






Biographical sketch: 
Kent R. Madison - 29299 Madison Road, Echo, OR 97826 – (541) 376-8107 
 
Education 
Á Bachelor of Science, General Agriculture, Oregon State University, 1983 

 
Professional Experience 
Farming 
Third generation farmer on a family owned 17,500 acre farm near Echo, OR. Madison Farms is 
based 8 miles west of Echo, OR. Current production includes alfalfa, corn, canola, potatoes, 
pasture, green peas, snap peas, grass seed and wheat. On average 7,900 acres are farmed under 
deficit irrigation each year. www.madisonfarms.com
 
3R Valve LLC 
Owner of 3R valve LLC. Manufacture and sell down hole control valves for use in aquifer 
storage and recovery (asr). www.3RValve.com
 
 
Special Technologies/Innovations 
Á Application of Biosolids and reuse water to land as organic fertilizer 
Á Patent on an ASR (Aquifer Storage and Recovery) down hole control valve  
Á Owner/operator of a Wheat Seed Treatment Facility  
Á Owner/operator K & S Madison, Inc. Canola Crushing and Biodiesel plant. 
 
Volunteer Service 
Á Chairman of the Umatilla County Groundwater Task Force (current) 
Á Project Advisory Board for the USDA-NRI Pilot Irrigation Optimization Program (current) 
Á Advisory Board for Columbia Crush Biodiesel Technology project (current) 
Á Advisory Board for Hermiston Agricultural Research Center (current) 
 
Local and National Awards 
Soil Conservation Farm of the Year 
Wheat Growers Conservation Farm of the Year 
6th place national Finalist in the Farm Progress 2002 Best Managed Farms Contest 
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ABSTRACT 
A decision tool was developed to select the pesticides to include in artificial recharge source 
water testing.  The intent was to identify the pesticides most likely to be found in the source 
water, as well as those pesticides less likely to be found in the source water but are highly toxic.  
The decision to include a pesticide in the analyte list for the artificial recharge source water was 
made by evaluating the amount and timing of pesticide used, the physical properties of the 
pesticide that affect its movement in the environment, and its toxicity and potential health effects. 
 
In practice, results from the use of this decision tool on an artificial recharge project near Milton-
Freewater, Oregon were divided into two tiers of pesticides based on the analytical methodology 
required to quantify each pesticide.  DEQ decided to initially analyze only for Tier 1 pesticides, 
with the provision that if some of the Tier 1 pesticides were detected, the analyte list would be 
expanded to additional pesticides.  Analyses conducted to date at the Milton-Freewater site have 
not identified the presence of Tier 1 pesticides. 



Biographical Sketch:  Phil received his bachelor’s degree in Geology in 1987 from the 
University of South Alabama and his master’s degree in Geology in 1990 from the University of 
South Florida.  He worked as a field geologist and a project manager for an environmental 
consulting firm in Tampa, Florida for 10 years before joining the Oregon DEQ.  He now performs 
DEQ’s functions in the two eastern Oregon Groundwater Management Areas (areas with regional 
groundwater contamination due to nonpoint source contamination).  He also evaluates water 
quality aspects of proposed Aquifer Storage and Recovery projects as well as Artificial Recharge 
projects in eastern Oregon. 
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ABSTRACT 
Deteriorating ground-water quality has generated new research initiatives which focus on 
pathogen subsurface fate and transport behavior- especially as aquifer storage and recovery 
(ASR) practices become more widespread.  Most current knowledge of pathogen subsurface fate 
and transport is derived from laboratory column studies and small field-scale injection and 
recovery studies, generally in homogeneous sandy media.  Current ASR operations necessitate 
improved information on pathogen survival and transport behaviors in very heterogeneous 
aquifers on large scales, i.e., hundreds of meters to kilometers.  In situ survival of pathogen 
surrogates could help predict pathogen survival, regrowth or decay rates.  A major challenge 
involves identification of pathogens that pose a threat in each ASR setting.  
 
