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AQUIFER STORAGE AND RECOVERY
an important tool for western states

permitting developments & opportunities in washington

by Chris Pitre, Coho Water Resources, LLC (Seattle, WA)

IntroductIon
 
 Aquifer storage and recovery (ASR) — i.e, the placing of water into an aquifer for 
later retrieval — is increasingly being used throughout the world as a water resource 
management tool.  The Water Report has covered ASR in several previous articles, 
including TWR issues #8, #74, #91 and #130.  
 Two of the most important permitting issues in determining the feasibility of an ASR 
system are the recoverable quantity of water and the allowable changes in water quality 
resulting from artificial recharge.  These factors drive the financial and water system 
viability of an ASR system.
 In Washington State, the Department of Ecology (Ecology) is responsible for both 
water supply and water quality regulation and oversight.  Ecology has recognized ASR as 
an important water supply management tool since the early 1990’s.  Yet, only two ASR 
systems in Washington — the cities’ of Walla Walla and Yakima — are fully permitted and 
operational, with both having received their permits in the past two years.  Several other 
permitted projects are not operating for a variety of reasons.
 Over the past decade, obtaining additional water supply by applying for a new water 
right in Washington State has become nearly impossible.  Balancing competing needs for 
potable and agricultural water supply, while maintaining healthy ecological conditions 
in the face of climate change, imposes serious constraints on water managers.  Court 
decisions have restricted Ecology’s ability to develop mitigation packages, and the general 
application of “precautionary principles” in the regulatory environment has created 
frustration and uncertainty for both water managers and regulators.  The water balance 
neutral aspect of ASR is a universally accepted water resource management approach.
 This article focuses on the issues of recoverable quantity and allowable water quality 
changes associated with ASR in Washington State.  It addresses both the technical and 
permitting challenges of these issues as they have unfolded over the past 15 years.  The 
primary difficulties in Washington’s ASR permitting process relate to the calculation of 
recoverable quantity, and the required quality of recharge water as it relates to compliance 
with Washington’s Antidegradation of Groundwater Rule.
 These two issues will first be directly discussed including alternative points of 
recovery (Aquifer Storage Transfer and Recovery or ASTR) and the use of water quality 
data to evaluate mixing processes.  Next, permitting difficulties are reviewed with 
suggestions for improvements.  The article closes with a brief synopsis of ASR projects in 
Washington State.



Issue #156

Copyright© 2017 Envirotech Publications; Reproduction without permission strictly prohibited.2

The Water Report

The Water Report
(ISSN 1946-116X)

is published monthly by 
Envirotech Publications, Inc.

260 North Polk Street, 
Eugene, OR 97402

Editors: David Light             
 David Moon     

Phone: 541/ 343-8504  
cellular: 541/ 517-5608 

Fax: 541/ 683-8279  
email: 

thewaterreport@yahoo.com  
website: 

www.TheWaterReport.com

Subscription rates:  
$299 per year

Multiple subscription rates 
available. 

Postmaster: Please send 
address corrections to 

The Water Report,  
260 North Polk Street,

 Eugene, OR 97402

Copyright© 2017 Envirotech 
Publications, Incorporated

ASR

Recharge Water

Factors
Required

Recovery
&

Water Rights

BAckground

 An ASR system operates on a cycle of recharge to an aquifer during times of excess water availability, 
and recovery from the aquifer at a later time during a drier period.  This operating cycle can be over 
varying time frames ranging from seasonal to annual to multi-year.  In some cases, daily or weekly cycles 
of ASR are used.  Recharge water is commonly surface water, but may be stormwater, reclaimed water, or 
water from another aquifer.  ASR can provide the benefits of storage without the above-ground footprint 
and permitting challenges of conventional surface water impoundments.  ASR can increase water supply 
availability and reliability, provide environmental benefits, and be an effective response to climate change 
impacts on water supply availability.  The fortunate conjunction of multiple factors is required in order for 
ASR to be viable, including: a source of water to recharge; an appropriate aquifer for storage; adequate 
infrastructure (pre-recharge treatment as needed, transmission system, and recharge/recovery wells); 
workable economics; and an enabling permitting regimen. 
 ASR systems are operating in other parts of the United States (e.g., Oregon since 1997, California, 
the Southwest, and Florida) and around the world (e.g., England, Australia, and Israel).  Washington State 
has an ASR permitting structure in place, and a stated policy that supports and encourages ASR (RCW 
90.03.370; WAC 173-157).  The State also has provided significant funding to advance projects.  However, 
the permitting process in Washington remains difficult with ongoing regulatory uncertainty and few 
encouraging precedents upon which to plan projects.  Consequently, planners and managers have a difficult 
time convincing decision makers to commit to ASR projects.  The potential benefits of ASR are not being 
realized in Washington State despite a clear need and projects that are ready to come on line.

rEcovErABlE QuAntIty

 An ASR permit is a storage water right to store water underground (RCW 90.03.370).  A primary 
diversionary or withdrawal water right is needed to provide the water to be recharged.  If the final purpose 
of use is different from the primary water right, a secondary use water right is needed for the ASR permit.  
The functions of the ASR permit are to ensure recharge activities are within the limits of the primary water 
right and protective of aquifer water quality.
Qr – A Water Balance variable  
 “Recoverable quantity” (Qr) as used in this article is a water right parameter.  It is the amount of 
recharged water that should be allowed to be recovered under an ASR permit.  Recoverable quantity is 
properly based on physical water balance considerations.  The objective of ASR is to place available water 
into storage in aquifers, for later recovery when it is otherwise not available.  The amount of water that is 
recoverable depends on the amount of “excess” water, that is, the amount of water that remains in storage 
at the time of recovery above what would otherwise be in the aquifer if recharge had not been conducted.  
Recovery of the same molecule of water is not required to comply with the intent of the ASR rule.  Due to 
the properties of aquifers — some aquifers hold water well (“tight aquifers”), while others do not (“leaky 
aquifers”) — the recoverable quantity, as a percentage of that which was originally recharged, may differ 
for each project.
 When a project proponent places valuable water into the ground for an ASR program, either under their 
primary water right or with water that they have purchased, they naturally wish to maximize the quantity of 
water that can be recovered.  Water right holders with a keen awareness of the value of water may initially 
believe they have a right to recover 100% of water they place into the ground.  Conversely, regulators are 
cautious to not allow more water to be recovered than is legally valid.
Qr – Independent of Water Quality
 Artificially recharged water co-mingles with natural recharge and the question of “what water?” is 
being recovered is often asked.  Co-mingling is relevant in the water quality context, and irrelevant in the 
water quantity (water right) context.

Recovery of the “same molecule” of water that was recharged is not required to comply with the 
intent of the water quantity aspect of the ASR rule (i.e., Qr: recoverable quantity).  The recovered water, 
as a percentage of that which was originally recharged, or the same molecule recharged, varies depending 
on:  the configuration of the aquifer; its connection to adjacent aquifers and boundaries; and the physical 
processes that govern mixing.  Water that is not recovered becomes part of an augmented water balance for 
that aquifer system that may provide benefits to, for example, increased aquifer storage and/or streamflows.  
From the project proponent’s perspective, unrecoverable water increases the marginal cost of an ASR 
project.
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 Tight aquifers hold water well and behave like a storage tank.  Tight aquifers in which water levels 
have dropped significantly due to over-drafting are good candidates for ASR because there has been storage 
room created to accept recharged water.  Examples of tight aquifers include the Columbia River Basalts of 
the Odessa and Walla Walla areas of Washington, and the Willamette Valley of Oregon.  These basalts can 
be highly productive, supporting individual well yields in excess of 3,000 gallons per minute (gpm).  These 
basalts often contain blocks that are bounded by geologic faults that create isolated compartments.  
 Water from these basalt compartments can be “mined,” and water levels lowered by pumping, which 
demonstrates that they are isolated and do not receive recharge from lateral flow along strata.  [Editor’s 
Note: “mining” occurs when more water is withdrawn from an aquifer than is recharged.]  Because they are 
isolated and hydraulically disconnected from adjacent areas, they also will contain water that is recharged 
without loss to leakage.  For example, ASR projects in Oregon for the Tualatin Valley Water District and 
City of Salem are established in Columbia River Basalts and ASR injection results in stable water level rise 
that is the result of artificial (not natural) recharge.  The Oregon Water Resources Department has permitted 
these projects with 90-95% recoverable quantities, even in the presence of significant mixing.
“lost” Water Is not lost
 Leaky aquifers, which are more directly connected to adjacent aquifer systems and/or streams, can also 
play a role in ASR projects in the Pacific Northwest.  In these cases, groundwater flow is more dynamic 
and less like a storage tank.  Recharge can increase the amount of groundwater discharge to streams and 
rivers.  In the Walla Walla Valley a surface infiltration project is specifically designed to augment stream 
flows for environmental enhancement, and the leakage of recharge water back to the river is the desired 
objective.  This project straddles the Washington-Oregon border and operates under a temporary water 
right from Ecology and limited licenses from the Oregon Water Resources Department.  In this case, there 
is no active recovery or associated downstream water right credits, and so the permit does not stipulate a 
recoverable quantity.  Recognizing the full spectrum of benefits beyond one immediate issue at hand can 
greatly facilitate the acquisition of funding and project support.
 The means of determining the amount of recoverable water are not prescribed in the regulations out 
of recognition that the recoverable amount varies in relation to the many influencing factors, and that a 
“one-size-fits-all” approach is not desirable.  In the Pacific Northwest, ASR has been pursued by applicants 
with a responsibility of providing drinking water in the context of seasonal water availability, with artificial 
recharge occurring in the winter and recovery occurring in the summer.  However, recharged water may 
remain in storage for more than one year before recovery.  Therefore, an analysis of the seasonal water 
balance is needed to understand how ASR recharge interacts with the aquifer system.  This is typically 
conducted through development of a conceptual model, a pilot test and an associated groundwater model or 
analytical evaluation.
Monitoring
 Monitoring aquifer water levels is an important element of the pilot test to understanding the system.  
Aquifer water levels can be a good indicator of the status of aquifer storage and recoverable quantity.  
However, separating water level responses due to ASR from natural recharge responses and other pumping 
in the aquifer can be difficult, particularly in aquifers that are pumped for irrigation.  Technical work is 
needed to understand the aquifer dynamics before a determination of recoverable quantity can be made and 
even then uncertainties may remain.  The determination of recoverable quantity requires that Ecology, in 
consultation with an applicant, evaluate the supporting technical work.

The ABC’s of ASR

AGR – Antidegradation of Groundwater Rule:  Washington Administrative Code (WAC) 173-200 

AR – Artificial Recharge:  Includes all forms of artificial recharge to groundwater.

ASR – Aquifer Storage and Recovery:  In Washington, recharge through deeper wells and later active recovery through wells.

ASTR – Aquifer Storage Transfer and Recovery.  Coined by Dr. Peter Dillon of Australia for recharging stormwater at one 
location with recovery at a different point.

IPR – Indirect Potable Reuse:  Used by California in recharging reclaimed water to groundwater at one point and recovering it a 
different point.  Similar to ASTR.

MAR – Managed Aquifer Recharge:  The same as AR.

MUS – Managed Underground Storage:  Used by the National Academy of Sciences.  Includes ASR and SAR.

SAR – Shallow Aquifer Recharge:  In Washington, used by Ecology for recharge from ground surface or subsurface to the 
vadose zone intended to augment streamflows, and not actively recovered through wells.  Used in California and elsewhere 
for actively recovered water.
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For example, the City of Yakima’s primary surface water source is reliable in most years, but is 
curtailed during drought conditions every few years.  The City has 60% redundancy in groundwater 
sources and can only last a few days during peak demand periods operating on groundwater wells.  The 
City explored the use of ASR to permit additional groundwater sources.  The intent is to recharge water 
at several points to the aquifer for recovery when needed at a new well.  Computer simulation models of 
stored groundwater indicate approximately 90% of the recharged water is recoverable within the first year 
after recharge.  The target recharge aquifer is slightly leaky and is predicted to lose water over time, such 
that approximately 60% of the recharged water remains available for recovery after 10 years (assuming no 
intervening recovery).  The unrecovered water will provide benefits by restoring depleted aquifer storage 
and ultimately sustain cool baseflows to the Yakima River that is important to improving habitat conditions 
for salmonids listed for protection under the Endangered Species Act.
Alternative Points of recovery
 California has a specific application of ASR for reclaimed water — referred to as indirect potable 

reuse (IPR) — in which treated water can be directly 
injected into a groundwater aquifer.  The groundwater can 
later be pumped out of the aquifer at a different well and 
either treated further or distributed directly into the drinking 
water delivery system.  One of the first applications of IPR 
through groundwater replenishment with advanced treated 
water in California was the Orange County Water District’s 
Water Factory 21, which began providing reverse osmosis 
treatment of recycled water to prevent seawater intrusion in 
1976.  Orange County Water District later implemented their 
Groundwater Replenishment System, which has provided 
full advanced treated purified water for Orange County 
since 2008.  The Groundwater Replenishment System, 
which is jointly-funded by the Orange County Water 
District and the Orange County Sanitation District, has a 70 
million gallon per day capacity and produces enough water 
for nearly 600,000 people.  See Markus, TWR #59.  The Los 
Angeles Department of Water and Power, in collaboration 
with the City’s Bureau of Sanitation, is proceeding with its 
proposed Los Angeles Groundwater Replenishment Project 
to increase groundwater recharge using purified, advanced 
treated recycled water to supplement drinking supplies.  The 
purified water replenishes up to 30,000 acre-feet per year at 
existing spreading grounds and new injection wells.
 Similar to California’s IPR, Australia recognizes a 
mode of ASR called Aquifer Storage Transfer and Recovery 
(ASTR).  The term ASTR involves recharge at one location 
and recovery (transfer) at another location.  The term was 
originally applied to the recharge of stormwater treated by 
being passed through a reed bed or wetland, into an aquifer.  
Here, the recovery of the same molecule of recharged water 
is not feasible because the quality of the recharged water 
doesn’t immediately match its intended end use as drinking 
water or where negative public perception of recovering 
and using the same water is an issue.  Recovery at a point 
different than the recharge point appropriately separates 
the water quality and water quantity components of water 
resource management and managed aquifer recharge in 
the context of western water law, water balance, and ASR 
permitting.
 Where ASR is permitted based on water balance 
considerations, recovery of the “same molecule” of 
recharged water is not relevant, as long as recovery is of 
the surplus balance created by the recharged water.  This 
is exemplified in ASTR or IPR programs which may or 
may not recover the same molecule of recharged water.  
The application of ASTR is particularly important to 
permitting additional points of withdrawal and/or increased 
instantaneous withdrawal rates.
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 Recharge at wells is commonly limited by available system/recharge pressure, gravity, and periods 
of recharge water availability.  The withdrawal capacity of a well on an annual basis can easily exceed 
the practical annual recharge capacity.  Therefore, for systems with seasonal demand (e.g., for irrigation 
or municipal demand) recharge at multiple wells may be needed to sustain the capacity available or peak 
demand-driven supply needed from one new well.  Additionally, in the operation of a wellfield, specific 
wells used at various times for recharge may be temporarily out of commission for maintenance or system 
upgrades.  Maintaining access to recharged water for recovery through other than recharge wells is 
reasonable to maintain supply reliability.

groundWAtEr QuAlIty rEgulAtIon 
 Washington State has an Antidegradation of Groundwater Rule (AGR) to protect the groundwater 
from contamination.  The rule establishes maximum concentrations for a broad suite of constituents that 
may be introduced to groundwater.  Background water quality is the reference standard for all constituents 
for which criteria have not been established.  The AGR states that the purpose of these criteria is “for the 
protection of a variety of beneficial uses of Washington’s groundwater” and that, “Drinking water is the 
beneficial use generally requiring the highest quality of groundwater.” (WAC 173-200-040(1)(a)).  The 
AGR sets a high bar for ASR projects in Washington State that is often not met prima facie (at first sight) 
due to the common presence of some organic compounds in chlorinated drinking water.
disinfection By-Products 
 Municipal ASR programs typically recharge water from their drinking water system, which meets 
federal Safe Drinking Water Act (SDWA) standards.  Chlorination is the most common disinfection 
process to produce potable water for injection.  Recharge source water is commonly treated to drinking 
water quality standards and delivered through drinking water distribution systems to recharge wells.  A 
minimum residual chlorine disinfection level of 0.2 mg/L is required by the SDWA at the drinking water 
treatment plant, and a measurable residual is required throughout the distribution system.  An advantage 
of using chlorine disinfection for ASR projects is that this residual disinfection helps control biofouling 
(accumulation of organisms on wetted surfaces) in recharge wells.  A disadvantage is the creation of 
chlorination disinfection bi-products (DBPs) in concentrations above AGR standards (Table 1).
 Regulated DBPs include trihalomethanes (THMs) and haloacetic acids (HAAs).  HAAs typically 
degrade to below detection limits within a few weeks after recharge while in groundwater storage.  THMs 
are persistent in groundwater.  The concentrations of THMs can initially increase as a result of continued 
reaction between residual chlorine and organic matter, as well as decomposition of HAAs (specifically 
trichloroacetic acid), and thereafter decrease by dilution (Figure 1).

table 1:  chlorination disinfection Byproducts and regulatory criteria in Washington State 
All concentrations are in micrograms per liter (µg/L).

