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editors’ introduction

	 The	following	article	is	comprised	primarily	of	edited	extracts	from	“Unbundling Water 
Rights: A Blueprint for Development of Robust Water Allocation Systems in the Western 
United States”	(Unbundling)	—	a	report	released	last	September	by	the	Nicholas	Institute	
for	Environmental	Policy	Solutions	at	Duke	University	(available	free	of	charge	from:	https://
nicholasinstitute.duke.edu/publications).
	 Unbundling	presents	a	path	for	transitioning	from	present	western	United	States	water	
management	based	on	Western	Water	Law’s	Prior	Appropriation	Doctrine	—	where	the	
earliest	established	rights	to	use	water	have	prioritized	access	to	available	water	supply	
—	to	a	system	where	components	of	those	rights	are	separated	out	into	marketable	
instruments,	including	shares.		Details	about	pilot	projects	proposed	for	the	Diamond	Valley	
Basin	and	the	Humboldt	Basin	in	Nevada	are	included.
	 Unbundling’s	author,	Mike	Young,	University	of	Adelaide	and	Nicholas	Institute	for	
Environmental	Policy	Solutions,	Duke	University,	is	generally	credited	with	being	a	principal	
architect	of	the	“unbundled”	system	of	water	management	developed	in	Australia	over	
the	last	twenty	years.		In	a	telephone	interview	with	The Water Report,	Professor	Young	
noted that the American proposal benefits from the lessons learned from the Australian 
experience	and	the	US	should	be	able	to	avoid	some	of	the	pitfalls	Australia	needed	
to	overcome.		He	hopes	that	Nevada	pilot	programs	will	generate	interest	in	testing	
unbundling	in	other	western	states	in	the	US.
	 Also	interviewed	by	telephone,	Nevada	State	Engineer	Jason	King	noted	that	the	
unbundling	pilot	program	proposal	had	“gained	traction”	in	the	Diamond	Valley	Basin,	
where	water	users	have	reached	near-consensus	on	going	ahead	with	a	pilot	program	
based	on	the	proposal	detailed	in	Unbundling.
 On	August	25,	2005,	the	State	Engineer	announced	that,	due	to	groundwater	
depletion,	Diamond	Valley	was	being	declared	a	“critical	management	area”	(pursuant	to	
Nevada	Revised	Statute	(NRS)	§	534.110(7)(a)	—	Order	#1264	available	at:	http://water.
nv.gov/documents/1264o.pdf).		Diamond	Valley	groundwater	users	now	have	ten	years	
in	which	to	prepare	a	management	plan	to	implement	sustainable	use	or,	in	the	absence	
of	such	a	plan,	face	mandatory	curtailment	under	prior	appropriation	down	to	the	basin’s	
estimated	perennial	groundwater	yield	(the	maximum	amount	of	groundwater	that	can	be	
withdrawn	each	year	over	the	long-term	without	depleting	the	groundwater	reservoir).		The	
unbundling	pilot	program	is	expected	to	inform	the	plan-making	process.
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…If	a	basin	has	been	designated	as	a	critical	management	area	for	at	least	10	consecutive	years,	the	
State	Engineer	shall	order	that	withdrawals,	including,	without	limitation,	withdrawals	from	domestic	
wells,	be	restricted	in	that	basin	to	conform	to	priority	rights,	unless	a	groundwater	management	
plan	has	been	approved	for	the	basin	pursuant	to	NRS	534.037.

NRS	§	534.110(7)(b).
	 As	noted	in	Unbundling,	“The	Humboldt	Basin	represents	a	substantial	opportunity	to	fully	implement	
an	unbundled	water	rights	system	in	the	United	States.		This	river	is	more	than	330	miles	long	and	includes	
both	surface	and	groundwater	resources.”		Also	noted:	“In	recent	years,	allocations	to	irrigators	in	the	
Lower	Humboldt	have	been	zero.”		However,	the	situation	in	the	Humboldt	Basin	is	far	more	complicated,	
complex,	and	contentious	than	that	in	the	Diamond	River	Basin,	and	similar	consensus	on	implementing	an	
unbundling	pilot	program	at	this	time	has	not	been	reached.		Some	Lower	Humboldt	water	users	are	calling	
for	a	“critical	management	area”	designation	by	the	State	Engineer.		Two	new	multi-year	hydrographic	
studies	by	the	US	Geological	Survey	(USGS)	and	the	Desert	Research	Institute	are	underway	to,	among	
other	things,	better	determine	the	effects	of	groundwater	pumping	and	mining	dewatering	practices	on	
surface	water	availability.
	 Unbundling	includes	extensive	discussion	of	how	to	implement	an	unbundling	pilot	project	in	the	
Humboldt	Basin	and	the	information	is	very	pertinent	to	instituting	such	a	program	in	more	complex	basins.		
Due	to	space	considerations,	very	little	of	that	information	is	included	in	the	following	article	and	it	is	
recommended	that	interested	readers	download	the	original	document.

Edited excerpts from Unbundling:
OvERviEw OF UnbUndling

 Unbundling lays out a blueprint for transitioning to robust water rights, allocation, and management 
systems in the western United States — a blueprint ready for pilot testing in Nevada’s Diamond Valley and 
Humboldt Basin.  If implemented, the blueprint’s reforms would convert prior appropriation water rights 
into systems that stabilize water withdrawals to sustainable limits, allow rapid adjustment to changing 
water supply conditions, generate diverse income streams, and improve environmental outcomes.
 The blueprint’s essential element is unbundling of existing water rights.  In law and economics, 
property rights are often described as a bundle of sticks.  When applied to a water right, unbundling 
involves separating an existing right into its specific, component parts.  In an unbundled system, each part 
is defined and can be managed and traded separately.  During the unbundling process, as proposed here, the 
value of each component is enhanced.  If implemented properly, no taking of property rights occurs.
 Unbundling allows each right holder to pursue new opportunities.  Clarity is brought to water rights, 
and the true value of the water can be revealed because willing buyers and sellers are able to trade with one 
another with dramatically reduced transaction costs.  “Liquid markets” emerge.  Shares, a primary product 
of the unbundling, can be used to finance innovation, and opportunities for improving environmental 
outcomes are increased through the transparent value of water rights shares and allocations.
 Many of the concepts developed in the blueprint presented here derive from Australian experience.  
Over a 20-year period beginning in 1994, Australia embraced the idea that the low-cost trading of water 
shares (i.e., entitlements) and allocations, coupled with the use of statutory water resource sharing plans, 
could be used to improve water use.
Under the system that Australia has now put in place:

• Plans are used to set limits and determine how and when water is allocated.
• Share trading is used to encourage innovation and the efficient management of risk.
• Allocation trading is used to encourage users to put water to the use that best serves community and 

individual interests.
 The key insight that emerges from this experience is that low-cost trading and a transition to 
sustainable use arrangements are possible only when existing water right arrangements are converted into 
ones that are designed to achieve these goals.
 This blueprint has been developed in consultation with water users, administrators, and community 
leaders in Diamond Valley and the Humboldt Basin.  It should be interpreted as the beginning of a more 
comprehensive conversation about how water rights could be unbundled in the western United States.
 If the proposed pilot tests suggest that the proposed system is beneficial and more desirable than the 
current water right system, this blueprint could be used to assist with the preparation of proposed legislative 
reforms necessary to facilitate the proposed system’s wider application in the United States.

intROdUCtiOn
 The persistence of droughts across regions of the western United States has triggered a re-examination 
of water rights and use.  Irrigators, manufacturers, and now public utilities face economic losses.  Existing 
water rights no longer appear as secure as they used to be.  Their supply is limited.  Often, ecosystems are 
squeezed out of the little water left or are sustained only through complex and costly litigation, often with 
unclear benefits.  The challenges of water management in arid landscapes are driven — obviously — by 
scarcity.  However, perhaps equally important is the uncertainty about year-to-year water availability and 
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the inability of current water governance to allow transfers of water to those who value it most.  That is, 
many of the challenges now before western water users are due as much to the way water is managed as to 
how much water there is.
 At the start of the 21st century, Australia faced a similar suite of challenges.  Fortunately, Australia 
had already begun transitioning to a much more robust water-sharing system.  When the near decade 
long “millennium” drought hit, Australia was able to increase the pace of reform.  Work on long-term 
sustainability plans and a water rights system in which rights were “unbundled” was already well under 
way.  As the drought hit, the benefits of transitioning to this new system for both the economy and the 
environment were quickly apparent.  Even though water allocations to the irrigation industry had to be cut 
by two-thirds, the gross value of irrigated agricultural production fell by less than 20%.  In one year alone 
(2008–2009), the reforms added $200 million to national GDP.
 Despite many differences between the western United States and Australia, there are also important 
similarities.  Much can be learned from the Australian experience, both positive and negative.  The primary 
insight of that experience is that progress comes from building the institutional conditions that enable 
markets to flourish.  In Australia, the gains came from implementation of a sequence of reforms that 
simplified the system and gave users every incentive to consider selling their water to someone else.  As the 
systems used to define water rights were improved, the value of the rights increased.  Water trading became 
the norm, and profits increased.  In the first decade of water reforms, the internal rate of return from 
holding a water right averaged well over 15% per year (Figure 1).

If implemented, the reforms proposed in this paper could be expected to bring similar benefits to the 
western United States.

Core Concepts:
the Unbundling water Rights blueprint is built around six concepts:

1) well-defined rights and legal enforcement coupled with constraints and limits on the amount of 
water that can be taken.

2) Unbundling of water rights into their component parts:
• A perpetual right to a proportion of all allocation made;
• The actual allocation made in any season or part thereof; and
• An authorization to take water from a defined water resource coupled with an obligation to use it 

for a beneficial purpose.
3) A voluntary, pilot approach within well-identified geographical boundaries, with “exit ramps” to 

protect water rights holders.
4) legislated plans that address environmental and regional development concerns up front and that set 

limits so that water rights holders and water users can go forward without fear that the courts may 
intervene.

5) Electronic access to water-entitlement registers and water accounts that define ownership, track water 
use, and allow trading with bank-like certainty.

6) Administratively efficient processes designed to speed adjustment and keep transaction costs low.
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the resulting regime is characterized by:
• Robustness in the sense that the resultant water rights, allocation, and governance systems are designed 

to work well during times of extreme stress.
• Hydrological integrity so water rights and administrative systems properly account for hydrological 

relationships between each water resource.
• Efficient Management of supply risks so that those who need access to a very reliable water supply 

have the opportunity, at an appropriate cost, to secure it.
• incentives that encourage people to search for more efficient ways to save and use water and, also, to 

invest in resources that use water.

bUilding blOCkS
 Multiple changes to the existing water rights system are needed to establish a robust foundation for a 
shares-based system.
Unbundling
 A key limitation of the current, bundled system is that each water right is fairly unique, and great care 
must be taken to assess the legal risks associated with existing rights (and potential trades) and to ensure 
that beneficial use is maintained.  In many cases, the decisions associated with a trade get locked up in 
expensive legal proceedings that run for many years.  As a general rule, water markets in the western 
United States have high transaction costs.
 The driving concept of this blueprint is that existing water rights be unbundled into their component 
parts.  Among other things, unbundling increases the fungibility of each component.  As fungibility 
increases, each component becomes easier to value, monitor, and trade.
 In an unbundled system, the component of a water right that defines the long-term interest is defined 
as a share.  The water that is available for use within a time period (e.g., year or season) is then defined as 
a seasonal allocation.  A share can be thought of as a perpetual entitlement to a portion of any water that is 
allocated for use.  A seasonal allocation can be thought of as an acre-foot of water available in a particular 
season.  In an unbundled system, this acre-foot can be used, traded, or, with adjustment for losses, saved 
for use in a subsequent season.  The number of seasonal allocations a person receives is a function of 
the number of shares he or she holds in that particular water resource.  When an allocation is made, it is 
recorded in a water account, but not recorded on a share certificate.  In some systems, the bundle of rights 
also includes rights to storage, delivery, and, with many caveats, obligations to return water to a water body.
 As part of the unbundling process, “old” system water rights will be validated and converted into 
priority shares.  The shift from the current bundled rights system to an unbundled system involves several 
steps.  During the conversion process, those with senior rights are issued more shares than those with 
junior rights.  This task is accomplished by multiplying the maximum volume of the right by a seniority 
co-efficient.
 Water shares are like shares in a corporation in that they provide the proportional access or rights to 
a resource.  In the case of water, the number of shares held determines the proportion of allocated water 
that a shareholder is allowed to withdraw or transfer to someone else.  Each year the total amount of water 
available (i.e., the total allocation) is divided among users by the number of shares held by each.  Because 
all shares and all allocations are identical in form, it is easy to establish their value and to decide quickly 
whether or not to sell them.  If a water user wants access to a larger amount of water (i.e., larger portion 
of the allocation), he or she must find a shareholder who is prepared to sell shares.  In systems in which 
the total amount of available water fluctuates, several share classes of differing reliability can be used to 
facilitate the efficient management of supply risk.
 During every relevant time period, shareholders will be given seasonal or annual allocations of water 
in proportion to the number of shares they hold.  The amount issued to each shareholder is decided by 
reference to allocation rules set out in the water resource sharing plan for the resource.  As these volumes of 
water become available for use, allocations are formally credited to each shareholder’s water account.  Each 
shareholder is then free to use this water, sell it, or, with adjustment for losses, carry it forward for use or 
sale in a subsequent year.
 Every shareholding is linked to a water account, and when water becomes available for use, this fact is 
established as an allocation to the water account.  Once an allocation is made, decisions about how, when, 
and where to use the allocation are no longer linked to the share.  Separated management of shares and 
allocations enables two forms of trading: 1) share trading, which facilitates efficient management of risk 
and investment; and 2) allocation trading, which ensures that all water is put to its best economic use.
 To enable trade, brokers and dealers can hold water allocations without holding shares or owning land.
 Most existing water rights contain a beneficial use requirement obligating the holder of the right to 
use 100% of any water allocated to him or her in a period.  [Editor’s Note: Many western states in the US 
have “forfeiture” statutes that require the full amount of a water right to be used at least once every five 
years].  During the unbundling process, this requirement is replaced with an approval that places conditions 
on the taking and use of water.  In an unbundled system, these approvals are similar to the permit needed 
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to construct a house.  A typical beneficial use approval would, for example, be location specific and require 
that all use at that location be metered.  There is, however, no requirement for an allocation to be used.
 These changes, coupled with parallel changes in governance arrangements, should increase the value 
of water rights held by local landowners, reduce the adverse impacts of drought on local and regional 
economies, improve environmental outcomes, and lessen the cost of resource recovery.
water Resource Sharing Plans
 A robust water right and allocation system requires statutory water resource management plans that set 
out binding rules for the allocation and use of water in each defined water resource.  These plans need to be 
prescriptive and leave as little as possible to judgments that can be contested in courts.  When it is possible 
to trade water allocations from one river reach to another, for example, the plan should dictate the exchange 
rate that should be used.
 In essence, a water resource sharing plan sets out the rules for determining how much water needs to 
be set aside to provide for base flows, transfer to other systems, and allocations to shareholders.  Plans also 
stipulate how this water may be used and how flows should be managed to take account of environmental 
needs, facilitate recreation, maintain water quality, and provide other types of public goods.  If these plans 
are made statutory or are prepared under pre-existing executive authority, the opportunity for a third party 
to legally challenge them is limited.
 Each plan needs to be developed in close consultation with the local community and those who hold 
water rights.  At least one plan is needed for each water resource, and it must establish a set of rules for 
establishing the sharing regime.  In particular, the water resource sharing plan must address how much 
water must be: 1) set aside for conveyance and meeting of downstream obligations; 2) allocated to 
shareholders; and 3) defined as floodwater and, hence, not held as a right (if it was held as a right, right 
holders might be legally responsible for its control).
 The underpinning concept of this blueprint is that third parties need to assert their concerns and 
positions as water resource plans are being developed.  Once a plan has been finalized, third parties can 
lobby for its review, but they cannot stop trades or allocations made in a manner consistent with plan rules.
editors’ note: In	its	“Building	Blocks”	portion,	Unbundling	also	includes	sections	on:	Water	Registers;	
Priority	Tiers	(of	Shares);	Conversion	from	Existing	to	New	Rights	System;	Use	It,	Sell	It,	or	Save	It—Never	
Lose It; Issuing and Accounting for Allocations; Beneficial Use Approvals; Rules-based Water versus 
Shares-based Water; Environmental Water Management; Trading Rules and Restrictions; System Specifics; 
and	Governance.

APPliCAtiOn in nEvAdA
 As a tightly connected but rapidly depleting groundwater resource used by a relatively small number of 
irrigators, Diamond Valley presents an ideal location for testing the viability of the proposed blueprint.  By 
contrast, the transition to a new system in the Humboldt Basin will require greater preparation.  This basin, 
like many others in the United States, includes a river system fed by several estuaries, storages that are used 
to regulate flow, and a number of connected groundwater resources.  Some river reaches flow continuously.  
Other reaches flow episodically.  As such, this basin represents a good test of the more general applicability 
of the blueprint.
 Because both case studies are wholly located in Nevada no interstate complications are involved.
 Because the proposed water rights system is relatively new to the United States, a pilot test of five 
years is recommended.  To provide a level of confidence at the outset and to reduce the risk of legal 
challenge to the proposed system, all involved in the test should be offered the opportunity to revert to the 
existing system at the end of five years.

In essence, this blueprint proposes four changes to the existing water rights system:
1) Unbundling of existing water rights into: shares; allocations; and use approvals 

so that long- and short-term interests and impacts on third parties can be managed 
separately from one another and at reduced costs.