A number of factors influence survival of pathogens within aquifers.  These include temperature, 
salinity, dissolved oxygen, pH, microbial size, protozoa, dissolved organic carbon, propensity for 
attachment, and microbial growth.  Attachment to surfaces and temperature are among the most 
significant factors in loss of enteric virus infectivity.  Below 10 °C, many viruses can survive for 
months. In contrast, at higher temperatures greater than 20 °C, inactivation of most viruses occurs 
rapidly.  In Florida, ASR temperatures range from 22 °-28 ° C; these conditions could allow both 
enteric bacterial survival/regrowth and viral die off.  Currently, limited data exists for survival of 
pathogenic protozoa (e.g., Cryptosporidium parvum, and Giardia lamblia) in ground water.  
Thus, different site-specific physicochemical conditions could promote or inhibit in-situ 
microbial survival.  Nevertheless, regular screening for coliform bacteria, indicator (coliphage) 
virus and Cryptosporidium should be undertaken.   
 
Current studies show that modest differences in ground-water and sediment-surface chemistries 
significantly impact subsurface microbial transport behavior.  It should be recognized that surface 
waters injected underground during ASR operations can have different physicochemical 
characteristics than the displaced ground water.  However, the effect of introducing surface water 
into an aquifer upon pathogen attachment and survival behavior remains unknown.  Since the 
passage of the Ground Water Rule, more well water is required to be chemically disinfected.  It is 
important to note that Cryptosporidium parvum oocysts, a common protozoan contaminant of 
surface waters, are particularly resistant to chlorination.  Therefore, the efficacy of the subsurface 
for removing oocysts during ASR operations is particularly important for public health, but is 
poorly understood.  In general, the survival and transport of a number of important classes of 
waterborne pathogens needs to be assessed under conditions relevant to specific ASR operations.   

mailto:dwmetge@usgs.gov
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Biographical Sketch:  David Metge has worked in the US Geological Survey for over 20 years.  
He received his Masters degree from the California State University, San Francisco, in Molecular 
& Cellular Biology and Microbiology.  His primary research has focused on subsurface microbial 
fate and transport, microbial survival and detection, and investigation of antimicrobial 
mechanisms of therapeutic clays.   
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ABSTRACT 
The development of an Aquifer Storage and Recovery (ASR) system requires a multi-prong 
evaluation: system design, hydrogeologic feasibility and water quality.  The water quality aspect 
involves both public health and source water-groundwater compatibility issues.  Groundwater 
compatibility may have implications related to clogging of the aquifer or screens, as well as 
aesthetic and public health issues.  These concerns arise because natural waters are complex 
solutions, the characteristics of which reflect both source and history of the water.  As a result, 
source water and groundwater will have different compositional characteristics, related to the 
chemical state parameters of temperature, pH and redox potential (pe) and, in the case of 
groundwater, the nature of the aquifer matrix. 
       Source water, typically surface water, is characterized by varying temperatures, oxidizing 
(elevated pe) conditions, lower pH (6-7), higher concentration of dissolved organic carbon 
(DOC), and lower total dissolved solids (TDS).  Groundwater often tends toward a narrower 
range of temperature variation, reducing (oxygen-deficient) conditions, a higher pH (7.5-8), lower 
DOC, and higher TDS.  Mixing of these waters will certainly involve equilibrium adjustments 