(a) WAC 246-290
(b) Representative of the cities of Kennewick, Walla Walla, White Salmon and Yakima reported in recent water system consumer 

confidence reports.
(c) WAC 173-200
(d) TTHM = Total trihalomethanes, including chloroform, bromodichloromethane and dibromochloromethane
(e) HAA(5) = the five haloacetic acids regulated for drinking water
(f) No numeric criteria are established for these parameters.  Therefore the compliance criteria is background, which is zero, 

without a determination of OCPI.
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Washington’s Anti-degradation rule (Agr)
 In Washington, recharge water concentrations of constituents that do not have numeric standards under 
AGR may exceed background groundwater concentrations if Ecology determines there is an overriding 
consideration of public interest that will be served (“OCPI”; WAC 173-200-030(2)(c)).  For constituents 
for which numeric standards have been established, Ecology may issue a five-year variance to the AGR 
on the basis of OCPI.  A reconsideration of the OCPI decision is required every five years.  Variances can 
be obtained by conducting an All Known Available and Reasonable Technology (AKART) analysis, and 
presenting arguments supporting a determination of OCPI.
 Our observation on AKART as applied to ASR projects is that the analyses are remarkably similar 
in their methods, findings, and recommendations for municipal ASR programs.  DBPs are an issue 
with all water systems that use chlorination disinfection and the minimization of DBP formation at the 
treatment plant is an increasing priority.  Technologies typically considered in the AKART analysis to 
reduce DBP formation include reverse osmosis (RO), granular activated carbon (GAC), and natural 
attenuation.  However, RO and GAC are expensive and both technologies develop waste streams of their 
own.  Treatment after DBPs are formed can involve multiple technologies, many of them associated with 
filtration.  Not surprisingly, the typical recommendation of AKART analyses for ASR projects is natural 
attenuation, since movement of recharge water through an aquifer can be an effective form of filtration.
 Potential conflict between ASR and anti-degradation rules was recognized when the ASR rule was 
under development in the mid-1990’s.  The rule directs Ecology to “give strong consideration to the 
overriding public interest in its evaluation of compliance with groundwater quality protection standards.” 
(WAC 173-157-200(2)).  However, two recent court decisions have given regulators pause in exercising 
that discretion.
 This concept of overriding consideration of public interest (OCPI), is also present in water rights 
regulations.  In October 2013, the Washington State Supreme Court (Court) ruled against Ecology where 
it had used an OCPI determination in 2006 to revise a 2001 instream flow rule (WAC 173-504) (see Pors, 
TWR #124 — regarding decision known as the “Swinomish” case).  The Court held that Ecology exceeded 
its authority to use the “overriding considerations of public interest” exception to grant reservations for 
future water rights in the Skagit River basin where instream flow rights would be impacted.  The ruling 
also found that the use of OCPI that impairs an existing instream flow was in conflict with the water 
rights doctrine of prior appropriation.  Finally, the Court rejected the simple economic balancing test used 
by Ecology and found that the OCPI exception “is a narrow exception, not a device for wide-ranging 
reweighing or reallocation of water through water reservations for numerous future beneficial uses.” 
Swinomish Indian Tribal Community v. Ecology, 178 Wn2d 571, 585 (2013) (emphasis in decision).   The 
courts also ruled against the use of OCPI in the “Foster” case, Foster v. Ecology, et al., Case No. 90386-
7 (Oct. 8, 2015), in which de minimus impacts on instream flows from a new water right for the City of 
Yelm were involved.  The Court in Foster definitively ruled that instream flows (minimum flows) are fully 
protected water rights, and senior existing water rights cannot be impaired — to even a de minimus degree 
— by a new permit,  despite mitigation plans that may provide ecological benefits See Moon, TWR #141.
 The application of OCPI to an instream flow rule is different than the application of OCPI under the 
AGR.  In Swinomish and Foster, the application of OCPI was evaluated relative to the western water law 
doctrine of prior appropriation, and resulted in permanent water right allocations.  An application of OCPI 
under the AGR relates to water quality regulations and such decisions must be reviewed every five years.
 A legislative bill was introduced in 2015 by State Senators Jim Honeyford (Yakima Valley) and Doug 
Eriksen (Nooksack) that included a provision to allow recharge water to contain constituents of up to 50% 
of drinking water quality criteria, as allowed in Oregon.  The bill was introduced late in the session and 
failed under opposition by some environmental groups and Indian Tribes.
recharge Water Quality regulation in other States
 Washington State is unique from many other jurisdictions in having an Antidegradation of 
Groundwater Rule.  While the rule was enacted with the best of intentions when it was passed in 1990, 
it creates a compliance challenge for ASR projects in Washington State many other jurisdictions do not 
have to consider.  These other jurisdictions typically consider drinking water standards as the compliance 
standard when establishing compliance criteria for ASR projects.  AGR criteria for DBPs are typically an 
order of magnitude stricter than drinking water standards (Table 1, Figure 1).

The federal law allows the recharge of water if that recharge does not cause endangerment (i.e., an 
exceedance) of primary federal drinking water standards (Section (§) 1421(d)(2) of the SDWA and 40 CFR 
Part 142).  Federal regulations require the registration of injection wells under the Underground Injection 
Code.  While there has been no endangerment of drinking water supplies in recharged water, there have 
been some instances of endangerment issues after recharge and during storage such as dissolution of 
metals (including arsenic) reported on the East Coast and in the Midwest, and potential issues regarding 
radionuclides and disinfection by-products.
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 Oregon allows ASR projects to recharge water containing up to 50% of the primary maximum 
contaminant levels (MCLs) of drinking water parameters, which are of human health concern, and up to 
100% of the secondary MCLs of parameters, which are of aesthetic and potentially operational concern.  
Recharge must stop immediately upon the detection of concentrations above specified levels (e.g., 50% of 
primary MCL) until concentrations decline below allowed levels.  Recharge of water with concentrations 
above 50% of MCLs is allowed under certain conditions.  Oregon has approximately 25 permitted and 
operational ASR projects.

 rESolvIng PErMIttIng dIFFIcultIES 
 Increasing pressure on water supplies, combined with a general application of “precautionary 
principles” in the regulatory environment has created frustration and uncertainty for both water managers 
and regulators.  The concept of ASR has remained valid since its endorsement by Ecology in the 1990s.  If 
anything, the implementation of this water resource management tool has become ever more indispensable 
in the face of climate change.  “Water balance neutral” is a tenet of water supply that most people can agree 
with and that the courts have left for Ecology’s use in making water right decisions.  With these points in 
mind, we should be looking for means of simplifying and enabling the permitting and implementation of 
ASR programs in Washington State, both for project proponents and regulators.

recoverable Quantity
Recoverable Quantity ≠ Recovery Efficiency 

“Recoverable quantity” and “recovery efficiency” sound similar but are very different concepts and 
confusion about their meaning and appropriate use can arise.  Recovery efficiency (as defined by Pyne 
(1994)) is the amount of high quality water recharged into an aquifer of poor water quality (e.g., a saline 
or non-potable aquifer) that can be recovered and still be of acceptable quality.  This is generally shown as 
a percentage of the recharged volume.  Recovery efficiency can change with subsequent recharge cycles.  
The aquifer can be conditioned, or a buffer zone established.  Recharge cycles conducted within a “bubble” 
thus created can achieve 100% recovery efficiency.  This definition was primarily developed in the context 
of recharge into deep brackish non-potable Floridian aquifers and is defined by water quality criteria.  Thus, 
recovery efficiency, as defined by Pyne, has no relation to water quantity.  Likewise, it bears no relation to:  
recoverable quantity as defined earlier in this article in the context of western water law; associated ASR 
regulations; or, the amount of water that should be allowed to be recovered under an ASR permit.
recoverable Quantity is Fungible

Too much focus has been placed in past technical analyses of ASR projects on the water quality 
variables as an indicator of recoverable quantity.  Technical consultants have conducted mass balance 
analysis as “recovery efficiency” or present modeled recharged ASR groundwater plumes similar to 
wellhead protection exercises that show molecules of water not being recovered and “getting away.”

Similarly, regulators have applied these water quality exercises in some cases to determinations of 
recoverable quantity in permits.  Water, in the context of a water right / water balance / western water law 
variable under the ASR rule WAC 173-157, is fungible  (i.e., able to replace or be replaced by another 
identical item; money is fungible — any dollar bill withdrawn from a bank can represent any deposit, not 
just the one transaction through which it was deposited — just as any molecule of recovered water should 
represent recharged water that remains in the aquifer bank from ASR recharge and has not leaked away).
Models and Modeling
 The best means of estimating recoverable quantity is with a well-developed conceptual model, a 
quantitative groundwater flow simulation model, and water level monitoring.
Alternative recovery Points
 If there is a valid water right to recharge an aquifer, one should generally be able to recover it 
anywhere within the same body of groundwater, subject to an assessment of impairment.  This is consistent 
with western water law.
 In the example cited above for the City of Yakima, the City’s need for additional groundwater 
withdrawal capacity can best be realized with permitting of a new water well within an ASR/ASTR 
program.  Existing wells are already permitted to their installed capacity.  Therefore, recharging through 
existing wells provides no additional permitted capacity if recovery is limited to those wells.  Because 
the operational withdrawal capacity of a well exceeds its recharge capacity, limiting recovery of a new 
well to water that is recharged through it limits the use of that well to possibly only 30-50% of its actual 
capacity.  Otherwise, construction of additional dual purpose recharge/recovery wells adds considerable 
expense to a program when each well costs on the order of several million dollars, or seriously constrains 
needed redundancy and backup capacity.  Allowing recharge though multiple wells when they are not 
being used for production in the winter and recovery through a new well under ASTR optimizes the use of 
infrastructure and lowers costs.
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Adaptive Management
 Ecology has incorporated adaptive management options in its most recent permits in which project 
proponents can petition for amendments of the permit parameters with supportive information (e.g., 
reduction of monitoring burden or increase of recoverable quantity).  Such options allow the regulator to 
issue a permit with conservative parameters that can be eased over time with confidence.

Water Quality and the Anti-degradation of groundwater rule
process improvement considerations

 Monitoring of water quality during recharge/recovery cycles of recharged water in the evaluation of 
ASR projects is necessary to: 

• Foresee potential operational problems (e.g., biofouling).
• Ensure water quality is appropriate for its intended end use; (e.g., compliance with the SDWA).
• Comply with regulatory requirements.  

 The majority of the issues are characterized through the early ASR development phases of AKART 
analysis and pilot testing.  The following options are recognized for possible improvements when dealing 
with the AGR in ASR projects:

Statutory Fix
 A statutory fix processed through the State legislature to reconcile the AGR and ASR rules could be 
modeled on Oregon’s regulations.  It would be appropriate for Ecology to coordinate this effort because it 
manages both the ASR and AGR rules.  Legislation would have to be drafted and facilitation and outreach 
to stakeholder groups such as other State departments, tribal and environmental interests would be required.  
However, the record of passing any legislation in the current partisan environment is not encouraging.  
Therefore, the other options should be concurrently developed.
Programmatic AkArt
 Ecology has invested significant resources — both staff and financial — for the support and 
development of ASR programs in Washington State.  Many components of AKART analyses are repetitive.  
Additionally, the level of rigor required by Ecology in the execution of the analysis varies.  Significant 
efficiencies may be realized by conducting a programmatic AKART analysis that would be applicable 
to projects that fall within certain parameter ranges (e.g., all regulated constituents are less than 50% of 
federal Safe Drinking Water Act (SDWA) drinking water levels).
AkArt Analysis template
 The requirements for AKART analysis involve examining the historical water quality record of a 
drinking water system considering ASR, typically that submitted to the Washington State Department of 
Health (DOH) as part of the SDWA monitoring requirements, such as required by Class A public drinking 
water systems.  The data record can be significant, going back 20 years or so, involving a broad suite of 
analytes including benign general chemistry and usually an extensive record of DBPs.  The more recent 
record may be readily available in electronic format by downloading it from DOH or in project proponent 
files.  Some of the record may be more difficult to obtain.  Also, it is common that treatment systems have 
been modified over time and the older record does not reflect current conditions.  It is recommended that 
the examination of the historical record be limited to a recent period, for example the last five years, or 
since a treatment system was last modified — whichever is less.
Monitoring
 Careful and deliberate analysis and monitoring during feasibility assessment and pilot testing are 
advisable.  Water quality in every ASR project in the Pacific Northwest has been excellent and has always 
met drinking water standards.  This experience should be considered and less rigorous monitoring may be 
reasonable during the operational phase where new projects are developed in similar settings (e.g., Puget 
Sound Lowland sand and gravel aquifers, and Columbia River Basalt aquifers).  Where new settings are 
being tested, more rigorous monitoring should be considered in previously untested aquifer systems (e.g., 
the western slope of the Cascades where naturally high arsenic concentrations exist).
Adaptive Management
 Significant water quality monitoring requirements are included in the permits including whole water 
chemistry and DBPs.  These requirements are generally greater than necessary, and are likely included out 
of an abundance of caution.  The project proponents may petition Ecology for relaxed schedule after an 
initial period of operations (e.g., two years).  This is reasonable if no concerns are identified; if the project 
proponents control DBPs to the best of their ability; and if the data are sufficient to impart confidence to the 
regulators that future conditions are predictable.
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close and collaborative coordination Between Applicant and Ecology
 The applicant and Ecology usually have common interests in permitting an ASR project:  responsible 
resource management; including protection of groundwater quality; the provision of water for public and 
economic development; and controlling costs.  The permitting process could be much improved by closer 
and clearer communication between the applicant and Ecology on the specifics of each step of the process, 
starting with the conceptual model, groundwater flow simulation modeling, pilot testing, and AKART 
analysis.  Developing a general programmatic framework early in the process, as was done for the Yakima 
ASR program, can lay down principles and anticipated outcomes to more smoothly move understanding 
and the project permitting process forward.
 Developing an ASR project can be a long-term project involving significant costs.  This leaves ASR 
to be primarily developed by public agencies such as cities and water districts.  Therefore it is necessary 
within the structure of an applicant’s organization to have the foresight and leadership to champion a 
project.  It is in the best interests of all involved to minimize hurdles to developing ASR projects, including 
financial and management burdens.
 Ecology must take a conservative approach in making water right decisions, particularly in light 
of recent court decisions.  It is easier to start with stricter provisions and then ease up, rather than over-
promise or raise an applicant’s hopes and then reverse decisions.  However, in order to allow good projects 
to move forward, Ecology must not be so overly precautionary so as to discourage project development.  
Monitoring and adaptive management can provide a comfort zone to regulators in making decisions.

