. Other standards will probably be

satisfied if flow requirements are met'. For water marketing trading weights

this is easiest to deal with, water quantity depends on simple principles of

mass balance rather than complex reactions affecting water quality. Now the-

task is reduced to how much water is consumptively used, in Delta terms,

for each user.

This determination must include not only consumptive use on site but

also transference losses on the way to the Delta. Two farms may have

254 SWRCB, 1995 Water Quality Control Plan for the San Francisco Bay /
Sacramento-San Joaquin Delta, 18-19.

255 SWRCB, 1995 Water Quality Control Plan for the San Francisco

Bay/Sacramento-San Joaquin Delta, 4; SWRCB, Bay/Delta Draft EIR
Alternatives Under Consideration, 1996, 5-7.
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exactly the same consumptive use, but if one is further away, its return flow

faces larger evaporative or natural vegetative uptake on its way to the Delta.

Hence, a trade between these two farms would have to result in less water

received at the farm far from the Delta than sold by the farm nearer the

Delta. Perhaps it would be possible to determine the consumptive uses of

regions in the Central Valley, either by water district or water agency. Then

transference losses between each of these regions and the Delta could be

estimated. Such information is available, necessary for operation of the CVP

and SWP, already encoded in DWR's surface water movement simulation

program DWRSIM.

However, even after trading weights are determined, additional

challenges remain. So far the analysis only applies to a watershed with

perfectly predicted and smooth inputs and constant in-basin processes.

Rainfall is highly stochastic, and even with California's extensive reservoir

system streamflows vary widely. In addition, Delta standards vary in time,

meant to address the most crucial fish life cycles. Thus truly optimal trading

weights would also have to vary in time to follow both flow standard and

rainfall variability. Here we simply hope omission of such effects do not

significantly weaken gains from a trading scheme based on temporally

smooth conditions. California's reservoir system, already designed to
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ameliorate nature's water supply variability, offers some credence to this

assumption.

California's in place water infrastructure goes far towards facilitating

the physical barriers to water trades, but the Bay-Delta remains a limiting

bottleneck. Environmental problems in the Delta combined with the

emergence of water transfers have revived the possibility of a peripheral

canal, an inland connection between north and south project pipelines. The

original purpose of the canal was to isolate water project deliveries from

saltwater intrusion into the Delta from the Pacific Ocean. Currently the CVP

and SWP must maintain a certain amount of flow through the Delta and into

the Bay to avoid salinity contamination of project water, thereby

guaranteeing a certain level of estuary health. The canal proposal was

defeated from fear that once water could be transported regardless of Delta

water quality, environmentally crucial flows would suffer. Now a peripheral

canal could release environmental limits on transfers by reducing Delta

pumping. Flows through the Delta need not decrease, return flows may

simply reach the Delta via the San Joaquin River rather than the Sacramento

River. Construction of a peripheral canal is a primary goal of CALFED, a state

and federal cooperative agency working on a long term solution to the Bay-
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Delta Dilemma'. Realization of such a facility seems crucial for water

marketing expansion.

We must stress the importance of groundwater regulation in effective

water marketing. To achieve the permit scheme described above,

groundwater use must not be allowed to increase in response to surface

water rights reductions. Otherwise total water use in the Central Valley will

not be effectively reduced, and surface flows will not be guaranteed. Present

groundwater pumping is already trumping surface water rights. Local

groundwater control efforts are insufficient and inappropriate for statewide

water management issues. The time has come for explicit, statutory state

control. Politically this may be a slim possibility, but is the only hydrologically

supportable choice. 
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2.4: CONCLUSIONS FOR PART 2

Part 1 strove to portray the legal and hydrologic context of the Bay-

Delta dilemma, particularly to press for groundwater regulation as a crucial

element of California water management. In Part 2 we explored various

methods by which such groundwater control might be realized. The paucity

of state groundwater code has seen the influx of various alternative

256 Conversation with Rick Soehren, CALFED employee.
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measures for groundwater control.

State case law has partially filled the gap, but is handicapped by

anachronistic legal definitions. "Underflow" is the case law device of

accounting for groundwater / surface water interactions, but lacks hydrologic

basis. The cases that have dealt with groundwater / surface water

interactions are several decades old and lack clear judgements for many of

the possible rights interactions. If courts continue to be the forum for state

groundwater regulation, discarding "underflow" should be the first step.

