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Executive Summary 
 

Background and Limited History 
PCE 
PCE, an organic solvent also known as perchloroethylene, tetrachloroethylene, and 
PERC, is used in a variety of commercial/industrial operations (e.g., commercial dry 
cleaning, paint manufacturing and distribution, and auto repair).  PCE was initially 
found in groundwater within the limits of the city of Reno within the public water 
supply wells operated by Sierra Pacific Power Company (now the Truckee Meadows 
Water Authority (TMWA)) in 1987.  Subsequent groundwater investigations have 
identified widespread occurrences of PCE and other volatile organic compounds 
(VOCs) in groundwater.   

Legislative History 
To address the presence of PCE in groundwater, which impacts both the drinking 
water supply and future construction projects that penetrate the water table, Senate 
Bill 489 (SB 489) was developed by a consortium of shared water and business 
interests and passed by the State Legislature in 1995.  This bill required the Board of 
County Commissioners  (BCC) to create a “Remediation District” upon the 
certification of a groundwater contamination problem by either the Nevada Division 
of Environmental Protection (NDEP) administrator or the district health officer or 
both.  Washoe County Board of County Commissioners received certification letters 
from both NDEP and the Washoe County District Health Department (WCDHD) in 
August 1995.  

Upon receiving the certification letters, Washoe County was responsible for preparing 
a plan for remediation (or Remediation Management Plan [RMP]) that must be 
approved by NDEP, which identifies remedial actions that are reasonable and 
economically feasible in response to the release or threat of release of any hazardous 
substance into the environment, which may affect the water quality of CTM.  Based 
on the letters received by the County, the only hazardous substance that is covered by 
the actions of the CTMRD is PCE. 

Unfortunately, SB 489 lacked language allowing for the funding of the environmental 
sampling needed to evaluate the condition of surface water, groundwater, soils, and 
soil gas prior to the development of the RMP.  In addition, SB 489 lacked mechanisms 
to fund remedial action operation and maintenance expenses.  Therefore, the 
sampling and the development of the RMP were put on hold until the legislation 
could be amended.  NRS 540A was created and promulgated in 1997, allowing the 
County to begin funding of the CTMRD.   

Initial Funding of the CTMRD and Performed Activities 
The first funds for the CTMRD were obtained through the tax roll in 1998 based on 
the benefits received by the water users within Sierra Pacific Power Company‘s 
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wholesale and retail service area (Figure ES-1).  Note that Figure ES-1 delineates the 
boundary of the CTMRD.  These funds were used for the design, construction, and 
operation of groundwater treatment facilities to treat groundwater produced by five 
water supply wells (Kietkze Lane, Mill Street, High Street, Morrill Avenue, and 
Corbett School).   

The funding also allowed for the environmental sampling to be performed starting in 
1998.  Over the last 4 years, environmental sampling of specified surface water 
locations and groundwater wells, as well as development of a comprehensive listing 
and mapping of historic land use throughout the CTM, has been performed by the 
County.  In addition, the County has undertaken selected sampling of area sanitary 
sewers. 

In addition, the County retained CDM to: 

� Characterize the nature and extent of the PCE contamination beneath CTM; 

� Formalize and document the goals and objectives of the CTMRD; 

� Develop and screen candidate remedial actions; and 

� Select remedies and processes for implementation. 

This work also included performing analyses to understand potential human health 
risks associated with the presence of PCE, simulating groundwater flow through the 
aquifer system beneath the CTM, and characterizing the contaminant transport 
mechanisms influencing the migration of PCE in the subsurface.   These efforts are 
documented in a series of four project technical memoranda.    

The initial three technical memoranda (TMs) characterize the physical, toxicological, 
and hydrogeochemical setting within the CTM as it relates to the distribution and 
nature of PCE, the contaminant of concern.  The fourth TM provides documentation 
and analyses that will apply to the selection of remedial technologies and remedial 
actions for contaminant source areas of PCE.  This TM would apply to those source 
areas for which no viable owner is identified to assume financial responsibility for 
planning and implementation of remedial actions independent of the CTMRD.  These 
technical memoranda are referenced throughout the RMP.   

Phases of the CTMRD  
The CTMRD has been, and will continue to be, implemented over three distinct 
phases: 

� Phase 1 – Phase 1, or Work Plan Development and Implementation Phase, 
consisted of a range of activities designed to characterize the nature and extent of 
the PCE contamination and to determine an effective approach to address the 
condition.  Additionally, Phase 1 included implementation of treatment for the 
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removal of PCE at existing water supply wells.   The Phase 1 activities are 
documented in this RMP. 

� Phase 2 – Phase 2 is the Source Identification and Remediation Phase of the 
CTMRD.  The Source Identification and Remediation Phase will be based on the 
recommendations presented in this RMP. 

� Phase 3 – Phase 3 is the Closure Phase, during which time sites and sources, as well 
as the overall remediation program, will be completed.  The Closure Phase of the 
CTMRD is not expected to occur for the overall remediation program until 
wellhead treatment of PCE is no longer needed at the public water supply wells, 
which is anticipated to be many decades from now.  Closure of small source area 
remediation, planned and implemented in accordance with those guidelines set 
forth in this document, will likely occur independent of the Closure Phase of the 
CTMRD. 

Purpose of the Remediation Management Plan  
The goal of the RMP is to provide guidance and define remedial actions that are 
needed for implementation as part of the Remediation Phase of the CTMRD.  The 
primary purposes of the RMP are as follows: 

� Provide detailed background information.   

� Provide a concise listing of recommended actions.   

� Define the boundaries of the CTMRD. 

� Identify the costs associated with implementation of the RMP and the continued 
funding of the CTMRD during Phases 2 and 3. 

� Present discussions related to the equitable allocation of costs among those entities 
receiving benefit derived from implementation of the RMP. 

� Identify key collaborative relationships among entities that need to be involved 
with the implementation of the RMP. 

The RMP is considered to be a “living” document, in that the overall CTMRD 
program is expected to be further developed and refined based on lessons learned 
during program implementation and based on ongoing stakeholder and public 
comment.  This RMP has incorporated input from various stakeholders based on 
review of the Draft Remediation Plan, dated July 9, 2002.  Any major modifications to 
the RMP will require NDEP and BCC approval. 
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Work Plan Development and Implementation Phase 
Summary 
Planning phase activities, which were initiated in 1996, consisted of multiple 
components including:  (1) early field investigations and groundwater sampling, (2) 
design, construction, and operation of public water supply wellhead treatment on five 
TMWA wells (High St., Morrill Ave., Kietzke Lane, Mill St., and Corbett School), (3) 
planning, including preparation of the CTMRD Work Plans (1996 and 2001), (4) field 
investigation program, (5) numerical groundwater modeling and risk analysis, and (6) 
remedial technologies identification and screening.  The Work Plan Development and 
Implementation Phase ends with the preparation and acceptance of the RMP. 

Distribution of PCE 
There are substantial data available to characterize the extent of PCE - data that are 
reliable, and accurate, and are representative of the state of the science that exists to 
delineate contaminant extent consistent with the key goals of the CTMRD; data that 
can be obtained reasonably and in an economically feasible manner.  To this end, the 
data used to develop the distribution of PCE in CTM included: 

� Historical land use; 

� PCE studies and remedial actions on file with NDEP and WCDHD performed for 
private parties; 

� Groundwater quality data collected by the County, TMWA, NDEP, WCDHD, and 
various private property owners;  

� Sanitary sewer sampling results; and 

� Knowledge of the direction of groundwater flow and the fate of PCE in the 
shallow and deep aquifer systems. 

Figure ES-2 depicts the distribution of land use and business types that may have, or 
currently handle PCE.  Based on the land use information, and those other data listed 
above, the potential distribution of PCE beneath CTM is presented in Figure ES-3.   

Summary of Environmental Sampling and Related Activities 
The various environmental sampling programs and qualitative and quantitative 
analyses presented and discussed in this section can be summarized as follows: 

� PCE contamination in the groundwater beneath the CTM exists in a broad 
distribution.  PCE exists to depths of 350 feet or greater beneath ground surface, 
over an area of as much as 16 square miles impacting perhaps as much as 200 
billion gallons of water – water that is vital to the public drinking water supply in 
the metropolitan Reno area. 
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� PCE contamination of this breadth is the result of uncontrolled or accidental 
discharges from dozens to hundreds of sources and hot spots located throughout 
CTM.  In the Downtown Reno area alone, past investigators identified over 300 
potential sources based on historical land use.  Given the prevalent direction of 
groundwater flow and areas of groundwater discharge, sources in the downtown 
Reno area could not contribute to contamination found along South Virginia 
Street, in Sparks, in the Corbett School and Mill Street wells, along Moana Lane, or 
north of I-80.  Each of these areas where contamination has been found outside of 
Reno’s downtown area are likely to represent unique sets of sources – unique sets 
of past and/or present uncontrolled or accidental discharges. 

� Although much of the contamination is likely a result of past PCE disposal 
practices, it is possible that current PCE disposal practices may be contributing 
contamination to the groundwater flow system.  In particular, sampling of the 
sanitary sewers in both Reno and Sparks at locations downstream of businesses 
that may handle PCE indicated that “slugs” of PCE were being conveyed 
unknowingly by the underground pipelines.  The presence of PCE into the 
sanitary sewers, albeit illegal, may constitute an ongoing source of PCE to the 
shallow groundwater.  Further evaluation of the sewers in connection to 
groundwater contamination is warranted. 

� Field investigations and a review of NDEP and WCDHD project files have 
identified a dozen or more sources, or suspected sources of PCE within CTM.  
These sources, which include past and current dry cleaners, as well as other 
locations without specific businesses associated with them, will require additional 
characterization and evaluation to determine the need for and scope of remedial 
actions. 

� Beyond contaminating the drinking water, the PCE beneath CTM may also impact 
construction of future projects (both from a human health concern and a 
construction dewatering points of view) that disturb the shallow groundwater 
and indoor air quality within any structure placed above the contaminated 
groundwater.  An analysis was performed to determine if the current contaminant 
distribution creates unacceptable risk to humans under either of these two 
scenarios.  Based on the analyses, there does not appear to be any current human 
exposure that poses an unacceptable risk.  It is possible that future construction 
workers may be at risk to unacceptable contaminant concentrations of PCE if 
sources are found at levels of 770 microgram per liter or greater (using a straight 
line approximation of current risks presented in the body of the report). 

Summary of Recommendations 
Based on the results of the environmental sampling programs and qualitative and 
quantitative analyses, the following recommendations for remedial actions and 
related activities are carried into the Remediation Management Plan. 
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� Wellhead treatment at the five TMWA wells (Mill Street, High Street, Morrill 
Avenue, Corbett School, and Kietkze Lane) must continue to safeguard the 
drinking water for the citizens of CTM. 

� Wellhead treatment should be added to any additional public water supply wells 
operated in the area of known or suspected PCE contamination, if PCE 
contaminant concentrations are found to exceed federal or local safe drinking 
water standards. 

� Source remediation must occur to remove and/or control the effects of past and 
ongoing uncontrolled and accidental discharges on the groundwater beneath the 
CTM.  Source remediation will need to be prioritized to allow for the appropriate 
and focused expenditure of CTMRD funds on reasonable and economically 
feasible actions.  Source remediation will therefore consist of various phases of 
source characterization, remedial and benefit evaluations, and remedial action 
implementation. 

� At least two potential source areas and one potential source type should be further 
investigated to forward remedial actions.  These investigations will focus on 
determining what impacts a potential source area has on the drinking water 
supply and future construction activities; identifying potentially responsible 
parties – such that the source can be referred to NDEP if appropriate; and 
evaluating whether or not a remedial action will be reasonable and economically 
feasible.  The two potential sources areas are Mill Street/Kietzke Lane and Fourth 
Street/Ralston.  Selected areas of the Reno and Sparks sanitary sewer systems 
constitute the potential source type. 

� Another key component of the overall remediation program is consistent and 
comprehensive groundwater monitoring.  The objectives of groundwater 
monitoring are to track seasonal changes in groundwater elevation, to gather data 
to better define the nature and extent of the PCE plume, to track changes in PCE 
concentration, and to assess the influence of TMWA water supply well pumping 
on the PCE plume.  In addition, groundwater monitoring will include components 
of sampling and analysis consistent with those defined by the U.S. Environmental 
Protection Agency to support monitored natural attenuation (MNA).  MNA will 
be evaluated as a mechanism for reducing the toxicity, mobility, or volume of PCE 
within the aquifer system (natural attenuation in groundwater systems results 
from the integration of several subsurface attenuation mechanisms). 

Remediation District Objectives and Goals 
A presentation of the Remediation District Objectives (RDOs) and Remediation 
District Goals (RDGs) is relevant to framing the components of the RMP.  The RDOs, 
which are based mainly on the requirements set forth in NRS 540A, are defined as: 
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� Protect the water quality within the CTM for municipal, industrial, or domestic 
uses. 

� Protect from liability property owners that did not cause or contribute to 
subsurface PCE (and its degradation products) contamination that may impact 
drinking water within the CTM. 

The RDGs, which translate the CTMRD objectives into more specific requirements for 
the selected remedial actions, have been defined as follows: 

� Maintain the continued use of CTM groundwater for public water supply. 

� Manage PCE in groundwater and/or surface water in such a manner as to protect 
property owners and potable water users in the CTM. 

� Select remedial action(s) that are reasonable and economically feasible. 

� Allocate equitably the costs associated with implementation of the RMP and its 
components. 

Remediation Management Plan Components 
The RMP is intended to identify a range of activities that will be used to control, 
manage and remediate the PCE contamination beneath the CTM in both the short-
term and the long-term.   Remediation of the contamination conditions consists of 
providing treatment for the public water supply wells, eliminating/remediating 
sources and contaminated groundwater (to the extent that such actions are reasonable 
and economically feasible), and monitoring the effects of these actions on the 
groundwater.  Peripheral support activities are also included in the RMP, since 
administrative, public outreach, and educational tasks are vital to the success of the 
RMP implementation.   
 
Therefore, the RMP components are differentiated into three categories, based on the 
nature of the remedial actions to be performed and the type of benefits that are 
provided by the actions. 
 
� Clean Drinking Water Activities – focused on the removal of PCE from the 

public drinking water supply to the benefit of water users within the TMWA 
wholesale and retail service area. 

� Remedial Activities – focused on the identification, characterization, evaluation 
and remediation of historic sources of PCE, and the related monitoring programs 
requisite to all remedial actions to the benefit of residential and commercial 
property owners located above the areas containing or suspected of containing 
PCE contamination.  
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� Program Outreach, Education, and Administration Activities – focused on the 
management of resources to optimize the remedial activities including outreach 
and educational tasks, and project administration and fund management to the 
benefit of water users and property owners. 

Clean Drinking Water Activities 
The goal of the clean drinking water activities described in this section is to remove 
PCE from the drinking water supplied by TMWA’s groundwater production wells.  
These measures include wellhead treatment and pumping plan implementation. 

Wellhead Treatment 
The elements of the wellhead treatment component that the County will fund are as 
follows: 

� Continue to pay the debt service for the bond used to finance wellhead treatment 
for the Kietzke, Corbett, Mill, High and Morrill Street wells. 

� Continue to pay for operation and maintenance of wellhead treatment for these 
five wells. 

� Create a fund that can be used: to finance future wellhead treatment design, 
construction, and, as appropriate, operations and maintenance for wells that do 
not currently have wellhead treatment but will require it sometime in the future; 
or finance other types of remedies deemed appropriate for protection and/or 
treatment of groundwater produced for potable water supply (or other municipal, 
industrial or domestic uses). 

Pumping Plan Implementation 
A pumping plan agreement was developed between Washoe County and TMWA 
(formerly Sierra Pacific Power Company) defining a minimum daily quantity of water 
that must be pumped from each of the five water supply wells with wellhead 
treatment.  The objective of the pumping plan is to maintain a degree of hydraulic 
control on the deep aquifer zone impacted by PCE (i.e., to limit migration of the PCE 
plume downgradient of the five water supply wells).  As more information is 
collected and a better understanding of the relationship between the groundwater 
contamination and water supply production is developed, the CTMRD will work 
with TMWA to re-evaluate and update the current Pumping Plan. 

Remedial Activities 
The three elements of Remedial Activities, which have been identified based on the 
data collected and discussions with NDEP and WCDHD, are groundwater 
monitoring, MNA, and source remediation.  These activities appear, at this time, to be 
the only cleanup activities that are reasonable and economically feasible. 
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Groundwater Monitoring Program 
Groundwater monitoring will continue to be performed as part of the overall CTMRD 
remediation program.  The objective of the groundwater monitoring will be to track 
water quality conditions beneath the CTM, including the naturally occurring 
processes that contribute to the attenuation of shallow and deep groundwater 
contamination (i.e., MNA as described below).  A description of the groundwater 
monitoring program including MNA components is provided in Appendix E. 

Monitored Natural Attenuation (MNA) 
Monitored Natural Attenuation (MNA) is an in-situ remediation technology that 
involves naturally occurring processes (e.g., biodegradation, dispersion, matrix 
diffusion, sorption, volatilization, and chemical degradation).  These processes serve 
to reduce the concentration, and in some instances, mass of contaminants in 
groundwater and soils.  MNA is recognized by the U.S. Environmental Protection 
Agency as a viable method of remediation that can be evaluated relative to 
contaminants, and the chemical, physical, and biological characteristics of the soil and 
groundwater to determine its effectiveness at a particular location.  This method of 
remediation may be used as the sole remediation technology when it:  (1) is combined 
with some degree of source control; (2) is shown to be fully protective of human 
health and the environment; and (3) meets remedial objectives within a reasonable 
time frame.   Data generated as part of the groundwater monitoring program will be 
used to evaluate the effectiveness and applicability of MNA to the conditions within 
the CTM.  MNA may also be used in combination with other process options as a 
concurrent technology, or in a phased manner following the completion of other 
technologies. 

Source Area Remediation 
Based on the nature of the PCE contamination, it is estimated that there may be 
dozens, if not hundreds, of currently unidentified sources, including both those of 
historic origin and current discharges.  An important component of the overall 
remediation efforts will be to remediate these potential source areas that are not 
related to identifiable responsible parties (given that it will be the responsibility of 
NDEP to oversee remedial actions by identifiable responsible parties). 

The process of conducting remedial actions on any particular source will involve 
gathering that data needed to select and design remedial measures, and 
implementing the selected remedy.  Since the County does not have unlimited 
taxpayer revenues to implement remedial actions on sources, the PCE Source 
Management Process allows for ranking of potential PCE source areas based on 
various criteria established to estimate the potential for sources to impact public water 
supply and human health.  This process, as illustrated in Figure ES-4, includes the 
following linked activities: 

� Prioritization of Potential Source Areas - Based on available data from various 
entities develop a prioritized listing of sites and potential source areas for further 
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action under this program.  Further action may include source characterization 
efforts, referral to NDEP, source remedial evaluations, and/or source remedial 
actions. 

� Source Characterization - Conduct source characterization activities on those 
potential source sites and areas that are determined by the Technical Working 
Group (TWG) members to be of the highest priority. 

� Responsible Party Evaluations and Source Referrals - Review to determine 
whether or not adequate information has been collected to differentiate a potential 
source area from regional conditions, and identify a localized area or parcel as the 
location of the source.  Upon consultation with NDEP, and once adequate data 
evidence has been collected in accordance with the available resources pursuant to 
NRS 540A.280, the CTMRD will refer “potential” source areas certain cases to 
NDEP for appropriate action.  The Cooperative Agreement to be developed 
among Washoe County DWR, NDEP, and WCDHD will refine the source referral 
process. 

� Source Remedial Evaluations - For those potential source sites and areas that are 
not referred to other entities or agencies, or have been returned from other entities 
or agencies to be included in the CTMRD, a focused feasibility study will be 
performed working with the TWG to evaluate and recommend selection of a 
remedial action for that source that is reasonable and economically feasible.  The 
result of the focused feasibility study will be production of a Site Specific 
Remediation Plan that will be developed by the TWG collaborative process which 
includes the CTMRD, NDEP, and WCDHD. 

� Benefit Evaluations - Evaluate and identify potential changes in water user 
and/or property owner benefits related to the proposed remedial action. 

� Source Remediation – Implement a Site Specific Remediation Plan for those 
sources that have been selected, based on priority and available funding. 

The implementation of the PCE Source Management Process will require a consistent 
commitment of resources and the collaboration of the TWG members since the 
activities to be performed by the CTMRD within any calendar year will be dependent 
on changing site conditions, data, and priorities.  To coordinate the actions and 
sharing of information among these entities related to the management of sources, a 
Cooperative Agreement will need to be developed and executed.  This agreement 
would define the nature of the relationship(s) and the standard processes that the 
entities will follow to implement the PCE Source Management Process. 
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Program Outreach, Education, and Administration Activities 
Program outreach, education and administration include those activities related to the 
management of resources needed to implement the RMP components defined in this 
section.   

Public Outreach and Education 
The objective of this element is to perform activities related to: 

� Provide members of the community with educational information regarding the 
CTMRD, the RMP components, the management and expenditures of tax dollars, 
and the status of the project activities using media and public information channels. 

� Conduct occasional community workshops for promoting information exchanges 
and creating a forum for public feedback. 

� Establish and maintain a CTMRD Public Advisory Group consisting of key project 
stakeholders and implementers (e.g., NDEP, WCDHD, TMWA, City of Reno, City 
of Sparks, area business interests, neighborhood advisory boards, citizen advisory 
boards, etc.) to: 

• Promote technology and information transfer; 

• Stimulate effective sharing of ideas;  

• Create means to evaluate and exchange viewpoints on public policy associated 
with the implementation of the CTMRD and related matters; and 

• Generally allow for a direct feedback mechanism from various project 
stakeholders and implementers to Washoe County and the Board of County 
Commissioners. 

Project Administration Tasks 
The objective of these activities is to manage the resources of the County (both human 
and financial) with respect to implementation of remedial and programmatic 
activities.  Project administration tasks include, but are not limited to, management of 
County staff, database and information management, fund management, tax bill 
development and billing support, and facilitation of institutional and 
intergovernmental communications. 

Implementation Review 
Note that on an annual basis, the CTMRD program will be reviewed in terms of the 
appropriateness of activities and the funds spent and retained (e.g., trust funds) over 
the previous year.  The objective of the review will be to identify: 

� Available funding for source remediation. 



Central Truckee Meadows Remediation District  Executive Summary 
Remediation Management Plan    

 

A  ES-12 

W:\REPORTS\CTM\REMEDIATION MANAGEMENT PLAN_OCT02 

� Available funding for design and construction of new treatment at public water 
supply well(s). 

� Available funding for source prioritization, characterization, and remedial 
evaluations. 

� Need for additional benefit areas within CTM related to specific source areas and 
groundwater plumes. 

The review will result in the development of a group of resolutions and/or 
ordinances that will be brought to the BCC for consideration and action. 

Remediation Management Program Implementation 
The conditions of PCE contamination within the CTM – extensive area of impact; 
multiple sources; consistent, low level of contamination – require an innovative 
approach for management and remediation.  The RMP defines a “first of its kind” 
remediation program for the CTMRD.  Implementation of the program will require 
not only the cooperative efforts of the Technical Working Group members, but also 
the involvement and input from a broad range of project stakeholders.  The full range 
of program activities that make up Phase 2 of the CTMRD (Source Identification and 
Remediation Phase) includes the primary remediation program components 
identified in Section 3 as well as a series of program initiation activities that are 
required for successful implementation of the overall program.   

A number of program initiation, or set-up, activities have been identified, that need to 
be performed during the first months of the RMP implementation.  The intent is to 
establish the roles and responsibilities of each of the key stakeholders (i.e., 
governmental entities, water purveyors), to assist the CTMRD in meeting its 
objectives and goals.  The program initiation activities, which will be a District focus 
during the first year of RMP implementation, include development of cooperative 
agreement with NDEP and WCDHD.  Each of these sets of activities is described 
below.  

� Cooperative Agreement.  A model Cooperative Agreement needs to be developed 
to allow the members of TWG to coordinate relevant operations and process 
activities, establish roles and responsibilities, define communication protocols, 
and commit appropriate resources to the RMP implementation.  The Cooperative 
Agreement, which will be developed in accordance with NRS 227.080 (Interlocal 
Cooperation Act), will establish the relationships among the signatories and guide 
the TWG’s involvement in the implementation of the remediation program of the 
CTMRD.    The Cooperative Agreement will also be used to define the ground 
rules for refining program goals and operating procedures over time.  Protocols to 
be addressed include: 
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• Regular Periods of Program Evaluation.  This issue relates to how the processes 
that make-up any particular program component are to be evaluated for 
effectiveness, efficiency, and applicability on a regular basis, so that the 
remediation management program maintains its focus and applicability over 
the span of its use. 

• Data Management and Reporting Protocols.  This issue relates to how the various 
entities will standardize data collection activities and project reporting 
requirements, and share and manage data.  Given the number of entities 
involved in the implementation of the program, mechanisms may need to be 
created to ensure that relevant data is provided to the CTMRD as public and 
private entities collect information. 

Table ES-1 presents a listing of currently identified activities that need to be 
performed to initiate implementation of the Remediation Phase of the CTMRD and a 
summary of the key attributes that need to be developed for each activity. 

Remediation Program Cost Components 
The CTMRD remediation program components will be funded through the use of 
annual funding accounts.  These funding accounts will be created as either annual 
allowance accounts or trust fund accounts, as described in more detail below. 

It is important to note that the Remediation Program costs are capped at the total 
costs indicated by the sum of the annual allowances and the trust funds, or about 
$2,400,000.  Although the use of these funds, and the allocation of the funds to each of 
the annual allowances or trust funds from year to year may vary, the amount received 
by the CTMRD though the County’s tax bill will remain the same from year to year 
(established as a minimum level of funding).  Only under special circumstances 
approved by the BCC will the amount of funding to CTMRD be altered. 

Annual Allowance Accounts 
Annual allowance accounts will be utilized to fund activities that will occur every 
year, based on the priorities of the CTMRD, the need for a specific activity, and the 
availability of funds.  Specific cost allowance funds are highlighted below: 

Current Wellhead Treatment Facilities and Pumping Plan Implementation. These 
expenditures would include debt service payment on bonds for construction of the 
existing water supply well treatment systems or operations and maintenance (O&M) 
costs associated with these systems, including replacement of treatment facilities.  
These costs would also include the continued implementation of the Pumping Plan 
agreed upon between the County and TMWA in 1998, which requires TMWA to 
pump the five wells with wellhead treatment year round to maintain hydraulic 
control of the deep aquifer system to a reasonable degree.  It is anticipated that the 
Pumping Plan will be amended in the future so as to be consistent with CTMRD 
needs. 
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Table ES-1 

Summary of Activities Required to Implement Source Identification and Remediation Phase of the CTMRD 
Key Stakeholder Organization with Washoe 

County Department of Water Resources 
Activity  

 
NDEP WCDHD City of 

Reno 
City of 
Sparks 

TMWA 

Summary of  Activity Requirements 

PROGRAM INITIATION ACTIVITIES 
Prepare and Execute 
Cooperative Agreement 

a a    • Engagement methods 
• Relationships, roles 
• Resources allocations 
• Communications protocols 
• Information sharing  
• Reassignment protocol (from 

NDEP back to CTMRD) 
CLEAN DRINKING WATER ACTIVITIES 
Wellhead Treatment  a   a • Continue debt service and O&M 
Pumping Plan Review 
Procedures 

    a • Data sharing 
• Modeling 
• Contingency plan development 

REMEDIAL ACTIVITIES 
Groundwater Monitoring 
Program/MNA  

a a   a • Develop Scope 
• Receive and Evaluate Bids  
• Perform Monitoring  
• Disseminate Results 
• Coordinate Data Collection and 

Management Policies  
Develop Policies and 
Protocols for 
Implementing Source 
Prioritization, Source 
Characterization, Source 
Referrals, and Source 
Remediation 

a a    • Define Data Collection and 
Management Procedures 

• Define Review and Comment 
Protocols 

• Define Reporting Methodologies 
• Define Communication Protocols 

Responsible Party 
Evaluation and 
Enforcement Actions by 
NDEP 

a     • Responsible Party corrective 
actions 

• Responsible Party cost recovery 

OTHER ACTIVITIES 
Characterization of 
Sanitary Sewer Impacts 
on Shallow Groundwater 

a a a a  • Develop Scope 
• Receive and Evaluate Bids 
• Perform Monitoring  
• Disseminate Results 
• Coordinate Data Collection and 

Management Policies 
Evaluation of PCE Ban 
Legislation 

a a a a a • Conduct Evaluation of Other State 
Programs 

• Evaluate Legislative Requirements 
Evaluation of PCE/Dry 
Cleaner Fund 

a a a a a • Conduct Evaluation of Other State 
Programs 

• Evaluate Legislative Requirements 
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Source Management Elements include source prioritization, characterization, 
feasibility studies, and analysis of benefits. 