StAtuS oF ASr ProjEctS In WAShIngton StAtE

 Ecology’s ASR webpage shows multiple ASR projects, though only two are operational (Figure 2).  
The City of Yakima received an ASR permit in 2016 for the storage of 14,400 acre-feet.  The City of Walla 
Walla has been operational since 1999 and received its permit in 2015 to store a maximum of 11,750 acre-
feet of water.  A brief summary on each project is provided below.
yakima 
 The City of Yakima ASR project conducted two ASR pilot tests (2001 and 2014) that proved the 
feasibility of ASR.  The Ellensburg Formation sandstone aquifer system underlying the Yakima River 
and overlying the Columbia River Basalts is slightly leaky.  The recoverable quantity is estimated with a 
computer groundwater storage and flow simulation model to be over 90% after one year of recharge and 
less in subsequent years.  The City needs ASR to permit additional groundwater supply as a backup for 
when their surface water source is curtailed for whatever reason (e.g., drought, water rights curtailment, 
incapacitation of their surface water treatment by surface water conditions, etc.).  The City’s ASR system is 
operational.
 Ecology’s Central Regional Office issued a permit in 2016 allowing 85% recovery in the same year 
as recharge, a decrease of 5% in the first year following recharge, and an annual decrease of 10% in 
subsequent years.  This is reasonably close to predicted technical analysis, and a petition may be made to 

amend the quantities and expand the program after two 
years of operation.
 One reason that the permit was issued within two 
years of a concerted effort to process the application was 
because the Yakima Basin Integrated Plan recognized the 
multiple benefits the project would impart, not only for 
improving the reliability of the City’s water supply, but 
also the leakage of recharged water back to creeks and the 
Yakima River thereby creating thermal refugia (i.e., areas 
of cooler to support fish runs).  With a fully permitted 
ASR system, the City can now conjunctively manage 
surface water supplies, including making water available 
to others in the Yakima Basin in drought periods, which 
have been occurring more frequently and are predicted to 
increase in frequency due to climate change.
Walla Walla 
 The City of Walla Walla’s ASR system is fully 
constructed and has been operating since 1999 with 
plans for expansion.  The City’s principal drinking water 
supply source is surface water from a protected watershed 
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straddling the Washington/Oregon border.  The principal motivation for the City to implement ASR was the 
declining water table and to ensure adequate groundwater supply from the Columbia River Basalt system 
if their surface water treatment plant were incapacitated by a forest fire in the watershed — which almost 
occurred in the Blue Creek Fire in the 2015 forest fire season.  The availability of groundwater supply for 
the City is dependent on both the actual supply in the aquifer (susceptible to depletion) and permitting 
issues.  ASR operations are restoring the aquifer storage.
 The City worked through details of a permit with Ecology since 2009 and received a permit in June 
2015, issued by Ecology’s Eastern Regional Office.  The Walla Walla permit, allows a maximum recovery 
of 60% in the first year of storage, and an annual reduction of 10% of unrecovered water in subsequent 
years.  The permit cites a “water quality mass balance” as the basis for the 60% recoverable quantity in the 
first year.  This is despite numeric modeling that a water balance supported upwards of 90% recoverable 
quantity.  The geological setting (block-faulted basalts) is similar to projects in Oregon in which initial 
recoverable quantities of 90% are routinely granted and amendments of up to 95% recoverable quantity 
have been allowed.  The permit allows the City of Walla Walla to request an amendment to these volumes 
when sufficient data has been collected and to expand the program.
lakehaven oASIS 
 Lakehaven’s OASIS ASR project was among the first in the state to receive an ASR permit, issued 
by Ecology’s Northwest Regional Office in 2006, upon passage of the ASR rule in 2000.  The project is 
located immediately northeast of Tacoma, hosted in a well-bounded aquifer within the glacial sand and 
gravel aquifer system.  The planned source of recharge water is from the Green River flowing off of the 
Cascade Mountains through a regional water supply pipeline under construction by Tacoma.  The project 
is constructed and has been thoroughly tested.  The permit allows for 80% recoverable quantity, with 
allowance for up to 100% based on monitoring data.
 Operations will start once a regional water supply pipeline begins delivering surface water for 
recharge. 
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Boise White Paper 
 The Boise White Paper ASR project in Eastern Washington near Walla Walla was to use existing 
Columbia River surface water rights for a finished paper mill.  With a productive candidate ASR basalt 
aquifer on site, the ASR concept was to recharge cool winter river water to recover during the hot summer 
for cooling purposes and possibly industrial processing.  Washington State provided $2.3 million in grants 
in support of the project to build a water treatment plant to reduce suspended solids to avoid well clogging, 
and the installation of a recharge well and an observation well.  However, the recovered water was too 
warm for use in cooling, and contained unacceptable concentrations of silica from dissolution of volcanic 
glass in the basalt during storage for use in industrial processes.  The project is no longer being pursued.
Seattle highline Wellfield 
 The City of Seattle’s Highline Wellfield ASR project (now called the Boulevard Park and Riverside 
Heights Wellfields), was stimulated by the 1992-1994 drought.  The purpose of the project was to diversify 
supply and increase reliability.  It is located in the glacial sand and gravel upland area between Seattle 
and Tacoma and uses surface water from the Chester Morse Reservoir on the Cedar River.  It was an early 
project in the ASR history of Washington and was pilot-tested through the 1990s with funding support 
from the US Bureau of Reclamation.  However, the aquifer is only able to hold water for a few months.  
Therefore, ASR operations are only started if an imminent need is recognized.  The City has an indefinite 
temporary permit to operate while the application is pending, and maintains the option to reactivate the 
system in critical years — which almost happened in 2015.
kennewick 
 The cities of Kennewick, Richland, West Richland, and Pasco received a surface water right in 2000 
to divert water in the winter from the Columbia River.  ASR was conceived in order to store water diverted 
in the winter for withdrawal when there is a demand in the summer.  The basalt aquifer system is similar 
to Walla Walla’s in that it is compartmentalized into fault-bounded blocks that hold water very well and 
should yield a high value of recoverable quantity.  Ecology provided grant funding ($2.5 million) to 
develop the project with which a recharge/recovery well and monitoring well were installed and tested.  
Although the City’s ASR system is constructed and ready to operate, the City is waiting for more clarity on 
how recoverable quantity will be defined before signing onto a permit.
White Salmon 
 The White Salmon ASR project is hosted in a basalt aquifer system and is intended to restore 
depleted aquifer water levels, increase community water supply, and augment streamflows.  The system is 
constructed to recharge water under gravity and is awaiting a permit.  The recharge capacity of the system 
could be increased in the future with modifications to the system to recharge under pressure.
East Sammamish Plateau 
 The East Sammamish Plateau ASR project received two permits to conduct testing during 2005-2015 
in a sand and gravel aquifer system.  The permits allowed for recharge of water pulled from one aquifer 
and recharged into another aquifer.  The permits were intended to provide for proof of concept testing and 
did not provide for additional water supply.  If supported, full scale ASR would occur using a blend of 
groundwater and piped in regional surface water source (e.g., the Cascade Water Alliance).  The ten-year 
testing period was suspended in 2012 based on the inability to obtain a permitted recoverable quantity that 
would make the project feasible.
Paterson & rilette Projects
 Two ASR projects added to those in Figure 2 from Ecology include evaluation of pumping water from 
the Columbia River to recharge sites on the basalt plateau approximately 1,000 to 1,500 above the river in 
the Paterson and Rilette areas.  The intent of the Paterson project was to restore the depleted basalt aquifer 
to maintain and expand agricultural irrigation activities on Washington Department of Natural Resources 
lands that are leased out.  The project was deemed economically infeasible and has been put on hold.
 The objective of the Rilette evaluation is to determine whether ASR is hydrogeologically feasible, 
results of which are anticipated to be available soon.  If found to be hydrogeologically feasible, potential 
markets for the stored water and economic feasibility will be evaluated.

concluSIon
 ASR is a water resource management tool that can increase water supply and provide environmental 
benefits without the impact and cost of conventional above ground storage reservoirs.  Environmental 
benefits can be realized by leakage of cold recharged water from storage to streams that improve aquatic 
habitat conditions.  It can also be used to forego summer diversions during times of greatest water need by 
all (e.g., farms and fish) and leave that water in the stream.  Hopefully, the experience gained in Washington 
State over the past 20 years and the two significant ASR permits issued in the past two years will pave the 
way to a smoother permitting process and more ASR projects.
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Chris Pitre is a principal owner of Coho Water Resources based in Seattle. Washington (www.
cohowr.com).  He is a licensed geologist and hydrogeologist, and a certified water rights examiner 
(Washington State) with degrees in geology, chemistry (Carleton University) and hydrogeology 
(University of Waterloo).  He has practiced hydrogeology and integrated water resources 
management in the Pacific Northwest since 1992, participated in the Washington ASR rulemaking in 
2001, and is currently participating in Washington State’s reclaimed water rulemaking effort.  Chris 
was the project manager for the City of Yakima ASR project since its inception in 1999.  He also 
managed portions of the City of Kennewick ASR project, provided ASR permitting support to the City 
of Walla Walla and conducted numerous ASR feasibility assessments.  He was an invited presenter 
to the National Academy of Sciences on water quality issues of ASR in 2008, and spent 2011-2012 
in Australia implementing ASR projects in a nascent regulatory environment.  His practice areas 
include: water rights; groundwater supply wells; watershed planning; wastewater management; and 
reclaimed water.  He frequently lectures at the University of Washington and Central Washington 
University, and chairs, moderates and presents at conferences for both lay and technical audiences.  

 ASR, however, is not a panacea and requires a minimum set of conditions to be feasible, such as an 
appropriate aquifer.  The spectrum of candidate ASR projects currently being considered range from the 
speculative to the apparently feasible.  Project proponents and grant administrators should conduct “fatal 
flaw” analyses before committing significant funds.
 Determining recoverable quantity for permit purposes may be simply achieved with water level 
monitoring in selected cases, such as fault-bounded blocks in basalt aquifers.  Computer simulation 
modeling of groundwater storage is a valid tool that is applicable to most projects and should be given due 
consideration.
 Water placed in aquifer storage is similar to money placed in the bank — it is a fungible asset, for 
which the same molecule (or dollar) does not have to be recovered.  Hence, ASTR — where water is 
recharged at one point and recovered at another — should be allowed within the same body of groundwater, 
consistent with RCW 90.44.100(3)(a) and as allowed in the city of Yakima permit issued last year.
 Regarding consistency with the antidegradation rule, Ecology should press forward to facilitate the 
implementation of ASR projects by either introducing legislation, exercising its discretion to make OCPI 
determinations, or providing other programmatic solutions.  It is suggested that a statutory amendment be 
modeled after Oregon’s regulations that allow water quality that is better than 50% of the Safe Drinking 
Water Act standards to be recharged.  Establishing a programmatic AKART analysis for ASR programs 
across the state would be more efficient than requiring the same work to be conducted repeatedly for 
each project.  A simple checklist could then be prepared for each project that references the programmatic 
AKART.
 Ecology staff are already juggling an overly heavy workload and require more support.  While some 
of the suggestions may require some upfront work, it is expected to reduce effort in the long run while 
encouraging more ASR projects to come on line.
 The broader water resources community, meanwhile, is anticipated to be supportive of ASR projects.  
ASR is a good water resource management tool that can provide environmental benefits.  Opposition 
to ASR projects sometimes comes late in the game, without a full understanding of the benefits.  It is 
incumbent upon project proponents to engage with stakeholders early on to solicit their support.
 Once the path to permitting ASR projects is made clearer, we can expect additional ASR projects to 
come on line in short order, and additional ones identified for development.  This will result in less cost, 
greater water supply availability, and instream flow benefits as well.
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Low ImPACT DeveLoPmenT & GRounDwATeR
municipalities should consider potential groundwater impacts associated with implementation of 

washington state low impact development requirements

by J. Scott Kindred, PE, Kindred Hydro, Inc. (Mercer Island, WA)

Introduction

 Recent changes in Washington State to regulatory requirements for stormwater management are 
designed to better match natural hydrologic functions and provide better treatment of stormwater runoff.  
These principals, often referred to as low impact development (LID), emphasize on-site management of 
stormwater and generally rely on evapotranspiration, dispersion, and infiltration to reduce stormwater 
runoff to surface water.  Dispersion and infiltration of stormwater runoff can increase groundwater 
recharge, resulting in both benefits and potential adverse impacts.
 This article discusses how LID practices can change groundwater recharge and the potential impacts 
resulting from these changes.