between the two solutions and the source water is rarely in equilibrium with the aquifer matrix.  
The adjustments frequently involve several simultaneous reactions, e.g., acid-base, exchange, and 
dissolution-precipitation.  
      Acid-base reactions typically involve the redistribution of dissolved carbonate molecules, e.g., 
H2CO3, HCO3-, and CO32-, influence the pH of the mixed solution and controls the solubility of 
calcite, an important secondary mineral.  Exchange reactions, controlled by the aquifer matrix, 
dissolved ions and pH, will lead to mixed solution composition different than either of the two 
endmembers.  Redox conditions will influence the concentration of several multi-valent 
components, e.g., Fe, Mn, S, N, As, and others, and the solubility of phases such as ferric 
hydroxide, a phase often associated with aquifer or screen clogging.  Dissolution-precipitation 
reactions can influence adjustments to the aquifer matrix, including porosity, as well as the 
composition of the mixed water.  Because of the variable simultaneous reactions resulting from 
mixing of source water and groundwater, and because the mixing proportions will vary as a 
function of proximity to the injection well, it is difficult to predict the outcome without a rigorous 
approach.  Programs such as the USGS’ program PHREEQE are capable of predicting the impact 
of these often competing reactions as a function of mixing proportions, solution composition, and 
chemical state parameters. 
       Reaction kinetics, the rates of which are strongly temperature dependent, are time-dependent, 
and may often over-ride predictions based on solubility and exchange reactions.  Whereas acid-
base, redox and exchange reactions may occur over a short time frame (days or less), dissolution-
precipitation reactions operate over a longer time period (days to years).  We might therefore see 
the impacts of redox and exchange reactions decrease with time (ASR cycles), while those of the 
dissolution-precipitation, i.e., clogging, increase, or at least continue, with time. 
       Given the variability in compositional parameters and controls, and the potential for differing 
mixing proportions in space and time, it is necessary for the monitoring program for water quality 
of an ASR project be considered as an long-term on-going process and not a one-time event. 
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Biographical Sketch:   Dennis Nelson is currently the groundwater coordinator for the Drinking 
Water Program of the Oregon Department of Human Services.  Prior to DHS he taught in the 
geoscience programs of Sul Ross State University in west Texas and at Portland State University.  
Current responsibilities at DHS include directing the source water assessment/protection program 
for groundwater-based public water systems, providing technical assistance to public water 
systems on groundwater issues, and the development groundwater-related programs at the 
Drinking Water Program. 
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ABSTRACT 
This paper describes the evaluation of groundwater recharge strategies (ASR and surface 
infiltration) in the Yakima Basin (Washington) and provides some corollaries and potential 
examples of how these approaches might be used in the Umatilla Basin in Oregon.  The current 
water supply and storage capacity within the Yakima River Basin, Washington does not meet the 
water supply demands in all years and affects the basin’s agriculture-economy and instream flow 
needs.  A basin scale assessment of aquifer storage and recovery (ASR) and surface infiltration 
was evaluated as part of a state-federal EIS on water storage options for the Yakima Basin.  The 
ultimate objective of water storage in the Yakima Basin is to maintain and improve instream flow 
levels for anadromous fish habitat while meeting current and future irrigation and municipal 
needs.   