Groundwater / surface water interactions need to be recognized as important

processes. Hydrologists and lawyers could work together to determine where

such interactions are important. This knowledge could have important

bearing on the burden of proof for future cases. The temporal aspect of

capture will de difficult to integrate into law but it will be necessary to do so.

The public trust may apply to groundwater resources, especially when the

impact on surface water is understood.

Local level groundwater control is gaining force, and is encouraged by

state agencies. There are some recent prospects for effective groundwater

oversight, either through local police power or through planning committees

allowed under AB 3030. There are also scattered legacies of successful

integrated water resources management, as evidenced in Santa Clara and
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Orange counties. However local solutions are ill-suited to statewide water

resources problems. Not only do the legal capacities for groundwater control

vary by type of local water agency, goals of groundwater management are

also regionally disparate. Issues in the Bay-Delta implicate the entire Central

Valley watershed, as well as areas in southern California receiving Delta

exports. A level of authority higher than local government is needed.

Federal law may be the last resort should state and local groundwater

regulation efforts fail. The ability of federal law to overrule state water

resources management was in fact the catalyst for the Bay-Delta Accord.

Federal Reserved Rights and the Clean Water Act may have some limited

application to groundwater protection, but most promising is the Endangered

Species Act. A recent Supreme Court case forced groundwater restrictions in

Texas to protect endangered species living in surface water springs. The Bay-

Delta dilemma mirrors the Texas case, and may eventually elicit a similar

ruling. Ideally this would spur better in-state groundwater control rather than

permanently shift state water resources management to the federal

government.

An economical way to address increased water demand in the Central

Valley combined with increased environmental flow allocations is water

marketing. However the present track of California water marketing is
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impaired by the lack of effective groundwater law. Instead of reallocating

water efficiently as hoped, water marketing has encouraged increased

groundwater use. Through groundwater / surface water interactions this

results in less streamflow and unpredictable reductions in surface water

rights. In California's transition between temporary water banks and long

term water transfers, such careless surface water effects must be avoided.

We suggest a hydrologically sound system of water marketing. The

two critical elements of this plan are arresting groundwater use expansion

and initiation of trading weights. California already has rudimentary trading

weights in place, as found in DWR's determination of consumptive use to

determine "real water," and the purchase of extra water during the Drought

Water Banks to release through the Bay-Delta to offset environmental

pumping problems. Estimation of trading weights thus follows established

lines of state water marketing research.

Our main point of divergence is insistence on more careful

groundwater regulation. Present legal authority is thin, but there is hope. The

few groundwater statutes on the books are all very recent, indicating a

movement towards more secure regulation. The agencies to whom California

water resources are entrusted ought to work to fill the groundwater law

vacuum. How long it will take California's legal code to catch up with
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hydrologic theory is anybody's guess, but inevitable as water resources

pressure continually force progressive management.

Groundwater management can be a very powerful tool if grounded in a

solid legal foundation. Aquifers have great potential as new reservoir storage,

with minimal environmental drawbacks that limit surface reservoirs. Past

drought water banks essentially used aquifers as additional storage

unofficially. Clear groundwater rights would legitimize this practice. In the

emergence of conjunctive use, California must realize that groundwater is not

new water. From a watershed perspective, allocation of surface water and

groundwater is doubly committing. The total of such rights cannot surpass

water cycle recharge via rainfall and surface water imports if California has

safe yield goals. I humbly submit the concept of a water right for water,

regardless of its subterranean or free flowing state.
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APPENDIX 1: GROUNDWATER / SURFACE WATER
INTERACTION THEORY

If one man can be credited with initiating the development of modern

groundwater / surface water interaction theory, it is Charles Theis. His

model, published in 1941 257 , is still the basis for analytical capture

methodology. However, even this is subordinate to his revolutionary

contribution to groundwater flow modeling'. Theis was the first to model

transient groundwater flow, the first to tackle a non-equilibrium process,

integrating time among the variables. Our discussion of groundwater /

surface water interaction theory must begin here.

Theis' conceptual breakthrough was in applying heat flow theory to

groundwater flow. As he states, "Darcy's law is analogous to the law of the

flow of heat by conduction, hydraulic pressure being analogous to

temperature, pressure-gradient to thermal gradient, permeability to thermal

conductivity, and specific yield to specific heat."' Using a parallel

mathematical construction as that used to solve for the change in

257 Theis 1941.

Theis 1935.