Washington State Municipal Stormwater Permit

 The Washington State Department of Ecology (Ecology) has recently issued new municipal stormwater 
permits for communities in Western Washington (www.ecy.wa.gov/programs/WQ/stormwater/municipal/
index.html).   These permits include requirements to implement LID principals and best management 
practices (BMPs) in local development-related codes, rules, and standards.  Phase I communities 
— including Seattle, Tacoma, King County, Pierce County, Snohomish County — had to adopt the LID 
requirements by July 2015.  The 80 Phase II communities in western Washington (mostly cities and 
counties with 10,000 to 100,000 residents) had to adopt the LID requirements by January 2017.
 The intent of the new permit requirements was to make LID the preferred and commonly-used 
approach to site development.  The LID requirements are designed to infiltrate, disperse, and retain 
stormwater runoff on-site.  Some of the LID BMPs are focused on minimizing runoff, including 
requirements for post construction soil quality and depth, retaining native vegetation whenever possible, 
and minimizing impervious surfaces.  Other LID BMPs are designed to manage runoff from impervious 
surfaces and rely on infiltration and/or dispersion, including: bioretention, rain gardens, permeable 
pavements, downspout dispersion or infiltration, and sheet flow dispersion.  
 Ecology has provided guidance for implementation of LID in the Stormwater Management Manual 
for Western Washington (www.ecy.wa.gov/programs/wq/stormwater/manual/2014SWMMWWinteractive/
2014%20SWMMWW.htm), referred to below as the 2014 SWMMWW.  Minimum Requirement #5 
(Section 2.5.5 in Volume 1 of the 2014 SWMMWW) requires implementation of on-site stormwater 
management BMPs to the extent feasible without causing flooding or erosion impacts.
 LID BMPs that rely on infiltration and dispersion have the potential to impact the amount of 
groundwater recharge.  Given the potential for possible problems associated with increasing groundwater 
recharge, Ecology has identified infeasibility criteria for infiltration and dispersion BMPs (See Chapter 
3.1.1 of Volume 3 and Chapters 5.3 and 7.4 in Volume 5 of the 2014 SWMMWW).  
Examples of these groundwater-related infeasibility criteria include:

• Soil permeability less than 0.3 inches/hour
• Shallow groundwater within 3 feet of the bottom of a bioretention facility
• Within 50 feet of a landslide hazard or erosion hazard area
• Within 100 feet of a landfill or contaminated site
• Within 100 feet of a drinking water well

 These infeasibility criteria are focused on potential impacts from individual BMP facilities that include 
infiltration and/or dispersion.  Although the groundwater impacts from a few scattered facilities across the 
landscape are likely small, the cumulative groundwater impacts of increasing numbers of facilities over 
time may be significant.
 Ecology has not developed policies or guidance for municipalities and developers regarding the 
evaluation of cumulative potential groundwater impacts from widespread implementation of LID BMPs 
over time.
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Potential Impacts resulting from Widespread lId Implementation
 As discussed below, land development using standard stormwater management practices is predicted 
to decrease groundwater recharge and potentially result in a reduction in groundwater elevations.  Land 
development using LID practices can either maintain or increase groundwater recharge and groundwater 
elevations.  The most dramatic increases in groundwater recharge occur when developed areas with 
standard stormwater practices are converted to LID practices.
Increased groundwater recharge and higher groundwater elevations can provide significant benefits, such 
as:

• Augmenting aquifers used for water supply
• Increasing base flow in streams and lakes during dry periods, benefitting salmon and other aquatic 

species
However, increasing groundwater recharge and higher groundwater elevations can also result in adverse 
impacts, including:

• Increased seepage and surface flooding in low-lying areas that intercept the water table
• Basement flooding
• Increased potential for landslides
• Unwanted changes in wetland hydrology

 Kindred Hydro, Inc. has been working with King County to evaluate the potential to utilize LID 
practices to reduce peak flows in combined sewer overflows (CSOs) within the City of Seattle.  CSOs 
occur in areas where sewage and stormwater runoff are combined in a single pipe, resulting in discharges of 
untreated sewage to surface water when the flows exceed the conveyance capacity of the system.  Although 
LID BMPs capture and infiltrate stormwater runoff before it enters the CSO system, the additional 
infiltration will increase groundwater recharge and it is critical to evaluate potential groundwater impacts.  
two examples of problematic groundwater impacts:
 The first example is a neighborhood called Queen Anne Hill located just north of downtown Seattle.  
Much of the neighborhood is underlain by advance outwash, a sandy unit with moderate permeability that 
is well suited for LID BMPs that rely on infiltration.  However, as shown on Figure 1, the neighborhood 
sits on a hill with well-documented issues with groundwater seepage and landslides at the base of the hill.  
Guidance in the 2014 SWMMWW suggests that infiltration LID BMPs would be the preferred stormwater 
management approach for any new development project as long as it was at least 50 feet from the landslide 
hazard area.  The project team was concerned that a large-scale green stormwater infrastructure (GSI) 
project would increase the potential for seepage and landslides and a water balance analysis indicated that 
the amount of groundwater recharge would increase by 140 percent.  Given these concerns, it was decided 
that LID will not be considered in this neighborhood.
 The other example is a neighborhood in the Duwamish Valley underlain by alluvial outwash silts and 
sands.  Depths to groundwater range from 4 to 12 feet and there are basements in the neighborhood that 
are believed to extend below the water table during the wet season.  Groundwater modeling was conducted 
to predict the amount of groundwater rise associated with various densities of LID infiltration BMPs.  
Groundwater increases were predicted to range from less than 0.5 feet to more than 2 feet, depending on the 
density of LID BMPs and the proximity to each individual facility.
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lId Impacts to groundwater recharge and Interflow
 Precipitation that falls on land is subject to a water balance cycle that include evaporation, 
transpiration by plants, runoff directly to surface water, and groundwater recharge.  The balance between 
evapotranspiration, surface runoff, and groundwater recharge is a complex process that depends on weather 
conditions, vegetation, the amount of impervious surfaces, slope, and soil conditions.  Undeveloped 
forest land provides significant retention of precipitation in vegetation and organic-rich soil and much 
of this retained moisture is evapotranspired back into the atmosphere.  If the forest is cut down and the 
land developed with impervious surfaces and landscaping, the amount of evapotranspiration is reduced 
and the amount of surface runoff is significantly increased.  Historical development practices in western 
Washington directed this runoff to stormwater systems that conveyed most of the runoff to surface water.  
Development that utilizes LID diverts much of the runoff to infiltration and/or dispersion BMPs and can 
significantly increase the amount of groundwater recharge.
 Groundwater recharge can be divided into shallow interflow and deep recharge to the uppermost water 
table aquifer.  As shown on Figure 2, interflow is near-surface groundwater perched on low permeability 
glacial till and other fine-grained soils and typically only occurs during periods of wet weather.  Interflow 
can be evapotranspired back into the atmosphere or can migrate downhill in the upper few feet of 
weathered soil and eventually discharges to surface water, usually within days or weeks.  Interflow is rarely 
observed in higher permeability outwash and sandy alluvium soils.  Therefore, in areas with moderate/high 
permeable soils, most, if not all, of the groundwater recharge migrates vertically to the uppermost water 
table aquifer.  In areas with near-surface low permeability soils, such as glacial till, the amount of deep 
recharge is limited by the permeability of the near-surface soils.  As a result, deep recharge to the water 
table aquifer is higher in areas with moderate/high permeability soils compared to low permeability soils.
 As illustrated on Figure 2, LID BMPs on low-permeability soils (such as glacial till) can significantly 
increase the amount of interflow, causing an increase in near-surface groundwater elevations and increasing 
the potential for seepage and wet basements.  In addition, LID BMPs on low-permeability soils provide 
limited flow control and have long drawdown times.  As shown on Figure 2, in areas where the glacial till 
is relatively thin (10 to 50 feet thick) and underlain by sandy advance outwash soils, these limitations can 
be addressed using deep infiltration.  Deep infiltration relies on drilled or dug vertical drains that allow the 
water to bypass near-surface perching layers and discharge into the underlying more permeable soils.  The 
LID BMPs provided treatment and are constructed with an underdrain that discharges to the vertical drains.  
The vertical drains are sometimes referred to as dry-wells or underground injection control wells.
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Estimates of changes to Interflow and deep recharge
 Bidlake and Payne (2001) have developed equations to estimate the amount of groundwater recharge 
for undeveloped forested conditions, undeveloped non-forested conditions (e.g., pasture), and typical 
developed conditions.  Different equations are provided for moderate/high permeability surface soils and 
low permeability surface soils.  Although the Bidlake and Payne equations are highly approximate and 
do not consider the full range of precipitation, slope, land-use, soil, and groundwater conditions, they are 
suitable for illustrating how various stormwater practices can change the amount of groundwater recharge.
 The Bidlake and Payne (2001) equations for developed conditions assume standard groundwater 
practices (i.e., all stormwater runoff is piped to surface water).  The Bidlake and Payne approach has been 
extended to estimate how LID practices affect the amount of recharge using the following assumptions:

• The developed scenarios (both standard and LID) assume 50 percent impervious land cover.
• The LID scenarios assume 80 percent of the runoff from impervious land cover is infiltrated.

 The Bidlake and Payne equations do not provide estimates of interflow recharge.  Given the potential 
for significant impacts associated with interflow (e.g., seepage, basement flooding) we utilized a simple 
approach to estimate interflow recharge.  This approach assumes that interflow does not occur on 
moderate and high permeability soils.  For low permeability soils, we estimated the amount of interflow 
by subtracting the deep recharge for low-permeability soils from the deep recharge for moderate/high 
permeability soils.  These estimates for interflow are likely conservatively high since some of the perched 
water may be evapotranspired.
 All the recharge estimates provided below are based on an annual precipitation of 40 inches.  Figure 3 
provides estimates of deep recharge for moderate/high permeability soils and Figure 4 provides estimates of 
interflow and deep recharge for low permeability soils.  Potential groundwater impacts should be evaluated 
whenever development will cause a significant change in either interflow or deep recharge.

Recharge Estimates for Undeveloped Land:
 Because trees provide higher rates of evapotranspiration than other types of vegetation (such as pasture 
and brush), forested land has less total recharge than undeveloped non-forested land.  As shown on Figure 3 
and 4, this is true for all types of soils.  For low permeability soils (Figure 4), deep recharge is the same for 
forested and non-forested undeveloped land because the permeability of the soil controls the rate of deep 
recharge.  However, the interflow is greater for non-forest vegetation than for forest vegetation.

Conversion of Undeveloped Land to Urban Development using Standard Stormwater Practices:
 As shown on Figures 3 and 4, conversion of undeveloped land to typical urban development using 
standard stormwater practices is predicted to reduce deep recharge by approximately 50 to 75 percent and 
eliminate all the interflow on developed sites with low-permeability soils.
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Conversion of Undeveloped Land to Urban Development using LID Practices:
 Conversion of undeveloped land to urban development using LID Practices is predicted to result in the 
following changes in groundwater recharge:

• In areas with moderate/high permeable soils (Figure 3), conversion of undeveloped land to urban 
development with LID practices is predicted to cause only small changes in deep recharge.

• In areas with low permeability soils (Figure 4), replacing undeveloped land with LID development that 
relies on shallow infiltration is not predicted to change deep recharge or interflow.

• In areas with low permeability soils (Figure 4), replacing undeveloped land with LID development that 
relies on deep infiltration is predicted to double the deep recharge and eliminate the interflow.  

Conversion of Urban Development from Standard Stormwater Practices to LID Practices:
 Conversion of urban development from standard stormwater practices to LID Practices is predicted to 
result in the following changes to groundwater recharge:

• As shown on Figures 3 and 4, replacing standard stormwater practices with LID BMPs in urban areas 
is predicted to significantly increase the amount of deep recharge.  The increase is particularly 
significant (280 percent) for moderate/high permeability soils and deep infiltration on low 
permeability soils.

• As shown on Figure 4, replacing standard stormwater practices with LID BMPs that rely on shallow 
infiltration in urban areas is predicted to dramatically increase the amount of interflow in areas with 
low permeability soils.

 The results provided above are for one specific scenario and are for illustrative purposes only.  Actual 
changes to groundwater recharge resulting from land development and stormwater retrofit projects 
will depend on the type of development, the actual stormwater BMPs, and a variety of environmental 
conditions, including weather, slope, soil, and hydrogeologic conditions.

recommendations for Municipalities and developers 
considering the Implications of Widespread lId Implementation

 As discussed in the beginning of this article, Ecology has not developed policies or guidance regarding 
the evaluation of cumulative potential groundwater impacts from widespread implementation of LID BMPs 
over time.  In order to avoid unintended consequences, municipalities and developers should evaluate 
potential impacts and develop policies regarding LID implementation that are designed to minimize 
possible adverse impacts.  
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Recommendations for addressing potential impacts are summarized as follows:
• Develop a qualitative and quantitative understanding of the hydrogeology of the municipality/

development, including current groundwater recharge rates, subsurface hydrogeologic units, water 
table elevations, groundwater flow patterns, and regions of groundwater discharge.

• Identify potential impacts associated with future changes in groundwater recharge rates, including 
landslide hazards, areas of seepage, reports of wet basements, wetlands, etc.

• Develop policies and strategies for evaluating and limiting adverse impacts.
• Monitor groundwater elevations before, during, and after widespread LID implementation.  This 

monitoring allows early warning if there are significant changes in water levels and documentation if 
you are falsely accused of causing adverse groundwater impacts.

conclusion
 Future permit updates should recognize the potential for adverse groundwater impacts and provide 
municipalities and developers the ability to limit LID implementation to minimize these adverse impacts 
based on local understanding of hydrogeologic conditions and opportunities for safely implementing 
appropriate levels of infiltration.

for additional information:
sCott Kindred, PE, Kindred Hydro, Inc., 206/ 660-5417 or scottk@kindredhydro.com

references: Bidlake, W.R, and K.L. Payne, 2001, Estimating Recharge to Ground Water from Precipitation 
at Naval Submarine Base Bangor and Vicinity, Kitsap County, Washington, United States Geological 
Survey, Water-Resources Investigations Report 01-4110. 

Scott Kindred, P.E., is the founder of Kindred Hydro, Inc. and has worked as a consultant in the State of Washington since 1984.  
With a Bachelor’s degree in Geology from Brown University and a Master’s degree in Civil Engineering from M.I.T., Scott’s 
education focused on groundwater hydrology, contaminant fate and transport, and numerical modeling.  Over the years, Scott 
has worked on stormwater planning, design, and retrofit, environmental site remediation, water supply, mining, master planned 
developments, residential and commercial development projects.  Kindred Hydro, Inc. is a hydrogeology consulting firm with 
specialized expertise in stormwater infiltration.  The firm works on a broad range of projects that require understanding and 
predicting the behavior of water in soil and aggregate, often teaming with civil engineering firms and other providers with 
specialized expertise to deliver turn-key solutions.

Presented by the Northwest Environmental Business Council
For Information: www.nEBc.org

The Water Report is a media sponsor for this event.



February 15, 2017

Copyright© 2017 Envirotech Publications; Reproduction without permission strictly prohibited. 1�

The Water Report

Water Reuse

Earth’s
Water Cycle

Comprehensive
Water

Management

Conservation

Non-Potable
Reuse

Potable Reuse

Indirect
Potable Reuse

wATeR ReuSe
optimizing water resources in 2017

by Jim Mayer, Torrent Resources (Phoenix, AZ)

IntroductIon
 All of earth’s water is part of the water cycle, which means all water is recycled.  The same amount of 
water that was here yesterday was here 10 years ago, 100 years ago, and 1,000 years ago.  Our atmosphere 
creates a closed system, so the amount of water never changes, only the form.  While that may be of some 
comfort, it’s not that simple.  Of all the water on earth, 97.2% is salt water contained in the oceans, seas, 
and bays and obviously not potable.  More than two-thirds of the remaining 2.8%, which is fresh water, 
is tied up in the ice caps and glaciers and another 30% of that is groundwater.  Of the 0.03% that remains, 
only about a small fraction (0.009%) is contained in the country’s rivers and lakes, making it readily 
accessible. 

 All living things require water to survive and as populations continue to increase, competition for 
the limited amount of fresh water available will continue to grow.  More than ever before, managing 
water resources going forward must include a comprehensive approach that uses everything from simple 
conservation to direct reuse.
 Just as it sounds, conservation involves consciously limiting the water we use as consumers.  Whether 
we do it as homeowners, customers, business owners, or government leaders, conservation involves 
awareness — i.e., an understanding the value of water and why it should not be wasted.  Ideally, this can 
be done through education and public service announcements to raise public awareness about conservation, 
but sometimes it’s done through legislation, where laws are created to require conservation related 
activities.  On the societal level, such legislation might include an ordinance about washing of cars or when 
you can use irrigation for plants and lawns.  At the government level, it could mean mandatory cutbacks in 
municipal usage.