The issues in the Yakima Basin are analogous to those in the Umatilla Basin in Oregon.  Water 
resources within the Umatilla River Basin, an important agricultural region in Oregon, have 
become severely limited over recent decades.  Maintaining flows for fish habitat has increased 
pressure on the Umatilla’s available water resources.   In response to this serious water shortage, 
the Oregon State Senate will soon be considering Senate Bill 1069 that would authorize and 
provide funding to complete a regional assessment of the feasibility to artificially increase 
recharge in the Umatilla Basin.  If feasible, this could improve the economy of the basin and, 
importantly, restore normative basin hydrology in a way that limits or eliminates further demands 
on summer surface supplies.   

For the Yakima Basin project, several ASR scenarios (injection into deeper clastic and basalt 
aquifers) were evaluated with respect to their ability to satisfy future municipal water demand and 
whether there were additional increases in return flows to the Yakima River.  In the Yakima 
Basin, deeper aquifers that are suitable for ASR are also in hydraulic continuity with the Yakima 
River, and any “inefficiencies” in ASR recovery are transferred to instream flow benefits over the 
long term.  It was found that replacing current municipal summer surface water diversions with 
ASR would result in a direct increase to streamflow of as much as 6,000 acre-feet (AF) from 
April to September.   

Surface recharge to alluvial aquifers in the Yakima Basin was also analyzed.  A historical 
analysis of the infiltration of “excess” reservoir storage was developed using an inverse stream 
depletion function (SDF) approach.  The SDF analysis estimated the monthly return flow (or 
accretion) to the river based on monthly infiltration volumes over a range of hydrogeologic 
factors that affect return flow volume and timing. The analysis predicted that surface recharge to 
alluvial aquifers could produce 10,100 to 14,400 AF of return flow to the Yakima River during 
most years. During extreme dry years, benefits were smaller but carry-over effects from previous 
years were predicted.  In general, the analysis emphasizes the need for a programmatic approach 
whereby recharge (whether as ASR or surface recharge) is applied year-after year regardless of 
the climatic cycle. 
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Biographical sketch: Bob Anderson is a Principal and Senior Hydrogeologist at Golder 
Associates in Redmond WA.  Mr. Anderson’s professional and educational background spans a 
broad range of topics in geology, hydrology and geophysics, and he has managed a wide variety of 
water resource and environmental characterization studies over 20+ years in the Pacific Northwest.   
Over the past 7 years, he has focused on providing professional consulting support for a variety of 
watershed scale investigations in the Pacific Northwest, completing watershed management plans, 
groundwater management plans, critical areas assessments, and other hydrogeological assessments 
involving fisheries and regional water resources characterization.   
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ABSTRACT 
The City of Salem’s 1994 Water System Master Plan concluded that the City’s water system was 
vulnerable because of its reliance on a single source, the North Santiam River.  The Plan 
recommended that the City develop a secondary water source for emergency needs and to 
supplement peak summer demands.  Aquifer Storage and Recovery (ASR) was chosen for 
development as the preferred secondary source. 
 
Development of Salem’s ASR system began with the completion of a pilot well (now ASR #1) in 
1996, followed by three additional wells completed in 1998.  Today, the City’s system consists of 
the four ASR wells with a production capacity of approximately 9 million gallons per day (mgd).  
The ASR aquifer typically stores 400-450 million gallons, although the top end storage capacity 
is not currently known. 
 
As the first ASR system in Oregon, the City faced many hurdles in system development, 
including the fact that no regulations existed at the time for ASR in Oregon, which required the 
City to work closely with the State to develop the ASR rules.  The City has been on the forefront 
of ASR development since conception and continues to evolve the ASR system to meet changing 
demands and system requirements.   
 
Over the past twelve years, the City has encountered many issues with ASR operations, including 
distribution system limitations, taste and odor issues, monitoring and sampling requirements, and 
well field protection, among others.  Many issues have been resolved, yet there are still areas of 
ASR operations that the City continues to work through.  Work is currently underway to 
determine the true storage capacity of the aquifer, retrofit the wells to allow integration into the 
City’s SCADA system, and determine the feasibility of additional pumping capacity to serve the 
City as a true secondary water source.  With twelve years of operational history, there are many 
lessons learned from Salem’s ASR system that are beneficial to other ASR operators.   
 
The City will continue to rely on its ASR system as a supplemental water source for peak summer 
demands and emergency needs.  However, as demand for Salem water grows, the ASR will be 
needed more than ever to ensure that the City can meet the needs of its water customers.  
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Biographical Sketch:  Jason Pulley is the Water Quality and Treatment Supervisor for the City 
of Salem Public Works Department.  Prior to the City of Salem, he spent time as a project 
scientist for an environmental and engineering consulting firm, specializing in soil and water 
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degree from the University of Arkansas in Environmental Soil and Water Science and a Bachelor 
of Science degree from the University of Tennessee in Natural Resources Management.  He has 
served as the project manager of the City of Salem’s ASR program for over five years.   
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Abstract  
Managed underground storage of recoverable water (MUS) systems, including facilities using 
aquifer storage recovery (ASR) and recharge basins, are being used increasingly as a means of 
meeting demands for water storage.  These systems have been used for decades, although 
challenges emerge as new systems are developed using different methods of recharge, storage 
aquifers, source water, approaches to operations and recovery, and water use.  The National 
Research Council (NRC) recently completed a 3-year study of the research and education needs 
and priorities in underground storage technology and implementation.  In a report entitled 
“Prospects for Managed Underground Storage of Recoverable Water,” the committee, which 
included a broad range of expertise, provided its findings and recommendations on considerations 
pertaining to hydrogeology; water quality; law, economics, and other institutional concerns; 
project development, monitoring, financing, and management; and the integration of MUS into 
overall water resource systems planning and management. 

The committee found that the policy, regulatory, and management issues had been less frequently 
reviewed in literature and conference forums than the more technical issues (e.g. hydrogeology 
and water quality). Often, these “non-technical” issues were critical to the success or failure of 
project implementation.  While there is a need for science-based approaches to project regulation 
and permitting that recognizes site-specific conditions, there was a finding of inconsistency in the 
approach to regulatory oversight for MUS systems, and in the level of understanding of MUS 
systems by policy makers, water managers, and regulatory agency personnel.   