2) Sharing Plans: Development and use of statutory water resource sharing plans to 
ensure use remains within sustainable limits.

3) Oversight boards: Appointment of expertise-based boards to prepare plans and 
oversee implementation of the new system in partnership with the Office of the State 
Engineer or an equivalent office.

4) water-Right Registers: Establishment of government-guaranteed water-right 
registers and bank-like water accounting systems so that the value of water can be 
used to finance private investment and increase the speed and transparency of water 
rights and volumes trades.

      Unbundling details recommendations for changes in administrative arrangements, the 
mechanisms used to deliver environmental outcomes and to protect third-party interests, 
and the role of the courts — recommendations aimed at increasing stakeholder engagement 
and rigorous monitoring.
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APPliCAtiOn tO diAMOnd vAllEy
 Diamond Valley was chosen in part because of the relative simplicity of its groundwater system.
The following case study has been prepared to demonstrate that:

• Conversion from a prior rights to a sharing system is possible.
• Compulsory metering can bring significant benefits.
• Over-allocation problems can be addressed efficiently and equitably.
• Water banking — the carrying forward of unused water from one year to the next — can be highly 

beneficial for water uses.
 Located, near Eureka, 250 miles east of Carson City, Diamond Valley contains an aquifer supplying 
groundwater for agricultural, urban, mining, and livestock purposes.  The main product is high-quality hay, 
which is produced with groundwater pumped through some 200 center-pivot irrigation systems.  The first 
water right in the Diamond Valley was issued in 1890.  Today, 720 water rights are held by approximately 
110 legally distinct interests.  The most junior water right was issued in 2005 for livestock purposes.
 The Diamond Valley aquifer is unconfined and highly connected.  Pumping at any one location likely 
changes the water level throughout the valley.  A small part of the valley benefits from heavier soil close to 
the surface, and in these areas some flood irrigation remains.
 Because water use in Diamond Valley is not metered, the rate of use has to be estimated.  The quantity 
of water use has been estimated by tracking changes in depth to groundwater and by combining crop 
area statistics with estimates of water use per acre.  Annual use is thought to be approximately 70,000 
acre-feet but has recently been closer to 100,000 acre-feet.  The State Engineer reports that, since 1960, 
water withdrawals from Diamond Valley have decreased groundwater elevation by more than 100 feet; 
the current rate of decline is two-to-three feet per year.  The USGS has estimated sustainable yield to be 
approximately 35,000 acre-feet per year.  To bring use within sustainable yield, the current rate of water use 
should be cut in half.  Otherwise, the aquifer will be depleted within 30 years.
 As noted above, Diamond Valley was being declared a groundwater “critical management area.”  Once 
a groundwater resource is declared such an area, groundwater users have 10 years to prepare a management 
plan.  If, after 10 years, no management plan for this resource has been agreed upon, the State Engineer 
is obliged to curtail use of all junior water rights and bring the total amount of water used back to into 
alignment with his or her estimate of perennial yield.  On the basis of currently available data, this “brutal 
solution” would curtail all 316 water rights issued after June 3, 1960, and allow only ongoing use of the 85 
water rights issued prior to that date.
 A significant proportion of Diamond Valley water users have indicated that they would like to find a 
way to avoid this outcome by transitioning to a new water rights system that would enable them to bring 
use within sustainable limits and to open up opportunities for further development.
 If Diamond Valley water users decide to prepare a critical area management plan that is consistent with 
this Unbundling Water Rights Blueprint, the following actions would be appropriate:

• The county should appoint a five-member, expertise-based Diamond Valley Water Board to prepare 
and, following approval by the state engineer, implement a sustainable water resource sharing plan 
that would gradually bring withdrawals in the valley into alignment with recharge.

• The board should establish a community reference panel to help it develop and implement the water 
resource sharing plan.

• In recognition of increases in water-use efficiency that the pilot test can be expected to produce, 
grant funding should be sought to expedite preparation of the water resource sharing plan, meter 
installation, and development of water registers and water accounts.

• The water resource sharing plan should outline the transition to a new unbundled water rights system 
and a process that will reduce water use to ensure sustainability of the aquifer.
The water resource sharing plan should: 
-Issue shares to all existing water right holders using a formula that accounts for water right 

seniority.
-Begin with a total allocation equivalent to current use and propose a pathway for the transition to 

sustainable yield.
-Require the board to make allocations in proportion to the number of shares held and to do so well 

before the start of each irrigation season (February 1 of each year is suggested).
-Allow water account holders to carry forward as many unused water allocations as desired from one 

season to the next.
-Require all significant water use to be metered and recorded in a robust water accounting system.
-Discourage intentional overuse by setting the penalty for a water account deficit of more than 21 

continuous days at three times the cost of restoring the account to a zero balance.
-Require the county to hold sufficient shares to offset the estimated impact, thereby allowing 

households and businesses that take small amounts of water without holding a water right.  
-Require the board to commission an independent review of the plan three years after 
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commencement and, after five years, to implement a process to determine whether the new system 
should continue.

• The Office of the State Engineer should establish a water share register and water accounting system for 
trial in the Diamond Valley.

• If a majority of water holders wish to abandon the new system and revert to the old system after five 
years, the plan should be dissolved and all the previously held water rights should be returned.

 Assuming that timely funding can be obtained, implementation of the Pilot Diamond Valley Water 
Resource Management Plan could commence as early as the start of the 2016 irrigation season.
 Because irrigation water use throughout Diamond Valley is relatively uniform and little water is 
returned from urban water use and mining enterprises, the valley would likely obtain maximum benefit by 
implementing a “gross” water-accounting system and by requiring the board to periodically assess changes 
in return flow and to reduce allocations per share accordingly.
 The most difficult issue to consider when developing this proposal has been the design of the formula 
used to convert existing water rights to shares.  More discussion with irrigators and further analysis of data 
are required to make a final decision.  However, on the basis of the available data, it is suggested that all 
duties under current water right arrangements first be brought into alignment with best practice.  In most 
instances, irrigators in Diamond Valley have a duty to apply 4 acre-feet of water per acre of their irrigated 
land.  In practice, however, most irrigators find it difficult to apply more than 3 acre-feet per year to a crop.  
Best practice is thought to be in the vicinity of 2.5 acre-feet.  If the duty is reduced from 4 to 2.5 acre-feet, 
the combined duty to use water would be reduced from 131,000 acre-feet to 81,000 acre-feet.
 If this approach is acceptable, the next question is how much weight should be given to those who 
hold more senior rights, given that many irrigators hold a mix of senior and junior rights.  On the basis of 
available data, it would be appear that if rights issued after 1960 are weighted on a sliding scale of between 
100% and 70%, initial allocations would start at approximately 70,000 acre-feet, which is close to current 
use.  If this starting point is acceptable and allocations per share are reduced at a rate of 3.2% per year, 
sustainable yield (perennial yield) would be reached in 20 to 25 years.
In summary, it is suggested that the conversion be accomplished by:

• Reducing all rights by a proportion such that each duty aligns with best irrigation practice;
• Assigning shares on the basis of one share per acre inch multiplied by a seniority co-efficient that 

declines slowly from 100% in 1960 to 60–70% in 2015; and
• Allowing each shareholder to use, trade, or save allocations.

 An alternative approach is simply to weight all rights by a seniority factor without adjustment for 
improvements in irrigation efficiency occurring after the initial 4 acre-feet allocation decision.  Discussions 
with existing irrigators and spreadsheet evaluation of the likely implications of this approach suggest that 
this approach is likely to be preferred only by a small proportion of irrigators.
 Another approach is to give each water rights holder the option to opt in or out of the new sharing 
system and to comply with whatever actions the State Engineer imposes on him or her during the test 
period.
 In Diamond Valley, two surface water springs have not flowed at a rate sufficient to enable rights 
attached to them to be exercised.  Recently, the holders of rights to take water from these springs have 
taken action in the courts with a view to ensuring recovery of their claimed rights.  Under the sharing 
proposal contained in this blueprint, it would be possible for these claimants to be issued shares and, in 
effect, become part of the groundwater system.  Given the nature of Diamond Valley’s water resources, it 
would make hydrological sense to define the springs as part of Diamond Valley’s groundwater system and 
to include them in the Diamond Valley Water Resource Sharing Plan.

likEly bEnEFitS
 As the first western state to pilot test and demonstrate the feasibility of moving to a new system 
reflecting lessons from Australia’s experience, Nevada can expect to gain a leadership position and first-
mover advantage.
 Under the current water rights system, there is little incentive to innovate and ensure that every drop 
of water is put to its best use.  In the proposed unbundled system, innovation is encouraged.  Investment 
and risk taking is rewarded.  A blunt, all-or-nothing irrigation system is replaced with a smart one that 
encourages every water user to be as efficient and as productive as they possibly can.  Two water markets 
soon emerge, one for shares and the other for allocations.
 Australian experience suggests that adoption of a system consistent with the concepts set out in this 
blueprint will reveal the true value of water and that this value will be used to underwrite and fund much of 
the investment that can be expected to occur.  Widespread innovation and economic development should be 
expected commensurate with the increased recognition and realization of the value of water.  The expected 
impact of droughts will likely be lessened for those who convert to the proposed sharing system.  All water 
users, whether large or small, will be given equal opportunity.
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 If the proposed system is rolled out quickly, Nevada might become a leader in providing advice on 
the most appropriate way to transition to state-of-the-art water right and allocation systems.  Development 
of smart irrigation technology might be ignited.  Development of integrated meter recording and water 
accounting systems, as well as development of the systems needed to establish state-guaranteed registers 
and efficient validation processes, might bring significant benefits to the state.

For AdditionAl inFormAtion: Mike Young, 
University of Adelaide and Nicholas Institute for Environmental Policy Solutions, Duke University
mike.young@adelaide.edu.au

Michael Young is a visiting fellow at Duke University’s Nicholas Institute for Environmental Policy Solutions.  He is also the research chair in 
water and environmental policy at the University of Adelaide, was the Founding Executive Director of its Environment Institute, is a fellow of 
the Academy of Social Sciences in Australia, and is a distinguished fellow of the Australian Agricultural and Resource Economics Society.  He 
played a key role in establishing Australia’s National Land and Water Resources Audit.  A member of the World Economic Forum’s Global 
Agenda Council on Water Security, in 2010-11 he led the water component of a UNEP study on opportunities to pursue green growth strategies 
throughout the world.  He serves as a member of the Global Water Partnership’s Technical Committee.  He was a founding member of the 
Wentworth Group of Concerned Scientists.  In 2006, he was awarded Australia’s premier water research prize — the Land and Water Australia 
Eureka Award for Water Research.  The award recognizes the significant contribution of his research to the development of improved water 
entitlement, allocation and trading systems in Australia.  He is an honorary professor with the University College London and, in 2012 spent 
several months in the United Kingdom working on water policy options for the Department of Environment, Food and Regional Affairs. This 
included consideration of ways to significantly reform water abstraction licensing and pricing arrangements.  In 2013, he spent several months 
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Finding “new water” in CaliFornia
seminAr review & commentAry

by Jeremy N. Jungreis and Travis Van Ligten
Rutan & Tucker, LLP (Costa Mesa, CA)

Introduction
 For the last four years, California has experienced one of the worst droughts in the state’s history.  
Reservoir levels throughout the state are at record lows, and groundwater basins in many parts of the 
Golden State are experiencing extensive overdraft.  In response, and proving that necessity is often the 
mother of invention, state agencies, local agencies, and the private sector have been working to formulate 
possible solutions to protect and even augment the State’s limited water supply.  This article summarizes 
some of the primary ways that Californians — and other water agencies and suppliers throughout the arid 
Desert Southwest — are developing “new water” from sources that were previously discarded or deemed 
too expensive to pursue.  The article is adapted, and summarizes presentations from the recent Law 
Seminars International “New Water” Seminar, Co-Chaired by Jeremy N. Jungreis of Rutan & Tucker LLP, 
and Michele Staples of Jackson DeMarco & Peckenpaugh, LLP, held in Anaheim, California on October 5 
and 6, 2015 (hereinafter “New Water Seminar” or “Seminar” — Presentations from the New Water Seminar 
are on file with the authors, and are available upon request).
 Speakers at the New Water Seminar covered a variety of different subjects ranging from possible 
“new” sources of potable and non-potable water, new water-reclamation technologies, land use regulations, 
water-efficient housing developments, rehabilitation of contaminated groundwater, new state regulations, 
and financing strategies that may be available to fund alternative supply projects.  Some of the presenters 
discussed how their respective entities were trying to adapt to the drought by imposing new water 
conservation requirements, or utilizing water-efficient technologies and landscaping.  Others advocated for 
the deployment of technologies and programs that could result in “new” sources of water, thus augmenting 
the State’s water supply.  Lastly, some of the presenters discussed the various strategies agencies could 
utilize to effectively fund and operate these new programs and projects.

Living with Drought
 Recently, California Governor Jerry Brown issued an executive order mandating a 25 percent reduction 
in potable water use statewide; his Executive Order B-29-15 imposed numerous emergency mandates in an 
attempt to curtail excessive water use throughout the state.  Accordingly, the State Water Resources Control 
Board (State Board) adopted emergency regulations, which implemented the terms of the Governor’s 
Executive Order, by laying out specific targets and regulations all aimed at meeting the 25 percent 
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reduction target.  Similarly, both on direction from the State Board, and under their own authority, many 
local agencies have issued their own regulations in an attempt to meet the State’s water reduction goal.
 Meanwhile, life in California continued on, with an active housing market, and no indication of a 
decrease in demand for affordable housing.  However, despite the lack of housing stock, some regulators 
have suggested imposing building moratoria until the drought has run its course, to avoid further straining 
the state’s water supply.  In an attempt to avoid this drastic action, members of the private sector have 
advocated for the use of more water-efficient designs and technologies as a means of both protecting the 
State’s water resources, while also addressing the State’s persistent lack of housing.
 When faced with limited resources, entities have two primary options: either create more of a resource 
or work to more efficiently use resources at their disposal.  As part of the New Water Seminar, many of the 
presenters showcased that they were implementing both options, and detailed what they and their respective 
agencies have been doing to effectively operate and maintain a high standard of living with less water, 
during periods of extended drought.

new development intersects with “new water”
 As mentioned above, one of the presentations addressed strategies, from a developer’s perspective, 
of supporting new development during a period where there are insufficient water supplies at a state or 
regional level.  Some regulators in California have suggested imposing building moratoria on housing 
development as a way to: (1) ensure adequate water supply; and (2) protect the region’s water quality.  
However, according to data provided from the Building Industry Association for Southern California 
(BIA) during the New Water Seminar, imposing building moratoria throughout California as a means to 
combat the drought would exacerbate preexisting housing shortages in many locations, leading to increased 
housing and rental costs and decreased standard of living.  BIA contends California needs to build 100,000 
housing units per year more than today to seriously mitigate housing affordability problems, and they 
presented evidence at the Seminar suggesting the construction of new housing stock actually saves water.
 Unlike older housing units, newer housing units are much more water-efficient in many instances, 
using about half as much water as houses that were constructed on or before 1975.  BIA estimated 
approximately 67% of California’s existing housing stock was built under standards requiring no water 
efficiency for indoor uses.  Similarly, in terms of outdoor uses, houses built in 2015 that use drought 
tolerant landscaping have resulted in a 50% or more reduction in water use than typical front yard 
landscaping of pre-2010 homes.
 Accordingly, BIA  recommended that local governments avoid building moratoria and instead 
incentivize individuals to retrofit the older, less-efficient buildings, which could save a significant amount 
of water on an annual basis.  BIA also advocated that public agencies continue to support landscaping 
incentive programs while investing more time and effort to improve the state’s overall water infrastructure.
 Similarly, many public agencies use their land use authority as a way to efficiently manage limited 
water supplies.  For example, Juan C. Perez of Riverside County Transportation and Land Management 
Agency, discussed during the Seminar how his agency used its land use authority to efficiently manage its 
water supply.  Land use approval agencies are increasingly being scrutinized by regulatory agencies over 
approval of new development projects due to the limited water supplies.  As public agencies, however, they 
must also be cognizant of the societal pressures to accommodate a growing population, and to ensure that 
the economy continues to grow.  According to Mr. Perez, land use agencies should adopt a multi-faceted 
approached to address the impacts of drought, including: (1) adopting strict conservation standards for 
new development; (2) strengthening partnerships between public and private entities; and (3) being open 
to innovation and creative solutions.  Under this approach, the Riverside County Transportation and Land 
Management Agency intends to adopt a new landscape ordinance that goes further than the State-mandated 
water use reductions while still facilitating new development and economic growth.

new Supply from Previously Contaminated groundwater
 One of the panels at the New Water Seminar discussed strategies for remediating existing groundwater 
supplies as a means of supplementing the State’s diminished water supplies.  According to the presenters, 
there are a couple of different methods that can be used to remediate subpar groundwater supplies.  
Specifically, groundwater remediation systems can be passive or active.  Passive groundwater remediation 
allows contaminants to biologically or chemically degrade or disperse in situ over time.  Conversely, 
active groundwater remediation involves either treating contaminated groundwater in situ or extracting 
contaminated groundwater from the aquifer and treating it before reinjecting it into the aquifer.  While 
technology to either passively or actively remediate groundwater does exist, there are some possible 
impediments that were discussed at the Seminar.
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 First, there are significant concerns with handling and disposal of the waste that is pulled out of 
remediated water.  Second, obtaining permits, entitlements, and regulatory authority to add remediated 
water to potable water systems is an uncertain and risky process.  Third, while the remediation process does 
have safeguards, they could be enhanced for added protection.  Fourth, many laypeople fear the unknown 
and may object to using remediate water, out of fear of using water that once contained contaminants that 
may have previously exceeded maximum contaminant levels (MCLs).  Finally, remediation systems for 
certain groundwater contamination could be prohibitively expensive — thereby making it too risky for 
some water systems to invest in the process of combining cleanups with water supply development.
 While there are some apparent issues, according to one of the speakers implementing ground 
remediation systems throughout California would have many benefits, ranging from increasing the water 
supply to avoiding the cost of an alternate water supply.  Remediating currently avoids or reduces future 
wellhead treatment costs by preventing contaminant plumes from spreading.