Project Outreach, Education and Administration Costs include those costs that will 
be incurred by the County in the efforts to conduct and maintain public outreach and 
educational programs and for administration and management of the CTMRD.  These 
funds will be used to support performing public outreach and educational programs 
including providing information repositories in public places, conducting public 
workshops, and implementing community outreach programs.  These funds will also 
support employee salaries and expenses associated with database and information 
management, program communications within the CTMRD and with NDEP and 
WCDHD, budget and account management, billings, and associated contractor 
procurement.  

Trust Fund Accounts 
Trust funds will be maintained in interest bearing accounts that will be used to 
support large capital expenses and operation and maintenance programs, as needed.    
In any one year, a trust fund account may or may not be used to support specific 
Remediation District activities. 

Trust fund accounts continue to receive monies from annual Remediation District 
contributions and from interest received through the interest bearing accounts.  These 
funds are then dispersed through large single capital cost draws, or for ongoing 
operations and maintenance.  These trust funds may also be used to reimburse entities 
that are not responsible for the PCE contamination, but who have performed remedial 
actions consistent with the CTMRD program. 

During the implementation of the remediation program, parties responsible for the 
investigation and cleanup of particular PCE sources may be identified.  If funds used 
to cover the cost of remedial actions by the CTMRD can be recovered from these 
responsible parties, monies will be provided back to the CTMRD and placed into 
these trust funds. 

Anticipated trust fund account expenditures are highlighted below: 

� Future Wellhead Treatment Facilities.  If PCE is detected in an existing water 
supply well without wellhead treatment, design and installation of a new 
groundwater treatment system may be required.  The trust fund account would be 
the source of funds for this activity.  The trust fund account would be the source of 
funds for this activity assuming one new well every three years requires wellhead 
treatment. 

� Remediation of PCE Sources.  If a PCE source is identified as part of the Source 
Management Activities and is not managed through NDEP, trust fund monies will 
be used to cover the cost of design and installation of remediation systems or 
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operations and maintenance of new remediation systems once an evaluation of 
remedial options and benefits is performed. 

Cost Summary 
A breakdown of costs based on the Remediation Management Program components 
described above is presented in Table ES-2. 

 
Table ES-2 

Remediation Management Plan Budget 
Central Truckee Meadows Remediation District 

Cost and Type of Fund  
 

Remediation Management Plan 
Program Element 

Estimated Cost Annual 
Allowance 

Cost 
Categories 

Trust Fund 
Categories 

CLEAN DRINKING WATER ACTIVITIES 
Pumping Plan Implementation 1     
Annual Bond Payment $400,000    
Annual O&M Costs $300,000    
Replacement of existing facilities $300,000    
Wellhead Treatment Trust 2 $430,000    
Total  $1,430,000   
     
REMEDIAL ACTIVITIES 
Groundwater Monitoring/ Monitored Natural 
Attenuation 

 
$200,000 

  
  

Source Area Remediation 
 

    
Source Prioritization $30,000    
Source Characterization $170,000    
Source Evaluations (mini-feasibility studies 
and benefit analyses) 

$100,000    
Source Remediation $200,000    
Total  $700,000   
     
PROJECT OUTREACH, EDUCATION, AND ADMINISTRATION 
Public Outreach and Education $150,000    
Project Administration $120,000    
Total   $270,000   
TOTAL PROGRAM COST  $2,400,000   
Notes: 
1  Pumping Plan Implementation includes costs for current wellhead treatment of TMWA water supply wells. 
2  Wellhead Treatment applies to design and construction of treatment facilities for future contaminated production 

wells. 
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Summary of Benefits 
An important element of the Work Plan Development and Implementation Phase was 
to define the allocation of costs for the Source Identification and Remediation Phase of 
the project.  In accordance with the enabling legislation, NRS 540A, the BCC may 
recover the costs of developing and implementing the RMP by imposing an annual 
fee for properties within the CTMRD.  This fee, which may be based on annualized 
water usage, is to be weighted and adjusted between parcels or properties within the 
CTMRD based on varying levels of contamination, impacts to property values 
resulting from the implementation of the RMP, or any other factors deemed 
appropriate and reasonable by the BCC.  To date, the CTMRD has been funded 
through a fee based on water use for all entities within TMWA’s wholesale and retail 
service area.  The fee has been assessed as a line item on the annual tax bill.   

Three distinct benefit groups that will exist once the Source Identification and 
Remediation Phase of the CTMRD begins have been identified as a result of the 
various environmental sampling and related analyses.  Each of these groups receives 
a tangible benefit from the RMP components and activities.  The three benefit groups 
that have been identified include: 

� Water users within the TMWA wholesale and retail service area,  

� Residential property owners within the “area of potential impact”, and 

� Non-residential property owners within the “area of potential impact”. 

A discussion of the location and benefit received for each of these entities is provided 
in the pages that follow.  Figure ES-5 presents an overlay identifying the location of 
each of these two benefit groups. 

Benefits to Water Users 
Water users are those entities within TMWA’s wholesale and retail service area, 
including the areas served by Sun Valley General Improvement District, Reno-Parr 
Water Company, Panther Valley Water Company, and the Washoe County Utilities 
Division.  Within this boundary area, there are water use parcels (i.e., parcels of 
property which have access to and utilize water from a public water supply) and non-
water use parcels.  Currently, non-water use parcels located within the fee area have 
not been included in the fee structure.  Changes to the existing legislation during the 
next legislative session (2004) are being considered as a way of including non-water 
use parcels into the fee structure.  

Within this area, there are approximately 85,300 water users.  The primary benefit for 
the water user group is access to a clean and sustainable water supply.   
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Benefits to Property Owners Within Area of Potential Impact 
The property owner benefit group consists of the owners of those properties that 
overlie the area that has been identified as potentially impacted by detectable 
concentrations of PCE in groundwater.  Figure ES-5 depicts the “area of potential PCE 
impact”.    

The existence of the CTMRD protects innocent property owners (i.e., property owners 
that did not cause or contribute. to the contamination condition) from liability for the 
costs associated with characterization and remediation of the contamination – but this 
benefit is more applicable to commercial properties than residential.  Given the 
differences in residential and commercial property impacts associated with the 
presence of groundwater contamination within CTM, two distinct subgroups have 
been differentiated within the property owners benefit group - residential property 
owners and non-residential property owners – since the benefits derived from the 
existence of the CTMRD provides more benefit to commercial properties than 
residential properties 

Residential Property Owners  
This group consists of the owners of residential properties that overlie the area of 
potential impact.  The primary benefits to individuals within this group are: 

� Ongoing actions to eliminate or reduce PCE-contaminated soils and groundwater 
underlying their property, and 

� Protection of property values by avoiding a CERCLA listing, which studies have 
shown may contribute to a decreased property value (up to approximately 20% 
decrease).  

Non-residential Property Owners  
This group consists of the owners of non-residential properties that overlie the area of 
potential impact.  The primary benefits to individuals within this group are: 

� Ongoing actions to eliminate or reduce PCE-contaminated soils and groundwater 
underlying their property, 

� Protection of property values by avoiding a CERCLA listing, which studies have 
shown may contribute to a decreased property value (up to approximately 94% 
decrease), and 

� Protection from individual liability for remediation of PCE-contaminated soils and 
groundwater underlying their property.   

Table ES-3 provides a summary of the three benefit groups within the CTMRD 
boundary area and the general allocation of annual Remediation District costs to these 
groups.  
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The specific value of the benefit, as indicated by the cost allocated to each benefit 
group and parcel or property, is controlled by the language in NRS 540A.  Based on 
NAC 540A.265, the BCC is required to base the CTMRD fee on “a percentage of the 
total amount billed in the preceding calendar year to each parcel or property within 
the district for water by the provider of retail water service to the parcel or property”.  
In addition NAC 540A.265 stipulates that this fee may “be weighted and adjusted 
between parcels or properties within the district, if applicable, to reflect varying levels 
of effect of the contamination, varying levels of value resulting from remediation or 
other factors deemed relevant to the BCC”. 

Based on the discussions of benefit described in the above sections, the allocation of 
cost to those receiving benefit was as follows:  

Table ES-4 
Cost Allocation for Benefit Groups 

Central Truckee Meadows Remediation District 1 
Remediation Program 

Components 
Water Users Property Owners 2 

Clean Drinking Water Activities $ 1,430,000 $                0 
Remedial Activities $               0 $     700,000 
Project Outreach, Education and 
Administration 

$    135,000 $     135,000 

Total $ 1,565,000 $     835,000 
1  All costs are approximate - the basis of the costs listed in the table is provided in 

Section 5, Remediation Management Program Cost Summary. 
2  The allocation of costs between residential and commercial property owners will be 

based on the a fee that is weighted or adjusted, ranging from 2:1 to 4:1 of that fee 
associated with annualized water use. 

 

Table ES-3 
Benefit Group Summary 

Central Truckee Meadows Remediation District 
Benefit Group 

 
Property Owners 

 
 

Remediation Plan 
Program Element 

 
All Water 

Users  
Residential 

Non-
Residential 

CLEAN DRINKING WATER ACTIVITIES 
Pumping Plan Implementation 9   
Wellhead Treatment Trust 9   
 
REMEDIAL ACTIVITIES 
Groundwater Monitoring/MNA  9 9 
Source Area Remediation  9 9 
 
PROJECT OUTREACH, EDUCATION, AND ADMINISTRATION 
Public Outreach and Education 9 9 9 
Project Administration 9 9 9 
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Section 1 
Introduction 

 
The Remediation Management Plan (RMP) was prepared by Camp Dresser & McKee 
Inc. (CDM) and Bouvette Consulting on behalf of the Washoe County Department of 
Water Resources (County).  The RMP documents activities performed to date to 
support the Central Truckee Meadows Remediation District (CTMRD or 
“Remediation District”) and describes the actions and processes that will be 
implemented as part of the overall scope of Remediation District activities.   

As will be described below, the CTMRD was created in response to the presence of 
tetrachloroethene (PCE) in groundwater beneath the Central Truckee Meadows 
(CTM).  The CTMRD activities will be implemented in three distinct phases.   

� Phase 1 – Phase 1, or Work Plan Development and Implementation Phase, 
consisted of a range of activities designed to characterize the nature and extent of 
the PCE contamination and to determine an effective approach to address the 
condition.  Additionally, Phase 1 included implementation of treatment for the 
removal of PCE at existing water supply wells.   The Phase 1 activities are 
documented in this RMP.  Completion of the Remediation Management Plan 
constitutes completion of Phase 1. 

� Phase 2 – Phase 2 is the Source Identification and Remediation Phase of the 
CTMRD.  The Source Identification and Remediation Phase will be performed 
based on the recommendations presented in this RMP. 

� Phase 3 – Phase 3 is the Closure Phase, during which time sites and sources, as well 
as the overall remediation program, will be completed.  The Closure Phase of the 
CTMRD will not occur for the overall remediation program until wellhead 
treatment of PCE is no longer needed at the public water supply wells, which is 
anticipated to be many decades from now.  Closure of small source area remedial 
activities, planned and implemented in accordance with those guidelines set forth 
in this document, will likely occur independent of the Closure Phase of the 
CTMRD. 

1.1  Background Information 
PCE, an organic solvent also known as perchloroethylene, tetrachloroethylene, and 
PERC, is used in a variety of commercial/industrial operations (e.g., commercial dry 
cleaning, paint manufacturing and distribution, and auto repair).  PCE was initially 
found in groundwater within the limits of the city of Reno.  Subsequent groundwater 
investigations have identified widespread occurrences of PCE and other volatile 
organic compounds (VOCs) in groundwater.   

To address the presence of PCE in groundwater, which affect both the drinking water 
supply and future construction projects that may penetrate the water table, Senate Bill 
489 (SB 489) was developed by a consortium of shared water and business interests 
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and passed by the State Legislature in 1995 (Appendix A).  This bill required the 
Board of County Commissioners (BCC) to create a “Remediation District” upon the 
certification of a groundwater contamination problem by either the Nevada Division 
of Environmental Protection (NDEP) administrator or the district health officer or 
both.  Washoe County BCC received certification letters from both NDEP and the 
Washoe County District Health Department (WCDHD) in August 1995.  Appendix A 
provides copies of the letters received from NDEP and WCDHD.  Upon receiving the 
certification letters, the Washoe County BCC was responsible for preparing a plan for 
remediation that must be approved by NDEP, which identifies remedial actions that 
are reasonable and economically feasible in response to the release or threat of release 
of any hazardous substance into the environment, which may affect the water quality 
of CTM.  Based on the letters received by the County, the only hazardous substance 
that is covered by the actions of the CTMRD is PCE and its degradation products. 

The current phase, or Work Plan Development and Implementation Phase, of the 
CTMRD was initiated in 1995, in response to the certifications received by the County.  
The earliest Phase 1 action involved the development of the Central Truckee Meadows 
Remediation District Final Work Plan (1996 Work Plan; CDM, 1996).  The 1996 Work 
Plan, which was approved pursuant to NRS 540A.260 by NDEP in a letter dated 
August 1997 (presented in Appendix A), identified the need for environmental 
sampling to evaluate the condition of surface water, groundwater, soils, and soil gas 
prior to the development of the Remediation Management Plan. 

Unfortunately, SB 489 lacked language allowing for the funding of the Work Plan 
activities, which were needed to develop the plan for remediation.  In addition, SB 489 
lacked mechanisms to fund remedial action operation and maintenance expenses.  
Therefore, the Work Plan and the development of the Remediation Management Plan 
were put on hold until the legislation could be amended.  NRS 540A was created and 
promulgated in 1997, allowing the County to begin funding of the CTMRD.  NRS 
540A is attached in Appendix A.  

The first monies for the CTMRD were obtained through the tax roll in 1998 based on 
the benefits received by the water users within the Sierra Pacific Power Company 
(SPPCo) wholesale and retail service area (Figure 1-1).  These funds were used to 
reimburse SPPCo for the design, construction, and operations of groundwater 
treatment facilities to treat groundwater produced by five water supply wells 
(Kietkze, Mill, High, Morrill, and Corbett).  The Truckee Meadows Water Authority 
(TMWA) has since taken over operations of the SPPCo water supply wells. 

The funding also allowed for the Work Plan activities to be performed starting in 
1998.  Over the last 4 years, environmental sampling of specified surface water 
locations and groundwater wells, as well as development of a comprehensive listing 
and mapping of historic land use throughout the CTM, has been performed by the 
County.  In addition, the County has undertaken selected sampling of area sanitary 
sewers (discussed in more detail in Section 2.3.1.10, and Washoe County, 2002). 
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In addition, the County retained CDM to update the 1996 Work Plan and to develop 
the RMP.  The Final Updated Work Plan (Updated Work Plan; CDM, 2001) identified 
the following activities as critical to the development of the RMP: 

� Characterize the nature and extent of the PCE contamination beneath CTM; 

� Formalize and document the goals and objectives of the CTMRD; 

� Develop and screen candidate remedial actions; and 

� Select remedies and processes for implementation. 

Discussions regarding site history; planning and development of the CTMRD 
program; and the site conceptual model for the CTM are compiled in the Updated 
Work Plan (CDM, 2001).  To further characterize the nature and extent of PCE 
contamination and evaluate candidate remedial actions, analyses were performed to 
understand potential human health risks associated with the presence of PCE, 
simulate groundwater flow through the aquifer system beneath the CTM, and 
characterize the contaminant transport mechanisms influencing the migration of PCE 
in the subsurface.   These efforts are documented in a series of four project technical 
memoranda.   The technical memoranda, which were prepared to facilitate County, 
NDEP, and WCDHD review of elements in the ongoing development of the RMP, are 
highlighted below. 

� Technical Memorandum -- Field Investigation Program Data Summary, dated July 9, 
2002 (CDM, 2002a). 

� Technical Memorandum -- Human Health and Environmental Risk Analysis, dated 
revised – July 9, 2002 (CDM, 2002b). 

� Technical Memorandum -- Groundwater Modeling, dated July 9, 2002 (CDM, 2002c). 

� Technical Memorandum – Remedial Technologies Identification and Screening, dated July 
9, 2002 (CDM, 2002d). 

The initial three technical memoranda (TMs) characterize the physical, toxicological, 
and hydrogeochemical setting within the CTM as it relates to the distribution and 
nature of PCE, the contaminant of concern.  The fourth TM provides documentation 
and analyses that will apply to the selection of remedial technologies and remedial 
actions for contaminant source areas of PCE.  This would apply to those source areas 
for which no viable owner is identified to assume financial responsibility for planning 
and implementation of remedial actions independent of the CTMRD.  These technical 
memoranda are referenced throughout the RMP.  They are attached as Appendices B, 
C, D and E, respectively.   
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1.2 Purpose of the Remediation Management Plan  
The goal of the RMP is to provide guidance and define actions that are needed for 
implementation as part of Phase 2 of the CTMRD.  The primary purposes of the RMP 
are as follows: 

� Provide detailed background information.  The recommendations presented herein 
constitute a range of actions based on investigations, evaluations, and analyses 
performed during the past three years, including the field investigations conducted 
in accordance with both the 1996 and 2001 Work Plans.  Data generated during this 
period are provided in Appendix B. 

� Provide a concise listing of recommended actions.  The recommended actions 
include institutional processes that are a crucial component of the future 
Remediation Program. 

� Define the boundaries of the CTMRD. 

� Identify the costs associated with implementation of the RMP and the continued 
funding of the CTMRD during Phases 2 and 3. 

� Present discussions related to the equitable allocation of costs among those entities 
receiving benefit derived from implementation of the RMP. 

� Identify key collaborative relationships between entities that need to be involved 
with the implementation of the RMP. 

The RMP is considered to be a “living”document, in that the overall CTMRD program 
is expected to be further developed and refined based on lessons learned during 
program implementation and based on ongoing stakeholder and public comment.  
This RMP has incorporated input from various stakeholders based on review of the 
Draft Remediation Plan, dated July 9, 2002.  Any major modifications to the RMP will 
require NDEP and BCC approval. 

1.3 Implementation of the Remediation Management 
Plan 

The Washoe County BCC has decision-making authority relative to: development; 
implementation; and, when necessary, the revision of the RMP.  The BCC is also 
responsible for funding for the various program elements defined in this RMP.   The 
overall responsibility for implementation of the RMP rests with County DWR, in 
collaboration with NDEP, and WCDHD. 

� Washoe County Department of Water Resources.  The County DWR was 
delegated from the BCC the responsibility to develop and implement the Work 
Plan and the RMP.  In this role, County DWR has assumed the responsibility for 
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carrying out the Phase 1 activities, and for carrying out future Phase 2 and Phase 3 
activities. 

� Nevada Division of Environmental Protection.  In accordance with NRS 540A, 
NDEP is a signatory of the certification acknowledging the existence of PCE 
groundwater impacts within the CTM and the need for the creation of the CTMRD.  
Under NRS 540A.260, NDEP is also responsible for approval of the RMP.  NDEP 
also administers the state’s environmental programs related to corrective actions 
and water pollution control. 

� Washoe County District Health Department. In accordance with NRS 540A, 
WCDHD is also a signatory of the certification acknowledging the existence of PCE 
groundwater impacts.   The WCDHD also co-administers the Safe Drinking Water 
Act program in concert with the Nevada State Health Division.  The WCDHD is the 
primary regulating entity for the wellhead treatment of the TMWA wells. 

These three entities have been involved in the development of the RMP through a 
series of Technical Working Group (TWG) meetings.  Collaboration among these 
three entities during implementation of the remediation program components will 
help to ensure the protection of the drinking water supply within the CTM. 

1.4 Remediation Management Plan Organization  
This RMP consists of nine sections.  Section 1, Introduction, provides background 
information, and defines the purpose of the RMP.  Section 2, Summary of Work Plan 
Implementation Phase Activities, provides a detailed description of the physical, 
toxicological, and hydrogeochemical setting within the CTM, based in large part on 
the CTMRD program investigations and evaluations performed to date.  Section 3, 
Remediation Management Plan Components, presents the objectives and goals of the 
CTMRD, and a detailed description of the recommended components of the RMP 
remediation program to mitigate the impacts of PCE found beneath CTM.  Section 4, 
Implementation Activities and Schedule, presents a schedule for implementation of the 
RMP program elements.  Program costs, and the equitable allocation of these costs, 
are critical issues associated with the implementation of the overall remediation 
program.  Section 5, Remediation Management Program Cost Summary, discusses the 
costs of the individual components of the proposed remediation program.  Section 6, 
Benefit Analysis, addresses the allocation of costs to water users and property owners 
within the boundaries of the Remediation District.  Section 7, Management of the 
Central Truckee Meadows Remediation District, highlights the interactions among the 
various public entities as they relate to the ongoing operations/actions of the 
CTMRD.  Section 8, Nevada Revised Statute 459.500 Jurat, was prepared in accordance 
with State of Nevada requirements.  This RMP concludes with Section 9, References.   
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Section 2 
Summary of Work Plan Development and 
Implementation Phase Activities 
 
2.1  Introduction 
The objectives of this section are to provide a description of the range of activities that 
have been performed as part of Phase 1, Work Plan Development and 
Implementation Phase, of the CTMRD and to provide an overview of the results, 
conclusions, and recommendations for further remedial activities.  Phase 1 activities, 
which were initiated in 1996, consisted of multiple components:  (1) early field 
investigations and groundwater sampling, (2) design, construction, and operation of 
public water supply wellhead treatment, (3) planning, including preparation of the 
CTMRD Work Plans (1996 and 2001), (4) field investigation program, (5) numerical 
groundwater modeling and risk analysis, and (6) remedial technologies identification 
and screening.  These efforts, which culminated in the development of this RMP, are 
highlighted on Figure    2-1.   

Based on the body of work performed during the Work Plan Development and 
Implementation Phase of the CTMRD, a conceptual model of contamination was 
developed.  This conceptual model, presented in Section 2.4, served as the basis for 
the development of the various components of the Source Identification and 
Remediation Phase of the CTMRD. 

2.2  Background 
This section provides background information related to the CTM, including physical 
setting, geology, hydrogeology, climate, and land-use. 

2.2.1 Physical Setting 
The Truckee Meadows refers to the topographic basin bounded by volcanic rock 
outcrops of the Virginia Range and Pah Rah mountains to the east, the Carson Range 
to the west, Steamboat Hills to the south, and the Peavine Mountain bedrock outcrops 
to the north.  Figure 2-2 outlines the physical setting of the Truckee Meadows and 
identifies the CTMRD study area.  The CTMRD study area is approximately defined 
by McCarran Boulevard on the west, south, and east, and Interstate Highway 80 (I-80) 
to the north.  However, because the alluvial materials in the Reno area extend north of 
I-80 and east of McCarran, the study area and, especially, the groundwater model 
domain extend beyond these approximate boundaries as appropriate.   

2.2.2 Geology/Hydrogeology 
The geology of the area is conceptualized as bedrock basin composed of volcanic 
rocks of relatively low permeability and filled with a sequence of sedimentary 
deposits, which tend to decrease in permeability with depth below ground surface. 
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2.2.2.1 Geologic Description 
Two major deposits form the geologic composition of the Truckee Meadows:  volcanic 
rocks and unconsolidated, sedimentary deposits.  

Volcanic Rocks 
Volcanic rocks (also termed bedrock) comprise the mountains surrounding the 
Meadows and the low hills along the margins of the basin, and underlie the basin fill.  
In general, the volcanic rocks of the Truckee Meadows (also termed the "bedrock"), 
which are extrusive in nature, consist of lava flows, tuff, agglomerate, and tuff breccia 
of mostly andesitic composition, and exist at depth beneath the sedimentary deposits 
of the basin.  Based on information presented by McDonald Morrissey Associates 
(MMA, 1993), depth to bedrock in the Central and South Truckee Meadows basins 
may be greater than 3,000 feet and 2,500 feet, respectively. 

The hydraulic conductivity of the volcanic rocks of the mountains is believed to be 
low.  Therefore, the amount of water transmitted by the volcanic rocks to the CTM 
basin is hypothesized to be relatively small.  

Sedimentary Deposits 
Cohen and Loeltz (1964) indicate that the unconsolidated deposits filling the CTM 
basin are comprised of the Truckee Formation and alluvium. 

� Truckee Formation.  The Truckee Formation is exposed in the northwest part of 
the study area where the Truckee River enters the basin.  In areas where the 
formation is exposed, it is composed of massive to thinly bedded siltstone, silty 
sandstone, sandy conglomerate, diatomite, and diatomaceous silt- and 
sandstones.  Drillers' logs have also characterized penetration of the Truckee 
Formation by abundant blue, green, and gray clay.  The formation is considered 
less permeable than the alluvium, although quantification of hydraulic 
conductivity in this unit has been rare.   

� Alluvium.  The alluvium is the most permeable formation beneath the Truckee 
Meadows and is the primary unit through which water flows and contaminant 
transport occurs.  The alluvium is composed of varying proportions of silt, sand, 
and gravel.  Lenses of clay and clayey materials have also been observed, 
although to a lesser degree.  The alluvium has been classified into two 
subdivisions termed the "younger" and "older" alluvium (Cohen, 1964). 

The geophysical logging and short-term transient monitoring programs performed 
during the Work Plan Development and Implementation Phase of the CTMRD 
(Subsections 2.3.1.7 and 2.3.1.8, respectively) indicate a high degree of vertical 
resistance to flow in the alluvial deposits within the CTM basin.  It is likely that this 
vertical anisotropy was caused by alternate high and low energy depositional 
environments.  These environments could have led to alternate deposition of alluvial 
fans and lake and river deposits.  These different types of units could have led to 
interbedded materials by depositing alternating units of coarse and fine grained 
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alluvial materials.  These alternating sequences would result in vertical anisotropy 
causing an overall resistance to vertical groundwater flow. 

Faulted Zone 
The surficial geologic mapping of the area indicates a faulted area in the vicinity of 
the High Street and Morrill Avenue wells.  In addition to geologic mapping of this 
faulted area, evidence of fault(s) exist in water level measurements.  Water level 
measurements indicate an abrupt water level change of 30-40 feet between sets of 
monitoring wells.  This change is much greater than the 4-5 foot differences observed 
at other monitoring wells in the immediate vicinity with approximately the same 
horizontal spacing. 

2.2.2.2 Hydrology 
The CTM groundwater flow system is complex.  Many different features act as 
stresses on the groundwater flow system.  Table 2-1 presents the primary 
groundwater inflows and outflows in the CTM basin. 

Table 2-1 
Primary Groundwater Inflows and Outflows 
Inflows Outflows 

 Mountain Front Recharge  Pumping (Municipal, Industrial, 
Domestic, Remedial) 

 River, Stream, Ditch Leakage  Seepage to Rivers, Streams, 
Ditches 

 Agricultural Irrigation  Evapotranspiration 
 Lawn Watering  Subsurface Outflow 
 Municipal Water System Leakage   
 Adjacent Valley Inflow   
 Direct Infiltration from Precipitation   
 Sewer/stormdrain leakage   

 

The following list briefly describes these primary inflow and outflows.  A more 
complete description of these features along with estimated values are presented in 
Appendix C, Groundwater Modeling TM. 

Inflows 
� Mountain Front Recharge.  Mountain front recharge (MFR) is a general term for 

the infiltration of surface runoff (derived primarily from precipitation and snow-
melt) into the alluvium at the foot of mountain ranges where relatively 
impervious bedrock dips beneath much more pervious units of porous media.  In 
addition, MFR can also occur from water infiltrating into bedrock fractures and 
entering the porous media flow system as subsurface flow. 

� River, Stream, Ditch Leakage.  Recharge to the groundwater system can also occur 
from naturally occurring leakage from surface water features such as rivers, 
streams, and ditches.  Water in the surface water feature can seep through the 
stream bed and enter the groundwater system. 
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� Agricultural Irrigation.  The portion of agricultural irrigation water that is not 
used by plants or evaporated back to the atmosphere can recharge the 
groundwater system. 