To disseminate the NRC study findings and support improved dialoge throughout the country on 
MUS issues, on March 19, 2008, the NRC will host a forum on policy, regulatory, 
economic/financial, and management issues identified in this study.  The forum will include 
presentations by members of the study committee as well as invited speakers to provide 
additional insights on these issues.  The forum is scheduled to follow the Ground Water 
Protection Council’s (GWPC’s) Annual Policy Forum in Washington, DC (March 17-19, 2008).  
Associations partnering with NRC on this forum include GWPC, the National Groundwater 
Association (NGWA), Groundwater Resources Association (GRA), and others.  Audience 
members will include state and federal water management, water quality, drinking water, and 
groundwater protection agency personnel; water managers and related water associations; 
legislators and legislative staff; and personnel from academic institutions and research 
associations involved with water policy. Audience questions and input will be encouraged, 
particularly with respect to clarification of issues discussed by the speakers, identification of 
research priorities, and the role of NRC and other entities in implementation of further studies.  

 
 
 
 



 
 
Biographical Sketch 
Cat Shrier is President and Founder of Watercat Consulting LLC, a consulting practice created to 
enlighten, support, and facilitate communication and understanding on water issues and 
opportunities for wise use, preservation, and management of water resources.  Since 1984, Cat 
has worked with and for federal and state legislative offices, regulatory agencies, and consulting 
firms in Washington, DC; New Jersey; Virginia; North Carolina; Colorado; and Alberta.  Her 
work has focused on conjunctive use of groundwater and surface water resources; environmental 
impact assessments; water and wastewater reuse; decision support systems; watershed planning 
and policy.  She serves on the National Research Council Study Committee on Managed 
Underground Storage of Recoverable Water (e.g. Aquifer Storage Recovery ["ASR”] and 
recharge basins), which published its report in October 2007. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

POSTER  PRESENTATIONS 
 
 
 



Modeling Natural and Artificial Water Recharge in Milton-Freewater, 
Oregon, Walla Walla Basin 

Arístides Petrides, Robert Bower, Richard Cuenca , John Selker 
Oregon State University, Water Resources Engineering Program  

116 Gilmore Hall, Corvallis, Oregon zip  97331-3906 USA  
Tel: (541) 737 63 14 Fax: (541) 737 20 82  

petridea@onid.orst.edu
 

ABSTRACT 
The Walla Walla Watershed, which is shared by the states of Oregon and Washington, has gained 
the public attention for its successful restoration efforts in recent years. These occurred not only 
on the main stem of the Walla Walla River (in 1998 listed as the 18th America’s Most 
Endangered River) that serves for habitat of a number of aquatic species like the Columbia River 
salmon and  other species like steelhead and bull trout that are listed as a threatened species under 
the Endangered Species Act but also in  the restoration of aquifer levels in the shallow aquifer 
gravel system on the Oregon side that serves as the head waters for a system of numerous springs 
in the area and in the deeper basalt aquifer in Washington. The collaboration between concerned 
groups helped fund numerous studies in the area and with the negotiation with the irrigation 
districts, the watershed has been able to apply the following programs. (For more information on 
this and other related programs visit wwww.wwbwc.com) 
 
In the year 2000, two irrigation districts in Oregon (Hudson Bay District Improvement Company 
and Walla Walla River Irrigation District) and one in Washington (Gardena Farms Irrigation 
District) agreed to leave 25 cfs in the Walla Walla River on the Oregon side and 18 cfs in 
Washington. This program together with the discontinuation of gravel mining and the approval of 
the US Army Corps of Engineers construction of a levee by Milton-Freewater, OR and the flood 
control district allow for restoring riparian vegetation bringing the temperature of the river down. 
Today the Walla Walla River not only maintains flows through out the year (it was previously dry 
in the summers), but also creates aquatic habitat by restoring the “natural” meandering of the 
river. 
 