Other Strategies for Creating “new” water
 Aside from restricting water usage, or remediating existing water sources, water suppliers can also 
introduce new sources of water as a means of augmenting the State’s depleted water supply.  Panels at 
the Seminar discussed three primary additional mechanisms for creating new supply: (1) desalination of 
ocean and brackish waters; (2) augmenting potable supplies with recycled water; (3) stormwater capture 
associated with Clean Water Act compliance as a strategy for augmenting groundwater supplies.

desalination
 Many in California, as well as globally, have advocated the development of desalination plants as a 
means to create a new and drought-proof source of water.  Previously, desalination had been considered 
both technologically and financially infeasible.  However, due to the pressures of the drought and a 
rethinking as to how to implement a desalination plant in a less environmentally disruptive manner, 
desalination plants have seemingly become a more viable option — as evidence by the opening of the 
United States’ largest desalination facility in Carlsbad, California earlier this year.  Some local agencies in 
California and Orange Counties have decided to work with private companies to use private capital and 
their business expertise as a means of making a desalination plant an effective enterprise via public-private 
partnerships.
 One example discussed extensively at the Seminar, was the aforementioned Poseidon Water 
desalination plant located in Carlsbad, California (see http://poseidonwater.com/).  While more expensive 
than water coming from more traditional sources, the water created from the desalination plant has proved 
a valuable resource for the County of San Diego and its citizens.  Once fully completed, Poseidon Water 
plant’s production of water in excess of 50,000 acre-feet per year (AFY) of pure water will deliver 8 
percent of San Diego County’s water needs while also improving the overall water quality of reservoirs 
where the desalinated water is blended.  In order to make it economically viable for Poseidon Water 
(Poseidon), the San Diego County Water Authority (SDCWA) agreed to purchase a minimum of 48,000 
AFY under a water purchase agreement with the private plant developer (Poseidon).  This allowed 
Poseidon to shoulder the substantial regulatory risk of developing a desalination plant, in exchange for the 
substantial cash flow predictability associated with SDCWA’s agreement to take or pay for a large portion 
of the plant’s future production.  
 While Poseidon has been working with SDCWA and other water agencies such as the Orange County 
Water District (regarding a potential plant in Huntington Beach, California), the State Board has also been 
working to make the development and deployment of desalination technology easier.  In May of 2015, the 
State Board adopted the California Ocean Plan Desalination Amendment (23 Cal. Code Regs. § 3009) to 
provide regulations for the development and use of desalination plants.  This amendment to California’s 
Ocean Plan (which regulates water quality and protection of beneficial uses in the Pacific Ocean and 
certain bays/estuaries within California’s state waters) would regulate the intakes, discharges, operations, 
mitigation measures, and monitoring plans that the desalination plants would need to use — providing 
certainty for future project developments.  (See also Boer & Oehlschlager, TWR #137 for more information 
on regulating desalination in California).

infiltration Projects
 Another  panel discussed “crossover projects,” in which a public agency develops projects that 
promote both an increased water supply and Clean Water Act compliance through infiltration to 
groundwater.  There are a few different options for these types of projects, such as on-site projects, sub-
regional projects, and regional projects.  These projects would leverage the need to comply with the State’s 
water quality regulations, as a way to also supplement the state’s water supplies.  A good example of these 
crossover stormwater capture projects in action can be seen in the Los Angeles Region’s development of 
Watershed Management Plans and Enhanced Watershed Management Plans at the strong urging of the 
State Water Board.  These plans are being developed by entities covered under the Los Angeles municipal 
separate storm sewer systems (MS4s) permit as a means to capture and treat stormwater runoff before it can 
reach a receiving surface water via stormwater conveyance systems.  Infiltration increases water supplies 
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while preventing pollutants from entering receiving waters from MS4s.  For example, the City of Los 
Angeles has begun developing certain “green” projects and regulations, including the development of a 
Low Impact Development Ordinance, and the creation of green streets and other infiltration projects.  These 
projects would collect stormwater and allow it to percolate down into the groundwater basins that can be 
then treated and reused at a later date, thus increasing the region’s subterranean water supply, while also 
ensuring compliance with the Los Angeles MS4 Permit.

Recycled water
 Another possible option discussed in detail at the Seminar was the development of projects that rely 
upon recycled water as a means of increasing the local water supply.  Recycled water is water that, as a 
result of treatment of waste, is suitable for a direct beneficial use that would not otherwise occur.  In other 
words, recycled water is water that would have been considered waste, and thus not used, but that was 
subsequently treated, resulting in a new, clean, water source.  In fact, the State adopted the 2013 Amended 
State Recycled Water Policy, which mandated that the state increase its use of recycled water by 200,000 
AFY by 2020 and 300,000 AFY by 2030.  However, implementation of Clean Water Act regulations is still 
often a major barrier, as some regulators appear to have limited desire to take on any additional risk.
 To facilitate the use of recycled water, some agencies, like Orange County Water District (OCWD), 
have begun implementing “indirect potable recharge” (IPR) programs to augment the local supply of water.  
Under these programs, agencies collect wastewater and treat it via “Full Advanced Treatment” techniques, 
then place the treated water into percolation basins, which allow the treated water to percolate down, 
recharging the potable aquifer.  The strengths of these programs include creating a new local water supply; 
reuse of an otherwise wasted resource; offsets to imported water cutbacks; cost reductions compared to 
imported water; and improving the water quality within the related basin.  There are some regulatory 
and logistical hurdles, however, that could impede a full deployment of IPR programs.  For example, 
while the State Water Board has recently adopted rules related to IPR programs, the regulations can be 
relatively onerous to comply with (22 Cal. Code Regs. §§ 60320.100, et seq.).  Furthermore, much like 
other groundwater remediation programs, the general public may be hesitant to use recycled water, due to 
irrational fears surrounding the quality of treated water (notwithstanding multiple fail safes).  
 Despite these hurdles, OCWD, and other agencies such as the Water Replenishment District of 
Southern California, have demonstrated that IPR can work, and work efficiently.  Perhaps with continued 
perseverance and efforts to educate the public regarding the IPR process, projects like OCWD’s can be 
deployed throughout California.

Conclusions
 Dealing with the drought has created many issues for public and private entities alike in California.  
With a limited amount of resources, California will have to continue to innovate to ensure an adequate 
water supply while also allowing its economy and population to grow.  Formulating solutions to protect and 
augment the State’s limited water supply by developing “new water” can provide a way for California to 
move forward. 

For additional inFormation: 
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closing the water demand-supply gap in arizona

by Susanna Eden, Madeline Ryder and Mary Ann Capehart
Water Resources Research Center (Tucson, AZ)

intROdUCtiOn
 This article summarizes Arizona’s current water situation, future challenges, and options for closing the 
looming water demand-supply gap.
 There is an acknowledged gap between future water demand and supply available in Arizona.  In some 
parts of Arizona, the gap exists today, where water users have been living on groundwater for a while, 
often depleting what can be thought of as their water savings account.  In other places, active water storage 
programs are adding to water savings accounts.  
 Water supply depends on the volume that nature provides, the location and condition of these sources, 
and the amount of reservoir storage available.  Demand for water reflects population growth, the type of 
use, efficiency of use, and the location of that use.  In a relatively short time frame, from 1980 to 2009, 
Arizona’s population grew from 2.7 million people with a $30 billion economy to nearly 6.6 million people 
with a $260 billion economy.  Although it slowed since 2007, growth is expected to continue.  Growth also 
varies by location, so projections of water demand for different areas varies from sufficiency to shortage.  
Legal and political factors, as well as economic and financial factors, play a part in the availability, 
distribution, and uses of water.  As a result, there is no one-size-fits-all solution to closing the water 
demand-supply gap.
 While many information sources were used to develop this article, three major documents provided 
its foundation: 1) the Colorado River Basin Water Supply and Demand Study (www.usbr.gov/lc/region/
programs/crbstudy.html); 2) a “Final Report” on the future availability of water supplies (www.azwater.
gov/AzDWR/WaterManagement/WRDC_HB2661/Meetings_Schedule.htm) completed by the Arizona 
Water Resource Development Commission (AWRDC); and 3) the Arizona Department of Water Resources 
(ADWR) 2014  report Arizona’s Next Century: A Strategic Vision for Water Supply Sustainability (Strategic 
Vision) (http://www.azwater.gov/AzDWR/Arizonas_Strategic_Vision/). 
 All three conclude that there is likely to be a widening gap between supply and demand by mid-century 
unless mitigating actions are taken.

ARizOnA wAtER SOURCES & tHEiR CHAllEngES
 Renewable water supplies are the foundation of water sustainability.  The Colorado River supplies 
roughly 65 percent of Arizona’s renewable water supplies, according to ADWR.  While the Colorado River 
is Arizona’s largest renewable supply, other renewable supplies include instate rivers, natural recharge into 
groundwater aquifers, and treated wastewater.
the Colorado River
 The Colorado River supports approximately 40 million people and 5.5 million acres of irrigated 
cropland.  Seven states in the United States, and two states in Mexico, Sonora and Baja California, share 
the River’s water.  When the US portion of the Colorado River Basin was apportioned in 1922 by the 
Colorado River Compact, the Upper Basin (Colorado, New Mexico, Utah, and Wyoming) and Lower Basin 
(Arizona, California, and Nevada) were each allocated 7.5 million acre feet (MAF) of water annually.  In 
1944, the United States and Mexico through a treaty, apportioned 1.5 MAF of Colorado River water for 

delivery and use in Mexico, bringing the total amount of 
water apportioned in the Colorado River Basin to 16.5 
MAF.  The 1922 Compact used data from a very wet 
period in the Basin, from about 1900 to the early 1920s, 
when average flows were approximately 17 MAF.  Recent 
research has shown that long-term average flows are more 
likely between 13 and 15 MAF per year.  As a result, the full 
use of entitlements leads to long-term shortages, even with 
normal water supplies conditions on the river.  Since 2003, 
Lower Basin states have used all of their apportionment, 
while Upper Basin states have yet to fully utilize their 
apportionment.  Although less than full utilization by 
the Upper Basin states has masked the impacts of over-
apportionment, the continuing regional drought is reducing 
river supplies.
      Lower Basin water supplies are released from upstream 
reservoirs, notably Lake Powell, and stored for release in 
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Lake Mead, the largest reservoir on the Colorado River system.  Reclamation, which acts as watermaster 
under the authority of the Secretary of the Interior in the Lower Colorado River Basin, operates the 
reservoirs.  Lake Mead, which can store 28 MAF, is filled largely by upstream releases from Lake Powell.  
Although the 2007 “Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated 
Operations for Lake Powell and Lake Mead” (Interim Guidelines) specify a possible range of releases from 
Lake Powell, the “minimum objective release” is 8.23 MAF.  The minimum objective release represents the 
normal release from Lake Powell to Lake Mead. (See Fulp, Yoder & Blatchford, TWR #33).
 The 8.23 MAF release plus tributary inflows between Lee Ferry and Lake Mead total 9 MAF per year.  
Water use in the Lower Basin totals 10.2 MAF, which includes reservoir evaporation, riparian vegetation 
use, and other operational losses.  Thus, under normal operating conditions, there is an annual deficit 
between available supplies and water consumption of 1.2 MAF.  This deficit results in a decline of about 
twelve feet per year in Lake Mead in normal water supply years.
 The Central Arizona Project’s (CAP’s) report on the State of the Colorado River in 2014 noted that 
annual releases from Lake Powell would have to exceed 9.5 MAF to raise Lake Mead’s elevation to a level 
sufficient to avoid shortages in the near term.  Given the current state of Lake Powell, that would require 
inflows of historic proportion, nearly 16 MAF.  This is roughly the same inflow as recorded in 2011, which 
was the 14th highest flow to Lake Powell observed in the 105 year inflow record.
 As part of the 2007 Interim Guidelines, the Lower Basin states agreed to a schedule for reducing water 
use.  In a separate agreement in effect through 2017, Mexico agreed to accept voluntary reductions to its 
1.5 MAF allocation in shortage years.  According to these agreements, Arizona, Nevada and Mexico will 
reduce their water diversions by specified amounts, when water levels fall to specified trigger elevations.  
The first shortage trigger level is at elevation 1075 feet.  Reclamation will declare a first level shortage 
when its August 24-month Study projection for the following January 1st is at or below elevation 1075 feet.
 Arizona’s annual apportionment of Colorado River water is 2.8 MAF, with approximately 1.2 MAF 
for irrigated agriculture, population centers, and Native American communities adjacent to the river.  The 
remaining 1.6 MAF is delivered by the CAP to population centers, wildlife refuges, irrigated agriculture, 
and Native American communities in Maricopa, Pinal, and Pima Counties.  Completion of the CAP 
provided a much needed supply of renewable water to these areas.  However, to gain necessary financial 
support for the project from Congress, Arizona agreed that the CAP would have junior water right status 
relative to California.  Accordingly, should a severe shortage occur, Arizona’s CAP water allocation could 
be reduced to zero before California is required to cut its use.
 ADWR and CAP have emphasized that Central Arizona and its water users are prepared for potential 
near-term shortages on the Colorado River.  With a shortage declaration, CAP water supplies to the Arizona 
Water Banking Authority and a portion of the CAP water supply for groundwater replenishment would 
be eliminated.  Agricultural users in central Arizona would also see impacts, and CAP water rates would 
increase.  Any near-term shortage is unlikely to affect water supplies to Arizona’s cities, towns, industries, 
tribes, and mines.  Water suppliers and users have been proactively building resilience through underground 
storage, conservation, and water recycling, and ADWR and CAP are taking steps to address the risk of 
Colorado River shortages and improve the health of the river system by working in collaboration with the 
Colorado River Basin States, federal government, Mexico, and local and regional partners in water resource 
management. (See Megdal, TWR #104).
groundwater
 Renewable groundwater sources are rainfall and snowmelt that infiltrate into the earth and recharge 
aquifers.  They also include incidental recharge, which is the return of water to the aquifer incidental to 
its use.  In the areas where it has active groundwater management responsibilities, ADWR estimates that 
roughly one MAF of groundwater are annually recharged, naturally or incidentally.  Most groundwater 
used in Arizona, however, is nonrenewable.  That is, it has been accumulating underground for hundreds 
to thousands of years and is replenished extremely slowly.  Geologic conditions for groundwater vary 
across Arizona, but a region reaching from the northwest corner through the southeast third of the state 
— the basin and range province — contains vast quantities of this “fossil” groundwater.  Although it 
is nonrenewable, it is often viewed as a long-lasting water supply.  Like a savings account, continued 
withdrawal will eventually lead to depletion.  Locally, where municipal and agricultural demands have 

consistently been met by groundwater, these aquifers have seen 
significant declines, limiting their value to water sustainability.
 The Arizona Groundwater Management Act of 1980 and 
subsequent legislation created a regulatory structure for reducing 
and eliminating groundwater depletion in those areas of the state 
where it was deemed to be severe.  Five groundwater basins are 
designated Active Management Areas (AMAs) in the state.  As of 
2006, just over 82 percent of Arizona’s population lived in the five 
AMAs, which include the Phoenix and Tucson metropolitan areas 
and many smaller cities and towns. (See Megdal, TWR #104 and 
Staudenmaier, TWR #33).
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in-State Surface water
 Renewable supplies in addition to water from the Colorado River are provided by in-state river 
systems, which supply an average 1.2 MAF annually.  The major reservoir storage systems used to manage 
these supplies are located on the Salt, Verde, Gila, and Agua Fria rivers.  The dams operated by the Salt 
River Project store and regulate the Salt and Verde Rivers for its member lands in metropolitan Phoenix.
 Most surface water supplies in Arizona come from precipitation in the form of snow and rain.  
Snowpack constitutes the biggest reservoir in the West, holding water from winter storms until thaws 
release flows in the spring through early summer.
 Seasonal timing of snowpack and rainfall has been changing since the 1950s in the West.  Winter 
snowpack is melting earlier in the year; some snow is replaced by rain; and April snowpack frequently 
contains less water.  Earlier snowmelt decreases the amount of water available for agriculture during the 
growing season, which increases evaporation from reservoirs and diminishes river flow.  Changes in the 
timing and volume of snowmelt also affect the ecological conditions of watersheds, which in turn can have 
long-term impacts on environmental river functions, like river fisheries, and on the health of forests.
 Legal factors affect use of Arizona’s in-state river systems.  Two on-going legal proceedings, the Gila 
River and the Little Colorado River General Stream Adjudications, aim to determine “the nature, extent 
and relative priority of the rights of all persons to use water” in the Gila and Little Colorado River systems.  
These adjudications will resolve all claims and rights established throughout Arizona’s changing water 
management history.  Both adjudications have been in progress for decades — the Gila River Adjudication 
began in 1974 and the Little Colorado River Adjudication began in 1978 — and resolution is not foreseen 
in the near future. (See McGinnis & Alberts, TWR #20 and Gheleta, TWR #67).
 The watersheds in these two adjudications make up more than half of the land in Arizona, including 
some of its most populous urban centers, such as Phoenix, Tucson, Flagstaff, and Prescott.  Together 
these adjudications encompass over 71,000 square miles and include almost 98,000 claims.  The parties 
comprise both private and public interests, including tribes, national parks, military installations, mining 
corporations, municipalities, agriculture, and electric utility companies.  The uncertainty represented by 
these unresolved claims creates additional challenges in planning to meet the water demands of the future.