� Lawn Watering.  A portion of municipal water delivered is used outdoors for 
activities such as lawn watering.  A portion of this water can infiltrated the 
ground and recharge the groundwater.  

� Municipal Water System Leakage.  Municipal water systems can also recharge the 
groundwater system through leakage of the piping system.  These leaks are 
typical and can be a result of cracks in piping and leaks around pipe joints. 

� Adjacent Valley Inflow.  This inflow consists of groundwater that enters the CTM 
basin where basin joins adjacent basins.  The locations of primary adjacent valley 
inflow are Chalk Bluff and Spanish Springs.  

� Direct Infiltration of Precipitation.  Most of the valley floor receives about 8 to 10 
inches of precipitation per year.  A groundwater recharge rate of 0.5 inches per 
year has been estimated by Cooley et. al. (1971) and Van Denburgh (1973). 

� Sewer/Stormdrain Leakage.  Leakage from municipal sewers or stormdrains has 
been shown to contribute to the recharge of the groundwater system.  Consistent 
with leakage in municipal water systems, the leakage typically occurs as a result 
of cracks in piping and leaks around pipe joints. 

Outflows 
� Pumping.  Groundwater pumping for domestic, municipal, and 

commercial/industrial purposes occurs in the Truckee Meadows.  Within the 
CTM study area dewatering pumping (at Helms Gravel Pit [HGP]/Sparks Marina 
Park Lake [SMPL]) and remedial pumping (at the Sparks Solvent/Fuel Site) also 
occurs.  The most significant amount of pumping within the basin occurs at the 
TMWA wells. 

� Seepage to Rivers, Streams, Ditches.  Portions of some of the surface water 
features (rivers, streams, ditches) can also act as groundwater discharge locations.  
In these features the groundwater levels are high enough to induce flow back into 
the surface water. 

� Evapotranspiration.  Evapotranspiration, which occurs mostly during the growing 
season between April and October, removes water from the groundwater system 
through evaporation from shallow groundwater and transpiration from plants. 

� Subsurface Outflow.  Subsurface outflow from the Truckee Meadows occurs 
through the alluvium underlying the Truckee River as it leaves the basin to the 
east through the Virginia Range.   
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2.2.3  Climate 
Precipitation in the Truckee Meadows region ranges from 6 to 10 inches per year.  In 
the higher elevations of the Carson Range, which bound the Truckee Meadows to the 
west, annual precipitation is on the order of 40 inches per year (H. Klieforth, Desert 
Research Institute, unpublished map, 1983).  Precipitation that falls in the Carson 
Range and drains to the Truckee Meadows is a significant source of MFR. 

2.2.4  Land-Use 
The CTM study area includes the Reno/Sparks urban area and agriculturally 
developed land.  The Reno/Sparks metropolitan area has the third greatest 
concentration of people in Nevada.  Only Las Vegas and Henderson rank higher. 

The central portion of the Reno/Sparks metropolitan business and industrial district 
exists in and along the northern overbank of the Truckee River.  Downtown Reno is 
located both south and north of the Truckee River in the northwestern portion of the 
Truckee Meadows.  Older commercial establishments, as well as the historic railroad 
switching yards and corridors, lie just east of downtown and west of Highway 395.  
East of Reno, in Sparks, north of the Truckee River, another older commercial and 
industrial area exists.  This area includes the Sparks Tank Farm and railroad yard and 
numerous other industrial facilities whose operations date back to the 1960s and 
1970s.  Recent development of additional industrial land uses has expanded to the 
east of Reno-Tahoe International Airport and east of McCarran Boulevard in Sparks. 

An understanding of land-use within the CTM is relevant to the work of the 
Remediation District because of the potential for PCE discharges to soil and 
groundwater from historic and existing businesses.  Five categories of businesses have 
been identified as potential PCE sources by the Nevada Department of Environmental 
Protection (Westec/SRK, 1994): 

� Paint Manufacturers/Wholesalers 

� Dry Cleaners 

� Chemical Manufacturers/Wholesalers 

� Automobile Repair 

� Automobile Painters/Body Repair  

These business categories were considered as part of the evaluation of the nature and 
extent of PCE contamination within the CTM. 
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2.2.5 Investigative Work Prior to the Existence of the 
Remediation District 

WESTEC/SRK 
In March 1994, WESTEC and SRK produced a report for NDEP summarizing work 
performed to characterize the distribution of PCE in the downtown Reno area 
(WESTEC/SRK 1994).  The work included a review of existing reports, installation of 
new monitoring wells, sampling 21 new and existing wells to characterize 
groundwater conditions and identify potential sources, groundwater modeling, risk 
assessment, and evaluations of various remedial alternatives. 

Results of the 1994 fieldwork indicated that the alluvium is highly variable with little 
correlation between lithologic units.  Groundwater appeared unconfined with no 
discrete aquifer zones present with depth.  Twelve monitoring wells had no 
detectable PCE, 6 wells had PCE concentrations less than 10 micrograms per liter 
(µg/L), and 4 wells had PCE concentrations greater than 10 µg/L.  The maximum 
detection of PCE was 410 µg/L.  The study determined that PCE was not pervasive 
throughout the study area (i.e., downtown Reno) and was generally found in discrete 
locations, predominantly within the shallow aquifer zone (less than 50 feet below 
ground surface [bgs]). 

WESTEC/SRK gathered information to evaluate potential historic sources using city 
directories from 1940 through 1991.  Three hundred twenty potential sources were 
identified and included dry cleaners, automobile repair and paint shops, and gasoline 
service stations.  Due to the large number of potential sources, correlating PCE in 
groundwater to a specific source was not possible. 

Groundwater modeling was performed using the MODFLOW model and the MT3D 
solute transport model.  Results showed that without remediation, PCE contaminated 
groundwater will continue to migrate in an eastward direction.  Additionally, 
modeling indicated that the groundwater remediation effort would be only 
moderately successful without remediation of PCE source areas. 

Sierra Pacific Power Company (SPPCo) Sampling 
In 1987, the SPPCo identified the presence of PCE in samples collected from five 
public water supply wells as part of routine water sampling activities, which have 
continued on a monthly or quarterly schedule in all wells that are in production.  
Treatment systems, designed to remove PCE from the groundwater to meet the 
Federal drinking water standards for PCE, were constructed in 1995 (High Street and 
Morrill Avenue) and in 1999 (Corbett School, Mill Street, and Kietzke Lane).  
Operation of these systems is ongoing. 



Central Truckee Meadows Remediation District  Section 2 
Remediation Management Plan  Summary of Work Plan Development and  
  Implementation Phase Activities 

 

A  2-7 

W:\REPORTS\CTM\REMEDIATION MANAGEMENT PLAN_OCT02 

2.3  Summary of Work Plan Development and 
Implementation Phase Activities 

This section provides an overview of investigations and analyses performed as part of 
the Work Plan Implementation Phase of the CTMRD, including field investigations 
(past investigations and the field investigation program performed during 2001), 
groundwater modeling, risk analyses, and the identification and screening of a range 
of remedial technologies.   

2.3.1  Investigative Activities 
Investigative activities that have been performed since the inception of the CTMRD, 
under the Work Plan Implementation Phase, have included implementation of 
various 1996 Work Plan activities such as surface water sampling, and locating and 
sampling existing monitoring wells.  A review of CTM land use information was also 
performed as an extension of the SRK effort.  Monitoring well installation and 
sampling, aquifer testing, geophysical logging, groundwater modeling, and risk 
analyses were performed in accordance with the 2001 Work Plan.  Finally, the County 
undertook sampling of the area sanitary sewers with the objective of characterizing 
whether residual solids existed in sanitary sewer lines beneath CTM.  These activities, 
with the exception of the sanitary sewer sampling and land use evaluations, are 
described in detail in the Technical Memorandum - Field Investigation Program Data 
Summary, a copy of which is included as Appendix B.  The key results of all of the 
investigative activities, including the sanitary sewer sampling and the land use 
mappings, are presented in this section.   

Soil, soil gas, and groundwater analytical data, and well construction data for the 
CTM wells (including some well construction data for other existing wells) is 
available in an environmental database that was developed during the Work Plan 
Implementation Phase.  Washoe County DWR staff is currently managing the 
environmental database. 

2.3.1.1 Surface Water Sampling 
The County, in accordance with the 1996 Work Plan conducted a sampling program 
to characterize the nature and extent of PCE in the Truckee River and selected storm 
drains that discharge into the Truckee River in the Downtown Reno area.  Grab 
samples of the surface water at each of six surface water and six outfall locations were 
collected in September and October 1999 and in April 2000.  Surface water and outfall 
sampling locations are shown on Figure 2-3. 

The results of the sampling indicated that no detectable concentrations of PCE are 
present in the Truckee River, even though evidence exists indicating that PCE is 
present in selected storm drain discharges to the Truckee River.  The absence of PCE 
in the Truckee River water is expected based on the effects of volatilization and 
dilution of the PCE in outfall discharges.  The analytical results of the surface water 
sampling effort are presented in Table 2-2. 
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2.3.1.2 Sampling of Existing Groundwater Monitoring Wells 
The 1996 Work Plan outlined an aggressive program of locating and sampling 
existing groundwater monitoring wells, and domestic and commercial water wells in 
CTM to complement the installation of new monitoring wells.  The effort was deemed 
necessary given the areal and vertical extent of the aquifer system that required 
characterization.   

The initial effort to locate the existing wells proved to be quite challenging.  Records 
of well demolition, well replacement, and well owners have not been well 
maintained.  Many wells believed to exist based on a review of NDEP and/or 
WCDHD records were not accessible to the County because of abandonment, owner 
changes, or other reasons.  Nevertheless, approximately 160 wells were found and 
sampled by the County through the review of NDEP and/or WCDHD records, 
through interviews with local consultants, and through windshield surveys of the 
CTM.  

Once located, the County conducted groundwater sampling efforts on a quarterly to 
annual basis, depending on accessibility constraints and analytical results.  The 
County also surveyed the existing wells into a common datum, such that the wells 
could be located both horizontally and vertically within CTM.  In addition to these 
monitoring wells, TMWA staff has collected groundwater samples from the 27 
TMWA water supply wells.  Approximately 1,200 groundwater samples have been 
collected and analyzed from the 178 groundwater monitoring and water supply wells. 

A listing of all wells sampled as part of Phase I activities is provided in Appendix F.  
The well listing includes TMWA water supply wells, CTM wells (installed as part of the 
Phase 1 investigative program – described below), and other wells.  Information 
provided in the table includes well designation, total depth, screened interval, and the 
number of samples collected as part of the Phase I activities.  The location of the CTM 
wells is presented in Figure 2-4.  The location of all of the wells sampled as part of the 
Phase I activities is presented in Figure 2-5.  The analytical results of the sampling 
efforts are discussed in the Field Investigation Program Data Summary TM (Appendix B).   

2.3.1.3 Well Installation 
A total of 36 monitoring wells were drilled and installed, including 23 shallow wells 
and 13 deep wells.  Monitoring well completion details are provided in Appendix B.  
The total depth of monitoring wells varied between 24.5 feet (CTM-20S) and 347 feet 
(CTM-10D and CTM-12D) bgs.  Groundwater was encountered at depths between 
17.5 feet (CTM-20S) and 124 feet (CTM-40S) bgs.  Table 2-3 lists the shallow and deep 
monitoring wells and provides an overview of which wells were utilized for each of 
the field investigation activities.  Figure 2-4 shows the locations of the 36 monitoring 
wells.   
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Table 2-3 
Summary of Investigation Activities for  

Newly Installed Groundwater Monitoring Wells 
Monitor 
Well ID 

Total 
Depth 

(ft bgs) 

Hydraulic Testing 
Locations 

  

 
 

Soil Gas Sampling 
Locations 

 
 

Geophysical 
Logging 

Locations 
 

Slug Tests 
Aquifer Test 
Observation 

Wells 
Shallow Wells 

CTM-1S 51 9  9  
CTM-2S 50  9(profile)   9  
CTM-3S 51 9  9  
CTM-5S 60 9  9  
CTM-6S 43.5 9  9  
CTM-7S 41 9  9 9 
CTM-9S 60.5 9(profile)  9  
CTM-11S 45.5 9  9  
CTM-13S 56   9  
CTM-14S 25 9  9  
CTM-15S 70.5   9  
CTM-16S 40.5 9(profile)  9  
CTM-18S 35 9  9  
CTM-19S 31 9  9  
CTM-20S 24.5 9  9  
CTM-21S 36.5 9  9  
CTM-28S 44 9  9  
CTM-29S 35.5   9  
CTM-31S 52   9  
CTM-37S 46   9  
CTM-39S 38.5     
CTM-40S 148.5     
CTM-41S 52.5     

Deep Wells 
CTM-4D 180  9   
CTM-8D 261  9  9 
CTM-10D 347  9   
CTM-12D 347  9  9 
CTM-17D 199.5  9  9 
CTM-22D 252  9  9 
CTM-23D 180.5  9  9 
CTM-25D 177.5  9   
CTM-27D 178.5  9   
CTM-30D 152  9   
CTM-33D 199  9   
CTM-37D 85.5     
CTM-38D 95.5     
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2.3.1.4 Soil Sampling 
Soil samples were collected during borehole drilling.  Three types of soil samples 
were collected:  continuous core for lithologic logging, undisturbed soil samples for 
geotechnical analysis, and samples for environmental analysis.  Borehole lithologic 
logs can be found in Appendix B, the Field Investigation Program Data Summary TM.  
Geotechnical analysis of undisturbed samples included grain size distribution, dry 
bulk density, surface area, specific gravity, and moisture content.  Soil samples 
collected for environmental analyses were analyzed for volatile organic compounds 
by a certified laboratory.  Geotechnical and laboratory results are in Appendix B. 

2.3.1.5 Soil Gas Sampling 
Soil gas samples were collected from 15 shallow monitoring well boreholes.  Twelve 
of the samples locations had one soil gas sample collected.  Three samples locations 
had a profile of three samples taken at increasing depths below ground surface.  
Boreholes sampled for soil gas and their associated sampling depths are listed in 
Table 2-3.   

Samples were analyzed for volatile organic compounds by a certified laboratory.  The 
sample results were used in the risk analysis to assess potential risk of indoor 
inhalation from migration of volatile organic vapors through the soil and cracks in 
building foundations to indoor air.  Analytical results can be found in Appendix B. 

2.3.1.6 Groundwater Sampling 
Two types of groundwater samples were collected during the Work Plan 
Implementation Phase of Remediation District field program; discrete-depth 
groundwater samples and completed well groundwater samples.   

Discrete-Depth Groundwater Sampling 
Discrete-depth samples are formation groundwater samples collected during drilling 
operations and prior to installation of the monitoring wells.  For shallow borings (i.e., 
less than 100 feet in depth), samples were collected from the first encountered 
groundwater.  For boreholes greater than 100 feet in depth, discrete-depth 
groundwater samples were collected at 20-foot intervals in order to provide a vertical 
profile of dissolved VOCs in the aquifer.   

Monitoring Well Groundwater Sampling 
Two rounds of groundwater sampling were performed by Washoe County personnel 
following completion and development of the groundwater monitoring wells.  The 
purpose of the initial samples was to obtain a baseline for water levels and water 
quality.  Samples were delivered to a certified laboratory for analysis.  The first round 
of groundwater samples was analyzed for a full suite of constituents, which included 
volatile organic compounds, semi-volatile organic compounds, and selected inorganic 
compounds.  This provided a baseline analytical suite.  The second round of samples 
was analyzed for volatile organic compounds only, which includes PCE, the principal 
contaminants of concern for the Remediation District.  Over 100 samples have been 
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collected from the 36 groundwater monitoring wells installed during the Phase 1 field 
program. 

2.3.1.7 Geophysical Logging 
Geophysical logging was performed on 11 of the 13 deep monitoring wells.  The 
objective of the geophysical logging was to refine the understanding of lithology 
within the CTM and to contribute to the development of the groundwater flow 
model.  The geophysical logging was performed after completion of the monitoring 
wells and run through the PVC casing.  Table 2-3 lists the wells that were 
geophysically logged.  The geophysical logging data reports are provided in 
Appendix B. 

One of the objectives of the geophysical logging was to evaluate the existence of a clay 
layer thought to exist at a depth of about 100 feet bgs.  The lithologic cores did not 
support the existence of a pervasive clay layer.  The response of the gamma tool, the 
tool used to measure clay content in the formation, supported the field observations 
indicating that significant clay content does not exist at depth within the CTM study 
area.   

Based on lithologic core and geological logging data, detailed cross sections were 
prepared and are included as part of Appendix B.   

2.3.1.8 Hydraulic Testing 
The two types of hydraulic testing were performed as part of the field investigation 
program – slug tests and aquifer pumping tests.  The slug tests were somewhat useful 
for providing local hydraulic characterization data while the aquifer pumping tests 
provided hydraulic characterization data on a more regional scale.   

Slug Test Data Summary 
Slug tests were performed on 20 shallow wells.  Slug test data were used to calculate a 
range of hydraulic conductivity (K) values.  The results of the slug test analyses, 
including a graphical presentation of the data, are presented in Appendix B. 

Aquifer Test Data Summary 
In order to better understand the aquifer flow system in the Central Truckee 
Meadows, the aquifer testing program was conducted over a 3-week period, utilizing 
five TMWA water supply wells.  Selected production wells were operating in 
accordance with a pumping program agreed upon between TMWA and Washoe 
County Department of Water Resources.  Continuous data loggers were placed in 
monitoring wells in five locations near the TMWA wells.  Hourly pumping data were 
obtained for the same period for the TMWA water supply wells.  

Data logger results and well pumping data are presented in Appendix B.  For all of 
the wells, with the exception of the Peckham water supply well, the water levels in 
the deep monitoring wells were directly impacted by the pumping rate in the adjacent 
TMWA well(s).  The aquifer pumping test using the Peckham well did not yield any 
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useful information because the well was turned off during the entire period of the 
data logger operation.  The aquifer response in the deep wells was also noticeable 
during periods when the TMWA wells were shut down.  Data logger information 
collected from the shallow aquifer observation wells did not indicate a response 
during periods of TMWA water supply well pumping.  To analyze hydraulic 
properties near the TMWA pumping wells, the pumping time histories of the TMWA 
wells were input into the groundwater numerical model.  Hydraulic properties (e.g., 
vertical and horizontal hydraulic conductivity) were adjusted so that simulated water 
levels reasonably replicated the observed data logger records in the observation wells 
(please see Figures 4-6 through 4-13 and Section 5.2, Short-term Transient Calibration, in 
the Groundwater Modeling TM – Appendix C). 

2.3.1.9 Land Use Mapping 
Historic PCE-users were identified for NDEP (1994) for the downtown Reno area 
including automotive paint shops, gasoline and fuel stations, laundries and dry 
cleaners, and paint shops.  As previously indicated, WESTEC/SRK, for NDEP, 
identified 320 potential PCE sources base on this analysis of past land use.  The 
County utilized this information and expanded the analyses to a coverage of the 
entire CTM.  The effort lead to the refinement of the business types of concern to 
include: 

� Dry cleaners and laundry facilities 

� Chemical manufacturers and wholesalers 

� Paint manufacturers and wholesalers 

� Automobile painters and body repair shops 

� Automobile repair shops 

Two databases were used to develop the historical land use maps identifying the 
location of these types of businesses: maps published by Sanborn Insurance Company 
and business directories published by R. L. Polk and Company. 

Sanborn Insurance Company produced and revised their maps of the Reno and 
Sparks over the period from 1904 to 1972.  The maps, which were used to document 
the risk of fire to individual properties, identify the location of buildings, the owner’s 
name, and/or a general business classification for each commercial structure.  The 
maps from 1948 to 1955 were used for the purposes of the CTMRD mapping effort. 

The Polk database contains directories of business types on an annual basis since 
1920.  The County inventoried businesses for the period 1935 to 1995 on five or six 
year increments.  The 1999-2000 Nevada Bell Yellow Pages were used to supplement 
this database with more recent information. 
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The Polk database identified 855 potential PCE users including: 

� 198 dry cleaners and laundry facilities 

� 26 chemical manufacturers and wholesalers 

� 70 paint manufacturers and wholesalers 

� 131 automobile painters and body repair shops 

� 430 automobile repair shops 

Figure 2-6 depicts the distribution of business types that may have, or currently 
handle, PCE.  Based on this figure, it can be seen that potential PCE users are 
scattered throughout CTM, with concentrations of businesses located: 

� In the downtown Reno area between the Truckee River and I-80; 

� In the Sparks commercial areas between the Truckee River and I-80; and 

� Along Kietzke Lane and South Virginia Street in Reno. 

The identification of the area that is potentially contaminated with PCE was based in 
part on the distribution of businesses represented by this figure. 

2.3.1.10 Sewer Line Sampling 
Between December 2000 and September 2001, the County collected samples from 
wastewater sewer lines throughout the CTM.  The objective of the sewer sampling 
was to test for the presence of residual PCE.  Residual PCE, if present, would 
represent potential source areas for current and future groundwater contamination. 

Leaking sewer lines have long been recognized as a major pollution source in the U.S.  
As early as 1977, the EPA reported that exfiltration from sewer systems was known to 
be a serious problem from a groundwater contamination standpoint (EPA, 1977).  
They estimated that 5% of the 5 trillion gallons of municipal wastewater handled by 
sewer systems leaked into the ground.   

PCE used to be discharged into the sanitary sewer systems of Sparks and Reno as a 
matter of course by businesses handling PCE prior to the development of the cities’ 
industrial pretreatment programs initiated in the mid-1970s.  Since that time, 
businesses have had limits related to the amount and concentrations of PCE that may 
be discharged into the sanitary sewers, however enforcement monitoring has not been 
well funded, such that businesses may have been able to discharge PCE – either as 
PCE or in a diluted form – into the cities’ sanitary lines undetected. 

PCE is a particularly problematic compound when discharged into the sewer. Because 
it is relatively insoluble and more dense than water, it will tend to seek and reside in 
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low points along sewer lines, including cracks or crevasses.  Based on EPA’s findings, 
and the likelihood that PCE has been discharged into the sanitary lines at some time 
in the past, leakage from the sanitary sewers is a likely pathway for PCE to enter the 
shallow groundwater flow system. 

The County’s sewer sampling program was designed using the assumption that 
residual PCE within a sewer line would continuously “bleed off” into the wastewater 
stream such that wastewater sampling down gradient of a residual source would 
result in PCE detections.  Sewer sampling locations were identified using the rationale 
that residual PCE is most likely to occur in sewer lines used by businesses that have 
historically used PCE in their operations.  By focusing on a portion of these potential 
primary source business sites, it was believed that a small, cost effective sampling 
program could be completed that would help develop an understanding of the 
potential contribution to groundwater contamination of residual PCE in sewer lines.  

As part of the sanitary sewer sampling program, the County collected and analyzed 
367 wastewater samples from 182 manhole sites in the Truckee Meadows.  These 
samples were collected in sewer lines adjacent to 128 areas where either dry cleaning 
facilities or chemical manufacturers/wholesalers had historically operated.  The 
program was performed in three phases, defined by the following objectives: 

�  Phase 1:  Identify sewer locations that contained detectable PCE or related VOCs. 

�  Phase 2:  Track PCE contamination identified in Phase 1 to its residual source. 

�  Phase 3:  Confirm and characterize PCE in contaminated waste streams identified 
during Phase 1 and 2. 

Analytical results from Phase 1 sampling identified 26 sewer lines with waste streams 
that contained detectable PCE.  These “contaminated” waste streams were widely 
distributed throughout the study area. 

Phase 2 sampling, designed to track PCE contamination identified by Phase 1 to its 
residual source, was complicated by: 1) temporal variations in PCE concentrations, 2) 
multiple potential PCE source areas, and 3) concerns about the possibility of active 
disposal of PCE wastes into the sewer.  Sample tracking at 10 of the 26 contaminated 
sewer lines effectively isolated the source of PCE to discrete sections of the sewer line.  
Tracking at another four localities identified multiple source areas that may contribute 
PCE to the waste stream.  The remaining 12 localities had non-definitive results due 
either to insufficient sampling or to unrepeatable analytical results (see Figure 2-7).  

Phase 3 sampling, designed to confirm and characterize detected PCE in the waste 
streams of contaminated sewer lines, indicated that concentrations from samples 
collected at a single site could vary by several orders of magnitude over time.  In 
general, the sample sites, as presented in Figure 2-6, that had the highest mean 
concentration of PCE also had the greatest degree of temporal variability.  As an 
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example, nine samples collected at one site had a mean value of 3,981 micrograms per 
liter (µg/L) PCE, with a range of 16 to 34,000 µg/L PCE.  This sort of variability was 
not expected prior to the onset of the study.  Although it was expected that PCE 
concentration would vary with the volume of flow through the sewer lines, no 
relationship between flow rates and PCE concentration was observed.  In light of 
these findings, more quantitative fieldwork needs to be performed to assess the 
reasons for temporal variation in PCE concentrations, particularly at the most 
contaminated locations. 

The consolidated results from all three phases of the sampling program revealed that 
of the 26 contaminated waste streams identified, 18 reaches of sewer line contained 
contamination (defined as wastewater whose maximum detected PCE concentration 
exceeds 5 µg/L).  Of those 18, nine contained anomalous and significant 
contamination, defined as wastewater whose maximum detected PCE concentration 
exceeded 100 µg/L PCE.  The nine sub-regions that encompass each of these nine 
contaminated sewer line reaches are described in detail in the County’s Sanitary 
Sewer Sampling Report (Washoe County, 2002). The magnitude of PCE 
concentrations in wastewater within these nine reaches of sewer line was not expected 
and warrants additional investigation.  Reviews of published documentation of sewer 
sampling suggest that wastewater with PCE concentrations of a similar magnitude is 
typical of actively discharging dry cleaning sites.  Eight out of these nine sub-regions 
contain active dry cleaning facilities.  

Figure 2-8 summarizes the results of the sanitary sewer sampling efforts by 
correlating the location of elevated detected PCE concentrations in the sanitary sewers 
with detected groundwater concentrations.  Based on this mapping, it can be seen that 
there are locations where elevated concentrations of PCE in the sanitary lines coexist 
above areas with detectable levels of PCE concentrations in the groundwater.  
Although more information is needed to characterize the potential impact of the 
sanitary lines on the shallow groundwater quality, it is clear that PCE contained 
within the sanitary sewers may be a contributor to groundwater contamination 
beneath CTM. 

The sewer sampling program showed that PCE occurs in sewer lines in the Truckee 
Meadows.  Contaminant levels were consistent with concentration observed from 
actively discharging operations.  If this contaminated wastewater is the result of 
residual PCE solvent or sludge residing in cracks and crevasses along the sewer line, 
then remedial tactics should be focused on those sections of sewer line identified as 
residual source areas.  However, if the source of PCE is from actively discharging 
operations, then a more active enforcement program will need to be considered by the 
appropriate regulatory agencies.  In either case, PCE contamination in sewer lines has 
probably been, and may continue to be, a potential source contributing to 
groundwater contamination in the Truckee Meadows.  The fact that only 25% of the 
potential primary source business sites were examined in this sampling program 
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makes it likely that there are more, as yet unidentified sections of sewer line that 
either contain residual PCE sources or host PCE contaminated discharge. 

2.3.2 Groundwater Modeling 
As part of the CTMRD project, a groundwater flow model was developed to evaluate 
groundwater and contaminant movement within the CTM basin.  As stated in the 
Final Updated Work Plan (CDM, 2001), the objectives of the groundwater modeling 
task were: 

� Develop the CTM water budget, 

� Characterize the flow patterns in the shallow and deep aquifers and the 
interactions between these units,  

� Estimate the capture zones of five water supply wells (High, Morrill, 4th Street, 
Mill, Kietzke, and Corbett) under current and future pumping conditions, 

� Evaluate candidate remedial alternatives (with respect to effectiveness, 
protectiveness of human health and the environment, etc.), and  

� Characterize the potential benefit to property owners resulting from any remedial 
action (including no remedial actions beyond institutional controls and 
monitoring). 

Complete documentation of the groundwater flow model construction, calibration, 
and results are presented in Appendix C, Groundwater Modeling TM. 

2.3.2.1 Model Construction 
The groundwater model was constructed based on data acquired from the previous 
MMA/Guyton flow model (MMA, 1993; Guyton, 1997), Washoe County DWR, 
TMWA, data collected as part of this CTMRD project, and various other sources. 