In 2004, on the Oregon side of the Walla Walla River Basin,  the Walla Walla Basin Watershed 
council (WWBWC) in partnership with Hudson Bay District Improvement Company created a 
pilot project that recharges the shallow aquifer by diverting water in the winter (Nov through 
May; 30 to 50 cfs) from the irrigation canals in to three man-made infiltration basins. As a result 
of this restoration practice, aquifers levels have been increased, making this pilot program a very 
attractive solution for optimization of resources.  This not only maintains a stable flow in the old 
springs that drain in to the Walla Walla River but also helps the local economy by storing water 
that can be pumped for irrigation purposes in case of extra water demand created by leaving more 
water in the river or in the case of a drought season. 
 
In order to help see the extended effects of this projects and test new possible projects or 
scenarios, it is necessary to fully understand the interactions and functions of the processes 
involved in this complex hydrologic system. Today technological advances have made possible 
the development of a hydrologic model capable of simulating the interactions and processes 
between surface water and groundwater. Results from the hydrologic model simulation will help 
in the decision making process by producing a water budget analysis and an easy visualization of 
several management scenarios.  The model chosen for this project is Integrated Water and Flow 
Model 2 (IWFM2), developed by the California Department of Water Resources, given its strong 
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conceptual physically based method of simulating groundwater flow and its interactions with 
surface water and a finite element method that makes it computationally efficient. 
 
The Milton-Freewater Hydrologic Model has been developed and calibrated from the information 
gathered by the WWBWC since the year 2002 and other scientific research projects that will be 
mentioned later as they become relevant. This laborious work includes the installation of 
monitoring wells, irrigation canals and surfaces flows, maintenance of climatic stations and 
coordination and realization of individuals projects like hydrogeology stratigraphy (Kevin 
Lindsay funded by WWBWC), land use coverage and estimation of aquifer parameters such as 
Hydraulic conductivities and porosity values. 
 
Biographical sketch: Arístides Petrides is currently a PhD student in the program of water 
resources engineering at Oregon State University. Prior to this work he has worked in water 
resource conservation programs in Mexico where he is originally from. 
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ABSTRACT 
The U.S. Geological Survey and Environmental Protection Agency have been monitoring the 
increasing levels of persistent organic pollutants (POPs) in freshwater streams, aquifers, and off-
shore coastal waters for the past decade, with the primary identified chemicals being residuals 
from pharmaceuticals, and petroleum-based fertilizers, herbicides, and pesticides (Pyrines and 
Pyroids). This monitoring is due to the documented endocrine disrupting nature of the photo 
(UV) and microbial oxidation resistant intermediary species of these compounds following 
standard anaerobic and aerobic oxidation treatment regimes employed by municipal wastewater 
treatment facilities.  
      Aquatic Technologies conducted on-site trials in 2006 of their patented EOH2O™ electrolytic 
oxidation technology on high concentrated pyrine and pyroid-based pesticide and herbicide 
wastewater produced by a manufacturer in Yangzhou, China. Plant discharge wastewater 
contained levels exceeding 27,000mg/l with daily flow rates exceeding 100,000 gpd. Typical 
wastewater contained an additional 40,000gm/l of chloride and 30% sulfuric acid (producing 
wastewater with a pH of <1). 
     Open-flow (constant exposure) and batch tests demonstrated a consistent 6,000mg/l per hour 
reduction, with a corresponding rise in pH by 2 pH units per hour. This rate of reduction held 
constant from a high of 27,000mg/l to a discharge of 600mg/l, at which point the wastewater was 
released for aerobic biological consumption, having reached a pH of 6.7. 
    Follow-up tests on low concentrations (less then 1mg/l) produced reductions to < 0.001mg/l 
within an average of 10-minutes of exposure. 
    TTHM is a cancerous by-product produced from the oxidation of organic solids by chlorine, 
(gas or liquid), the primary disinfecting agent utilized by 95% of the wastewater plants in the 
United States for bacterial inactivation prior to discharge. 
    The levels of TTHM are currently only regulated for drinking water, but are now under 
consideration by the U.S. EPA as regards reductions prior to discharge to aquifers, surface water, 
or land for municipal wastewater, with new recommendations set to be submitted to Congress by 
2009. 
     Aquatic Technologies performed on-site tests for total TTHM reductions on municipal 
drinking water (with 0.2mg/l residual chlorine) in Yamhill, Oregon in the summer of 2007. Tests 
denoted the ability to reduce total TTHM to levels less then 0.006mg/l (analytical lab limit) 
within 10-minutes of exposure in an open-flow electrode chamber. Further lab testing on TTHM 
residuals from treatment of high organic storm water run off from a local composting site denoted 
that even in the presence of high organic loads (TSS >10,000mg/l) TTHM levels did not exceed 
0.006mg/l. 
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ABSTRACT 
Conducting artificial recharge with surface spreading basins or vadose zone injection wells 
requires a good understanding of the vadose zone properties in order to properly design the 
recharge facility and evaluate potential sub-surface impacts.  However, many artificial 
groundwater recharge studies fail to properly evaluate near- and sub-surface hydraulic properties 
with an end result of costly pilot projects being required or design criteria not being achieved.  
The judicious use of in-situ vadose zone testing methods, however, can provide robust data that 
greatly improves estimates of groundwater recharge rates and can eliminate the need for a pilot 
test, or eliminate poor quality sites resulting in significant cost savings.  The integrated vadose 
zone testing approach uses near-surface infiltration testing, exploratory drilling, geological 
logging, and multiple-scale in-situ vadose zone testing methods.  In-situ testing in instrumented 
exploratory boreholes quantifies vadose zone hydraulic properties in much the same way that 
aquifer tests quantify hydraulic properties of the saturated zone.  Testing at multiple scales 
provides a better understanding of subsurface heterogeneities and the efficiency of vadose zone 
sediments to transmit groundwater recharge.  This approach maximizes field-based data 
collection, resulting in a more cost-effective investigative program and better recharge facility 
design.  In addition, in-situ testing is well suited for comparing relative recharge characteristics 
between proposed sites. 