WAtEr rEuSE
 Although we categorize and classify it more than ever before, water reuse is nothing new.  It includes 
everything from stormwater capture and rainwater harvesting to reusing treated wastewater either indirectly 
or directly.  For the purposes of this discussion, we will focus on reuse of treated effluent.
 In addition to potable reuse, there are countless demands for non-potable reuse, including such things 
as: landscape or crop irrigation; industrial processes; cooling towers; or wetland habitat.  Some real world 
examples of non-potable reuse are discussed below.  Water classified as non-potable is typically treated to 
tertiary standards, which will also be described below.
 Potable reuse is generally broken down into three main types: de facto potable reuse; indirect potable 
reuse (IPR); and direct potable reuse (DPR).  In the United States we have been practicing de facto reuse, 
which is the most common reuse type, for decades.  It occurs when upstream wastewater treatment plants 
discharge treated wastewater into rivers, lakes, or reservoirs and that water is later withdrawn and treated to 
potable standards by downstream users.  Examples of de facto potable reuse, which is distinguished from 
IPR and DPR by being unplanned, are discussed below.
 Indirect potable reuse involves capturing, treating, and discharging wastewater effluent into some 
environmental buffer — such as a reservoir, river, or aquifer — prior to putting it back into the public water 
supply.  In this fashion, it will be mixed with other source water for some period of time prior to being 
withdrawn and treated for potable use.
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 Direct potable reuse is exactly what it sounds like: treated wastewater effluent is put directly back 
into the potable supply without an environmental buffer.  For a number of different reasons, which will be 
discussed below, this method of reuse is rarely used today.

non-PotABlE WAtEr rEuSE
 Most recycled water now goes to meet non-potable demands, such as irrigating golf courses, parks, 
and agricultural land.  California and Florida are known for using huge volumes of recycled water to meet 
agricultural demands.  Though Arizona doesn’t use nearly as much recycled water to irrigate agriculture, 
they do use it for such things as golf course irrigation.  The cooling tower water for the Palo Verde Nuclear 
Generating Station in Arizona consumes about 19.5 billion gallons annually (enough to meet the needs of 
120,000 families each year).
 Recycled water is also used to support both artificial and natural wetlands across Arizona.  One 
example is Tres Rios Wetlands Project, which is a constructed wetlands in West Phoenix, covering 1,500 
acres.  This wildlife sanctuary supports dozens of bird, mammal, and other wildlife species.  Phoenix’s 91st 
Avenue Wastewater Treatment Plant, which has a capacity of just over 200 million gallons per day (MGD), 
delivers highly treated effluent to keep the wetlands functioning.  Tucson boasts the Sweetwater Wetlands, 
which has been operating since 1996.  This constructed wetland, which has attracted many species of birds, 
provides a major draw for bird watching enthusiasts and also serves as an education center.
 With the massive amount of effluent reuse currently taking place, it seems reasonable to wonder if 
there is enough to go around.  According to data published by the University of Michigan’s Center for 
Sustainable Systems, approximately 2.5% of the daily volume of effluent produced in the United States 
— around one billion gallons — is being used for non-potable purposes.

PotABlE WAtEr rEuSE
de Facto reuse
 De facto reuse, defined as unplanned or incidental reuse of wastewater has been going on for centuries.  
For example, in the southernmost part of Nevada lies Lake Mead, which was created by the Hoover Dam in 
1935.  The Southern Nevada Water Authority withdraws water from Lake Mead in order to provide potable 
water for the City of Las Vegas, which lies to the north, upstream of the reservoir.  Las Vegas, in turn, 
collects and treats about 96 MGD of wastewater, before it gets released into the Las Vegas Wash, which 
feeds back into Lake Mead.  To further the example, Las Vegas’ treated effluent also mixes with the vast 
quantity of water in the reservoir and makes its way through the hydroelectric dam and travels downstream, 
where it gets withdrawn and treated for use in Arizona, California, and Mexico.

direct Potable reuse
 direct potable reuse (DPR) is defined as treating and purifying effluent to potable standards and 
delivering the purified water to the drinking water distribution system.  At a minimum, water delivered for 
potable reuse in the United States must meet all state and federal drinking water standards.  However, it is 
usually treated to much higher standards that the minimums.  In fact, because of the high level of treatment 
effluent receives, it likely to be of a better quality than many raw drinking water sources, such as rivers, 
reservoirs, or aquifers.
 Though effluent that passes through an advanced water treatment plant is demonstrably clean enough 
to drink, the thought of drinking it is often too much for people to bear.  For this reason, there is only one 
DPR facility operating in the United States and even that plant is still mixing its treated effluent prior 
to use.  Since 2013, the plant in Big Spring, Texas has been producing highly purified water that gets 
blended with other raw water sources before the mixtures are treated in drinking water treatment plants and 
delivered to customers.
 Much higher standards are placed on the quality of water leaving DPR systems because they do not 
include typical environmental buffers that allow for natural treatment through dilution and other chemical 
and biological processes.  While eliminating the environmental buffer from the process may provide cost 
savings, the additional treatment and/or monitoring required with DPR systems may not only offset those 
savings, but may add additional costs that make DPR economically questionable.

Indirect Potable reuse
 As noted above, indirect potable reuse (IPR) is the process of treating municipal wastewater to a high 
quality before discharging it into an environmental buffer such as a river, reservoir, lakes, or aquifer.  IPR is 
considered the world’s best practice given that natural systems have a high capacity to further purify water.  
The additional retention time provided by the environmental buffer allows any remaining contaminants 
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to be degraded by physical processes (e.g. natural ultraviolet light) or biological processes (e.g. “native” 
micro-organisms).  Using the environmental buffer also provides a pause in time, which can allow agencies 
to either stop delivery of water or to apply corrective actions in the event of a treatment failure.  Finally, the 
use of an environmental buffer can minimize potential risk by decreasing the concentration of contaminants 
that may be present through dilution.  See Markus, TWR #59: Groundwater Replenishment & Water Reuse 
- Orange County California’s Water Purification and Reuse Project; and Darling, TWR #98: Municipal 
Water Resources & Regional Planning: The Prairie Waters Project - Aurora, Colorado.
 Aside from discharging effluent into a surface water body, such as a river or lake, it can also be 
pumped into the ground using a recharge well.  This method of IPR provides a whole extra level of 
treatment known as soil-aquifer treatment (SAT).  When treated effluent is discharged into the vadose zone 
(i.e., soils between the land surface and the water table) and allowed to percolate naturally into aquifers, it 
will be further polished by the native soils.  In situ soils act as a filter, attenuating anything that may be left 
in the effluent, such as metals, nutrients, or pathogens, as it migrates to the aquifer below.
 Some IPR projects use injection wells that penetrate the aquifer, which bypasses the SAT benefit.  
While this is not always advisable, it can provide benefits under proper conditions.  The City of Phoenix 
has proposed an IPR project in the northern part of the City that will use injection wells.  In this instance, 
the treated water, though not of a high quality, is still cleaner than the water in the aquifer.  Mixing these 
waters together, providing ample residence time in the aquifer, and subsequent treatment will end up 
producing high quality water for potable use.

IndIrEct PotABlE rEuSE & “SAFE yIEld”
Scottsdale Water campus highlighted

Arizona’s commitment to Safe yield
 In 1980, the State of Arizona adopted the Groundwater Management Act (GMA) to limit the overdraft 
of groundwater that was occurring across the state, but primarily in the urban areas of Phoenix, Tucson, and 
Prescott, and the agricultural parts of Pinal County.  The GMA established a goal of safe yield by 2025 for 
the Phoenix Active Management Area (AMA), which includes the City of Scottsdale.
 Prior to the mid-1980s, Scottsdale was 100% reliant on groundwater to meet its water demands.  
Today, however, less than 10% of Scottsdale’s water demands are met using groundwater sources.  By 
increasing artificial recharge and decreasing groundwater pumping, Scottsdale has been achieving safe 
yield since 2006, nearly 20 years before the GMA requirement.  Today, Scottsdale’s recharge efforts 
demonstrate responsible stewardship of groundwater resources while providing a reliable and sustainable 
water supply for future generations.
 The concept of safe yield is simple: never pump more water from the water source than what gets 
recharged.  Though the concept is simple, it is not always easy to accomplish.  Communities that don’t do a 
good job of managing their water resources often pump far more water than gets recharged, depleting their 
aquifers and leaving them vulnerable in times of drought.  Akin to safe yield is the concept of conjunctive 
use, which relies on the cyclical nature of weather patterns.  Conjunctive use entails purposely recharging 
excess water that falls from the sky in wetter than average years, so it will be there for use in dryer years.  
Conjunctive use takes planning, because if stormwater is not captured and infiltrated into the ground, it 
often ends up in storm drains, streams, and rivers, and ends up in the ocean.
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Scottsdale Water campus
 Conceived in the mid-1990s, the Scottsdale Water Campus is Arizona’s first treatment plant to carry 
out IPR using advanced treatment and groundwater replenishment.  Prior to construction of the Water 
Campus, most of Scottsdale’s wastewater was sent to a regional treatment plant in West Phoenix, more than 
22 miles away.  Though Scottsdale owned 20.3 MGD of capacity at that plant, their daily wastewater flows 
exceeded that amount, which forced them to borrow capacity at the Phoenix plant to meet its wastewater 
disposal needs.  Decision makers evaluated Scottsdale’s future population growth and projected potable 
water demands and future wastewater disposal requirements.  They concluded that the best plan of action 
would be to construct their own wastewater treatment plant rather than continuing to pay for capacity at the 
Phoenix plant.
 As noted above, IPR is the process of treating wastewater to levels that exceed drinking water 
standards and then discharging that water into an environmental buffer, including an aquifer to augment 
future groundwater supplies.  The Scottsdale Water Campus is one of the largest and most sophisticated IPR 
facilities in the world and has been recognized as an industry leader since the facility began operation.  For 
Scottsdale, the choice between IPR versus DPR was easy since the aquifers in the greater Phoenix area are 
massive and deep, which make them perfect environmental buffers. 
 The Water Campus has a number of distinct components: the Water Reclamation Plant, which produces 
tertiary non-potable effluent; the Advanced Water Treatment facility, which produces high quality potable 
water; and a recharge wellfield with 63 vadose zone recharge wells.  There is also a state-of-the-art water 
quality lab to conduct on-going testing.
 The Water Campus is a seasonal plant and operates differently during the cooler months than during 
the hot summer months.  Taking advantage of the Water Reclamation Plant facility, the Water Campus 
delivers water treated to tertiary standards to a number of North Scottsdale golf courses through a 
Reclaimed Water Distribution System that use the water for turf irrigation during the hot summer months.  
This allows those golf courses to use low-cost water in order to keep the grass green when the sun is 
beating down and water demands are very high.
 In the winter, when the demand for golf course irrigation water is far lower, that same flow of effluent 
is treated further in the Advanced Water Treatment facility.  This facility uses ozonation, microfiltration, 
reverse osmosis, and ultraviolet disinfection to produce ultrapure water — i.e., water which is more than 
safe enough to be consumed immediately.  Instead, however, the IPR process is employed by pumping 
this high quality water into the ground through dozens of 180-foot deep recharge wells.  This recharged 

water replenishes the local aquifer, often 
improving the quality of the water already 
residing there.
reclaimed Water distribution System
 Since the early 1990s, Scottsdale 
has been providing non-potable water 
to 23 golf courses in North Scottsdale 
through a public-private partnership 
known as the Reclaimed Water 
Distribution System (RWDS).  Though 
not part of the Water Campus, the RWDS 
is a complex system of pipelines, booster 
pump stations, and water treatment 
facilities capable of delivering a peak 
flow of 20 MGD of non-potable water 
for turf irrigation specifically to RWDS 
member golf clubs that pay for the right to 
use the system.
 The RWDS was first conceived 
and negotiated by Desert Mountain 
Properties and the City of Scottsdale as 
a means of eliminating the reliance of 
North Scottsdale golf courses on valuable 
groundwater for irrigation.  In the original 
agreement, Desert Mountain (along with 
12 other golf courses), invested a total 
of $30 million to build improvements 
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to the system.  As a first step toward reducing groundwater use, the RWDS was fed by untreated surface 
water from the Central Arizona Project (CAP) canal, which also happens to be Scottsdale’s main source 
of surface water.  But when the WRP came on line in 1998, the RWDS was fed with a combination of raw 
CAP water and tertiary effluent.
Benefits to the city of Scottsdale
 A significant and direct benefit of the Water Campus expansion of the Advanced Water Treatment 
facility is the positive impact it has had on the recharge capabilities.  In the low demand winter months, the 
Water Campus is able to recharge using the excess water not needed by the golf courses — which totaled 
over 1.7 billion gallons in 2014.
 Scottsdale is an internationally renowned tourist destination, receiving approximately 10 million 
visitors per year and creating billions of dollars in economic impact for the City of Scottsdale.  Another 
benefit of the Water Campus is that it provides North Scottsdale golf clubs the ability to maintain their 
courses in peak condition throughout the year.  Since golf is an essential economic driver for Scottsdale and 
a key component of that tourism economy, having the ability to attract golfers from around the world is of 
vital importance.  While golf tourism has declined nationally, Scottsdale’s golf tourism continues to rise, 
increasing over four percent in 2014.
 Scottsdale is also host to the Phoenix Waste Management Open, which is played at the TPC Scottsdale, 
an RWDS member club.  The most attended golf tournament around the world every year, the Phoenix 
Waste Management Open saw more than 618,000 fans attend in 2016, which provided a significant 
economic and charitable impact to not just the City of Scottsdale, but to the greater Phoenix Metropolitan 
area as a whole.
Scottsdale Water: International Accolades 
 In the summer of 2016, a global partnership of water sector organizations has named the Scottsdale 
Water Campus as a recipient of the inaugural Utility of the Future (UOTF) Today Recognition Program.  
The UOTF Program celebrates water and wastewater utilities that demonstrate exceptional performance 
and a commitment to advancing effective and sustainable practices that will help utilities across the sector.
 Scottsdale Water earned the recognition by demonstrating its commitment to the UOTF concept 
through more efficient operations and a progression toward full resource recovery with enhanced 
productivity, sustainability, and resiliency.  Specifically, Scottsdale was recognized for fostering an 
“Organizational Culture of the Future” and for exceptional achievement in the areas of water reuse energy 
efficiency and community partnering and engagement.

concluSIon
 Utilities, both public and private, are learning to look at wastewater as a resource rather than a waste 
product.  Disposing of effluent often requires huge amounts of money, but recycling or reusing effluent 
provides a way to turn these costs into revenues.  Recycling wastewater is a good approach for meeting 
environmental goals and regulations because it addresses the issues of waste disposal and water supply at 
the same time.  Another significant factor driving interest in potable reuse is improvement in technology.  
Today’s advanced water treatment systems can produce water that approaches the quality of distilled water, 
which is incredibly clean, but not great for consumption.  Though traditionally more expensive than typical 
drinking water treatment, advanced water treatment costs have been declining at the same time as the price 
of delivering potable water has been increasing.  As the costs of treatment and supply converge, the barriers 
to reuse get smaller and smaller.
 While some questions linger, water resource planners and decision makers realize that potable reuse 
is emerging as one of the best options for expanding global water resources.  Each community must 
investigate and decide for itself what is in its best interest for securing a sustainable water supply for today 
and future generations.  Projects that employ treatment technologies to produce water of a very high quality 
are operating successfully around the world today.  As stresses to our water supply multiply, an increasing 
number of jurisdictions will embrace potable reuse, further driving the need for innovations in treatment, 
storage, and delivery.  Continued research and development of water reuse technologies is likely to lower 
costs relative to producing potable water from other sources.  However, that may not be enough, since the 
biggest problem may be public perception of going from “toilet to tap.”  While the public is likely to still 
be on the fence, a combination of cost advantages and advances in purification may cause the public to take 
another look, especially as the stress over potable water supplies increase. 