CURREnt & FUtURE wAtER dEMAnd
 Water demands, driven by future economic development, are anticipated to outstrip existing supplies 
despite Arizona’s strong water management foundation.  The greatest emerging influence on water demand 
in the state comes from extraordinary population growth.  Between 2000 and 2009, Arizona’s population 
increased 30.3 percent by adding 1.6 million people.  A majority of this growth occurred in communities 
bordering Arizona’s large cities, and along the Sun Corridor spanning Phoenix and Tucson.  Growth is 
projected to continue in these locations as the state recovers from the national economic downturn, which 
stalled population growth in most of the state.
 Since 1980, despite dramatic population and economic growth, each decade statewide water use has 
either declined or remained constant at approximately 7 MAF.  On a statewide scale, reduced water demand 
has resulted from: retiring agricultural lands; the increasing use of reclaimed water; and widespread 
conservation efforts of farmers and municipalities.  For example, the number of people living in Metro 
Phoenix (Phoenix and its surrounding cities) increased by 157 percent between 1980 and 2010.  However, 
water use increased by just 87 percent.  Much of Arizona’s reduced demand is attributed to conservation 
efforts and water management initiatives.  These include the Groundwater Management Act’s mandatory 

conservation requirements for agricultural, municipal, and 
industrial water users within the AMAs and the adoption 
of plumbing codes mandating low water use fixtures. (See 
Water Conservation Programs, TWR #82).

Municipal and industrial demand
      Even with remarkable demand reduction efforts, 
growing populations and their water demands will exceed 
existing supplies.  Because of population growth, the 
WRDC projected statewide water demand will increase to 
between 8.1 and 8.6 MAF by 2035 and to between 8.6 and 
9.1 MAF in 2060.  These projections were made before 
the economic downturn and therefore reflect high growth 
scenarios.  In addition, it was assumed that per capita water 
demand would remain the same, although it actually has 
declined in recent years.
      Even so, providing water for people will become an 
increasingly urgent need for Arizona by the middle of 
the 21st Century.  Municipal water demand makes up 
the second largest sector of water demand in the state.  
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Measured at 1.6 MAF, or 25 percent of all state water demand in 2006, the WRDC projected municipal 
demand to increase to roughly 2.7 MAF by 2035 and 3.4 MAF by 2060.
 Many companies, from small businesses to corporations, rely on substantial amounts of water.  
Industry uses about 6 percent of Arizona’s water supply or about 400,000 acre-feet per year.  Of this, 
mining and thermoelectric energy production accounts for roughly 200,000 acre-feet per year and golf 
course irrigation uses much of the rest.  Sources include groundwater, surface water, and recycled water.
 Aside from mining, thermoelectric generation, and golf courses, industrial withdrawals provide 
water for purposes such as fabricating, processing, washing, diluting, cooling, or transporting a product; 
incorporating water into a product; or for sanitation needs within a manufacturing facility.  In Arizona, 
industries include aerospace and defense, technology, innovation and venture capital, bioscience and health 
care, optics and photonics, and advanced marketing and business solutions.  Intel’s $300 million research 
and development facility in Chandler, and GM’s new Innovation Center dedicated to automotive software 
improvement (driverless cars) are examples of a growing industrial sector in Arizona.  The U.S. Geological 
Survey’s (USGS) 2010 report, Estimated Use of Water in the United States, stated that 12.9 million gallons 
per day (mgd) (14,400 acre-feet per year) were withdrawn for self-supplied industrial demand in Arizona.  
Water volumes supplied by water providers were not included in this estimate.
 Plentiful water supply is critical for mining operations.  About 65 percent of the nation’s copper is 
mined in Arizona, as well as gold, silver, molybdenum, and lead.  Arizona also produces non-metallic 
minerals including sand and gravel, crushed stone, clay, gypsum, lime, perlite, pumice, and salt.  In 2005, 
there were 72 mining companies operating 126 mines in Arizona.  In addition, 70 sand and gravel quarries 
operated throughout the state.  Mining companies have been instrumental in creating water infrastructure 
in some areas.  Freeport- McMoRan Copper & Gold Inc., a major mining company in Arizona (formerly 
Phelps Dodge Corporation) developed extensive systems, constructing large dams, reservoirs, pumping 
plants, and pipelines to support their facilities in six Arizona counties in cooperation with federal, state, 
and local agencies.  According to USGS estimates, self-supplied water used by mining was 86.6 mgd of 
groundwater (96,200 acre-feet per year) in Arizona.  Water supplied by water providers was not included in 
this total.
 Steam-driven turbine generators use water to generate thermoelectric power.  The water intensity of 
this use depends upon the type of cooling system.  Traditional coal-fired generating plants in Arizona use 
an average of 548 gallons per megawatt hour (gal/MWh) and natural gas plants use 300 gal/MWh.  In 

2010, Arizona withdrew 86,700 mgd (97,100 acre-feet 
per year) to meet the demand of the thermoelectric power 
sector.  Groundwater supplied 74 percent of withdrawals 
and surface water supplied 26 percent.  Reclaimed water use 
was 67.6 mgd (75,700 acre-feet per year), used mainly by 
the Palo Verde Nuclear Generating Facility.
      Some renewable energy sources demand less water.  
For example, the Agua Caliente Solar Project, located near 
Yuma, Arizona, one of the largest operating photovoltaic 
power plants in the world, has an essentially zero water 
footprint for electricity production.  Not all renewables can 
boast such stringent water use, however.  Wet concentrated 
solar power, biomass, and wet geothermal sources all use 
over 500 gal/MWh, putting them in the same range as 
traditional sources.

Agricultural demand
      Agriculture has long been the largest water demand 
sector in the state.  Since 1980, agriculture has demanded 
between two-thirds and three-quarters of all water used 
in Arizona.  As calculated by ADWR, agricultural water 
demand refers to surface water diversions and groundwater 
pumped for agricultural uses.  A portion of this water is 
consumed in agricultural production and a portion drains 
back into the surface and groundwater system.
 Agricultural demand is declining in terms of both 
water and land use.  The retirement of agricultural lands for 
surrounding urban and suburban expansion has been a major 
reason for this decline. (See Eden, Glennon, Ker, Libecap, 
Megdal and Shipman, TWR #58).  Average agricultural 
water demand at the turn of the 21st century was roughly 
5.6 MAF, but WRDC projections for 2035 and 2060 show 
this demand declining to 4.8 and 4.4 MAF, respectively.
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 Most agricultural demand is for irrigation.  According to the US Department of Agriculture, there were 
993,000 acres of irrigated land in Arizona in 2010.  Types of irrigation systems include sprinklers, surface 
water irrigation, in which water flows across the surface of the land by gravity, and newer systems like 
micro-irrigation, in which water is applied to plant root zone at low volume and under low pressure.
 Surface water is the source for the majority of the irrigation in Arizona.  Surface water contributed 3.2 
MAF to irrigation in 2010.  Groundwater contributed 1.9 MAF.  The average application rate of water to 
crops in Arizona was 5.16 acre-feet of water per acre.  Aquaculture used 53,000 acre-feet of water, supplied 
primarily by groundwater, and livestock operations accounted for 30,000 acre-feet, all from groundwater.
 The Yuma region is a highly productive agricultural area because of its long, nearly frost-free growing 
season, fertile soils, and a dependable supply of irrigation water.  Agricultural water use efficiency 
improved over time as production shifted from perennial and summer-centric crops, such as alfalfa, citrus, 
and cotton, to winter-centric, multi-crop systems that produce vegetable crops.  In addition, most Yuma 
growers now use highly efficient level furrow or level basin surface irrigation systems, which have average 
application efficiencies from 80 to 85 percent.  In 2006, almost 30 percent of the water diverted from 
surface water or pumped from groundwater for agriculture in Arizona was used in Yuma and the Lower 
Gila sub-regions, as defined in the Arizona Water Atlas.
 Pinal and Maricopa Counties have two of the largest agricultural areas in Arizona, although Yuma 
County has more production and water use. Agricultural water use in 2006 in these two counties together 
was estimated at almost 36 percent of diverted surface water and pumped groundwater.  Crops grown in 
Maricopa County and Pinal counties include alfalfa, cotton, wheat, other grains, and some vegetables.  A 
decrease in agricultural demand with the growth of population centers was evident in 2006, where more 

than 130,000 acres of agricultural land had been urbanized 
since 1984, mostly in Maricopa County.
 Other areas of agricultural production include the 
Lower Colorado River above Yuma, the Gila Bend region, 
and southeastern Arizona in the Upper Gila watershed.  
Agricultural water use by sovereign Native American tribes 
and communities should also be considered in accounting for 
total water demand in Arizona.  The Colorado River Indian 
Tribes, the Ak Chin, Tohono O’odham, Gila River, Salt River 
Pima Maricopa, and Ft. McDowell Indian Communities, 
among others, have agricultural operations.
 New to Arizona, wine production has been growing.  
While in most areas the number of acres in irrigated 
agriculture is stable or declining, between 2004 and 2011 the 
number of wineries expanded from fewer than 10 to more 
than 50.  A relatively low water use and high value crop, wine 
grape production is beginning to show local impacts on water 
use.

Environmental demand
 Most of the value from water for natural areas is derived from instream flow and associated shallow 
groundwater that support riparian and aquatic ecosystems.  It is difficult to include allocations of water for 
natural areas in new water plans because there are few legal requirements to do so and scientific data on 
water needs for riparian and aquatic species and related habitats are either not available or are site specific 
and complex.  An analysis of 121 studies by Mott Lacroix and colleagues, published in River Research and 
Applications, reveals that only approximately 22 percent of perennial or intermittent river-miles in Arizona 
have been studied for some aspect of the water needs of riparian and aquatic species and ecosystems; 
there are only limited generalizable data for aquatic species; and only 11 percent of 135 species have been 
studied more than once.
 There are few instream water rights for natural areas in Arizona and the West because they are the 
newest form of water rights.  In Arizona, individuals and organizations can obtain a certificated instream 
flow water right from ADWR.  This right protects non-consumptive uses such as wildlife habitat or 
recreation.  As of June 2015, there were 43 certificated rights, two permits (pending certification), and 90 
applications for instream use.
 In the past, acquiring a water right required diversion of water from the stream, so surface water 
was largely allocated before there was a process for acquiring instream flow rights.  In addition, the legal 
separation between groundwater and surface water in Arizona makes protection of instream flows more 
difficult because, even where instream flow rights do exist, the impacts of groundwater pumping that 
diminishes stream flow and depletes shallow aquifers is not necessarily recognized.  The long-term result 
is that water in streams has diminished as surface water and groundwater demands by other water using 
sectors have increased.
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 Most attempts to have natural areas included in water planning efforts have been focused on 
cooperation among different water interests.  The WRDC’s Environmental Working Group is an example 
of a recent effort to bring water needs of natural areas into planning.  This Group created an inventory of 
Arizona’s water dependent natural resources and estimated flows currently supporting riparian and aquatic 
species in 11 Arizona streams.  This inventory was used in the Reclamation’s Central Yavapai Highlands 
Water Resource Management study to include natural areas in planning for the region.
 Evidence exists that retaining water in natural areas has some public support.  Environmental 
organizations such as The Nature Conservancy and Arizona Land and Water Trust are using conservation 
easements to protect land and stream flows that support natural ecosystems.  Communities are engaging 
in dialogues that place water dependent ecosystems on the water planning agenda.  Sierra Vista in Cochise 
County is actively implementing near-stream recharge specifically to support flow in the river and buffer it 
from up-gradient groundwater pumping.  Programs such as Conserve2Enhance in Tucson, which connects 
municipal water conservation with ecological restoration efforts, are demonstrating that people value 
water in the environment enough to make direct contributions to support wetland and riparian restoration, 
instream flows, and green infrastructure.
 Environmental regulation, such as the federal Endangered Species Act, can also affect water 
allocations.  The presence of endangered species can trigger requirements for meeting the water needs of 
specific water-dependent ecosystems.  On the Lower Colorado River, implementation of a multispecies 
conservation program includes water needs for riparian and aquatic species.  The program utilizes land 
and water resources dedicated to the National Wildlife Refuges located along the Lower Colorado River to 
mitigate impacts from operations of the water control structures on the river.

SUPPly & dEMAnd MAnAgEMEnt SOlUtiOnS
 One of the primary goals of Reclamation’s Colorado River Basin Supply and Demand Study (Colorado 
River Basin Study) was to analyze potential water management options to help “sustain the environment, 
people, and economy of this region.”  That study and the Strategic Vision both highlight potential solutions 
to decrease demand, increase supplies, adjust operations, and modify governance.  Regardless of the 
potential of any one solution, there is a general consensus that diverse solution portfolios are needed to 
prepare for the projected imbalance, continued drought, and changing climate. (See Jerla, TWR #100).

Conservation
 Conservation is generally considered the “no regrets” option for water management.  It is applicable 
to any water use, relatively inexpensive, and quick to implement compared to acquiring new supplies.  
Conservation reduces withdrawals from the water bank account, leaving water for the future.  It comes 
in a variety of actions from individual behavioral changes to infrastructure efficiency upgrades and water 
management practices.  Conservation in the municipal, industrial, and agricultural sectors is expected to 
yield additional water savings in the future, but other actions will be needed to fill the growing gap between 
supply and demand.
Municipal Conservation
 Many local governments, water providers, and individuals carry out mandatory and voluntary 
conservation practices.  Water managers are developing far-reaching, diverse, and relatively low-cost 
conservation measures to prepare for future water supply stresses.  Several city water utilities, including 

Prescott, Tucson, Flagstaff, and Scottsdale, provide incentives and rebates for residential 
and commercial users to remove turf and install water-efficient household fixtures.  Water 
providers in these and other areas offer educational programs for rainwater harvesting, 
water smart landscaping, and indoor conservation practices.
      Free and low-cost audit programs are also offered by many Arizona water utilities to 
detect leaks and test meter accuracy to reduce system losses.  Repairing, retrofitting, and 
replacing existing infrastructure can aid in efficiency.  In 2008, system losses ranged from 
2.5 to 11.9 percent for 17 of the largest utilities around the state.  The City of Chandler 
surveyed and repaired over 400 miles of its distribution system and saved an estimated 
8.8 million gallons (27 acre-feet) of water in 2008.
      Progressive or conservation tiered rate structures (increasing block rates) have been 
implemented by many water providers to keep water prices low for modest daily needs 
and provide disincentives for high-water use.  In 2008, Prescott, Tucson, Buckeye, and 
Payson had the four steepest tiered water rate structures in the state.
      Large and medium-sized municipal water providers located within AMAs (those that 
deliver more than 250 acre-feet per year for non-irrigation use) are required to participate 
in a conservation program, and many have chosen the Modified Non-Per Capita 
Conservation Program.  Public education is a key component of the program.  Water 
providers must also implement one-to-ten Best Management Practices (BMPs) depending 
on their size.  BMP categories are: public awareness; education and training; outreach 
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services; incentives; ordinances/conditions of service; and physical system improvements.  The BMPs that 
are designed to serve residential customers include (among a long list of options): conservation training; 
physical systems evaluation; incentives for water audits; and rebates on low-use appliances.  BMPs are also 
tailored to commercial customers.
 Arizona’s rapid growth in the 1990’s brought attention to sprawl and negative effects of unregulated 
development.  In 1998, then-Governor Jane Hull signed the Growing Smarter Act, followed by the Growing 
Smarter Plus Act in 2000.  In terms of water supplies and management, smart growth can help to decrease 
overall demand.  A study conducted by the Colorado Water Conservation Board in 2010 found that, starting 
from a 50/50 indoor and outdoor water use scenario, a 20 percent increase in density led to a 10 percent 
decrease in per-capita water demand.  A smaller lot size generally reduces the amount of landscaped 
outdoor area.  The rate of decrease diminishes as density increases.  The City of Avondale instituted 
Commercial and Residential Infill Incentive Plans in 2004 to strongly encourage and incentivize infilling 
through fee waivers, relaxed design standards, and streamlined reviews.
industrial Conservation
 Although industry uses a relatively small proportion of Arizona’s water, industrial conservation can 
save substantial amounts of fresh water locally.  For example, Intel (in Chandler) recycles up to 75 percent 
of its water with a program that recovers, treats, and returns a portion of its rinse waters to the aquifer, and 
uses reclaimed water for: mechanical systems (i.e., scrubbers, cooling towers); landscape watering; and 
farm irrigation.  In 2012, PepsiCo Frito-Lay was awarded a US Water Prize for its Casa Grande snack food 
manufacturing facility.  An innovative process water reuse system allows the facility to run almost entirely 
on recycled water and produces nearly zero waste.  The 650,000-gallon-per-day process water recovery 
treatment system recycles up to 75 percent of the facility’s process water; the facility reduced its annual 
water use by 100 million gallons.
 The Palo Verde Nuclear Generating Station is one of the primary examples of in-state, water-efficient 
projects because it uses 100 percent reclaimed wastewater to cool its nuclear reactor cores.  It is the only 
nuclear power plant in the world to use reclaimed wastewater for its cooling water supply.  The facility 
receives nearly 20 billion gallons of reclaimed wastewater each year from five Phoenix area cities and 
recycles the reclaimed water through condensers and cooling towers an average of 25 times before the 
blowdown is discharged to evaporation ponds for final disposal.
 Energy-water conservation can go even further with the use of dry or hybrid cooling instead of wet 
cooling technology for power generation.  A study in 2007 by the Arizona Water Institute found that 
conversion to such cooling methods could save an average of over 75 percent of water used by power 
generation plants.  Dry cooling, however can be substantially more expensive than wet cooling given the 
relatively low price of water.  By one estimate, the price of a water right would have to exceed $17,000 per 
acre-foot for the cost of dry cooling to be equal to wet cooling.  Renewable energy sources also provide 
an avenue for dramatic water use reductions.  Photovoltaic solar, dry concentrated solar power, and wind 
average only 30 to 85 gal/MWh, which can make them extremely competitive in situations of restricted 
water availability.
 Many Arizona energy utilities have stated explicit goals to reduce energy water use.  For example, 
Palo Verde’s parent company Arizona Public Service has a goal of reducing water use per kilowatt hour 24 
percent by 2029, and Tucson Electric Power plans on reducing water consumption 16 percent from 2012 
levels by 2020.