The conceptual model consisted of the basic information discussed in the previous 
sections.  A more detailed description of the conceptual model can be found in 
Appendix C, the Groundwater Modeling TM.  As mentioned previously, the geology 
of the area is conceptualized as bedrock basin composed of volcanic rocks of relatively 
low permeability and filled with a sequence of sedimentary deposits.  The 
sedimentary deposits act as the primary transmitter of groundwater.  Inflows to the 
groundwater flow system include mountain front recharge, infiltration from rivers, 
streams, and ditches, recharge from surface application of water, and direct recharge 
from precipitation.  Outflows consist of groundwater pumping (municipal, industrial, 
commercial, domestic, and remedial), seepage to streams, and evapotranspiration.  
Groundwater also enters and exits the CTM basin through subsurface flow where the 
CTM basin joins adjacent valleys.  Figure 2-9 shows the domain of the CTMRD 
groundwater model. 
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2.3.2.2 Model Calibration 
The primary means of calibrating the groundwater flow model consisted of 
simulating three transient periods. 

� Short-term Transient Calibration (August 2001):  The configuration of CDM’s field 
program did not allow traditional pumping tests to be performed.  However, 
monitoring of water levels in response to the cyclic nature of TMWA pumping 
allowed for an analysis similar to a pumping test. 

� Long-term Transient Calibration (1999-2001):  A suitable steady-state flow 
condition does not appear to exist in the CTM basin.  The 1999-2001 period was 
chosen for calibration because this period contains sufficient quantity of water 
level data (both temporally and spatially). 

� Historical Transient Simulation (1961-2001):  The historical transient simulation 
results were used to check the model against other, longer-term data.  For 
example, the simulation results were compared to water levels at two USGS wells 
that had a long period of water level data records and to the dewatering pumping 
rates at Helms Gravel Pit/Sparks Marina Park Lake (HGP/SMPL). 

2.3.2.3 Model Results 
The modeling task resulted in some basic conclusions about the groundwater flow 
regime within the CTM basin. 

� Anistropy.  The modeling calibration process, along with data collected during the 
geophysical logging of the new CTM wells, indicated that a high degree of vertical 
anisotropy exists within the alluvial basin deposits.  This anisotropy results in a 
resistance to vertical flow.  This resistance can result in large vertical flow 
gradients.  These high gradients are most prominent when the TMWA wells 
pump higher rates during the summer.  This vertical resistance to flow does not 
appear to be the result of a continuous “aquitard” unit.  Rather, the resistance 
seems to be distributed through the depth of the alluvial materials.  This 
distributed resistance is probably the result of multiple smaller fine grained lenses 
appearing throughout the basin. 

� Horizontal Flow Pattern.  The general flow direction through the center of the 
CTM is from west to east.  As an example, Figure 2-10 shows contours of the 
simulated water table elevation (shallow aquifer) at a 20 ft interval.  This figure 
shows the simulated water table at the end of March and August 2001.  Note that 
the flow directions in the shallow aquifer do not vary greatly between the two 
seasons.  Figure 2-11 shows contours (20 ft interval) for the simulated heads in the 
deeper aquifer, approximately 150 ft below ground surface.  This figure shows the 
simulated results for March and August 2001.  Again, the predominant flow 
direction through the center of the basin is west to east.  However, TMWA 
pumping exerts sufficient influence during the summer months to significantly 
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alter the horizontal flow directions.  The summer pumping regime also sets up 
higher horizontal gradients. 

� Vertical Flow Pattern.  Simulated model results can be viewed in cross-section.  
Figure 2-12 shows the simulated heads on an east-west cross section through the 
model.  This figure, again, shows the simulated results for March and August 
2001.  This cross section passes through the 10 TMWA wells.  The significant 
impacts of the TMWA wells can be seen during the summer pumping condition.  
The summer conditions sets up a condition allowing more downward flow than 
the winter conditions.  Figure 2-13 shows the same information for north-south 
cross section.  Both of these figures indicate that primary change in flow directions 
occurs in the center of the CTM near the main TMWA wells. 

� Seasonal Impacts.  TMWA pumping, which varies seasonally, is a major stress on 
groundwater levels in the CTM basin.  Figure 2-14 shows simulated flow 
directions in the deeper aquifer during March 2001 and August 2001.  The figure 
represents the simulated direction of groundwater flow during March and August 
2001.  This figure indicates that the direction of flow within the deeper aquifer can 
vary due to the influence of TMWA pumping.  These results indicate that the area 
which contributes to one of the TMWA pumping wells may differ between the 
summer and winter months.  Therefore, the area tributary to a TMWA well 
includes areas that are upgradient of the well in both the summer and winter 
months. 

A more complete discussion of the flow patterns, both spatially and temporally, can 
be found in Appendix C. 

2.3.2.4 TMWA Well Capture Zones 
The impact of TMWA pumping on the overall (advective) groundwater flow 
directions and the capture zones for the TMWA wells are of particular interest within 
the CTM basin.  Five TMWA wells are currently fitted with facilities to treat PCE 
contamination in the pumped water (i.e. wellhead treatment).  These wells are: High 
St., Morrill Ave., Kietzke Lane, Mill St., and Corbett School.  Pumping at these wells is 
maintained at prescribed rates based on a pumping plan set up by Sierra Pacific 
Power Company (now operated by TMWA) (SPPCo 2000). 

To better understand the flow system and its relationship to TMWA pumping, 
capture zone simulations were made for the TMWA wells.  Capture zones depict the 
areas that are tributary to a groundwater discharge point (e.g. a pumping well).  
Figures 2-15a and 2-15b shows the simulated water table capture zones for the TMWA 
wells.  These capture zones were simulated to represent long-term flow paths (e.g. an 
“eventual” flow path).  The simulated flow field from August 1999 to August 2001 
was repeated through the length of the simulation.  Therefore, the simulated flow 
field used in these simulations accounts for seasonal variations in TMWA pumping, 
but at 1999-2001 levels.  The apparent separation between the pumping well and its 
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corresponding capture zone is related to the vertical separation between the well 
screen and the capture zone location.  The TMWA wells are primarily screened deep 
in the aquifer.  The capture zones represent the area tributary to the wells from the 
water table.  Appendix C further discusses the vertical extent of the capture zones.   

These figures indicate that the majority of the downtown area west of I-395 and 
between the Truckee River and I-80 is tributary to the High Street, Morrill Avenue, 
and Kietzke Lane wells.  Therefore, these wells would likely receive the majority of 
the contamination emanating from those known and unknown sources in these areas.  
The Mill Street and Corbett School wells appear to produce water that is tributary 
from the South Virginia Street area.  It should be noted that the TMWA wells also 
draw water up from below the wells screens (i.e. not all the water pumped from the 
TMWA wells has passed downward to get to the well screen). 

2.3.3 Risk Analyses 
As part of the Work Plan Implementation Phase, human health and ecological risk 
analyses were performed to evaluate the risk associated with contaminants in shallow 
groundwater and in other media that may be impacted by contaminants in shallow 
groundwater (e.g., off-gas from shallow groundwater with migration into indoor air).  
The results of the risk analyses were used to determine the need for remediation of 
these media.  Potential human health impacts associated with contaminants in deep 
groundwater were evaluated only qualitatively.  The risk analyses for human 
exposure to shallow groundwater and deep groundwater and the environmental 
impacts to ecological receptors are summarized in the following sections.   The Human 
Health and Ecological Risk Assessment TM is provided in Appendix D. 

2.3.3.1 Shallow Groundwater 
Shallow groundwater at the Site is not currently used for drinking water purposes 
and is not expected to be used for such purposes in the future.  However, construction 
workers who excavate below the groundwater table could be exposed directly to 
contaminants in shallow groundwater.  This possibility is evaluated in the risk 
analysis.  Potential human health risk associated with contaminants in shallow 
groundwater and media that may be impacted by shallow groundwater (surface 
water, sediment, indoor air, and ambient air) were evaluated 

Soil gas, surface water, and sediment exposure pathways were not considered 
complete and were not further evaluated in the human health risk analysis.  The 
maximum detected concentrations for all chemicals in soil gas were below the 
screening criteria, so no chemicals were selected as chemicals of potential concern 
(COPCs) for soil gas.  No volatile organic compounds (VOCs) were detected in the 
surface water samples from locations not directly associated with outfalls.  Sediment 
data for the CTM are not available and the COPCs for shallow groundwater at the 
CTM do not tend to partition to sediment. 
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For the analysis, the CTM study areas A through H from the Final Updated Work 
Plan (CDM, 2001) were slightly revised to incorporate all of the groundwater 
sampling points.  These areas were used to divide the data for calculation of exposure 
concentrations and calculation of the human health risks.  The following bullets 
summarize the results of the risk analysis for exposure to shallow groundwater. 

�  Three COPCs – benzene, MTBE, and PCE – were selected as COPCs for shallow 
groundwater.  Exposure to shallow groundwater was quantitatively evaluated for 
construction workers for the following pathways - incidental ingestion of shallow 
groundwater and dermal contact with shallow groundwater. 

�  Total incremental cancer risk estimates from exposure to groundwater by 
construction workers range from 5 x 10-9 at Area E to 4 x 10-6 at Area F (Figure      
2-16).  Total cancer risk estimates for all areas except Area F are equal to or less 
than 10-6.  As outlined in the National Contingency Plan (NCP), incremental 
cancer risks to an individual in the range of 10-6 to 10-4 are generally considered 
acceptable by USEPA (1990).  The estimated cancer risk for Area F (4 x 10-6) is at 
the bottom of the acceptable 10-6 to 10-4 risk range.  Approximately 99% percent of 
the cancer risk estimate for Area F is from exposure to benzene and approximately 
1% of the risk estimate is from PCE.  These results suggest no unacceptable cancer 
risks from exposure to PCE for construction workers within the CTM.  The cancer 
risk estimate for benzene is at the bottom of the acceptable risk range, suggesting 
no substantial risks from exposure to benzene in groundwater.  

� Estimated hazard indices (HIs) are less than one for all exposure areas except Area 
F, which had an estimated HI of 2 (Figure 2-15).  Approximately 90% of this HI 
estimate is from benzene and approximately 9% is from MTBE and the remaining 
1% is from PCE.  The estimated HI above one indicates some potential for adverse 
noncancer health effects from exposure to benzene for construction workers, who 
have relative intensive exposure to groundwater in Area F (e.g., ingest 5 ml of 
groundwater almost daily for an entire year).  

2.3.3.2 Deep Groundwater 
Deep groundwater within the CTM study area is an important part of the public 
drinking water supply.  Because drinking water supplies must meet state and federal 
maximum contaminant level (MCLs), it is not necessary to conduct quantitative risk 
analyses and to determine site-specific remediation goals for the deep aquifer.  
However, chemicals that exceed MCLs need to be addressed in the remediation 
planning as part of the CTM Remediation District Project.  The following bullets 
summarize the qualitative discussion in the risk analyses on the exposure to deep 
groundwater. 

� According to field investigation data, benzene, MTBE, PCE, and trichloroethylene 
are present in the deep aquifer groundwater at concentrations that exceed MCLs, 
which indicates a potential for adverse health effects.   
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� Statutory requirements require wellhead treatment or control if concentrations of 
any contaminants exceed MCLs.  Currently, five existing deep aquifer water 
supply wells deep aquifer are protected by wellhead treatment systems.  Health 
impacts for people using water from the currently protected wells are not likely.  
However, if contaminants migrate to water supply wells, which are not protected 
by wellhead treatment systems, residents may be exposed to groundwater 
contaminants.   

Note that risk analyses were not performed to characterize the impact of shallow 
groundwater transport into the deep aquifer, and ultimately the public water supply 
wells, because of the lack of information regarding the nature and location of source 
areas.  Nonetheless, the identification of clean-up requirements for the shallow 
groundwater must account for impacts of specific source areas on the deeper 
groundwater and public water supply wells, in addition to the impacts on future 
construction workers.  

2.3.3.4 Environmental Impacts Analysis 
Contaminants in shallow groundwater could theoretically be discharged into surface 
water and sediment in the Truckee River where they may impact ecological receptors.  
Site-related contaminants were, however, not detected in surface water in the Truckee 
River and are, therefore, likely not present in sediment.  Therefore, ecological impacts 
associated with groundwater discharges into the Truckee River are not considered to 
be of concern for the CTM.   

2.3.4 Remedial Technologies Identification and Screening 
This section presents an overview of Remedial Technologies Identification and Screening 
TM, which is included in this document as Appendix E.  The specific objectives of this 
TM were to: 

�  Identify the general response actions that are applicable to source areas and their 
related plumes. 

�  Discuss the volume and extent of PCE contamination – both based on the 
available data and in terms of hypothetical source areas. 

�  Identify source area characterization methods that are potentially applicable for 
CTM. 

�  Identify and screen technologies and process options, and develop a list of 
remedial technologies and process options that may be used to remediate source 
areas or their related plumes. 

It is the list of retained remedial technologies and process options that is used to focus 
and streamline future remedial action evaluations that will be performed during 
implementation of this Remediation Management Plan. 
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2.3.4.1 Points of Application 
Based on data generated as part of the field investigation program, the risk analyses, 
and the groundwater modeling, three distinct “areas” or “zones” of contamination 
have been identified.  These areas of contamination, which have been differentiated 
based in part on the point of application of a particular remedial action, are listed 
below: 

� Source areas; 

� Groundwater plume areas (both shallow and deep); and  

� Wellheads used for potable water supply. 

Remedial actions, as well as field characterization activities, will address source 
“management” as it relates to prioritizing, characterizing, evaluating and remediating 
sources and their related plumes, and shallow and deep groundwater contamination, 
where individual plumes have co-mingled.  The presentation of remedial technologies 
and process options presented herein will address these three points of application 
within the CTMRD.    

Figure 2-17 presents a cross-sectional view of the conceptual model of contamination 
within the CTMRD.  In this figure, the source area, the plume area and the public 
water supply wellheads are all identified.  The conceptual source area, as indicated on 
this figure, includes both contamination above the groundwater in vadose zone soils 
and within the saturated zone (as shown in bright red).  The plume area includes both 
shallow groundwater and deep groundwater.  For the purposes of screening 
potentially applicable remedial technologies, groundwater is considered to be shallow 
if it is less than 100 feet below ground surface.  Deep groundwater is all groundwater 
below that depth.  This depth was selected based in part on the distribution of PCE 
contamination, the lithology, and the practical aspects of implementing remedial 
actions at depths of greater than 100 feet, in that one set of alternative technologies 
that are applicable and cost effective above 100 feet, may not be cost effective below 
100 feet.  Public water supply wellheads are considered a critical point of application 
within the CTM because of the extensive use of groundwater as a water supply 
source. 

Potentially applicable characterization and remedial technologies and methods have 
been evaluated for use in these three areas.  Issues such as depth below ground 
surface, contaminant concentrations, or contaminant volumes or mobility will 
influence applicability of a given technology to source areas or shallow or deep 
groundwater plume areas.  Therefore, recommendations for characterization and 
remediation methods have been segregated into lists for source areas, plume areas, 
and wellhead treatment, as appropriate.  Note that in some cases the 
recommendations for plume area remediation may be differentiated into 
subcategories for shallow and deep groundwater, as the situation warrants. 
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2.3.4.2 Source Areas 
Source characterization is an essential step before being able to select the most 
effective process options for source area remediation.  The Remedial Technologies 
Identification and Screening TM provides guidance for identifying and evaluating 
characterization methods and remediation technologies for addressing PCE source 
areas.  Data generated as part of the field investigation program indicated widespread 
distribution of PCE contamination at low concentrations in the shallow aquifer and 
portions of the deep aquifer (i.e., depths greater than 100 feet).  These data coupled 
with PCE levels that have been consistently detected in public water supply wells (i.e., 
Mill, Kietzke, High, Morrill and Corbett) suggest that numerous, widely distributed 
sources are likely responsible for the observed contaminant distribution.    

Although high, localized groundwater PCE concentrations have been identified, the 
data are not sufficient to adequately identify or characterize individual potential 
source areas for purposes of evaluating and selecting specific remedial actions or 
responses.  Similarly, a sewer line sampling program implemented by the CTMRD 
identified several stretches of sewer line that contained PCE and related VOCs (see a 
summary of this sampling program in Section 2.3.1.10).  Given that only a limited 
number of source areas have been suggested by the groundwater and sewer line data 
to date, and the likelihood that many more sources exist within the CTMRD, an 
important function of this Remediation Management Plan is to define processes that 
will be used to identify, characterize, and remediate source areas. 

Table 2-4 contains a list of source area characterization methods that were identified 
in the TM as being potentially applicable at CTM.  This table also presents the main 
advantages and disadvantages of each characterization method.   

The results of the screening process for technologies and process options that apply to 
the contamination areas or points of application (performed as part of the Remedial 
Technologies TM) are presented in Tables 2-5 and 2-6 for groundwater and soils, 
respectively.  The process options within each technology type receiving the highest 
performance ratings for the evaluation criteria were retained for possible 
incorporation into one or more remedial action alternatives.  These retained process 
options are listed for each of the three areas of contamination in Table 2-6.  Provided 
below are summary discussions of each contamination area and the retained process 
options. 
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Table 2-4 
Summary of Source Area Characterization Methods 

that are Potentially Applicable to CTM 
Source Area 

Characterization Method 
Advantages Disadvantages 

Sampling Methods 
Active Soil Gas Survey Cost effective and provides near-real time 

data. 
Limited by the depth to which direct push 
can be used. 

Passive Soil Gas Survey Cost effective and does not require 
technical expertise to implement. 

Does not provide near-real time data and 
requires two mobilizations. 

Standard Monitoring Well 
Sampling 

Widely accepted method that can provide 
samples from distinct intervals. 

Higher cost of well installation and 
generation of investigation derived waste 
(IDW). 

Direct Push Sampling Low cost leads to ability to sample more 
locations.  Low volume of IDW. 

Limited depth of sampling in fine grained or 
gravelly soils. 

Test Pits and Excavation Provides accurate information about 
subsurface conditions. 

Many health and safety issues may apply 
and slope stabilization methods may be 
required. 

Membrane Interface Probe 
(MIP) 

Can provide vertical profile of 
contamination in soils or groundwater. 

Detection limits are typically in the tens of 
ppm.  Limited to depth of direct push 
sampling. 

Sonic Drilling Generates continuous cores for 
subsurface characterization and no 
drilling fluids are needed. 

Limited availability of equipment and 
expensive compared with other drilling 
methods. 

Video Camera Survey Provides detailed information about the 
condition of sewer lines. 

May be expensive. 

Geophysical Characterization 
Ground Penetrating Radar Can be used to locate USTs, utility lines, 

buried drums or septic tanks. 
Generally limited to depths of less than 30 
feet.  Signal is attenuated by some clays 
and high TDS water. 

Soil Conductivity Can be used in conjunction with direct 
push sampling for verification of results. 

Equipment and trained personnel may not 
be widely available. 

Metals Detectors Inexpensive and can be used to detect 
USTs, pipelines, utility lines, buried drums 
etc. 

Limited to locating metallic objects. 

Electrical Resistivity Survey Can be used to investigate large areas for 
buried objects, stratigraphy and 
groundwater contamination. 

Interpretation of results is often subjective 
and utilities may interfere with survey 
methods. 

Borehole Geophysical Logs Can be used to determine lithology, 
porosity, well casing depths and delineate 
stratigraphy. 

Typically more expensive than other 
methods and often requires an open 
borehole. 

Analytical Techniques 
Mobile Laboratory Provides near-real time results that allow 

for scope modifications in the field. 
May be more expensive than off site lab, 
depending on the number of samples 
analyzed. 

Immunoassay Kits and 
Colimetric Tubes 

Easy to use and cost effective screening 
tool. 

Typically have high detection limits and are 
compound specific. 

DNAPL Detection 
Hydrophobic Dye (Sudan IV) Easy to use and cost effective screening 

tool. 
Results may not be definitive and the dye 
used is toxic. 

Partitioning Interwell Tracer 
Test (PITT) 

Uses tracers with different partitioning 
coefficients to determine DNAPL 
presence. 

Expensive for use on small source areas 
and requires technical expertise. 

 



General Remedial Process
Response Actions Technology Option Description Effectiveness Implementability Cost Screening Comments and Areas Where Potentially Applicable

No Further Action None Not Applicable Action is limited to groundwater monitoring only. Low High Low
May be applicable for limited portions of plume areas or small source areas with 
limited access.

Natural Attenuation Monitoring
Monitored Natural 

Attenuation

Structured monitoring program designed to verify 
contaminant attenuation through naturally occurring 
processes is protective of human health and the 
environment.

Low High Moderate
Potentially applicable for plume and source areas, especially when combined with 
active source reduction measures.  

Use Restrictions
Limit exposure through placement of access or deed 
restrictions on properties within potentially impacted 
areas.

Low Moderate Moderate
Potentially applicable for plume and source areas.  Although such measures do not 
directly address contaminant mass, they limit the potential for unacceptable human 
exposure to contaminants.

Institutional Controls Use Restrictions

Public Education
Increase public awareness through public hearings 
and media.

Low High Low
Potentially applicable.  Although such measures do not directly address contaminant 
mass, they limit the potential for unacceptable human exposure to contaminants.

Slurry Wall
Trench around contaminated areas and backfill 
excavation with a soil-bentonite or cement-bentonite 
mix

Moderate Moderate High
Potentially applicable.  Potential for lateral and vertical migration of VOCs at 
inaccessible source areas.

Vertical Barriers Grout Curtain
Pressure injection of grout along contamination 
boundaries in regular overlapping pattern of drilled 
holes

Moderate Moderate High
Not applicable.  Continuity of curtain is difficult to achieve and potential for lateral and 
vertical migration of VOCs from source areas is likely.

Hydraulic Containment Sheet Piling
Lengths of steel sheets are connected and driven into 
the ground along contamination boundaries

Moderate Moderate High
Not applicable.  Potential for lateral and vertical migration of VOCs from source areas. 
Also, not cost effective in most applications.

Surface Water 
Infiltration 
Reduction 

Source Area Capping
Clay, asphalt, concrete, or building structures placed 
over areas of high surface water infiltration to limit 
local groundwater recharge

Low High Low
Potentially applicable to reduce influx of contaminants into groundwater and limit 
contaminant mobility at some source areas.  Effectiveness, however, is low/moderate 
due to limited recharge that currently occurs at the CTMRD. 

Storm Water 
Diversion/Control

Structures designed to prevent runon into infiltration 
areas and manage accumulation and discharges of 
precipitation

Low High Low
Potentially applicable to reduce influx of contaminants into groundwater and limit 
contaminant mobility at some source areas.  Effectiveness, however, is low/moderate 
due to  limited recharge that currently exists at the CTMRD. 

Process Option Eliminated from Further Consideration

Table 2-5
Screening of Groundwater Remediation

Technologies and Process Options



General Remedial Process
Response Actions Technology Option Description Effectiveness Implementability Cost Screening Comments and Areas Where Potentially Applicable

Groundwater Extraction 
Wells 

Installation of a series of wells to extract 
contaminated groundwater

Moderate/High High Moderate

Potentially applicable for containment and/or mass removal from plume and source 
areas.  Extraction would be most effective in more permeable water-bearing units, or 
if necessary, in conjuction with interceptor drains.  Extraction in low permeable zones 
would be limited by small hydraulic capture zones.  

Groundwater 
Collection/Extraction

Extraction Dual Phase Extraction

Applying a high vacuum to a well located within the 
contaminated zone and screened across the water 
table, thereby inducing two phase flow: soil vapor and 
groundwater.

Moderate High Moderate
Potentially applicable at source areas with lower permeability soils.  Simultaneously 
removes contaminants from vadose zone and groundwater.

Interceptor Drains / 
Infiltration Galleries

Perforated pipe in trenches backfilled with porous 
media to collect contaminated water, or distribute 
amendments through piping network.

Moderate Moderate Moderate
Potentially applicable but limited to source areas with low permeability soils that 
preclude effective extraction by wells.  More cost-effective when implemented in 
conjunction with concurrent soils excavation activities.

Enhanced Bioremediation
Enhance existing microbial conditions by injecting 
electron donating/accepting compounds, nutrients, 
and/or microorganisms into the subsurface 

Low to High Moderate Moderate
Potentially applicable at source areas and small plume areas when used in 
conjunction with infiltration galleries, or applied to more permeable water-bearing 
units.  Requires pilot testing to determine if proper conditions can be established.

Chemical Oxidation
Inject chemical oxidizing agents to destroy 
contaminants in place

Low to Moderate Moderate Moderate
Potentially applicable to saturated soils at source areas applied to more permeable 
water-bearing units.  Contaminated media need to be well-defined and the oxidant 
demand of aquifer materials needs to be determined in a lab.

In Situ  Treatment Air Sparging
System of wells to inject air into groundwater to 
remove volatiles by air stripping

Low to Moderate Moderate Moderate
Potentially applicable to saturated soils at source areas, however, use is limited to 
high permeability soils with limited heterogeneities.  VOC-laden vapors must be 
collected via SVE for above ground treatment.

Reactive Gate
Slurry wall that channels groundwater into a 
permeable cell ("gate") containing iron, or other 
medium, that reacts with or traps contaminants 

Low to Moderate Low to Moderate High Not applicable due to lack of competent bedrock to key gate into at reasonable depth. 

Treatment Phytoremediation
Use of specific plant types to enhance degradation of 
contaminants in groundwater 

Low High Low
Not applicable.  Root system of plants not likely to extend fully through the 
contaminated zone; groundwater uptake rates not sufficient to provide effective 
treatment.

Air Stripping
Air forced through liquid in a packed column or by 
diffused aeration to promote transfer of volatile 
contaminants into vapor

High Moderate Moderate
Applicable for plume and source areas and wellhead treatment.  Treatment system 
"off-gas" would likely require treatment.  Pretreatment for removal of total suspended 
solids and reduced metals may be required.

Ex Situ  Treatment Membrane Technologies 
Use of high pressure to force water through a 
membrane leaving contaminants behind

Low Low to Moderate High
Not applicable.  Not as reliable or cost effective as other technologies for VOC 
removal from groundwater;  Reject stream requires disposal.

UV-Enhanced Chemical 
Oxidation

Combination of ultraviolet light (UV) and strong 
oxidant to oxidize organics

High Low to Moderate High
Not applicable.  Not as reliable or cost effective as other technologies for VOC 
removal from groundwater;  

Biological Treatment Use of microorganisms to oxidize or reduce VOCs Moderate Moderate High
Not applicable.  Not as reliable, and characterized by high operation and maintenance 
relative to other process options.

Process Option Eliminated from Further Consideration

Screening of Groundwater Remediation
Technologies and Process Options

Table 2-5 (cont.)



General Remedial Process

Response Actions Technology Option Description Effectiveness Implementability Cost Screening Comments and Areas Where Potentially Applicable

Ex Situ  Treatment 
(Continued)

Activated Carbon 
Adsorption

Adsorption of organic contaminants onto activated 
carbon by passing contaminated media through 
reactive carbon columns.

Moderate to High High Moderate
Potentially applicable for vapor and liquid phase VOCs at plume and source areas 
and for wellhead treatment.  Compare cost effectiveness to air stripping.

Synthetic Resin Adsorption 
Units

Selective adsorption of organic contaminants onto 
synthetic resins

Moderate Moderate Moderate

Not applicable.  This technology has greater tolerance for high moisture content vapor 
streams as compared to activated carbon.  However, the Implementability is 
considered moderate due to emerging status of process option and PCE is effectively 
removed by carbon.

Thermal Oxidation
Thermal destruction of VOC vapors through 
combustion processes

Low to Moderate Moderate High
Not applicable.  Off-gas not antipicated to have combustable VOCs in range to make 
this alternative cost-competitive with other process options.

Catalytic Oxidation
Thermal destruction of VOC vapors through 
combustion processes coupled with catalytic 
oxidizers

Low to Moderate Moderate Moderate to High

Potentially applicable, but only at source areas with very high contaninant 
concentrations in off gas.  Treated vapors would likely require scrubbing processes to 
remove hydrogen chloride.  Furthermore, off-gas not antipicated to have combustable 
VOCs in range to make this alternative cost-competitive with other process options.

Vapor Condensation Units
Condensation of VOC vapors through the use of a 
heat exchanger

Low Moderate Moderate
Not applicable.  Most applicable to high contaminant concentrations (over the long-
term) and low waste stream flow rates.  Under these conditions, this option is not cost 
effective compared to other process options.