for additional information:
Jim mayer, Torrent Resources, 602/ 268-0785 or JMayer@torrentresources.com
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FISh hATCheRy CwA RuLInG
federal discharges ruled unlawful

by David Moon, Editor

 On January 9, US District Court (Court) Judge Salvador Mendoza, Jr. ruled that the Leavenworth 
National Fish Hatchery (Hatchery) is unlawfully discharging effluent without a Clean Water Act (CWA) 
permit.  The Hatchery, built in 1939, is located on the banks of Icicle Creek, approximately three miles 
from the river’s confluence with the Wenatchee River near the City of Leavenworth, Washington.  
 The Court ruled that the Hatchery, operated by the US Fish and Wildlife Service (FWS), has been 
illegally discharging pollutants into Icicle Creek since 1979, since its National Pollutant Discharge 
Elimination System (NPDES) permit expired in 1979 and was not automatically extended.  Judge Mendoza 
held that a 1981 EPA letter to FWS stating that the “previous permit is automatically extended” was 
essentially bad advice and did not extend the expired permit. CELP, et al. v. U.S. Fish & Wildlife Service, et 
al., Case No. 2:15-CV-00264-SMJ (January 9, 2017).
 Icicle Creek is a tributary to the Wenatchee River, and drains a portion of the Alpine Lakes Wilderness.  
The stream is home to federal Endangered Species Act-listed threatened and endangered fish runs, 
including steelhead, Chinook salmon, and bull trout.  The Wenatchee River is a tributary of the Columbia 
River.  “The Hatchery was constructed to maintain salmon stocks lost as a result of the construction of 
Grand Coulee Dam on the Columbia River, and it currently targets an annual release of 1.2 million spring 
Chinook salmon.” Slip Op. at 4-5.
 EPA issued an NPDES permit to the Hatchery that became effective in 1975.  The Center for 
Environmental Policy and Wild Fish Conservancy (collectively, CELP) filed a “citizen suit” under the CWA 
against the Hatchery in September 2015, alleging that the Hatchery’s NPDES permit expired on August 
31, 1979 and that the Hatchery has been discharging pollutants into Icicle Creek without an NPDES permit 
since then, thereby violating the CWA.  CELP also alleged “that FWS has contributed to the long delay in 
obtaining a new NPDES permit by repeatedly withdrawing applications for certification submitted to the 
Washington Department of Ecology and making requests that the EPA delay action on submitted NPDES 
permit applications…Additionally, CELP alleges that the Hatchery began discharging pollutants from one 
or more new pipes or conveyances that were never authorized by any NPDES permit.” (citations omitted) 
Id. at 8.
 It is not disputed by the parties that the Hatchery discharges pollutants to Icicle Creek and thus was 
required to have an NPDES permit by the CWA.  EPA issued an NPDES permit to the Hatchery authorizing 
discharges, effective January 30, 1975 with an expiration date of August 31, 1979.  FWS did not submit an 
application to renew the permit when it expired in 1979, but did submit an application for a new NPDES 
permit on November 12, 1980.  FWS also submitted applications for an updated permit in 2005 and 2011, 
“but EPA has never taken final action and issued or denied a new NPDES permit.” Id. at 6.
 EPA did, however, issue a letter to FWS dated May 6, 1981, which seemed to provide FWS with an 
extension of its permit:

Your previous [NPDES] permit is automatically extended in accordance with the U.S. 
Administrative Procedures Act (5 U.S.C. Section 558(c) and 40 CFR Part 122.5.  The terms 
and conditions of that permit remain in effect indefinintely until a decision is made to take 
formal action on permit reissuance based on the new NPDES permit application which you 
have submitted.
Due to budgetary constraints, we are unable to process a permit reissuance for your facility 
at this time.  Your new permit application will be retained in our files.  In the event that a 
decision is made to take action on permit reissuance, you may be requested to update the 
information contained in your application.

Slip Op. at 6.  With this letter in hand, it is easy to see why FWS and the Hatchery assumed it had a valid 
permit and was operating legally under the CWA.  In the current lawsuit, FWS argued that EPA extended 
FWS’s 1975 permit in 1981 by providing the Hatchery that letter.
 FWS also maintained that CELP’s lawsuit was barred under the doctrine of claim preclusion because 
Wild Fish Conservancy’s predecessor (Washington Trout) filed a similar action in 2005.  Washington 
Trout’s lawsuit asserted that EPA unlawfully delayed issuing a new NPDES permit, that EPA’s 1981 
extension of the permit was arbitrary, and therfore  FWS was unlawfully discharging effluent in violation of 
the CWA.  A settlement was reached by the parties to that case, which included EPA issuing a draft NPDES 
permit for the hatchery in August 2006.  The case was dismissed with prejudice following settlement. 
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Washington Trout v. Leavenworth Nat’l Fish Hatchery, No. 05-00203 (E.D. Wash. Feb. 22, 2007).  The 
Court in this case found that the lawsuit was not barred under claim preclusion: “FWS’s argument fails 
because the parties here are not the same.  Washington Trout is the former name of Wild Fish Conservancy, 
but CELP was not a party to that action.” Id. at 15.
 A convoluted series of events then occurred, which included: section 401 certifications issued by the 
Washington Department of Ecology (Ecology); EPA issuing a new draft NPDES permit in 2010; and the 
Hatchery submitting an entirely new NPDES application in 2011 due to “significant changes to Hatchery 
operation plans since 2005.” Slip Op. at 7.  Eventually, Ecology officially rescinded its 2010 section 401 
certification in 2016 and has not yet issued a new certification. Id at 8.  Suffice it to say, the application 
process has been long.
       The Court ultimately held that the 1981 EPA letter did not amount to the issuance of a permit and 
could not “automatically extend” the expired permit — the key fact was that FWS did not apply for a new 
NPDES permit before its 1975 permit expired.  The Court discussed the 1981 EPA letter and its advice to 
FWS that the permit was “automatically extended.”

This advice was manifestly incorrect.  The conditions of an expired NPDES permit continue 
until the effective date of a new permit only if the permittee timely submits an application for 
a new permit. 5 U.S.C. § 558(c); 40 C.F.R. § 122.6.  In 1979, EPA’s regulations provided that 
“Expiring permits shall submit new applications at least 180 days before the expiration date 
of the existing permit, unless permission for a later date has been granted by the Director.” 
44 Fed.Reg. 32,854, 32,903 (Jun. 7, 1979).  The regulations further provided that

The terms and conditions of an expired permit are automatically continued under 
5 U.S.C. 558(c) pending issuance of a new permit if: 
(i) the permittee has submitted a timely and sufficient application for a new 
permit under § 122.10(a); and 
(ii) The Regional Administrator is unable, through no fault of the permitee, to 
issue a new permit before the expiration date of the previous permit (e.g., where it 
is impractical due to time and/or resource constraints).

Id. at 32,903–04.  In 1980 EPA amended its regulations such that for permits expiring on 
or before November 30, 1980, a new application could be filed up until the date on which 
the permit expired. 45 Fed. Reg. 33290, 33442–43 (May 19, 1980).  The NPDES permit 
for the Hatchery was set to expire at midnight on August 31, 1979…FWS did not submit 
an application for a new NPDES permit prior to this expiration date…The permit therefore 
expired at midnight on August 31, 1979.
 Second, even if the 1981 letter included language affirmatively extending the 
permit, the purported extension would have been ineffective.  Under section 402, EPA may 
issue permits authorizing discharge of pollutants after opportunity for public hearing and 
where the discharge will either meet all applicable requirements under the CWA or meet 
certain conditions set by the EPA. 33 U.S.C. § 1342(a)(1).  EPA has no authority to extend 
the terms of an expired permit without complying with the processes for issuing a new 
permit.  As discussed, the terms of a permit may be extended automatically where a permitee 
files a timely application for a new permit.  But EPA has no power to intervene and extend a 
permit where the permitee fails to file a timely application.
 EPA could have acted on FWS’s November 12, 1980 NPDES permit application 
— or any of the FWS’s subsequent applications — and either issued or denied an NPDES 
permit.  But it has never done so.  EPA’s May 6, 1981 letter incorrectly advising FWS that 
the NPDES permit for the Hatchery had been automatically extended was not a decision 
“issuing” a permit under section 402.

Id. at 13-14 (citations omitted).
 Interestingly, the Court’s order didn’t include any ruling on a specific remedy for the Hatchery 
violating the CWA.  The remedy may come out of the requirements of the new NPDES permit.  The other 
option is that the parties come up with a settlement agreement that provides a remedy and results in the 
issuance of a valid NPDES permit so that the Hatchery can come into compliance with the CWA.
 CELP, meanwhile, in a press release on January 9th regarding the decision, pointed out the problems 
at the Hatchery.  “The Leavenworth Hatchery raises 1.2 million fish annually in a confined space, 
generating pollutants that are released untreated into Icicle Creek.  Pollutants include disease-control 
chemicals, pathogens, nitrogen, phosphorus, antibiotics, chemicals used for disinfection and other fish 
culture purposes, residual chemical reagents, salts, and chlorinated water.  The phosphorus discharge 
contributes to violations of water quality standards in Icicle Creek and the Wenatchee River.”  CELP went 
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on to note that, “[T]o comply with the judge’s ruling, the hatchery will need an updated pollution permit, 
called an ‘NPDES’ permit, required by the federal Clean Water Act.  Obtaining this permit and complying 
with its limits on pollutants will force the federal hatchery to undertake long-delayed upgrades, including 
wastewater treatment technology to protect Icicle Creek.”
 FWS is currently reviewing the ruling and cannot make any comment since the litigation is on-going at 
this time.

for additional information:
trish rolfe, Center for Environmental Law & Policy, 206/ 829-8299
deCision available on CELP website: www.celp.org/

STATe wATeR PLAnnInG & SuSTAInABILITy
audit of oregon water resources department

by David Moon, Editor

 On December 15, the Oregon Secretary of State (SOS) released a 27-page audit of the operations of the 
Oregon Water Resources Department (WRD), entitled Oregon Water Resources Department: Enhancing 
Sustainability Efforts and Agency Planning Needed to Better Address Oregon’s Water Supply Needs, Report 
No. 2016-33.  The audit included an additional eight-page response prepared by WRD.  The audit found 
that “WRD lacks the resources and strategic planning needed to ensure that existing water supplies aren’t 
being overused or contaminated.”  WRD needs to “better balance its workload between its responsibility 
for managing current water demands and planning for future water needs,” according to the audit. SOS 
Press Release, Dec. 16, 2016.  The audit and agency response are highly recommended reading, delving 
into issues that are similar for all the western states as they struggle to manage water resources.
 The Executive Summary concluded: “Oregon is facing growing pressures and concerns related to 
its water supply.  The Water Resources Department (WRD), charged with managing the state’s water 
resources, could better balance water rights issuance and management with actions to sustain current and 
future water needs.  The agency can also enhance its focus on groundwater protection, data collection and 
analysis, and workload and staffing.  A long-term agency plan would help WRD strategically focus and 
prioritize the agency’s efforts and align them with available resources.”  Audit at 1.
 The audit pointed out some significant problems with WRD’s capabilities and prioritization.  In 
the agency response, Tom Byler, WRD’s Director, said that the “Department generally agrees with the 
recommendations included in the report and will continue to find ways to improve performance without 
additional staff resources.  It is important to note that resource constraints will continue to present 
challenges to progress in many areas highlighted in the report; therefore the report’s recommendations 
regarding more fully communicating needs to the Legislature will be integral in achieving success in some 
of these program areas.” Id. at 28. 
 Water availability and sustainability of the resource were a major focus of the audit.  “WRD faces 
barriers in integrating long-term water availability and resource stewardship into its water supply 
management efforts.  By 2050, Oregon could be faced with a need for an additional 424 billion gallons of 
water per year to meet irrigation needs and municipal and industrial demand.  Meanwhile, a WRD division 
that focused on conservation, basin planning, and interagency coordination was eliminated more than 15 
years ago.  Many areas of the state have not had detailed groundwater and surface water studies.  WRD also 
has diminished field staff capacity to monitor and regulate water use.” SOS Press Release.
 Other parts of the audit highlight what the future holds for water availability issues.  “Oregon, 
like other states, is facing growing challenges with its water resources.  Water availability is limited by 
water right allocations, water system infrastructure, human impacts to water quantity and quality, and 
natural processes.” Audit at 10.  The new focus becomes groundwater use.  “While the number of new 
surface water rights being granted has slowed down, they have been replaced by a surge in the number of 
groundwater rights and surface water transfers WRD must process.” Id. at 19.
 Meanwhile, data collection and analysis needed to deal with water availability presents another area 
of concern.  WRD’s Water Availability Reporting System (WARS) is a database of streamflow and other 
surface water measurements that helps to evaluate permit applications.  “WARS information is currently 



February 15, 2017

Copyright© 2017 Envirotech Publications; Reproduction without permission strictly prohibited. 2�

The Water Report

State Water 
Planning

Reporting
Usage

Recommended
Actions

Agency
Response

Long-Term
Planning

based on streamflow measurements taken from 1958-1987.  WRD has collected 17 years-worth of 
streamflow measurements subsequent to 1987.  However, due to limited resources WRD has not analyzed 
this data.  The current water availability models are based on data that are at least 30 years old.” Id. at 17.
 In addition to unanalyzed data, WRD also has a major hole in its knowledge of the quantity of water 
used by the approximately 88,000 water right holders in Oregon.  “Only about 20% of water right holders 
are required to report how much water they use to WRD…In addition, many of the rights holders that 
are required to report their water use are municipalities and industries, and together they use less than 
an estimated 14% of available water.  Agriculture, which constitutes an estimated 85% of water use in 
the state, is usually not required to report, so it rarely occurs.  As a result, WRD does not have a clear 
understanding of how much water is actually being used.” Id. at 18.
the audit Contains 13 reCommendations to address Wrd’s shortComings:
“To better manage and protect Oregon’s water supply for future sustainability, WRD should:

• further integrate sustainability considerations into its water management decisions to better meet its full 
mission, including expanding permit conditions, developing mitigation initiatives and opportunities, 
and encouraging streamflow restoration efforts;

• work with the Water Resources Commission and Legislature to ensure water laws and rules for 
managing water meet current and future needs;

• work with the Governor’s Office, Legislature, and other state agencies to further promote water 
conservation among all water users;

• enhance its well regulation efforts, including driller licensing and education, and inspections of new, 
abandoned, and known wells;

• coordinate with other agencies to consolidate efforts and protect groundwater from potential risks;
• strategically  collect and analyze the information needed to help with decision-making related to the 

state’s water supply and availability;
• work with the Commission and the Legislature to expand its review and analysis of water use in the 

state;
• assess field staff workload and align it with mission critical priorities and available resources;
• develop a long-term plan for the agency that prioritizes its responsibilities and sets clear, measurable 

goals for water sustainability;
• continue efforts to improve internal communications;
• increase efforts to educate the public on water use and water laws;
• better communicate agency priorities, goals, and resource needs to the Commission and Legislature; 

and
• establish a process to periodically solicit staff feedback on plans and programs, then review and revise 

them as needed to ensure they are fulfilling their intent.” Audit at 26.
 WRD’s Response addressed each of the 13 recommendations separately, beginning at page 28 of the 
Audit.  The Water Report interviewed Tom Byler, WRD’s Director on February 3rd, concerning the audit 
and WRD’s Response.  “The Water Resources Commission [Oregon’s policy-making body] met last week 
and spent a couple of hours discussing the Secretary of State’s Audit.  It was a good, robust discussion 
of the Department’s response and where we go from here.  The whole audit notion is a positive thing 
— it’s a good exercise and gives us a third party perspective that looks in depth at performance.  Nothing 
in the audit really surprised us as it dealt with issues we’re aware of and have been working on with the 
Governor’s Office and Legislature.  It does act as an additional catalyst to get us moving.”
 Byler continued, regarding the 13 recommendations in the audit: “The most important is the long-term 
planning piece, since it envelops many of the other recommendations as well.  It also fits nicely with our 
existing Integrated Water Resources Strategy (IWRS), which is coming up for an update in 2017.  We see 
this strategic planning as good for WRD.  It will allow us to prioritize IWRS and build work plans to better 
connect our on-going business to longer term goals.”
 The Oregon Water Resources Department has a wide-ranging mission with immense responsibilities.  
Like all the water agencies in the western US those responsibilities are growing in scope and importance.  
Historically, WRD has also faced the challenge of receiving adequate funding from the state that is needed 
to follow up on the needs of the resource and its users.  In response to the audit, Director Byler told TWR 
that, “We are proud of what we are able to accomplish with our limited resources and are always looking 
for ways to improve our services.”