Agricultural Conservation
      Within AMAs, agricultural conservation BMPs employed in the two 
most recent management periods include converting to more efficient 
irrigation systems, such as drip and sprinkler irrigation, which can reduce 
water use up to 50 percent.  BMPs require about 70 percent efficiency, and 
recent studies show that Pinal AMA irrigation districts have achieved 85 
percent efficiency by using laser leveled fields, sprinklers, and drip.  Other 
conservation BMPs include: employing irrigation scheduling; crop rotation; 
land fallowing; and increasing organic matter in soils.  State tax credits 
are also given to farmers for up to 75 percent of the cost of purchasing or 
installing water conservation systems.
      Agricultural water efficiencies have increased in most areas of the state 
as technology helps farmers apply the optimal amount of water for the 
crops being raised.  Optimizing lowers the cost of production, increases 
yields, and has led many farmers to adopt more water efficient practices.  
In the Yuma area, irrigation water diverted to farms decreased 15 percent 
since 1990 and nearly 18 percent since 1975.  Factors contributing to this 
reduction include: reduction in irrigable acres; expanded use of multi-crop 
production systems that require less water; and significant improvements in 
crop and irrigation management and infrastructure.
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 Although the Colorado River Basin Study lists agricultural conservation measures among the least 
costly options available, they are not necessarily inexpensive for individual farming operations.  Some 
irrigation districts in the Pinal AMA have invested $3,700 per acre on lined systems and efficient irrigation.  
For farmers, the market prices of crops and their ability to pay the up-front costs of conservation measures 
can often have greater influence over whether they employ such practices than the potential water savings.  
In addition, state surface water law requiring farmers to use their water rights or lose them can be a strong 
disincentive for farmers to invest in water conserving infrastructure.  Legal and institutional changes that 
provide new conservation incentives could motivate additional agricultural water savings, but practical 
considerations present barriers to such changes.
wastewater Reuse
 Treated wastewater (“reclaimed water”) is playing an increasing role in supplying water demands and 
many planners in Arizona are looking to reuse treated wastewater to augment freshwater supplies.  The 
reclaimed water supply increases as population grows.  Often, its major users, such as riparian ecosystems 
and irrigators downstream of water reclamation plant discharges, are uncounted in official calculations of 
water reuse.  Thus, although the Arizona Department of Environmental Quality (ADEQ) reported in 2011 
that 65 percent of all wastewater treatment plants in the state already distribute water for reuse, reclaimed 
water use makes up only three percent of the state’s total use according to ADWR.  A study done for the 
CAP shows, however, that 95 percent of the reclaimed water generated in the Phoenix, Pinal, and Tucson 
AMAs is used for beneficial purposes.  These purposes include: agriculture; underground storage; power 
generation; industrial uses; turf irrigation; and riparian habitats.  Flagstaff’s second largest water user, SCA 
Tissue, has been using reclaimed water for years.
 Water may also be recycled through residential and commercial “graywater” systems.  Graywater is 
water from washing machines and bathroom sinks, showers, and tubs — water from toilets and kitchen 
sinks is excluded.  It is typically used for landscape irrigation.  ADEQ streamlined the permitting process 
for graywater, substituting informative guidelines for regulatory hurdles.  Where reclaimed water is 
concerned, the WRDC report conservatively estimated that 0.75 MAF of treated wastewater would 
be generated in 2035, and with continued population growth the quantity will continue to grow to just 
under 1.3 MAF in 2110.  The Strategic Vision reported that greater use of this water source could reduce 
Arizona’s projected water imbalance by 50 percent through 2110.  
 Development of reclaimed sources is often limited by a lack of available infrastructure, and many 
municipal planners are looking at ways to expand their distribution systems.  State water quality laws 
mandate a set of pipes for reclaimed water separate from potable water pipes.  In general, managers try to 
direct reclaimed water towards non-potable uses, to reserve potable supplies for human consumption.  (See 
Water Sustainability, TWR #83).
 Public support of water reuse is essential to its growth as a water supply.  As public awareness of 
water scarcity challenges grows, acceptance of non-potable reuse has increased.  The idea of potable use 
of reclaimed water, however, continues to generate negative reactions from many members of the public.  
Increasing water quality standards for reuse may be able to change negative public perceptions.
 Letting reclaimed water seep into an aquifer before pumping it out for later use takes advantage of the 
natural water treatment capabilities of soil aquifer treatment (SAT) and avoids the stigma of the “toilet-to-
tap” epithet sometimes associated with potable reuse.  Arizona has an extensive aquifer system and many 
utilities can choose to recharge aquifers instead of placing the highly treated wastewater directly into the 
potable water system.  SAT is a relatively inexpensive option for treating water for reuse, which makes it 
even more attractive for Arizona water planners.  The Town of Gilbert uses recharge basins costing $1.3 
million to recharge reclaimed water that is eventually pumped and blended with water in the potable water 
system.
 The City of Tucson is moving ahead with plans to develop a reuse system that will take reclaimed 
water from its upgraded wastewater treatment facilities to recharge the aquifer, pump it back out, treat it to 
drinking water standards, and blend it with other potable supplies for distribution.  Many water planners are 
looking ahead to the greater efficiency of reusing produced water directly in the potable water system.

transactions
 Water transfers can involve water from various sources and can be temporary or permanent.  Both the 
Colorado River Basin Study and the Strategic Vision urge water planners to investigate water transactions 
as a method for closing the demand-supply gap.  The Western Governors’ Association and Western States 
Water Council also urged a close look at transfer options in a report titled “Water Transfers in the West, 
Projects, Trends, and Leading Practices in Voluntary Water Trading.” From 1988 to 2009, Arizona saw 217 
transactions — including sales and leases — totaling 8.4 million acre-feet, according to this report. (See 
Brown, TWR #107).
 There are established laws, policies, and procedures for transfers of groundwater, Colorado River 
water, and intrastate surface water.  They are designed to protect local area of origin interests and other 
water users and water right holders in the system.  As a result, water transfers can be cumbersome to 
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implement, making it difficult to assess their potential.  With few exceptions, the transportation of 
groundwater from one groundwater basin to another is prohibited under state law.  Stakeholder input is 
sought when transfers of Lower Colorado River water are contemplated.  A person who holds a vested 
or existing water right that may be affected by a surface water transfer within Arizona can file an official 
objection with ADWR.  These processes are intended to prevent negative impacts from occurring when 
the water is moved.  If a comprehensive study that satisfies stakeholders were to be carried out on how to 
assess impacts, the transfer process might be streamlined.
 Surface water law permits sales through “sever and transfer” of surface water rights, if criteria are 
met.  Because current Arizona law reserves water not used by an appropriator for other appropriators (the 
so-called “use it or lose it” provision), a farmer cannot sever and transfer a right to surface water saved 
through conservation.  In order to transfer a right to conserved water, a change in law would be required. 
 Transactions in surface water through various lease arrangements do occur in Arizona.  Native 
American Tribes have leased CAP water to non-Indian water users where such arrangements have been 
enabled by water settlements entered into by the tribes as sovereign entities.  In 2015, these leases made up 
roughly eight percent of CAP deliveries.  Appropriators can lease their water rights without forfeiting them 
(through “use it or lose it”) provided the water is beneficially used for five or more consecutive years.  A 
2006 article by Colby, Smith, and Pittenger found that by fallowing only a small percentage of agricultural 
land irrigated with Lower Colorado River water, substantial amounts of water could be saved.  Forbearance 
contracts — in which irrigators forbear to divert water to fallowed fields for a season — could make this 
water available to other users on a short-term basis.
 In Arizona, an experiment in fallowing for water saving is ongoing.  For this pilot project, the Yuma 
Mesa Irrigation and Drainage District (YMIDD) is fallowing up to 1,500 acres (10 percent of the YMIDD’s 
irrigated acreage) per year for a base rate of $750 per acre.  The replenishment arm of CAP, termed the 
Central Arizona Groundwater Replenishment District (CAGRD), has contracted with the YMIDD and is 
leaving the saved water in Lake Mead.  The CAGRD contemplates larger transactions to eventually provide 
water to replenish groundwater pumping in Central Arizona.  
 In other states, “water banks” have been used to facilitate short-term transfers of water.  A mechanism 
such as this, which brokers certain types of water transfers between parties, such as short-term leasing 
arrangements, could operate in Arizona if such an institution were created.  Even if laws and institutions 
were modified to facilitate such water transactions, however, the issue of physical transportation 
infrastructure remains.  The Strategic Vision surveyed the transportation issues, which include obtaining 
permits for rights-of-way over federal land in addition to engineering and financing issues.
 Arizona has a system that allows underground storage of water and development of long-term storage 
credits (water stored for more than one year) that may be purchased.  The water retains the legal character 
of the water stored — CAP, reclaimed water, or, in limited cases, other surface water.  This system allows 
the renewable water banked in one area to be legally withdrawn in another, but only within the same AMA 
or groundwater basin.  This mobility, however, has raised concerns about local groundwater depletion, 
when water is pumped from sub-basins distant from the recharge.  An active market in long-term storage 
credits exists because of the advantages of recovering renewable water and the ease with which these 
transactions can take place.

groundwater Reserves
 Available data and estimates indicate that there is a large amount of groundwater within the state: 
approximately 1.2 billion acre-feet in storage down to 1,000 to 1,200 feet below land surface.  If this 
amount of groundwater were used, there would be about 12.5 million acre-feet available annually for the 
next 100 years.  Some portion of the large amount of groundwater in aquifer storage within the state could 
potentially be developed to supply projected future unmet demands.
 There are several barriers to using this supply.  Groundwater is extremely variable as to its location, 
quality, and ease and cost of development.  Large relatively untapped supplies are likely to be long 
distances from potential users.  Large-scale withdrawals could have negative consequences, including 
subsidence and environmental impacts.  Inter-basin transportation of groundwater was prohibited except 
in specified cases by the 1991 Groundwater Transportation Act, preventing AMAs from acquiring rural 
groundwater.  Potential impacts on rural communities were a major concern when the law was enacted.
 Even if transportation of groundwater from one basin to another were permitted, the difficulties of 
moving the water from its basin of origin to its place of use raise significant barriers in cost and permitting.  
Groundwater developed and transported long distances may only be affordable to some municipal and 
industrial water users.
 Even within an AMA or groundwater basin, the available groundwater may be located distant from 
areas with highest projected demands.  In addition, the depletion of this groundwater sets up risks for future 
water security.  Sustainable use of groundwater generally means that no more groundwater is withdrawn 
than is recharged on a long-term basis, however, the data is lacking to define long-term maintenance of 
groundwater aquifers for most of Arizona.  Regional studies are needed to determine what groundwater 
usage is sustainable or optimal from a public policy perspective.
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Underground water Storage
 From 1996, when first established, to 2014, the Arizona Water Banking Authority (AWBA) stored 
underground more than 3.3 MAF of unused Colorado River water at a cost of nearly $219 million.  The 
water is to be used in times of shortage to secure water supplies for Colorado River and CAP municipal and 
industrial water users.  The AWBA also stores water for use as part of water rights settlement agreements 
with Arizona Native American communities.
 Phoenix, Tucson, and other cities have been recharging CAP and reclaimed water to store water for 
future need.  The member cities of the Arizona Municipal Water Users Association, an organization made 
up of ten cities in the larger Phoenix metropolitan area, have invested $400 million to store nearly 1.7 MAF 
underground — enough to meet their collective needs for over two years. 
 A total of 9 million acre-feet of water has been stored underground in Arizona, including ABWA 
storage. (See McJunkin, TWR #130, Aquifer Recharge-WRRC, TWR #125, and Olsen, TWR #68).

brackish groundwater
 Areas of brackish groundwater are found across Arizona and represent a source of additional supply.  
Reducing the high salt concentration in brackish groundwater could make it suitable for potable use.  A 
study by Montgomery & Associates identified an estimated 600 MAF of brackish groundwater obtainable 
in Arizona down to 1,200 feet.  Some of this is associated with salt in sedimentary formations, but other 
contributors include agricultural runoff and wastewater recycling.
 Desalination of brackish water is less expensive than seawater because of its much lower salt 
concentration.  In addition, distances from water source to users are generally shorter.  Some municipal and 
private facilities in the state currently desalinate brackish water, including a prison and a bottling plant.
 In landlocked Arizona, disposal of brine is an issue.  Aquifers in Arizona are considered drinking 
water aquifers and therefore protected from degradation through discharge of brine by injection or basin 
spreading.  The method of brine disposal used most often in Arizona is evaporation ponds, which can 
become costly as the volume of brine and need for more land increases.  Designing desalination facilities 
for higher efficiency has the additional benefit of minimizing the brine stream, but these facilities may be 
more costly to build and operate.
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Augmentation
      Augmentation refers to acquiring new water through any of several methods.  Some kind of 
augmentation will likely be part of the portfolio of future water supply strategies, as efforts to stretch 
existing supplies are unlikely to be sufficient to balance future supply and demand.  Large-scale 
augmentation is a high priority for study now, considering the long lead time needed from concept to 
implementation.  Smaller scale augmentation can also provide new supplies that may be cumulatively 
significant.
importation
      Importation of significant freshwater supplies is the least likely option to be developed, considering the 
needs of the already-established communities along the rivers from which such supplies might come.  Costs 
would be relatively high and significant controversy is associated with these options on environmental, 
political, financial, and regulatory levels. 
Seawater desalination
 Seawater desalination is a very attractive option for many because of its potential for supplying 
substantial quantities of new water.  Any efforts to establish desalination facilities, and arrangements 
for bringing the new water to Arizona, will take a great deal of lead time as they involve multiparty 
negotiations, regulatory hurdles, and large financial commitments.  Potential sources for seawater 
desalination for Arizona would be California or Mexico.  Exchanging desalinated seawater for some of 
California’s Colorado River apportionment could be an option.  Securing a supply from Mexico through 
an international agreement would involve the State Department in negotiations.  Nevertheless, Mexican 
options exist.  A recent study analyzed the potential for a desalination plant located on the Sea of Cortez, 
near Puerto Peñasco.  In one scenario, desalinated water would be pumped to Imperial Dam north of Yuma.  
That water would flow into Mexico, while the same amount of Colorado River water could be diverted 
from the river upstream by users in the United States.  A second option would be to import desalinated 
water from the Sea of Cortez into Arizona.  Transporting water into Arizona would add substantially to 
costs.  The US and Mexico have agreed to further study of desalination projects that would benefit both 
nations.  Two concepts are under study: one on the Pacific coast near San Diego and a Sea of Cortez 
concept in Sonora, Mexico. 
watershed Management
      There are several proposed methods of watershed management that could increase runoff by decreasing 
vegetative water consumption.  Some plans would also work in tandem with other natural resource goals, 
such as habitat restoration and fire risk reduction.
      Removal of tamarisk from riparian corridors can provide multiple benefits, including restoration of 
native habitat.  Tamarisk is an invasive, high-water-use species that was introduced in the 1930s to control 
soil erosion and quickly out-competed native species in riparian areas.  It alters flow regimes for streams 
and rivers, increases fire frequency, and often develops into monoculture stands.  Tamarisk has been 
found to be habitat for endangered birds, however, and removal can require the creation of replacement 
habitat.  One commonly cited tamarisk removal study took place at a dried lake bed in 1989 in Artesia, 
New Mexico.  The lake had dried after a tamarisk invasion in the 1960s.  Application of an aerial herbicide 
resulted in 95 percent control of tamarisk and the water table around the lake rose by 6 to 12 inches per 
month.  Since 1996 there has been continuous water present.
      Forest management is another proposed watershed management option. Thinning of unnaturally dense 
forests can increase runoff through reducing vegetative consumptive use and allowing more snow and 
snowmelt to reach the forest floor.  While it may increase runoff, increased yield is not a given.  In addition, 
if it is determined to increase yield, it does so in a stream system that is fully appropriated in the context of 
the general stream adjudication.  On the other hand, watershed management does increase the landscape 
resiliency to insect and other human pressures in the face of drought and climate change.
      Forest management can also reduce the potential for unnaturally intense and large-scale fires.  Such 
fires leave watersheds vulnerable to flooding and erosion producing heavy sediment loads in streams 
and rivers and accumulation of silt in reservoirs.  These post-fire impacts can reduce storage capacity in 
reservoirs and result in both short- and long-term infrastructure impacts.  There are also increasing costs to 
treat post-fire runoff water supplies.  In November 2012, Flagstaff voters approved a $10 million bond to 
support a partnership effort between Arizona, Flagstaff, and Coconino National Forest for treatments, such 
as thinning of trees and prescribed fire, to help reduce the risk of devastating wildfire and post-fire flooding 
in the Rio de Flag and Lake Mary watersheds.
      Large-scale removal of vegetation is a suggestion for directly increasing runoff; however, multiple 
uncertain or negative consequences for forest health, water quality, infiltration, and flow regime, including 
flood potential, are closely associated with such an approach.  
weather Modification
      Weather modification often refers to the practice of cloud seeding, using technological means to 
increase precipitation, either as snow or rain. (See Shrier, TWR #56).  In cloud seeding, silver iodide 
compounds are the most commonly introduced particles, either via aircraft or ground-based generators.  