Oxidant Impregnated 
Materials

Oxidation of VOCs using high surface area materials 
such as alumina or zeolite coated with permanganate

Moderate to High High Moderate
Not applicable for vapor phase VOCs.  This option is only applicable as a polishing 
treatment for low hydrophobicity compounds (e.g., VC) in effluent of vapor phase 
activated carbon units.

Injection Wells
Injection wells inject extracted and treated water into 
aquifer

Low Low High
Not applicable.  Potential exists for impacting production wells and difficulty in 
obtaining reinjection permits.  

Onsite Disposal Surface Discharge
Extracted and treated water discharged on the 
surface (e.g., wetlands)

High Low Moderate
Potentially applicable, but appropriate disposal locations are limited and costs are 
highly variable depending on the treatment required for discharge.  

Disposal Exfiltration Beds
Extracted and treated water discharged through 
perforated pipe in trenches backfilled with porous 
media

Low Low Moderate
Not applicable.  Potential exists for impacting production wells and difficulty in 
obtaining reinjection permits.  

Atmospheric Emission
Discharge of vapor treatment "off-gas" to the 
atmosphere.  Such off-gas may originate from 
various treatment options discussed above.

High Moderate Low
Applicable for vapor streams treated for VOCs.  Implementation of this technology is 
moderate as regulatory permits would be required.

Storm Sewer Discharge
Extracted and treated water discharged to storm 
sewer

High Moderate Moderate
Potentially applicable, but would require National Pollutant Discharge Elimination 
Sytsem Permit (NPDES)  permitting and monitoring.

Offsite Disposal

POTW
Extracted and treated water discharged to local 
POTW for treatment

High Moderate Moderate to High
Potentially applicable, but would require permits and monitoring for connection to 
POTW.

Process Option Eliminated from Further Consideration

Technologies and Process Options

Table 2-5 (cont.)
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General Remedial Process
Response Actions Technology Option Description Effectiveness Implementability Cost Screening Comments and Areas Where Potentially Applicable

No Further Action None Not Applicable
Action is limited to groundwater and soil monitoring 
only.

Low High Low May be applicable for small source areas with limited access.

Removal Excavation Surgical Excavation
Limited excavation of contaminated soils at or above 
the water table generally using backhoes or 
trackhoes.

Moderate to High Moderate Moderate

Applicable at source areas with limited vadose zone contamination that is well defined 
and accessible. Groundwater contaminants can also be removed if excavation extends
below water table and excavtion is dewatered, however, groundwater treatment and 
disposal is then required.

Enhanced Bioremediation
Enhance existing microbial conditions by injecting 
electron donating/accepting compounds, nutrients, 
and/or microorganisms into the subsurface 

Low to High Moderate Moderate
Potentially applicable for saturated soils at source areas when used in conjunction with
infiltration galleries, or applied to more permeable water-bearing units.  Requires pilot 
testing to determine if proper conditions can be established.

Chemical Oxidation
Inject chemical oxidizing agents to destroy 
contaminants in place

Low to High Moderate Moderate
Not applicable to unsaturated soils at source areas, but may be applied to more 
permeable water-bearing units.  Contaminated media need to be well-defined and the 
oxidant demand of aquifer materials needs to be determined in a lab.

In Situ  Treatment Soil Vapor Extraction
Extract soil vapors from a vertical well screened 
within the contaminated vadose zone.  Treat the 
extracted vapors at the surface.

Moderate to High Moderate Moderate
Potentially applicable to unsaturated soils at source areas, particularly when soils are 
inaccessible or excavation is costly.

Treatment Phytoremediation
Use of specific plant types to enhance degradation of 
contaminants in groundwater 

Low High Low
Not applicable.  Root system of plants not likely to extend fully through the 
contaminated zone; land uses around most source areas likely preclude planting of 
vegetation required.

Ex Situ Soil Vapor 
Extraction

Excavated soils are stockpiled in covered piles with 
perforated piping inserted throughout.  Vapors are 
extracted from the piping and treated.

Moderate to High Moderate to Low Moderate
Potentiall applicable for source areas with large tracks of vacant land where soil piles 
could be established and operated.  Treatment system "off-gas" would likely require 
treatment.

Ex Situ  Treatment
Low Temperature Thermal 

Desorption

Soils are heated to 200 to 600 degrees F to volatize 
water and organic contaminants.  A carrier gas or 
vacuum system transports vapors to treatment 
system.

Moderate to High Low to Moderate High
Not applicable.  Not as reliable or cost effective as other technologies for VOC 
removal from soils.

Incineration
High temperatures - 1,600 to 2,200 degree F are used
to volatiles and combust contaminants.

High Low High
Not applicable.  Not as reliable or cost effective as off site disposal as hazardous 
waste.  

Biological Treatment Use of microorganisms to oxidize or reduce VOCs Moderate Low Moderate
Not applicable.  Not as reliable, and characterized by high operation and maintenance 
relative to other process options.

Non-Hazardous Waste 
Landfill

Excavated soils are transported to an off site landfill 
permitted for non-hazardous waste.

High Moderate Moderate
Potentially applicable for clean soils excavated at source areas, but would require 
sampling of soils to demonstrate soils are non-hazardous.

Disposal Offsite Disposal

Hazardous Waste Landfill
Excavated soils are transported to an off site landfill 
permitted for hazardous waste disposal.

High Low High
Potentially applicable for hazardous soils excavated at source areas, but transportaion 
distance may be long and costs high.

Process Option Eliminated from Further Consideration

Table 2-6
Screening of Soil Remediation Technologies

and Process Options
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2.3.4.3 Plume Area 
Given the process options identified in Table 2-7, the remedial alternatives potentially 
applicable to addressing contamination within the Plume Area include: 

�  No Action 

�  Monitored Natural Attenuation 

�  Institutional Controls (including Use Restrictions and Public Education) 

� Groundwater Pump and Treat (includes groundwater extraction and optional 
treatment and disposal methods) 

The following discussion addresses the application of groundwater pump and treat as 
a remedial alternative to address plume area contamination under the conditions 
existing within the CTM.  The available groundwater data have been evaluated to 
estimate the volume of the contaminated water within the aquifer beneath the CTM.  
Contaminated groundwater is assumed to be any groundwater that contains 
detectable amounts of PCE.  The estimated areal extent of contamination is 
approximately 16 square miles (see Section 2.4.4).  The thickness of the zone of 
contaminated groundwater is more difficult to estimate given the large areal extent 
and the variability in the depth of PCE contamination.  The thickness of the zone of 
contaminated groundwater varies from several feet near source areas to more than 
350 feet in localized areas near production wells.  For the purposes of this estimate, it 
is assumed that the average thickness of contaminated groundwater is 250 feet and 
the average porosity of the aquifer is 0.3.  The resulting volume of contaminated 
groundwater is approximately 625,000 acre-feet or about 200 billion gallons. 

Groundwater pump and treat can be implemented with the objective of contaminant 
mass removal or hydraulic containment, both of which can be implemented on a 
small-scale or on a large-scale 

� Small-Scale Remediation.  Small-scale operations practically apply to remediation 
of source areas (higher concentration conditions within a fairly limited areal 
extent).    

�  Large-Scale Remediation.  Effective large-scale contaminant mass removal or 
hydraulic containment within the plume area would necessitate the installation of 
numerous groundwater extraction wells and would require extraction and 
treatment of significant volumes of groundwater.  Such an operation would be 
cost prohibitive both in terms of initial capital costs (groundwater extraction well 
installation and treatment facility construction) and costs associated with ongoing 
operations and maintenance, including the cost of disposal of treated water. 
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Table 2-7 
Retained Process Options for Plume and Source Areas and Wellhead Treatment 

Area General Response 
Action 

Process Option Media Addressed 

No Action No Further Action None 
Monitoring MNA Groundwater 

Use Restrictions Groundwater Institutional Controls 
Public Education Groundwater 
Slurry Wall Groundwater 
Capping Groundwater 

Containment 

Stormwater Diversion/Control Groundwater 
Groundwater Extraction Wells Groundwater 
Dual Phase Extraction Groundwater and vadose 

soils 

Groundwater 
Collection/Extraction 

Infiltration Galleries Groundwater 
Enhanced Biodegradation Groundwater 
Chemical Oxidation Groundwater 
Air Sparging Groundwater 
Air Stripping Extracted Groundwater 
Activated Carbon Extracted Groundwater and 

Vapors 

Groundwater Treatment 

Catalytic Oxidation Vapors 
Surface Discharge Treated Groundwater 
Atmospheric Discharge Treated Vapors 
Storm Sewer Discharge Treated Groundwater 
Discharge to POTW Treated Groundwater 
Soil Vapor Extraction Vadose Zone Soils 
Excavation Vadose Zone Soils 

Source 
Areas 

Treated Water Disposal 

Off Site Disposal Excavated Soils 
No Action No Further Action None 
Monitoring MNA Groundwater 

Use Restrictions Groundwater Institutional Controls 
Public Education All 

Groundwater 
Collection/Extraction 

Groundwater Extraction Wells Groundwater 

Enhanced Biodegradation Groundwater 
Air Stripping Extracted Groundwater 

Treatment 

Activated Carbon Extracted Groundwater 
Surface Discharge Treated Groundwater 
Atmospheric Discharge Treated Vapors 
Storm Sewer Discharge Treated Groundwater 

Plume 
Areas 

Treated Water Disposal 

Discharge to POTW Treated Groundwater 
No Action No Further Action None 

Use Restrictions Groundwater Institutional Controls 
Public Education All 
Air Stripping Extracted Groundwater 

Wellhead 
Treatment 

Treatment 
Activated Carbon Extracted Groundwater 
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Because of the limited effectiveness of groundwater pump and treat relative to mass 
removal or hydraulic containment over such a large areal extent and the associated 
high costs, this technology is not considered practical on a large scale.  However, 
groundwater pump and treat, particularly when focused on remediation of source 
areas (higher concentration conditions within a fairly limited areal extent), is 
considered feasible and potentially effective.  

2.3.4.4 Public Water Supply Wellhead 
The process options retained for public water supply wellheads are: 

� No Action 

�  Institutional Controls (including Use Restrictions and Public Education) 

�  Wellhead Treatment (via air stripping or activated carbon) 

Five existing public water supply wells currently have operating wellhead treatment 
facilities that use air stripping.  Operations at these wells have demonstrated this 
process option to be an effective method for treating groundwater to established safe 
drinking water standards.  Wellhead treatment of groundwater from public water 
supply wells will continue to be utilized as an element in the overall CTMRD 
remediation program. 

2.4  Conceptual Model of Contamination Beneath 
CTMRD 

Based on the body of work performed as part of the Work Plan Implementation Phase 
of the CTMRD, a conceptual model of contamination was developed.  A description 
of the conceptual model of contamination is provided below. 

2.4.1 Contamination Flow and Transport  
The first indications that PCE contamination existed in the CTM alluvium occurred in 
1987 during the sampling of the local public water supply wells operated by Sierra 
Pacific Power Company (SPPCO) (which are now operated by TMWA).  PCE 
concentrations have been monitored nearly continuously on a monthly basis by 
SPPCO and TMWA since 1987.  PCE has been detected regularly in the TMWA wells 
at concentrations greater than 5 µg/L.  Time history plots of PCE in the five TMWA 
wells are provided in Figures 2-18 and 2-19.   

These data indicate that for many of the public water supply wells, PCE 
concentrations have been increasing since 1987 at various rates – ranging from the 
steady increases at Mill Street and Kietzke Lane wells (approximately 1 µg/L PCE 
concentration increase per year since the late 1980’s), to the limited changes that have 
occurred at the High and Morrill Street wells – 15 and 20 µg/L, respectively 
(concentrations have remained at fairly consistent over the last 15 years).  In order to 
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protect the public from PCE concentrations above drinking water standards, air 
strippers were installed on the five water supply wells. 

Highlighted below are the most striking observations about these data and the 
impacts of PCE on the public water supply. 

� All the wells, except 21st Street, that have concentrations of PCE above 5 µg/L are 
currently equipped with wellhead treatment in the form of air stripping to remove 
the PCE from the water before it is transmitted into the public drinking water 
supply.  

� Wellhead treatment was operational at High and Morrill Street wells in June 1996, 
and at the Kietzke, Corbet and Mill wells in September 1998.   

� After wellhead treatment was installed on these wells and the wells began 
pumping, concentrations were observed to decrease over time for as many as 3 
years.   

� After the initial decrease, which was expected given the typical impacts of dilution 
on production wells contaminated by limited groundwater borne contaminants, 
all these five wells continue to demonstrate concentrations of PCE between about 
9 and 20 µg/L, even with the dilution. 

� Given that the five TMWA wells with wellhead treatment produce on average 
about 1.3 billion gallons of water a year (since the summer of 1998), about 20 
gallons of PCE are removed from the aquifer by the production wells each year.  
This is the equivalent of about 4 drums of pure PCE per decade. 

2.4.2 PCE Sources and Source Areas 
Given that the observed concentrations of PCE in the shallow groundwater are 
relatively low and wide spread, and that the PCE contamination penetrates the 
groundwater to depths of 350 feet or more, it appears that a large quantity of the 
groundwater tributary to the public water supply wells contains detectable levels of 
PCE.  In fact, the average PCE concentration in the shallow aquifer is about 20 µg/L 
and the average PCE concentration in groundwater produced by the impacted 
TMWA wells is about 15 µg/L.  Therefore, it would appear that the majority of the 
produced groundwater originates from the zone 350 feet and above, with only limited 
dilution occurring. 

For the PCE to occur in such a large area, both horizontally and vertically, it is likely 
that the PCE emanates from many widely distributed sources – sources that may 
include both small scale sources and the sanitary sewers that carry wastewater from 
all points in the CTM to the regional wastewater treatment plant.  Each of these 
potential source types is described below. 
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2.4.2.1 Potential Small-Scale Sources 
Numerous small-scale sources that may be impacting shallow groundwater 
contamination likely exist throughout CTM.  Historical land use along the chief 
thoroughfares such as Kietzke Lane, South Virginia Street, 4th Street, Keystone 
Avenue, etc. includes a myriad of light industrial uses such as dry cleaners, metal 
painting shops, printers, automobile and body repair shops, and chemical and paint 
manufacturers.  Property ownership over the past 50 to 70 years have changed hands, 
such that some of the past potential contributors may long since be gone as evidenced 
by the land use analyses performed by the County and discussed in Section 2.3.1.9.  
Still other contributors may still exist today, as evidenced by the sanitary sewer 
sampling results presented in Section 2.3.1.10. 

Releases from these types of light industrial operations could occur in a number of 
ways. 

� Poor housekeeping could contribute occasional spills and accidental releases to 
the ground’s surface, eventually leading to the development of soil and 
groundwater contamination. 

� Leaking underground facilities (e.g., tanks, wet wells, dry wells, sewer line 
connections) could contribute contaminant mass to the soil and groundwater on a 
daily or weekly basis. 

� Poor operational practices could lead to the habitual dumping of solvents into 
leaking sewers, wells, or unlined pits, which could lead to significant soil and 
groundwater contamination. 

Any and all of these types of release could have occurred, and may continue to be 
occurring within the CTM.  It is estimated that 75% of all active dry cleaners probably 
have some level of solvent contamination (Schmidt, et.al., 1999). Current regulations 
are more stringent than past regulations regarding the storage, handling, and disposal 
of solvents, however, small quantities of controlled material, which can cause 
significant environmental damage, are difficult to track and regulate. 

As previously indicated, only three suspected source areas have been identified 
through the field activities conducted to date.  Given the likelihood that other source 
areas exist within CTM, a deliberate, focused effort will be planned and implemented 
to install additional groundwater monitoring wells near locations with past land uses 
that may be consistent with the use of solvents, for these type of sources are probably 
the most significant contributors to the PCE contamination in CTM. 

2.4.2.2 Sanitary Sewers 
Localized hotspots do not appear to be the sole cause of the PCE contamination 
within CTM given the widespread, low level contaminant concentrations observed in 
the alluvial aquifer system.  Therefore, a more wide spread “source type” may be a 
significant contributor to the PCE contaminant distribution observed in the aquifer 
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system.  Leaking sanitary or storm sewers used to carrying process water discharged 
either legally or illegally from light industrial operations may be the culprit. 

Past business practices for some light industrial operations including the “dumping” 
of process wastewater, either in batch or continuously, into the sanitary sewer system.  
Although this practice was allowed through a portion of the 1970’s, it is no longer 
allowed today.  The Cities’ and County’s stormwater NPDES permit controls dry 
weather discharges of process water into storm sewers, whereas discharges to the 
sanitary sewers are controlled by the Cities of Reno and Sparks industrial pre-
treatment program, which began in 1977. 

Unfortunately storm and sanitary sewers leak.  Leaks occur around joints, in locations 
where the pipe may have broken or corroded, and during the construction of new 
lines and connections.  Given that storm and sanitary sewers are designed to be 
placed on course grained bedding material that is typically of a higher permeability 
than the surrounding natural formation, the storm and sanitary lines can also become 
conduits for contaminant migration, both because of the potential for leaking 
materials to migrate into and along the bedding material and because these pipes 
regularly carry water.  Therefore, PCE that enters into a storm or sanitary sewer could 
potentially leak out into the pipe’s bedding material and be flushed from the bedding 
material each time water leaks out of the pipe and contacts the contaminant mass. 

The likelihood that PCE contamination existing within the sanitary sewers beneath 
the streets of Reno and Sparks is considerable considering that past and perhaps 
current (albeit illegal) practices for PCE disposal involves discharging of high 
concentrations of PCE into the sanitary sewers.  For example, recent sampling of the 
sanitary lines found concentrations of PCE above 5 µg/L in numerous locations 
throughout CTM (see Figure 2-7).  This figure illustrates that PCE at detectable 
concentrations were found recently in 26 separate locations across CTM.  Follow-up 
sampling further characterized the PCE in the sanitary sewers, with the following 
results: 

� Of the 26 locations, additional sampling isolated the source of the PCE to 
individual sewer reaches (i.e., a location between two manholes) at 15 sites.  
Sampling at the other sites produced either ambiguous information or did not 
verify previous sampling results. 

� In nine separate locations (Figure 2-7), PCE concentrations above 100 µg/L were 
detected and in at least one location (Sub region 1) a PCE concentration was 
detected at 34,000 µg/L.  (The solubility of PCE is about 150,000 µg/L). 

The presence of PCE in the sanitary lines may be indicative of a long-standing, albeit 
illegal, business practice within the Reno metropolitan area.  Given leakage of the 
sanitary sewers, long-term discharge of small volumes of PCE in the sewers could 
have contributed to the current distribution of PCE in the alluvial aquifer, especially 
in the nine subregions.  Further, if PCE exists in high enough concentrations when 
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discharged, which can be roughly defined as in the 1,000 µg/L range, PCE remaining 
within the soils or bedding material around the sanitary sewer could contribute PCE 
to the public water supply wells for decades to centuries. 

Unfortunately the impact of PCE discharges into the City’s sanitary sewers is not 
easily characterized given the temporal variability and spatial extent of the lines.  
Additional data collection to evaluate the nature of the impact of PCE discharges into 
the sanitary sewers within the nine sub regions identified in the Sewer Line 
Wastewater Report is warranted. 

2.4.3 PCE Transport Mechanisms 
Advection, caused by the flow of groundwater from high piezometric head to low 
piezometric head, appears to dominate the migration patterns of the PCE in CTM.  
Generally, groundwater flows from west to east, along with the historical flow paths, 
however, the influence of groundwater supply pumping has become increasingly 
important to the fate of PCE within the CTM aquifer system. 

To begin with, the sources of PCE are all shallow by nature, impacting the water table 
at the groundwater – vadose zone interface.  The presence of PCE to depths of 350 feet 
is indicative of the impact of groundwater production on the vertical migration of the 
contaminant.  For example, the nearly “steady state” nature of the PCE contaminant 
concentrations in the three TMWA wells – High, Morrill, and Kietzke – appears to 
indicate that production pumping from these wells is continuing to draw substantial 
quantities of groundwater from the contaminated zone of groundwater beneath 
Downtown Reno.   

It is uncertain whether or not these three TMWA production wells are pumping at 
high enough rates to capture all of the shallow groundwater flowing beneath the 
downtown Reno area since the production pumping fluctuates seasonally and limited 
water level data exists east of Wells Avenue and west of Galletti and 21st Street wells.  
However, it is clear that a substantial quantity of PCE contamination migrating from 
west to east beneath the downtown Reno area is being captured by the three TMWA 
wells given that: 

� Most of the groundwater flowing through CTM discharges into TMWA 
production wells (see Figures 2-14a and 2-14b); and 

� The only wells that capture groundwater originating in the Downtown Reno area 
are the High, Morrill and Kietzke wells, as well as the 4th Street well (which does 
not require wellhead treatment) (see Figure 2-14a). 

Similarly, the Mill and Corbet wells capture significant amounts of groundwater from 
the water table located beneath the commercial properties lining South Virginia Street 
(from Mill to Moana), Plumb and Moana.  As indicated during the sanitary sewer 
sampling effort (see Figure 2-7), PCE was detected above 100 µg/L in numerous 
locations along these major commercial thoroughfares.  It is likely, therefore, that 
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sources of PCE contamination located south of Mill Street along or near these major 
streets have, and continue to, contribute PCE to the Mill and Corbet wells. 

Based on advection alone (as indicated by the capture zone maps presented in Section 
2.3.2.4), the suspected source area at the intersection of Mill Street and Kietzke would 
not impact any of the five TMWA wells currently operating with air stripping 
facilities.  Based on the piezometric surfaces presented in Section 6.2, this possible 
source area appears to contribute PCE to groundwater that migrates east and 
northeast toward Reno Hilton Lake, Truckee River, and the Galletti and 21st Street 
wells. 

2.4.3.1 Density Impacts 
Note that impacts of density, caused by elevated concentrations of PCE in the 
saturated zone, may influence the localized migration of PCE contamination 
downward into the alluvium.  This type of density gradient, related to the presence of 
dense non-aqueous phase liquids (DNAPL), may occur in areas immediately adjacent 
to locations where PCE had been dumped onto or leaked into the ground.  Aqueous 
phase concentrations above 1 percent of effective solubility (which is about 1,500 µg/L 
depending on the presence of other contaminants in the groundwater) can be 
correlated to the presence of DNAPL in or adjacent to the saturated zone.   

Note that in only one sample (at well 133j), was the PCE above 1,000 µg/L, and the 
concentration in that well has since dropped to below 500 µg/L.  Although DNAPL 
may exist with the CTMRD, the data collected thus far do not indicate the presence of 
DNAPLs at this time. 

2.4.3.2 Dispersion 
Advection alone does not dictate the areal and vertical extent of the PCE in the 
alluvial aquifer.  Dispersion, caused by the heterogeneity of the porous media 
through which the groundwater flows, also may cause PCE to spread horizontally 
and vertically through the water column.  Dispersion along with advection may be 
especially important to the vertical migration of PCE in the alluvial sediments, given 
that dispersion by itself may not cause significant vertical migration of groundwater 
contaminants into the water column.  Dispersion through the sediments such as those 
found in CTM may cause the contamination to migrate dozens of feet downward into 
the saturated sediments in addition to the vertical migration caused solely by 
advection and downward vertical gradients.  Dispersion may also be increased in 
situations where the groundwater flow alternates direction under the influence of 
seasonal pumping. 

2.4.3.3 Retardation 
Retardation is used as a characteristic parameter to represent the two associated 
processes of contaminant adsorption on to and desorption from the soil in the 
saturated zone.  Retardation is used to adjust the groundwater velocity, creating an 
apparent groundwater velocity that takes into account to process of mass being 
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removed from (through sorption) and added to (through desorption) migrating 
groundwater.  Although the adsorption and desorption processes are not linear by 
nature, nor are they reversible and congruent, we have assumed that they are for this 
project. 

Incorporating retardation into the simulations and analyses presented herein does not 
remove mass from the water column, it only acts to reduce the apparent velocity of 
the migrating PCE contamination.  Retardation has been correlated to the fraction of 
organic material within the soil matrix and the grain size distribution.  Given that the 
aquifer system within CTM is nearly devoid of naturally occurring organic material 
(i.e., it is less than 0.01 percent), retardation was assumed to not influence the rate of 
contaminant migration. 

2.4.3.4 Degradation and Natural Attenuation 
Natural attenuation in groundwater systems results from the integration of several 
subsurface attenuation mechanisms that may effectively reduce the contaminant 
toxicity, mobility, or volume.  Natural attenuation mechanisms are classified as either 
nondestructive or destructive.  Nondestructive mechanisms are processes that result 
in reduction of contaminant concentration without destruction of contaminant mass.  
These mechanisms include dispersion, dilution, sorption, and volatilization.  
Destructive mechanisms include intrinsic biodegradation and abiotic (chemical) 
degradation.   

For chlorinated aliphatic hydrocarbons (CAHs) such as PCE, reductive dechlorination 
is the most effective biodegradation process in terms of mass reduction.  Reductive 
dechlorination is the process by which anaerobic microbes (dehalogenators, 
halorespirers) substitute a hydrogen atom for a chlorine atom on the CAH molecule.  
Through this process, the more chlorinated CAHs can be dechlorinated to form less 
chlorinated compounds (e.g., PCE to TCE to cis-1,2-DCE to vinyl chloride and finally 
to ethene).  In order to complete the reductive dechlorination reaction, an oxidation 
reaction is needed.  Microbes will use natural organic matter and other carbon sources 
like BTEX as carbon and energy sources.  These microbes will metabolize the carbon 
sources and as a by-product produce hydrogen.  The presence of cis-1,2-DCE and 
vinyl chloride (biodegradation products of PCE and TCE) is an indication of the 
occurrence of reductive dechlorination. 

Only five of the wells sampled as part of the field investigations (less than 1%) have 
had detections of cis-1,2-DCE and no wells have had detections of vinyl chloride.  The 
lack of cis-1,2-DCE and vinyl chloride production within the groundwater at CTM is 
an indication that conditions are not favorable for reductive dechlorination.   

The high levels of DO and sulfate measured in most of the groundwater wells are the 
likely cause for the non-favorable conditions.  Anaerobic conditions prevail at DO 
concentrations less than approximately 0.5 mg/L.  At DO concentrations above 0.5 
mg/L, aerobic biodegradation of the carbon source (toluene) prevails.  Aerobic 



Central Truckee Meadows Remediation District  Section 2 
Remediation Management Plan  Summary of Work Plan Development and  
  Implementation Phase Activities 

 

A  2-39 

W:\REPORTS\CTM\REMEDIATION MANAGEMENT PLAN_OCT02 

biodegradation of toluene consists of aerobic microbes using oxygen to oxide toluene 
and produce carbon dioxide.  PCE and TCE do not typically biodegrade aerobically.  
Even in wells with low DO, sulfate levels are typically above 50 mg/L.  In field 
situations, it is often observed that dechlorination of cis-1,2-DCE and vinyl chloride 
does not occur in the presence of levels of sulfate in excess of 50 mg/L. 

It is nonetheless important to note that the dechlorination of PCE may be occurring at 
numerous locations within CTM given the widespread distribution of PCE and 
gasoline service stations.  Literally dozens to hundreds of past gasoline service 
stations have leaked fuel into the shallow groundwater, causing the local 
groundwater to become anaerobic, which is conducive to the dechlorination of PCE.   
Fuel constituents mixed with solvents such as PCE have been found to promote 
dechlorination reactions at the Sparks Solvent Fuel Site in Sparks and the Stead 
Solvent Site in Stead. 

2.4.4 Distribution of PCE 
The distribution of PCE has been developed for a number of reasons.  First, the benefit 
afforded commercial, and to a lesser extent, residential property owners relates to 
whether or not a parcel overlies PCE contamination.  Second, remedial actions, and 
the design and evaluation of remedial actions, will need to be focused on those areas 
where PCE is either known to exist or is suspected to exist. 

Of course, the development of a map of PCE extent is limited by the data available to 
create the map.  Since the CTM is such a large land area, it is unreasonable to expect 
that a groundwater quality data point can be obtained to represent each parcel.  In 
fact, the vast majority of parcels that are included in the area of known or suspected 
PCE contamination do not have wells or sampling points associated with them. 