for additional information:
Audit/Response at: http://sos.oregon.gov/audits/Pages/stateaudits.aspx 
Wrd Website: www.oregon.gov/OWRD/pages/index.aspx
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RIO GRANDE COMPACT  TX/NM
special master report
 Special Master Gregory Grimsal, 
assigned to Texas v. New Mexico and 
Colorado, No. 141 Original, issued 
a final report (Report) February 9th 
recommending that the US Supreme 
Court (Supreme Court) deny the 
Motion to Dismiss by New Mexico and 
the Motions to Intervene by El Paso 
County Water Improvement District 
No. 1 and Elephant Butte Irrigation 
District.  The Special Master’s Report 
and recommendations next go to 
the Supreme Court, who will decide 
whether to accept the recommendations 
and how to proceed with the case.  For 
additional details regarding the interstate 
litigation, see Bond, TWR #130 and 
Water Briefs, TWRs #107, 119, 120, 
122, and 129. 
 The State of Texas brought 
litigation in the Supreme Court alleging 
that New Mexico’s ever increasing 
water use and groundwater pumping 
downstream from Elephant Butte 
Reservoir deprives Texas of water 
apportioned to it under the 1938 Rio 
Grande Compact.  In its press release 
of February 9th, Texas noted that 
it agrees with the Special Master’s 
recommendations and appreciates the 
logical approach used in his Report to 
derive his conclusions.
 The Compact apportions the waters 
of the Rio Grande among the signatory 
states of Colorado, New Mexico, and 
Texas.  The Compact apportions all of 
the water that New Mexico delivers 
into Elephant Butte Reservoir to Texas, 
subject to the United States’ Treaty 
obligation to Mexico and the United 
States’ project contract with EBID in 
New Mexico.  Texas maintains it is 
deprived of water apportioned to it in 
the Compact because New Mexico 
has authorized and permitted wells 
that have been developed near the Rio 
Grande in New Mexico.  Texas alleges 
that more than 3,000 wells pump tens 
of thousands of acre-feet of water that 
is hydrologically connected to the Rio 
Grande.  In addition, Texas states, 
New Mexico has permitted wells that 
would facilitate water use, which in the 
future will likely significantly increase 
pumping of Compact water.  The 
pumping has both a direct and indirect 
effect on Texas’ ability to obtain the 
water the Compact apportioned to it, 
according to Texas officials.

 The Special Masters’ Report 
rejects several of New Mexico’s claims 
involving their delivery obligation to 
Elephant Butte Reservoir and state law 
governing water below the reservoir.  
Rejecting New Mexico’s claim — that 
New Mexico water appropriation law 
should trump the Compact regarding 
water New Mexico diverts — the 
Special Master found that, “[T]he 
equitable apportionment achieved by 
the 1938 Compact commits the water 
New Mexico delivers to Elephant Butte 
Reservoir to the Rio Grande Project; 
that water is not subject to appropriation 
or distribution under New Mexico state 
law.” Report at 211.  On this point, the 
Special Master went on to declare that 
“…New Mexico, through its agents or 
subdivisions, may not divert or intercept 
water it is required to deliver pursuant 
to the 1938 Compact to Elephant 
Butte Reservoir...That water has been 
committed by compact to the Rio 
Grande Project for delivery to Texas, 
Mexico, and lower New Mexico, and 
that dedication takes priority over all 
other appropriations granted by New 
Mexico.” Id. at 213.
 If the Supreme Court affirms the 
Special Master’s Report, the case would 
then be sent back to Special Master 
Grimsal and set for trial.  Any decision 
by the Special Master at a trial would 
also be reviewed and signed off on by 
the Supreme Court.
For info: New Mexico AG’s website: 
www.nmag.gov/texas-v-new-mexico-
and-colorado.aspx; Report available at: 
Texas Commission on Environmental 
Quality website: www.tceq.texas.gov

WATER MARKETS         CO/WEST
alternative transfers
 WestWater Research (WestWater), 
founded in 2001, is an economic 
consulting firm specializing  in 
pricing, valuation, and transaction 
advisory services for water rights 
and water resource development.  In 
mid-January, WestWater released two 
reports of particular interest that water 
professionals can access.
 The 2017 Water Market Outlook 
discusses the ever growing water market 
and the financial, environmental, and 
regulatory factors that influence this 
burgeoning commodity.  The Outlook 
concludes its forecast for 2017 and 
beyond.  “Water market drivers and 
broader macroeconomic factors are 

expected to drive positive growth 
outlooks for water markets in 2017.  
Significant urban growth is projected 
across the western United States while 
at the same time many municipalities 
will look to transition to renewable 
water supplies.  Increased government 
support for water transfers, meanwhile, 
will reduce regulatory barriers and 
induce water users to enter the 
market.  Furthermore, the relatively 
slow development pace of additional 
water supply projects as solutions to 
water demand needs will continue to 
encourage water market activity.”
 The remainder of the 2017 Outlook 
provides information on: market trends 
and activities; asset classes, transfer 
structure; and market drivers.  In 
addition, the Outlook presents data on 
market price, market participants, and 
price performance.  
 The second study, Alternative 
Water Transfers in Colorado, was 
prepared by WestWater Research for 
the Environmental Defense Fund on the 
economics of water sharing agreements 
between municipal water providers 
and agricultural water right holders in 
Colorado.  These types of agreements 
are referred to as Alternative Transfer 
Mechanisms (ATMs) in Colorado, and 
state policy goals have advocated for 
increased use of ATMs in the coming 
decades to reduce the amount of “buy 
and dry” occurring on the rapidly 
growing Colorado Front Range.  
For info: 2017 Outlook and Alternative 
Transfer Mechanisms available at: www.
waterexchange.com/market-insight/

WATER SUSTAINABILITY        ID
state water plan
 At the request of Governor 
Otter, the Idaho Water Resource 
Board (IWRB) has developed a 
proposed change to the Idaho State 
Water Plan through the addition of 
a new Sustainability section.  The 
“Sustainability Policy Change” to the 
Idaho State Water Plan was submitted to 
the Governor and the Idaho Legislature 
in a letter dated December 2, 2016.  
“Sustainability is the active stewardship 
of Idaho’s water resources to satisfy 
current uses and assure future uses of 
this renewable resource in accordance 
with state law and policy.”  The full 
four-page Sustainability Policy is 
available at the website listed below.
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 There are eight members of the 
IWRB, appointed by the governor, 
who serve four-year terms.  IWRB is 
responsible for the formulation and 
implementation of a state water plan, 
financing of water projects, and the 
operation of programs that support 
sustainable management of Idaho’s 
water resources.
 The Idaho Comprehensive State 
Water Plan includes the statewide water 
policy plan and associated component 
basin and water body plans which cover 
specific geographic areas of the state.  
IWRB adopted a revised Idaho State 
Water Plan on November 28, 2012.
 The Sustainability Policy Change 
was submitted to the Idaho Legislature 
for approval.  
For info: Sustainability Policy Change 
available at: www.idwr.idaho.gov/
IWRB/water-planning/state-water-plan.
html

GROUNDWATER PLANS          CA
water for replenishment
 On January 12, the California 
Department of Water Resources 
(CDWR) released a draft “Water 
Available for Replenishment” report.  
This first-of-its-kind analysis of 
California’s water resources shows 
that bringing local groundwater basins 
into sustainable balance — as state law 
demands — will require investments 
and innovations in integrated water 
management including conservation, 
stormwater capture, recycling, 
desalination, water transfers, diversion, 
conveyance and storage.
 These actions will help minimize 
potential urban and agricultural 
water shortages.  The Sustainable 
Groundwater Management Act (SGMA) 
requires groundwater-dependent regions 
to halt overdraft and bring basins 
into sustainable levels of pumping 
and recharge by 2040.  Groundwater 
supplies between 30% and 60% of 
the water Californians use in any 
year.  Bringing basins into balance 
will eliminate the worst effects of 
overpumping, including the dewatering 
of streams and sinking of land that 
damages bridges, roads, canals, and 
other infrastructure.
 The new draft report by CDWR 
separates the state into ten regions and 
analyzes water supply and demand in 
each region in order to estimate how 

much surface water could be available 
to replenish groundwater basins.  The 
“Water Available for Replenishment” 
report is required by the SGMA and 
will be used by the leaders of newly-
formed local sustainable groundwater 
management agencies as they draft 
sustainability plans, which are due in 
2020 for critically over-drafted basins 
and two years later for all remaining 
high-and medium-priority basins.
 Development of new water 
resources must consider practicality and 
the financial feasibility of capturing rare 
flood events and evolving technologies.  
The new report shows that limited 
water is available for aquifer recharge 
in many regions, except in years of high 
precipitation.  To capture more peak 
storm flow for the sake of groundwater 
recharge will require infrastructure, 
including diversion, storage, and 
conveyance.  Recharge will need to be 
integrated with potential sources and 
can be accomplished using percolation, 
injection or in-lieu management, where 
current groundwater users effectively 
switch to a new source of supply.
 The draft “Water Available for 
Replenishment” report provides a 
visual depiction of supply and demand 
in each region.  It shows, for example, 
that demand for water, conveyed 
imports of water from other regions, 
and groundwater pumping is highest 
in the Tulare Basin of the southern 
San Joaquin Valley.  Runoff, natural 
recharge, and outflow are highest in 
the North Coast.  The estimated water 
available for replenishing groundwater 
basins is highest in the Sacramento 
River Region — approximately 640,000 
acre-feet (AF) a year.  By comparison, 
the amount of water estimated available 
for recharge annually in the Tulare 
Basin is 50,000 AF.
 The report takes into account 
the existing flow requirements for 
streams and considers potential new 
infrastructure to divert water based 
upon the capacity of existing facilities.  
An uncertain future is acknowledged 
using a range of potential instream 
flows required and project capacity, as 
the report analysis includes scenarios 
in which both flow requirements 
and diversion capacity are doubled 
in each region.  The primary factors 
for these estimates are instream flow 
requirements and potential project 
capacity.

 The report also examines the 
reliability of the statewide water 
projects that supply one-third of the 
state’s irrigated farmland and two-thirds 
of the state’s population. .
 The DWR analysis shows that by 
providing more flexibility to capture 
additional storm runoff, construction 
of additional storage north and south of 
the Delta, plus improvements in Delta 
pumping infrastructure as proposed 
with California WaterFix, would limit 
the decline of water project deliveries 
and provide a more efficient system for 
environmental protection compared to 
the existing 50-year-old infrastructure.
 The report also recognizes that 
water may be available through 
conservation, recycling, desalination, 
water transfers, and other water 
management strategies.  
 DWR seeks public comment 
on the draft “Water Available for 
Replenishment” through March 10th; 
submit comments at sgmps@water.
ca.gov with the subject line heading, 
“Public Comments on WAFR.”
For info: “Water Available for 
Replenishment” available at: www.
water.ca.gov/groundwater/sgm/wafr.cfm

STORMWATER REGS                US
construction general permit
 On January 11, EPA’s 2017 
Construction General Permit (CGP) 
was issued.  It will take effect on 
February 16, 2017.  The 2012 CGP 
will expire at midnight on February 
16, 2017.  The 2017 CGP will continue 
to reduce pollution to the nation’s 
waterways by requiring controls for 
stormwater discharges from construction 
sites.  Stormwater discharges during 
construction activities can contain 
sediment and other pollutants that harm 
aquatic ecosystems, increase drinking 
water treatment costs, and pollute waters 
that people use for fishing, swimming, 
and other recreational activities.
 The 2017 CGP is similar to the 
2012 CGP.  It replaces and includes 
discharge limitations and requirements 
for self-inspections, corrective actions, 
staff training, and development of a 
Stormwater Pollution Prevention Plan.  
It also includes several new features 
such as requiring waste containers to 
have lids or cover when not in use or at 
the end of the business day, requiring 
controls to minimize exposure of 
building materials containing PCBs 
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to precipitation and stormwater, and 
requiring large disturbances to be 
stabilized faster.  The 2017 CGP will 
last for five years.
 Web content for the 2012 CGP will 
remain posted online until the 2012 
permit expires.
For info: www.epa.gov/npdes/
stormwater-discharges-construction-
activities

SEWER SYSTEM PENALTY       TX
clean water act violations
 The US Department of Justice 
(DOJ) and US Environmental Protection 
Agency (EPA) announced on January 
17th that the City of Tyler, Texas, 
agreed to significantly upgrade its 
sanitary sewer system to resolve alleged 
violations of the federal Clean Water Act 
(CWA).  The City will also undertake 
extensive operational improvements to 
its sanitary sewer system and pay a total 
of $563,000 in civil penalties.
 DOJ on behalf of the EPA, and 
the State of Texas on behalf of the 
Texas Commission on Environmental 
Quality, jointly filed a complaint against 
Tyler alleging that, since 2005 the City 
has allowed and continues to allow 
untreated sewage to overflow from the 
city’s sanitary sewer system in violation 
of the CWA and the Texas Water Code.  
The complaint alleges the City failed 
to properly operate and maintain its 
sewer system, resulting in problems 
including blockages in underground 
pipes, general system defects and power 
failures.  These problems can impact 
public health and local water quality 
by allowing releases of untreated 
sewage into local waterways and the 
community.  The complaint specifically 
alleges instances of raw sewage entering 
into both local waterways and into Tyler 
residents’ private homes and yards. 
Many of these sanitary sewer overflows 
occurred in low-income and minority 
communities.
 To comply with the terms of the 
settlement and significantly reduce 
future sanitary sewer overflows, the 
city must comprehensively assess and 
improve its sewer system’s physical 
condition by repairing or replacing 
damaged assets within a certain time 
period after their discovery.  The 
city must also analyze sewer system 
capacity using an updated hydraulic 
model and undertake a tailored 

program to implement detailed 
capacity management, operation and 
maintenance procedures.  The city must 
keep the public directly informed of 
its progress when complying with the 
consent decree by creating a public 
document repository on the city’s 
website, where it is required to post any 
report required by the consent decree 
and all final EPA-approved plans.  The 
city must also consider, among other 
things, the location of past sanitary 
sewer overflows in low income or 
minority communities when prioritizing 
the sequence for certain cleaning 
or remedial work.  EPA estimates 
the combination of these mandated 
efforts will require the city to spend 
approximately $65 million over the next 
10 years.
 Tyler’s entire wastewater collection 
and treatment system includes 690 
miles of main lines, 22 lift stations 
and over 9,000 manholes as part of its 
sanitary sewer system, which sends 
untreated wastewater to two wastewater 
treatment plants.  Tyler’s system serves 
approximately 32,000 customers and 
109,000 people.
 The settlement, which will be 
lodged in the US District Court for the 
Eastern District of Texas, is subject to a 
federal 30-day public comment period.  
The State of Texas also has a required 
30-day public comment period. 
For info: Proposed Consent Decree at: 
www.justice.gov/enrd/Consent_Decrees.
html;  EPA’s National Enforcement 
Initiative at: www.epa.gov/enforcement/
national-enforcement-initiative-
keeping-raw-sewage-and-contaminated-
stormwater-out-our