259 Theis 1935, 519.
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temperature at a point due to a heat sink, Theis found the change in

hydraulic head at a point due to groundwater well pumping:

(1)	 170-h(r,t)=0/417Tf; (e -Vuldu;

Where

u = r2S/4Tt

ho-h(r,t)=drawdown in aquifer hydraulic head; initial water level minus

later water level for a phrea tic aquifer, or initial piezometric head

minus later piezometric head for a confined aquifer

Q=pumpage rate of the well

r= radius from the well to the point where drawdown is being

calculated

S=storativity; a measure of the aquifer's drainable water content

T=transmissivity; hydraulic conductivity (K) multiplied by aquifer

depth

t=time since pumping began

This integral cannot be solved directly, but numerical approximations

are available for various values of u. Theis managed a clean mathematical

expression for what was formerly thought of as unpredictable chaos. Yet the
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simplicity of his equation was at some cost of reality. Natural systems rarely

match the mathematical idealizations needed for Theis' approach. Even so, a

Theis solution will often be quite accurate. Only when actual conditions

depart greatly from Theis' idealization is a more complicated approach

needed. Theis' assumptions, and their explanation, follow:

1. The aquifer has an infinite areal extent with a constant thickness.

Theis' solution is based on an infinite aquifer refilling groundwater storage

loss. All other factors being equal, realistically finite aquifers will exhibit

drawdowns greater than those predicted by the Theis equation. Similarly, if

an aquifer thins in one direction, predicted drawdowns in that direction based

on the overall average aquifer thickness will be greater than actual

drawdowns. These concerns only become important when the cone of

depression becomes large enough to draw from the aquifer's lateral and

vertical boundaries.

2. Drawdowns are insignificant compared with total aquifer thickness.

This condition is needed to ensure that the aquifer parameter transmissivity

does not change during the course of study. Since T=(K*aquifer thickness)

drawdown in a phreatic aquifer will progressively change transmissivity. The

basic Theis solution does not allow for variation in T, though it can be

modified to do so. Also, drawdowns on the same scale as aquifer thickness
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will invalidate the inherent assumption of two dimensional, horizontal flow in

the aquifer.

3. Reductions in hydraulic head cause corresponding instantaneous

losses in water stored in the aquifer. Generally there is a time delay between

reductions in hydraulic head from pumping and complete drainage of aquifer -

pores, so that actual drawdown will be less than predicted drawdown until

drainage catches up. This effect is especially important right after pumping is

initiated.

4. Pumping rate is uniform and continuous. Since drawdown and

pumping are linked, variations in pumping rate will wrinkle the drawdown

response. Since 1935 there has been further research indicating that within

certain bounds of intermittent pumping, and within certain aquifer conditions,

the average pumping rate will still work well in the Theis equation 260 . Aquifer

response to cyclic pumping will tend towards the response to a constant

average rate as time increases. Episodes of pumping, recovery (no pumping),

and different pumping rates can be mathematically superimposed, with a

resultant solution based on several Theis model calculations'.

260 Wallace, Darama, and Annable, 1990.

261 Jenkins, Techniques for Computing Rate and Volume of Stream Depletion

by Wells, 1968.
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5. The aquifer is homogeneous and isotropic. Aquifer uniformity is

necessary to match Theis' mathematical idealizations, though heterogeneity

and anisotropy are the rule rather than the exception. Sometimes it is

possible to successfully use an average transmissivity or storativity in the

Theis equation to account for aquifer variability.

6. The well fully penetrates aquifer depth. Partial penetration of a

groundwater well will warp groundwater flow paths, especially near the

bottom of the well. These curved flow paths are longer than if the well were

slotted the entire aquifer depth. Thus drawdown near the well doesn't drop

as fast as predicted, since water in the aquifer beneath is emptying more

slowly to the well. The resultant cone of depression will be somewhat

shallower and wider than that predicted under fu- 11 well penetration.

7. The well has a negligible diameter. This assumption is needed to

guard against appreciable water storage in the well. The more water stored

in the well, the greater the incongruence between pumping and drawdown.

However this storage is usually negligible compared to the volume of water

being pumped.

In 1941 Theis extended his transient groundwater flow model to

include interactions between surface water and groundwater262 . Central to

262 Theis 1941.
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his approach is "image well theory." To mathematically simulate actual

hydraulic head conditions in the aquifer, virtual wells are included in the

infinite aquifer model to match the effects of true aquifer boundaries. A

stream can be thought of as a boundary of constant hydraulic head. To

simulate a stream's recharge to an aquifer, a virtual injection well is used.