However, there are substantial data available to characterize the extent of PCE - data 
that are reliable, and accurate, and are representative of the state of the science that 
exists to delineate contaminant extent.  To this end, the data used to develop the 
distribution of PCE in CTM included: 

� Historical land use; 

� PCE studies and remedial actions on file with NDEP and WCDHD performed for 
private parties; 

� Groundwater quality data collected by the County, TMWA, NDEP, WCDHD, and 
various private property owners;  

� Sanitary sewer sampling results; and 

� Knowledge of the direction of groundwater flow and the fate of PCE in the 
shallow and deep aquifer systems. 
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Figure 2-20 depicts the known and suspected distribution of PCE beneath CTM given 
the interpretation of these available data.   

The following points are highlighted as partial justification of the contaminant 
distribution: 

� The downtown Reno area, extending west to Keystone Avenue is clearly 
contaminated with PCE, as are areas south along South Virginia Street to at least 
Moana Lane, based on observed groundwater concentrations in the shallow and 
deep groundwater and historical land use data.   

� Contamination found near Mill Street and Kietzke Lane influence groundwater 
quality from that location east to at least the Truckee River and likely beyond to 
TMWA’s water supply wells at Galletti and 21st. 

� Contamination along South Virginia, which may exist as far south as Nell Road 
based on historical land use and sites on file with NDEP and WCDHD, has 
migrated eastward, along the predominant direction of groundwater flow to 
locations such as Corbett School, Mill Street, and probably Peckham Lane. 

� PCE contamination has been found west of Downtown near California and Booth, 
near Keystone and Seventh, and near Fourth Street and Summit Ridge based on 
NDEP and WCDHD files. 

� PCE contamination has been found north of I-80 in the vicinity of the County 
Buildings on Ninth and Wells, based on groundwater monitoring data, and along 
Prater Way in Sparks, based on groundwater monitoring and land use data.  PCE 
has also been found at Pyramid Way and Greenbrae according to NDEP and 
WCDHD files. 

� PCE contamination has been found east of I-395 and south of the Truckee River at 
locations along Mill Street, within the Airport and National Guard facilities, and 
east of the airport in the commercial areas, based on groundwater monitoring 
data.  These areas also have numerous business entities that may have handled 
PCE in the past. 

� PCE has been found at numerous locations throughout the Sparks commercial 
and warehouse district between I-80 and the Truckee River, based on 
groundwater monitoring data, historical land use data, and the NDEP and 
WCDHD files.  Potential source areas may exist from as far west as Kietkze Lane 
to as far east as Kleppe Lane based on sanitary sewer data and NDEP files. 

Overall, the known and suspected distribution of PCE beneath CTM as depicted 
represents the aggregation of the relevant data available at this time.  It is possible, 
and even likely, that the understanding of the distribution of PCE contamination will 
be refined in the future as more data are collected and made available.  To this end, 
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the Remediation Management Plan must be flexible enough to allow for amendment 
and revision, as needed to support revisions to County ordinances and the 
identification of benefits for property owners. 

2.5 Summary and Recommendations 
The various environmental sampling programs and qualitative and quantitative 
analyses presented and discussed in this section can be summarized as follows: 

� PCE contamination in the groundwater beneath the CTM exists in a broad 
distribution.  PCE exists to depths of 350 feet or greater beneath ground surface, 
over an area of as much as 16 square miles impacting perhaps as much as 200 
billion gallons of water – water that is vital to the public drinking water supply in 
the metropolitan Reno area. 

� PCE contamination of this breadth is the result of uncontrolled or accidental 
discharges from dozens to hundreds of sources and hot spots located throughout 
CTM.  In the Downtown Reno area alone, past investigators identified over 300 
potential sources based on historical land use.  Given the prevalent direction of 
groundwater flow and areas of groundwater discharge, sources in the downtown 
Reno area could not contribute to contamination found along South Virginia 
Street, in Sparks, in the Corbett School and Mill Street wells, along Moana Lane, or 
north of I-80.  Each of these areas where contamination has been found outside of 
Reno’s downtown area are likely to represent unique sets of sources – unique sets 
of past and/or present uncontrolled or accidental discharges. 

� Although much of the contamination is likely a result of past PCE disposal 
practices, it is also possible that current PCE disposal practices may be 
contributing contamination to the groundwater flow system.  In particular, 
sampling of the sanitary sewers in both Reno and Sparks at locations downstream 
of businesses that may handle PCE indicated that “slugs” of PCE were being 
conveyed unknowingly by the underground pipelines.  The presence of PCE into 
the sanitary sewers, albeit illegal, may constitute an ongoing source of PCE to the 
shallow groundwater.  Further evaluation of the sewers in connection to 
groundwater contamination is warranted. 

� Field investigations and a review of NDEP and WCDHD project files have 
identified a dozen or more sources, or suspected sources of PCE within CTM.  
These sources, which include past and current dry cleaners, as well as other 
locations without specific businesses associated with them, will require additional 
characterization and evaluation to determine the need for and scope of remedial 
actions.   

� Beyond contaminating the drinking water, the PCE beneath CTM may also impact 
construction of future projects (both from a human health concern and a 
construction dewatering point of view) that disturb the shallow groundwater and 
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indoor air quality within any structure placed above the contaminated 
groundwater.  An analysis was performed to determine if the current contaminant 
distribution creates unacceptable risk to humans under either of these two 
scenarios.  Based on the analyses, there does not appear to be any current human 
exposure that poses an unacceptable risk.  It is possible that future construction 
workers may be at risk to unacceptable contaminant concentrations of PCE if 
sources are found at levels of 770 microgram per liter or greater (using a straight 
line approximation of current risks presented in Section 2.3.3.1). 

Based on the results of the environmental sampling programs and qualitative and 
quantitative analyses, the following recommendations for remedial actions and 
related activities are carried into the Remediation Management Plan. 

� Wellhead treatment at the five TMWA wells (Mill Street, High Street, Morrill 
Avenue, Corbett School, and Kietkze Lane) must continue to safeguard the 
drinking water for the citizens of CTM. 

� Wellhead treatment should be added to any additional public water supply wells 
operated in the area of known or suspected PCE contamination, if PCE 
contaminant concentrations are found to exceed federal or state safe drinking 
water standards. 

� Source remediation must occur to remove and/or control the effects of past and 
ongoing uncontrolled and accidental discharges on the groundwater beneath the 
CTM.  Source remediation will need to be prioritized to allow for the appropriate 
and focused expenditure of CTMRD funds on reasonable and economically 
feasible actions.  Source remediation will therefore consist of various phases of 
source characterization, remedial and benefit evaluations, and remedial action 
implementation. 

� At least two potential source areas and one potential source type should be further 
investigated to forward remedial actions.  These investigations will focus on 
determining what impacts a potential source area has on the drinking water 
supply and future construction activities; identifying potentially responsible 
parties – such that the source can be referred to NDEP if appropriate; and 
evaluating whether or not a remedial action will be reasonable and economically 
feasible.  The two potential sources areas are Mill Street/Kietzke Lane and Fourth 
Street/Ralston.  Selected areas of the Reno and Sparks sanitary sewer systems 
constitute the potential source type. 

� Another key component of the overall remediation program is consistent and 
comprehensive groundwater monitoring.  The objectives of groundwater 
monitoring are to track seasonal changes in groundwater elevation, to gather data 
to better define the nature and extent of the PCE plume, to track changes in PCE 
concentration, and to assess the influence of TMWA water supply well pumping 
on the PCE plume.  In addition, groundwater monitoring will include components 
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of sampling and analysis consistent with those defined by EPA to support 
monitored natural attenuation (MNA) evaluations.  Consistent with direction 
provided by NDEP, MNA will be evaluated as a mechanism for reducing the 
toxicity, mobility, or volume of PCE within the aquifer system (natural 
attenuation in groundwater systems results from the integration of several 
subsurface attenuation mechanisms). 
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Central Truckee Meadows
Remediation District

THOUSANDS OF FEET

Remediation Dist
Figure 2-15a

Remediation Dist
Simulated Water Table Capture Zones for TMWA Wells

Remediation Dist
Note:  These capture zones were simulated using the transient August 1999 to August 2000 groundwater flow conditions.  Simulations repeated this seasonal flow period to represent "long-term" or "eventual" patterns by reusing the seasonal flow pattern until the end of the simulation.
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Section 3 
Remediation Management Plan 
Components 
 
 

3.1 Introduction 
This section of the RMP describes the various components of the Source Identification 
and Remediation Phase of the CTMRD and the purpose of each component.  The 
components are intended to support remediation and long-term management of the 
PCE contamination found beneath the CTM.  The key characteristics of the program 
are: 

� Applicability.  The program has been designed based specifically on the 
conditions within the CTM. 

� Simplicity.  The program has been designed to be as simple as possible, 
recognizing the complexity of the CTM hydrogeology and physical setting – one 
that is large (approximately 16 square miles) and deep (extending to over 350 feet 
below ground surface). 

� Flexibility.  It is anticipated that, over time, refinements and improvements to 
components of the remediation program may occur as a result of a shift in 
priorities based on new data or input from stakeholders.  The remediation 
management program will have to be flexible enough to accommodate these 
changes and still be effective in meeting the overall Remediation District 
objectives and goals. 

A listing of key activities that must be performed to implement the RMP components 
described in this section and an implementation schedule for performing the 
components and the key activities are presented in Section 4. 

3.2 Remediation District Objectives and Goals 
A presentation of the Remediation District Objectives (RDOs) and Remediation 
District Goals (RDGs) is relevant to framing the components of the RMP.  The RDOs, 
which are based mainly on the requirements set forth in NRS 540A, are defined as: 

� Protect the water quality within the CTM for municipal, industrial, or domestic 
uses. 

� Protect from liability property owners that did not cause or contribute to 
subsurface PCE (and its degradation products) contamination that may impact 
drinking water within the CTM. 

The RDGs, which translate the CTMRD objectives into more specific requirements for 
the selected remedial actions, have been defined as follows: 
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� Maintain the continued use of CTM groundwater for public water supply. 

� Manage PCE in groundwater and/or surface water in such a manner as to protect 
property owners and potable water users in the CTM. 

� Select remedial action(s) that are reasonable and economically feasible. 

� Allocate equitably the costs associated with implementation of the RMP and its 
components. 

3.3 Federal Procedures and Guidelines   
The principal federal program available to address remediation of a contamination 
problem of the magnitude, complexity and extent of that found in the CTM is the 
Comprehensive Environmental Resource Conservation and Liability Act (CERCLA).  
Experiences with CERCLA suggest that it can lead to some undesirable affects 
including devaluation of properties, slow and costly cleanups and potential liability 
for all property owners within the boundaries of a designated CERCLA site.   In part, 
the CTMRD was created as a surrogate for CERCLA but provided additional benefits 
to the community that are not available under CERCLA.  In addition, federal 
guidelines for CERCLA sites stress the priority of performing “removal actions” to 
protect human health in situations where eminent health risks are known to exist.  To 
this end, wellhead treatment of public water supply produced from wells with 
concentrations of PCE above regulated concentrations has been made a priority 
remedial action of the CTMRD. 

3.4  Nevada State Statutes 
3.4.1 NRS 540A 
NRS chapter 540A, which was enacted in 1995, is the state statute that authorized the 
creation of the CTMRD and directs its activities.  The principal purpose of the 
enabling legislation was to provide a mechanism to develop and implement 
remediation activities sufficient to assure the quality of water for municipal, industrial 
or domestic use within the region.  Additionally, the statute provides protections to 
property owners who did not cause or contribute to the conditions for which the 
CTMRD was created. 

The statute establishes the criteria by which remedial activities will be evaluated and 
what actions can be included in the plan for remediation.  These elements are set forth 
in 540A.260(2) as follows: 

“2.   The plan for remediation may include any action which is reasonable and 
economically feasible in the event of the release or threat of release of any 
hazardous substance into the environment which may affect the water 
quality in this state. Such action may include: 
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(a) Monitoring, assessing and evaluating the water which may be affected by 
the substance; 

(b) Removing or disposing of the substance or remedying the condition of the 
water in any other manner; and 

(c) Taking such actions as are necessary to prevent, minimize or mitigate damage to 
the affected water. [Italics supplied for emphasis.]” 

In adopting what is now NRS 540A.250 to 540A.285 the Nevada Legislature provided 
direction to remediation districts to determine what remediation actions are 
appropriate to “prevent, minimize or mitigate” damage to groundwater of the district 
and which are “reasonable and economically feasible” to accomplish the proposed 
remedial activity.  Remediation standards established under NRS540A are consistent 
with the standards established in other state and federal laws, which address 
environmental contamination.  What NRS 540A offers that these other laws do not 
provide for is a mechanism for a community wide solution to a community wide 
problem. 

NRS 540A gives the BCC the authority to seek funding and implement those 
remediation actions that are determined to be reasonable and economically feasible.  
The BCC does not have the discretion, however, to withhold funding from remedial 
actions that are deemed to be reasonable and economically feasible. 

3.4.2 Other Nevada State Statutes 
State statutes, which include the Nevada Water Pollution Control Law (NRS445A) 
and the Nevada Waste Management Law (NRS459), also provide some mechanisms 
to address contamination situations like those found in the CTM.  These statutes, 
however, are structured to address an individual owner or responsible party and 
would be difficult to apply across an area as large as the CTMRD with many 
individual owners and responsible parties.  Nonetheless, these statutes provide 
guidance to the CTMRD during planning and implementation of remediation 
activities. 

3.5 Areas of Application for Remediation Management 
Plan Components 

As discussed in Section 2 of this document and in the Remedial Technologies 
Identification and Screening TM, remedial actions have been designed to address the 
“points of application” beneath the CTM – source areas, groundwater plume areas 
(shallow and deep), and potable water supply wellheads.  For the purposes of 
development of remedial actions, two areas of application have been defined:  (1) 
Source Areas and Shallow Groundwater Plumes and (2) Deep Groundwater and Wellhead 
Treatment.  Each of the areas of application is described below: 
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Source Areas and Shallow Groundwater Plumes.  Source areas are considered to be 
directly linked to shallow groundwater plume areas.  Deep groundwater plumes, 
however, were excluded from the “source area” remedial actions because of three 
issues: 
 
� First, once contamination from a single source area migrates downward, it is 

likely to “co-mingle” with other contaminants that originated as shallow 
groundwater plumes that have also migrated into the deeper portion of the 
aquifer.  Therefore, deep groundwater plumes in the CTM are generally not 
considered to be linked to any one source area, but rather a group of source areas.   

� Second, the costs of performing characterization and remediation on shallow 
groundwater plumes are significantly less than performing the same activities on 
deep groundwater plumes.  As an example, there are greater costs associated with 
investigating deep aquifer conditions and greater cost per unit of PCE mass 
removal due to the generally lower PCE concentrations in the deep aquifer. 

� Third, removal of PCE from deep groundwater is currently ongoing in the form of 
wellhead treatment on five existing public water supply wells when that water is 
removed for beneficial uses.   

Application of the RMP to source areas and groundwater contaminated with PCE will 
be the focus of much of the cooperative activities among members of the TWG.  As 
will be discussed in more detail within this section and in Section 7, the CTMRD, with 
concurrence and, at time, formal support from the TWG, will make recommendations 
to the BCC regarding the expenditure of CTMRD funds for source area prioritization; 
characterization; and evaluation, selection, and implementation of  remedial actions, 
as appropriate.  In addition, the TWG will aide in the identification of source areas 
and related shallow groundwater plumes that may be candidates for enforcement 
actions by NDEP. 

Deep Groundwater Plumes and Wellhead Treatment.  Deep groundwater PCE plumes 
have been shown to be tributary to several TMWA water supply wells.  Wellhead 
treatment is currently used to remove PCE from water pumped from five TMWA 
water supply wells (Kietkze, Mill, High, Morrill, and Corbett).  Wellhead treatment 
for these wells was implemented rather than replacing the wells.   Application of this 
wellhead treatment technology will continue for any additional wells where PCE 
concentrations exceed safe drinking water standards, for the following reasons: 
 
� The alluvial aquifer system from which Reno and Sparks draw groundwater is 

limited in aerial extent, bounded on all sides by mountains and bedrock outcrops.  
Therefore, there are no “untapped” aquifer systems that are available for new 
water supply production. 
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� The quality of the groundwater contained within the CTM basin is impacted by 
naturally occurring arsenic and geothermal activity, limiting the location of viable 
well sites for potable water supply. 

� Adjacent valleys (e.g., Lemmon Valley and Spanish Springs) are closed basins, 
where current groundwater pumpage exceeds (or is equal to) the basin yield.  
Therefore, additional groundwater production from these valleys is restricted by 
the State Engineers Office, and is not allowed. 

� Local infrastructure that allows produced groundwater to maintain system 
pressure for fire fighting and public water supply in metro area structures is 
linked to those wells that currently have wellhead treatment.  Relocation of these 
wells would require a significant investment in construction of infrastructure 
improvements to replace existing water distribution system piping and pumps. 

� Finally, wells with existing wellhead treatment exert some degree of plume 
control within the deep aquifer.  Relocating these wells to other locations within 
CTM would allow PCE contamination in the deep aquifer to migrate unchecked 
and uncontrolled toward “clean” water supply wells located in other areas within 
the deep aquifer (e.g., TMWA wells in the eastern portion of the CTM).  

3.6 Remediation Management Plan Components 
The RMP is intended to identify a range of activities that will be used to control, 
manage and remediate the PCE contamination beneath the CTM in both the short-
term and the long-term.   Remediation of the contamination conditions consists of 
providing treatment for the public water supply wells, eliminating/remediating 
sources and contaminated groundwater (to the extent that such actions are reasonable 
and economically feasible), and monitoring the effects of these actions on the 
groundwater.  Peripheral support activities are also included in the RMP, since 
administrative, public outreach, and educational tasks are vital to the success of the 
RMP implementation.   
 
Therefore, the RMP components are differentiated into three categories, based on the 
nature of the remedial actions to be performed and the type of benefits that are 
provided by the actions. 
 
� Clean Drinking Water Activities – focused on the removal of PCE from the public 

drinking water supply to the benefit of water users within the TMWA wholesale 
and retail service area. 

� Remedial Activities – focused on the identification, characterization, evaluation, 
and remediation of historic sources of PCE, and the related monitoring programs 
requisite to all remedial actions to the benefit of residential and commercial 
property owners located above the areas containing or suspected of containing 
PCE contamination.  
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� Program Outreach, Education, and Administration Activities – focused on the 
management of resources to optimize the remedial activities including outreach 
and educational tasks, and project administration and fund management to the 
benefit of water users and property owners. 

Note that the management activities critical to the implementation of the RMP exist 
within each of these categories of RMP components.  As discussed in detail in Section 
7, management of the implementation of the RMP will be conducted chiefly by 
Washoe County DWR, in collaboration with NDEP and WCDHD.  These three entities 
working in a cooperative partnership will provide direct input and guidance to the 
BCC regarding all technical aspects of the RMP implementation that support the wise 
expenditure of CTMRD funds to perform the clean drinking water activities; the 
remedial activities; and the program outreach, education and administration 
activities. 

Each of the RMP components is described in detail below. 

3.6.1 Clean Drinking Water Activities 
The goal of the clean drinking water activities described in this section is to remove 
PCE from the drinking water supplied by TMWA’s groundwater production wells.  
These measures include wellhead treatment and pumping plan implementation. 

3.6.1.1 Wellhead Treatment 
Wellhead treatment of groundwater produced for public water supply is a vital 
component of the RMP.  In fact, if funding becomes limited for any reason during the 
implementation of the remediation program, wellhead treatment will most likely take 
priority over any other remedial activity. 

PCE in the deep groundwater has been characterized as being widespread and dilute 
(average concentration of 15 to 20 micrograms per liter (µg/L) over the entire CTM).  
Further, remediation of deep groundwater is generally limited to different types of 
“pump and treat” technologies.  Small scale or localized pumping of groundwater 
from the deep aquifer is considered neither reasonable (because only a limited 
amount of PCE within deep aquifer would be removed) nor cost effective (because 
deep extraction wells are expensive to construct and operate, and it is expensive to 
dispose of treated groundwater under the State’s UIC or NPDES programs).  For these 
reasons, remediation of the deep groundwater is considered to be reasonable and cost 
effective only on a large scale by wellhead treatment at existing water supply wells.   
 
Large-scale contaminant mass removal through groundwater treatment has been 
ongoing since 1996.   The key characteristics of wellhead treatment at the TMWA 
water supply wells include: 
 
� Public water supply pumping removes large volumes of deep groundwater for 

treatment. 
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� Public water supply pumping helps to control migration of the PCE plume to 
water supply wells that are not currently above the MCL for PCE. 

� Treatment of groundwater from the five TMWA wells removes an estimated 20 
gallons of “pure” PCE each year.  

� Wellhead treatment performs perhaps the most important single action associated 
with the existence of the CTMRD – protection of the citizens of CTM from direct 
exposure to PCE in their drinking water. 

� Wellhead treatment at the public water supply wells eliminates the need for 
developing and implementing costly treated water discharge permitting programs 
through either the state’s UIC or NPDES programs. 

� Wellhead treatment allows for the beneficial use of the treated water without 
substantial infrastructure costs that would be associated with new production and 
distribution facilities that would be required for distributing potable water 
produced by non-drinking water supply wells. 

Wellhead treatment at public water supply wells does not include any specific 
investigation or monitoring activities to be performed by the CTMRD because the 
owners of all public water supply wells are required to perform routine monitoring 
for water quality, including testing for PCE.  Further, no decision-making activities 
need to be developed to control the distribution of groundwater that exceeds safe 
drinking water standards for if the PCE concentrations in groundwater from an 
untreated water supply well exceed acceptable concentrations, then the owner is 
required to cease use of the well for public water supply until such time that 
appropriate treatment can be installed and operated.  Under these circumstances, the 
owner of the well will be given the option to contact the CTMRD to determine if 
wellhead treatment is appropriate for their facility.   

The need for wellhead treatment will be identified through data collection and other 
activities that well owners, rather than the CTMRD, conduct.   CTMRD resources will 
be committed to work with water purveyors to identify methods other than wellhead 
treatment to protect the public drinking water supply (e.g., placement of new wells, 
and development and implementation of a pumping plan) realizing that the 
effectiveness of other methods may be limited, as discussed earlier. 

The elements of the wellhead treatment component that the CTMRD will fund are as 
follows: 

� Continue to pay the debt service for the bond used to finance wellhead treatment 
for the Kietzke, Corbett, Mill, High and Morrill Street wells. 

� Continue to pay for operation and maintenance of wellhead treatment for these 
five wells. 
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� Continue to update and evaluate the Pumping Plan that was developed for 
purposes of defining minimum daily groundwater production rates from wells 
with wellhead treatment. 

� Create an account that can be used: to finance future wellhead treatment design, 
construction, and, as appropriate, operations and maintenance for wells that do 
not currently have wellhead treatment but will require it sometime in the future; 
or finance other types of remedies deemed appropriate for protection and/or 
treatment of groundwater produced for potable water supply (or other municipal, 
industrial or domestic uses). 

3.6.1.2 Pumping Plan Implementation 
A Pumping Plan agreement was developed between the CTMRD and  TMWA 
(formerly Sierra Pacific Power Company) defining a minimum daily quantity of water 
that must be pumped from each of the five water supply wells with wellhead 
treatment.  The objective of the Pumping Plan is to maintain a degree of hydraulic 
control on the deep aquifer zone impacted by PCE, thereby limiting migration of the 
PCE plume downgradient of the five water supply wells.  As described in Section 2, 
Figures 2-14a and 2-14b, the average capture zones of the five TMWA wells do 
capture a significant portion of the PCE contamination migrating from beneath 
downtown Reno and from South Virginia Street.  However, other sources of PCE are 
expected to exist in other areas not contained by these wells.  Therefore, sampling of 
water supply wells downgradient of the five existing treated wells will continue to be 
performed to assess the need for groundwater treatment systems on additional water 
supply wells. 

As more information is collected and a better understanding of the relationship 
between the groundwater contamination and water supply production is developed, 
the CTMRD will work with TMWA to re-evaluate and update the current Pumping 
Plan.  The effort of re-evaluating and updating the Pumping Plan will include 
database management, groundwater modeling, and alternative evaluations conducted 
through a cooperative partnership between CTMRD and TMWA. 

3.6.2 Remedial Activities 
The three elements of Remedial Activities, which have been identified based on the 
data collected and discussions with NDEP and WCDHD, are groundwater 
monitoring, MNA, and source remediation.  These activities appear, at this time, to be 
the only cleanup activities that are reasonable and economically feasible. 

3.6.1 Groundwater Monitoring Program 
Groundwater monitoring will continue to be performed as part of the overall CTMRD 
remediation program.  The objective of the groundwater monitoring will be to track 
water quality conditions beneath the CTM, including the naturally occurring 
processes that contribute to the attenuation of shallow and deep groundwater 
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contamination (i.e., MNA as described below).  A description of the groundwater 
monitoring program including MNA components is provided in Appendix E. 

3.6.2 Monitored Natural Attenuation (MNA) 
Monitored Natural Attenuation (MNA) is an in-situ remediation technology that 
involves naturally occurring processes (e.g., biodegradation, dispersion, matrix 
diffusion, sorption, volatilization, and chemical degradation).  These processes serve 
to reduce the concentration, and in some instances, mass of contaminants in 
groundwater and soils.  MNA is recognized by the U.S. Environmental Protection 
Agency as a viable method of remediation that can be evaluated relative to 
contaminants, and the chemical, physical, and biological characteristics of the soil and 
groundwater to determine its effectiveness at a particular location (EPA, 1999).  This 
method of remediation may be used as the sole remediation technology when it:  (1) is 
combined with some degree of source control; (2) is shown to be fully protective of 
human health and the environment; and (3) meets remedial objectives within a 
reasonable time frame.   Data generated as part of the groundwater monitoring 
program will be used to evaluate the effectiveness and applicability of MNA to the 
conditions within the CTM.  MNA may also be used in combination with other 
process options as a concurrent technology, or in a phased manner following the 
completion of other technologies. 

For the CTMRD, a demonstration of the effectiveness of MNA is limited by the 
current lack of knowledge regarding the nature and location of existing source areas – 
either historic or ongoing.  Therefore, as information is gathered to locate and 
characterize source areas, and as remedial actions are developed and implemented – 
either by CTMRD or by responsible parties with NDEP oversight – MNA should 
become increasingly viable and important in the control, management, and 
remediation of PCE within CTM.  In this light, MNA is considered to be part of the 
long-term strategy for remediation of the PCE in CTM, but not necessarily the short-
term.  Nonetheless, CTMRD resources will be committed to performing MNA-type 
analyses and evaluations in a fashion consistent with federal guidelines in conjunction 
with its groundwater monitoring efforts to allow for the establishment of historical 
PCE concentration trend information critical to observing the impacts of MNA over a 
long period of time. 

3.6.3 Source Area Remediation 
Source area remediation is considered to be both a short-term and long-term solution 
to the PCE contamination within CTM since a key component of the overall 
remediation program is to eliminate as many sources of PCE that may be contributing 
to the PCE groundwater contamination found beneath the CTM as is reasonable and 
economically feasible.  Based on the nature of the PCE contamination, it is estimated 
that there may be dozens, if not hundreds, of currently unidentified sources, 
including both those of historic origin and current discharges.  Presented in this 
section is a process by which PCE sources or source areas and their related shallow 
groundwater plumes, once they are identified, will be addressed.  The process of 
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controlling, managing, and remediating source areas (i.e.,  the PCE Source 
Management Process) involves source characterization; responsible party 
identification; evaluation of remedial actions; and, if appropriate, implementation of 
remedial actions.   

Since the CTMRD does not have unlimited taxpayer revenues to implement remedial 
actions on sources, the PCE Source Management Process allows for ranking of 
potential PCE source areas based on various criteria established to estimate the 
potential for sources to impact public water supply and human health.  As will be 
discussed below, this ranking, or prioritization effort will be utilized to aide in the 
process of allocating CTMRD resources.  

 The PCE Source Management Process, as illustrated in Figure 3-1, includes a number 
of linked activities.  These linked activities, performed as a collaborative effort among 
the Technical Working Group members, are highlighted below. 

� Prioritization Ranking of Potential Source Areas – Based on available data from 
various entities develop a prioritized listing of sites and potential source areas for 
further action under this program.  Further action may include source 
characterization efforts, referral to NDEP, source remedial evaluations, and/or 
source remedial actions. 

� Source Characterization - Conduct source characterization activities on those 
potential source sites and areas that are determined by the TWG members to be of 
the highest priority. 