February 15, 2016

Copyright© 2016 Envirotech Publications; Reproduction without permission strictly prohibited. 2�

The Water Report

Arizona
Water

Allocation
Normal

Non-Potable
Purposes

Stormwater
Capture

Colorado
Concerns

Ground-based generators are frequently cited as the least cost method, with operating costs in the $25 to 
$50 per acre-foot range.  In 1974, Reclamation released a study on weather modification for the southwest 
region that indicated 300,000 acre-feet of potential additional supplies could be created in the Lower Basin 
states.  A majority of that amount could come from Arizona, with the greatest possible output being along 
the White Mountains and Mogollon Rim.
      Questions about the potential negative impacts of large-scale weather modification programs have 
largely been addressed through the sustained operation and regulatory experiences in states such as North 
Dakota, California, Colorado, Idaho, Utah, and Wyoming.  State permitting processes protect against 
liability for environmental consequences, such as increased flooding risk, increased snow removal, and 
avalanche hazard, by requiring that cloud seeding operations be suspended if snowpack is higher than 
a specified threshold.  In all states, no ownership of seeded snow or resulting runoff is credited to the 

seeding entity; it becomes system water distributed by normal allocation 
processes.
      The effectiveness of weather modification has yet to be quantified.  
In 2003, the National Research Council concluded that there is “no 
convincing scientific proof of the efficacy of intentional weather 
modification efforts.”  Individual projects, however, have touted the 
practice’s efficacy.  Idaho Power has employed cloud seeding projects 
since 2003 and has reported that precipitation increases of 7 to 9 percent 
have occurred in targeted areas.  Utah water providers have also reported 
between 8 and 20 percent increases during year-long projects in 2000 and 
2001, though the data shows no distinct correlation between the number of 
generators or prior seeding projects and precipitation increases. 
      The Wyoming Weather Modification Pilot Project has conducted 
cloud seeding activities every winter season since 2007 in three Wyoming 
mountain ranges.  The project report, released in December 2014 by 
the Wyoming Water Development Commission, concluded that seeding 
could increase snowfall between 5 and 15 percent.  Hydrological models 
indicated the resulting increase in stream flow was between 0.4 and 3.7 
percent.  Although the study had some technical problems, based on its 
results and the low relative cost, the United States, Arizona, California, 
Nevada, Utah, Colorado, and Wyoming are funding cloud-seeding pilot 
programs in mountains that feed the Colorado River watershed.

Rainwater Harvesting
      A simple definition of rainwater harvesting is the capture and storage or use of precipitation runoff.  
The water can be used for non-potable purposes, such as landscaping and infiltration into the aquifer 
without treatment.  It has also been used indoors to flush toilets.  In Arizona, rainwater harvesting is usually 
employed on a small scale for single houses, commercial properties, industrial lots, or parks.  As long as the 
price of water is relatively low, the payback period for investing in water harvesting at these scales can be 
very long.  No permitting is necessary for residential water harvesting in Arizona.  A 2005 study conducted 
at the University of Arizona found that citywide on-site rainwater harvesting and use for landscaping could 
reduce residential water use by 30 to 40 percent.  Evidence, however, is lacking regarding water savings 
from existing water harvesting installations.
      Larger-scale techniques for the capture of rainwater or stormwater can be used for residential 
subdivisions, commercial developments, industrial sites, parking lots, roads, and highways.  Large-scale 
rainwater harvesting and stormwater capture can have benefits beyond augmenting non-potable water 
supplies, such as controlling stormwater runoff volume, peak flooding, and pollutant loading from urban 
areas.  The potential for stormwater capture to replenish local aquifers can be another significant benefit.  
Collectively, these benefits can contribute to better overall urban watershed management.
      Cities that implement water harvesting projects may not see overall reductions in water use because 
the harvested water is often used to irrigate new landscaping.  Other benefits provided by water harvesting, 
such as supporting vegetation that provides shading to reduce energy demand for cooling and combat the 
effects of the urban heat island, may be stronger motivators than offset in potable demand.
      There are concerns from some water rights holders that capturing rainwater reduces flows that 
otherwise would enter the surface water system.  Until recently, rainwater harvesting was illegal in 
Colorado because it was believed that collecting rainwater would reduce regional watershed replenishment 
by precipitation.  In 2009, however, Colorado began allowing permitted well owners to collect rainwater 
after a pivotal study found that 97 percent of all precipitation either evaporates or is taken up by plants 
before ever reaching the State’s river systems.  In Arizona, a Joint Legislative Committee on Macro-
Harvested Water was formed in 2012 to evaluate large-scale rainwater harvesting and its potential impact 
on water supplies as well as other issues that are associated with harvesting water on a large scale.  
However, that Committee has never met.
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 By acknowledging and assessing the growing gap between sustainable water supplies and water 
demands, Arizona advances the process of statewide water planning for a secure water future.  Although 
there will always be pressure to meet increasing needs, Arizonans have worked together to produce 
solutions, such as the Groundwater Management Act, CAP, and the SRP system, all of which create added 
certainty for water users.  Next steps, however, present major challenges.  
 To assemble a balanced portfolio of options, Arizona will need to engage in broadly based dialogue 
and harness the will of its citizens and elected officials and the cooperation of its neighbors.  Arizonans 
consider water to be one of the primary issues in need of policy attention and are looking for ways to 
contribute to timely solutions through individual and community actions.  Arizona water planners have 
found opportunities to work within the state to expand supplies and with our state neighbors to develop 
solutions, such as water exchanges and cost-sharing agreements, but additional efforts are needed.  
Large water projects take a tremendous amount of time for public acceptance, funding, permitting, 
and construction, and yet timely action is needed to forestall potential negative impacts to the state’s 
economy and environment.  Large water projects alone, however, will not close the demand-supply gap, 
so thought must be given to options at all levels.  There will be costs for any solutions and they must be 
considered along with the tradeoffs that are a part of all choices.  Attention to environmental water needs 
can contribute to building a functionally resilient plan when water using sectors come together to find 
solutions.  Research and education are essential to clarify choices and increase understanding of costs and 
consequences.  Responsive and well-informed leaders must point out the most promising pathways and 
inspire action.

For additional inFormation: 
susanna eden, Water Resources Research Center, 520/ 621-9591 or seden@email.arizona.edu

This article was adapted from an article originally published in August of 2015 in The Arroyo, which is 
a publication of the Water Resources Research Center (WRRC) in Tucson, Arizona.  The Water Report 
wishes to thank the WRRC for its cooperation in publishing this article.  WRRC’s website is located at: 

wrrc.arizona.edu.  The original article, in its complete form, is available from WRRC at: 
http://wrrc.arizona.edu/publications/arroyo-newsletter/arroyo-2015-Closing-Demand-Supply-Gap.

susanna eden	is	the	Assistant	Director	at	the	Water	Resources	Research	Center,	University	
of	Arizona.		She	holds	a	Ph.D.	in	Water	Resources	Administration	from	the	University	
of	Arizona	and	has	been	engaged	with	water	resources	research	and	outreach	for	more	
than	25	years.		Her	research	centers	on	decision	making	in	water	management	and	the	
use of scientific information.  She is on the team that won the New Arizona Prize Water 
Consciousness	Challenge	in	April	2015	for	an	innovative	web	and	video	based	strategy	to	
raise	awareness	of	water	issues.		She	also	edits	the	WRRC’s	quarterly	newsletter,	Arizona	
Water	Resource,	and	the	annual	Arroyo	publication.

Madeline ryder	was	the	Montgomery	&	Associates	Summer	Writing	Intern	at	the	Water	
Resources	Research	Center	when	a	senior	at	the	University	of	Arizona.		She	graduated	in	
December	2014	with	a	dual	degree	in	Natural	Resources	and	Environmental	Studies.		She	is	
currently	a	graduate	student	seeking	a	Master’s	in	Development	Practice	at	UA.

Mary ann Capehart is	an	environmental	writer.		She	was	the	Water	Resources	Research	
Center’s	Graduate	Outreach	Assistant	from	June	2014	to	May	2015,	when	she	graduated	
with	a	Master	of	Arts	in	Teaching	and	Teacher	Education	with	an	Emphasis	on	Environmental	
Learning	from	the	University	of	Arizona.
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NAVAjO NATION WATER       UT
settlement approved

 On January 26, the Navajo Nation 
Council approved the Utah Navajo 
Water Rights Settlement Agreement 
by a vote of 13-7.  The approval is 
not without controversy, however, as 
opposition to the decision by various 
tribal activists was immediately reported 
in the media. 
 Under the proposed agreement, the 
quantifications of the Navajo Nation’s 
water rights include: 
• The right to deplete a total of 81,500 

acre-feet from all water sources 
within the Upper Colorado River 
Basin in Utah on the Navajo Nation

• The right to divert and store up to 435 
cubic feet per second from the San 
Juan River, so long as the annual 
depletion limit of 81,500 acre-feet is 
not exceeded

• The right to unlimited diversions from 
groundwater and from Lake Powell, 
so long as the annual total depletion 
limit of 81,500 acre-feet is not 
exceeded

• The right to market or lease these 
water rights to the same extent as 
other water rights holders in Utah

• When there is not enough water in 
the San Juan River to satisfy Navajo 
water uses developed after the 
effective date of the settlement, the 
Navajo Nation agrees it will not assert 
a priority call against non-Navajo 
water uses in existence as of the date 
of the settlement.  However, new 
non-Navajo uses developed after 
the date of the settlement receive no 
protection, and the Nation can assert 
priority calls against such new uses

• When there is not enough water in 
the tributaries north of the San Juan 
River, primarily Montezuma Creek, to 
satisfy Navajo water uses developed 
after the effective date of the 
settlement, the Navajo Nation agrees 
it will not assert a priority call against 
non-Navajo water uses in existence 
as of the date the new Navajo uses 
are developed, but may assert priority 
calls against uses developed after 
the new Navajo uses.  Most of the 
historic Navajo irrigation in Utah 
was developed on Montezuma Creek.  
All historically developed Navajo 

irrigation can be rehabilitated and 
can assert calls against all upstream 
non-Navajo water uses with a priority 
junior to the Navajo uses, most of 
which have a priority of 1884

 Council Delegate Leonard Tsosie 
asked his colleagues to support the 
settlement to provide the capacity 
to build communities and provide 
economic opportunities.  “We can dream 
all we want but if there is no water, 
there is no development,” said Delegate 
Tsosie, who also pointed out the 
benefits of the 2010 San Juan Navajo 
Water Rights Settlement for Navajo 
communities and cautioned that timing 
as well as the political landscape on the 
federal level will impact the outcome 
of the proposed Utah water settlement 
agreement.
 The proposal also describes the 
obligation of the federal government 
to create the Utah Navajo Water 
Development Fund to provide 
approximately $198 million to create 
a trust fund for the construction of 
water projects for Navajo communities 
in Utah.  According to the proposed 
agreement, obligations of the United 
States under the agreement are 
contingent on the availability of 
funds; however, if Congress does not 
appropriate funds the agreement is not 
enforceable.  The legislation further 
states that in the event that the proposed 
agreement changes substantially due to 
actions taken by Congress, the Nation 
will have the authority to approve the 
revised agreement.
For info: Navajo Nation website: www.
navajo-nsn.gov/; Press Release available 
at: www.navajonationcouncil.org/

REFORM REPORT                        US
Fed response/drought

 The federal government should 
leverage its “carrot-and-stick” powers 
to help resolve long-standing conflicts 
in the American West that are increasing 
regional and local vulnerability to 
drought.  This is among the key 
recommendations to improve federal 
drought management made by the 
PPIC Water Policy Center in its report, 
“Improving the Federal Response 
to Drought: Five Areas for Reform” 
(released February 2, 2016).

 Federal intervention could 
reduce regional tensions, litigation, 
and costs.  Conflicts needing federal 
help to achieve resolution include 
managing long-term water shortages 
in the Colorado River Basin, balancing 
water supply and ecosystem goals in 
California’s Sacramento-San Joaquin 
Delta, and implementing previously 
negotiated agreements in the Klamath 
Basin over water use and dams.  The 
PPIC report — based on public 
information and interviews with more 
than 40 individuals at the local, state, 
and federal levels — concludes that 
a series of pragmatic federal actions 
can help the western states weather a 
warmer, possibly drier future.
 Given the importance of agriculture 
in western water use — on average, 
it accounts for 85% of total business 
and residential use — and the size of 
existing federal farm programs, the 
greatest potential for building drought 
resilience lies with improving key US 
Department of Agriculture programs.  
Small changes in programs that pay 
farmers to conserve water and land 
resources could yield significant 
improvements in western water supplies 
and ecosystems.  These programs 
should be made more flexible to 
improve management in river basins and 
watersheds, rather than focusing solely 
on farm-level efficiency.  This strategy 
might include making “easement” 
payments to farmers to keep farms in 
field crops, which can be fallowed more 
easily than tree crops during droughts.  
Similarly, making payments to farmers 
who return some water to wetlands and 
rivers can help avert ecosystem crises 
during droughts.
 The Summary of the PPIC 
Report provides an excellent look 
at the Report’s suggestions: “The 
federal government is deeply involved 
in western water.  It is the largest 
landowner, major supplier of irrigation, 
principal supporter of the farm sector, 
primary source of water information, 
and chief environmental regulator.  For 
more than a century, western states 
have relied on a complex partnership 
with numerous federal agencies to 
manage water.  The latest widespread 
drought has revealed both strengths 
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and weaknesses in the federal role.  To 
weather a warmer and possibly drier 
future, and to prepare for and respond to 
drought more effectively, the states and 
the federal government must address 
these weaknesses and work together to 
strengthen their partnership.
 Timely solutions are critical, given 
the growing vulnerability of the region’s 
residents, businesses, and environment 
to drought.  This report identifies a suite 
of federal actions that can help western 
states better manage drought.  These 
reforms are, by design, modest and 
pragmatic.  They focus on enhancing 
existing federal capacities, rather than 
implementing sweeping initiatives that 
would require time-consuming new 
funding or legislation.
 Five interrelated areas where 
federal action could have the greatest 
impact include: leveraging federal 
authority to resolve key water conflicts; 
coordinating federal actions to align 
agency efforts and priorities; changing 
agricultural support programs to create 
watershed-scale benefits; improving 
headwaters management to protect 
water sources and reduce impacts of 
catastrophic wildfire; and modernizing 
water information to help all phases of 
planning and operations.  These modest 
changes in federal policies can enhance 
the federal partnership with western 
states and boost drought resilience 
to avoid further unwanted economic, 
social, and environmental impacts.”
 The PPIC Report was written by an 
esteemed group of water experts and is 
highly recommended.
For info: Report available at: www.
ppic.org/main/publication.asp?i=1174

INFRASTRUCTURE NEEDS      US
wastewater survey

 The US Environmental Protection 
Agency (EPA) released the Clean 
Watersheds Needs Survey (Survey) on 
January 13th, which is an assessment of 
capital investment needed nationwide 
for publicly-owned wastewater 
collection and treatment facilities to 
meet the water quality goals of the 
Clean Water Act.  The Survey shows 
that $271 billion is needed to maintain 
and improve the nation’s wastewater 
infrastructure, including the pipes that 
carry wastewater to treatment plants, 

the technology that treats the water, 
and methods for managing stormwater.  
The survey is a collaboration between 
EPA, states, the District of Columbia, 
Puerto Rico, and other US territories.  
To be included in the survey, projects 
must include a description and location 
of a water quality-related public health 
problem, a site-specific solution, and 
detailed information on project cost.  
These capital investment needs are 
reported periodically to Congress.
 Adequate wastewater infrastructure 
obviously plays a vital role in the health 
of streams, rivers, and lakes, where 
discharged wastewater and stormwater 
runoff often end up.  Wastewater 
infrastructure must also become more 
resilient to the impacts of climate 
change, including sea level rise, stronger 
and more frequent storms, flooding, and 
drought, according to EPA.
 EPA launched the Water 
Infrastructure and Resiliency Finance 
Center (Center) in January 2015 to 
work with states and communities to 
identify innovative financing strategies 
for drinking water, wastewater, 
and stormwater infrastructure.  The 
Center recently selected regional 
Environmental Finance Centers to 
help communities across the country 
develop sustainable “how-to-pay” 
solutions to meet environmental goals.  
This financial expertise and technical 
assistance helps communities make 
informed funding decisions for resilient 
infrastructure projects that best meet 
local needs.
 EPA also offers financial assistance 
to address the types of infrastructure 
needs covered in the survey.  The 
Clean Water State Revolving Fund has 
provided more than $111 billion in low-
interest loans since its inception in 1987, 
with $5.8 billion in FY 2015 alone.  
Grant funding is available through 
the Alaska Native Villages and Rural 
Communities program, the Clean Water 
Indian Set-Aside, and the U.S.-Mexico 
Border Water Infrastructure program.
 The $271 billion is primarily for 
projects needed within five years.  
The survey reported the following 
infrastructure needs: Secondary 
wastewater treatment: $52.4 billion to 
meet secondary treatment standards.  
Secondary treatment uses biological 

processes to meet the minimum level 
of treatment required by law; Advanced 
wastewater treatment: $49.6 billion to 
provide upgrades so treatment plants 
can attain a level of treatment more 
protective than secondary treatment.  
Advanced treatment may also treat 
nonconventional or toxic pollutants 
such as nitrogen, phosphorus, ammonia 
or metals; Conveyance system repair: 
$51.2 billion to rehabilitate and repair 
conveyance systems; New conveyance 
systems: $44.5 billion to install new 
sewer collection systems, interceptor 
sewers and pumping stations; Combined 
sewer overflow correction: $48 billion 
to prevent periodic discharges of mixed 
stormwater and untreated wastewater 
during wet-weather events; Stormwater 
management programs: $19.2 billion 
to plan and implement structural and 
nonstructural measures to control 
polluted runoff from storm events; and 
Recycled water distribution: $6.1 billion 
for conveyance and further treatment of 
wastewater for reuse.
For info: EPA Survey at: www.epa.
gov/cwns