Consider first an aquifer without a nearby stream. If an injection well were

placed near a withdrawal well, and both were pumping at the same rate, at

all points equidistant from the pumping and injection wells their respective

effects on hydraulic head would cancel (figure 22). This set of equidistant

points defines a line between the two wells of constant hydraulic head. Even

while the cone of depression deepens, the position of this line will not

change since the image well in injecting at the same rate as the withdrawal

well is pumping. This is how Theis mathematically represents a stream.

Theis' groundwater / surface water interaction model considers only

one well and one stream (figure 23). By incorporating an image well into

equation 1, he arrives at an expression for the ratio of water pumped from

the river to that pumped from groundwater:

(2)	 p =. 2/nforae-lasecuHsecu)du;
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Pumping Well Image Injection WellConstant Head Boundary

= ORIGINAL WATER TABLE
• ."'"	 = WATER TABLE AFTER PUMPING / INJECTION

= RESULTANT WATER TABLE

Eisure.22:Amage_Well_lbstawApplied to Groundwater / Surface Water Interactions 
The pumping well Is on the left, and the image well is on the right. Between the two wells net
effect on the water table is zero. This is how an image well can be used to simulate the constant
head influence of a surface stream. The recharge effects of the stream are matched by the
image injection well.

Figure 23 Theis' Groundwater / Surface Water Interaction Model. 

An image injection well simulates the recharge effects of the stream.
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With two new symbols:

k=1.87r2S/Tt

P= the ratio of water pumped from the stream to that pumped from

groundwater

This is the basis for modern capture equations. By multiplying the ratio

P by the groundwater pumping rate, we can find the rate of surface water

depletion. Note that the capture percentage P does not depend on the

pumping amount, though in absolute terms capture increases with the

pumping rate. Associated with equation 2 are several more assumptions.

Once again, these conditions are rarely met, though generally the Theis

capture model will offer a good estimate. The additional assumptions are:

8. The stream is the only source of capture. If evaporation or plant

transpiration is reduced through lowering of the water table, Theis' model

will overestimate capture from the stream.

9. The hydraulic head in the stream remains constant. To keep a

constant head level as simulated in the equation the stream level must not

change. This is unrealistic since capture reduces flow over a long term.

Further, natural variability in streamflows will be severe over a shorter time

span.
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10. The stream fully penetrates the aquifer. This assumption is related

to image well theory. To mathematically represent the aquifer the boundary

must be absolute, to limit effects of pumping to the section of the aquifer

which the well taps. Otherwise the well may induce flow from the aquifer on

the far side of the stream, and stream capture will be overestimated. Also, as

with wells that do not fully penetrate the aquifer, a partially penetrating

stream will lengthen the flow path of water flowing to the well. This longer

flow path effectively reduces the proportion of captured streamflow.

11. The stream follows a straight line. This condition is also required

for image well theory. A curved stream can be modeled as several sections

of straight streams. However this introduces multiple boundaries into the

problem, and application of image well theory becomes very complex.

12. Before pumping begins there is no hydraulic gradient between the

stream and the aquifer. This is to simplify the problem, to concentrate on the

effects of capture from new groundwater pumping without any background

stream / aquifer interactions. This condition can be relaxed with more

complex treatment.

13. There is free communication between the stream and the aquifer.

This condition assumes away the clogging layer of low hydraulic conductivity

often found on streambeds. Most common in slow moving waters, a
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clogging layer may form from settling of fine sediments or algal growth.

Since such a clogging layer partially seals the streambed, capture is less than

Theis' prediction.

Theis' capture model was powerful, but a bit difficult to use. Several

subsequent authors, including Theis himself, added cosmetic changes or

graphical solution methods to make it more user friendly. Most popular of

these was Jenkins' interpretation, published in 1968'63 . Central to Jenkins'

approach is the concept of the "stream depletion factor" (sdf). The sdf is

equal to r2S/T, designed to represent the lumped effects of r, S, and T, while

retaining the u parameter of the Theis method. Note that the sdf is simply

u4t.

The sdf has units of time, and turns out to equal the pumping time

required for 28% of the volume of water pumped to be capture. To see this,

recall the proportion of capture (under idealized conditions) depends only on

aquifer characteristics S and T, distance between the stream and the well r,

and time since pumping began t (equation 2). Pumping rates only matter for

calculating absolute capture rates or volumes. Thus for each scenario in

which r, S, and T are defined, capture proportions depend only on t. The

263 Jenkins, Techniques for Computing Rate and Volume of Stream Depletion

by Wells, 1968.
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definition of the sdf simply identifies an arbitrary time within the Theis model

framework, corresponding to a 28% capture volume. The sdf is useful for an

intuitive approach to analyzing capture scenarios. For example, an sdf of 300

days gives you an idea of potential capture right away.