� Responsible Party Evaluations and Source Referrals -  Review to determine 
whether or not adequate information has been collected to differentiate a potential 
source area from regional conditions, and identify a localized area or parcel as the 
location of the source.  Upon consultation with NDEP, and once adequate 
evidence has been collected pursuant to NRS 540A.280, the CTMRD will refer 
certain cases to NDEP for appropriate action.  The Cooperative Agreement to be 
developed among Washoe County DWR, NDEP, and WCDHD will refine the 
source referral process. 

� Source Remedial Evaluations - For those potential source sites and areas that are 
not referred to other entities or agencies, or have been returned from other entities 
or agencies to be included in the CTMRD, a focused feasibility study will be 
performed working with the TWG to evaluate and recommend selection of a 
remedial action for that source that is reasonable and economically feasible.  The 
result of the focused feasibility study will be production of a Site Specific 
Remediation Plan that will be developed by the TWG collaborative process which 
includes the CTMRD, NDEP, and WCDHD. 

� Benefit Evaluations - Evaluate and identify potential changes in water user 
and/or property owner benefits related to the proposed remedial action. 
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� Source Remediation – Implement a Site Specific Remediation Plan for those 
sources that have been selected, based on priority and available funding. 

The implementation of the PCE Source Management Process will require a consistent 
commitment of resources and the collaboration of the TWG members since the 
activities to be performed by the CTMRD within any calendar year will be dependent 
on changing site conditions, data, and priorities.  The TWG will work together to 
provide guidance and direction to the BCC regarding, but not necessarily limited to 
the following: 

� Ranking of sites for purposes of allocating CTMRD funds  

� Developing scopes of work for source characterization activities 

� Determining when adequate evidence has been collected to document that a 
person has caused or contributed to the condition requiring remediation; the 
evidence will then be provided to NDEP for appropriate action. 

� Evaluating and selecting appropriate remedial actions for source areas and their 
related shallow groundwater plumes that do not have viable responsible parties. 

� Developing source closure criteria for sources where CTMRD resources are used 
to implement remedial activities. 

To coordinate the actions and sharing of information among these entities related to 
the management of sources, an agreement (e.g., cooperative agreement (CA)) will 
need to be developed and executed.  This agreement would define the nature of the 
relationship(s) and the standard processes that the entities will follow to implement 
appropriate management of sources and/or potential source areas.  A more detailed 
description of the CA is provided in Section 4 Implementation Activities and Schedule. 

As previously indicated, Figure 3-1 presents the overall process that will be followed 
to remediate source areas - prioritize, characterize, identify responsible parties, and as 
appropriate, evaluate and implement remedial activities.  Each of these process 
elements or activities and the interrelationship among the various activities are 
discussed below. 

Prioritization Ranking of Potential Source Areas 
The prioritization of potential source areas is an activity that will occur on an annual 
basis (or more often if conditions warrant).  The goals will be to identify all those 
locations from which PCE contamination may emanate and to rank these locations 
into a prioritized listing.  Note that the site prioritization step will be applied 
throughout the entire process of addressing potential source areas.  The CTMRD, 
working with NDEP, and WCDHD, will allocate funds for source characterization, 
source remedial evaluations, and if appropriate, remedial actions.  Remedial actions 
will be implemented at listed sites in order of highest priority.   
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The ranking of source areas will first involve collecting existing information from all 
sources of data that may be used to characterize potential source areas.  For example, 
NDEP and WCDHD maintain project files for past and ongoing remediation projects.  
In addition, TMWA may have water level and water quality data from various 
monitoring points that date back into the 1970s.  Although much of these data are 
likely already within the CTMRD database, a comprehensive effort will be conducted 
to collect and organize data that may not currently reside in the database. 

Once appropriate data have been collected, an inventory of sites which have utilized 
PCE on site or sites which have been identified as having PCE contamination will be 
developed.  The CTMRD will use a broad range of data sources to create this 
inventory, including the following: 

� Past or active chemical manufacturers, dry cleaners, paint shops, and other 
businesses that may have handled PCE; 

� Past or active site remedial activities overseen by NDEP or WCDHD at any 
facilities or businesses that may have handled PCE; 

� Locations where sanitary sewer sampling indicates that past or current 
discharging of PCE has occurred or is occurring; and 

� Locations where groundwater quality sampling indicates that PCE concentrations 
are significantly greater than the regional PCE concentration. 

Once the inventory of potential source areas has been developed, an analysis of these 
data will be performed, utilizing GIS-type mapping software and other methods, to 
screen and rank all potential source areas based on the prioritization criteria and 
process presented in Figure 3-2. 

Using the prioritization ranking criteria contained in Figure 3-2, the TWG will 
develop a ranking of all potential source areas identified by the existing data.  Once 
sufficient evidence has been gathered pursuant to NRS 540A.280, sites identified as 
Priority 1 sites will be referred to NDEP for appropriate actions since these sites are by 
definition characterized by a known ongoing discharge.  Identification of Priority 1 
sites will therefore require the TWG to establish some knowledge or information on 
source location and current business type, nature and ownership. 

All other potential source areas will be assigned a priority of 2, 3 or 4 depending on 
the outcome of the prioritization analyses.  The ranking of the potential source areas 
will be based on those screening criteria presented in Figure 3-2.  These screening 
criteria include: 

� Type of current and/or past land use/business type 

� Relative PCE concentration measured in groundwater adjacent to the source 
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� Potential for source to impact water supply wells 

� Potential for source to impact current or future construction or structural 
dewatering operations 

It is important to note that assignment of a prioritization ranking to a potential source 
area may be influenced by data, professional judgment and/or issues beyond those 
screening criteria presented in Figure 3-2.  As long as the members of the TWG agree 
to the assignments, and the justification for the assignments, other criteria may be 
used to set priorities in addition to those presented in the figure.  Given the flexibility 
of the screening process, it is possible that source areas that have been closed by 
NDEP and/or WCDHD in the past may be re-opened based on the outcome of the 
prioritization ranking efforts. 

All potential source areas contained in the site inventory will be assigned a priority of 
2, 3, or 4 at this stage of the project, even if they are qualified as needing additional 
site characterization.  Of course the ranking of sources can, and will, change from year 
to year, or even month to month, as new information becomes available.  To this end, 
the TWG has complete discretion to revise the priority of any potential source area as 
additional data are collected, and new information becomes available. 

 Once the potential source areas have been ranked, and an agreement on further 
actions has been reached by the members of the TWG, the CTMRD will issue a letter 
to both WCDHD and NDEP indicating the results of the ranking effort, and recording 
the list of agreed upon actions to be performed by each member of the team. 

The interactions among NDEP, WCDHD and the CTMRD during the development of 
the prioritization rankings for each potential source area are captured in Figure 3-3.  
As indicated in this figure, the TWG reviews data to develop the ranking.  Next, 
Priority 1 sites are referred to NDEP.  All other potential source area sites are carried 
into the source characterization activities performed by CTMRD, in collaboration with 
NDEP and WCDHD.  Source characterization activities are described below. 

Source Characterization 
Based on the results of the prioritization of potential sources areas, the CTMRD will 
proceed with an appropriate amount of field investigation activities to characterize 
high priority “sites” not referred to the NDEP.  The level of effort will depend on the 
availability of funds, site accessibility, and various other issues (e.g., weather 
conditions).  Field investigation activities may include, but not be limited to, those 
field activities discussed and presented in the Remedial Technologies Identification and 
Screening.  Table 2-6 summarizes the likely field investigation methods for soils and 
groundwater in and adjacent to a suspected source areas. 

Once appropriate actions have been agreed upon by the TWG, including a revised 
ranking of source areas, based on the source characterization activities, a listing will 
be made of source areas that should be referred to NDEP for enforcement actions.  
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Again, the CTMRD will issue a letter to NDEP and WCDHD recording the 
agreements reached including the results of the source characterization efforts, and 
the recommendations for further actions by each member of the team. 

This task will benefit greatly from the regular and deliberate sharing of data between 
NDEP, WCDHD, the Cities and the CTMRD, including those situations where 
independent data collection activities are funded as a result of real estate transactions 
and/or site investigations and closures.  If the CTMRD is able to include these data in 
the program database, it may save significant taxpayer dollar by not requiring the 
same data to be collected twice.   

Source Referrals 
Referrals will be made from the CTMRD to NDEP for sites and/or source areas once 
adequate evidence has been collected.   It is the intent of the RMP that most referrals 
will result in an appropriate remedial action by an identified responsible party under 
NDEP oversight.  Once NDEP receives a referral, it will make a determination of the 
necessary action.  The responsible parties will be held liable for environmental clean-
up in a manner consistent with the governing statutes (i.e., NRS 540A and NRS 445A). 

Note that in some rare cases where NDEP administrative and legal processes have 
been unsuccessful in identifying responsible party(ies), these sites and/or potential 
source areas with non-viable responsible parties may be returned to CTMRD for 
potential remedial actions. 

Source Remedial Evaluations 
For those potential source areas that the TWG determines do not have identifiable 
responsible parties or may not be adequately supported by identified responsible 
parties, the CTMRD will prepare a focused feasibility study, if resources are available, 
to: 

� Summarize the information known about the site; 

� Identify the potential impact of the site on public water supply and on other 
potentially completed exposure pathways involving humans; 

� Develop site specific remediation goals which may include risk-based analyses; 

� Identify candidate remedial actions that may best be applied to the source area 
and any related plume area, if appropriate; 

� Screen the identified candidate remedial actions, based on implementability (i.e., 
constructability, reasonableness, technical feasibility, etc.), effectiveness (i.e., 
ability to manage identified risks to human health and public water supply, etc.), 
and cost (i.e., reasonable and economically feasible); 
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� Perform a benefit analysis related to identifying whether or not a proposed 
remedial action will provide benefit to a specific group of water users and/or 
property owners; and 

� Recommend a remedial action(s). 

This process may also require that the CTMRD collect more data to characterize a 
potential source area that will be the subject of the remedial evaluations. 

The list of candidate remedial actions will be developed based on the results of the 
remedial technology and process option screening that was presented in the Remedial 
Technologies Identification and Screening TM.  Table 2-7 presents the relevant results of 
those analyses. 

Once a remedial action has been preliminarily identified, the CTMRD will need to 
provide information to NDEP and WCDHD regarding the proposed remedial action 
for various reasons.  First, before any remedial action is initiated, the TWG will need 
to make recommendations to the BCC defining the nature and type of the source 
remedial action(s) that are consistent with the CTMRD.  Based on these 
recommendations, the BCC will authorize funding for the remedial action(s) 
consistent with the resources of the County taxpayers and NRS 540A.265.  Once 
funding is approved, NDEP and WCDHD may need to issue permits to the CTMRD 
for implementation of the remedial action(s).  In addition, NDEP and WCDHD will 
need to have knowledge that the action is being implemented such that data 
management, progress reports, and other project correspondence can be tracked and, 
if needed, evaluated.   

Evaluate Benefits 
Before any remedial action is recommended for implementation to the BCC from the 
CTMRD, a benefit evaluation must take place.  This benefit evaluation step will not be 
used to determine whether a remedial action will be performed.  Rather, the step is a 
factor in determining what funds will be allocated to the remedial action (i.e., does the 
remedial action provide benefits to all water users within Remediation District 
boundaries or is the benefit limited to a portion of all users?).  The objectives of the 
benefit evaluation will be to: 

� Characterize the short-term and long-term cash flow associated with the proposed 
remedial action(s); 

� Determine if the current accounts maintained by the County are adequate to 
support the proposed funding requirements; 

� Identify the benefit(s) to water users and/or property owners related to the 
implementation of the proposed remedial action (s); 
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� Determine if additional benefit areas need to be developed to support the 
proposed remedial action; and 

� Provide the Board of County Commissioners (BCC) with the information needed 
to commit current account funds or develop a revised ordinance for newly 
defined benefit areas. 

The recommendation for implementing any particular remedial action will be made 
to the BCC based on a combination of the source remedial evaluations and the 
benefits evaluations. 

Source Area Remediation 
The RMP includes implementing active remedial measures on targeted historical 
source areas that are not included under enforcement actions with NDEP with the 
objective of protecting the CTM water quality for municipal, industrial, and domestic 
uses.  

Key elements in the decision to implement remedial action(s) at a particular source 
area include:  

� A determination by the TWG that no viable responsible party exists and therefore 
NDEP will not oversee the remediation;  

� A determination that remedial actions will contribute to a reduction of the threat 
of substantial degradation of water quality posed by the source; and  

� The availability of funds in the source remediation trust fund.   

The decision to end, postpone or temporarily suspend any particular remedial action 
will be based, in part, on the availability of trust fund dollars, and potential impact of 
the continuation of a remedial action on waters within CTM that may be used of 
municipal, domestic, and/or industrial use. 

The trust fund, which will be described in Section 5, will be used to fund capital 
improvements, operations and maintenance, and any other project-related expenses 
associated with remedy implementation.  In some cases, the remedial action(s) will 
involve simple, short-term activities, such as soil removal and disposal.  In other 
cases, remedial action(s) may include acquisition of easements, installation of 
facilities, and long-term operations of equipment and monitoring programs.  Given 
the wide range of potential remedial actions that may be implemented as a result of 
the source area evaluations and investigations, implementation may only take a 
couple of months, or may require many years, even decades.  Potential impacts of 
proposed remedial actions on cash flow out of the source area trust fund will be taken 
into account in the evaluation and selection of any remediation.  Analyses will also be 
conducted to identify whether or not selected water users and/or property owners 
will benefit from the identified source area remedial action(s) (note, however, that the 
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“benefit evaluation” will not be used as a factor in determining the need for 
remediation). 

The operation and maintenance costs for most remedial actions may be significant, 
and will likely increase with time because of climbing electrical rates and the 
expectation that more remedial actions will be implemented.  Although it will be the 
goal of the CTMRD to reduce operations and maintenance costs wherever possible, it 
is likely, given the widespread nature of contamination and the recalcitrant nature of 
PCE, that operation and maintenance costs related to source area remediation will 
increase over time until substantial progress is made in source control and removal. 

3.6.3 Program Outreach, Education, and Administration 
Activities 

Program outreach, education and administration include those activities related to the 
management of resources needed to implement the RMP components defined in this 
section.   

� Public Outreach and Education – The objective of this element is to perform 
activities related to: 

• Provide members of the community with educational information regarding 
the CTMRD, the RMP components, the management and expenditures of tax 
dollars, and the status of the project activities using media and public 
information channels. 

• Conduct occasional community workshops for promoting information 
exchanges and creating a forum for public feedback. 

� Establish and maintain a CTMRD Public Advisory Group consisting of key project 
stakeholders and implementers (e.g., NDEP, WCDHD, TMWA, City of Reno, City 
of Sparks, area business interests, neighborhood advisory boards, citizen advisory 
boards, etc.) to: 

• Promote technology and information transfer; 

• Stimulate effective sharing of ideas;  

• Create means to exchange viewpoints on public policy associated with the 
implementation of the CTMRD and related matters; and 

• Generally allow for a direct feedback mechanism from various project 
stakeholders, community entities and program implementers to Washoe 
County and the BCC. 
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� Project Administration Tasks – The objective of these activities is to manage the 
resources of the County (both human and financial) with respect to 
implementation of remedial and programmatic activities.  Project administration 
tasks include, but are not limited to, management of CTMRD staff, database and 
information management, fund management, tax bill development and billing 
support, and facilitation of institutional and intergovernmental communications. 

Note that on an annual basis, the CTMRD program will be reviewed in terms of the 
appropriateness of activities and the funds spent and retained (e.g., trust funds) over 
the previous year.  The objective of the review, which will occur with the aide of the 
CTMRD TWG, will be to identify: 

� Available funding for source remediation. 

� Available funding for design and construction of new treatment at public water 
supply well(s). 

� Available funding for source prioritization, characterization, and remedial 
evaluations. 

� Need for additional benefit areas within CTM related to specific source areas and 
groundwater plumes. 

The review will result in the development of a group of resolutions and/or 
ordinances that will be brought to the BCC for consideration and action. 
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Section 4 
Implementation Activities and Schedule 
 
 

The conditions of PCE contamination within the CTM – extensive area of impact; 
multiple sources; consistent, low level of contamination – require an innovative 
approach for management and remediation.  The RMP defines a “first of its kind” 
remediation program for the CTMRD.  Implementation of the program will require 
not only the cooperative efforts of the Technical Working Group members, but also 
the involvement and input from a broad range of project stakeholders.  The full range 
of program activities that make up Phase 2 of the CTMRD (Source Identification and 
Remediation Phase) includes the primary remediation program components 
identified in Section 3 as well as a series of program initiation activities that are 
required for successful implementation of the overall program.    

The program initiation  activities include “one time only” activities that are intended 
to establish operating agreements and policies and procedures among the TWG 
members.  These policies and procedures establish the framework within which the 
various public entities and agencies will work together.  This section describes the 
program initiation activities and identifies other relevant activities that will be 
conducted during the early stages of Phase 2 of the CTMRD.  Further, this section 
provides a detailed implementation schedule for each element of Phase 2 of the 
CTMRD. 

4.1  Program Initiation Activities 
A number of program initiation, or set-up, activities have been identified, that need to 
be performed during the first months of the RMP implementation.  The intent is to 
establish the roles and responsibilities of each of the key stakeholders (i.e., 
governmental entities, water purveyors), to assist the CTMRD in meeting its 
objectives and goals.  The program initiation activities, which will be a District focus 
during the first year of RMP implementation, include development of a cooperative 
agreement with NDEP and WCDHD.  Each of these sets of activities is described 
below.  

4.1.1 Cooperative Agreement  
A Cooperative Agreement needs to be developed to allow the members of TWG  to 
coordinate relevant operations and process activities, establish roles and 
responsibilities, define communication protocols, and commit appropriate resources 
to the RMP implementation.  The Cooperative Agreement, which will be developed in 
accordance with NRS 227.080 (Interlocal Cooperation Act), will establish the 
relationships among the signatories and guide the TWG’s involvement in the 
implementation of the remediation program of the CTMRD.  The Cooperative 
Agreement will also be used to define the ground rules for refining program goals 
and operating procedures over time.  Protocols to be addressed include: 
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� Regular Periods of Program Evaluation.  This issue relates to how the processes 
that make-up any particular program component are to be evaluated for 
effectiveness, efficiency, and applicability on a regular basis, so that the 
remediation management program maintains its focus and applicability over the 
span of its use. 

� Data Management and Reporting Protocols.  This issue relates to how the 
various entities will standardize data collection activities and project reporting 
requirements, and share and manage data.  Given the number of entities involved 
in the implementation of the program, mechanisms may need to be created to 
ensure that relevant data is provided to the CTMRD as public and private entities 
collect information. 

Table 4-1 presents a list of possible components of the TWG Cooperative Agreement.   

 

Table 4-1 
Possible Components of the Cooperative Agreement 

Among  Members of the Technical Working Group 
• Cap on Remedial Activities Costs per Annum 
• Use and Priority of Well Head Treatment 
• Agreement on Procedures to Implement the Remedial Activity Processes Defined in the 

Remediation Management Plan 
• Recognition of Limited Nature of Resources 
• Concept of Minimum Level of Funding (Based on fee collection) for CTMRD activities 
• Limits of Cost Escalation for Implementation of the Remediation Management Plan 
• Identification of Principle Parties and Roles Within the TWG 
• Agreement by NDEP to Take Appropriate Action at Sites with Responsible Parties upon Referral 

by CTMRD, pursuant to NRS 540A.280 
• Acknowledge by Parties regarding the Collaborative Nature of the TWG Members 
• Agreement of the Role of Each Member of the TWG including: 

o Providing Guidance and Input to Board of County Commissioners 
o Coordinating Data Collection, Management and Review with the CTMRD 
o Providing Resources to Implement the Remediation Management Plan 

• Agreement on Use of NDEP Authorities to Provide Access to Private Properties  
• Definition of a Dispute Resolution Process 
• Definition of Person(s) 
• Confirmation of Safe Harbor Provisions of NRS 540A 
• Timing and Nature of TWG reviews of CTMRD work products 

 

Following execution of the Cooperative Agreement, the TWG will work together to 
prepare the follow procedures and protocols for application to specific areas of RMP 
implementation: 

� Create methodologies for prioritization ranking of potential source areas, 

� Create review and comment processes for NDEP and WCDHD on CTMRD source 
characterization activities, 
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� Create protocols for source area referrals pursuant to NRS 540.280 (from CTMRD 
to NDEP), 

� Create protocols for source area returns (from NDEP to CTMRD), 

� Create review and comment processes for NDEP and WCDHD on CTMRD source 
remedial actions, 

� Create protocols for TWG interactions with BCC,  

� Agree to role of NDEP and WCDHD in support of public outreach and education. 

4.1.2 Responsible Party Evaluation and Enforcement Protocols  
Pursuant to NRS 540A.280, NDEP will take appropriate action(s) against a person 
(e.g., responsible party) that “has caused or contributed to the condition requiring 
remediation” when CTMRD acquires the necessary evidence to make the referral.  
However, the process by which this evidence will be referred to NDEP will need to be 
developed. 

4.2 Other Relevant Activities 
There are a number of other activities that will be conducted during the early stages 
of Phase 2 of the CTMRD.  These activities, which are related to various aspects of the 
RMP implementation, include: 

� Continuing wellhead treatment on impacted water supply wells – As previously 
indicated, treatment of CTM groundwater for public water supply is the highest 
priority of the CTMRD.  Well head treatment for the removal of PCE from 
groundwater produced by TMWA drinking water supply wells is therefore of 
vital importance to the implementation of the RMP.  Therefore, the CTMRD will 
continue to pay the debt service and operation and maintenance costs, in 
cooperation with TMWA. 

� Developing and implementing a groundwater monitoring program – A 
groundwater monitoring program consistent with the needs of the CTMRD will 
be developed.  Focused groundwater monitoring activities are warranted for 
purposes of evaluating natural attenuation of the PCE in the groundwater.  
Monitoring at this stage of the CTMRD may include installing additional 
monitoring wells, collecting water level data, collecting water quality data that 
will support MNA evaluations, and updating the database with the newly 
collected data. 

� Sampling in areas adjacent to sanitary servers – Given the results of random 
sewer sampling, it is apparent that some businesses have used, and may continue 
to use, the local sanitary sewers for disposal of waste PCE.  Of particular concern 
is whether or not the sanitary sewers leak ultimately contributing PCE laden 
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wastewater to the shallow groundwater system.  To address this concern, the 
CTMRD will conduct focused sampling of soils and shallow groundwater at 
selected locations where past investigations have indicated the presence of PCE in 
local sanitary sewers. 

� Evaluating PCE Ban legislation – Numerous states have effectively reduced the 
volume of waste PCE that may be generated by banning the use of PCE in all 
applications, since industrial and commercial substitutes are available on the 
market that do not cause as much environmental damage, or have the same 
detrimental health effects.  To this point, the CTMRD will evaluate the process of 
developing a legislative ban on PCE usage in the County and the State. 

� Evaluating PCE/Dry Cleaner Funds – Many states have attempted to create PCE 
and/or dry cleaner funds modeled after the underground storage tank funds used 
to clean-up leaking petroleum storage tanks at gasoline stations.  Unfortunately, 
few states have succeeded in effectively producing a reliable funding mechanism 
for the clean-up of PCE contamination caused by small business, since the number 
of small businesses using PCE on a regular basis is significantly less than the 
number of underground storage tanks in most states.  Nonetheless, the CTMRD 
will evaluate the options available to the County and the State regarding the 
development of such a fund. 

� Update and Implement a revised Community Relations Plan (CRP) – As the 
CTMRD RMP is implemented, public outreach and education efforts will be 
needed to provide the public, interested community groups, and local and state 
legislators with updated information regarding project findings, remedial 
activities, and/or revised district fee structures, benefits, or funding needs.  To 
this point, the community relations program needs to be updated, which 
integrates public information repositories, press releases, community workshops, 
and other outreach and education tasks with CTMRD activities.  The various 
members of the TWG and PAG should be involved with the development and 
implementation of the CRP since “getting the word out”, and maintaining a 
consistent message to the public, benefits all project stakeholders. 

� Review and update the TMWA Pumping Plan – As additional data are collected 
by TMWA and the CTMRD to characterize the regional and local groundwater 
quality, and groundwater flow systems, the Pumping Plan for operation of 
TMWA’s production wells relative to the control of PCE will be revisited and 
updated.  Of particular concern is the identification and management of 
production from wells that have detectable concentrations of PCE that have, or 
may increase to levels greater than are allowed under the safe drinking water act.  
The Pumping Plan updates will include updating the database with newly 
collected data, conducting numerical modeling, as appropriate, and reviewing the 
results of any analyses conducted with TMWA to devise strategies and revised 
operational restrictions on groundwater production. 
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Table 4-2 summarizes the currently identified activities that need to be performed to 
initiate implementation of the Source Identification and Remediation Phase of the 
CTMRD.  

 
Table 4-2 

Summary of Activities Required to Implement Source Identification and Remediation Phase of the CTMRD 
Key Stakeholder Organization with Washoe 

County Department of Water Resources 
Activity  

 
NDEP WCDHD City of 

Reno 
City of 
Sparks 

TMWA 

Summary of  Activity Requirements 

PROGRAM INITIATION ACTIVITIES 
Prepare and Execute 
Cooperative Agreement 

a a    • Engagement methods 
• Relationships, roles 
• Resources allocations 
• Communications protocols 
• Information sharing  
• Reassignment protocol (from 

NDEP back to CTMRD) 
CLEAN DRINKING WATER ACTIVITIES 
Wellhead Treatment  a   a • Continue debt service and O&M 
Pumping Plan Review 
Procedures 

    a • Data sharing 
• Modeling 
• Contingency plan development 

REMEDIAL ACTIVITIES 
Groundwater Monitoring 
Program/MNA  

a a   a • Develop Scope 
• Receive and Evaluate Bids  
• Perform Monitoring  
• Disseminate Results 
• Coordinate Data Collection and 

Management Policies  
Develop Policies and 
Protocols for 
Implementing Source 
Prioritization, Source 
Characterization, Source 
Referrals, and Source 
Remediation 

a a    • Define Data Collection and 
Management Procedures 

• Define Review and Comment 
Protocols 

• Define Reporting Methodologies 
• Define Communication Protocols 

Responsible Party 
Evaluation and 
Enforcement Actions by 
NDEP 

a     • Responsible Party corrective 
actions 

• Responsible Party cost recovery 

OTHER ACTIVITIES 
Characterization of 
Sanitary Sewer Impacts 
on Shallow Groundwater 

a a a a  • Develop Scope 
• Receive and Evaluate Bids 
• Perform Monitoring  
• Disseminate Results 
• Coordinate Data Collection and 

Management Policies 
Evaluation of PCE Ban 
Legislation 

a a a a a • Conduct Evaluation of Other State 
Programs 

• Evaluate Legislative Requirements 
Evaluation of PCE/Dry 
Cleaner Fund 

a a a a a • Conduct Evaluation of Other State 
Programs 

• Evaluate Legislative Requirements 
 



2002 2003
June July August Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Program Initiation Activities
Responsible Party Evaluation and Enforcement Protocols

Memorandum of Understand

Clean Drinking Water Activities
Current Well Head Treatment and Pumping Plan Implementaiton

Collect Data
Pay Debt Service

Pay O&M Costs

Future Well Head Treatment
Collect Data

Evaluate Need and Alternatives
Develop Bond

Remedial Activities

MNA/Long Term Monitoring Program
Develop and Approve QAPP/SAP

Install New Wells
Quarterly Monitoring and Reporting

Source Prioritization
Prioritization Methodology

Data Collection
Source Ranking

Referal(s) to NDEP

Source Characterization 
Implement Source Characterization of Selected Sanitary Sewers

Implement Source Characterization Procedures at Mill and Kietzke
Implement Source Characterization Procedures at Ralston and Fourth

Select Additional Sources for Characterization
Field Activities

Reporting and Review
Referal(s) to NDEP

Responsible Party Management
NDEP Responsible Party Identification 

NDEP Enforcement Proceedings
Referal(s) to CTMRD

Source Remedial Evalutions
Develop Source Remedial Evaluation Work Plan

Additional Data Collection 
Mini-Feasibility Study

Benefit Assessment
Funding Assessment

Source Remediation
Commit Funding

Implement Remedial Action(s)

Program Outreach, Education and Administration
Public Education and Outreach

Maintain Public Document Repositories
Circulate Project Information

Conduct Workshop

Board of Advisors
Create Advisory Board

Conduct Meetings
Execute MOU

Project Administration
Database Management

Fund Management
Review Performance of CTMRD

Prepare Tax Bills

Planning Activities
Field Activities
Analysis and Reporting
Funding Activities
Remediation Activities
NDEP Activities

Legend

4/22/2004

Figure 4-1
Remediation Plan Implementation Schedule

Central Truckee Meadows Remediation District
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Section 5 
Remediation Management Program Cost 
Summary 
 
Section 3, Remediation Management Plan Components, describes the full range of actions 
proposed as part of Phase 2 (Source Identification and Remediation Phase) of the 
CTMRD to address the presence of PCE in soils and groundwater within the CTM.  
This section describes the individual remediation program components and provides 
a breakdown of the costs. 