MEASURE & REPORT                 CA
diversion regulations

 On January 19, the State Water 
Resources Control Board (SWRCB) 
of California adopted regulations 
requiring all surface water right 
holders and claimants to report their 
diversions.  Those who divert more 
than 10 acre-feet (AF) of water per year 
must also measure their diversions.  
The regulations, which apply to 
about 12,000 water right holders and 
claimants, require annual reporting of 
water diversions.  The regulations cover 
all surface water diversions, including 
those under pre-1914 and riparian water 
rights, as well as licenses, permits, 
registrations for small domestic, small 
irrigation and stockwatering, and 
stockpond certificates.
 Previously, pre-1914 and riparian 
right holders were only required 
to report every three years, and 
measurement requirements 
could be avoided if the right holder 
deemed them not locally cost effective.  
About 70% of such diverters claimed 
that exemption.
 The goal of the new regulation is 
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to provide more accurate and timely 
information on water use in California 
to enable better management of the 
state’s water resources.  “Knowing 
where, when, and how much water is 
being used is essential to managing the 
system fairly for all,” said SWRCB 
Chair Felicia Marcus.  “We’ve 
historically not had a complete picture, 
and these past two years have made it 
even more essential to take this common 
sense move.”  This information is 
critical to ensuring that priority water 
needs are met, that water right holders 
are informed of water availability, and 
that adequate flows remain instream for 
more senior downstream beneficial uses, 
according to SWRCB.
 The regulations provide for 
phasing in requirements for installing 
measurement devices and a tiered 
approach to accuracy and recording 
frequency standards, all based on the 
size of the diversion.  For instance, large 
diverters with a claimed right to take 
1,000 AF of water or more per year are 
required to have a measuring device or 
measuring method capable of recording 
at least hourly in place by January 1, 
2017; those with claimed rights to divert 
100 AF or more must comply by July 
1, 2017 and record at least daily; and 
those with claimed rights to divert more 
than 10 AF must comply by January 1, 
2018 and record at least weekly.  All 
diverters, regardless of size, are required 
to report their monthly diversions on 
an annual basis.  The regulations also 
allow SWRCB to require more frequent 
reporting when available water supplies 
are determined insufficient to serve all 
water right holders in a watershed or 
necessary to protect the environment.
 Failure to comply with the 
regulations is a violation subject to 
civil liability of up to $500 per day 
under the Water Code.  The new 
regulations implement SB 88, passed 
by the legislature and signed into 
law by the Governor on June 24, 
2015.  They are adopted as emergency 
regulations, exempt from the California 
Environmental Quality Act (CEQA), 
and will remain in effect until revised.  
They take effect upon approval of the 
state Office of Administrative Law.  
For info: www.waterboards.ca.gov/ >> 
Announcements

HABITAT PURCHASE               WA
transFer to tribe

 Forterra and the Tulalip Tribes 
have acquired five parcels along the 
Wallace River in Snohomish County 
to protect critical salmon habitat in the 
Skykomish River Basin.  The purchase 
was funded by Snohomish County 
Conservation Futures and the Salmon 
Recovery Funding Board.  Forterra was 
formerly known as the Cascade Land 
Conservancy.
 Forterra purchased the property for 
$490,000 in July 2015 with the intent 
to transfer the property to the Tulalip 
Tribes for perpetual management.  The 
transfer was completed in November.  
A conservation easement and deed of 
right insure that the property will not 
be developed.  The property contains 
wetlands, riparian habitat, and mature 
forestland.  It provides habitat for four 
types of salmon — Chinook, coho, pink, 
and chum — as well as for bull trout.  A 
state salmon hatchery is across the river.  
The land is also home to black bear, elk, 
deer and beaver.
 The acquisition is near other 
conserved lands including Washington 
Department of Natural Resources 
(WDNR) Natural Resource 
Conservation Areas in the Sultan Basin, 
the Mt. Baker-Snoqualmie National 
Forest, and the Wild Sky Wilderness.  
Highway 2 and a Burlington Northern 
Santa Fe railroad spur cut across the 
lower portion of the property, which 
borders WDNR forest trust lands and 
provides a natural vista along the scenic 
byway.
For info: Forterra’s website at: http://
forterra.org/; Tulalip Tribes’ Natural 
Resources website: www.tulalip.nsn.us/

TRACkING IMPACTS                OR
“quantiFied conservation”
 The Freshwater Trust recently 
received a $135,000 grant from the 
Kresge Foundation to showcase the 
value and practical applications of 
“quantified conservation.”  Quantified 
conservation is a term coined and used 
by The Freshwater Trust to describe 
the measurement and tracking of 
environmental outcomes and impact.  
The nonprofit uses its principles to carry 
out freshwater conservation projects 
across the Pacific Northwest.

 “Right now, the environmental 
sector is not making decisions based 
on impact and outcomes nor is it 
adequately measuring progress toward 
its goals,” said Joe Whitworth, president 
of The Freshwater Trust.  “It’s like 
driving a car without a dashboard.  We 
don’t know where we’re going or how 
fast we are traveling.  With the data 
and technology we now have at hand, 
that’s not acceptable.”  The emerging 
field of data science, combined with the 
growing capacity to analyze, track and 
document on-the-ground conditions in 
near real-time, provides the opportunity 
to understand the current conditions 
of a watershed, define goals for 
improvement, and quantify the exact 
outcomes of restoration actions.
 By analyzing data and modeling 
outcomes, the nonprofit evaluates 
where river restoration projects will 
have the greatest impact and quantifies 
what that exact impact will be.  The 
organization has also developed a 
toolkit for better assessing watersheds, 
calculating outcomes, and monitoring 
benefits over time that can be used by 
other practitioners.  With funds from 
the Kresge Foundation, The Freshwater 
Trust will share the idea and principles 
of quantified conservation with wider 
audiences in the Pacific Northwest and 
nationwide, conduct workshops and 
webinars on how to use quantification 
tools, and author and submit case 
studies for inclusion in peer-reviewed 
journals.
 Founded in 1983 and based in 
Portland, Oregon, The Freshwater 
Trust accelerates the pace and scale of 
freshwater restoration through the use of 
science, technology and incentive-based 
solutions to restore rivers on a timeline 
that matters. 
For  info: www.thefreshwatertrust.org

STORMWATER PROGRAM     UT
cwa agreement

 EPA, the US Department of Justice, 
and the State of Utah have reached 
an agreement with Salt Lake County 
(County) to resolve alleged Clean 
Water Act violations associated with 
the County’s stormwater management 
program.  This agreement, lodged 
February 2 as a consent decree in the US 
District Court for the District of Utah, 
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requires the County to take specific 
measures to reduce illegal stormwater 
and non-stormwater discharges to 
Jordan River Valley surface waters 
by thoroughly implementing the 
requirements of its municipal separate 
storm sewer system (MS4) permit.  The 
county will also pay a civil penalty of 
$280,000.
 Under the terms of the agreement, 
the County will secure adequate 
resources to fully maintain and 
implement its stormwater program, 
including training and maintaining full-
time staff.  The County will also take 
measures to remedy several identified 
deficiencies, including procedures to 
review construction site stormwater 
control plans, inspect sites with active 
construction or industrial activity, 
and enforce sediment and erosion 
control requirements.  In addition, the 
county will ensure structural controls 
are properly installed and maintained 
and will improve efforts to identify 
and eliminate illegal discharges to 
stormwater infrastructure.
 The volume of annual runoff in 
the Jordan River Valley is estimated 
at 190 million cubic meters per year, a 
figure that underscores the importance 
of local efforts to manage stormwater 
so it does not become contaminated 
before reaching surface waters.  The 
Jordan River watershed supports fish, 
migratory bird species, and wildlife and 
provides water for recreation, irrigation 
and public supply.
 Municipal separate storm sewer 
systems (MS4s) are systems of 
conveyances for storm water that 
include infrastructure such as storm 
drains, pipes, ditches and roads.  MS4 
permits are designed to reduce the 
release of contaminated runoff into 
MS4s and the waters into which 
they discharge.  EPA and the Utah 
Department of Environmental Quality 
inspected the County’s MS4 in 2012 and 
identified numerous violations of the 
County’s MS4 permit.
 The consent decree agreement 
requires the county to pay a one-time 
civil penalty of $280,000, including 
$140,000 to the US and $140,000 to 
the State of Utah, with an opportunity 
to offset a portion of the state amount 

through the completion of supplemental 
environmental projects.  The settlement 
is subject to a 30-day public comment 
period and approval by the federal court.
For info: Settlement at: www.
justice.gov/enrd/Consent_
Decrees.html; EPA’s NPDES 
stormwater program at: www.epa.
gov/npdes/npdes-stormwater-program

FLOATING SOLAR              jAPAN
solar plant water impacts

 On January 21, Kyocera 
Corporation (Kyocera) announced that 
construction has begun on the world’s 
largest floating solar power plant on the 
Yamakura Dam reservoir.  The plant, the 
company’s fourth floating solar project, 
is designed to generate an estimated 
16,170 megawatt hours (MWh) per 
year — enough electricity to power 
approximately 4,970 typical households 
— while offsetting about 8,170 tons 
of CO2 emissions annually.  This is 
equal to 19,000 barrels of oil consumed, 
according to Kyocera.  Scheduled for 
launch in FY2018, the plant will be 
comprised of approximately 51,000 
Kyocera modules installed over a fresh 
water surface area of 180,000 square 
meters.
 The project was initiated in October 
2014, when the Public Enterprises 
Agency of Chiba Prefecture publicly 
sought companies to construct and 
operate a floating solar power plant to 
help reduce environmental impact.  With 
the decrease in tracts of land suitable 
for utility-scale solar power plants in 
Japan due to the rapid implementation 
of solar power, Kyocera TCL Solar has 
been developing floating solar power 
plants since 2014, which utilize Japan’s 
abundant water surfaces of reservoirs 
for agricultural and flood-control.
 In a press release dated April 20, 
2015, issued in regard to one of its 
earlier floating solar plants, Kyocera 
noted additional benefits of the floating 
systems.  “Floating solar power 
generating systems typically generate 
more electricity than ground-mount 
and rooftop systems due to the cooling 
effect of the water.”  Kyocera provided 
The Water Report with the following 
explanation regarding that effect: “In 

silicon solar cells, high temperature in 
the surrounding environment leads to 
lower output due a functional decline of 
the silicon.  Thus, when installing solar 
power generating systems on water, one 
can expect the systems to generate more 
power because the cooling effect of the 
water prevents temperature rises.”
 Kyocera also alluded to water 
quantity and quality aspects of the 
systems that could be of interest to solar 
developers in the US: “They reduce 
reservoir water evaporation and algae 
growth by shading the water.” Press 
Release 4/20/15.  The vendor who 
provides the mounting structures for 
Kyocera, Ciel et Terre, noted on its 
website that, “[B]y lowering the water 
temperature and reducing the size of the 
water area exposed to air, floating solar 
panels can reduce water evaporation 
by up to 33% on natural lakes and 
ponds, and by up to 50% on man-made 
facilities.” (see https://enechange.
jp/articles/solar-season).
For info: Leasa Ireland, Kyocera, 310/ 
750-7082, leasa@lpicommunications.
com or  www.kyocerasolar.eu/index/
news.html

kLAMATH DAMS               CA/OR
new removal agreement via Ferc

 On February 2, the States of Oregon 
and California, PacifiCorp, and the 
federal government — through the 
US Departments of the Interior and 
Commerce — announced an agreement-
in-principle (AIP) to move forward with 
amending the Klamath Hydroelectric 
Settlement Agreement (KHSA).  As 
detailed in last month’s issue of The 
Water Report (Simmons, TWR #143) 
the KHSA expired as of December 31, 
2015, when authorizing legislation was 
not enacted by the US Congress.  The 
AIP provides a new path to removing 
PacifiCorp’s four mainstem dams on 
the Klamath River without requiring a 
congressional vote on dam removal.
 Under the agreement, the four main 
parties to the KHSA (noted above) will 
pursue its implementation through the 
administrative process governed by the 
Federal Energy Regulatory Commission 
(FERC), using existing funding and on 
the same timeline.  Although the AIP 
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focuses primarily on the dam removal 
portion of the broader pact, it states 
that the move is an important and 
necessary first step toward maintaining 
the broader Klamath settlements.  The 
states and the federal government are 
actively working with all Klamath Basin 
stakeholders — members of Congress, 
tribes, farmers, and others — on a 
comprehensive resolution to restore the 
basin, advance recovery of fisheries, 
uphold trust responsibilities to the tribes, 
and sustain the region’s farming and 
ranching heritage.  
 The AIP states the four parties 
intend to work with each other and the 
more than 40 signatories of the KHSA 
in the coming weeks to develop terms 
of an amendment to the KHSA to 
implement its key provisions, including 
providing for dam removals.  The 
target date for signing an amended 
KHSA is February 29.  KHSA would 
then be submitted for consideration 
through FERC’s established processes, 
which involve public comment.  If 
approved, PacifiCorp would transfer 
title of the Klamath River dams to a 
non-federal entity that would assume 
liability and take the appropriate steps to 
decommission and remove the dams by 
the 2020 target date.
 The four PacifiCorp dams on 
the Klamath River are authorized 
for hydroelectric power generation.  
Regulations require that the dams need 
to be retrofitted to provide fish passage 
for salmon, steelhead and other fish.  
Several public utility commissions, 
including those in Oregon and 
California, have ruled that removal of 
four dams, under the KHSA, is the best 
combination of least cost and risk for 
PacifiCorp’s customers.
 If successful, the project would be 
the largest dam removal project in US 
history.  The removal would involve 
approximately 50 miles of the Klamath 
River and would provide access to an 
estimated 600 stream miles of salmonid 
habitat above the dams, as the four dams 
do not provide adequate fish passage.
For info: Melissa Navas, Oregon 
Governor’s Office, 503/ 378-6496 
or melissa.navas@oregon.gov; AIP 
available at: www.doi.gov/sites/doi.
gov/files/uploads/Klamath%20AIP%20
Final%20Signed.pdf

AqUIFER RECOVERY                  ID
governor’s water budget

 Governor C.L. “Butch” Otter asked 
legislative budget writers on January 
25 to augment his Executive Budget 
request for fiscal 2017 with additional 
funding to reverse the decline of Idaho 
aquifer levels — especially the Eastern 
Snake Plain Aquifer (ESPA).  “After 
additional discussions with the Idaho 
Department of Water Resources on the 
funding necessary to meet the State’s 
commitment under the settlement 
agreement for the Eastern Snake Plain 
Aquifer (ESPA), I am revising my 
budget recommendation to fully fund 
its accelerated implementation,” the 
Governor wrote in a letter to members 
of the Legislature’s Joint Finance-
Appropriations Committee. (See Tuthill, 
Rassier & Anderson, TWR #108 for 
additional information on conjunctive 
management in Idaho).
 The revision calls for transferring 
$6.5 million in one-time funding 
to the Secondary Aquifer Planning, 
Management and Implementation Fund 
— increasing the total transfer to that 
fund to $16.5 million for the 2016-
2017 fiscal year.  It also would increase 
ongoing funds for water sustainability 
projects throughout Idaho by $3 million 
— increasing the total for those projects 
to $5 million.
 Meanwhile, on February 2 the 
Idaho Water Resource Board (Board) 
announced it is hoping to increase the 
amount of water recharged into the 
Eastern Snake Plain Aquifer in the 
winter of 2015-2016, with a target 
of 80,000 acre-feet of water.  Since 
October, approximately 36,000 acre-
feet of water have been returned to the 
aquifer.  The target could have been 
higher this winter.  The number of 
canals and recharge basins capable of 
delivering increased recharge flows 
won’t be available until next year, said 
Wesley Hipke, recharge project manager 
for the Idaho Department of Water 
Resources.  “To reach our goal, we need 
to bring more projects online,” Hipke 
said recently.  “In the winter of 2016-
2017, the plan is to more than double 
our current recharge capacity.”
 Aquifer recharge will help stabilize 
declining water levels in the ESPA, 
a vast subterranean water body that 

underlies the Snake River Plain from 
Ashton to Hagerman.  Recharge is 
accomplished by delivering water via 
unlined irrigation canals and dedicated 
spreading basins where it is allowed 
to seep into the aquifer.  The Board’s 
ultimate goal is to recharge 250,000 
acre-feet per year into the ESPA.  ESPA 
recharge projects also are a cornerstone 
of the recent historic water settlement 
agreement between surface water and 
groundwater irrigators in the ESPA 
area.  Under the settlement agreement, 
groundwater pumpers committed to 
reducing use of water by 240,000 
acre-feet per year.  This coming 
irrigation season will be the first year 
of implementation.  The reduction 
in consumptive use, combined with 
the Board’s goal of 250,000 acre-feet 
per year of recharge, are designed to 
stabilize and replenish the aquifer.
 The Board has a water right for 
approximately 1,200 cubic feet per 
second to divert water from the Snake 
River for recharge.  While it provides 
water for recharge throughout the winter 
in the lower part of the basin, it is 
difficult to predict the amount of water 
that will be available for recharge in the 
Upper Valley because, in that location, 
the Board’s water right is generally only 
in priority during above-normal water 
years.  Board officials are not counting 
on any recharge water to be available 
in the Upper Valley this year because 
runoff is expected to be used to fill the 
reservoir system.
For info: Brian Patton, Board, 208/ 
287-4800 or ESPA website: www.idwr.
idaho.gov/waterboard/WaterPlanning/
CAMP/ESPA/default.htm