To use the sdf Jenkins simply graphed the solutions to equation 2 for

various values of t/sdf (the same as 1/4u). Instead of working with integrals

as per the original Theis method, the Jenkins method simply uses sdf-based

graphs. Jenkins supplies curves for both the ratio of capture rate to

groundwater storage loss, and the ratio of capture volume to groundwater

volume loss. Both ratios approach one over an infinite time scale, indicating

that eventually 100% of pumped flow will be capture. With no knowledge of

integrals, one may complete a capture calculation with the sdf and Jenkins'

chart.

Despite the range of application of the Theis model, there are times

when a more sophisticated approach is required. One step in this direction

was taken by Jacob264 . He relaxed conditions 9 and 12 to include more

realistic cases of partially penetrating streams and the possibility of a

clogging layer. Jacob modeled these complications with an addition to r,

meant to simulate added resistance to capture partial stream penetration and

264 Jacob, 1950.
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a clogging layer cause.

The cost of this increased realism is higher data requirements. Each

stream / aquifer interaction requires a new determination of what the

appropriate added length to r should be. Moreover, the Jacob model is

flawed theoretically. The added aquifer volume borne of the addition to r

increases the simulated amount of groundwater in storage, leading to an

underestimation of drawdown and capture.

Hantush took the Jacob model a step further, confronting condition 12

directly with the inclusion of a low K layer next to the stream 265 . Hantush's

model thus cuts down on the necessary addition to r, reducing

underestimation error in drawdown and capture. However the addition of the

clogging layer requires knowledge of its hydraulic conductivity.

True to form, Jenkins was able to easily adapt his approach to more

complicated scenarios. Instead of calculating the sdf strictly from T, S, and r,

an empirical sdf can be used to incorporate the effects of relaxing any or all

of the assumptions. Once the "effective sdf" is found Jenkins' original

graphs may still be used.

265 Hantush, 1965.
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APPENDIX 2: CRITIQUE OF THE /GSM

Information about the IGSM model was taken from a handbook

supplied by Montgomery Watson, an engineering firm 266 . IGSM splits

groundwater / surface water interactions into three cases (figure 24). The

first case is saturated flow from the stream to the aquifer. For this IGSM

uses the equation':

(1) Qs = K(W+ a Ds)

This is best analyzed in terms of the more familiar Darcy equation

(2) q = -K(dh/d1)

Inherent in (1) is an assumption of vertical flow, so that the hydraulic

gradient is simply unity, and not explicitly present in the equation. Implied in

(2) is a cross-sectional area through which flow occurs, as q is flow per unit

area. In (1) this conceptual Darcy area is the area of the stream bed. But,

266 Montgomery Watson, December 1993.

267 This equation is taken from 
Polubarinova-Kochina, 1962. No references

are given for the other equations applying to cases 2 and 3.
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Figure 24* The Three Groundwater / Surface Water Interactions Cases of the IGSM. 

Adapted from Montgomery Watson1993, figure 2-4.

CASE 2: UNSATURATED SEEPAGE
DUE TO A CLOGGING LAYER

since Qs is flow to the aquifer per unit length of stream only a stream width

factor is needed, represented by (W + a Ds). Polubarinova-Kochina suggests

this factor is equivalent to the wetted perimeter, which is appropriate if

seepage is everywhere perpendicular to the stream / streambed interface.

There are some difficulties with !GSM's approach to case 1. As

written, (1) suggests that as stream depth increases, seepage will likewise

increase. However there may be an optimum depth for maximum seepage,

above which head pressure compresses the soil and reduces K, essentially
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making K a function of D2" . Over the range of depths encountered in Central

Valley streams and rivers this may not be an issue, but does undermine (1)'s

validity.

Second, saturated stream seepage to the aquifer is best characterized

according to the position of the water table with respect to the stream. For a

water table level at the same elevation as the stream, there would be no

seepage at all, while for a water table level far below the stream the

hydraulic gradient approaches unity, the maximum possible under saturated

gravity flow, and seepage is likewise maximized. Effectively vertical flow

exists when the groundwater table is two stream widths or deeper below the

stream level 269 . Equation (1) has no allowance for water table elevation,

assuming a maximum hydraulic gradient for the entire range of saturated

seepage loss scenarios. Since average groundwater elevations in the IGSM

finite element matrix are available at each time step, saturated seepage loss

utilizing a modeled head gradient instead of assuming it is one is plausible.