5.1 Remediation Management Program Cost 
Components 
The CTMRD remediation program components will be funded through the use of 
annual funding accounts.  These funding accounts will be created as either annual 
allowance accounts or trust fund accounts, as described in more detail below. 

It is important to note that the Remediation Management Program costs are capped at 
the total costs indicated by the sum of the annual allowances and the trust funds, or 
about $2,400,000.  Although the use of these funds, and the allocation of the funds to 
each of the annual allowances or trust funds from year to year may vary, the amount 
received by the CTMRD though the County’s tax bill will remain the same from year 
to year (established as a minimum level of funding).  Only under special 
circumstances approved by the BCC will the amount of funding to CTMRD change. 

5.1.1 Annual Allowance Accounts 
Annual allowance accounts will be utilized to fund activities that will occur every 
year, based on the priorities of the CTMRD, the need for a specific activity, and the 
availability of funds.  Specific cost allowance funds are highlighted below: 

� Current Wellhead Treatment Facilities and Pumping Plan Implementation. These 
expenditures would include debt service payment on bonds for construction of the 
existing water supply well treatment systems or operations and maintenance 
(O&M) costs associated with these systems, including replacement of treatment 
facilities.  These costs would also include the continued implementation of the 
Pumping Plan agreed upon between the County and TMWA in 1998, which 
requires TMWA to pump the five wells with wellhead treatment year round to 
maintain hydraulic control of the deep aquifer system to a reasonable degree.  It is 
anticipated that the Pumping Plan will be amended in the future so as to be 
consistent with CTMRD needs. 

� Source Management Elements include source prioritization, characterization, 
feasibility studies, and analysis of benefits. 
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� Project Outreach, Education and Administration Costs include those costs that 
will be incurred by the County in the efforts to conduct and maintain public 
outreach and educational programs and for administration and management of the 
CTMRD.  These funds will be used to support performing public outreach and 
educational programs including providing information repositories in public 
places, conducting public workshops, and implementing community outreach 
programs.  These funds will also support employee salaries and expenses 
associated with database and information management, program communications 
within the CTMRD and with NDEP and WCDHD, budget and account 
management, billings, and associated contractor procurement. 

5.1.2 Trust Fund Accounts 
Trust funds will be maintained in interest bearing accounts that will be used to 
support large capital expenses and operation and maintenance programs, as needed.    
In any one year, a trust fund account may or may not be used to support specific 
CTMRD activities. 

Trust fund accounts continue to receive monies from annual CTMRD contributions 
and from interest received through the interest bearing accounts.  These funds are 
then dispersed through large single capital cost draws, or for ongoing operations and 
maintenance.  These trust funds may also be used to reimburse entities that are not 
responsible for the PCE contamination, but who have performed remedial actions 
consistent with the CTMRD program. 

During the implementation of the remediation program, parties responsible for the 
investigation and cleanup of particular PCE sources may be identified.  If funds used 
to cover the cost of remedial actions by the CTMRD can be recovered from these 
responsible parties, as allowed under NRS 540A.280, monies will be reimbursed to the 
CTMRD and placed back into these trust funds. 

Anticipated trust fund account expenditures are highlighted below: 

� Future Wellhead Treatment Facilities.  If PCE is detected in an existing water 
supply well without wellhead treatment, design and installation of a new 
groundwater treatment system may be required.  The trust fund account would be 
the source of funds for this activity.  Allocation of funding to this account is based 
on the assumption that one new well will require construction of wellhead 
treatment every three years. 

� Remediation of PCE Sources.  If a PCE source is identified as part of the Source 
Management Activities and is not managed through NDEP, trust fund monies will 
be used to cover the cost of design and installation of remediation systems or 
operations and maintenance of new remediation systems once an evaluation of 
remedial options and benefits is performed.  



Central Truckee Meadows Remediation District  Section 5 
Remediation Management Plan  Remediation Program Cost Summary 

 

A  5-3 

W:\REPORTS\CTM\REMEDIATION MANAGEMENT PLAN_OCT02 

5.1.3 Cost Summary 
A breakdown of costs based on the Remediation Management Program components 
described above is presented in Table 5-1. 

 

Table 5-1 
Remediation Management Plan Budget 

Central Truckee Meadows Remediation District 
Cost and Type of Fund  

 
Remediation Management Plan 

Program Element 

Estimated Cost Annual 
Allowance 

Cost 
Categories 

Trust Fund 
Categories 

CLEAN DRINKING WATER ACTIVITIES 
Pumping Plan Implementation 1  

Annual Bond Payment $400,000   
Annual O&M Costs $300,000   

Replacement of existing facilities $300,000   
Wellhead Treatment Trust 2 $430,000   

Total $1,430,000   
   
REMEDIAL ACTIVITIES   
Groundwater Monitoring/Monitored Natural 
Attenuation 

$200,000   
Source Area Remediation   

Source Prioritization $30,000   
Source Characterization $170,000   

Source Evaluations (mini-feasibility studies 
and benefit analyses)

$100,000   
Source Remediation $200,000   

Total $700,000   
   
PROGRAM OUTREACH, EDUCATION, AND 
ADMINISTRATION   
Public Outreach and Education $150,000   
Project Administration $120,000   

Total $270,000  
 

TOTAL PROGRAM COST $2,400,000  
 
1  Pumping Plan Implementation includes costs for current wellhead treatment of TMWA water supply wells. 
2  Wellhead Treatment applies to the design and construction of treatment facilities for production wells that are 

identified in the future to be contaminated. 
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5.2 Finance Issues and Costs 
5.2.1 Transfer of Funds From One Account to Another 
There may be some instances in which funds from one account may be transferred to 
another account.  As an example, in the first year of implementation of Phase 2 
(Source Identification and Remediation Phase) of the CTMRD, it is anticipated that 
additional funds may be needed to perform source evaluations and feasibility studies.  
To this end, some funds may be transferred from one allowance that has excess funds.  
In some circumstances (e.g., need for additional wellhead treatment of multiple water 
supply wells), funds may be transferred from the allowances to the trust funds or vice 
versa, except if balances in the allowances exist at the end of a year, then the surplus 
funds will be considered for transfer to an interest bearing account.  

5.2.2 Reevaluation of Funding Needs and Program Audits 
At regular intervals (once every 3 years or more often if necessary), the funding 
mechanisms of the CTMRD will be reviewed and evaluated.  The evaluation would 
be based, in part, on a formal audit, which will be performed by an independent 
consulting firm qualified in standard accounting practice. 
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Section 6 
Benefit Analysis 
 

6.1 Introduction 
An important element of the Work Plan Development and Implementation Phase was 
to define the allocation of costs for the Source Identification and Remediation Phase of 
the project.  In accordance with the enabling legislation, NRS 540A, the BCC may 
recover the costs of developing and implementing the RMP by imposing an annual 
fee for properties within the CTMRD.  This fee, which may be based on annualized 
water usage, is to be weighted and adjusted between parcels or properties within the 
Remediation District boundaries based on varying levels of contamination, impacts to 
property values resulting from the implementation of the RMP, or any other factors 
deemed appropriate and reasonable by the BCC.  To date, the CTMRD has been 
funded through a fee based on water use for all entities within TMWA’s wholesale 
and retail service area.  The fee has been assessed as a line item on the annual tax bill.   

This section defines three distinct benefit groups that will exist once the Source 
Identification and Remediation Phase of the CTMRD begins.  Each of these groups 
receives a tangible benefit from the RMP components and activities.  This section 
describes the three benefit groups and allocates the annual CTMRD costs (discussed 
in the previous section) among these benefit groups.  The three benefit groups that 
have been identified include: 

� Water users within the TMWA wholesale and retail service area; 

� Residential property owners within the “area of potential impact”; and 

� Non-residential property owners within the “area of potential impact”. 

A discussion of the location and benefit received for each of these entities is provided 
below. 

6.2 Benefits to Water Users 
Figure 6-1 shows the boundary of TMWA’s wholesale and retail service area, 
including the areas served by Sun Valley General Improvement District, Reno-Parr 
Water Company, Panther Valley Water Company, and the Washoe County Utilities 
Division.  Within this boundary area, there are water use parcels (i.e., parcels of 
property which have access to and utilize water from a public water supply) and non-
water use parcels.  Currently, non-water use parcels located within the fee area have 
not been included in the fee structure.  Changes to the existing legislation during the 
next legislative session (2004) are being considered as a way of including non-water 
use parcels into the fee structure.  

Within this area, there are approximately 85,300 water users.  The primary benefit for 
the water user group is access to a clean and sustainable water supply.    
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Although wellhead treatment is clearly beneficial to those entities receiving the 
treated groundwater within Central Truckee Meadows, all water users within the 
boundaries identified in Figure 6-1 benefit from the long-term sustainability of this 
water resource, given that treated groundwater is used to support and supply a 
significant portion of TMWA’s water system demands, thus freeing up water to users 
in the remaining portions of CTM and in the neighboring valleys.  In fact, in some 
instances treated groundwater is used as make-up water for TMWA’s and others 
groundwater recharge program. 

6.3 Benefits to Property Owners Within Area of 
Potential Impact 

The property owner benefit group consists of the owners of those properties that 
overlie the area that has been identified as potentially impacted by detectable 
concentrations of PCE in groundwater.  Figure 6-2 depicts the “area of potential PCE 
impact”.    

There are two types of economic impacts to property owners that are typically 
associated with contamination such as that found in CTM: 

1. Property values may decrease resulting from people not wanting to purchase 
impacted property or from buyers’ fears of economic liability for possessing 
contaminated property.  This type of impact affects both residential and 
commercial properties. 

2. Liability to remediate exists for commercial and other non-residential property 
owners under NRS 445A, as well as under various Federal statutes, which defines 
actions that must be undertaken by a property owner if a hazardous substance 
(e.g., PCE) is present in soils or groundwater.  In addition, property owner 
liability is strict and several as defined by federal regulations, even if the property 
owner did not cause the contamination (Federal Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA or “Superfund”).  This 
means that property owners may be held legally liable for cleanup costs although 
they have played no role in the contamination of their property.  The costs that a 
property owner is responsible for characterizing the nature and extent of the 
contamination and performing corrective actions to concentration levels 
established by NDEP can be significant.   

Several studies have attempted to address the effects of environmental cleanup on 
property values. The economist, Jane Kohlhase of City University of New York, who 
has studied housing markets associated with hazardous waste sites concluded: 1) 
until active cleanup of the site is initiated, property values for waste-affected areas are 
diminished relative to surrounding areas; 2) once active cleanup is initiated, public 
confidence is restored -- as are the diminished property values associated with the 
contamination; and 3) public confidence may be further increased by the knowledge 
that a contaminated site in cleanup may, in fact, be "cleaner" than sites not yet 
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identified. The public, becoming increasingly aware and educated about 
environmental degradation and contamination, may in fact experience increased 
reassurance that their particular environmental issues are already being analyzed and 
addressed, and will therefore not pose some future (as yet unknown) health and 
economic risk. 

Other investigators including Dotzer (1997), Simons, et.al. (1997 and 1999), Reichert et 
al. (1999), Young (1984), Bible, et.al. (2001), and Patchin (1994) have attempted to 
quantify the impacts of contamination and Superfund listing on property values.  
Noting that such valuations are influenced by regional employment, transportation, 
environmental economics, local economic climate, and the nature of the property’s 
juxtaposition to the contamination, these investigators have developed ranges as 
follows: 

Residential Devaluations  2 to 20 percent 

Commercial Devaluations  21 to 94 percent 

It should be noted that these devaluation ranges are primarily applicable to properties 
located adjacent to contaminated areas or CERCLA sites, and are not for properties 
within the contaminated area – as is the case in CTM. 

Commercial and residential properties can also be differentiated based on the 
processes utilized to transfer ownership.  Typically commercial property transactions 
are based in part on the results of due diligence assessments of property 
environmental conditions.  The presence of groundwater and/or soil contamination 
can detrimentally impact property valuations.  Without the Remediation District in 
place to protect innocent property owners from the cost of property devaluations and 
remediation costs, commercial entities could realize the 21 to 94 percent reduction in 
property value (as indicated above) since during the due diligence process, 
commercial properties within CTM typically will be identified as having groundwater 
contamination. 

On the other hand, banks do not require environmental due diligence activities, 
beyond some seller disclosures, on residential properties.  In addition, the state’s 
environmental regulations are not typically applied to residential properties.  To this 
end, residential properties are not at as much risk as commercial properties.   

The existence of the CTMRD protects innocent property owners (i.e., property owners 
that did not cause or contribute to the contamination condition) from liability for the 
costs associated with characterization and remediation of the contamination – but this 
benefit is more applicable to commercial properties than residential.  Given the 
differences in residential and non-residential property impacts associated with the 
presence of groundwater contamination within CTM (i.e., difference in “benefit” 
derived from the existence of the CTMRD), two distinct subgroups have been 
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differentiated within the potentially contaminated area - residential property owners 
and non-residential property owners.  

6.3.1 Benefits to Residential Property Owners Within the Area of 
Potential Impact 

This group consists of the owners of residential properties that overlie the area of 
potential impact.  The primary benefits to individuals within this group are: 

� Ongoing actions to eliminate or reduce PCE-contaminated soils and groundwater 
underlying their property, and 

� Protection of property values by avoiding a CERCLA listing, which studies have 
shown may contribute to a decreased property value (up to approximately 20% 
decrease).   

6.3.2 Benefits to Non-residential Property Owners Within the 
Area of Potential Impact 

This group consists of the owners of non-residential properties that overlie the area of 
potential impact.  The primary benefits to individuals within this group are: 

� Ongoing actions to eliminate or reduce PCE-contaminated soils and groundwater 
underlying their property, 

� Protection of property values by avoiding a CERCLA listing, which studies have 
shown may contribute to a decreased property value (up to approximately 94% 
decrease), and 

� Limitation from individual liability for remediation of PCE-contaminated soils 
and groundwater underlying their property.   

6.4 Summary 
Table 6-1 provides a summary of the three benefit groups within the CTMRD 
boundary area and the general allocation of annual Remediation District costs to these 
groups.  

The specific value of the benefit, as indicated by the cost allocated to each benefit 
group and parcel or property, is controlled by the language in NRS 540A.  Based on 
NRS 540A.265, the BCC is required to base the CTMRD fee on “a percentage of the 
total amount billed in the preceding calendar year to each parcel or property within 
the district for water by the provider of retail water service to the parcel or property”.  
In addition, NRS 540A.265 stipulates that this fee may “be weighted and adjusted 
between parcels or properties within the district, if applicable, to reflect varying levels 
of effect of the contamination, varying levels of value resulting from remediation or 
other factors deemed relevant to the BCC.” 
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Table 6-1 
Benefit Group Summary 

Central Truckee Meadows Remediation District 
Benefit Group 

 
Property Owners 

 
 

Remediation Management Plan 
Program Element 

 
All Water 

Users  
Residential 

Non-
Residential 

CLEAN DRINKING WATER ACTIVITIES 
Pumping Plan Implementation  9   
Wellhead Treatment Trust 9   
 
REMEDIAL ACTIVITIES 
Groundwater Monitoring/Monitored Natural Attenuation  9 9 
Source Area Remediation  9 9 

 
PROGRAM OUTREACH, EDUCATION, AND ADMINISTRATION 
Public Outreach and Education 9 9 9 
Project Administration 9 9 9 

Based on the discussions of benefit described in the above sections, the allocation of 
cost to those receiving benefit was as follows: 

Table 6-2 
Cost Allocation for Benefit Groups 

Central Truckee Meadows Remediation District 1 
 

Remediation Program Components 

 

Water Users 

 

Property Owners 2 

Clean Drinking Water Activities $ 1,430,000 $                0 

Remedial Activities $               0 $     700,000 

Program Outreach, Education and 
Administration 

$    135,000 $     135,000 

Total $ 1,565,000 $     835,000 

1 All costs are approximate - the basis of the costs listed in the table is provided in Section 5, Remediation 
Management Program Cost Summary. 
2 The allocation of costs between residential and non-residential property owners will be based on a fee that is 
weighted or adjusted, ranging from 2:1 to 4:1 of that fee associated with annualized water use. 
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Section 7 
Management of the Central Truckee 
Meadows Remediation District 
 

7.1 Introduction 
When the BCC established the CTMRD, it identified the County DWR as the primary 
entity responsible for planning and implementation of the CTMRD.   Although the 
County DWR owns these responsibilities, it is clear that numerous governmental 
entities will need to be involved in the practical implementation of the CTMRD given 
the various roles and responsibilities that exist within the state, county, and cities.  
Therefore, the success of the CTMRD to meet the goals and objectives set forth in 
Section 3, including to continue to fund treatment of the drinking water supply for the 
citizens of CTM and provide a limitation of liability for property owners, is incumbent 
upon the solid partnership between the County and the NDEP, WCDHD, TMWA, 
and the Cities of Reno and Sparks.  Given the nature of the PCE in the groundwater 
(widespread, low level detections and the lack of identified sources areas), long-term 
management of the PCE contamination will be an important element of the 
remediation program.  Collaboration among these “partners” as part of the long-term 
effort is crucial to the effective implementation of the remediation program because 
each entity has: 

� Authority to implement some portion(s) of the RMP; 

� Unique resources, responsibilities, and jurisdictional pressures that impact their 
contributions and performance in the implementation effort; and 

� Information that can be shared and leveraged by the other project partners in 
various implementation efforts. 

To this point, the objectives of the CTMRD management effort will be to: 

� Include those entities that have information, responsibilities and/or roles in the 
direct implementation of the CTMRD; 

� Share information and data with those entities that are either directly or indirectly 
impacted by the existence of the CTMRD; and 

� Provide mechanisms for education and feedback both into and out of the CTMRD. 

To date, collaborative efforts have occurred as part of the planning process in the form 
of workshops held with two groups of stakeholders – Technical Working Group 
(TWG) and the Public Advisory Group, or PAG (formerly known as the Technical 
Advisory Group, or TAG) – and in various other outreach and education efforts 
performed by the County (e.g., presentations to Citizen Advisory Boards, Reno and 
Sparks city councils, informal meetings with City staff and other business interests, 
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etc.).  The TWG and PAG are important insomuch as they represent meeting venues 
that were held on a regular basis, and they will, in some form, continue into the 
future.  The TWG consists of the County DWR, NDEP, and WCDHD.  The PAG 
consists of the TWG plus other project stakeholders such as the Cities of Reno and 
Sparks, TMWA, and downtown business interests. 

Meetings between these entities will clearly need to continue into the future during 
the implementation of the CTMRD Source Identification and Remediation Phase, 
however, as indicated in Sections 3 and 4, these interactions will need to be 
formalized and more deliberate than in the past such that the objectives defined above 
can be achieved. 

Two specific activities will occur to formalize communications.  First, the Cooperative 
Agreement will include a statement of commitment by the NDEP, the CTMRD and 
WCDHD management to meet annually or on an as-needed basis to resolve RMP 
implementation issues that may arise, helping to guide the collaborative efforts of the 
TWG.  Second, formal agreements will be developed among the various entities 
involved in activities related to implementation of the RMP.  These agreements 
include the Cooperative Agreement among members of the TWG, data sharing 
agreements, and project-specific agreements.  Each of the agreement types is 
described below: 

� Cooperative Agreement.    The members of the TWG will enter into a Cooperative 
Agreement.  This agreement will be a long-term agreement that will define the 
relationships among the key project stakeholders and implementers.   

� Data Sharing Agreement – The data sharing agreements are individual long-term 
agreements that will be established between the CTMRD and various other 
entities.  The agreements would be developed with those entities responsible for 
generating, analyzing, and/or managing data related to groundwater use, 
groundwater quality, or PCE use within the CTMRD boundaries.  As an example, 
the CTMRD is expected to develop an agreement for data sharing with TMWA, 
which collects pumping data and PCE concentration data for each of the operating 
water supply wells. 

� Project Agreements.  Project agreements will be short-term agreements related to 
issues that may arise in addressing a specific source or source-type.  Project 
agreements will be developed between CTMRD and individual entities or 
individual property owners, as determined by the nature of a particular project.  
Examples include an agreement between the CTMRD and a property owner to 
address property access issues as part of an overall remedial action, or an 
agreement between the CTMRD and the City of Reno regarding the investigation  
of sanitary sewers.   
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In the following subsections the attributes and roles of each of the key project 
stakeholders are presented and key information sharing efforts are discussed.  

7.2 Key Project Stakeholder Roles and Responsibilities 
Proposed interactions among the public entities involved in implementation of the 
CTMRD program are depicted in Figure 7-1.  An important element of the 
remediation program will be administration of the institutional processes associated 
with evaluating, managing, and remediating PCE source areas, as detailed in Section 
3 of this RMP.  Data from these institutional processes will be managed by the 
CTMRD.  Based on these data, the CTMRD may provide notifications to or identify 
specific actions that would be needed by NDEP, WCDHD, TMWA, or the Cities of 
Reno and Sparks.  Additionally, Figure 7-1 depicts information transfer arrows from 
NDEP WCDHD, TMWA, or the Cities of Reno and Sparks to the CTMRD.   

7.2.1 Washoe County Department of Water Resources 
On behalf of the Washoe County BCC, the Washoe County DWR serves as the public 
agency responsible for funding and managing the overall project.  Responsibilities 
early in the project have included purchasing the wellhead treatment facilities for the 
five TMWA contaminated production wells, development of a work plan addressing 
all aspects of the CTMRD project, planning and implementation of an ongoing 
monitoring program, planning and implementation of the field investigation 
program, groundwater modeling/risk assessment, remedial technologies 
identification and screening, and preparation of this RMP.  For implementation of the 
remediation program, County DWR will have overall responsibility for program 
administration, including information management, program communications within 
the Remediation District and with NDEP and WCDHD, public outreach and 
educational programs, budget and account management, billings, and associated 
contractor procurement.  A key area of the County DWR responsibility is primary 
responsibility for administering the institutional processes associated with evaluating, 
managing, and remediating PCE source areas (see Section 3 of this RMP). 

7.2.2 Nevada Division of Environmental Protection (NDEP) 
NDEP serves as the representative of the State of Nevada on this project and is 
responsible for providing regulatory oversight in the performance of the work.  As a 
member of the TWG, NDEP’s objective has been to ensure consistency with Nevada 
State regulations.  In terms of remediation program implementation, NDEP will work 
with County DWR and WCDHD in the administration of the institutional processes 
associated with evaluating, managing, and remediating PCE source areas.  In 
addition, NDEP has responsibility for several programs that may have some influence 
on the remediation program implementation, such as the Leaking Underground 
Storage Tank Program (LUST), the Non-LUST Remediation Program, permitting for 
temporary construction dewatering systems, and permitting for permanent 
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dewatering systems.  Data and other information generated from these programs 
constitute important information for input into the CTMRD.   

7.2.3 Washoe County District Health Department (WCDHD) 
The WCDHD has also been involved in TWG meetings with the objective of ensuring 
consistency with WCDHD policies and requirements.  WCDHD will work with the 
County DWR and NDEP in the administration of institutional processes.   Similar to 
NDEP, WCDHD has responsibility for programs that may have some influence on the 
remediation program implementation, including an underground storage tank, safe 
drinking water, and air/vapor response programs. 

7.2.4 Truckee Meadows Water Authority (TMWA) 
Five TMWA water supply wells have been equipped with wellhead treatment 
systems for the removal of PCE.  Operation and ongoing management of these five 
wells and other TMWA water supply wells, including aquifer recharge operations, 
has been recognized as another important consideration in the implementation of the 
CTMRD program.   Currently, TMWA and County DWR have an agreement (i.e., the 
Pumping Plan) related to pumping of the water supply wells (TMWA, 1998).  TMWA 
and the County DWR will continue to maintain and, when appropriate, upgrade the 
Pumping Plan as more data become available and conditions change. 

In addition, TMWA may have other public water supply wells that require wellhead 
treatment in the future.  TMWA will need to work with the County and NDEP to 
identify locations where future wellhead treatment will be necessary to protect the 
citizens of CTM from the potential impacts of PCE at these locations. 

Finally, TMWA is required to provide the County with information regarding annual 
water use in their service area.  This data transfer is required to support the tax bills 
prepared by the County.  Data transfer will need to continue until such time that the 
County no longer needs the water-use information. 

7.2.5 Cities of Reno and Sparks 
The primary involvement of the Cities of Reno and Sparks relates to their ownership 
of property within the CTM.  Both Cities also have active redevelopment programs 
ongoing within their respective downtown areas.  Given that the downtown areas in 
both Reno and Sparks are underlain by PCE contaminated groundwater, the 
interaction of the CTMRD with the redevelopment efforts will be critical in the long-
term management of the property and future construction efforts. 

In addition, both cities own and operate the sanitary sewers that collect wastewater 
from all points within CTM, conveying the wastewater to the regional wastewater 
treatment plant.  Given that the sanitary sewers have received PCE wastewater from 
various businesses in the past, and that illicit discharges appear to be continuing, both 
cities will need to work with the CTMRD to help manage and control these 
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discharges.  Since the sanitary sewers extend over such a large portion of the CTM, 
this effort will be of the utmost importance to the long-term effectiveness of any 
remedial program. 

7.3 Data Management and Reporting Requirements 
Information transfer is critical to the CTMRD for maintaining an understanding of 
conditions within the Truckee Meadows that may influence ongoing or future actions.  
Examples of information transfer to (and from) the CTMRD include, but are not 
limited to the following:  

� Updates about ongoing cleanup actions at existing sources (NDEP and WCDHD); 

� Potential new source areas (NDEP, WCDHD, and the Cities of Reno and Sparks); 

� Updates on groundwater monitoring data or groundwater/soils investigation 
data (NDEP and WCDHD); 

� Water supply well pumping data, including proposed modifications to pumping   
operations (TMWA); 

� Aquifer recharge data (TMWA); 

� Information from permitted temporary or permanent dewatering operations 
(NDEP); and 

� Data from sanitary sewer actions (Cities of Reno and Sparks). 

The County DWR maintains a graphical information system (GIS) database and 
environmental database associated with all groundwater monitoring data for 220 
wells that have been installed within the Truckee Meadows.  Included in the database 
are water level information, historical water quality data, sewer sampling data, and 
land use information.  The County DWR will continue to maintain the database 
throughout the CTMRD project, and make it available to project stakeholders as the 
need arises. 

The processes for information transfer have not been fully detailed.  Input from all 
parties involved in the overall program is needed and will be developed through 
meetings of the TWG and the PAG, and will be formalized in a Cooperative 
Agreement. 

The CTMRD will submit an annual report detailing CTMRD activities during the 
prior year.  The annual report will address the following: 

� Meetings among the TWG and PAG 



Central Truckee Meadows Remediation District  Section 7 
Remediation Management Plan  Management of the 
  Central Truckee Meadows Remediation District 

 

A  7-6 

W:\REPORTS\CTM\REMEDIATION MANAGEMENT PLAN_OCT02 

� Public outreach efforts 

� PCE source-area activities, including identification of new sources and 
prioritization, characterization, and remediation efforts related to potential source 
areas or source types 

� Listing of source areas referred to NDEP 

� Wellhead treatment activities, including evaluation of the pumping plan, 
identification of additional water supply wells threatened by the PCE plume 

� Groundwater Monitoring Program Summary, including groundwater elevation 
and groundwater quality trends, pumping program evaluation, and results of 
groundwater modeling and other data analysis 

� Further development of CTMRD policies and procedures 

� Recommendations for changes/refinements to the RMP for the following year. 

The annual report will be submitted to the BCC, NDEP, WCDHD, and will be 
available for review by the public. 
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