NEW WATER SUPPLIES           WA
office of columbia river
 An economic evaluation of the 
Department of Ecology’s Office of 
Columbia River was released by Power 
Consulting, Inc. in December of 2016, 
showing that controversy continues 
in the Columbia River Basin over 
projects to increase water supplies in 
the basin.  Dated December 3rd, the 
Report was prepared for the Sierra 
Club.  “Department of Ecology Office 
of Columbia River: The Last Ten Years” 
examines OCR’s program to study dam 
sites and develop water projects.  The 
Report includes in-depth analysis of 

the Yakima Integrated Water Plan, the 
Odessa Subarea water project, and the 
Icicle Strategy.
 The Executive Summary sets forth 
the premise for its analysis.  “In 2006, 
the Washington Legislature tasked the 
Washington Department of Ecology 
(Ecology) to ‘aggressively seek out 
new water supplies’ for both instream 
and out-of-stream uses (emphasis 
added). RCW 90.90.005(2).  The 
same legislation set up the Columbia 
River Basin Development Account 
and authorized $200 million to fund 
it, much of which has been spent or 
committed according to OCR’s 2015 
Water Supply Inventory Report to the 
Legislature.  Ecology created the Office 
of Columbia River (OCR) to use these 
funds to develop new water supplies 
using storage, conservation, and 
voluntary regional water management 
agreements.” 
 The report notes that its purpose 
was to provide an “analysis of OCR” 
that “provides a critical overview 
of OCR’s expenditures since its 
creation.”  It concludes, “[I]n light 
of our findings, summarized in the 
following conclusions and supported 
by the analysis contained in this report, 
we recommend that the Washington 
State Legislature not provide additional 
funding to OCR until a performance 
audit on OCR is prepared for the 
Legislature… .” Report at 1.  At that 
point in the Executive Summary, the 
Report lays out the 12 main points on 
which its conclusion is based.
 The 41-page Report goes into detail 
regarding the Office of Columbia River, 
its purposes, and the shortcomings it 
perceives in the program.  For those 
involved directly involved in the 
Columbia River basin supply and 
storage issues it is required reading and 
for water professionals in other states 
dealing with supply issues the Report 
and its analysis are worthwhile as well 
for its “critical overview” of numerous 
water issues.
 Washington’s Department of 
Ecology, as one would expect, has a 
significantly different view of OCR.  
See Ecology’s OCR website at: www.
ecy.wa.gov/programs/wr/cwp/crwmp.
html.
For info: Report at Sierra 
Club’s website: www.sierraclub.
org/washington/upper-columbia-river
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February 17 WEB
Enforcement Policy Webinar & 
Workshop, WEB. 9am-12pm. 
Presented by CA State Water Resources 
Control Board. For info: Dr. Matthew 
Buffleben, 916/ 341-5891, Matthew.
Buffleben@waterboards.ca.gov or  
https://stateofcaswrcbweb.centurylinkccc.
com/CenturylinkWeb/MatthewBuffleben

February 17 WA
3.4 Intermediate lId design: 
Site Assessment, Planning, & 
layout training, Bellingham. 
Alaska Ferry Terminal (Conference 
Room B). Presented by Dept. of 
Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

February 18-19 CO
towards a circular Economy - 
Engineering Solutions for Sustainability: 
Materials & resources Symposium, 
denver. Hyatt Regency at Colorado 
Convention Ctr. For info: www.
smeannualconference.com/

February 21-23 TX
2017 underground Injection control 
(uIc) conference, Austin. Radisson Hotel 
& Suites Downtown. For info: www.gwpc.
org/events/2017-uic-conference-0

February 21 WA
3.5 Intermediate lId design: 
rainwater collection Systems & 
green roofs training, Seattle. 
Center for Urban Horticulture, 3501 
NE 41st Street. Presented by Dept. of 
Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

February 22 TX
high Performing Water utilities: 
combining good data & Innovative 
Engagement for Maximum Efficiency 
- 6th Annual gulf coast Water 
conservation Symposium, houston. 
United Way Community Resource Ctr., 50 
Waugh Drive. For info: Jennifer Walker, 
Gulf Coast Water Efficiency Network, 512/ 
627-9931 or jennifer.walker@sierraclub.org

February 22 WEB
Approaches for defining & 
Implementing Storm Water Billing 
Webinar, Webinar. Presented by 
American Water Works Assoc., 11 
am -12:30 pm. For info: http://www.
awwa.org/store/productdetail_event.
aspx?productId=62604313

February 22 WA
3.2 Intermediate lId design: 
Bioretention training, olympia. 
Olympia Center, 222 Columbia 
Street NW. Presented by Dept. of 
Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

February 22 WA
nooksack river System-Wide 
Improvement Framework - AWrA-
WA dinner Meetnig, Seattle. Ivar’s 
Salmon House on Lake Union. Presented 
by American Water Resources Assoc.- 
WA Section. For info: http://waawra.
org/event-2444078

February 22-23 TX
Fundamentals of cost of Service & rate 
design for Water utilities, houston. 
Royal Sonesta Houston. Presented by EUCI 
(Electric Utility Consultants Inc.). For info: 
www.euci.com/events/

February 22-24 NV
Family Farm Alliance Annual Meeting 
& conference, las vegas. Monte Carlo 
Resort. For info: www.familyfarmalliance.
org/

February 23 WA
3.4 Intermediate lId design: 
Site Assessment, Planning, & 
layout training, vancouver. Water 
Resources Education Ctr., 4600 SE 
Columbia Way. Presented by Dept. of 
Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

February 23-24 NM
2017 land & Water Summit: growing 
community relationships - just 
Add Water!,  Albuquerque. Sheraton 
Albuquerque Airport. Presented by 
Xeriscape Council of New Mexico. For 
info: www.xeriscapenm.com/

February 23-24 OK
oklahoma Water law conference, 
oklahoma city. Skirvin Hotel. For info: 
CLE Int’l, 800/ 873-7130 or www.cle.com

February 26-March 10 VA
Water & Wastewater leadership center, 
leeburg. Lansdowne Resort. For info: 
http://waterleadership.org/

February 27 WA
3.3 Intermediate lId design: Permeable 
Pavement training, Bellingham. 
Alaska Ferry Terminal (Conference 
Room B). Presented by Dept. of 
Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

February 28 WA
3.1 Intermediate lId topics: nPdES 
Phase I & Phase II Permit requirements 
training, olympia. Olympia Center, 222 
Columbia Street NW. Presented by Dept. 
of Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

February 28-March 1 CA
Water-Energy nexus conference 2017, 
los Angeles. Energy Resources Center. 
For info: www.environmental-expert.com/
events/water-energy-nexus-conference-
2017-20537

February 28-March 2 DC
Assoc. of california Water Agencies 
dc 2017 conference, Washington. St. 
Regis Hotel. For info: http://www.acwa.
com/events/acwa-dc2016-washington-dc-
conference

March 1 CA
Water Planning in a variable climate: 
Impacts on california’s Agriculture, 
Municipalities, & other Water users 
Seminar, napa. Hampton Inn & Suites Spa 
Napa. For info: The Seminar Group, 800/ 
574-4852, info@theseminargroup.net or 
www.theseminargroup.net

March 1-2 Canada
50th International conference on 
Water Management Modeling, toronto. 
Courtyard by Marriott Toronto Brampton 
Hotel. Pre-Conference Workshops on 2/27 
& 2/28. For info: http://www.icwmm.org/

March 2 WA
3.5 Intermediate lId design: 
rainwater collection Systems & 
green roofs training, vancouver. 
Water Resources Education Ctr., 4600 
SE Columbia Way. Presented by Dept. 
of Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

March 2-3 WA
Permitting Strategies for large, 
controversial Projects in Washingon 
& the northwest Seminar, Seattle. 
Crowne Plaza Downtown. For info: 
The Seminar Group, 800/ 574-4852, 
info@theseminargroup.net or www.
theseminargroup.net

March 2-5 OR
Public Interest Environmental law 
conference: “One Cause, One Voice,” 
Eugene, University of Oregon. For info: 
www.pielc.org

March 7-9 MI
2017 Flint Water Infrasturcture Summit 
- A national conversation, Flint. 
Riverfront Banquet Ctr. Presented by 
Michigan Dept. of Environmental Quality; 
Co-Sponsored by the City of Flint and State 
of Michigan. For info: www.michigan.
gov/deq/0,4561,7-135-3308_3333-392619-
-,00.html

March 8 CA
Assoc. of california Water Agencies 2017 
legislative Symposium, Sacramento. 
Sacramento Convention Center. For 
info: www.acwa.com/events/acwa-2017-
legislative-symposium

March 8-10 CA
central valley tour 2017, central 
valley. San Joaquin Valley. Presented 
by Water Education Foundation. For 
info: http://www.watereducation.
org/tour/central-valley-tour-2017

March 9 OR
then. now. next. - the Freshwater trust 
Event, Portland. Castaway Portland, 
1900 NW 18th Avenue. For info: www.
thefreshwatertrust.org/thennownext/

March 10 WA
Winter Waters 2017 Event - honoring 
the coeur d’Alene tribe, Spokane. Patsy 
Clark Mansion, 2208 W. 2nd Avenue, 6:30 
pm. Presented by Center for Environmental 
Law & Policy & Upper Columbia River 
Group Sierra Club. For info: www.
celp.org or www.brownpapertickets.
com/event/2843398

March 10-11 LA
22nd Annual tulane Summit on 
Environmental law & Policy, new 
orleans. Tulane University Law School. 
Presented by Environmental Law Institute. 
For info: www.eli.org/events/22nd-annual-
tulane-summit-environmental-law-and-
policy

March 14-16 CA
13th Annual ElI Western Boot camp 
on Environmental law 2017, San 
Francisco. Morrison & Foerster LLP, 425 
Market Street. Presented by Environmental 
Law Institute. For info: www.eli.org/
events/13th-annual-eli-western-boot-camp-
environmental-law®-2017

March 15 CA
Water gala ‘17, San Francisco. 
Mezzanine, 444 Jessie Street. Presented 
by Imagine H2O. For info: Nashelley 
Kaplan-Dailey, 415/ 828-6344, Nashelley@
imagineh2o.org or www.imagineh20.org

March 15-16 CA
Water Innovation 2017 conference, 
San Francisco. Sir Francis Drake 
Hotel. Presented by Water Environment 
Federation. For info: www.wef.
org/WaterInnovation/

March 16-17 WY
Wyoming Water & Energy law 
conference, cheyenne. Little America 
Hotel. For info: CLE Int’l, 800/ 873-7130 
or www.cle.com

March 19-21 CA
Watereuse california Annual 
conference, San diego. Westin San 
Diego. For info: https://watereuse.
org/news-events/event-calendar

March 20-21 DC
Assoc. of clean Water Administrators 
Mid-year Meeting, Washington. 
Hilton Garden Inn. For info: www.
acwa-us.org/#!meetings

March 20-22 DC
Federal Water Issues conference 
- national Water resources Assoc., 
Washington. Embassy Suites. For info: 
NWRA, www.nwra.org/upcoming-
conferences-workshops.html

March 20-23 CA
27th Annual International conference 
on Soil, Water, Energy & Air, San 
diego. Marriott Mission Valley. Presented 
by the Assoc. for Environmental Health 
& Sciences Foundation. For info: www.
aehsfoundation.org/west-coast-conference.
aspx

March 21 WA
5.0 Advanced long-term lId 
operations: Bioretention training, 
Bellingham. Alaska Ferry Terminal 
(Conference Room B). Presented by Dept. 
of Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

March 21 NE
republican river Basin-Wide 
Water Management Plan Meeting, 
cambridge. Cambridge Community 
Center, 722 Patterson Ave. Hosted by 
Nebraska Dept. of Natural Resources. 
For info: http://dnr.nebraska.
gov/RRBWP/project-and-meeting-schedule

March 21-22 DC
national Water Policy Fly-In & Expo, 
Washington. Washington Marriott 
Georgetown. Water Week 2017 Event: 
March 19-25. For info: https://watereuse.
org/news-events/event-calendar
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March 23 CA
2017 Executive Briefing: Wave of change 
- Breaking the Status Quo, Sacramento. 
Hilton Sacramento Arden West. Presented 
by the Water Education Foundation. For 
info: www.watereducation.org/foundation-
event/2017-executive-briefing

March 23 WA
5.0 Advanced long-term lId 
operations: Bioretention training, 
vancouver. Water Resources Education 
Ctr., 4600 SE Columbia Way. Presented by 
Dept. of Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510

March 23 WA & WEB
Environmental law in the trump 
Administrative Seminar, Seattle. 
Hilton Garden Inn Downtown. For info: 
The Seminar Group, 800/ 574-4852, 
info@theseminargroup.net or www.
theseminargroup.net

March 28 AZ
Irrigated Agriculture in Arizona: A Fresh 
Perspective  - Wrrc conference 2017, 
tucson. University of Arizona Student 
Union, 8am-5pm. Presented by Water 
Resources Research Center. For info: 
http://wrrc.arizona.edu/events/conference/
wrrc-conference-2017-irrigated-agriculture-
arizona-fresh-perspective

March 28-29 CA
35th Annual ABA Water law 
conference, los Angeles. Loews 
Hollywood Hotel. Presented by Section 
of Environment, Energy & Resources in 
connection with SEER’s Spring Conference 
March 29-31.  For info: www.shop.
americanbar.org/ebus/ABAEventsCalendar.
aspx

March 28-30 CA
california Municipal utilities Assoc. 
85th Annual Meeting, carlsbad. Sheraton 
Carlsbad Resort & Spa. For info: http://
cmua.org/events/

March 29 CA
Environmental Summit of the Americas, 
los Angeles. Loews Hollywood Hotel. 
Sponsored by the ABA Section of 
Environment, Energy & Resources. For 
info: http://shop.americanbar.org/ebus/
ABAEventsCalendar/EventDetails.
aspx?productId=266631586

March 29-31 CA
46th Spring conference of the Section 
of Environment, Energy & resources, 
los Angeles. Loews Hollywood Hotel. 
Presented by ABA SEER. For info: http://
www.americanbar.org/groups/environment_
energy_resources/events_cle.html

March 29-31 MN
design-Build for Water/Wastewater 
conference 2017, Minneapolis. 
Minneapolis Convention Center. Presented 
by Water Environment Federation. For info: 
http://www.wef.org/DBIA/

March 29-April 1 CA
35th Annual Salmonid restoration 
conference, davis. Veteran’s Memorial 
Center, 203 E. 14th Street. Presented by 
Salmonid Restoration Federation. For info: 
http://calsalmon.org/

March 30-31 MT
Buying and Selling ranches Seminar, 
helena. Best Western Premier Helena 
Great Northern Hotel. For info: The 
Seminar Group, 800/ 574-4852, 
info@theseminargroup.net or www.
theseminargroup.net

March 31 DC
Environmental law & Policy review 
Annual conference 2017, Washington. 
Environmental Law Institute, 1730 M 
Streeet NW, Ste. 700. Presented by 
Environmental Law Institute & Vanderbilt 
University Law School. For info: www.eli.
org/events/environmental-law-and-policy-
review-annual-conference-2017

April 5 WA
5.1 Advanced long-term lId 
operations: Permeable Pavement 
training, Bellingham. Alaska 
Ferry Terminal (Conference 
Room B). Presented by Dept. of 
Ecology. For info: www.eventbrite.
com/o/lid-training-team-8360043510