Third, the a factor is undefined. The IGSM manual notes that it may

be as low as 0.5, but this discounts the stream width factor to be less than

268 Personal communication with an engineer at the Marana recharge pool

near Tucson, Arizona.

269 Bouwer and Maddock 1997.
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the wetted perimeter. It is not clear how channel geometry should affect the

a choice unless it is used as a proxy for an undivulged correlation between

channel geometry and seepage loss. Hopefully a is not simply used as a

fudge factor to calibrate equation (2) to conform with unaddressed factors

pointed out in the above paragraphs.

The second case IGSM considers is unsaturated flow from the stream

into an aquifer below. For this case they use the equation:

(3) Qs = K * W (Ds + bs) / bs

Qs is flow to the aquifer per unit length of stream, K is hydraulic

conductivity, W is stream width at the surface water level, Ds is depth of

water in the stream, and bs is the thickness of the streambed clogging layer.

This clogging layer of low K limits downward flow. Such clogging layers are

common where rivers are slow, allowing deposition of finer sediments, or

where river waters are eutrophied, spurring growth of organic substances on

channel surfaces. Flow through the clogging layer is modeled as saturated

while flow beneath it is unsaturated, though the two flow rates must be

equal if no water is being stored or released in the soil column beneath the

stream. The (Ds + bs) / bs is the hydraulic gradient across the clogging layer.
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Again the W term simply converts from g, flow per unit area, to Qs, flow per

unit stream length.

It is curious that in equation (1) the width dimension for the Darcy

area is modified, though simply W for equation (3). Perhaps effects of

channel geometry are less important for unsaturated seepage loss.

It is possible to have both a clogging layer and saturated seepage loss,

particularly if the water table is not far beneath the stream. As in case 1,

effects of the position of the water table in relation to the stream are not

accounted for. All other conditions remaining the same, saturated flow

beneath the clogging layer would reduce seepage by reducing the hydraulic

gradient. As it stands, (3) overpredicts seepage when there is a confining

layer but fully saturated vertical flow.

The equation IGSM uses for case 3, flow from groundwater to a

stream, is:

(4) Qs = K * Pw * G

Qs is flow from groundwater to the stream per unit length of stream, K is

hydraulic conductivity of the contributing aquifer, Pw is wetted perimeter of

• the stream cross-section, and G is the hydraulic gradient between the stream
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and aquifer. Pw is the width dimension translating from flow per unit area (q)

to flow per unit length (Qs).

Within this equation is incongruence between the direction of

measurement for the hydraulic gradient and the calculation of the cross-

sectional area through which flow occurs. The hydraulic gradient is measured

on a horizontal reference and thus inherently assumed horizontal flow. Thus

the applicable vertical dimension for the cross-sectional area should only be

the two sides of the stream, and then only as projected onto a vertical plane.

Using a larger cross-sectional area than what is orthogonal to flowlines

overestimates Qs. Inclusion of the bottom width of the stream in Pw is

actually more realistic, since groundwater is likely to enter from below as

well as the sides, meaning curved (non-horizontal) flowlines near the stream.

To the extent there are non-horizontal hydraulic gradients, manifest in curved

flowlines, the hydraulic gradient measured only on a horizontal reference

underestimates Qs. In the end, the overestimation of Qs caused by including

the bottom width in Pw and the underestimation of Qs caused by ignoring

vertical hydraulic gradients tends to cancel out. Yet some room for technical

model improvement remains for the gaining stream case.

However, the most important weakness of the IGSM's ability to

predict groundwater / surface water interactions is not so much within each
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case but in the transition between cases. Imagine a typical case 3, a gaining

stream. If groundwater use begins to lower the water table, the situation will

eventually switch to a case 1 scenario, a losing stream. But once the water

table drops beneath the stream level the model sets . a maximum seepage loss

rate. This is due to the form of equation (1), which has no allowance for a

changing hydraulic gradient. Thus, further depressions in the water table will

have no bearing on the model, though in truth causing stream depletion at an

increased rate as the hydraulic gradient between the stream and groundwater

table steepens. The model will have been calibrated under specific

conditions, and unless these included water tables at least two stream

widths beneath the stream the true limits of seepage loss can never be

modeled with IGSM. Although the model appears to set a maximum seepage

by setting a hydraulic gradient of one, model calibration counteracts this,

most likely through K or a adjustments.
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