FOREST REPORT                         US
drought & climate 
 The US Forest Service in January 
2016 released “Effects of Drought on 
Forest and Rangelands in the United 
States: A Comprehensive Science 
Synthesis” by J.M. Vose, J.S. Clark, 
C.H. Luce and T. Patel-Weynand.  
This assessment provides input to 
the reauthorized National Integrated 
Drought Information System (NIDIS) 
and the National Climate Assessment 
(NCA), and establishes the scientific 
foundation needed to manage for 
drought resilience and adaptation.  Focal 
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areas include drought characterization; 
drought impacts on forest processes and 
disturbances such as insect outbreaks 
and wildfire; and consequences for 
forest and rangeland values.
 Drought can be a severe natural 
disaster with substantial social and 
economic consequences.  Drought 
becomes most obvious when large-scale 
changes are observed; however, even 
moderate drought can have long-lasting 
impacts on the structure and function 
of forests and rangelands without these 
obvious large-scale changes.  Large, 
stand-level impacts of drought are 
already underway in the West, but all 
US forests are vulnerable to drought.  
 Drought-associated forest 
disturbances are expected to increase 
with climatic change.  Management 
actions can either mitigate or exacerbate 
the effects of drought.  A first principal 
for increasing resilience and adaptation 
is to avoid management actions that 
exacerbate drought effects.
 Options to mitigate drought 
include altering structural or functional 
components of vegetation, minimizing 
drought-mediated disturbance such 
as wildfire or insect outbreaks, and 
managing for reliable flow of water. 
Synthesis Abstract.
 To read a summary of the 
drought report by region visit 
http://climatehubs.oce.usda.
gov/content/forest-rangeland-drought.
For info: Synthesis at: www.fs.fed.
us/science-technology/climate-change/
drought-forests-and-rangelands

EPA & BRISTOL BAY                  Ak
epa actions reviewed

 The Office of Inspector General 
(OIG) for EPA on January 13 issued 
its report concluding a review of EPA’s 
actions and decision to conduct an 
assessment of Alaska’s Bristol Bay 
watershed.  While the OIG found neither 
evidence of bias nor a pre-determined 
outcome on the EPA’s part, it noted that 
an EPA employee may have misused 
his position by providing, through 
a personal non-governmental email 
account, comments on a Clean Water 
Act Section 404(c) petition drafted by 
six Alaska Native tribes before the tribes 
submitted the petition to the EPA.
 Multiple hotline complaints and 

congressional inquiries prompted the 
OIG to conduct the program evaluation.  
 The Bristol Bay watershed in 
southwestern Alaska is home to 25 
federally recognized tribal governments, 
and contains large amounts of copper 
and gold.  EPA conducted its watershed 
assessment from February 2011 
to January 2014 to determine the 
significance of Bristol Bay’s ecological 
resources and evaluate the potential 
impacts of large-scale mining on those 
resources. 
 OIG found that the EPA’s 
assessment appropriately included 
sections on three primary phases 
discussed in the agency’s ecological 
risk assessment guidelines.  EPA also 
met requirements for peer review, 
provided for public involvement 
throughout the peer review process, and 
followed procedures for reviewing and 
verifying the quality of information in 
the assessment before releasing it to the 
public.
 According to a statement issued 
on January 13 by EPA Regional 
Administrator Dennis McLerran on the 
OIG review, “[I]n contrast to claims 
from the Pebble Partnership, EPA 
did not issue a ‘preemptive veto’ of 
the mine.  Far from a veto of a mine, 
EPA’s proposed restrictions are well-
considered limits that balance the need 
to protect the world-renowned salmon 
fishery that thrives in the Bristol Bay 
watershed.  Pebble is free to file a 
Clean Water Act Section 404 permit 
application at any time, and though it 
has repeatedly said it would file a permit 
application, it has chosen not to do so.”
 McLerran’s statement also provided 
the following background on the review: 
“EPA’s assessment found that building, 
operating, and maintaining the mine 
would pose risks to the ecosystem 
and potential impacts to salmon and 
salmon habitat including: destroying 
24 to 94 miles of streams and two to 
seven square miles of wetlands; altering 
stream flows in nine to 33 miles beyond 
the mine footprint; and polluting streams 
from mine drainage and wastewater 
failures.
 Based in part on the assessment, 
EPA made a Clean Water Act Section 
404-C Proposed Determination to 
restrict any discharge of dredged or 

fill material related to mining the 
Pebble deposit that would result in: the 
loss of five or more miles of salmon-
bearing streams or 19 or more miles of 
tributaries; the loss of 1,100 or more 
acres of wetlands, lakes, and ponds that 
connect with salmon-bearing streams or 
tributaries; or alterations to stream flows 
greater than 20 percent of daily flow in 
nine or more miles of salmon-bearing 
streams.” 
For info: Suzanne Skadowski, EPA, 
206-553-2160 or skadowski.suzanne@
epa.gov; OIG Report at: www.epa.
gov/oig

TRIBES & TMDLS                         US
epa proposed rule For tribal process

 In section 518(e) of the Clean Water 
Act (CWA), Congress authorized EPA to 
treat eligible federally recognized Indian 
tribes in a similar manner as states 
(treatment as state (TAS)) for purposes 
of administering CWA § 303 and certain 
other provisions of the CWA, and 
directed EPA to promulgate regulations 
effectuating this authorization.  EPA has 
issued regulations establishing a process 
for federally recognized tribes to obtain 
TAS for several provisions of the CWA 
but has not yet promulgated regulations 
expressly establishing a process for 
tribes issuing lists of impaired waters 
and developing total maximum daily 
loads (TMDLs) under CWA § 303(d).  
EPA is now proposing to remedy this 
gap. 
 On January 19, EPA announced a 
proposed rule in the Federal Register 
(81 FR 2791, pp. 2791 -2803) 
establishing regulatory procedures for 
eligible tribes to obtain TAS for the 
CWA §303(d) Impaired Water Listing 
and TMDL Program.  The proposed rule 
would enable eligible tribes to obtain 
authority to identify impaired waters 
on their reservations and to establish 
TMDLs, which serve as plans for 
attaining and maintaining applicable 
water quality standards. 
 Public comments are being accepted 
through March 21.  Submit online at: 
www.regulations.gov using docket 
number EPA-HQ-OW-2014-0622.
For info: Sarah Furtak, EPA, 202/ 566-
1167 or TASTMDL@epa.gov
Federal Register site: 
https://federalregister.gov/a/2016-00736
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February 18-19 NV
2016 Family Farm Alliance 
Annual Conference, las vegas. 
Monte Carlo Resort. For info: www.
familyfarmalliance.org

February 21-24 CA
back to basics: will Compliance 
Concerns derail Efforts to 
innovate? - national Ass’n of Clean 
water Agencies (nACwA) winter 
Conference, San diego. Westin San 
Diego. For info: NACWA, www.
nacwa.org/16Winter/

February 22 ID
Private Managed Aquifer Recharge: 
implementing Conjunctive 
Management Symposium, idaho 
Falls. Shiloh Inn. Presented by 
Recharge Development Corporation. 
For info: Anita, 208/ 378-1513, info@
rechargedevelopment.com or www.
rechargedevelopment.com

February 22-24 England
world water-tech investment 
Summit: Adaptive Solutions for 
Future water Security, london. 
Hilton Tower Bridge. For info: http://
worldwatertechinvestment.com/

February 23 CA
dry, wet or Average? the Challenge 
for water Project Operations, 
Sacramento. Sacramento Convention 
Center. Presented by California Dept. 
of Water Resources & the Water 
Education Foundation. For info: http://
www.watereducation.org/conferences

February 23-25 DC
ACwA 2016 washington, 
d.C. Conference, washington. 
Mayflower Hotel. Presented by 
Association of California Water 
Agencies. For info: http://www.acwa.
com/events/acwa-dc2016

February 23-25 CO
2016 UiC Annual Conference, 
denver. Embassy Suites Downtown. 
Presented by Groundwater Protection 
Council. For info: www.gwpc.
org/events

February 24 TX
Slow the Flow: keys to Successful 
water Conservation Symposium, 
Amarillo. Amarillo Civic Center. 
3rd Biennial Texas Panhandle 
- South Plains Water Conservation 
Symposium. For info: www.
eventbrite.com/e/3rd-biennial-texas-
panhandle-south-plains-water-
conservation-symposium-tickets-
19214323559

February 24-27 CA
water Environment Federation 
(wEF) 2016 Utility Management 
Conference 2016, San diego. Hilton 
San Diego Bayfront. Presented by 
Water Education Foundation. For info: 
http://wef.org/conferences/

February 26 OR
Freshwater trust’s Annual gala 
& Auction, Portland. Portland 
Art Museum. For info: www.
thefreshwatertrust.org

February 26 CA
Endangered Species Act 
Conference, San diego. The Westin. 
For info: CLE Int’l, 800/ 873-7130 or 
www.cle.com

February 29 NV
water Rights in nevada Seminar 
- 2016 nwRA Annual Conference, 
las vegas. Tuscany Suites & Casino. 
Presented by Nevada Water Resources 
Association. For info: http://www.
nvwra.org/2016-water-rights-seminar

February 29 NV
Southern nevada dinner Forum 
- 2016 nwRA Annual Conference, 
las vegas. Tuscany Suites & 
Casino. For info: http://www.nvwra.
org/2016-sonvdinnerforum

February 29-March 1 OK
Oklahoma water law Conference, 
Oklahoma City. Skirvin Hilton. For 
info: CLE Int’l, 800/ 873-7130 or 
www.cle.com

February 29-March 3 NV
2016 nwRA Annual Conference 
week, las vegas. Tuscany Suites 
& Casino. Presented by Nevada 
Water Resources Association. 
For info: http://www.nvwra.
org/2016-annual-conference-week

March 2-3 Austria
European River Symposium 
2016 - best Practices in River 
basin Management: building 
Sustainable Partnerships, vienna. 
Note: 2016 European Riverprize 
Finalists Presentation. For info: www.
errconference.eu/

March 2-4 NV
lower Colorado River tour 
2016, Hoover dam. River Tour. 
For info: www.watereducation.
org/general-tours

March 3 OR
Conference on natural Resource 
damages, Portland. World Trade 
Center Two. For info: Environmental 
Law Education Center, 503/ 282-5220 
or www.elecenter.com

March 3-4 CA
California wetlands Conference, 
San Francisco. Hotel Nikko, 222 
Mason Street. For info: CLE Int’l, 
800/ 873-7130 or www.cle.com

March 7-10 RI
Sustainable water Management 
Conference, Providence. Providence 
Biltmore. Presented by American 
Water Works Association. For info: 
http://www.awwa.org/conferences-
education/conferences/sustainable-
water-management.aspx

March 9 CA
ACwA 2016 legislative 
Symposium, Sacramento. 
Sacramento Convention Center. 
Presented by Association of California 
Water Agencies. For info: http://www.
acwa.com/events/2016-legislative-
symposium

March 10-11 CO
2016 Martz winter Symposium: 
A Celebration of the work of 
Charles wilkinson, boulder. Wolf 
Law Bldg., Wittemyer Courtroom. 
Presented by the Getches Wilkinson 
Center for Natural Resources, Energy 
& the Environment. For info: www.
colorado.edu/law/research/gwc/events

March 10-11 DC
natural Resources damages 
Seminar, washington. Arnold & 
Porter LLP Conference Center. For 
info: Law Seminars Int’l, 800/ 854-
8009, registrar@lawseminars.com or 
www.lawseminars.com

March 13-15 CA
2016 wateReuse California 
Annual Conference, Santa Rosa. 
Hyatt Vineyard Creek Hotel & Spa. 
Presented by California Section of the 
WateReuse Ass’n. For info: https://
watereuse.org/news-events/

March 16 CA
imagine H2O water gala ‘16 
- Annual Celebration of water 
innovation & Entrepreneurship, 
San Francisco. The Palace Hotel 
Ballroom. For info: www.imagineh2o.
org

March 17 CA
defining the new normal: 2016 
Executive briefing, Sacramento. 
DoubleTree by Hilton, 2001 Point 
West Way. Presented by Water 
Education Foundation. For info: http://
www.watereducation.org/foundation-
event/2016-executive-briefing

March 17-18 MT & WEB
buying & Selling Ranches in 
Montana Seminar, billings. 
Hilton Garden Inn. For info: The 
Seminar Group, 800/ 574-4852, 
info@theseminargroup.net or www.
theseminargroup.net

March 21 AZ
#AzwaterFuture: tech, talk 
& tradeoffs - water Resources 
Research Center Annual 
Conference 2016, tucson. UA 
Student Union, 8 am-5 pm. For info: 
https://wrrc.arizona.edu

March 21-24 Il
illinois Section American water 
works Annual Conference & 
Expo (wAtERCOn) 2016, 
Springfield. Crowne Plaza Hotel & 
Conf. Ctr. For info: https://isawwa.
site-ym.com/page/2015conf00

March 21-25 DC
western States water Council 
Spring (180th) Council Meeting 
& washington, d.C. Roundtable, 
washington. Grand Hyatt 
Washington Hotel. For info: 
http://www.westernstateswater.
org/upcoming-meetings/

March 22 DC
white House water Summit, 
washington. For info: www.
whitehouse.gov/webform/share-your-
input-activities-and-actions-build-
sustainable-water-future

March 24 MT
trends in Environmental law ClE, 
Helena. Radisson Colonial Hotel. 
Sponsored by the Montana State Bar. 
For info: MSB, www.montanabar.org

March 29-30 TX
34th Annual AbA water law 
Conference, Austin. Hyatt 
Regency Austin. For info: http://
shop.americanbar.org/ebus/
ABAEventsCalendar/EventDetails.
aspx?productId=202302853

March 31-April 1 OR
Pacific northwest timberlands 
Management Conference, Portland. 
World Trade Center. For info: The 
Seminar Group, 800/ 574-4852, 
info@theseminargroup.net or www.
theseminargroup.net

April 6-9 CA
34th Annual Salmonid Restoration 
Conference: Salmonid Restoration 
in working watersheds, Fortuna. 
RiverLodge. For info: http://
calsalmon.org



April 7-8 TX
water Acquisition & Management 
for Oil & gas development: legal 
& Regulatory Requirements, 
Houston. JW Marriott Houston 
Galleria. Presented by Rocky Mt. 
Mineral Law Foundation & Institute 
for Energy Law. For info: www.
rmmlf.org

April 7-8 HI
western governor’s Species 
Conservation & Endangered 
Species Act inititive workshop, 
Oahu. Hawai’i Convention Ctr. For 
info: http://www.westgov.org/

April 11-13 DC
Federal water issues Conference, 
washington. Washington Court 
Hotel. Presented by National Water 
Resources Ass’n. For info: www.
nwra.org/upcoming-conferences-
workshops.html

April 11-14 Il
national Ass’n of Environmental 
Professionals Annual Conference, 
Chicago. Palmer House Hilton. For 
info: www.nwaep.org/event-1973831

April 13-16 CA
Central valley tour 2016, Central 
valley. Valley Tour. For info: www.
watereducation.org/general-tours

April 14-15 NM
law of the Rio grande Conference, 
Santa Fe. La Fonda. For info: CLE 
Int’l, 800/ 873-7130 or www.cle.com

April 18 OR
Cleanup Costs - who Pays? How 
Much? (Conference), Portland. 
World Trade Center. For info: 
Environmental Law Education Center, 
503/ 282-5220 or www.elecenter.com

April 18-19 WA
Clean water & Stormwater 
Seminar, Seattle. TBA. For info: 
Law Seminars Int’l, 800/ 854-8009, 
registrar@lawseminars.com or www.
lawseminars.com

April 19-20 UAE
global water Summit 2016, 
Abu dhabi. Jumeriah at Etihad 
Towers. Organized by Global 
Water Intelligence. For info: www.
watermeetsmoney.com/agenda

April 20-21 CA
25th California water Policy 
Conference, davis. UC Davis 
Conference Center. For info: http://
cawaterpolicy.org/

April 20-22 NC
2016 design-build for water/
wastewater Conference, Charlotte. 
Charlotte Convention Ctr. Presented 
by DBIA, AWWA & WEF. For info: 
www.dbia.org/Conferences/

April 21-22 CA
2016 green California Summit  & 
Exposition: greening the golden 
State, Sacramento. Sacramento 
Convention Center. Presented by 
Green Technology. For info: http://
www.green-technology.org/

April 24-27 CO
Solving groundwater Challenges 
through Research & Practice: 
national ground water Ass’n 2016 
groundwater Summit technical 
Conference, denver. For info: www.
groundwatersummit.org/

April 25-27 AK
water-Energy-Environment: 
2016 Spring American water 
Resources Association (AwRA) 
Conference, Anchorage. Sheraton 
Hotel. For info: www.awra.
org/meetings/Anchorage2016/