Biographical sketch: The authors have over 100 years combined experience in vadose zone 
hydrology and have successfully applied integrated vadose zone characterization methods to over 
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ABSTRACT 
The supporting infrastructure for implementing an Aquifer Storage Recovery (ASR) project is 
unique and specialized, and requires thoughtful engineering evaluation for successful 
implementation.  This presentation is intended to provide an engineering perspective to 
implementing ASR projects, and discuss the key infrastructure aspects that can contribute to 
successfully implementing an ASR project. The key infrastructure aspects that will be discussed 
are described below.     
 
Well Construction: The groundwater well is often the cornerstone of the ASR project, and 
thoughtful planning in design of the well is critical. The following critical aspects of designing an 
ASR well will be discussed: selection of appropriate casing size, screen interval selection, well 
seal design compliance with OWRD, materials of construction, and wellhead design. 
 
Pumping System Considerations: The pump and motor are the heart of an ASR project. This 
presentation will provide a description and comparison of pumping system options for ASR 
projects which include vertical line shaft turbines and submersible pumps. The presentation will 
also review the following engineering aspects that need to be considered in selecting an ASR 
pumping system:  Angular speed, pump column design, electrical cable considerations, pump 
discharge head design, depth set limitations, VFD compatibility, thrust considerations. 
 
Injection Flow Control: The key feature for an injection flow control system is to control the 
injection rate into the aquifer but it is also critical in maintaining a flooded pump column to 
reduce the potential for continuous entrainment of air in the injection water which can result in 
fouling of the aquifer. This presentation will provide an overview of the hydraulics for an ASR 
system which is a useful for determining whether a pumping system will require additional 
downhole flow control devices to maintain a flooded pipe column. The presentation will also 
provide a comparison of the alternate approaches for downhole injection flow control devices 
including the three downhole control valves (Baski, VOV, and 3 R Valve) and discussion of 
approaches for Non-Downhole control valves approaches for injection such as injection through 
the pump and injection tubes. 
 
ASR Wellhead Configuration and Supporting Infrastructure Considerations 
An ASR pumping/injection system has unique mechanical requirements that need to be properly 
evaluated for successful operation. ASR well pumping systems often require a deep set, and are 
vulnerable to damaging surge forces that must be mitigated at the wellhead. This presentation will 
describe the options available to provide bidirectional flow while achieving surge mitigation. The 
presentation will also discuss the other key infrastructure requirements for an ASR Project 
including: pump to waste storage and disposal, chlorination options for potable systems, and 
energy recovery options to consider.   
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